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DECLARATION 

 

The publications presented in this thesis were prepared mainly during my work as an 

ecologist for the State Government of Victoria (1975–2012). They chronicle a series of case 

studies that involve wildlife conservation management (especially that of birds) and identify 

indicators for meeting biodiversity conservation objectives, while managing forests and other 

land for broader community benefits, including economic production. 

 

The papers are a subset of those I have published during my career, which in addition include 

many client reports on aspects of forest ecology, and a substantial set of papers and reports on 

wetland ecology and waterbirds, as listed in Appendix 1. 

 

The present collection includes 56 publications (40 journal papers, 11 refereed book chapters 

and five client reports). I am the sole author of 12 of the papers and four of the book chapters. 

I am senior author of 12 of the remaining papers, five of the book chapters and four reports. I 

am co-author of 16 of the papers, two of the book chapters and one of the reports. Many other 

relevant papers, reports and co-authored books are listed by title only. 

 

As sole author I produced each product in its entirety, except where otherwise acknowledged. 

As senior author, I was responsible for developing all the basic concepts, initiating the 

projects and arranging the resources, organising field work and analysis and ensuring its 

quality, and writing the text. In most cases, I also played a leading role in conducting field 

work and carrying out analysis. However, the botanical field work in Gippsland (Loyn et al. 

1980, 1983a, Chapter 1) was conducted mainly by colleagues, and the field work on owls and 

arboreal mammals (Chapter 6) was conducted by dedicated teams under my supervision. This 

also applied to the field work on tree plantations (Chapter 2), and on the short-term effects of 

wildfire in Bunyip State Park (Chapter 5), where Ed McNabb contributed most of the field 

work. Statisticians and experts in Geographic Information Systems have contributed 

collaboratively to many of the studies. The paper on effects of revegetation at Clarkesdale 

(Loyn et al. 2009, Chapter 2) is a report on a project I was invited to analyse and write up on 

behalf of amateur observers. Many amateur naturalists have contributed to the studies I 

initiated on Orange-bellied Parrots (Chapter 6) (and other studies, not reported here), and 

their efforts are greatly appreciated and acknowledged. 

 

One co-authored book chapter (Kavanagh et al. 2004, Chapter 7) arose from a collaborative 

interstate project that I led on Indicators of Ecologically Sustainable Forest Management. 

Rod Kavanagh took the lead in preparing the book chapter, but we worked closely on it, and I 

conceived and generated Figure 1 (the system for classifying responses to disturbance) and 

led our collaborative efforts to document the information provided in Table 1. 

 

The recent co-authored papers on Noisy Miners (Manorina melanocephala) largely arose 

from a collaborative interstate project led by Martine Maron at the University of Queensland. 

I was very happy to encourage this collaboration to build on my pioneering work on the 

extraordinary role of this species as a ‘despotic’ ecosystem engineer. I played an active role 

by participating in workshops, developing ideas, providing data, and writing and editing. We 

worked well as a team, and the papers are a team effort. My role was more substantial in the 

papers by Maron et al. (2013) and Thomson et al. (2014) than in the paper by Howes et al. 

(2014). 
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The multi-authored paper on elicitation of expert judgements for threatened species 

assessment (McBride et al. 2012) was also a team effort, and I contributed as an invited 

expert. It reflects my ongoing commitment to the assessment process through the BirdLife 

Australia Threatened Species Committee (and previously through a committee to produce 

lists of threatened fauna for Victoria). My expertise continues to be used in similar 

publications (e.g. Geyles et al. in review).  

The recent co-authored reports and paper on effects of fire (Muir et al. 2015; Leonard et al. 

2016; Kelly et al. 2017) are products of a retrospective study that I initiated on the effects of 

fire on biodiversity in Victorian foothill forests, and a collaborative Foothills Fire project that 

I helped organise to take the work further. I played the leading role in designing the 

retrospective study and attracting funds for it while I worked at the Arthur Rylah Institute 

(ARI), and in setting directions and organising staff to conduct it. I encouraged my ARI 

colleagues to take ownership of the study, which they completed after I left ARI to pursue 

other opportunities. Similarly, I invited colleagues from three universities (University of 

Melbourne; Deakin and La Trobe Universities) to make a joint bid for further funds to extend 

the work (Foothills Fire project, led by Mike Clarke), and this bid was successful. I continued 

to work on the project, in setting directions and making small but important contributions to 

the writing of a major report (Leonard et al. 2016) and what we expect will be the first of 

several papers (Kelly et al. 2017).  

None of the publications produced here have been presented by me previously for 

examination at any university. A few of them report work that has contributed to Honours or 

PhD theses submitted by students I have co-supervised. 

Richard H. Loyn 

January 2018. 
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SUMMARY 

 

This thesis includes publications dealing with issues related to conserving wildlife (and 

especially native birds) in landscapes where people impose multiple demands. The main 

focus is on forests, and the goal is to help achieve ecologically sustainable forest management 

(ESFM). The policy challenge is to satisfy the needs for biodiversity conservation while 

facilitating economic activities (e.g. logging) and other land uses (including fire management 

to maintain ecological integrity and protect human life, assets and property). The research 

challenge is to provide information about the habitat needs of wildlife, and their likely 

responses to different forms of management over long periods of time. The need to consider 

long periods of time (decades or centuries) is greater in forests than in many other 

ecosystems, as trees and forests take many decades to mature and develop the full range of 

habitat features used by wildlife (notably large hollows and other structural features).  

 

Each chapter begins with the more substantial key papers, many of which have made leading 

contributions to our knowledge and thinking about these subjects. They include many papers 

for which I was sole or senior author, and recent collaborative papers that built on my 

previous work. Some of the latter involved postgraduate co-supervisions, or collaborative 

teams with colleagues in various states of Australia or overseas. 

 

These papers are followed by a selection of supplementary papers and reports, which add to 

our knowledge of particular aspects. Other relevant publications are listed by title: these 

include some that would be too large for this compilation. I aim to continue to publish key 

findings from some of the unpublished reports. 

 

The papers are arranged in eight chapters as indicated below. 

 

The first chapter deals with forest management issues and the effects of logging and temporal 

succession. These are matters that must be understood if forests are to be managed in an 

ecologically sustainable manner, and fauna species conserved. The papers include several 

retrospective studies of succession after logging, and they are among the few studies of this 

kind to be reported in the global literature. Young regrowth attracts a few open-country 

species that would otherwise be rare or absent in the forest system, but later stages of 

regrowth generally support a subset of species found in mature forest. Most bird and mammal 

species can be conserved in landscapes containing mosaics of logging regrowth and mature 

forest, but some species depend heavily on remnant systems of mature forest, or elements of 

old forest that are retained in various patterns through the regrowth. Three primary strategies 

are identified for conserving wildlife species that depend on such elements, with long 

rotations being the least practical, retaining mature stands being the most effective and 

practical in many situations, and retaining old trees in logged areas being an important 

supplementary strategy that deserves further attention. 

 

A second chapter looks at the value of tree plantations on private land as habitat for birds and 

other wildlife. Such plantations are often suggested as an alternative source of timber, to take 

the pressure off native forests. Our studies show that such plantations can indeed provide 

habitat for a range of forest wildlife, though not the same diversity or abundance found in 

remnant forest patches in the same regions. As with regrowth forests, the value of plantations 

for wildlife was higher if old trees had been retained within the plantations, or if they were 

close to remnant forest. Some results differed from initial expectations. For example, some 

insectivous birds that forage in tall shrubs proved to be common in young plantations where 
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analogues to shrub cover were provided by the young trees. Introduced birds and open-

country native birds were not generally common in plantations, except in open situations such 

as mature shelter-belts in farmland. Hollow-dependent birds and mammals were common in 

exposed shelter-belts aged >60 years, raising the possibility that trees may develop hollows 

more quickly and commonly when they are open-grown than in dense stands of forest 

regrowth. The studies showed that commercial and amenity plantations of native eucalypt 

trees or exotic pines can provide habitat for a suite of native bird and mammal species, and 

hence contribute positively to conservation values in rural landscapes. However, they did not 

support the full range of species and were clearly less valuable than patches of remnant 

forest. 

 

The third chapter deals with effects of forest fragmentation in rural and forest environments. 

A study in the rural environment of the La Trobe Valley showed that forest patches of any 

size had value, but patches smaller than 10 ha supported lower densities of forest birds than 

larger patches, and hence lower numbers of species. This effect was most marked when the 

small patches were heavily grazed and occupied by Noisy Miners. The Noisy Miners 

compounded effects of loss of understorey by excluding other forest birds, and many of these 

patches suffered visible signs of dieback. When patches were large enough not to suffer these 

effects, there was little difference between small patches of forest and single larger patches in 

terms of numbers of forest birds or numbers of bird species. On the other hand, another study 

of patches of mature forest of Mountain Ash (Eucalyptus regnans) showed that even for 

patches smaller than 10 ha, there was little difference in forest bird density between small and 

large forest patches, indicating that small and large patches were of comparable value in 

proportion to their area. The contrast between the two studies raised the possibility that areas 

of regrowth forest (as provided by plantations, for example) could be used to buffer valuable 

patches of remnant forest in farmland against adverse effects of grazing stock and 

hyperaggressive native Noisy Miners Manorina melanocephala. 

 

The fourth chapter takes a different perspective, examining ways in which forest birds 

influence their environment through effects on insect abundance and seed dispersal. An 

unusual ecological situation is described, wherein hyperaggressive native honeyeaters (Bell 

Miners, Manorina melanophrys) exclude other birds and maintain high populations of the 

psyllid insects that provide food for the despotic Bell Miners. Experiments were conducted in 

which Bell Miners were removed and other common forest birds invaded and consumed the 

psyllids. Trees showing signs of dieback recovered. This shows the power of common forest 

birds to control insects and directly influence the health of their environment. It also shows 

the function of the Bell Miners’ territoriality in fostering or maintaining food supplies for 

themselves. Evidence was found that similar dynamics occur in other honeyeaters in the 

genus, notably Noisy Miners, which we showed to favour fragmented rural forests and 

woodland (where eucalypt dieback was often evident). Removal experiments with Noisy 

Miners produced similar influxes of common small birds to the Bell Miner experiments. 

Recent collaborative work shows that the negative impact of Noisy Miners is a serious threat 

to biodiversity in woodlands over much of eastern Australia. 

 

The fifth chapter is concerned with the effects of fire, including the effects of fuel reduction 

burning. We found that marked successions of bird abundance followed in the first three 

years after wildfire, whereas changes after fuel reduction burning were quite muted. The 

outcome is expected to vary according to the scale of the event and the management details of 

the control burn. Birds that forage from open ground among trees benefit initially from fire 

(both wildfire and fuel reduction burns), but they appear to suffer long-term after wildfire 
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when the dense shrub layers regenerate: similar observations were made following logging 

(Chapter 1). Retrospective studies in mixed-species foothill forests showed that successional 

changes beyond three years were quite muted even after wildfire, highlighting the general 

resilience of these forests to fire. Fire managers are using these results to develop improved 

systems for addressing the needs of fauna as well as flora. 

 

The sixth chapter examines the needs of key threatened species, focusing on two case studies: 

the critically endangered Orange-bellied Parrot (Neophema chrysogaster) and large forest 

owls. My work on Orange-bellied parrots led to the formation of Australia’s first interstate 

Recovery Team, and the first project for World Wildlife Fund (WWF) Australia.  The 

program made a good start in generating new information, and it established a dispersed 

captive population as an insurance policy. Recent severe setbacks in the wild population may 

be due in part to diminished use of planned burns in their Tasmanian breeding habitat, and 

release of captive-bred birds is playing a vital role in what we still hope will be species 

recovery.  

 

The work on large forest owls was a team effort, based on the idea of using top predators 

(owls in this case) as umbrella species for the ecosystems on which they depend, a concept 

which I promoted with policy staff. We conducted nocturnal surveys and used GIS and 

statistical tools to model the probability of detection of large forest owls through most of 

Victoria’s forests. We then used the models, along with actual records of owls and other 

information, to delineate areas where special management regimes would be applied to 

protect owls. Over 700 such areas (each of ~500 ha) were protected in this way.  

 

The seventh chapter contributes to the development of systems for monitoring forest wildlife 

in two main ways. First, it examines methods of surveying forest birds and presents some of 

my work in developing the 20-minute area-search. With variations, this method has become 

one of the most popular and widely used in Australia. This is partly because time is the 

easiest dimension to measure (with a watch), and the use of active searching allows observers 

to make the best possible use of their time within the selected area and habitat. It appears to 

be well buffered against unwanted sources of environmental variation, an important aspect 

rarely considered in survey design. Second, the chapter examines the popular but 

controversial concepts of indicator species and focal species. The work identifies the need to 

focus on species that are of direct interest to people, and the general efficiency of monitoring 

groups of species rather than single species. Groups of animals with multiple species that can 

all be surveyed together are ideal for monitoring purposes, especially if many of the species 

meet other criteria (sensitive to management, of interest to people). Indicator species can 

never provide all the answers we need in forest management, but we cannot afford to ignore 

the messages gleaned from monitoring groups of indicator species. We should not expect 

them to be perfect indicators of the responses of other species (or the ecosystem as a whole), 

but there are many situations where it is helpful to focus on the needs of particular species. 

 

The eighth chapter deals with the habitat needs of Victorian forest birds. It identifies major 

distinctions between the bird communities of subalpine woodlands, wet forests (including 

montane ash forests and gullies in the foothills), mixed-species foothill forests dominated by 

stringybarks, box–ironbark forests, River Red Gum (Eucalyptus camaldulensis) forests, and 

mallee. It describes the individual habitat needs of many of the bird species characteristic of 

these communities, and in some cases the response of those species to disturbance or 

management. It recognises that most forest bird species occupy a wide range of forest 
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habitats, despite their specific individual needs. More detail is provided in the co-authored 

Atlas of Victorian Birds, listed here by title. 

 

In conclusion, the work provides new information on successional patterns after logging, 

wildfire and planned burns, habitat values of tree plantations, effects of fragmentation in rural 

and forest landscapes, and the roles of common forest birds in controlling insect populations. 

It identifies the value of maintaining patches of old forest, especially when they can be 

selected on the basis of their value for wildlife (as with our work using large forest owls as 

umbrella species). It provides practical approaches for monitoring programs, and information 

on habitats of birds and mammals. It suggests innovations in future research and 

management, including more flexible stocking rates for regrowth. 
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INTRODUCTION 

 

Aims and scope 

 

The studies presented here were conducted to provide information to help policy makers and 

land managers conserve wildlife as well as facilitating economic use of the land they manage. 

The main focus is on meeting the needs of birds and selected mammal species in public 

native eucalypt forests that are also used for commercial purposes (principally logging). 

Hence the primary research questions involved assessing the impacts of logging and other 

disturbance. Fire had to be considered because bushfires are the main natural form of 

disturbance in these forests, and fire regimes have changed through suppression of bushfires 

and application of planned burns. Assessments of effects of logging and fire must consider 

changes over many decades, and retrospective approaches are needed to provide such 

information in realistic time-frames. It is necessary to examine a range of terrestrial habitats 

as well as forests, as the main habitats for many species may be outside the areas normally 

affected by commercial forestry (e.g. heaths and saltmarshes).  

 

It also proved necessary to consider effects of other human activities that affect the amount 

and distribution of tree cover in the landscape. About 60% of Victoria’s forest and woodland 

cover has been cleared for agriculture, often producing a mosaic of small forest patches in a 

matrix of cleared farmland. Habitat loss and fragmentation usually go hand in hand, and the 

two processes are often considered together, in relation to logging as well as clearing. 

However, the processes are not equivalent, and an important aim of these studies is to 

describe the effects of habitat loss and fragmentation, disentangle them where possible and 

assess whether they apply differently in forest and rural landscapes. Opportunistically, our 

work in this area also led to some new insights about the roles of despotic bird species as 

ecosystem engineers, and the roles of common forest birds in maintaining the health of forest 

ecosystems. People are the dominant force in modifying ecosystems, but we demonstrate the 

need to consider roles of other species too. 

 

Conversely, tree plantations have been established in some forest landscapes and on cleared 

land, either for commercial purposes or to provide public amenity, wind-breaks, shelter for 

stock, honey, firewood, fence-posts, timber for local use, and habitat for wildlife. Opponents 

of logging in public native forests have argued for timber to be sourced mainly from 

commercial plantations on previously cleared land. Any holistic assessment of policy options 

must be informed by knowledge of the biodiversity values of these systems, as well as the 

effects of logging in native forests. 

 

A number of subsidiary questions arise about field survey methods, the needs of threatened 

species, and the use of indicator species. No general standard method was available for bird 

surveys at the start of this work, and the one I developed (the 2 ha 20 minute area search) has 

become a widely used standard in Australia, with many advantages over the more 

complicated methods I tried initially. Threatened species are rarely common enough to be 

detected readily using standard approaches, and special methods were needed to obtain good 

data on the threatened species considered here (large forest owls and Orange-bellied Parrots). 

Various concepts of indicator species or umbrella species have been developed and used to 

filter information about changes in biodiversity to provide simplified pictures of change in 

biodiversity, and a selective focus for management. In some cases it is thought that the costs 

of monitoring programs can be reduced by focusing on selected indicator species, though 

here I argue that there is little extra cost in collecting data on all species that can be surveyed 
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with a particular method, and the real need is to select the groups of interest (e.g. diurnal or 

nocturnal birds) and appropriate methods for surveying them collectively. 

 

This thesis makes contributions to addressing these questions, while recognising that more 

needs to be done to provide detailed answers about particular species, groups and 

management practices. However, the work has answered many basic questions and helps set 

a framework for continuing research and adaptive management. Some specific questions 

addressed in this thesis are listed below, arranged by relevant chapter. 

 

1. How do the relative abundances of different bird species vary over time after logging? 

What strategies can be employed to conserve species that need elements of old forest, 

i.e. habitat features that take a long time to develop after disturbance?  

2. What roles can tree plantations play in providing habitat for birds and mammals in 

previously cleared farmland?  

3. How have birds responded to habitat loss and fragmentation in forest and rural 

landscapes; how do these processes differ; and how can they be distinguished and 

managed?  

4. What roles can birds play in maintaining tree health? What roles can despotic birds 

play in reducing local biodiversity and promoting tree dieback?  

5. What are the effects of wildfire and planned burns, and how does regeneration after 

fire resemble or differ from that after logging? What are the main points to be 

considered by fire managers to conserve birds and other wildlife in forest habitats? 

6. What are the needs of key threatened species and what must be done to conserve 

those species (Orange-bellied Parrots and large forest owls as case studies)?   

7. How can forest managers use umbrella species to conserve the forest ecosystems on 

which those species depend (large forest owls as case study)? In what ways can other 

indicator species concepts can be useful? What are the merits of different approaches 

to monitoring, bird surveys and use of indicator species or focal species? 

8. What habitats are most important for particular bird species, and how can they best be 

conserved by land managers?  

9. What are the main innovations needed in forest management and research? 

 

Context 

 

Most of the work was conducted in Victoria (south-eastern Australia) while I was working 

for various agencies of the State Government, including the Forests Commission, Victoria, 

and the Arthur Rylah Institute for Environmental Research (ARI). ARI is the main 

biodiversity research agency attached to the State Government department dealing with 

conservation and land management. This department has operated under several names, 

including the Department of Conservation, Forests and Lands (CFL), Conservation and 

Environment (DCE), Natural Resources and Environment (NRE), Sustainability and 

Environment (DSE), Environment and Primary Industries (DEPI) and Environment, Land, 

Water and Planning (DEWLP), according to the ways in which successive governments 

chose to organise their priorities, functions and associated bureaucracies (Table 1). I was 

engaged as a biologist to help address some of these issues, particularly with respect to the 

management of logging and fire in native eucalypt forests, and the conservation of threatened 

fauna.  

 

I also undertook research on waterbirds and wetlands (not considered in this thesis) and had 

various management roles. I developed associations with many universities and became an 
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honorary Fellow of the University of Melbourne in 1998 (and other universities more 

recently), but I have not held salaried positions at any university during this time. 

Nevertheless, I was often called upon to assist Honours students and PhD candidates, and I 

acted as co-supervisor for more than 30 students, 93% of whom achieved success in their 

projects. 

 

In 2014, I was honoured to be awarded the D.L. Serventy Medal by Birdlife Australia, their 

top award for publications and services to ornithology in Australasia (Appendix 4). This 

annual award has been made in most years since 1990, and mine is one of the very few to 

have been issued to people whose work has been done mainly for state agencies, rather than 

for universities or CSIRO. 

 

Table 1. Victorian Government Departments concerned with forest management and 

conservation, 1973–2005 

Department Acronym Years 

Ministry for Conservation  To 1983 

Crown Lands Department  

(or Dept Crown Lands & Survey) 

 1857-1983 

Forests Commission, Victoria FCV 1918-1983 

Dept. Conservation, Forests and Lands CFL 1983–1990 

Dept. Conservation and Environment DCE 1990–1992 

Dept. Conservation and Natural Resources CNR 1992–1996 

Dept. Natural Resources and Environment (with 
former Dept. Agriculture, Energy & Minerals) 

NRE 1996–2003 

Parks Victoria PV 1996 to present 

Catchment Management Authorities CMAs 1996 to present 

Dept. Sustainability and Environment DSE 2003 to 2013 

VicForests (with respect to commercial aspects in 
eastern Victoria) 

 2004 to present 

Dept. Primary Industries (with respect to forest 
plantations on private land) 

DPI 2003 to 2013 

Dept. Environment and Primary Industries (formed 
from the merger of DSE and DPI) 

DEPI 2013 to 2014 

Dept. Environment, Land, Water and Planning DELWP 2015 to present 

Dept. Economic Development, Jobs, Transport and 

Resources (with responsibilities for commercial 

forestry through VicForests) 

DEDJTR 2015 to present 
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Themes 

 

The overarching theme of my work has been to provide objective data on responses of 

wildlife (especially birds) to the most important types of forest management undertaken in 

Victorian forests. State Forests have been used as a source of timber and other commercial 

products (e.g. water and honey) for many decades, but changes in public opinion have led to 

greater emphasis on the conservation values of these forests, and the need for more 

conservative management and sustainable development. New knowledge was needed to 

strike a good balance between these potentially conflicting needs. Similar issues have arisen 

with respect to managing fire in these forests, environmental flows in forests subject to 

flooding, and remnant patches of forest in rural landscapes.  

 

Much of the public debate focused on the initial devastation caused by logging, and 

especially clearfell logging. However, foresters recognised that most forests regrew quickly 

after such disturbance, presumably offering habitat for at least some of the species that must 

have been killed or displaced initially. My work was among the first studies to examine this 

question and quantify recolonization of regrowth forests by birds and mammals. It also 

showed the value of unlogged habitats (notably gullies) in providing refuge for many species 

in the intervening years, introducing new ideas about broader-scale management of the forest 

landscape, alternative forms of management involving retention of old trees on coupes, and 

the relative merits of retaining old trees scattered over coupes or clustered in small or large 

reserves. I also examined effects of forest fragmentation on birds in private farmland, partly 

to help answer general questions about the relative merits of small or large reserves. This 

work led to a productive line of research not only about forest fragmentation, but also about 

the roles of birds in contributing to the ecological health of forests in rural and forested 

landscapes. 

 

Subsequently I broadened the scope of my work to examine the roles of tree plantations in 

providing habitat for biodiversity in previously cleared farmland, and the effects of fire 

management on biodiversity in forests. Plantations were sometimes seen as a source of timber 

that could reduce or eliminate the need for logging in native forest, with less negative 

environmental impact. Indeed, some positive impacts could be expected when plantations 

replaced cleared land with low biodiversity value. But these claims were impossible to assess 

when little information was available about the biodiversity value of tree plantations. It 

proved surprisingly hard to attract funding for this type of work, as commercial timber 

companies were strongly focused on maximising the financial returns from their plantation 

estate, and conservation bodies regarded it as axiomatic that biodiversity values would be low 

compared with native forests. Perseverence paid off and eventually we were able to provide 

data that compared tree plantations with both cleared land and native forests, confirming 

some expectations but adding much detail and hence contributing to the policy debate about 

relative merits of producing timber from plantaions or native forests. 

 

Fire management has always been an important aspect of forest management, with strong 

potential to influence biodiversity values. Opportunities were taken at various times to 

examine these impacts, especially after the major bushfires of 1983 and 2009. These studies 

have provided new information about succession after bushfires and planned burns, and 

scope to compare these sessional patterns with those arising after logging. 

 

In addressing all these questions, I have led the way in developing some important 

methodological and conceptual approaches. These include: 
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• The value of retrospective research (sometimes called “space-for-time”), to generate 

long chrono-sequences in short time-frames. This approach is crucial in forest 

research where trees take many decades to mature and >100 years to develop features 

such as abundant large hollows. In Victoria, nominal rotation times for clearfell 

logging were generally set at 80 years. We cannot wait 80 years or more to see the 

effects of a logging operation, but it can be very useful to examine multiple stands of 

80-year regrowth (and other age-classes) to give an indication of how habitat may 

develop over these periods after disturbance such as logging or fire.  

• The timed area-search method for surveying forest birds (specifically 20-minute 2 ha 

and 10-minute 1 ha), which has become a popular standard tool for assessing bird 

populations in Australia. 

• The importance of articulating different strategies for integrating or segregating 

conservation and economic production in space and time, and of evaluating their 

relative merits in different situations. 

• The use of umbrella species (e.g. top predators with large home ranges) for designing 

reserve systems across the forest landscape, as done successfully in Victoria with 

large forest owls. 

• The use of guild analysis for synthesising information about multiple bird species. 

• The value of information about habitat use by species and guilds, in designing 

innovative approaches for providing habitat to conserve them. 

• The complex and active roles of birds in controlling insects and contributing to forest 

health, as illustrated especially through my work on Bell Miners, Noisy Miners and 

associated bird communities. 

• The value of listening to the public and involving postgraduate students and amateur 

naturalists in appropriate aspects of research projects. 

• The need for broad collaborative arrangements to tackle difficult issues, as with the 

Recovery Team process for threatened species (the Orange-bellied Parrot Recovery 

Team was the first involving multiple states) and our set of recent fire research 

projects. 

 

My work has focused very much on the needs of wildlife, land managers and policy-makers 

in south-eastern Australia. Sometimes the issues we tackle coincide with the big questions 

that come in and out of fashion for ecologists more broadly. Examples include the SLOSS 

debate (on merits of single large reserves or several small reserves) and “share or spare” in 

agriculture (reflecting my earlier work on these questions in forest management). These big 

questions typically generate a complex array of answers, depending on the specific context in 

which they are addressed. The SLOSS debate was unusual, in that it generated a definitive 

answer, i.e. that biogeographic theory did not mandate a unique answer to the question 

(Simberloff and Abele 1982; Fahrig 2017).  

 

This illustrates a general principle, that generalisations from ecological theory usually depend 

on context. There is typically a continuum of possible approaches, as with share or spare 

(Ansell et al. 2016), and a dichotomous approach can have conceptual value but rarely 

provides the full range of answers. Practitioners of land management and wildlife 

conservation must always be alert to the context in which they work, and they should apply 

ecological theory accordingly. Data from local studies and monitoring will always be 

important in devising management strategies and assessing their efficacy.  
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Birds and mammals have been the main subjects of my research within the various forest 

management themes, and I am equally interested in these two groups. Many of my colleagues 

have had skills in finding and identifying mammals but not birds. Special techniques are 

needed to identify birds - especially forest birds, which are best detected by their calls. Hence 

my own field work has tended to focus on birds, though I have often initiated and supervised 

parallel work on mammals (e.g. by Malcolm Macfarlane, David Lindenmayer, Jerry 

Alexander, Ryan Incoll and Rodney van der Ree) and sometimes on other taxonomic groups 

(plants, reptiles, frogs and invertebrates). The public often equates the term ‘wildlife’ mainly 

with mammals and some of the more charismatic birds and reptiles, such as owls and 

goannas. Nevertheless, birds are a highly conspicuous component of the forest fauna, and 

most can be seen and heard calling during daylight hours. Most Australian forest mammals, 

on the other hand, are mainly active at night. Hence, birds are appreciated aesthetically by 

large sections of the public, and they are valued as conspicuous elements of the living forest 

ecosystem. Birds have a dedicated specialist following in the community of amateur 

naturalists and birders. As a member of that community, I have taken various opportunities to 

harness the skills and enthusiasm of amateur groups to increase the scope of our work. 

 

Philosophy 

 

Most wildlife ecologists choose to work in the field because they are fascinated by wildlife 

and their interactions with habitat and people, and they want to help conserve the diversity of 

species and ecosystems. I share these sentiments. I also believe in the need for objective 

research, accepting that human impacts can be managed in different ways to reduce 

environmental damage and increase environmental benefits, with due regard to economic 

costs and benefits. 

 

Some ecologists consider that human disturbance to natural ecosystems is necessarily bad, 

and that it must be opposed. I do not believe that is always true, and do not consider it a 

helpful or appropriate starting point for ecological research. Indeed, that attitude can hinder 

objectivity and lead to bias in choice of research subjects, conduct of research and policy 

advice. People are part of the world’s biota, and their influence grows exponentially with 

their burgeoning population and technology. We must recognise and lament the ecological 

damage that accompanies this growth, but the stark truth is that no solutions will be found 

unless they prove palatable to people and their governing institutions (democratic or 

otherwise). As people are the problem, they must also be part of the solution. And solutions 

must consider the needs of people as well as the ecological needs of global biodiversity. The 

massive and exciting challenge faced by applied ecologists is to craft solutions that meet 

these disparate needs.  

 

In the case of forest management, it is surprising how little work has been done on the value 

of regrowth forests or tree plantations for biodiversity, and ways of improving those values. 

Hopefully some of the work presented here helps redress that imbalance. Of course, old 

growth forests and associated habitat elements have special values and take a long time to 

replace if disturbed, so it is right that they should receive special attention. The principal 

effect of logging over the last two centuries has been to replace large tracts of old growth 

forests with a mosaic of regrowth and greatly reduced amounts of old growth. But we do 

need to understand what can and cannot be done in terms of managing regrowth, as well 

providing protection for remaining old growth. Unless we understand the range of values that 

can be supplied by regrowth forests (with varying legacy elements of old-growth forest) we 
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will continue to have imperfect understanding of the consequences of different management 

startegies across the forest estate. 

 

Arguments are sometimes made that wealthy countries such as Australia can afford to close 

our native forest timber industry and rely on plantations or imported wood products, or to 

phase out the use of wood products. These propositions do not stand scrutiny from a broader 

global perspective. Plantations have a role to play but there are limits to the amount of land 

that can be devoted to them, especially in areas with competing agricultural enterprises (e.g. 

Stork et al. 2006). Timber production involves environmental costs wherever it is conducted, 

and the tropical forests of New Guinea, Borneo and south-east Asia are no less valuable for 

biodiversity than the eucalypt forests of Australia. Sustainable yields from fast-growing 

Australian regrowth eucalypt forests are likely to be higher than those in tropical forests 

where nutrient shortages may impose limits on tree growth rates. In tropical forests, logging 

often involves unsustainable removal of slow-growing old trees and replacement with crops 

such as oil-palm plantations, or human settlements with subsistence farming. Reducing use of 

timber products may be part of an overall solution, but there are environmental costs in 

producing alternative products (e.g. building materials such as bricks, concrete and steel), and 

these must be considered in making policy decisions. Clearly, we need objective data on the 

environmental costs and benefits of the native forest timber industry (wherever it is 

conducted), and on potential alternatives to that industry. The studies in this thesis are 

intended to make a contribution, with respect to forest management in temperate parts of 

south-eastern Australia. 

 

Changes in forest management, 1780–2017 (selected aspects) 

 

This section helps place the work in the context of historical changes to land use and 

government policy. Approximately a third of Victoria’s land area has been retained as public 

land, with the State Government being the primary land manager. Most remaining tracts of 

native forest are on public land. The State Government sets policy for the management of 

vegetation and wildlife on all land, both public and private. 

 

Eurasian settlement (overview) 

The 19th and early 20th centuries saw enormous changes in Australia. Before European 

settlement, Aboriginal people had inhabited the land for at least ~60,000 years (Flannery 

1994). They were sparsely distributed, with an estimated population of 300,000 to 1.5 million 

in Australia, and generally concentrated in the more open woodlands close to reliable food-

sources such as coasts, rivers and wetlands (Mulvaney and Kamminga 1999; Bowman and 

Davies 2003). They used fire to manage the vegetation to supply themselves with plant and 

animal food, and their activities made them a dominant ecological force in many parts of 

Australia (Gammage 2012), including the tropical north, the central deserts and some of the 

coastal and riverine woodlands of southern Australia. Their impacts in dense forest 

communities are thought to have been less important, though much remains to be learned. 

Fires were an important source of disturbance in forests then, as they are now, with lightning 

being a major cause of ignition (Gill 1975, 1997; Gill et al. 1981). 

 

When European and Asian people began to occupy Australia during the 18th and 19th 

centuries, the forests were seen as a hostile environment, offering little to support their needs 

(Blainey 2003). Open woodland areas were the first to be settled because sheep and other 

livestock could be grazed there, with little need for laborious clearing. Many people migrated 

to Australia when gold was discovered in the mid 19th century, and areas of forest were 
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cleared to provide timber for their use. Subsequently, large areas of forest and woodland were 

cleared to provide open conditions where crops could be grown, livestock grazed and 

settlements established (Kirkpatrick 1994; McIntyre et al. 2002). Clearing for farmland has 

continued, and it has been estimated that forest cover is now less than 60% of pre-European 

levels nationally (State of the Environment Advisory Council 1996) and less than 50% in 

Victoria (State of Victoria 2017). This estimate depends on the definitions and methods used 

(Lunney 2004), and clearing continues in some regions at a rapid rate (Williams et al. 1999). 

 

In Victoria, the State Government recognised the need to conserve its forest assets and 

established a Forests Commission to do this early in the 20th century (Moulds 1991). The 

forestry profession became established locally, with a strong focus on conserving forests and 

managing the varied range of activities conducted by rural people in forests. These activities 

included logging, grazing, burning and apiculture. Logs were used for sawn timber and to 

provide a range of rural products such as fence posts and firewood. It was also recognised 

that the forests were a major source of clean water, and substantial areas of public forest were 

reserved near Melbourne to protect the water catchments for the growing city. 

 

The new Eurasian colonists feared severe forest fires, but also recognised the potential use of 

fire as a tool for managing vegetation to achieve particular objectives. They lacked the 

knowledge and experience of the Aboriginal people, but soon developed a new body of 

experience of their own. Fires were often lit in forests to promote green pick for grazing 

livestock, to reduce fuel loads or to facilitate clearing. Public fire management was reactive 

and consisted mainly of suppressing wildfires. A major wake-up call came in 1939, when 

severe climatic events (drought and a period of hot windy summer days) contributed to a 

horrific conflagration known as Black Friday. These fires burned over most of the State’s 

forests, including 70–80% of the tall wet forests dominated by Mountain Ash, Eucalyptus 

regnans, the world’s tallest flowering plant (Noble 1977; Mackey et al. 2002). Over 70 

human lives were lost, and public outcry led to a Royal Commission that made sweeping 

recommendations for improved fire management (Stretton 1942). This set the scene for 

developing new approaches to fire management over the second half of the century. Key 

initiatives included formation of the Country Fire Authority, removal of sawmills from the 

forest, and general improvements in fire-fighting techniques and equipment. 

 

In the first half of the 20th century, there was little recognition of the finite nature of forest 

resources: demand was generally assumed to be far less than potential supply. In the second 

half of the century, this view was modified as demand increased. Sawn timber was a highly 

valued commodity, and its supply came to dominate the thinking of the forest managers. New 

pulpwood markets opened up for smaller logs, first to supply a local mill at Maryvale in 

Gippsland, and later for export as woodchips to make paper products overseas (mainly in 

Japan). 

 

Victorian forest and fire management, 1950-1980 

Forest management and research in the 1950s to 1970s was strongly influenced by the 

philosophy of resource exploitation that powered much of the world’s economic growth after 

the Great Depression and the Second World War. Timber production was seen as the main 

source of private economic wealth that could legitimately be generated from public forests. 

Water was recognised as another important commodity, but it remained in public hands and 

its economic value was sometimes overlooked (Ferguson 1995). Forest research focused on 

how to grow good sawlogs quickly, how to regenerate stands that had been logged, and how 
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to control fire and incursive pests. By the 1970s, a gap had developed between the philosophy 

of many foresters and the aspirations of the broader public. 

 

Increased prosperity and improved road access were allowing more people to visit forests and 

appreciate them for something far more than just as crops of valuable trees. The global green 

movement was born, and the forestry profession was a prime target, despite its proud origins 

as the first of the forest conservationists. Landmark publications during this period included 

Johnson (1974, The alps at the crossroads) and Routley and Routley (1975, The fight for the 

forests). Many in the green movement harboured a general dislike of logging in native 

forests, and a reverence for wilderness. Particular points of contention related to clear-felling, 

woodchipping, conversion of native forest to pine plantations, preservation of hollow-bearing 

trees, and wilderness experience. 

 

Several studies recommended clear-felling as the most efficient and effective way of 

producing timber and encouraging rapid regrowth in the tall wet montane ash forests that 

grow in the high-rainfall areas of the Great Dividing Range (notably Cunningham 1960; 

Grose 1960). This seemed to make ecological sense, as well as commercial sense, because 

these forests often regenerated largely (not wholly) as even-aged stands after severe wildfire, 

with most individual trees killed over extensive areas in each fire event (Gilbert 1959; Ashton 

1976; Attiwill 1994a, b). Similar concepts were also applied to mixed-species eucalypt 

forests on poorer soils at lower elevations, and to riverine forests of River Red Gum 

(Eucalyptus camaldulensis) along the Murray River (Dexter 1978). In some cases, it was 

found that regrowth was accelerated when most of the old trees were removed, but regrowth 

was suppressed if many old trees were retained (Incoll 1979; Rotheram 1983; Bassett and 

White 2001). In other cases, retaining trees was found to be useful in sheltering young trees 

from climatic extremes such as frost (Nunez and Sander 1982; Bowman and Kirkpatrick 

1986), or in reducing competition from dense swards of grass (Ellis 1985). The rise of the 

pulpwood industry offered an opportunity for removing many of the ‘poor-quality’ 

misshapen old trees that were seen as inhibiting the growth of mixed-age stands of mixed-

species forests. Such trees often represented the residue from previous ad-hoc selective 

logging: the new intensive management practice (including clear-felling) was sold as a 

remedy to fix the ‘damage’ of past selective logging. 

 

The clear-felling approach made sense in many cases where wood production was the 

primary objective, but the ecological parallels were imperfect in ash forests and misleading in 

mixed-species forests. In mixed-species forests, fires are relatively frequent and less intense 

than in ash forests, and the tree species are well adapted to surviving those fires (Florence 

1996; Murphy et al. 2013; Muir et al. 2015). Typically, a fire will kill some trees, but others 

will regenerate from epicormic shoots embedded in the bark, even if the fire was severe 

enough to defoliate the tree completely. Visit a mixed-species forest a few weeks after severe 

wildfire and you will see that the blackened trunks and branches are clothed in a soft green 

fuzz of epicormic shoots. The fundamental architecture of the forest remains largely intact, 

except in those hot-spots where tree mortality has been high and where regeneration will 

involve cohorts of young trees regenerating from seed or ground-level lignotubers. A forest 

of uneven age will be perpetuated. 

 

In montane ash forests (dominated by Mountain Ash Eucalyptus regnans, Alpine Ash E. 

delegatensis or Shining Gum E. nitens), fires are relatively infrequent (because the forests are 

wet), but they can be extremely fierce and extensive when they occur. The trees are not as 

well adapted to surviving such fires as are the mixed-species eucalypts of lower, drier 
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elevations. Hence, tree mortality is generally higher in montane ash forests than in the 

foothills, and even-aged regrowth is more common. Wildfires burn for many days over many 

hectares, and their local effects vary greatly with temperature, wind and topography: they 

burn more fiercely on hot afternoons than cool nights, or when trickling downhill than 

running up steep slopes. Even in severely burnt ash forests, the regrowth is usually peppered 

with fire-killed eucalypt ‘stags’ that may remain standing for many decades, sustaining 

communities of fungi and invertebrates and providing hollows for wildlife. Some old trees 

survive severe wildfire, especially in sheltered gullies and on cool south-facing slopes. 

Recently I was astonished to see healthy epicormic foliage in the crowns of very old 

Mountain Ash trees at Wallaby Creek, which had been burned by the Black Saturday fires in 

February 2009 during the most savage fire weather on the first afternoon of that event (pers. 

obs. 2012). Veteran old trees can show fire-scars from multiple fire events over the centuries 

because big old trees may be more likely to survive fires than younger regrowth trees. So, the 

natural state for ash forests is a mixture of stands, representing a continuum from even-aged 

to uneven-aged, with varying numbers of old trees standing (dead or alive) among the 

regrowth. This reality departs from the simplistic views of many conservationists (who 

emphasise the ways in which logging regrowth differs from fire regrowth, at stand and 

landscape scales) and those of some traditional foresters (who focus excessively on the 

widespread natural occurrence of even-aged stands of Mountain Ash as a justifying analogue 

with clear-fell logging). Vigorous debates have ensued (e.g. Attiwill 1994a, b; Lindenmayer 

and Franklin 1997). 

 

Ecologically, it is important to understand both the differences and similarities between 

logging and wildfire. The differences arise both from the mechanisms involved (as discussed 

above) and the ensuing variation. Wildfires are inherently variable, whereas logging has 

tended to follow a fairly narrow set of prescriptions (e.g. clear-fell or no logging, with rather 

few alternatives in between). If we are serious about using nature as a template, we should be 

much more innovative in the way we devise prescriptions for conserving habitat elements 

that are important to forest wildlife. These aspects need to be addressed explicitly by forest 

managers. 

 

One of the main similarities between logging and severe wildfire is that they both set back the 

succession (to varying degrees, as discussed above), producing younger forest. This is 

important ecologically because old trees and old stands have many valuable features that are 

not well represented in younger trees and stands, and these features take a long time to 

develop (Loyn 1985a, 2000, 2004; Scotts 1991; Ough 2001; Recher 2004). Tree hollows are 

more commonly found in old forest, and hollows are needed by many species of forest 

wildlife (Loyn 1985a; Lamb et al. 1998; Gibbons and Lindenmayer 2002). Other valuable 

features of old forest include deeply fissured bark (used as a key foraging substrate by 

treecreepers), abundant supplies of nectar and leaf litter, abundant mistletoe (providing 

nectar, fruit and nest sites for many bird and mammal species), and a range of structural 

attributes at different spatial scales. 

 

The focus on wood production led to an unashamed departure from ecological models in a 

specific situation when large areas of forest (mostly at low elevations) were cleared to 

establish pine plantations in the 1950s, 60s and 70s. The exotic North American conifer 

species Monterey Pine (Pinus radiata) was found to grow extremely well in parts of the 

Victorian environment, and thousands of hectares of public land were planted with it at that 

time, especially in the foothills and lowlands of north-east Victoria and in the far south-west 

of the State. Pine plantations were also established on cleared private land (e.g. abandoned 
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farmland in the Strzelecki and Otway ranges). Private companies were often involved, along 

with the Forests Commission Victoria. The plantations generally succeeded in their goal of 

providing crops of timber for inexpensive wood products and helping to meet a market need. 

However, large sections of the public hated the pine plantations, partly on visual and 

philosophical grounds. They were described as un-Australian biological deserts (Routley and 

Routley 1975). 

 

During the 1970s, the public became increasingly sceptical about some of the FCV’s 

approaches to forest management, and the narrowness of their focus on wood production. 

Senior staff of the FCV were slow to react to the growing gulf between the classic forester’s 

view of the world and that of the general public. They also recognised that there were major 

information gaps, especially with respect to biodiversity. They suspected that pine plantations 

were not quite the biological deserts that they had been portrayed to be, and that the effects of 

logging in native forest were not as severe as was generally thought. They responded by 

establishing research groups to examine both of these issues. One group worked in pine 

plantations in north-east Victoria (Suckling et al. 1976) and the other was established a few 

years later to work in mixed-species eucalypt forests in the foothills of central Gippsland 

(Loyn et al. 1980). I was fortunate to be invited to join and lead the latter group. The projects 

led to a wide range of further research, some of which is described in the following chapters 

(e.g. Loyn 2004 in Chapter 1, which includes a brief history of forest wildlife research in 

Victoria). 

 

The beliefs of the foresters proved to be correct: pine plantations and logging regrowth were 

not biological deserts. But there was more to the story: they were certainly distinctly different 

from mature native forest. The truth lay predictably between the two simplistic views (that 

plantations and logging regrowth were ecologically worthless, or conversely that they were 

equivalent to the mature native forest that they replaced). Our store of information has 

advanced greatly since that time, but public debate is still often based on simplistic 

conceptual comparisons between pristine mature forest and the visual devastation that 

follows clear-felling. Our retrospective work examining stages of regrowth (including the 

findings of our first studies at Boola Boola) remains a rare example of studies that quantified 

succession over time after logging. 

 

At a broader government level, a major initiative was taken in 1971 by the Hamer 

government in establishing the Land Conservation Council (LCC) to make recommendations 

for the use of public land (which covers about a third of the state, including most of the 

forests). The various recommended categories included State Forest (where logging was 

generally allowed, along with other ‘multiple uses’), State Park and National Park (where 

logging was generally prohibited). The LCC developed an effective process of public 

consultation (emulated elsewhere), enabling the public to provide input into decisions 

affecting their common land (Wescott 2003). Large areas of National Park and State Park 

were proclaimed over subsequent decades, including a large Alpine National Park with 

extensive areas of forest from the foothills to the treeline.  

 

Changing directions, 1980-2017 

So much has happened in the last few decades that it is not appropriate to provide a 

comprehensive account here. A groundswell of interest in conservation and sustainable land 

management arose among the broad community, government and non-government 

organizations (Wescott 2003). Farmers and other private landholders recognised that they 

needed to take action to protect their land against erosion, salinity, loss of biodiversity, and 



 

19 
 

other threats. They saw that this required coordinated efforts across land boundaries, and they 

formed groups to achieve this through work such as planting trees or controlling weeds and 

pest animals. Hence, the Landcare movement was born, with support from Joan Kirner and 

the Victorian Government in the 1980s. The Hawke Commonwealth Government launched a 

Billion Trees initiative in the 1980s, and various private companies became established to 

help achieve this goal, notably Greening Australia, with branches in every state. 

 

Amateur naturalists made substantial contributions in providing information to help in land-

use decisions. The Royal Australasian Ornithologists’ Union (RAOU) [now amalgamated 

with the Bird Observers Club of Australia (BOCA) to form BirdLife Australia] embarked on 

an ambitious project from 1977 to 1981 to map the distribution of Australia’s birds (Blakers 

et al. 1984). This was a great success and was the major impetus for establishing a database 

on the distribution of Victorian wildlife (Atlas of Victorian Wildlife) in the 1980s (Emison et 

al. 1987; Menkhorst 1995). The national bird atlas survey was repeated in 1997–2000 

(Barrett et al. 2003), demonstrating the power of the atlas approach to harness the efforts of 

amateur naturalists: exploring a large country and documenting the distributions of the birds 

is a huge project. The approach of intermittent intensive atlas surveys has now been replaced 

by an ongoing data collection project (Birdata), running in parallel with other database 

projects including Eremaea-eBird (linking with the global eBird project run by Cornell 

University in USA) and the Atlas of Living Australia (run by the Australian Museum). 

 

The Australian Conservation Foundation campaigned vigorously during this period for 

changes in forest policy. Their view was that logging should be phased out of native forests, 

and wood supplies sourced instead from new tree plantations established on cleared but 

unproductive farmland. The World Wide Fund for Nature also campaigned for sustainable 

forest management and has helped develop systems for certifying sustainable forest 

management. It also established an innovative community approach to forestry in Australia’s 

northern neighbour, Papua New Guinea (Leary and Mamu 2004). New Guinea is an 

amazingly diverse large island, still clothed in most of its original forests, which are generally 

owned privately by local village communities. As a young, developing country, Papua New 

Guinea needs help in planning its economic development while conserving the great 

biodiversity and social value of its very special forests. I am very pleased to have been able to 

play a small supporting role in the wildlife conservation education of foresters in Papua New 

Guinea in recent years (Munks et al. 2014). 

 

Global events and climate change 

At the global level, the conservation movement has matured and embraced a multitude of 

perspectives and concerns, from natural history to ecology, population growth and 

sustainable development. Biological science has expanded to include a much broader-scale 

focus on communities, landscapes and holistic human issues than its former emphasis on 

individual species, organisms and cells. Concepts of sustainable forest management were 

developed and embraced by a wider public (Ferguson 1986). Technological advances have 

opened new opportunities for complex analysis, and new fields in molecular genetics and 

genomics (e.g. Amos et al. 2012). The field of landscape ecology became established as an 

accepted discipline (Forman and Godron 1986), and it has grown enormously since that time. 

Its focus has embraced global issues such as reserve design and connectivity (Bennett 1999), 

effects of linear infrastructure (Forman et al. 2003; van der Ree et al. 2015), matrix 

management (Craig et al. 2000), climate change (Solomon et al. 2009; Urban 2015) and 

carbon sequestration (Metz et al. 2005; Roxburgh et al. 2006; Bekessy and Wintle 2008). 

Increasingly sophisticated analytical tools have been developed for dealing with practical 
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questions in conservation biology, especially with respect to threatened species and spatial 

modelling (e.g. Burgman et al. 1993; Caughley and Sinclair 1994; Sinclair et al. 2010). Our 

own work in Victorian forests demonstrated some of the practical applications of spatial 

modelling, and paved the way for the development of further initiatives to improve our 

understanding of the spatial distribution of species and implications for their management, 

e.g. through our work on broadscale conservation of forest owls and arboreal mammals 

(Chapter 6) and by establishing and managing an ecosystem modelling group (Ecological 

Modelling and Synthesis) within my section at ARI, which has developed a strong reputation 

for its innovative approach to spatial modelling for biodiversity conservation (e.g. ; Liu et al. 

2005; Newell et al. 2006; Kocev et al. 2009; Sinclair et al. 2010). 

 

Questions of sustainable development were given international prominence through various 

forums, including the Brundtland report (1987) and the International Convention on 

Biological Diversity (proclaimed in June 1992 at an ‘Earth Summit’ in Rio de Janeiro). Many 

national and international policy initiatives flowed from this gathering, including the 

Montreal Process for defining and assessing Ecologically Sustainable Forest Management 

(Castaneda 2000). In 2012 a second earth summit was held in Brazil, and governments agreed 

to develop a set of Sustainable Development Goals (Griggs et al. 2013).  A set of 17 

Sustainable Development Goals was adopted in 2015, including goals to improve biodiversity 

conservation on land and water. 

 

From the 1990s, there was increasing recognition that the world’s climate was warming in 

response to increased concentration of ‘greenhouse gases’, of which carbon dioxide was the 

most prevalent (e.g. Pittock 1983; Metz et al. 2005; Solomon et al. 2009; Urban 2015). 

Strategies were devised for reducing the world’s emissions of greenhouse gases and 

sequestering carbon dioxide in various ways. Growing wood was one favoured approach 

because it fixes atmospheric carbon dioxide in a solid form through photosynthesis, then 

releases it slowly over many centuries provided the wood is retained as old trees or 

manufactured wood products. An international protocol was proposed at a meeting in Kyoto 

in Japan in 1997 (the ‘Kyoto Protocol’), with negotiated targets for 2008–2012; this has been 

accepted by many countries and was amended in 2012. One instrument for fostering carbon 

sequestration under the Kyoto Protocol is through a market for trading ‘carbon credits’; this 

may provide a financial incentive for increased investment in sustainable systems of tree 

plantations. This expectation has led to numerous political and economic controversies 

throughout the world, and hopefully a realistic approach will emerge as the policy debate 

matures. 

 

Many aspects of forest management are involved in the debate about managing carbon 

emissions. Existing forests sequester a large store of carbon that does not contribute to global 

emissions. Fires may release some of that carbon to the atmosphere, and logging also releases 

a portion of the carbon when residues are burnt or treated in such a way as to accelerate 

decomposition. Durable timber products such as furniture and structural building materials 

may continue to sequester carbon as effectively as old trees. But pulp, paper and small wood 

products are likely to be less durable and will release carbon to the atmosphere at a greater 

rate. Regeneration after fire or logging may help counteract some of the losses through 

absorption of carbon from the atmosphere during rapid growth periods; so, carbon losses are 

likely to be much smaller when forests are managed sustainably than when they are removed 

(deforestation) to make way for short-rotation enterprises such as agriculture. Revegetation or 

plantation establishment on cleared land can add to capacity for sequestering carbon (Evans 

et al. 2015). 
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Deforestation has become a major issue throughout the world and is currently most severe in 

tropical countries. Deforestation and degradation of tropical forests has been estimated to 

account for ~10% of global carbon emissions (Parker et al. 2009). Their power to act as 

carbon storage adds a powerful new political argument for retaining extensive stands of low-

latitude forests (in addition to the existing recognition of their contribution to conserving 

biodiversity, soils, water supplies and the ways of life of rural people). This concept has been 

labelled REDD (Reducing Emissions from Deforestation and Forest Degradation), and it is 

generating new resources to support global efforts to conserve these forests (Phelps et al. 

2012). The concept has been expanded (REDD+) to embrace values other than carbon 

sequestration that are expected to benefit. My work has made pertinent contributions in 

documenting the potential values and limitations of eucalypt plantations for maintaining 

biodiversity (Loyn et al. 2007, Chapter 2) and in identifying some of the complex needs of 

biodiversity, which are unlikely to be fully met by a simplistic approach to carbon 

sequestration (Hatanaka et al. 2009, Chapter 1). 

 

Commonwealth Government (Australia) 

 

In Australia, the global nature of the debate on these issues has led to the increasing 

involvement of all levels of government in Australia, with the Commonwealth Government 

taking a coordinating role and setting new directions in some areas that had previously been 

the province of State Governments. Important Commonwealth initiatives in the 1990s 

included an Intergovernmental Agreement on the Environment (1992), a National Strategy 

for Ecologically Sustainable Development (1992), a National Forest Policy Statement 

(Commonwealth of Australia 1992) and a National Strategy for the Conservation of 

Australia’s Biological Diversity (Department of Environment, Sport and Territories 1996). 

The Commonwealth Government used some of the proceeds from its part sale of Telstra 

(formerly a government-owned telephone monopoly) to establish a Natural Heritage Trust as 

the major source of funding for conservation projects of national significance. The Natural 

Heritage Trust focuses on hands-on community projects with strong local support, 

andCatchment Management Authorities are used as a major conduit for this funding in 

Victoria. 

 

At about the same time, the Commonwealth of Australia undertook a radical overhaul of its 

environmental legislation, integrating it under an overarching Environment Protection and 

Biodiversity Conservation Act 1999 (the ‘EPBC Act’). The Act also helps the meeting of 

obligations under international treaties such as the Japan–Australia Migratory Birds 

Agreement (JAMBA), the China–Australia Migratory Birds Agreement (CAMBA), the 

Republic of Korea–Australia Migratory Birds Agreement (ROKAMBA) and the Bonn 

Convention (involving the European Community). The EPBC Act lists areas of national 

environmental significance in which the Commonwealth Government maintains a statutory 

interest over and above those of the States (including World Heritage Areas and wetlands of 

international importance listed under the Ramsar Convention), threatened species and 

communities, migratory species, nuclear matters and Commonwealth marine environments 

(Wescott 2003). 

 

Australia forms part of a major international flyway for transequatorial migratory waders and 

other birds, most of which breed in north-eastern Asia or Alaska and spend the northern 

winter (our summer) in Australian wetlands and intertidal zones. Just a few transequatorial 

migrants visit habitats other than wetlands in temperate Australia, with two species of swift 
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being the main examples occurring in Victoria (White-throated Needletail Hirundapus 

caudacutus and Fork-tailed Swift Apus pacificus). However, many forest birds migrate within 

the Australasian region, and all forests support Australasian migratory bird species at 

appropriate seasons. Hence, the Commonwealth legislation could be applied to many forms 

of forest management.  

 

State Government (Victoria) 

 

In 1984, the Victorian Government amalgamated its departments of conservation, forestry 

and public lands, forming a Department of Conservation, Forests and Lands (Table 1). This 

was a significant and revolutionary step, designed to provide more integrated management 

across land tenures, and a strong focus on regional management. It also had the intended 

effect of reducing the power of the former FCV and the conservative elements within that 

organisation, including the dominant influence of the timber industry. There have been many 

subsequent restructures (Table 1), but the responsibility for managing forests and 

conservation have remained essentially in the one department since that time. 

 

Other restructures have included the formation of Parks Victoria in 1996 as a statutory 

authority (with a major focus on public recreation) and VicForests in 2004 (with a major 

focus on commercial wood production), but responsibility for overarching policy on forest 

and conservation has remained with what is now called the Department of Environment, 

Land, Water and Planning (Table 1). Ten semi-autonomous Catchment Management 

Authorities (CMAs) were established in the 1990s to undertake much of the conservation 

work on private land. They have been set up with Boards to provide strong local 

representation, under an overarching State Catchment Management Board. The CMAs have 

become a major conduit for Commonwealth funds for conservation work. 

 

In response to changing public opinion, an inquiry was initiated into the timber industry in 

the 1980s (Ferguson 1985). This recommended substantial reforms, most of which were 

accepted and implemented in the form of a Timber Industry Strategy. Among its many 

conclusions, the strategy recognised the need to move away from traditional models of 

sustained yield. It suggested that the objective for managing public forests should be to 

maximise the net social benefits to the community, including the benefits of environmental 

goods and services (Ferguson 1985). Subsequent reforms included a revised pricing system 

for timber taken from public land, substantial reductions in the level of cut (sustainable 

yield), a renewed definition of sustainable yield, and a new program of forest research. 

Several research projects were initiated, including the Silvicultural Systems Project (SSP) and 

the Value Adding Utilisation Systems project (VAUS), collectively known as the Value-

adding and Silvicultural Project (VSP) (Squire et al. 1991). Some of this work is described in 

Chapter 1.  

 

A code of practice was developed for timber harvesting in the 1980s, and this was revised in 

1996, 2007 and 2014 (State of Victoria 2014). Resource assessment procedures were refined 

and funded as a Statewide Forest Resource Inventory. New forest planning procedures were 

established, with more public participation along the lines of the earlier Land Conservation 

Council processes.  

 

A unique piece of legislation was enacted by the Victorian Government in the form of the 

Flora and Fauna Guarantee Act 1988 (FFG). This had many novel features and 

improvements compared with narrower instruments such as the Victorian Wildlife Act 1975, 
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including a process for listing species or communities requiring special protection, and the 

fact that species dealt with now included plants and invertebrates as well as vertebrate 

wildlife. Furthermore, listing bestowed protection on the habitats of listed animals as well as 

on the organisms themselves. The Act provided a mechanism for preparing plans for 

conserving listed species and communities through Action Statements. As part of the 

implementation of the FFG, field officers were appointed to most regions of the state. Further 

initiatives in biodiversity conservation were guided by a Biodiversity Strategy (Government 

of Victoria 1997), which took a whole-of-government approach to biodiversity conservation. 

After a number of iterations, this was recently revised (State of Victoria 2017). It continues to 

emphasise the role of partnerships and science, sets new directions based on contemporary 

evidence and encourages greater connection with nature for all Victorians.  

 

Native vegetation controls were introduced for private land in Victoria in the late 1980s, with 

permits needed for clearing more than a certain area of native vegetation. Responsibility for 

issuing permits fell to local government, with the State Government (currently the 

Department of Environment, Land, Water and Planning) as a statutory referral agency. 

Policies to protect native vegetation have been strengthened through initiatives including the 

revised biodiversity Strategy (State of Victoria 2017). 

 

A national forest policy (1992) established a framework for a series of Regional Forest 

Agreements between State Governments and the Commonwealth Government. The principles 

of these agreements included establishment of a comprehensive, adequate and representative 

system of forest reserves (the ‘CAR’ reserve system), support for innovative and 

internationally competitive forest industries, and ecologically sustainable management of the 

forest estate (Commonwealth of Australia 1997a, 1997b; Wescott 2003). Five Regional 

Forest Agreement regions were defined in Victoria, and agreements were established for all 

of them in subsequent years. As biodiversity conservation is a key element in ecologically 

sustainable forest management, the process involved extensive fauna surveys being 

undertaken across the forest estate, regardless of defined land use such as ‘Park’ or ‘State 

Forest’. Biologists were then integrally involved in subsequent land use decisions, such as 

selecting new reserves for the CAR system, and zoning forests to protect habitat for 

threatened species. Some of this work is described in the attached papers (Chapter 6). 

 

Another policy initiative in 2002 (our Forests our Future) included a 31% reduction in 

logging across the State, an $80 million assistance package to assist displaced businesses and 

workers, new legislation to provide resource security, independent auditing of forests, and 

formation of separate bodies to oversee commercial forest operations (VicForests) and 

perform the policy and regulatory functions of Government (Government of Victoria 2002).  

Timber harvesting ceased in native forests in the Otway Ranges and other parts of mid-

western Victoria.  Further reductions in logging have proved necessary in subsequent years to 

meet community expectations and achieve sustainability. 

 

Fires 

 

Major wildfires always demand a public response, and the fires of 1939 led to profound 

changes in fire management, as discussed above. The lessons learnt then (Stretton 1939) have 

influenced thinking on fire management to the present day.  Systematic strategic use of fuel 

reduction burning became an important pre-emptive tool in fire prevention, with controls on 

when and where it could be used. Industrial forest sites such as saw-mills were moved outside 

the forest, along with associated human settlements in some cases. The Victorian 
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Government produced a Code of Practice for Fire Management in 1995 (Department of 

Conservation and Natural Resources 1995), with subsequent revisions. 

 

Wildfires occur every year, but major conflagrations happened in Victoria in 1983, 2002–

2003, 2005-06 and 2009. Those fires did not burn as much forest as in 1939, but the 1983 

fires destroyed several towns and many people lost their lives (Rawson et al. 1983). The 

2002–2003 fires burned extensive areas of the mallee and alpine regions of Victoria (Esplin 

et al. 2003; Wareing and Flinn 2003).  

 

The Black Saturday fires in 2009 were much worse, destroying 2029 houses and ~1500 other 

buildings: 173 people lost their lives. They started mostly on 7 Feb 2009, on a day with fierce 

northerly winds (>100 km/hour) and extremely high temperatures (>460C), following a week 

of high temperatures when the forests were tinder-dry after weeks of low rainfall. Some 

started from malicious ignitions (arson) and others from lightning and faults in electric 

infrastructure. A Royal Commission was appointed and made far-reaching recommendations 

for changes in fire management (Teague et al. 2010), most of which were accepted by the 

State Government. These included minimum annual targets for planned burns, set at 

substantially higher levels than had been achieved in recent years, and an upgraded program 

of ecological research and monitoring (Platt et al. 2012). The area-based targets for planned 

burns were subsequently replaced by a risk-based approach, aimed at minimising risks to 

human life and property within a recently developed ecological framework (Cheal 2010, 

2012).  

 

Tree plantations 

 

The State Government responded to public opposition by ending its practice of clearing 

native forest for pine plantations in the 1980s. Existing pine plantations continued to be a 

valuable source of wood products and economic return. Subsequently the Government went 

further, selling the plantations to private companies (usually with leasehold arrangements for 

the land). In one atypical case, the main purchasing company (Hancock Victorian Plantations 

Pty Ltd) subsequently decided to phase out pines in an uneconomic site on the Delatite Arm 

of Lake Eildon, and work with the State Government to restore native forest on ~1900 ha of 

this land (Kasel 2005). 

 

As wood production decreased in public forests, it became increasingly clear that shortfalls 

would have to be met from tree plantations on private land. Many farmers had already 

planted trees as windbreaks (shelter-belts), and others had developed more integrated 

agroforestry systems (Reid and Wilson 1985). Plantations for commercial wood production 

had also been established. Pines were usually the preferred species (especially Monterey Pine 

Pinus radiata), but eucalypts (including Messmate E. obliqua and Mountain Ash E. regnans) 

were also planted on abandoned farmland in steep high-rainfall areas such as the Strzelecki 

and Otway ranges. Various incentive schemes were introduced to encourage commercial 

planting of eucalypts on cleared farmland (Dargavel and Semple 1990) to meet commercial 

needs, redress a trade deficit in wood products and contribute to conservation goals (salinity 

control, soil protection and biodiversity enhancement). Many landholders responded, and 

various eucalypt species were found to do well and provide suitable financial returns as a 

source of fence posts, pulpwood, firewood and building timber. Blue Gums (E. globulus) 

became a preferred species in many areas and were planted extensively by private companies 

and individual landholders in the 1990s.  
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An added incentive for this commercial planting program came from the recognition that 

plantations could sequester carbon and help mitigate effects of climate change. Prospects 

arose for a commercial market in ‘carbon credits’, although this market has yet to be fully 

realised in Australia. Tax incentives encouraged the growth of managed investment schemes 

focusing on plantations. Unfortunately, many of them proved unable to meet expectations, 

especially when markets for eucalypt woodchips declined, resulting in collapse and financial 

loss. 

 

Water 

 

Various initiatives have been taken to conserve water and ensure that it is used wisely and 

fairly with greatest benefit to the community. A long period of below-average rainfall from 

1997-2009 (the Milennium Drought) underlined the need for improvements. In 2002, the 

Victorian Government produced a Water Resources Strategy, which was followed by a White 

Paper on water in 2004 (Department of Sustainability and Environment 2004). This 

recognises the enormous value of fresh water for drinking, irrigation and providing 

environmental services. A large desalination plant was built near Wonthaggi in the 2000s 

(completed in 2012) to produce fresh water from the sea, to help secure water supplies for 

Victoria during times of drought. Paradoxically, it was completed just after the drought 

broke, and its products were no longer in such short supply. However, there is little doubt that 

this will provide greater security of water supplies in future. 

 

Many of the ensuing changes will impact in some way on biodiversity conservation. Water 

production from forested catchments is reduced when young trees are growing rapidly during 

regeneration after fire or logging, and this provides part of the rationale for maintaining 

forests in Melbourne’s water catchments in mature condition (O’Shaughnessy and Jayasuria 

1987; Ferguson 1995). Intact forests also protect streams from siltation, helping to maintain 

water quality. This has led to many of our current prescriptions for maintaining unlogged 

forest along rivers, creeks and drainage lines. Road crossings have proved to be major 

sources of siltation in streams, and various planning and engineering solutions have been 

developed to minimise this effect. 

 

Environmental flows have become an accepted tool for sustaining rivers and wetlands, and 

much needs to be learned and applied if we are to ensure that water is used well to achieve 

these benefits. Many of the chapters reported here have relevance to water issues, and they 

include studies in forest catchments, riverine forest and wetlands. Some specific studies in 

Chapter 8 describe explicit work on the effects of flooding or environmental flows on birds in 

forests or woodlands of River Red Gum and Black Box in the Murray River floodplain. The 

floodplain of the Murray River and its tributaries (including the Darling River) covers a vast 

area of eastern Australia, and receives water from rainfall in the tropical north, rain and snow 

on the Great Dividing Range and intermittent rain over more arid inland regions. Dams have 

been built to provide reliable supplies of water for human consumption and irrigating crops in 

what is one of Australia’s main areas for agricultural production. The Murray Darling Basin 

Authority was established by the Commonwealth and relevant State governments to make 

decisions about supplying water for environmental and commercial purposes, and they 

produced a strategic Basin Plan in 2012. Some of the decisions were controversial and 

various revisions have been made accordingly (MDBA 2013). 
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Chapter 1. Effects of wood production in native forests 

 

This chapter addresses one of the most contentious issues in forest management. 

Governments and sections of the public have embraced the need to manage commercial wood 

production, at the same time as meeting a range of community expectations and imperatives, 

including biodiversity conservation. The question is: How to integrate or segregate 

production and conservation objectives over space and time? The chapter begins with two 

conceptual papers (Loyn 1985a, 2000) and continues with a chronological series of papers 

presenting data and developing further concepts.  

 

1. Key concepts 

 

The first paper (Loyn 1985a) recognises that many fauna species will recolonise harvested 

areas within planned rotations (as shown by Loyn 1980, 1985b), and that the species in need 

of special attention are those that depend on elements of old forest (e.g. old trees and tree 

hollows) that will not regenerate effectively in planned rotations for harvesting timber. The 

paper identifies three primary strategies for conserving those species in managed forests. 

These are to to increase rotation lengths so that the habitat elements are regenerated over time 

(temporal integration); retain old trees on logging coupes (spatial integration); or to retain 

selected stands of old forest separately from the harvested coupes (spatial segregation). In 

both spatial strategies it will also be necessary to plan to regrow old trees and old stands of 

trees to replace the current cohorts over time, and this is considered further in subsequent 

papers (Loyn 2000, 2004; Loyn and Kennedy 2009).  

 

Practical questions can be raised about the effectiveness of the temporal integration strategy 

(increasing rotation lengths). If it were desired to conserve half the forest in a suitable 

condition for species that need old forest (say >100 years), the forest would need to be 

managed on a rotation of 200 years. If the aim were to maintain half the forest in a senescent 

state, where trees had abundant hollows and other features of old forest (say 200 years), it is 

unlikely that much commercial value would remain at the end of the 400-year rotation. 

Hence, the long-rotation strategy appears to be of limited use for wood production in eucalypt 

forests, based on our current understanding of processes such as hollow formation. The 

spatial strategies appear to be more practical to meet current needs.  

 

The 1985 paper broke new ground by focusing clearly on species that need elements of old 

forest, and in identifying the three primary strategies for conserving them. Subsequent 

authors have taken these ideas and developed them further (e.g. Lindenmayer and Franklin 

2002), with various subdivisions of the three primary strategies. It is likely that many forest 

biologists were thinking along similar lines, and work in North America identified the 

importance of old forest stands from a number of ecological perspectives (e.g. Franklin et al. 

1981, 1997). However, the 1985 paper was a significant milestone in developing ideas about 

integrating conservation and production, especially in Australia. Similar concepts have been 

developed more recently in relation to agriculture (“share or spare”). My thoughts have been 

shared freely with colleagues, and they contributed to some of their work in ways that are not 

always obvious. 

 

A second paper (Loyn 2000) explores some questions about management of regrowth forests 

as habitat for birds, and it develops arguments for giving more attention to matrix 

management, i.e. to managing the regrowth or other disturbed habitat between retained stands 

of old forest. It raises the possibility of developing designer stands of regrowth to benefit 



particular species, and it emphasises the importance of conserving elements of old forest at 

various spatial scales within the matrix. The paper was presented at a conference on 

managing the matrix, held at Taupo in New Zealand, and contributed to a developing 

philosophy that more attention should be paid to conservation matters in the productive lands 

that form the matrix (Craig et al. 2000; Lindenmayer and Franklin 2002). 

 

2. Effects of logging and temporal succession 

 

Public perceptions about the effects of logging are often formed around a simplistic 

comparison of two extremes: logging is seen as replacing pristine stands of verdant forest 

with the fire-blackened, treeless devastation of a recently clearfelled area. The view is overly 

simplistic for two reasons. One is that the original forest is rarely pristine, but it has usually 

been subject to a range of exploitative uses over many decades. More importantly, the clear-

felled areas do not remain scenes of fire-blackened devastation for very long. They 

regenerate, and most logging coupes soon support a dense regrowth of native vegetation. 

 

Any attempt to quantify the effects of logging must consider these points, especially the 

second point, because the course of succession determines what the regrowth will be like as 

habitat over the whole planned rotation. If a forest is to be managed on a notional rotation of 

80 years, it is expected that about 1/80 of the area available for logging will be logged in any 

year, and that 1/80 of the forest will thus display the characteristics of fire-blackened treeless 

devastation at any given time. The remaining 79/80 will display different characteristics. 

Some proponents of the logging industry may claim that this regrowth is ‘as good or better 

than’ the original forest, but such value judgements depend on the value systems applied. In 

assessing the effects of logging on biodiversity conservation, the crucial issue is to compare 

biodiversity in the regrowth stands (of different ages) with biodiversity in the mature stands 

they replaced. 

 

Unless there are good data available from before logging, this usually needs retrospective 

research, in which multiple stands of regrowth are compared with multiple stands of mature 

forest in similar topographic situations. Due allowance must be made for potential sources of 

bias, because some of the retained mature forest may have been retained because it was of 

poor quality for timber, or on poor soil, or in steep or inaccessible locations. Such stands are 

unsuitable for comparison because these features can also be expected to influence the 

biodiversity characteristics of the sites. 

 

In understanding the effects of logging in the forest as a whole, another crucial step is to 

determine which areas are available for logging and what role the remaining areas might play 

in conserving biodiversity. Gullies were identified as an important example of areas that were 

rich in wildlife and generally unavailable for logging in our early studies (e.g. Loyn et al. 

1980), and this has been confirmed by other workers (Mac Nally et al. 2000; Palmer and 

Bennett 2006). Gullies support large populations of birds and are often avoided by logging 

operations (initially to protect water quality, but the biodiversity values are now recognised as 

well). For both these reasons, avoiding harvesting gullies can make a cost-effective 

contribution to reserve systems in forests used for wood production. However, there is a 

substantial group of bird species that are rarely found in gullies (Loyn 1980, 1985c), and their 

needs have to be considered in managing the forest landscape. 

 

Given the importance of understanding succession over time, it is remarkable how rarely this 

question has been examined in terms of fauna populations. In his international textbook on 



conserving forest wildlife, Hunter (1990) cited our work in the Boola Boola State Forest in 

central Gippsland (Loyn 1980; Loyn et al. 1980) as one of the few studies of this sort. It is 

possible that some ecologists shun opportunities to document use of regrowth by fauna 

species, for fear that it will undermine efforts to reduce logging and protect old-growth 

forests. My view is that ecologists have a duty to collect objective information, regardless of 

whether the results support a preconceived expectation or not. As it happens, our data 

highlight the value of old-growth forests (which support several species not usually found in 

regrowth), at the same time as showing that regrowth forests support more species than some 

people would expect. 

 

Ten published papers and two internal reports are included in this chapter, with others listed 

by title only. Three of the studies take a retrospective approach, comparing regrowth stands 

of various ages with remaining areas of mature forest on comparable sites. They deal with 

birds in mixed-species eucalypt forests in the foothills of Central Gippsland (Loyn 1980), 

birds in forests of Mountain Ash Eucalyptus regnans in the higher-rainfall Central Highlands 

(Loyn 1985b) and with birds, mammals, reptiles and nocturnal birds in three major forest 

types in the foothills of East Gippsland (Loyn 1993; Alexander et al. 2002). The remaining 

three papers deal with a longitudinal study (over time) of two areas in the foothills of East 

Gippsland, which were logged for sawlogs and pulpwood in 1976 and monitored 

intermittently for 21 years. The two areas are known as Pulpwood Demonstration Areas, and 

the papers report a range of baseline studies undertaken with numerous colleagues (Loyn 

1981), a study of vegetation regeneration over the first few years (Loyn et al. 1983) and a 

study of birds and mammals over the 21 years (Loyn et al. 1999). This is one of the few 

studies in which fauna has been monitored before and after logging with such a long 

sequence of regrowth development. 

 

The first study in Boola Boola State Forest (Loyn 1980) broke new ground in many respects. 

Few studies had examined the bird fauna of mixed-species foothill forest, despite their great 

extent, and little detailed information was available on the habitats used by birds in these 

varied environments. The habitat data have been used in many subsequent publications (e.g. 

Blakers et al. 1984; HANZAB 1990-2006). Credit should go to the foresters who initially 

identified the value of studying the flora and fauna of this forest, where systematic logging 

had proceeded for many years, notwithstanding some deficiencies in the proposed study 

design. When I began work, I found that six sites had been selected: a ‘typical’ stand of 

mature forest (one!), three ages of regrowth, and two gullies. I quickly realised that we 

needed to increase replication and selected additional sites for this purpose. We ended up 

conducting detailed studies of birds and mammals on 13 sites (3 mature forest, 3 older 

regrowth, 4 younger regrowth and 3 gullies) and bird transects on a further 50 sites, along 

with general observations throughout the forest. The level of replication was low, but at least 

we were able to make some statistical inference from the work, including a clear 

demonstration that the regrowth differed from the mature forest. 

 

The mature forest sites had already been subjected to a degree of selective logging earlier in 

the century, as have most accessible areas of mature foothill forest throughout the state. 

However, this was not a major defect of the study as our aim was to assess the effects of 

systematic intensive logging on the forests as they were when they were logged in this way, 

not as they were in an unknown hypothetical virgin state. Any attempt to predict effects of 

intensive logging on existing mature forest must consider the mature forest as it currently 

exists. 

 



Perhaps our most controversial conclusion was that most species of plant, bird and mammal 

that we expected to find in the forest were still present. This was clearly true, and it did not 

depend on statistical inference. One of the groups that we identified as being absent or rare 

was the large forest owls, and our recent work on owls (Chapter 6) has shown that three of 

the expected species are indeed still present in the forest (Powerful Owl Ninox strenua, Sooty 

Owl Tyto tenebricosa and Masked Owl Tyto novaehollandiae).  

 

This underlines the importance of considering the forest landscape as a whole: we do not 

know to what extent these owl species used regrowth stands, but their presence shows that 

they have remained in the forest landscape, presumably because suitable habitats have been 

conserved fortuitously in gullies and inaccessible locations. If we knew which habitats to 

conserve, we would be in a better position to plan with confidence to conserve them over 

time (Chapters 6 & 7). There are still a few species that may have been lost from the forest, 

including Emu Dromaius novaehollandiae, Azure Kingfisher Ceyx azurea, Spotted-tailed 

Quoll Dasyurus maculatus and Regent Honeyeater Anthochaera phrygia. Others are always 

likely to have been rare or hard to detect (e.g. Square-tailed Kite Lophoictinia isura), but we 

stand by our conclusion for the vast majority of species.  

 

The Boola Boola study was the first study to use the territory mapping method (then popular 

in the UK) for assessing densities of breeding birds in Australian eucalypt forests. I used the 

method again on my main study sites in our next study of successional effects, in forests of 

Mountain Ash (Eucalyptus regnans) (Loyn 1985b). The method has not proved popular in 

Australia, largely because it is very time-consuming. I quickly realised that the main 

characteristics of the bird fauna were readily discernible from a short visit, and a simpler 

approach to collecting quantitative data would allow more sites to be examined in a given 

amount of time. Hence, I devised a timed area-search method (Loyn 1986), as described in 

Chapter 7, which (with variations) has evolved with variations into one of the most widely 

used survey methods in Australia (Barrett et al. 2003). 

 

My study in Mountain Ash forests (Loyn 1985b) was also based on territory mapping, 

supplementary area-searches and general observations, and it represented the first systematic 

study of birds in these iconic tall wet forests. Mountain Ash forests were found to support a 

bird assemblage resembling that of foothill gullies (but with some omissions and one 

addition, the Pink Robin Petroica rodinogaster) and lacking those of foothill slopes and 

ridges: the overall species richness was substantially less than in foothill forests. Overall bird 

population densities were high, and the forests were clearly valuable for species that need wet 

forest environments and associated resources (dense thickets of tall shrubs and treeferns; 

dense leaf litter, etc.).  

 

The territory-mapping component compared regrowth from fires in 1901–1939 with various 

ages of younger regrowth from logging, and it showed that logging reduced the abundance 

and diversity of birds in Mountain Ash forests. This was a valid comparison because most 

current logging is done in fire regrowth dating from the first half of the 20th century, and 

forest older than 100 years is excluded from logging to protect species such as Leadbeater’s 

Possum and Sooty Owl. Observations in older forest suggested that a small suite of bird 

species were more common in the rare examples of old forest than in forest that had been 

burnt early in the 20th century. 

 

The study also revealed two previously undocumented seasonal phenomena. One was an 

almost complete winter exodus of certain common insectivorous bird species that feed in the 



foliage of tall shrubs and the eucalypt canopy, and that were among the commonest species in 

these wet forests from September to March (e.g. Grey Fantail Rhipidura albiscapa and 

Golden Whistler Pachycephala pectoralis). The other was a major winter concentration of 

nectar-feeding birds in thickets of flowering Mountain Correa Correa lawrenceana in the 

understorey: these species included some honeyeaters that typically feed from the canopy, 

and some insectivores that took opportunistic advantage of this abundant food source 

(notably Striated Thornbill Acanthiza lineata). Behavioural observations, such as these, help 

enrich the picture of bird distribution that we build from systematic data collection.  

 

The next retrospective study was designed (with a greater level of replication) as one of 

several research projects arising from the Timber Industry Strategy. These projects were 

initiated and managed by a set of committees, and I participated as part of an expert group. 

We designed the retrospective study in East Gippsland (Loyn and Braithwaite 1990), with 

components on vegetation, soils and vertebrate and invertebrate fauna. The basic design was 

to examine five age-classes of regrowth forest and two categories of mature forest across 

three forest types (wet, damp and lowland forest), with three replicates of each combination 

(giving 63 sites altogether). The component on diurnal birds is listed here by title (Loyn 

1993), and the component on other vertebrate fauna is presented (Alexander et al. 2002). 

 

The paper by Loyn (2004) gives an overview of forest wildlife research in Victoria, and it 

proposes a logical system for choosing between the two realistic management strategies 

(spatial segregation or integration) in particular situations, based on the shape of the response 

curve of the target species (convex, straight or concave). I first proposed this system at a 

conference in Armidale in the 1980s. A study using the system (Loyn and Kennedy 2009) 

follows in this chapter.  

 

The paper on scattered old trees among regrowth (Loyn and Kennedy 2009) examines a 

crucial question for assessing the value of the strategy in which conservation and production 

values are integrated on a common parcel of land by retaining scattered old trees as a 

continuing legacy of the original old forest. I realised early on that Mountain Ash forests 

provided an excellent simple model system for examining this question. Large areas of this 

forest type are of uniform age, following intense wildfires that have killed trees over 

extensive swathes of forest. Very large areas of Mountain Ash were burnt severely in 1939, 

and smaller areas were burnt in 1983, 2009 and various other years. Varying numbers of old 

trees remain standing (dead or alive) for many decades after these fires, depending on the 

local severity of the fires and a range of variables, including the age and size of the trees, the 

local topography and the weather at the time of the fire. Hence, it is possible to examine the 

effects of varying densities of old trees (dead or alive) in a rather uniform matrix of Mountain 

Ash regrowth of a specific age (e.g. following the 1939 fires). 

 

This is what we did in this study, using the logical approach for choosing between strategies 

devised by Loyn (2004). We found that one bird species (Crimson Rosella Platycercus 

elegans) showed a concave relationship with density of old trees, suggesting that it would 

benefit from retaining old trees in clusters (i.e. the benefits of adding individual old trees 

increase when densities of old trees are high). Another species (Striated Pardalote Pardalotus 

striatus) showed a convex relationship with density of live old trees, suggesting that it would 

benefit from strategies to retain scattered old trees within the regrowth (i.e. the benefits of 

adding individual old trees are greatest when densities of old trees are low, becoming less at 

high density). Note that high densities of old trees are beneficial in both cases: it is generally 

better to have some old trees than none, regardless of spatial arrangement. We recognised that 



there are practical difficulties in retaining scattered Mountain Ash trees alive on logging 

coupes, because many retained trees will be killed by the hot burns that are often used to 

stimulate regeneration. However, the evidence of the existing forest shows that Mountain Ash 

trees can survive hot burns, and their chances of survival can be increased by deliberate 

management actions. These actions could include selecting trees for retention at the lower 

edge of coupes (where the regeneration burn is likely to be least intense) and raking fuel 

away from trees selected for retention. There are costs in such actions, which would be more 

justified for threatened species such as Leadbeater’s Possum Gymnobelideus leadbeateri (a 

species classed as Critically Endangered, whose main habitat is montane ash forests) than for 

Striated Pardalotes (which are common across a wide range of forest types). A compromise 

solution may be helpful, with clusters of trees retained on and between coupes. 

 

I believe this paper makes a useful contribution to the debate by focusing on the need to make 

management decisions of this sort and identifying the type of information needed to inform 

such decisions. The paper also develops the concept of designing our forests so that they 

include a good mix of old-forest elements, located and distributed in ways that suit the needs 

of wildlife and wood production by judicious mixing of the primary strategies mentioned and 

developed in earlier papers. 

 

The paper on ‘ecologically complex carbon’ adds a further dimension by considering carbon 

sequestration along with wildlife, as an additional service provided by forests. This paper is 

based on bird data collected by Narelle Hatanaka (a PhD student supervised by Wendy 

Wright and me) and data on carbon storage collated by Ralph Mac Nally (then at Monash 

University). The paper shows that there is more complexity in meeting the needs of wildlife 

in mixed-species foothill forests than in managing forests to optimise carbon sequestration. 

Many bird species are more common in mature forest than in regrowth (as found in previous 

studies), but net carbon sequestration is greater in rapidly growing regrowth forests than in 

mature forests, where degrading processes may be of similar magnitude to primary 

production. This provides support for a hypothesis I proposed many years ago (Loyn 1985c), 

in which I postulated an inverse relationship between bird populations and productivity for 

wood, as wood itself is not a useful food resource for birds. Despite this inverse relationship, 

there is hope that the global interest in carbon sequestration will encourage processes that 

increase the area of habitat available for forest birds by the creation of new plantations for 

carbon farming and by protection of existing forest to earn carbon credits (Reduction of 

Emissions from Deforestation and Forest Degradation, or REDD). 

 

Overall, the studies of forest succession show that few bird species have narrow needs for 

particular age-classes at intermediate stages of regrowth. Some species favour open stands 

that are produced in the very early stages (soon after logging or fire) or the dense shrubby 

regrowth produced soon after (3-10 years). The first group includes some common forest 

birds (e.g. Superb Fairy-wren Malurus cyaneus) but also some much less common species 

(e.g. Chestnut-rumped Heathwren Calamanthus pyrrhopygia and Blue-winged Parrot 

Neophema chrysostoma), along with a very small number of open-country birds such as 

Australian Magpies Cracticus tibicen. The second goup includes some honeyeaters that take 

honeydew from small branches of young eucalypts and wattles (e.g. White-eared Honeyeater 

Lichenostomus leucotis and Crescent Honeyeater Phylidonyris pyrrhopterus) along with birds 

typically found in wet gullies (e.g. Eastern Whipbird Psophodes olivaceus and Pilotbird 

Pycnoptilus floccosus). Many species need elements of old forest (eg. old trees, hollows, 

abundant mistletoe or the distinctive structure of tall open forests) and depend on stands that 

contain suitable quantities of those elements. Some of these species may depend exclusively 



on old stands whereas others may occur more widely in regrowth where suitable numbers of 

these elements have been retained or regrown. The suite of species found in old stands 

includes most of the species that inhabit intermediate stages of regrowth. These principles 

have proved helpful in planning strategies for logging and burning in State Forests.  

 

A further principle may be worth emphasising, even if it seems self-evident. By definition, it 

takes a long time to regrow elements of old forest. Hence, great care should be taken in 

deciding to set back the succession in old stands, whether by logging or burning. Most trees 

in south-eastern Australian forests were old when Eurasian people began their colonisation 

process. Now most trees are young, largely because of widespread logging, though fire has 

also played a part. Old stands should be afforded high value for protection in any strategy for 

forest management and conservation. A multi-scaled view is clearly needed to address issues 

of this sort (Lindenmayer and Franklin 2002). 

 

Several additional reports are listed by title, and some of this work is summarised in Loyn 

(2004). The reports by Loyn (1993) and Loyn et al. (1999) take contrasting approaches to 

evaluating effects of logging on birds in foothill forests in east Gippsland. The 1993 report 

takes a retrospective approach, examining 61 sites that had been logged intensively at various 

times previously, or had not been logged intensively at all. This is an efficient way of 

obtaining long-term chronosequence data in a short space of time, and the results accord well 

with those from the earlier studies in Boola Boola Forest. The 1999 report provides a rare 

longitudinal window of succession on two “Pulpwood Demonstration Areas”, with data 

before they were logged in 1976 and intermittently over the following 21 years. At one of the 

areas (Reedy Creek) birds decreased after logging and then increased as dense understorey 

redeveloped, before declining again when that understorey became smothered by a native 

creeping plant (Dodder Laurel Cassytha phaeolasia). At the other area (Maramingo), birds 

and mammals (including Southern Brown Bandicoots Isoodon obesulus, listed as 

Endangered) increased greatly as eucalypts, shrubs and extensive stands of Black She-oak 

Alocasuarina littoralis proliferated in what had been an open forest with sparse understorey. 

Birds that favour open understorey (including uncommon species such as Chestnut-rumped 

Heathwren) colonised both areas in early stages of regeneration. Gullies and a patch of 

rainforest provided refuge sites for various species. 
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APPENDIX 

SYSTEMATIC UST 
The list gives all birds recorded in the forest during the study 
(1975-77) with notes on habitat, distribution and status. Some 
birds recorded in or near the forest by other observers before 
the study began are included in square brackets. 

Birds marked F were common in adjacent farmland but 
made little use of the forest itself. Some species that were very 
common in farmland, but did not occur at all in the forest, are 
included in round brackets, also with the letter F. Some water
birds that .came close to the forest boundary on farm dams or 
were seen flying over are not included. Young pine piantations 
are on private.property along the southern edge of the forest. 

Alien species are marked + . Species that nest in holes are 
marked H. Summer visitors are marked S or (S) if a few remain 
over winter, followed by the usual dates of occurrence. Species 
described as 'common' are found throughout the forest in 
many habitats including most ages of regrowth, 'Widespread' 
species are also found in most parts of the forest but are fewer. 

{Dromaius novaehoUandiae lEmuJ 
Occurred in south-west of forest in late 19th century: no 
recent records. Still occurs in foothills south of 
Latrobe Valley. 

Phalacrocorax melanoleucos Little lP'ied Cormorant F 
Occasional on fire dams and creeks. 

Ardea novaehollandiae White-faced Heron F 
Occasionally feeds beside fire dams or on puddles in 
tracks, on yabbies, etc., even below closed canopy, 

Anas superciliosa Pacific llJlack Duck 
Occasional on large streams; breeds Tyers River. 

Elanus notatus l!Black-shouldered Kite F 
One in clear-felled study area, 18 Sept 1975. 

Accipiter fasciatus Brown Goshawk 
Widespread, hunting below canopy for hirds such as 
Crimson Rosellas. 

Haliaetus leucogaster White-bellied Sea-Eagle 
One pair nests in old Grey Gum beside Moondarra Dam. 

Aquila audax Wedge-tailed Eagle 
Seen throughout forest, hunting over gu!Iies and logged 
areas as well as in nearby farmland. One nest found in 
Grey Gum. 

Falco peregrinus Peregrine Falcon 
One pair breeds on small cliff face in forest, hunting mainly 
near farmland, 

F. longipennis Australian Hobby
A few on eastern and southern edges of forest.

F. cenchroides Australian Kestrel
A few in recently logged areas and young pine plantations.

Coturnix pectoralis Stubble Quail F 
Two reported in clear-felled study area, March-July 1974, 
believed to be feeding on seeds of Gahnia radula. Otherwise 
only in young pine plantations with several each summer 
breeding. 

C. australis Brown Quail
Seen twice in dense 5-7-year regrowth.

[C, chinensis King Quail] 
One reported in swampy area on southern edge of forest 
about 1970. 

lurnix varia lPaintelll llllutton-quail 
One feeding along gravel road between unlogged gully and 
land just cleared for pine plantations on edge of forest, Feb. 
1977. 

(Vanellus miles Masked Lapwing F) 

Phaps chalcoptera Common Bronzewing 
Thinly distributed in 15-30-year regrowth; also in open 
gullies and mature box-ironbark with scattered wattles, 

P. elegans Brush Bronzewing
A few in 12-18-year regrowth with wattle understorey in
north-west of forest.

Leucosarcia melanoleuca Wonga Pigeon 
Mainly on steep dry slopes in wesr anctnorth-east of forest 
feeding on ground e.g. under Exocarpos bushes, Also in 
some gullies and in 10-20-year pine plantations nearby. 

Calyptorhynchus funereus Yellow-tailed 
Black-Cockatoo JH[ 

Breeds in gullies mainly in north of forest in hollow Grey 
Gums. Flocks up to 60 move through forest at other times. 

Callocephalon fibriatum Gang-gang Cockatoo H 
Resident in patches of mature forest on ridges and some 
gullies. More widespread in winter, with flocks up to 10 
moving·through forest feeding on eucalypt seeds, mainly in 
old trees, specially Yertchuk. 

Cacatua galerita Sulphur-crested Cockatoo H 
Breeds in hollow trees in gullies up to 6 km or more from 
edge of forest. Feeds in farmland. Most often seen over 
forest Aug.-March. Apparently increasing in area: flock of 
700 in farmland near Toongabbie, 28 May 77. 

Glossopsitta concinna Musk Lorikeet H 
Occasionally seen in mature forest in south-east of forest; 
also flocks up to 20 in ironbarks to north of Boola. 

G, pusilla lLittle Lorikeet · H 
Six in Grey Gums in south-east of forest, Oct 1977, and occa
sionally reported with other lorikeets in ironbark at Tyers. 

Alisterus scapularis Australian King-Parrot 
Breeds in broad gullies mainly in south of forest and possibly 
also in mature box-ironbark in south-east. In winter also oc
curs in farmland feeding in fruit trees. 

JPlatycercus elegans Crimson Rosella H 
Common; flocks up to 20 in winter all areas, Breeds in 
mature forest, in hollow trees left among regrowth, and in 
gullies. 

P. eximius Eastern Rosella FH
One pair reported in young regrowth in north of forest, Aug,
1974.

Neophema chrysostoma Blue-winged Parrot H 
Small numbers in young pine plantations late summer. 

Cuculus pallidus Pallid Cuckoo S, Sept.-Dec, 
Mainly in fairly open areas including some mature and 
recently logged Silvertop-stringybark and Yertchuk heath. 
Widespread 1975 but less so 1976. 

C. variolosus Brush Cuckoo S, late Oct.-Jan.
Widespread; scarce in regrowth; most common in mature
forest of low quality including Red Box, tall Yertchuk and
some gullies. More numerous 1976-77 than previous year.

C. pyr roplumus Fan-tailed Cuckoo (S), Aug.-Feb.
Common, specially among Silver Wattles.

Chrysococcyx basalis Horsfield's Bronze-Cuckoo S, 
Aug.-Jan. (in contrast to coastal habitats where it remains 
common in winter). 
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Abstract

Cover and abundance of all understorey vascular
plant species were studied on permanent plots on
two areas (Maramingo and Reedy Creek) in the
foothill forests of East Gippsland, eastern Victoria.
The areas were harvested for sawlogs and pulpwood
in 1976, and parts were burned to assist re-
generation. Plots were assessed before harvesting
and at intervals until 1980. Changes in total species
composition were minimal, although there were
many positive and negative changes in crown cover
and abundance of individual species. Total cover of
understorey vegetation was reduced initially but
recovered well on both areas. By 1980, cover at
Maramingo was slightly greater than the low levels
before harvesting. Some species there were fa-
voured by burning while others were not. At Reedy
Creek the original dense understorey had not re-
generated fully by 1980. Snig tracks had revegetated
to 60% of original average cover but log landings
were slower to revegetate. Introduced species were
initially a very minor component of the vegetation on
both areas: they remained so at Reedy Creek (con-
fined mainly to tracks) but at Maramingo three
species proliferated along with other small herba-
ceous plants.

Present addresses: 'West Timor. Indonesia; -Weipa. Australia
4874; 'Forests Commission, Alexandra. Victoria. Australia 3741.

Introduction

East Gippsland (eastern Victoria) is an ecologically
diverse region much of which is forested crown land
with few visible signs of human modification (Land
Conservation Council 1974; Leeper 1969). Many
species of plants and birds have distributions which
extend south along the east coast of Australia and
enter Victoria only in East Gippsland.

The establishment of a woodchip industry at Eden
in southern New South Wales preceded proposals
for pulpwood harvesting in association with logging
in parts of East Gippsland. Integrated harvesting of
mixed eucalypt forests for sawlogs and pulpwood is
considered to offer economic benefits and a way of
removing enough overstorey to encourage rapid
regeneration. However, few studies have been made
of the effects of such operations on the environment.
Effects on wildlife have been studied at Eden (Rec-
her et al. 1980), and long term effects of pulpwood
operations have been studied in Central Gippsland
(Loyn et al. 1980). These studies (and similar ones
in progress elsewhere) relied on simultaneous coni-
parisons of areas which had been treated at different
times in the past. This approach gives long term data
quickly but carries an inherent danger that some
treatment effects may be confounded with geo-
graphical differences. The complementary approach
of following specific areas through time was used in
this study.

Two experimental areas were established in East
Gippsland to demonstrate integrated harvesting and
regeneration procedures and examine their environ-
mental effects. Studies were made of eucalypt re-
generation, pathogens, biomass, soil erosion,
understorey vegetation and fauna. This paper deals
with changes in understorey vegetation from 1976 to
1980. Such changes affect other parts of the ec-
osystem, e.g. nutrient cycling and animal habitat,
and are also of interest in their own right as part of
the impact of harvesting.
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Study areas

Both study areas are in foothills supporting dry
sclerophyll forest of mixed eucalypt species, with
some wet sclerophyll forest in the gullies. The drier
type of vegetation at Maramingo has a limited dis-
tribution in the region whereas Reedy Creek has
vegetation similar to that in larger areas of East
Gippsland. Sizes of areas harvested and yields of
wood are given in Table 1.

TABLE 1. Details of harvesting operations and rainfall at Mara-
mingo and Reedy Creek

Area harvested (ha)
Sawlog volume (m' ha"')
Pulpwood yield (t ha~')
Sawlog/pulpwood ratio
Area burnt (ha)
Rainfall (mm)

August-December 1976
January-July 1977
August-December 1977
January-July 1978
August-December 1978
Mean rainfall
(mm y~': 2 y period)

Maramingo

49.0
6.5

110
1:16.7
39.4

*

459
241

1195
218

1056

Reedy Creek

41.8
37.2

108
1:2.9
36.0

681
478
295

1129
*

1292

*Raintall not measured.

Maramingo (37° 23'S, 149° 35'E).

The area is on a well drained site 10 km north of
Genoa, at an altitude of about 200 m. It covers about
60 ha on a predominantly westerly aspect, with a
stream along the western boundary. Bedrock is of
biotite adamellite, this being one of the Bega bath-
olith granitoids which intruded between late Ord-
ovician sediments and Upper Devonian Eden rhyo-
lite and continental sediments (Beams & Hough
1979). The sandy duplex soils have hard setting
loamy surface soils overlying mottled yellow clayey
subsoils and range in depth from 50 cm on ridges to
300 cm in gullies. Several rocky outcrops occur.
Mean annual rainfall at Genoa is 927 mm, dis-
tributed evenly through the year.

Vegetation consists of an uneven aged dry scler-
ophyll forest, 28-40 m high, dominated by Euca-
lyptus agglomerata Maiden, E. muellercma A.W.
Howitt and E. sieberi L. A. S. Johnson, with a
variety of other Eucalyptus spp. Along the creek
other species include E. cypellocarpa L. A. S.
Johnson and E. elata. Dehnh., but gully vegetation

is not well developed. The whole area was logged
selectively for sleepers in the mid 1940s and the
northern and central parts were logged more inten-
sively for sawlogs in 1972. In 1976, eucalypt re-
generation from these operations appeared to be
sparse. Signs of previous fire existed over most of
the area except along the creek. A wildfire passed
through the southern half in 1965, and a fuel red-
uction burn was made along the road in the northern
half in 1973.

The experimental operation began in April 1976
and was completed in October 1976. A rubber tyred
skidder was used to remove logs. A 40 m wide
buffer strip of undisturbed vegetation was left beside
the creek. Seed trees were left standing (at about 10
ha~' except in research sections where plots con-
taining 2 - 1 5 ha~' were retained) to provide seed
for natural regeneration, as well as some pockets of
Casuarina littoralis Salisb. Part of the area was
burned to produce a seedbed for regeneration in June
1976, but most was burned in April 1977. The latter
burn was patchy as some green vegetation such as
grass and bracken had become established. A 9.2 ha
section was left unburnt.

Reedy Creek (3r 32'S, 149° 16'E).

The area lies 10 km north-east of Cann River at an
altitude of 250 m. It covers about 75 ha and is
bounded in the east and west by small streams which
rise at the north of the block and converge at the
southern end. Bedrocks are Ordovician pregranitoid
sediments, which in the region include phyllite,
sandstone, siltstone, greywacke, black shale and
pelite (Beams & Hough 1979). The soil is a Dark
brown clay-loam. Mean annual rainfall at Cann
River is 1004 mm, with slightly less from January to
April than at other times.

The dominant tree species on the ridges and upper
slopes is E. sieberi with various stringybarks in-
cluding E. globoidea Blakely. E. obliqua L'Herit
and E. consideniana Maiden. Eucalyptus cypel-
locarpa occurs along the streams and lower slopes
with some small trees of Acacia melano.xylon R.Br.
as the only arborescent wattles. Acmena smithii
Poir. grows along the northern half of the eastern
stream, forming dense rainforest thickets (temperate
closed forest) near the source. Many tall E. cvpel-
locarpa grow on the edge of the rainforest. Gully
vegetation along the western stream is less de-
veloped, dominated by sedges {Gahnia spp.) with
stands of Melaleuca squarrosa Donn ex Sni. The



R.H. Loxnetal 45

southern half of the area had not been logged and no
fires had occurred since accurate recording began in
1966. The northern half was logged selectively in
1970 and some was recut in 1971. A regeneration
bum followed in September 1972. Surrounding ar-
eas were logged selectively from 1968 to 1972 and
again from 1972 to 1975. Forest immediately to the
east of the block was heavily logged in 1975.

The experimental operation began in May 1976,
and was completed in August 1976. A bulldozer was
used to remove logs. Most trees were removed from
41.8 ha except for selected numbers of seed trees
(about 10 ha' or 2-15 ha"' on experimental plots).
As well, cull trees and several clumps of regrowth
saplings and poles were retained within the coupe. A
6.8 ha patch of advanced regrowth, probably from
wildfire about 30 years ago, was left unharvested
although some of the understorey was burned by the
regeneration fire in September. This patch was adja-
cent to 25 ha of mature forest which remained in the
southern part of the area. Streamside strips were not
reserved specifically as streams were small and
intermittent, but no logging was allowed in the
rainforest and prescriptions prohibited felling trees
into it. Part of the area was burned to produce an
ashbed in June 1976, and the rest in September
1976. These bums were mild and did not scorch the
crowns of most seed trees.

Methods

Vegetation was assessed on permanent 5 m' circular
plots. Where possible the plots were arranged sys-
tematically at 100 m intervals along three transects
at each area. Transects were 100 m apart at Mara-
mingo (with some variation due to topography) and
250 and 360 m apart at Reedy Creek. Plot centres
were each marked with a numbered disc on a steel
peg, driven to ground level so that it would not be
noticed by workers during harvesting. Pegs were
marked more conspicuously afterwards to assist in
subsequent relocation. A metal detector was used to
help relocate plots at Maramingo. The initial num-
ber of plots was determined by time available before
harvesting began.

At Maramingo, 41 plots were as.sessed before
harvesting in February 1976; 13 were reassessed in
March 1977, and all 41 were assessed again in
January 1980. Only two plots were outside the
harvested area; 23 were affected by the regeneration
fire in April 1977 and 18 remained unburnt. At

Reedy Creek 22 plots were assessed before har-
vesting in May 1976 and they were reassessed in
December 1976, May 1977, May 1978 and August
1980. Eleven of the plots fell outside the harvested
area, and all harvested plots (and one unharvested
plot) were affected by the regeneration fire. In
August 1980, ten new plots were established on log
landings and another nine on snig tracks. As-
sessments were made at the same time as related
studies of birds and mammals whenever possible.

Every plant species was recorded on each plot
(whether rooted or overhanging) along with a visual
estimate of its projected percentage crown cover.
The abundance of each species was also recorded on
a scale of 1 to 5 (1 for one plant of the species rooted
in the plot, 2 for 2 or 3 plants, 3 for 4-6 plants, 4 for
7-10 plants and 5 for more than 10 plants). Esti-
mates of cover for mature eucalypts and casuarinas
overhanging the plots were not used in analysis
which was concerned primarily with changes in
understorey vegetation. Eucalypt seedlings were
included. The whole study areas were searched with
the aim of preparing a full list of species present but
no attempt was made to find every species on each
visit. Fungi, lichens and bryophytes were not as-
sessed. Maramingo was assessed by PCF in 1976
and 1977, and by PCF and KGT in 1980. Reedy
Creek was assessed by JEP in 1976 and 1977, by
AGM in 1978 and by E. A. Chesterfield (Scientific
Officer, Forests Commission, Victoria) in 1980.

Indices of plant cover and abundance were cal-
culated for individual species by summing respec-
tive indices for a species in each set of plots. Indices
of total plant cover and abundance for each plot
assessment were calculated by summing respective
indices for all species. The Shannon-Weaver index
of plant diversity (D) was calculated for each plot
assessment from the cover values, using the
formula:

D = -1 p , \ n

where/7, = the proportion of the total cover provided
by the ah species and // = the number of species on
the plot.

A second analysis was made to examine aspects
of vegetation pattern. The data on presence and
absence of species from plots at each assessment
were arranged in two-way tables and sorted into
groups of plot assessments and species using the
computer program MAGIC (Braithwaite & GuIIan
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1978). Each assessment of a plot was treated as a
separate entity (plot assessment), so that plots as-
sessed after harvesting would be grouped inde-
pendently of the same plots before harvesting, if
there was no stability in vegetation pattern. If serai
changes had an overriding effect on floristics, it
would be e.xpected that plots of a particular as-
sessment would be grouped together. The program
employs a polythetic, agglomerative, non-
hierarchial clustering procedure (Carlson 1972)
using two parameters for normal analysis which are
set by the operator. We set the heterogeneity para-
meter at 10% and the Jaccard coefficient of mini-
mum similarity at 30%, in line with previous work
(Gullan 1975).

Results

During the study 166 species of plants were recorded
at Maramingo (159 native, seven introduced) and
244 species at Reedy Creek (232 native, 12 intro-

duced). A few species found have localized dis-
tributions in Victoria, notably three eucalypts at
Maramingo (£. agglomerata, E. elata and E. smi-
thii R. T. Baker) and a fern at Reedy Creek (Lin-
dsaea microphyUa Swartz).

Indices of plant cover, abundance and diversity
are shown for all species together in Table 2, and for
two groups of plants (legumes and introduced
species) in Table 3. Indices for some common
species and groups of species on the harvested parts
are shown in Fig. 1. Understorey cover was initially
reduced in both areas after harvesting, and increased
again in subsequent years.

In many respects effects of harvesting were
different in the two areas. At Maramingo there were
as many species and individual plants per plot in
March 1977 as before harvesting. There was then a
gradual invasion of small herbaceous plants and by
January 1980 all indices were higher than before
harvesting. At Reedy Creek, indices of plant abun-
dance and numbers of species per plot were initially
reduced, but became slightly higher than before
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(he 11 plots harves(ed at Reedy Creek. Where different scale,s are used for a species on the two areas, corre.sponding points are shown with an

open triangle ( V ) . (a) All speeies; (b) legumes; (c) Pteridiuin csciilciuum\ (d)Gahnia radiila; (e) TetrarrhcnajunceaAf) Acacia terminalis;

(g) Goodenia ovata: (h) Gonocarpus tetragynus. {\) Efuuris iinpresstr. (J) Viola hcdcraccir. (k) all other grasses; (I) Tctratheca pilosa.
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harvesting by May 1978, and hardly changed be-
tween then and 1980. A rapid increase in cover
oeeurred between December 1976 and May 1977. In
this area, cover was less on the harvested plots than
on those not harvested and although it was still
increasing rapidly, it had not regained its very high
initial level by 1980. (Variation between as-
sessments on the unhai'vested plots reflects difficult-
ies in obtaining consistent estimates with difterent
assessors, especially in cover. Hence the value of
control plots.) Data from the new plots established
in 1980 showed that vegetation had regenerated well
on snig tracks (cover was about 60% of the mean for
harvested plots), but on log landings where soil was
highly compacted all indices were still much lower
(cover was about I47r of the mean for harvested
plots).

Species that returned to the plots in both areas
were generally the same as those originally present,
though some increased or decreased in relative
abundance. Seed germination and vegetative re-
generation were both involved. Small herbaceous
species were usually quicker to recolonize than taller
shrubs, and proliferation of small plants accounts for
the overall increase in diversity. It is not known
whether any speeies were gained or lost outside the
plots. However, all species that were initially com-
mon or conspicuous remained, and only a few
species whieh became common after harvesting had
not been recorded earlier; they could easily have
been present but in small numbers.

The flora of the two areas are so different that
plant succession is described separately below. Very
few species of introduced plants were found (seven
out of 166 species at Maramingo and 12 out of 244 at
Reedy Creek). Three increased substantially after
harvesting at Maramingo (*Cenkuoium pulchellum
(Swartz) Druce, *Conyza honariensis (L.) Cronqu-
ist and *Hypochoeris rodicota L., along with other
herbaceous species; ^indicates introduced species).
though by 1980 they still contributed only 1.3% of
the plant cover on the plots (Table 3). They con-
tributed 6% of the herb cover in 1976 and 22% in
1980. At Reedy Creek introduced species were a
very minor component of the vegetation at all times,
perhaps becau.se of the rapid proliferation of native
shrubs (including Goodenia ovcita Sm. and Acacia
terminalis (Salisb.) Macbride, both of which were
rare at Maramingo). A few blue gum seedlings (E.
glohuliis Labill. spp. psetidoiilohulus) were intro-
duced deliberately to both areas to revegetate selec-
ted log landings.

Maramingo

A total of 146 speeies were recorded on the 41 plots.
By January 1980, five species had disappeared from
the plots (though all were noticed elsewhere on the
area) and an additional 28 had appeared. Of these
28, at least 17 had been recorded elsewhere on the
area before harvesting. The other 11 appearances
included three annuals (*Aira caryophyllea L., Thy-
.sanotus tubero.su.s R. Br. and an unidentified or-
chid), which could have been present but missed in
the 1976 survey. *Aira caryophyllea and *Juncus
capitattis Weig, were the only introduced plants not
found in 1976.

Conspicuous increases in abundance (between
1976 and 1980) were recorded for 33 species, no-
tably Gnaphaliiirn japonictim Thunb., Senecio
minimus Poir., Wahlenhergia quadrifida (R. Br.)
Alph. DC., Dianella caerulea Sims., D. revoluta R.
Br., Lomandra longifolia Labill., L. midtiflora (R.
Br.) Britten, Acacia myrtifolia (Sm.). Willd., *Cen-
taiirium pulchellum. *Cony:a bonariensis. Gono-
carpus tetragynus Labill., *Hypochoeris radicata,
Opercularia varia Hook. f. and various grasses.
(Grasses were incompletely identified in the first
assessment.) Most of these are herbs, capable of
rapid growth and reproduction, or species with fi-
brous rootstocks which survive disturbance well
(e.g. Dianella spp., Lomandra spp.). Opercularia
varia had increased despite signs of heavy grazing
pressure on that species. Seven species had not
regained their initial abundance by 1980. These
were Bossiaea prostrate R. Br., Daviesia hiixifolia
Benth., Desmodium varians (Labill.) Endl., Ep-
acris impressa Labill., Hardenbergia violacea
(Schneev.), Hihhertia astrotricha (Sieber ex
Spreng.) N. A. Wakefield and H. obtusifolia DC.
These are shrubs which need longer to grow and
reproduce.

A comparison between burnt and unburnt plots
shows that use of fire had little effect on the main
vegetation indices (Table 2) or on species present.
However, unburnt plots were less variable than
burnt plots, as indicated by the range in diversity
indices (Table 2). Individual species were affected
by use of fire as well as by harvesting. In terms of
cover or abundance, species favoured by burning
included Pteridium esculentum (Forst f.) Nakai.,
Lepidosperma laterale R. Br., Lomandra tongifolia
Labill.. Acacia longifoiia (Andr.) Willd., Come-
sperma volubile Labill., Correa rejlexa (Labill.)
Vent., Dampiera stricta (Sm.) R. Br.. Opercularia
varia. O. aspera J. Gaertn., O.xalis corniculata L.,
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Poranthera inicrophylla Brongn.. Senecio minimus
und Wahlenhergia quadrifida. Cover of bracken
(Pteridium esculentum) increased by a factor of two
on burnt plots but showed little change on unburnt
plots. Cover of legumes (Mimosaceae and Pap-
ilionaceae) was reduced by harvesting in both burnt
and unburnt plots (Table 3) but abundance of leg-
umes increased on the burnt plots, and decreased
substantially on the unburnt plots.

Species favoured by not burning included Dia-
nella cacrulea. Gahnia rculula (R. Br.) Benth.,
Patersonia glahrata R. Br., Tetrarrhcna jiincea R.
Br.. Casuarina littoralis Salisb., '''Centaurium pul-
chelltini. Dichondra repens Forst and Forst f., Heli-
ihnsum ba.xteri A. Cunn. ex D C . H. scorpioides
Labill. and Kunzeo ambigua (Sni.) Druce. Cover of
grasses increased slightly on burnt plots and de-
creased slightly on unburnt plots, whereas abun-
dance increased by a factor of 1.7 on burnt plots and
2.2 on unburnt plots. Cover provided by seedlings of
Casuarina littoralis showed little increase on the
burnt plots but increased 3-fold on unburnt plots.
Two seedlings of C. littoralis were the only plants
found in 1980 on one plot with compacted soil on a
log landing, though they were growing poorly and
had regenerated much better elsewhere. (In 1977 a
cotyledon-stage eucalypt had been growing on this
plot, as well as three casuarina seedlings.)

TABLE 4 Plot groups from MAGIC anulssis, Maramingo

Number of
plots

10

7

1

1
1
8

2

4
I

I

1
2

2

Plot
76

A

A

A

A
H
C

D

E
E

F

G
H

H

group
11

AorX*

AorX

F

B
B
CorX

X

X
X

X

X
X

X

80

A

C

C

H
B
C

D

E
C

E

G
H

C

Description

Species typical of ridges and dry
slopes
Species typical of ridges and dry
slopes; herbs invading
Species tvpical of ridges and drv
slopes; herbs invading
Log landing made in iy76
Log landing made in I97fi
Species typical of ridges and dry
slopes; plus herbs (one plot not
harvested)
1 y Rockv slope (one plot not
harvested)
Acacia longifotia community
A. ton^ifoHa did not regenerate —
replaced hy hetbs
F̂ artly on an old track, species
typical o[A. lonfiifolia community
Beside granite boulder
Rocky ridge, heavily grazed by
macropods
Lower slope with casuarinas;
herbs in\ading

*X signifies ungrouped plots.

The computer analysis grouped 27 of the 41 plots
the same way in 1976 and 1980 (Table 4). This
shows a consistency of understorey vegetation pat-
tern, within the broad limits set by the program
parameters, on two-thirds of the area despite har-
vesting. Nevertheless, there was substantial change
in vegetation character, with an average of five
species disappearing from each plot and 17 new
species entering each plot after harvesting. Of the 14
plots that changed groups, two were on log landings;
one was partly on an old track, and the remaining 11
all became included in group C. The changes to
group C were associated with increases in Dicmella
caeridea, Lomandra longifolia, Lagenifera stipilala
(Labill.) Druce. Hypericum gramineum and *Hyp-
ochoeris radicata. and decreases or slow recovery in
Hibbertia obtusifolia, Lomatia ilicifolia R. Br..
Pimelea humilis R. Br. and Tetratheca pilosa
Labill.

Reedy Creek

A total of 118 species were recorded on the 22 plots.
Nine species had disappeared from these plots by
May 1978. but 23 new species had entered them. Of
the species that disappeared from the harvested
plots, two (Lomandra longifolia and Patersonia
glabraia) did not reappear till 1980. and four

(Hierochloe rariflora Hook. f.. Dicmella revoluta,
Comesperma volubile and Daviesia ulicifolia
Andr.) were not found again on the harvested plots.
Of the species not found before harvesting, only one
(Lobelia gibbosa Labill.) became common after
harvesting, and all could have been present in small
numbers outside the plots in 1976.

Thirteen species appeared temporarily or per-
manently on the 11 harvested plots after harvesting
(Alsophila australis R. Br.. Ciyptosr\-lis teptochila
F. Muell. ex Benth.. Pterostylisparviflora R. Br..
Billardiera procumbens (Hook) E. M. Bennett.
*Cirsium vulgare (Savi) Ten. Drosera auriculata
Backh. ex Planch.. GeraniumpotentiIloides L'Herit
ex DC. Goodenia elongata Labill.. Hypo.xis hy-
grometrica Labill.. Pimelea humilis, Poranthera
microphylla, Thysanotus tuberosus and Wahlen-
hergia qitaclrifida). Of these only the Drosera.
Goodenia, Hypo.xis, Pimelea and Pterostylis spp.
had not been noticed in the area before harvesting.

The species that recolonized the harvested area
were generally the same as those originally present,
but they returned at different rates. Small herba-
ceous species recolonized rapidly; Scaevola mm-
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osissima (Sm.) Krause, Lobelia gibbosa, Opercu-
laria varia, O. aspera and Dianella spp. were all
very eommon by May 1977. Four species increased
very rapidly in cover and abundance (especially
between 6 months and one year after harvesting) and
were more numerous on the fourth assessment than
the first. They were Acacia terminalis. Eucalyptus
sieberi, Goodenia ovata and Gonocarpus tetra-
gynus, and often they all occurred together on a
single plot. Growth oi A. terminalis was generally
most prolific where the regeneration burn had been
hottest in heaps of branches and other debris. Tall
shrub species such as Leucopogon lanceolatus
(Sm.) R. Br., Pultenaea daphnoides J. Wendl. and
Persoonia linearis Andr. were slower to return,
though new seedlings were found in May 1977. A
marked increase in abundance of legumes occurred
between May 1977 and May 1978, suggesting that
seed was still germinating a year after disturbance
and fire. Three low shrubs (Amperea .xiphoclada
(Sieber ex Spreng.) Druce, Correa rejle.xa and Ep-
acris impressa Labill.) were slow to re-establish but
their abundance increased between one and two
years after harvesting, and cover had increased by
May 1980 but was still much less than original
levels. Four monocotyledons (Dianella revoluta,
Hierochloe rariflora, Lepidosperma laterale and
Poa australis sp. agg.) were reduced in cover and
abundanee by harvesting and showed little sign of
returning to plots within the 4 year period, but were
still present on the harvested area outside the plots.

There were some conspicuous differences in the
vegetation of the northern and southern parts before
harvesting in 1976. Several shrubs including two
which proved to be rapid colonizers (Acacia termin-
alis and Goodenia ovata) and three whieh proved to
be slow colonizers {Amperea .xiploclada, Correa
rejle.xa and Epacris impressa) were initially much
more abundant in the selectively logged northern
part than in the southern part where there was little
evidence of previous logging. The latter may reach
their maximum abundance at an intermediate stage
of succession, or their distribution may be deter-
mined partly by site factors. All species that were
widespread in either part, were represented by some
plants in both parts.

A direct comparison between northern and south-
ern plots is not valid as some plots fell in special
environments such as the rainforest gully. An at-
tempt was made to examine effects of previous
selective logging by comparing similar plots from
each part before harvesting, excluding those close to
creeks, and numbers of speeies on these plots are

shown in Table 2. The seven northern (selectively
logged) plots contained 53 speeies and 15 of them
were absent from the seven southern plots {Ad-
iantum, aethiopicum, L.,Deyeu.xiaquadriseta(Lab-
ill.) Benth., Pater.sonia occidentalis R. Br., Acacia
terminalis, Bauera rubioides Andr., Correa re-
fle.xa, Goodenia ovata, Galium gaudichaudii D C ,
Hxpericum gramineum, Hibbertia aspera D C ,
Kennedia rubicunda (Schneev.) Vent., Lomatia il-
icifolia, Leptospermum juniperinum Sm., Per-
soonia linearis and Scaevola ramosissima). The
seven southern (unlogged) plots contained only 44
speeies and six of them were absent from the seven
northern plots (Blechnum cartilagineum Swartz,
Culcita dubia (R. Br.) Maxon, Bedfordia ar-
borescens Hochr., Galium binifolium N. A. Wake-
field, Polyscias sambucijolius (Sieb. ex D C )
Harms and Poranthera microphylla). Four of the six
species (all except Culcita dubia and Polyscias
.sambucifolius) appeared on harvested plots on later
assessments. All six were growing on plots which
were lowest on the slopes and clearly owe their
presence there more to topography than freedom
from disturbance: hence the two sets of plots are still
not properly comparable.

Only one introduced species occurred on the 22
plots: a single plant of *Cirsium vulgare w hich was
found after harvesting. Four plants of *Hypochoeris
radicata were found on two of the new plots estab-
lished in 1980 on snig tracks and one of the new plots
on log landings (contributing 0.4% of the plant
cover on these 19 plots), and occasional plants were

TABLF 5. Plot groups from MAGIC analysis. Reedy Creek

Nuniher
of plots

Plot
May

Harvested
2
1

1

1

1
1

1
1
1

1

B
B
B
B

D
D
F

LL.
LL.

H

Not harvested
1
3

3
1

A
B
C

E
C,

groups
76 Dec 76

X*
D
D
X

D
D
F
\
1)

C

A

B
C

E
(i

May 77

B
B
F
D

D
F
F
F
F
II

A
B
C

F

<̂'

May 78

B
B
F
D

D

LL

F
F
F
H

A

B
C

E

c.

Description

Ridge
Ridge
Ridge
Log landing made
1976
Ridge
Ridgc
Ridge
Ridge
Ridge
West creek

Rainforest
Ridge
West slope
.'\d\ aneed regrow th
\d\ anced reerow th

^\ signified ungmuped plots.
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observed elsewhere. Other introduced plants were
confined mainly to permanent tracks.

The rarest plant found (in Victorian terms) was
the lacy wedge-fern Lindsaea microphylla, a small
patch of which was growing in the retained, ad-
vanced regrowth eucalypts. This area was burned by
the regeneration fire but the fern survived and in-
creased in number. In January 1980 there were at
least 29 fronds in an area 2 m x 3 m.

The computer analysis grouped the 11 un-
harvested plots consistently on every assessment
(Table 5). In contrast, only three of the 11 harvested
plots remained in the same group on the second
assessment (December 1976). and the other eight
were ungrouped or included in Group D, which was
characterized by low numbers of species. Five of
these plots had returned to their original group by
May 1977 and 1978 however, showing a con-
sistency of vegetation pattern, within the limits of
the program, as at Maramingo. One of the three
plots that did not revert to its original group was on a
log landing and the other two were included in group
F, which was characterized by early colonizers such
as Acacia terminalis and Goodenia ovata.

Discussion

Harvesting operations involve obvious changes to
vegetation through the physical removal of over-
storey, mechanical disturbance to the understorey
and soil surface, and reduction of flammable matter
by burning. Grazing by native mammals attracted to
disturbed areas can also have an effect (Leigh &
Holgate 1979). This study has demonstrated the
extent of changes to understorey vegetation on two
contrasting areas and has shown that understorey
regenerated with essentially the same species that
were present before. Individual species were affec-
ted in different ways and tall shrub species were
generally slower to return than small herbs. Long
term monitoring is needed to determine the duration
of these changes and evaluate their significance.
Some longer term data from Boola Boola Forest in
Central Gippsland (Loyn etal. 1980) also showed an
absence of marked serai changes in understorey
vegetation. Mechanisms which allow the vegetation
of Australian sclerophyll forests to regenerate after
burning without major changes in species com-
position have been discussed by Purdie (1977),
Leigh & Holgate (1979) and Bell & Koch (1980).
Such mechanisms may also be effective after har-
vesting operations.

In the present study the areas harvested had been
subject to early selective logging. At Reedy Creek
there appeared to have been no net loss of species as
the plots in the northern part (which had been selec-
tively logged) contained more species in May 1976
than those in the southern part (where there was little
evidence of previous logging). However, the two
sets of plots were not directly comparable and the
analysis of species present suggested that most
differences in species composition were due to top-
ography and other site factors while some species
had been favoured by previous selective logging.

The computer analysis provides additional evi-
dence that site factors are important and that veg-
etation pattern persists after harvesting within the
broad limits set by the program parameters (despite
significant changes in vegetation character), except
in grossly disturbed areas such as log landings. If
serai changes had been more important than site
factors, plot assessments would have fallen into
groups assessed at the same time, but instead they
fell into topographical groups which usually re-
mained consistent over time. Similar conclusions
have been reached by other authors, e.g. in jarrah
(£. marginata Donn ex Sm.) forests by Bell & Koch
(1980).

Many studies in heathland and dry sclerophyll
forest show that maximum diversity is achieved
within 4—10 years of disturbance (e.g. Gullan 1975;
Posamentier et al. 1981). At Maramingo, plant
diversity on the plots increased after harvesting,
because soil disturbance had allowed more small
plants to grow on each plot. A smaller increase
occurred at Reedy Creek in response to removal of
the dense shrub cover which existed before har-
vesting. Further work is needed to determine
whether diversity is still increasing at Maramingo
but at Reedy Creek there was little change between
two and four years after harvesting.

Effects of harvesting in a region as large and
diverse as East Gippsland cannot be predicted from
results on two small study areas, especially as one of
them (Maramingo) appears to resemble only a lim-
ited area (A. G. Morton, unpublished). From work
on a broader scale by D. Cameron (pers. comm.
Dept. of Botany, LaTrobe University, Bundoora,
Victoria) and Forbes et al. (1982). the vegetation at
Reedy Creek is of a more widespread type. Every
area has its own unique features (physical and bio-
logical) and some areas may be sensitive to dis-
turbance and need special attention (e.g. rainforest,
swamps).

Three conclusions from this study may relate to
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the management of harvested areas. Firstly, intro-
duced plants did not appear to be vigorous pioneer
species under these conditions (although three
species did increase at Maramingo) and most species
were found mainly on permanent tracks. Secondly,
the greatest alteration to vegetation was on log
landings; special measures may be needed to re-
vegetate such landings or to minimize their extent.
Thirdly, some species at Maramingo were favoured
by burning (including legumes: cf. Shea et al.
1979), while others were disadvantaged. Eucalypt
regeneration was achieved with or without burning
(P. C. Fagg unpublished), and from a floristic
standpoint it seems desirable that some areas should
be burnt and others not burnt; mild patchy burns
could achieve this on single areas, as at Maramingo
and Reedy Creek.

The changes in understorey detailed here will
have effects on nutrient cycling and animal habitat,
but the magnitude of these may be small compared
with those arising from the substantial reduction of
overstorey cover. Changes in animal habitat will be
discussed in a subsequent paper.
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SUMMARY 

LOYN, R.H. 1985. Bird populations in successional forests of Mountain Ash Eucalyptus regnans in central Victoria. . . 
Emu 85: 213-230. 
Bird populations were estimated from 1977 to 1979 by mapping territories and by an "area search" method in stands 
of differing age (regenerating after wildfire or harvesting eucalypts) in the Victorian Central Highlands mainly near 
Toolangi. The aims were to  assess effects of harvesting (followed by burning and artificial regeneration) and provide 
data on populations and ecology of birds inhabiting this distinctive forest type. Mountain Ash forests grow in high 
rainfall areas and the trees can reach heights of 100 m; they usually grow as even-aged stands and 79% of Mountain 
Ash forests in the Central Highlands has regenerated after severe fires in 1939. 

About 65 species of birds were found to be regular inhabitants of Mountain Ash forests and associated plant com- 
munities. All except the Pink Robin breed also in foothill gullies. Several species that are common in drier foothill 
forests, were absent from Mountain Ash forests. The commonest species were those that feed in the dense shrub layer 
or from damp ground below. Some insectivorous birds that were abundant in summer (e.g. Golden Whistler 
Pachycephala pectoralis, Grey Fantail Rhipldurafuliginosa) left Mountain Ash forests for the winter. Winter food 
sources were limited and the most important were blossoms of Mountain Correa Correa lawrenclana, invertebrates 
in damp leaf litter, and invertebrates or carbohydrate exudates from hanging bark of Mountain Ash or branches and 
trunks of Silver Wattle Acac~a dealbata. Habitats and interactions between various bird species are described. 

Bird population densities were low in the first three years after harvesting but some species were confined to open 
stands of this age. Other forest birds returned rapidly as eucalypts and understorey species regenerated. Populations 
were as high in 39-year-old regrowth as in older stands though some species (mainly those that need tree hollows for 
nesting) were more common in older forest. Implications for management are discussed. 

INTRODUCTION 

This paper reports results of censuses of breeding birds 
and other observations in forests of Mountain Ash 
Eucalyptus regnans and associated species in the Central 
Highlands of Victoria. The study formed part of a wider 
programme of research on the effects on flora and 
fauna of harvesting these forests for timber. Similar 
studies have been made in mixed-species foothill forests 
in Central Gippsland (Loyn 1980, Loyn et al. 1980), and 
East Gippsland (Loyn et al. 1983a, Loyn & Macfarlane 
in prep.), and in various forest types elsewhere (e.g. 
Recher et al. 1980; Smith 1984, 1985). 

This appears to be the first general study of birds in 
this distinctive forest type, though extensive unpublished 
population studies have been made in a mature stand at 

Wallaby Creek near Kinglake (D. Morgan pers. 
comm.). Comprehensive lists have been made for Sher- 
brooke forest near Melbourne (Victorian Ornithological 
Research Group), and for various localities which in- 
clude Mountain Ash and other forest types. Mountain 
Ash forests are of considerable economic importance 
and data on birds and other animals are needed to 
facilitate their conservation in managing and harvesting 
these forests. Average rotations are planned to be about 
80 years, though some stands regenerating from fires in 
1939 are nearing the age when they could be harvested 
economically to create a wider distribution of age-classes. 

MOUNTAIN ASH FORESTS 

Mountain Ash trees are fast-growing, straight-trunked, 
deciduous-barked eucalypts which can grow to heights 



214 RICHARD H. LOYN: BIRDS OF MOUNTAIN ASH FOREST EMU .85 

of 100 m, making them the tallest flowering plants in the 
world. They form pure stands in cool high rainfall 
regions of southern Victoria and Tasmania, usually on 
deep loamy soils at altitudes from 500 to 1100 m above 
sea level (Costermans 1981). At low elevations they are 
confined to southerly aspects (as low as 200 m in the 
Otway Ranges). Soils are usually of granitic origin in the 
Central Highlands but often sedimentary elsewhere. 
Annual precipitation varies between 1200 and 2000 mm, 
with most falling in winter and spring including light snow 
above 700 m (Ashton 1956; Cunningham 1960). Sum- 
mer temperatures rarely exceed 38°C in clearings or 
32°C in the forest, and winter frosts are frequent 
(Ashton 1956). 

Mountain Ash forests are rarely dry enough to burn 
but, when they do, trees are usually killed over large 
areas. Even-aged regeneration develops from seed; the 
trees do not coppice, and little regeneration occurs 
naturally in the absence of fire (Ashton 1956, 1976). In 
February 1939 severe fires burnt 79% of the ash forests 
in the Central Highlands (Forests Commission data, N. 
Crabtree pers. comm.). 

Mountain Ash is one of the most valuable timber 
species in south-eastern Australia, and harvesting in- 
volves clear-felling in coupes usually of 20 to 50 ha. The 
slash is then burned and seedlings are planted or more 
commonly, seed collected from nearby coupes is broad- 
cast from the air. Successful regeneration requires a hot 
burn and substantial canopy removal (Ashton 1956; 
Gilbert 1959; Cunningham 1960), leaving less scope for 
retaining live trees on coupes than in mixed-species 
foothill forests. 

Many aspects of the ecology of Mountain Ash forests 
have been studied by Ashton (1956, 1975a, b, c, 1976) 
and the vegetation of different successional stages has 
also been studied by Chesterfield (pers. comm.). The 
forests often develop a middle storey of smaller trees 
(e.g. Blackwood Acacia melanoxylon and Silver Wattle 
Acacia dealbata) and tall shrubs (e.g. Bedfordia ar- 
borescens, Pomaderris aspera, OIearia argophylla). 
Below dense stands of these shrubs the ground layer 
may be fairly open but frequently dense thickets of 
lower shrubs develop (e.g. Shiny Cassinia Cassinia 
longifolia, Victorian Christmas-bush Prostanthera 
lasianthos, Mountain Correa Correa lawrenciana), 
sometimes intertwined with Forest Wire-grass Tetrar- 
rhena juncea or introduced Blackberry Rubus fruticosus 
sp. agg. Ferns are common and may form a major com- 
ponent of the understorey specially in older stands 
(Chesterfield pers. comm.). 

Stands of other trees may occur among Mountain 
Ash forests. Gullies and sheltered slopes which have re- 
mained unburnt for long periods can support closed 

stands of Myrtle Beech Nothofagus cunninghamii. If a 
young Mountain Ash stand is burnt before it is old 
enough to produce seeds it will fail to regenerat: and 
pure stands of Silver Wattle, Hickory Wattle Acacia 
obliquinervia or Austral Bracken Pteridium esculentum 
can develop instead. Pure stands of Mountain Tea-tree 
Leptospermum grandifolium grow beside main streams. 
All of these species form a closed canopy, permitting 
only sparse growth of understorey shrubs. In the first 
two years after harvesting or burning, the vegetation is 
often dominated by an extraordinary growth of Moun- 
tain Oats Dryopoa dives which then disappears 
completely. 

STUDY AREAS 

Study areas are listed in Table I, along with estimates or indices 
of total bird populations and numbers of species observed. 
Their locations are shown in Figure 1. Ten areas were studied 
by territory mapping (Table I), all in Toolangi State Forest 
(37" 32'S, 145" 311E, 600 to 800 m above sea level). They 
represented three recently harvested areas (aged 2, 3 and 6 
years), three older areas regenerating from wildfire (aged 39, 39 
and 73 years) and four other habitats: a bracken patch with 
scattered old trees, an open bracken patch, an isolated 2 ha gully 
containing Southern Beech, Silver Wattle and Mountain Tea- 
Tree (surrounded by bracken) and a large stand of Hickory 
Wattle with scattered dead eucalypts. 

Area searches were made in twelve additional areas, and 
seven of the areas above, in 1978 and 1979 and on one more 
in 1983 (Table I). They included three at Cambarville (37" 34's 
145" 54'E, 950 m ad), in forest aged 39 years and older, two 
at Mt Riddell near Healesville (37' 41 'S, 145" 34'E, 650 m asl) 
in forest aged 70 years and adjacent harvested forest aged 6 
years and one at Wallaby Creek near Kinglake (37' 27'S, 145' 
lO'E, 680 m asl) in mature forest aged about 220 years (from 
growth rings, Ashton 197%). Some geographical differences in 
vegetation were evident, the most notable being that Mountain 
Correa was rare at Wallaby Creek and absent from Cambar- 
ville, but common at most Toolangi sites. The sites at Wallaby 
Creek and Mt Riddell were on the edge of drier mixed-species 
forests. Qualitative observations were made in many other 
habitats near Toolangi and elsewhere including: 

Sherbrooke Forest (37" 53's. 145' 22'E, 480 m asl) - a 
forest park of 813 ha, mainly Mountain Ash aged about 70 
years, surrounded by suburban development; O'Shannassy 
Catchment (37' 38'S, 145" 49'E, 800 m asl) - forest con- 
taining mature Mountain Ash, aged about 200 years, and 
Black Range (37' 45'S, 146" 35'E, 600 m as]) near Mt 
Useful in the Macalister catchment - a gully containing 
sparse mature Mountain Ash which was examined briefly in 
November 1975. 

METHODS 

Mapping of territories 

Territories were mapped on ten areas in the breeding season 
from August 1977 to February 1978, using a method similar to 
that employed in mixed-species foothill forests by Loyn (1980). 
Marked areas were searched; locations of birds seen or heard 
were plotted on visit maps and results from at least six visits 
through the season were combined to determine numbers of 
territories. Areas of 40 ha were used in two recently harvested 



RICHARD H. LOYN: BIRDS OF MOUNTAIN ASH FOREST 

TABLE I 

Bird populations of individual study areas in Mountain Ash Forest. 
-- - 

Study area (T = Toolangi) Age (yrs) Date of Territory Area Search Resident 
tree origin mapping species + 

recorded (all 
Territories Birds Birds methods) 
per sq. km. per search per search 

(summer) (winter) 

T Bracken near beech/ 
wattle gully 
T Bracken patch with few old 
trees, recently regenerated 
T Grantons harvested 
T Nolans harvested 
T Blowhard harvested 
T Kalatha harvested 
T Mt Riddell harvested 
T Silvia Creek harvested 
T Murrindindi Rd 
(plantation on unstocked site)# 
T Mixed wattle patch (Silver 
Wattle and Hickory Wattle) 
T Hickory Wattle patch (with 
some Silver Wattle) 
T Beech/Wattle gully 
T Nolans 
T Blowhard 
T Dindi Log Road 

Cambarville 
Cambarville 

T Grantons 
T Sylvia Creek 
T Kalatha 

Mt Riddell 
Cambarville 
Wallaby Creek 

1 

2 
3 
6 
6 
6 

10 
17 

39 

39 

old 
39 
39 
39 
39 

52 
67 
73 
90 
old 
223 

1977 

1976 
1975 
1972 
1972 
1972 
1969 
1966 

1939 

1939 

- 
1939 
1939 
1939 
1939 

mixed age 
1926 
1911 
190.5 
1898 

mixed age 
c 1755 

+ Includes species observed during searches or at other times, or species found to be resident on 2 ha grids during territory mapp- 
ing, but not species which were known to visit occasionally. 

# Study area examined in January 1983 only. 
- No data. 

stands but in older stands the dense vegetation and high 
populations meant that smaller areas could be covered in the 
time (5 to 8 ha except for one gully surrounded by bracken 
which was only 2 ha in area). For comparison, bird densities 
were scaled up and expressed as territories per square 
kilometre. However, various factors can affect the accuracy of 
these density estimates, some of which were discussed by Loyn 
(1980). The problems are specially severe for wide-ranging 
species on small study areas, and the figures for them should 
be regarded only as relative indices. Densities derived from ter- 
ritory mapping were higher than those from a transect method 
on the same areas (Loyn 1980) and tend to be higher than those 
from various other methods in similar forests (Blakers et al. 
1984). Which estimates are closer to the truth remains 
unknown, despite the great increase in recent work (e.g. Ralph 
& Scott 1981; Davies 1984). Transects can underestimate den- 

sities by only measuring "observable birds", overlooking those 
that are inconspicuous or sitting on nests. But territory map- 
ping can overestimate densities for various reasons, notably 
when birds shift territories during a season, when non- 
breeding birds form temporary territories and when territories 
extend beyond the boundaries of small study areas. The latter 
problem is a major one which was addressed to some extent by 
plotting territories beyond marked boundaries for selected 
wide-ranging species, though this could not be done accurately. 
The problem would have been most severe in the 2 ha area in 
this study, except that it was isolated by open bracken and ter- 
ritories of resident birds did not appear to extend to nearby 
forest 300 m away. Non-breeding birds often visited for short 
periods. Other potential problems concern protracted breeding 
seasons and lack of territoriality in some species, but in Moun- 
tain Ash forests most birds bred in spring (or late winter for a 
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Figure 1. Locations of study areas in Mountain Ash forests. 

few ground-feeding species) and defended territories while they 
were breeding. In conclusion, the density estimates may have 
some merit for common species but will be used primarily as 
relative indices of abundance in this paper. 

Area searches and other observations 

While mapping territories it became evident that only one or 
two visits were needed to show whether bird populations were 
high or low, and which were the common species. Hence a 
system of area searches was used for work on other study areas 
and outside the breeding season. All birds seen or heard on 
marked grids of 2 ha each (200 m x 100 m) were plotted on 
a visit map as for territory mapping. Each search was com- 
pleted in one hour, which was found sufficient to examine all 
parts of the grid and to ensure that inconspicuous birds (in- 
cluding birds in the high canopy and among dense understorey) 
were as likely to be observed as conspicuous birds. (In subse- 
quent studies in other forest types, an even simpler method has 
been used in which unmarked areas of about 3 ha are searched 
for 20 minutes.) Areas which had been harvested were searched 
on the same day as adjacent samples of older forest, with the 
order reversed on a second search. Each area was searched 
twice in the spring/summer season (September 1978 to March 
1979) or twice in the autumdwinter season (April to August 
1978); eight of the extra areas were searched twice in both 
seasons. Searches made in March and April were used for com- 
parisons between areas but not for seasonal comparisons as 
summer migrants departed at various times in this period. Thir- 

teen pairs of searches were suitable for seasonal comparisons. 
Six of these pairs were from the three areas at Cambarville; one 
pair was at Wallaby Creek and the remaining six pairs were at 
Toolangi (one in a mixed wattle patch aged 39 years and five 
in three areas with ash regrowth aged 39 years or older). 

General observations were made at various times, including 
by spotlight at night. A bird-banding programme continues in 
one gully (Sylvia Creek) containing a mixture of age-classes 
and some old Mountain Ash and Myrtle Beech. 

RESULTS 

Results of territory mapping are given in Table I1 and 
results of area searches are summarised in Tables I, I11 
and IV. As most Mountain Ash forests in the Central 
Highlands consist of regrowth from fires in 1939, 1926 
or earlier, emphasis is given to bird communities in 
regrowth forests aged 39 to 80 years. The use of main 
habitats in those stands is illustrated in Figure 2. The 
following account describes the bird communities and 
ecology and then deals with seasonal movements and 
successional changes. A very different community 
occurred in stands aged 0 to 3 years but there were fewer 
successional differences in stands aged 4 to 220 years. 
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TABLE I1 

Populations of common birds estimated by territory mapping in Mountain Ash forest, expressed as 
territories k m -  2. Note that these are estimated from small study areas, which sometimes 

contained only a part of a single territory. (Scientific names in Appendix). 

= observed occasionally, but not resident 
= autumn visitor 
= winter visitor 

= Bracken patch with few old trees 
= Beech/wattle gully surrounded by bracken, too small to be typical (2ha) 
= Hickory wattle patch with some Silver Wattles, contiguous with Mountain Ash 
= Grantons (harvested 1976) 
= Nolans (harvested 1975) 
= Blowhard (harvested 1972) 

= Dindi Log Road (regrowth from wildfire 1939) 
= Blowhard (regrowth from wildfire 1939) 
= Kalatha (regrowth from wildfire 1905) 

Harvested Older Ash 
Ash Regrowth 

B BG HW G N BH D BH K 
2 yr 3 yr 6 yr 39 yr 39 yr 73 yr 

Area studied * (ha) 
Australian Kestrel 
Brush Bronzewing 
Crimson Rosella 
Blue-winged Parrot 
Fan-tailed Cuckoo 
Shining Bronze-Cuckoo 
Laughing Kookaburra 
Superb Lyrebird 
Tree Martin 
Richard's Pipit 
Black-faced Cuckoo-shrike 
White's Thrush 
Rose Robin 
Pink Robin 
Flame Robin 
Eastern Yellow Robin 
Crested Shrike-tit 
Olive Whistler 
Golden Whistler 
Grey Shrike-thrush 
Satin Flycatcher 
Rufous Fantail 
Grey Fantail 
Eastern Whipbird 
Superb Fairy-wren 
Pilotbird 
Large-billed Scrubwren 
White-browed Scrubwren 
Brown Thornbill 
Striated Thornbill 
White-throated Treecreeper 
Red-browed Treecreeper 
Yellow-faced Honeyeater 
White-eared Honeyeater 
Brown-headed Honeyeater 
White-naped Honeyeater 
Crescent Honeyeater 
Eastern Spinebill 
Spotted Pardalote 
Striated Pardalote 
Silvereye 
Red-browed Firetail 
Grey Butcherbird 
Grey Currawong 
Australian Raven 

* The study areas were the whole bracken patch at B, the whole gully at BG, the whole coupe at G and parts of an 80 ha coupe 
at N and a 50 ha coupe at BH. Other study areas were samples of more extensive similar vegetation. 
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TABLE I11 

Numbers of common birds observed on area searches in Mountain Ash forest, expressed as birds observed 
per 100 standard searches (but based on far fewer searches - see below) 

2-6 year 10 year 39 year 39 year 50-80 year 
ash ash ash ash ash 

old 
ash 

Brush Bronzewing 
Gang-gang Cockatoo 
Crimson Rosella 
Laughing Kookaburra 
Superb Lyrebird 
White's Thrush 
Blackbird 
Rose Robin S 
Pink Robin 
Eastern Yellow Robin 
Crested Shrike-tit 
Olive Whistler 
Golden Whistler S 
Grey Shrike-thrush 
Satin Flycatcher S 
Rufous Fantail S 
Grey Fantail S 
Eastern Whipbird 
Superb Fairy-wren 
Pilotbird 
Large-billed Scrubwren 
White-browed Scrubwren 
Brown Thornbill 
Striated Thornbill 
White-throated Treecreeper 
Red-browed Treecreeper 
Red Wattlebird 
Yellow-faced Honeyeater 
White-eared Honeyeater 
Brown-headed Honeyeater 
White-naped Honeyeater 
Crescent Honeyeater 
Eastern Spinebill 
Spotted Pardalote S 
Striated Pardalote S 
Silvereye S 
Grey Currawong 
Number of searches made 

(a) in summer 
(b) in winter 

Mean number of species 
per search 

Note: Data for summer and winter searches were pooled as differences were small for most species, except those marked S which 
were known to be summer visitors. Figures for these species are based on summer searches only; hence no figures are quoted 
for these species in 2-6 year regrowth (see Table I). 

x Present in the habitat and probably resident there. 

+ These species were recorded in 6-year ash regrowth at Mt Riddell but not on other areas of this age. 

a In 2-6 year regrowth, Pink Robins were recorded only in winter. 

b White-eared H'oneyeaters were very numerous in old ash at Cambarville but absent from old ash at Wallaby Creek. Brown- 
headed Honeyeaters were present at both areas but were unusually numerous only at Cambarville. 

c Striated Pardalotes were recorded in 10 year ash in winter only. Generally they were far more numerous in summer and 
were regarded as summer visitors for the purpose of other calculations. 

d This number was inflated by a flock at Wallaby Creek on one occasion. 
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TABLE IV 

Numbers of common birds observed in area searches* in 
summer (Sept to Feb) and  winter (May to August) 

in Mountain Ash forest. 

Summer Winter 

Gang-gang Cockatoo 
Crimson Rosella 
Laughing Kookaburra 
Superb Lyrebird 
White's Thrush 
Rose Robin 
Eastern Yellow Robin 
Crested Shrike-tit 
Olive Whistler 
Golden Whistler 
Grey Shrike-thrush 
Rufous Fantail 
Grey Fantail 
Eastern Whipbird 
Pilotbird 
White-browed Scruburen 
Brown Thornbill 
Striated Thornbill 
White-throated Treecreeper 
Red-browed Treecreeper 
White-eared Honeyeater 
Brown-headed Honeyeater 
White-naped Honeyeater 
Crescent Honeyeater 
Eastern Spinebill 
Striated Pardalote 
Silvereye 

* The sum of numbers observed in 13 pairs of searches at 
each season (see text). 

+ Indicates a species was present at that season but not 
recorded on these searches. 

0 Indicates a species appeared to be absent from Mountain 
Ash forests at that season. 

Bird communities and ecology 

Eighty species of birds were observed in the Mountain 
Ash forests studied (Appendix). Of these only 65 + were 
regular inhabitants or visitors near Toolangi and the re- 
mainder occurred as vagrants, or as scarce local species 
in Mountain Ash elsewhere. These 65 included eight 
confined to open areas (4 breeding residents, 3 breeding 
summer visitors, one non-breeding visitor) and 57 
others including 42 breeding residents (10 scarce, some 
others locally absent in winter), 12 summer visitors 
(Brush Cuckoo scarce, Needletail not breeding) and 
three visitors in response to flowering (2 breeding). 
Some common forest birds were absent or rare, and 
these were mainly species that are confined to drier 
types of forest such as ridges in the foothills (Loyn 
1980), e.g. Common Bronzewing, Horsfield's Bronze- 
Cuckoo, Scarlet Robin, Rufous Whistler, Buff-rumped 
Thornbill, Varied Sittella and Dusky Woodswallow 

(scientific names in Appendix). Some birds which feed 
from exposed open ground (e.g. Flame Robin and 
Superb Fairy-wren) were confined to stands that had 
been recently clear-felled or thinned, or to the edges of 
roads and tracks. 

All birds found in Mountain Ash forest also occur in 
foothill gullies but one species (Pink Robin) was only a 
winter visitor to the foothills whereas it was found to 
breed widely though sparsely in Mountain Ash forests 
and associated habitats including stands of Silver Wat- 
tle. The highest densities of this species were found in 
gullies containing cool temperate rainforest of Myrtle 
Beech (Appendix), and Pink Robins also occurred in 
such gullies within higher forests of Alpine Ash E. 
delegatensis, Shining Gum E. nitens and Snow Gum 
E. paucifora and in the middle storey of rainforest 
species in forests of Shining Gum (pers. obs.). The Pink 
Robin is the only Victorian bird which breeds exclusively 
in mountain forests. 

I f e e d m g  from ari  above a feu hhlte-throated 
i e t a ~ i s  and l o c a l l y  Tree Martlns 1x1 summer only 

g from foliage or b 
euca lyp t  canopy 

17% rumer, 8 %  "Infer 

Birds feeding from follage or b l  

Figure 2. The distribution of bird populations in different levels 
in Mountain Ash forest aged betwen 39 and 80 years. 
The figures were derived from territory mapping on 
three areas (territories km-l), and % of populations 
observed in relevant area searches in summer and 
winter respectively. Mean numbers of all birds 
observed on these area searches in winter were 72% 
of those observed in summer; hence there was a winter 
decrease in numbers in most habitats, which is not 
reflected in the percentages shown as the winter 
percentages were calculated from a lower total base. 
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Most of the common birds in the shrub and ground 
layers of foothill gullies were also common in Mountain 
Ash forests, where they were widespread and not con- 
fined to gullies (e.g. White's Thrush, Olive Whistler, 
Rufous Fantail, Eastern Whipbird and Pilotbird). The 
commonest species in Mountain Ash forests was the 
White-browed Scrubwren, which feeds in similar situa- 
tions. Altogether birds that inhabit these levels made up 
78% of the summer bird population in three stands aged 
39 to 73 years (based on territory mapping data), or 
76% of the summer bird population and 81% of the 
winter bird population in stands aged 39 to 80 years 
(based on area search data, see Figure 2). Populations 
of these birds were denser than those in foothill gullies. 

Birds that inhabit the eucalypt canopy were less com- 
mon, and most of them occurred primarily as summer 
visitors (see Seasonal Movements below). They con- 
stituted 11% or 17% of the summer bird population by 
the methods above or 8% of the winter bird population. 
Birds that feed from eucalypt bark constituted an addi- 
tional 7% or 8% of the summer bird population or 8% 
of the winter bird population. Some species that inhabit 
the eucalypt canopy in foothill gullies were not found in 
Mountain Ash forests, or only occurred locally or 
visited them occasionally (e.g. Powerful Owl, Cicada- 
bird, Varied Sittella, Bell Miner, Yellow-faced Honey- 
eaters and White-naped Honeyeater). The foliage of 
Mountain Ash was remarkably free from infestations 
of insects such as psyllids (Psyllidae), which attract 
various canopy-feeding birds in foothill forests (Loyn et 
al. 1983b). Infestations of stick-insects (Phasmatidae) 
do occur (Neumann et al. 1977) and chemical sprays 
have been used on rare occasions to control these in- 
sects. Pied Currawongs have been implicated in the 
natural control of stick-insects (Readshaw 1965) but in 
this study Pied Currawongs were less common in Moun- 
tain Ash forests than in forests in the foothills. 

The common honeyeaters in Mountain Ash forest 
were those that fed in the shrub layer, specially Eastern 
Spinebill, Crescent Honeyeater and Brown-headed 
Honeyeater, with Lewin's and White-eared Honeyeaters 
occurring more locally. Brown-headed Honeyeaters fed 
both in the understorey and the canopy and middle- 
storey, in contrast to their behaviour in foothills where 
they are mainly a canopy species (Loyn 1980). More 
species occurred when Mountain Ash flowered, and 
they fed both from blossom and from bark of small 
branches on flowering trees, suggesting that flowering 
trees were exuding carbohydrates other than just nectar. 
They included White-naped, Brown-headed, Yellow- 
faced, White-eared and New Holland Honeyeaters, Red 
Wattlebirds and Eastern Spinebills. David Morgan 
observed an influx of honeyeaters in flocks of up to 40 
to Mountain Ash at Wallaby Creek during a peak 
period of flowering; the species involved were White- 

naped, Brown-headed, Crescent and White-eared 
(Ashton 1975a). During the present study similar small 
numbers were observed at Toolangi from February to 
June 1982, with smaller flocks in 1978 and even fewer 
in other years when flowering was less prolific. Griffin 
(1980) mentioned that honeyeaters were rarely observed 
in an isolated stand of flowering Mountain Ash in 
Gippsland. 

Various shrubs provided nectar in summer, notably 
Victorian Christmas-bush which was used extensively by 
Eastern Spinebills, and Mountain Tea-tree which was 
used by White-eared, Crescent and Yellow-faced 
Honeyeaters. In other forests flowers of the genera 
Prostanthera and Leptospermum are rarely used by 
birds (H.A. Ford pers. comm.). In winter the main food 
source for honeyeaters at Toolangi was the blossom of 
Mountain Correa. Eastern Spinebills and Crescent 
Honeyeaters inserted their long bills, while White-eared 
used their long tongues and short-billed Brown-headed 
Honeyeaters pecked slits in the bases of the flowers to 
obtain nectar. Occasionally White-naped Honeyeaters 
accompanied the Brown-headed, feeding in similar 
fashion. Striated Thornbills and occasionally Brown 
Thornbills also obtained nectar from the bases of the 
flowers, using existing slits including those already 
made by Brown-headed Honeyeaters. At Cambarville 
there was no Correa and Eastern Spinebills were absent. 
However, an alternative food was provided for Crescent 
and White-eared Honeyeaters by exudates from the 
bark of Silver Wattles. When feeding in this way White- 
eared Honeyeaters were making unusual staccato calls 
(usually three short notes followed by a longer churring, 
e.g. "tee tee tee terr"). Flows of gum and exudates can 
arise after damage by insects or Yellow-tailed Black- 
Cockatoos, and it may also be significant that 
Leadbeater's Possums Gymnobelideus leadbeateri were 
common at Cambarville and Silver Wattle gum was an 
important part of their diet (Smith 1980). Captive 
Leadbeater's Possums have been seen biting wattle 
branches to induce a flow of gum (Smith 1980), and 
wild possums may help produce exudates for honey- 
eaters, though A. Smith (pers. comm.) questions 
whether honeyeaters could digest the gum itself. This 
would be similar to the situation observed in 
Queensland (Russell 1981) where honeyeaters gather at 
incisions made in eucalypts by Yellow-bellied Gliders 
Petarus australis. The possible association of Leadbeater's 
Possums with White-eared Honeyeaters feeding and 
calling in this way deserves further investigation and the 
honeyeater's calls may be of value as a daytime tool to 
help biologists locate Leadbeater's Possums. 

Seasonal movements 

A remarkable feature of the bird community was the 
winter exodus of some common insectivorous birds 
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(Table IV). Grey Fantails and Golden Whistlers were 
among the four commonest species in summer but they 
departed in autumn, except for a very small number of 
adult male Golden Whistlers which remained. A few of 
both species overwintered on the edges of more open 
habitat (e.g. Sherbrooke Forest), and both species re- 
mained common over winter in drier forest and at lower 
altitude. Times of arrival and departure were consistent 
from year to year (Appendix) suggesting regular migra- 
tion was involved; the local south-eastern subspecies of 
Grey Fantail R. fuliginosa alisteri has been identified in 
winter as far as north-western Australia (Ford 1981). 
Silvereyes were also summer visitors, as were a number 
of species that are primarily summer visitors to other 
forest types in Victoria (e.g. cuckoos, White-throated 
Needletail, Tree Martin, Black-faced Cuckoo-shrike, 
Rufous Fantail and Rose Robin). These species fed partly 
on insects taken from Silver Wattle foliage (fantails, 
Rose Robin, Silvereye), from foliage of eucalypts and 
shrubs (cuckoos, Cuckoo-shrike, Golden Whistler), or 
from the air above (Needletail and Martin). 

Foliage-gleaning pardalotes were scarce in winter, 
though small flocks occasionally appeared. In open 
stands of Mountain Ash (aged 0 to 3 years) three species 
occurred only as summer visitors: Australian Kestrel, 
Blue-winged Parrot and Flame Robin. Some less regular 
patterns were exhibited by honeyeaters and other birds 
(Appendix). 

In winter few foliage-gleaning insectivorous birds re- 
mained in the canopy and middle-storey layers. Crim- 
son Rosellas and Striated Thornbills continued to glean 
some insects from eucalypt foliage but depended 
primarily on other food sources. Rosellas fed mainly on 
fruits, buds and tree-fern sporangia, as shown by 
Magrath & Lill(1983) who found that at Sherbrooke in 
1981 they made more use of the ash canopy in winter 
than in autumn. Striated Thornbills in winter fed mainly 
on nectar of Mountain Correa and insects at all levels. 
Brown and Striated Thornbills were the only common 
birds taking insects from shrub foliage in winter. 

From the numbers and behaviour of birds in winter, 
it appeared that there were only four abundant sources 
of food at this time of year. They were: invertebrates in 
the damp soil and litter; invertebrates or sweet exudates 
(e.g, honeydew and manna) in the hanging or decor- 
ticating bark of Mountain Ash; exudates from the bark 
of Silver Wattles (locally), and nectar from the blossoms 
of Mountain Correa. Data on litter invertebrates at 
Wallaby Creek (Ashton 1975b) have shown they were 
more abundant in winter than in summer, and birds that 
exploited this food source (Superb Lyrebird, White's 
Thrush, Olive Whistler, Pink Robin, Eastern Yellow 
Robin, Eastern Whipbird, Pilotbird, White-browed 
Scrubwren), remained common over winter. Many 

began nesting in late winter. Nevertheless, some declined 
and many Pink Robins moved to open situations such 
as log landings where they fed among piles of discarded 
bark. 

There are few comparable data on availability of in- 
vertebrates and exudates in bark of Mountain Ash and 
Silver Wattle, but these were important winter food 
sources for Leadbeater's Possums at Cambarville 
(Smith 1980). Production of gum from Silver Wattles 
was greater in summer (Smith 1980), though its impor- 
tance as a food source was greater in winter. Similar 
observations have been made about the value of gum 
nodules on Black Wattles Acacia mearnsii in the 
Latrobe Valley, which were the principal winter food of 
Sugar Gliders Petaurus breviceps (Suckling 1980; Smith 
1982). Invertebrates that shelter under bark and feed 
from foliage at night (e.g. Tree Crickets, family 
Gryllacrididae) appeared in Leadbeater's Possum faeces 
throughout the year, and would have been accessible to 
bark-feeding birds but not to foliage-gleaning birds. All 
bird species that fed from the bark of Mountain Ash, 
Silver Wattle or shrubs remained over winter. They in- 
cluded White-throated and Red-browed Treecreepers, 
Large-billed Scrubwren, Crested Shrike-tit, Red Wat- 
tlebird and White-eared and Crescent Honeyeater 
(Appendix). 

Mountain Correa flowered from February to October 
and blossom was abundant throughout the winter. Sites 
with abundant Correa (e.g. Grantons 1926 regrowth) 
supported high winter populations of birds (Table 1). 
Despite the local abundance of nectar in winter, 
honeyeaters (and most other birds) bred only in spring 
and summer. This contrasts with observations in 
warmer drier forests near Adelaide (Ford 1980) where 
honeyeaters bred during peak nectar production from 
July to November. Probably in Mountain Ash forests 
there were not enough insects available in winter to feed 
to the young. 

Succession 

For three years after harvesting, conditions were very 
different from those in older forest, and similar to those 
in other open areas such as extensive bracken patches. 
Bird populations were low (Tables I and 11) and the 
commonest species were Flame Robin and Superb Fairy- 
wren, which were local or absent in older forest. Some 
open-country birds colonized these areas (e.g. Australian 
Kestrel, Blue-winged Parrot, Richard's Pipit and 
Australian Magpie), specially in the larger coupes (see 
Appendix), while others occurred as vagrants. The 
distinctive dense swards of Mountain Oats were in- 
habited by few birds, though parties of up to 20 Red- 
browed Firetails were observed there occasionally, and 
this species was scarce and local in older forests. Swards 
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of bracken attracted even fewer birds. Short-horned 
Locusts Acrididae) became abundant in young open 
stands in late summer and they provided food for 
Australian Kestrels and Grey Currawongs. Some wide- 
ranging birds such as Wedge-tailed Eagle, Grey Curra- 
wong and Australian Raven often foraged in recently 
harvested coupes, and nested in nearby forest. Scattered 
retained trees had mostly been killed by regeneration 
burns and were used by few birds; however they provided 
nest-sites for some, including Australian Kestrel and 
probably Blue-winged Parrot. Hollow spouts in old 
branches of living trees were favoured nest-sites for 
Striated Pardalotes and colonies of Tree Martins, 
specially where they occurred in open areas such as 
bracken patches. 

The more typical birds of Mountain Ash forest began 
to return as the forest vegetation regenerated. A few 
White-browed Scrubwrens remained in piles of debris 
on harvested areas, and Brown Thornbills soon foraged 
in remaining or regenerating shrubs. Olive Whistlers 
and Pilotbirds began to return 2 to 5 years after 
harvesting, feeding from damp ground below the dense 
regenerating understorey. Birds which fed from damp 
ground below a taller canopy of shrubs (Superb 
Lyrebird, White's Thrush, Eastern Yellow Robin, 
Eastern Whipbird) were slower to recolonize but all 
were recorded in regrowth aged 6 years (Tables I and 
111). All remained at later stages, generally becoming 
more numerous as the shrub layers developed. Birds 
which fed in the shrub or canopy layers were rare in the 
early stages, though some such as Grey Fantails and 
Striated Pardalotes were able to feed in retained trees 
which had survived the regeneration burn. Rapid 
recolonization occurred between 3 and 6 years (thicket 
stage: Ashton 1975c), and dense stands of 6-year 
regrowth (sapling stage: Ashton 1975c) supported many 
of the common birds of Mountain Ash forest, including 
species that take insects from foliage of shrubs (e.g. 
Golden Whistler, Rufous Fantail, Brown Thornbill) or 
from foliage of eucalypts (e.g. Striated Thornbill, Spot- 
ted Pardalote). Scattered stands of Silver Wattle at- 
tracted many insectivorous birds in late summer, even as 
early as two years after harvesting (e.g. cuckoos, Grey 
Fantail and Silvereye). Brush Bronzewings occasionally 
visited such stands to feed on wattle seeds and Eastern 
Spinebills began to feed in regenerating Mountain 
Correa from about the same age. Bark-gleaning species 
were still scarce or absent 10 years after harvesting 
(treecreepers, Crested Shrike-tit, Large-billed Scrub- 
wren). Mean total populations were much lower than in 
older stands, but at Mt Riddell counts were slightly 
higher in the 6-year regrowth (which appeared unusually 
rich) than in the adjacent older forest (which appeared 
unusually poor for birds). Some older shrubs had been 
retained in the harvested area at Mt Riddell. 

Data on stands aged 6 to 39 years are not enough to 
determine rates of colonization, but few species failed to 
colonize during that time. Stands of regrowth aged 10 
years that were examined were very densely stocked 
(8,000 trees/ha) and the shrub layer was consequently 
suppressed; hence bird populations were lower than ex- 
pected (Table I). Two additional species were present in 
the plantation aged 17 years (White-throated Treecreeper 
and Satin Flycatcher), but there the understorey con- 
sisted mainly of Austral Bracken and Forest Wire-grass 
with few shrubs; bird populations were low (Table I) 
and common middle-storey birds were absent. 

Species that were absent or rare in regrowth from 
1939 fires were generally equally rare in stands aged 50 
to 80 years, and the composition of the bird community 
showed little variation up to the age of 200 years (Table 
111). Mean total bird populations in stands aged 39 to 80 
years were significantly higher than in stands aged 2 to 
10 years, both in summer and winter (t-tests, P < 0.01), 
but they did not differ significantly from those in stands 
older than 80 years. 

Some successional changes in bird abundance were 
evident, notably among birds that inhabited particular 
plants (e.g. Silver Wattle or Mountain Correa) and fluc- 
tuated in abundance as these plants prospered and later 
declined. All plants regenerated well after harvesting 
(Chesterfield pers. comm.). Birds which inhabited pure 
wattle stands (e.g. Brush Bronzewing) were also found 
in Mountain Ash forest where wattles formed a middle 
storey, and some (e.g. Rose Robin) were as common 
there as in pure stands of their favoured species. 
Changes in the structure of the forest also affected bird 
numbers; for example species such as Pilotbird which 
inhabited a dense shrub layer or the ground below, ap- 
peared to decline in older stands as the understorey 
became more ferny and less shrubby. But all common 
birds of Mountain Ash forests were able to find some 
suitable habitat at most stages of succession. 

Birds which nest in tree-hollows are sensitive to suc- 
cessional changes as suitable hollows only form when 
trees reach a certain age, especially in healthy stands of 
straight-trunked trees such as Mountain Ash. In 1939 
regrowth these birds depended primarily on older trees 
for nest-sites, specially on large stags that had been kill- 
ed in the 1939 fires. Such stags were used regularly by 
the common hole-nesting birds (Crimson Rosella, 
White-throated Treecreeper and Striated Pardalote) 
while other hole-nesting birds (e.g. Yellow-tailed Black- 
Cockatoo, Gang-gang Cockatoo and Southern Boobook) 
were widespread in 1939 regrowth but ranged widely and 
may also have nested in other locations. Populations of 
hole-nesting birds are shown in Table V as percentages 
of total populations, and are compared with similar data 
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from mixed-species foothill forests. This shows (a) that 
birds that nest in small hollows were relatively less 
common in Mountain Ash than in mixed-species foothill 
forests of similar age (perhaps reflecting the low number 
of surviving trees of older age-classes), (b) that birds that 
nest in large 'hollows were more common in Mountain 
Ash (reflecting the abundance of fire-killed stags, which 
often contained large hollows) and (c) that hole-nesting 
birds were more numerous in forest older than 100 years 
than in forest aged 39-80 years. The low numbers of hole- 
nesting birds in Mountain Ash in autumdwinter must 
be related to other aspects of the birds' ecology as most 
species only used hollows in the spring/summer breeding 
season. Only the Australian Owlet-nightjar and Sooty 
Owl roost regularly in tree hollows. 

A small group of birds was found locally in the few 
remaining areas of forest containing trees aged 200 
years or more, and appeared rare elsewhere. They in- 
cluded three nocturnal hole-nesting species (Powerful 

Owl, Sooty Owl and Australian Owlet-nightjar: Appen- 
dix). Old stands of Mountain Ash appeared to be an im- 
portant habitat for Sooty Owls, whereas the other two 
species were more numerous in mixed-species foothill 
forests. Three species that were rare in Mountain Ash, 
but common in mixed-species foothill forests, occurred 
regularly in old Mountain Ash forest at Wallaby Creek, 
Mt Riddell or Sherbrooke (Sulphur-crested Cockatoo, 
Varied Sittella and Mistletoebird: Appendix), and they 
made use of old trees for nesting (cockatoo) or feeding 
(all species), though it should also be noted that these 
areas were close to drier forest types. Lewin's Honey- 
eaters were most common in the older gullies or old 
understocked stands but why is not clear; they eat fruit 
including introduced Blackberries and were absent from 
extensive old stands and from all forest above 800 m. 
Australiap King-Parrots and Satin Bowerbirds were 
found very locally in old understocked stands (Appen- 
dix) and like Lewin's Honeyeaters they eat fruit and 
were commoner in foothill gullies. 

TABLE V 

Populations of birds which nest in tree hollows as % of populations of all birds in 
Mountain Ash and mixed-species foothill forests of different ages. 

39-80 year Forest older 
regrowth than 100 years 

Small hole nesters Mountain Ash (autumdwinter area searches) 3.6 
(Tree Martin, treecreepers, 
Striated Pardalote Mountain Ash (spring/summer area searches) 4.4 

Mountain Ash (territory mapping) 4.1 

Mixed-species foothill forest (ridges) 
(territory mapping)? 

Foothill gullies (territory mapping)? 

Large hole-nesters 
(parrots, cockatoos 
owls, etc) 

Mountain Ash (autumn/winter area searches) 

Mountain Ash (spring/summer area searches) 

Mountain Ash (territory mapping) 

Mixed species foothill forest (ridges) 
(territory mapping)? 

Foothill gullies (territory mapping)? 

All hole-nesters Mountain Ash (autumdwinter area searches) 4.8 

Mountain Ash (spring/summer area searches) 8.2 

Mountain Ash (territory mapping) 7.6 

Mixed species foothill forest (ridges) 
(territory mapping)? 

~ o o t h i i l  gullies (territory mapping)? 

- No data 
t Calculated from Loyn (1980). Figures for regrowth in foothill gullies refer to younger regrowth (4 and 15 years) but with many 

older trees. 
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In wet gullies protected from wildfire the successional 
climax of Mountain Ash forests consists of cool 
temperate rainforst dominated by Myrtle Beech. Those 
gullies were the main breeding habitat for Pink Robins, 
though smaller populations of Pink Robins were able to 
breed in younger successional forest where similar damp 
ground conditions had developed below a closed canopy 
of wattles or Mountain Ash regrowth. 

DISCUSSION 

In Mountain Ash forests a high proportion of individual 
birds depend on the middle storey layers and ground 
below, rather than the eucalypt canopy, and in this 
respect the bird fauna resembles that of foothill gullies. 
The rapid regeneration of shrubs helps explain the rapid 
return of bird species to regenerating Mountain Ash 
forests. Near-maximal bird populations were achieved 
within 40 years in Mountain Ash forests, compared with 
100 years or more in mixed-species foothill forests 
(Loyn 1980). These populations in 40 year Mountain 
Ash were lower than those in foothill gullies and higher 
than those on foothill ridges of similar age. The number 
of species present was lower than in foothill forests 
because there was less distinction between the fauna of 
gullies and ridges and birds inhabiting drier forest were 
absent. 

Long-term effects of harvesting are difficult to 
predict in the absence of stands which had been 
harvested by current methods more than 10 years ago. 
Regrowth from wildfire may differ from that following 
harvesting, specially when many old trees survive the 
fire (Recher et al. 1980). However, few Mountain Ash 
trees survive major wildfire such as occurred in 1939 
and there may then be close similarity between areas 
burnt and harvested. Two potential differences concern 
stocking rates (which can be manipulated on harvested 
areas) and more importantly the number of remaining 
large dead trees (stags). Wildfires are sometimes intense 
enough to incinerate all trees, or cause them to collapse 
soon afterwards, and salvage logging can reduce 
numbers further, but the areas studied at Toolangi all 
contained a scattering of stags suitable for hole-nesting 
birds. A similar scattering of stags and occasional living 
trees remained on harvested areas and it is important 
that such trees should be retained. However, there are 
practical difficulties and they will increase with subse- 
quent rotations as large trees presumably become 
scarcer. Retained systems of vegetation (e.g. gully 
strips) are a useful source of hollows, and will provide 
for the small number of bird species that depend on old 
forest. 

In the Central Highlands existing prescriptions pro- 
hibit operations within 40 m of main rivers or 20 m of 
normally permanent streams, and also make provision 

for additional reservations to protect rare species or to 
link other reserves with wildlife corridors. Some 
magnificent stands of old Mountain Ash have been 
retained in Melbourne water catchments and elsewhere. 

One problem with this approach is that Mountain 
Ash trees do not usually live much longer than 400 years 
(Ashton 1975c, 1981) and do not regenerate successfully 
without wildfire or harvesting. Hence Mountain Ash 
could eventually disappear from retained systems, giv- 
ing way to a forest of middle storey species or cool 
temperate rainforest. If old forests of Mountain Ash are 
to be perpetuated, consideration should be given to re- 
taining selected stands of older regrowth for eventual 
management on very long rotations. 

Although hole-nesting birds form only a small por- 
tion of the total bird population their dependence on old 
trees or stags causes an obvious problem to forest 
management. Their management in other forest types 
has been discussed by Calder et al. (1983). It is not 
known whether populations are limited by availability 
of hollows in existing Mountain Ash forests, though this 
is likely in regrowth aged 39-80 years where populations 
of small hole-nesting birds were specially low. However, 
a further reduction in relative populations outside the 
breeding season (when hollows were not needed) shows 
that additional factors are involved. The common hole- 
nesting species are among a group of forest birds that 
are capable of controlling insects and which respond 
quickly to changes in food supply within the canopy 
(Loyn et al. 1983b). Their relative populations may be 
related to such changes as well as availability of nest- 
sites; in particular numbers of pardalotes may reflect 
psyllid populations and numbers of treecreepers may 
reflect the amount of food available in persistent or 
hanging bark. More work is needed on the requirements 
of hole-nesting birds for which Mountain Ash forests 
are a significant habitat, notably Yellow-tailed Black- 
Cockatoo, Gang-gang Cockatoo, Blue-winged Parrot 
(in early successional stages), and owls (specially Sooty 
Owl). Important habitats for these species include 
stands classed as understocked, containing scattered old 
trees and a dense middle storey supporting a rich bird 
population. It will be beneficial to retain such areas for 
as long as they survive, and commence harvesting as 
soon as practical in younger regrowth stands. 

The immediate effects of wildfire on Mountain Ash 
forests must be profound. After the 1939 fires, flocks of 
Gang-gang Cockatoos took refuge for up to a year in 
places where they are normally absent, such as 
Melbourne suburbs and Phillip Island (W.R. Wheeler, 
pers. comm.). The consequent loss of habitat must have 
been more serious. Harvesting will have a lesser impact 
as coupes can be staggered in time and space, but provi- 
sion must be made for retaining special habitats (e.g. 
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M y r t l e  Beech gullies) a n d  for  t h e  needs o f  hole-nesting 
species. T h e  rap id  regenerat ion o f  s h r u b  layers is o f  
g r e a t  impor tance  a n d  is easily achieved. 
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APPENDIX 

This list gives all birds observed in Mountain Ash (= ash) and associated habitats during the study in the Central Highlands of 
Victoria, plus others (in brackets) which were observed in ash elsewhere. Introduced species are marked *, summer visitors are 
marked S with their usual dates of occurrence and species which nest in holes in trees are marked H. Species classed as regular 
inhabitants of ash forests near Toolangi are marked +. Ages of regrowth are dated from 1978 (hence 1939 regrowth is aged 39 
years), or from the year of observation for young regrowth. Note that no regrowth was examined aged 18-39 years, and that all 

younger regrowth followed harvesting and all older regrowth followed wildfire. 

Thinly distributed, hunting for birds often on edges of 
harvested or cleared areas. 
One trapped in gully, Sylvia Creek, 20/3/82. 

Accipiter fasciatus Brown Goshawk 
+ 

Collared Sparrowhawk 

Grey Goshawk 
A. cirrhocephalus 
A.  novaehoflandiae A white bird in gully Sylvia Creek February 1982 (J. Davies). 

(White birds are regular in ash in Otways, and grey birds are 
reported in ash Strzeleckis, but both are rare in Central 
Highlands). 

Wedge-tailed Eagle 
+ 

Aquila audax About 3 pairs between Toolangi and Narbethong (18 km), 
hunting mainly over open country for rabbits and carrion but 
nesting in tall eucalypts including Mountain Ash. 

Little Eagle Hieraaetus morphnoides 

Falco cenchroides 

(Coturnix novaezelandiae) 

Turnix varia 

*(Streptopelia chinensis) 

Phaps elegans 

Vagrant. Two over Nolans recently harvested area, 2/2/78 
(B. Walters). 

Australian Kestrel 
S + 

Pairs nesting in tall stags on recently harvested area, Gran- 
tons and Nolans. 

(Stubble Quail) 
S 

(Common in nearby farmland only). 

Painted Button-quail 
S 

Singles occasionally in burnt or harvested areas with Dryopoa 
dives, including Grantons and Nolans Nov 77 and Jan 78. 

(Spotted Turtle-Dove) (A few enter edge of ash from nearby gardens, Sherbrooke 
only). 
Widespread in low numbers. Common in wattle patches and 
a few visit young regrowth. Takes wattle seeds from ground 
and forages along gravel roads. 

Brush Bronzewing 
+ 

Yellow-tailed 
Black-Cockatoo 

+ H 

Calyptorhynchus funereus Thinly distributed in older forest, taking grubs from wood 
specially in Silver Wattles Acacia dealbata. Extends to wattle 
patches in winter and also occurs in pines and other exotic 
trees outside the forest. 

Gang-gang Cockatoo 
+ H 

Callocephalon fimbriatum Thinly distributed in older forest, feeding on ash and wattle 
seed. Drinks at streams and ponds. Extends outside forest in 
winter but some remain. 

Sulphur-crested Cockatoo 
+ ' H  

Cacatua galerita A few in old ash mainly in summer, calling and presumably 
feeding from tall overmature trees. Regular in old ash at 
Wallaby Creek. Observed eating gall insects (Hemiptera sp) 
from foliage of mature ash. 

Australian King-Parrot 
+ H 

Alisterus scapularis A few in summer Sylvia Creek gully (and in similar old ash 
Mt Useful). Rarely elsewhere in ash, but common in winter 
among exotic trees in local towns, remaining until early 
November at Narbethong. 

Crimson Rosella 
+ H 

Platycercus elegans Common, feeding on various seeds, fruit, insects and tree- 
fern sporangia, specially in shrub layer. Flocks up to 15 in 
winter. Most numerous in old forest but also occurs in 
harvested areas specially in autumn when takes Senecio 
lautus flowers and seeds. 

Eastern Rosella 
H 

P. eximius 

Neophema chrysostoma 

Cuculus pallidus 

Four in Nolans harvested area, 18/1/78, feeding on Senecio 
lautus flowers. Normally in open country. (Nests in old ash 
at Sherbrooke). 

Blue-winged Parrot 
S, October-February 

+ H 

Scattered pairs breed in recently harvested areas (e.g. Nolans) 
and near clearings or farmland. (Common in Otway and also 
present Sherbrooke, Gembrook and Strzeleckis). 

Pallid Cuckoo 
S 

Vagrant. One juvenile Grantons harvested area 18/1/78 (after 
a big influx to Yarra Valley spring 1977). 
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Scarce and mainly in old forest (50+ years) and gullies, 
feeding in canopy or rarely among debris in harvested areas. 
More numerous in mixed species. More in 1978/79 than in 
previous year. 

C. variolosus Brush Cuckoo 
S, October-March 

+ 

Widespread in low numbers, mainly in older forest (39+ 
years), feeding mainly in middle storey. 

Fan-tailed Cuckoo 
S, early September-March 

+ 
Shining Bronze-Cuckoo 
S, October-March 

+ 
Powerful Owl 

H 

Southern Boobook 
+ H 

C. pyrrhophanus 

Chrysococcyx lucidus Widespread mainly in older forest canopy but several visit 
harvested areas and occasionally breeds there (e.g. Nolans). 

One in mixed aged ash near gully, Winch Rd, 1/5/79. More 
regular in mixed species. 

Ninox strenua 

N. novaeseelandiae Thinly distributed in older forest (50+ years), and most 
numerous in stands containing trees older than 200 years 
(Sylvia Creek, Wallaby Creek). A few in younger regrowth, 
occasionally hunting in recently harvested areas. 

Observed among old ash (200+ years) Sylvia Creek, 
O'Shannassy catchment, Cambarville (various observers) 
and Gembrook. 

Sooty Owl 
+ H 

Tyto tenebricosa 

Tawny Frogmouth 
+ 

Podargus strigoides 

Aegotheles cristatus 

A few mainly on edges of cleared or harvested areas. 

Australian Owlet-nightjar 
+ H 

Several resident among old ash and Myrtle Beech in gully at 
Sylvia Creek, and in old ash Wallaby Creek and mixed-age 
ash Winch Rd; a few scattered elsewhere mainly near gullies. 

Flocks up to 200 feeding mainly over open areas or wattle 
patches on ridges. Many reported alighting momentarily but 
repeatedly on upper branches of ash stag, Grantons 
harvested area, 19/1/78, as if feeding (B. Walters). 

White-throated Needletail 
S, December-April 

+ 
Hirundapus caudacutus 

Widespread in low numbers, usually on edges of cleared or 
harvested areas, in thinned stands of older forest or in 
understocked old forest. 

Laughing Kookaburra 
+ H 

Dace10 novaeguineae 

Menura novaehollandiae 

Cecropis nigricans 

Widespread in forest with tall shrubs and bare ground beneath. 
A pair resident in 6-year harvesting regrowth at Mt Riddell, 
and 7 together in Hickory Wattle patch 12/4/78. 

Superb Lyrebird 
+ 

Nesting colonies of 2 to 10 pairs in spouts of older trees, 
specially open-grown branchy ones, in open understocked old 
and other open stands (e.g. recently harvested area at Nolans). 

Tree Martin 
S, October-April 

+ H 

Richard's Pipit 
+ 

An thus novaeseelandiae Two pairs in Nolans harvested area (80 ha) and a few in other 
large open areas (e.g. on tracks in extensive bracken at 
Siberia Gap). Absent from Grantons harvested area (40 ha). 

Coracina novaehollandiae A few mainly in recently harvested areas and on edges of 
other clearings, taking food from canopy of retained trees. 

(Regular on edge of ash and mixed species on Black Spur 
(ToolangVNarbethong), but not observed in pure ash). 

(Cicadabird) 
S 

(C. tenuirostris) 

Zoothera dauma White's Thrush 
+ 

Widespread in older forest, gullies, wattle patches and tea-tree, 
feeding among litter below shrubs. In early winter also 
among blackberries. Recorded 6-year ash Mt Riddell and 
10-year ash Toolangi. 

*Turdus merula Thinly distributed in similar habitats to White's Thrush but 
much less numerous except in Mountain Tea-tree and black- 
berry patches. Generally shier than other species. Bills of 
both sexes often red. (At Sherbrooke, Blackbirds are very 
common in ash as they also feed in nearby gardens. White's 
Thrushes are still able to co-exist). 

Blackbird 
4 

(Fairly common in suburban gardens at Sherbrooke, exten- 
ding 300 m into ash forest to nest). 

(Song Thrush) *(T. philomelos) 

Petroica rosea Rose Robin 
S, late August-April 

Common in ash and wattle patches, feeding mainly from 
foliage of Silver Wattles. Some were feeding young in 
4-young regrowth but usually in older stands. 
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Pink Robin 
+ 

Flame Robin 
S, late July- late April 

+ 
Red-capped Robin 

Eastern Yellow Robin 
+ 

Crested Shrike-tit 
+ 

Olive Whistler 
+ 

Golden Whistler 
S, early Septe~nber-mid April, 
a very few adult 
males wintering 

+ 
Grey Shrike-thrush 

+ 
Satin Flycatcher 
S, early November-March 

+ 
Rufous Fantail 
S, late October- early April 

+ 
Grey Fantail 
S, early September- late April 

+ 

Eastern Whipbird 
+ 

Superb Fairy-wren 
+ 

Pilotbird 
+ 

Large-billed Scrubwren 
4. 

White-browed Scrubwren 
+ 

Brown Thornbill 
+ 

Striated Thornbill 
+ 

P. rodinogaster 

P. phoenicea 

P. goodenovii 

Eopsaltria australis 

Falcunculus frontatus 

Pachycephala olivacea 

P. pectoralis 

CoNuricincla harmonica 

Myiagra cyanoleuca 

Rhipidura rufifrons 

R. fuliginosa 

Psophodes olivaceus 

Malurus cyaneus 

Pycnoprilus floccosus 

Sericornis magnirostris 

S .  frontalis 

Acanthiza pusilla 

A .  lineata 

Common in gullies with Myrtle Beech (e.g. Sylvia Creek: - 30 pairs kme2) and scattered pairs bred in 39 year ash and 
Silver Wattle stands, feeding mainly from damp bare ground 
below. Some winter exodus but a few remained and others 
moved to harvested areas, feeding among discarded bark on 
log landings. 

Common on harvested areas aged 0-3 years and on edges of 
other clearings, feeding from bare ground. In older forest 
widespread only in thinned stands or near old log landings. 

Vagrant. An adult a feeding from gravel road and disused 
quarry among ash in wet gully, Sylvia Creek, from 7/2/81 
(D. Tonkinson) to 13/3/81. 

Common in ash, wattles and tea-trees, pouncing from shrubs 
on food from damp ground below. Returns to harvested 
areas after about 5 years. 

Thinly distributed in older ash forest (39+ years), feeding 
from loose or hanging ash bark. 

Common, feeding mainly from damp ground below dense 
thickets of Cassinia, Prostanthera, etc. Returns to harvested 
areas after about 2 years. 

Common, feeding mainly from shrub layers. Returns to 
harvested areas after about 5 years. 

Widespread but not numerous, feeding from bare ground, 
bark and canopy. A few remain in harvested areas. 

Thinly distributed, mainly in stands aged 50-100 years (or 
older where canopy remains continuous), feeding from canopy 
or rarely in retained trees on harvested areas. 

Common, taking insects at low levels among shrubs, Silver 
Wattles, tea-trees etc. Returns to harvested areas after about 
4 years. 

Abundant, taking insects from foliage and air at all levels, 
often from tall Silver Wattles, and from ground in autumn. 
A few may remain among retained trees on harvested areas 
and others return to regrowth after about 2 years. 

Widespread, feeding among or below dense understorey below 
tall shrubs. Returns to harvested areas after about 5 years. 

A few in harvested areas aged 0-3 years, and in some other 
open places e.g. beside tracks, wandering in winter. 

Common, feeding from ground below dense low shrubs. 
Returns to harvested areas after about 3 years. 

Widespread in low numbers in older forest (39 + years), pro- 
bing for food in bark of woody shrubs (e.g. Pornaderris 
aspera, Leptospermurn grandifolium, Olearia argophylla) 
and in hanging ash bark. Observed in 6 year harvesting re- 
growth at Mt Riddell. More numerous in gullies than elsewhere. 
Abundant, feeding from ground below dense shrubs, among 
fallen branches and among ferns including bracken. A few 
remain in harvested areas. 

Abundant, taking insects mainly from foliage of shrubs and 
Silver Wattles. Rarely observed pecking at base of Mountain 
Correa flowers. A few remain in harvested areas. 

Common, taking insects from foliage of ash, Blackwood and 
broad-leafed shrubs. Flocks in winter often pecking at bases 
of Mountain Correa flowers for nectar, or at Cambarville 
feeding among foliage of Silver Wattle as well as ash. A few 
enter young regrowth in autumn and winter but do not return 
generally to harvested areas till about 10-15 years. Rare in 
wattle patches or tea-tree. 
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Varied Sittella 
+ 

White-throated Treecreeper 
+ H 

Red-browed Treecreeper 
+ H 

Red Wattlebird 
+ 

Lewin's Honeyeater 
+ 

Yellow-faced Honeyeater 
+ 

Daphoenositta chrysoptera 

Climacteris leucophaea 

C .  erythrops 

Anthochaera carunculata 

Meliphaga lewinii 

Lichenostomus chrysops 

White-eared Honeyeater L. leucotrs 
+ 

Brown-headed Honeyeater 
+ 

White-naped Honeyeater 
+ 

Crescent Honeyeater 
+ 

New Holland Honeyeater 
+ 

Eastern Spinebill 
+ 

Melithreptus brevirostris 

M. lunatus 

Phylidonyris pyrrhoptera 

P. novaehollandiae 

Acanthorhynchus tenuirostris 

Six in upper branches of old ash at Wallaby Creek, 15/6/78, 
but otherwise only in mixed species. (Small flocks often visit 
old ash at Sherbrooke). 
Common in older forest (39+ years) feeding from adherent 
or hanging ash bark, dead trees and trunks of wattles and tea- 
trees. A few sometimes remain among retained trees on 
harvested areas, and a few nest in old stags in wattle patches. 
Widespread in older forest (39+ years) often feeding from 
hanging ash bark and dead trees. Absent from wattle patches. 
A few in older forest. Temporary concentrations in flowering 
ash, but mainly taking food from bark, and catching insects 
in flight. Other temporary concentrations in late summer at 
minor outbreaks of stick insects, and in winter. 
Resident in some gullies and other old forest, e.g. Sylvia Creek. 
Singles observed in 6-year harvesting regrowth Mt Riddell, 
winter 1978 and 1979. Absent from Wallaby Creek (beyond 
western limit of range), Cambarville (1 too high) and Sher- 
brooke (present before 1950, W.R. Wheeler pers. comm. 
? Now too small and isolated). 

Scarce, but a few move into flowering ash February to April, 
with more feeding at blossom in a peak flowering year. Also 
feeds in summer from foliage of Silver Wattles, including young 
ones on harvested areas (e.g. Grantons). Breeds in patches of 
Silver and Hickory Wattle. More numerous in old ash at 
Wallaby Creek, taking food from foliage of Pornaderris aspera. 
Much more common in mixed species. 

Locally numerous, taking food from trunks and branches of 
ash saplings and older trees and from branches and blossom 
of Mountain Tea-tree. Sometimes takes nectar from Moun- 
tain Correa, and from ash in peak flowering. Numerous in 
stand on Mt St Leonard which had been defoliated by stick 
insects, and numerous at Cambarville, feeding from bark of 
Silver Wattles. Summer visitor to thicket-stage regrowth but 
remains all year in older forest. Absent from ash in Sherbrooke. 

Common in ash and Hickory Wattle patches, taking food 
from hanging ash bark, and from foliage of ash, Blackwood 
(summer) and Hickory Wattle (specially winter), also at Cam- 
barville occasionally from Silver Wattle. In winter at Toolangi 
flocks gather to feed on blossom of Mountain Correa, peck- 
ing slits in the bases of the corollas. 
Erratic visitor, mainly in late summer and winter when flocks 
of up to 20 feed from foliage of ash (specially where there are 
many stick-insects), from foliage of Silver Wattles and 
sometimes with Brown-headed on blossom of Mountain Cor- 
rea. More feed from ash blossom during peak flowering, and 
breed. 
Common, taking food mainly from branches in shrub layer, 
tea-tree, young ash regrowth, etc. (once from Acacia nano- 
dealbata). In winter at Toolangi feeds mainly on Mountain 
Correa nectar, inserting long bill into corolla. Remains all 
winter in tall shrubs at Toolangi and Cambarville but at 
Toolangi most move out of gullies and young regrowth. Returns 
to harvested areas after about 5 years (summer only). In ash 
at Sherbrooke, present July to March. 
A few visit flowering ash in late summer, taking food mainly 
by tussling at bark of narrow branches. More during peak 
flowering but never common. Occasionally feeds among 
young Silver Wattles. 
Common, feeding mainly from understorey, taking nectar from 
blossom of Prostanthera lasianthos (summer) and Mountain 
Correa (winter) and insects. Many also feed from blossom of 
flowering ash, specially during peak flowering. Scarce or 
absent where there is no Correa. 
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Mistletoebird 
4 

Dicaeum hirundinaceum 

Pardalotus punctatus 

Singles observed on few occasions, flying long distances and 
landing briefly in tops of ash or Silver Wattle trees. More 
numerous in old ash at Wallaby Creek and Mt Riddell (also 
Sherbrooke). 
Common, taking food from foliage of ash. Tunnels nests in 
loose brown soil in places with sparse understorey and beside 
tracks. Returns to harvested areas after about 3 years, feeding 
among regrowth. 
Locally common, taking food from foliage of ash high in 
canopy in older forest. A few remain in living culls in har- 
vested areas, nesting in spouts of similar trees to those chosen 
by Tree Martins. 
Common, often taking food from foliage of young and old 
Silver Wattles. Up to 42 moved into Grantons harvested area, 
January and February 1978. Returns to breed in harvested areas 
after about 3 years. 

Groups of 1 to 3 in late summer and winter in harvested 
areas (aged 0 to 2 years, e.g. Grantons) and bracken patches. 
Common in nearby farmland, feeding on weed seeds. 
(Not in ash, but a few in exotic conifers at Toolangi town, 
also Sherbrooke and Erica. Appears to breed commonly at 
altitude supporting Mountain Ash Forest). 

A few mainly in tea-tree (including a burnt stand on edge of 
Nolans harvested area) and flocks up to 20 feeding on grass 
seeds in harvested areas. In winter only observed outside 
forest. 
(Not in ash Toolangi, though present in local towns and 
farmland and nests in old ash close to disturbed areas at Sher- 
brooke and in Strzeleckis). 
(A few enter edge and from nearby gardens and roads, Sher- 
brooke only). 
Not observed during study but reported in ash near Sylvia 
Creek in 1975 (P. Brown). Probably an occasional visitor 
from Warburton Ranges where it occurs in mixed species. 
(Apparently breeding in an old ash gully near Mt Useful). 
Twelve temporarily in recently harvested area 12/4/78, and 
heard migrating high over several areas in April 1978. Other- 
wise only in mixed species. 
Thinly distributed on edges of harvested areas aged 0 to 3 
years and in older forest. 
Occasional pairs in recently harvested areas (e.g. Grantons) 
and other open areas. 
Scarce in ash but small flocks feeding from canopy in older 
forest (e.g. where there are outbreaks of stick insects), and 
sometimes feeding in recently harvested areas. More common 
in mixed species. 
Widespread, taking food from bare ground and bark in recently 
harvested areas, older forest and wattle patches. 

Thinly distributed, pairs moving between forest and recently 
harvested or other open areas. 
Flocks occasional on edge of forest only. 

Spotted Pardalote 
S, August-April, irregular 
in winter 

+ 
Striated Pardalote 
S, or irregular flocks in winter 

+ H 

Silvereye 
S, September-April 

+ 
Zosterops lateralis 

European Goldfinch 
+ 

*Carduelis carduelis 

(European Greenfinch) *(C. chloris) 

Red-browed Firetail 
+ 

Emblems temporalis 

(Common Starling) *(Sturnus vulgaris) 

(Common Mynah) 

(Satin Bowerbird) 

*(Acidotheres tristis) 

(Ptilonorhynchus violaceus) 

Artamus cyanopterus Dusky Woodswallow 
S 

Grey Butcherbird 
+ 

Cracticus torquatus 

Australian Magpie Gymnorhina tibicen 

Strepera graculina Pied Currawong 
+ 

Grey Currawong 
+ 

S.  versicolor 

Australian Raven 
+ 

Corvus coronoides 

(C. mellori) (Little Raven) 



901Australian Forestry   Vol 65, No. 3   pp. 901–999

Impacts of timber harvesting on mammals, reptiles and nocturnal birds in native hard-
wood forests of East Gippsland, Victoria: a retrospective approach

J.S.A. Alexander1,2, D.J. Scotts1,3 and R.H. Loyn1

1Arthur Rylah Institute, Department of Natural Resources and Environment, PO Box 137, Heidelberg, Victoria 3084, Australia
Email: jerry.alexander@nre.vic.gov.au

2Present address: Department of Natural Resources and Environment, PO Box 124, Benalla, Victoria 3672, Australia
3Present address: NSW National Parks and Wildlife Service, PO Box 914, Coffs Harbour, NSW 2450, Australia

Revised manuscript received 27 June 2002

Summary

The occurrence of mammals, reptiles and nocturnal birds was
assessed in a series of successional forest sites in East Gippsland,
Victoria, Australia. A total of 63 sites, representing three major
forest types (Wet, Damp and Lowland) and six different forest
age classes (2, 5, 10, 18, 25 y after logging and unharvested),
was sampled using a range of census techniques, with each
combination of forest type and age class replicated. Totals of five
nocturnal bird, twenty mammal and seven reptile species were
recorded during this study. Key species were selected for
subsequent analysis, representing three major faunal assemblages
(arboreal mammals and nocturnal birds, ground-dwelling
mammals, and heliothermic reptiles). Generalised linear
modelling was used to investigate the relationship between the
occurrence and diversity of species within each faunal assemblage
with respect to the design variables (forest type and age class).
To help explain any observed intra-age-class variation in animal
occurrence or diversity, structural attributes were also analysed.

The study highlights the importance of retained habitat attributes
(old-growth legacies) within logged forest if wildlife conservation
is to be a priority. The presence and abundance of large trees
were the most important habitat variables for hollow-dependent
fauna such as the southern boobook and yellow-bellied glider.
The southern boobook and native rodents (Rattus spp.) were most
likely to be found in unharvested forest, implying a negative
impact of timber harvesting. The black wallaby was the only
species to show a preference for younger age-classes, an expected
response from a species known to browse on regrowth seedlings.
The mountain brushtail possum was more likely to be found on
smaller coupes. Lowland forest supported the greatest species
diversity of ground-dwelling mammals when only the design
variables were considered. When effects of tree height and aspect
were considered separately in the model, the trend was for greater
species diversity in Damp forest. It is recommended that any
increase in logging intensity in either Damp or Lowland forest
should be balanced with suitable measures to protect sites of high
conservation value.

In the short term, no single species of heliothermic reptile
appeared to be disadvantaged by logging operations. Spencer’s
skink may benefit from an increase in regrowth forest, provided
large retained trees can be used as basking sites above the regrowth
canopy. Species diversity of reptiles was affected adversely by

Version 2mb

harvesting in the Lowland forests and positively in the Wet forests.
The protection of microhabitat attributes during timber harvesting
operations may be one management strategy that would favour
the long-term survival of forest reptiles in a logged area.

Keywords: fauna; ecology; logging; logging effects; nature conservation;
multiple use; forest types; forest influences; Australia

Introduction

The silvicultural practice of clearfelling has been used extensively
in multiple-use forests of south-eastern Australia since the 1960s,
but few scientific studies were conducted until the late 1970s and
1980s (see Loyn et al. 1980; Recher et al. 1980; Braithwaite 1983;
Loyn 1985a,b; Recher et al. 1987; Pyke and O’Connor 1991;
Taylor 1991).

Attempts by forest managers to satisfy industry and community
demands for timber products have often resulted in intensive
harvesting regimes. But the community has also expressed a desire
for the conservation of sensitive fauna and their habitats
throughout the forest estate. This is recognised by State and
Federal governments through the National Forest Policy
(Commonwealth of Australia 1992). If ecological sustainability
of these resources is to become a reality, then the relationship
between fauna and the resources supplied by successional stages
of forest needs to be investigated. This has been addressed for a
few mammals and birds in select forest types (e.g. Loyn 1985a,b,
1993; Macfarlane 1988; Smith and Lindenmayer 1988;
Lindenmayer 1989, 1994, 1996; Lindenmayer et al. 1990,
1991a,b, 1993; Milledge et al. 1991; Davey 1993; Debus 1993;
Kavanagh and Peake 1993a; Peake et al. 1993; Kutt 1994;
Kavanagh and Bamkin 1995; Kavanagh et al. 1995); but the
challenge remains to determine the long-term effects of timber
harvesting on communities of forest-dependent fauna. In
conjunction with input from other sources, this information is
required to formulate management plans that mitigate the adverse
effects of logging on native wildlife.

The transformation of a multi-aged ecosystem to a forest
composed primarily of young regrowth has consequences for
ground-dwelling mammals and forest reptiles that depend on
specific elements of old-growth (e.g. large standing dead trees
and logs; see Scotts 1991). Logging of native hardwood forests
has altered the forest floor and resulted in loss of habitat for many
of these ground-dwelling species. Ground-dwelling mammals
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have been studied previously in production forests (Loyn et al.
1980; Recher et al. 1980; Lunney et al. 1987; Lunney and
O’Connell 1988; Macfarlane 1988; Claridge et al. 1991; Milledge
1991; Catling and Burt 1994, 1995), but the precise relationships
between forest age class, forest type, stand attributes and the
occurrence of ground-dwelling mammals remain unknown. Even
less is understood about the effects of logging on heliothermic
reptiles in Australian forests (Webb 1985, 1991a, 1995; Dunning
1986; Lunney and Barker 1986; Recher et al. 1987; Lunney et
al. 1991; Brown and Nelson 1993; Kutt 1993; Goldingay et al.
1996). It is inevitable that timber harvesting will modify the
structure and composition of the understorey and, hence, the
microclimatic conditions of the forest floor. The extent of this
change may vary according to geographic position, forest type
and age class.

In an attempt to determine the effects of previous logging on
flora and fauna in East Gippsland, Victoria, Loyn (1993) stratified
a retrospective study with respect to forest type and age class,
and reported a preliminary analysis on diurnal birds. The current
study follows his study design. The major objectives of this
research were to:

i) ascertain the effects of age class and forest type on the
distribution and occurrence of forest-dependent fauna within
three major forest types;

ii) describe the influence of localised environmental and
structural attributes on the occurrence of these species in a
forest used for timber production; and

iii) develop statistical models describing the occurrence of forest-
dependent species as an aid to the management of multiple-
use forests.

Methods

Study area

The study area was located some 30 km north of the township of
Cabbage Tree Creek in East Gippsland, Victoria, Australia. All
sites were within an area with limits defined by 37º25′–37º40′S
latitude and 148º35′–148º55′E longitude. Sixty-three study sites
were selected from three broad forest types incorporating 21 Wet
forest, 21 Damp forest and 21 Lowland forest sites. Wet forest is
defined by Forbes et al. (1981), and Mueck (1990) and Mueck
and Peacock (1992) provide a description of Damp and Lowland
forests. Botanical descriptions of each site have been undertaken
(unpublished data); sites can be cross-referenced to the flora
quadrat numbers (listed in Appendix 1) — Mueck and Peacock
(1992) provide further details. Briefly, the Lowland forest was
dominated by silver-top ash Eucalyptus sieberi and white
stringybark E. globoidea with an understorey of Hakea spp.,
Persoonia spp. and Banksia spp. The prominent overstorey of
Damp forest included silver-top ash, mountain grey gum
E. cypellocarpa, yellow stringybark E. muelleriana, messmate
E. obliqua and white stringybark. A typical understorey consisted
of blanket-leaf Bedfordia arborescens and musk daisy-bush
Olearia argophylla, often with a sparse cover of rough tree-fern
Cyathea australis. The Wet forest was dominated by messmate,
Errinundra shining gum E. denticulata, mountain grey gum and
cut-tail E. fastigata. Broad-leaf shrubs included musk daisy-bush,
blanket-leaf, mountain correa Correa lawrenciana, hazel

pomaderris Pomaderris aspera, elderberry panax Polyscias
sambucifolia and tree ferns such as Cyathea and Dicksonia. The
ground layer in this forest type was typically dominated by hard
water-fern Blechnum wattsii.

Within each forest type, five treatments represented regrowth age
classes after logging (i.e. 2, 5, 10, 18 and 25 y); each treatment
was replicated three times. The regrowth sites contained varying
numbers of retained older trees (Appendix 1). The unharvested
sites had six replicates and were defined as the controls for each
forest type. The complete list of sites is given in Appendix 1.

The following guidelines were used to select sites wherever
possible (some constraints are relevant only to regrowth sites):

1. Soils were to be derived from sedimentary sandstones.
2. The age class of the site was calculated from the date of the

regeneration burn, not from the date of harvesting.
3. A minimum of 70% of the initial basal area was to have been

removed during the logging process.
4. The seedbed was to have been prepared by fire alone, with

no mechanical disturbance.
5. Regeneration involved only indigenous eucalypt species.
6. No recent wildfire or control burn was to be evident.
7. The area of the coupe was to be greater than 20 ha.
8. There was to be no historical evidence of a major disease

outbreak.
9. The controls were not to have been subjected to extensive

tree removal.

More detailed descriptions of these sites are given by Cumming
and Wierzbowski (1992) and Loyn (1993). No information was
available on the precise ages of the Damp forest controls, but all
sites were presumed to be greater than 150 y old (Mueck and
Peacock 1992).

Census procedures

Mammals, reptiles and nocturnal birds were assessed at each site
using a range of survey techniques. Fieldwork was conducted
from March to June 1991 for the Lowland forest, April to June
1991 for the Damp forest and November 1991 to February 1992
for the Wet forest. The timing of surveys was recognised as
undesirable, but was constrained for logistical reasons. Species
were assigned to faunal assemblages and assessed by the most
appropriate techniques for each assemblage, as discussed below.

Arboreal mammals and nocturnal birds

Three survey techniques (dusk census, spotlighting and owl
census) were employed consecutively on the same night and
repeated on a second night, usually by a different observer.
Temperature, wind velocity, the amount of precipitation, the phase
of the moon and the amount of ambient light were recorded.
Censusing was not attempted on nights when rain affected
visibility or wind affected hearing ability.

Dusk census

Listening for animal calls and watching for activity during the
dusk period was a productive method for recording the presence
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of possums, gliders, owls and other more cryptic species. An
observation point was chosen, preferably away from any roads
or tracks, where clear views of hollow-bearing trees or ground
foraging areas could be observed quietly for one hour (30 min
either side of dusk). The time, direction and approximate
distance from the observer of all animals heard or seen were
recorded. Individuals were included in the analysis only if they
were known to be on-site within the relevant forest type and
age; otherwise they were recorded as off-site and excluded from
subsequent analysis. Individuals were listed only once even if
they were heard calling on a number of occasions.

Spotlighting

After completion of the dusk census, two spotlight transects
were undertaken using a 12 volt 50 watt hand-held spotlight
and 10 × 40 Zeiss binoculars. All individuals, heard or seen,
were recorded. Each transect was walked for more than 10 min,
and at least one of the transects avoided roads or tracks. Transect
length varied according to the coupe size.

Owl call playback

After completion of the spotlight transects, the contents of pre-
recorded tapes of four species of owl (sooty owl, masked owl,
powerful owl and southern boobook) were broadcast from a
Sony Walkman amplified by a 9 volt Toa transistor megaphone,
in an attempt to elicit a response from birds within hearing
distance (see Kavanagh and Peake 1993b; Debus 1995; Loyn
et al. 2001). The volume of the broadcast was increased for
large sites. After each species recording had been played (about
5 min), the tape was turned off and the immediate area searched
with a spotlight. All owl species were recorded.

Individual arboreal mammals that had previously called, and
were recorded during the dusk census and spotlight transects,
were not counted again.

Hair-sampling for ground-dwelling mammals

The use of hair-sampling tubes (‘hair-tubes’) has become an
accepted method for unobtrusively determining the presence
of ground-dwelling mammals in an area (Suckling 1978; Scotts
and Craig 1988). Hair-tubes, constructed from a 90 × 100 ×
100 mm PVC stormwater adaptor, were baited with a mixture
of peanut butter, rolled oats and honey, soaked in pistachio
essence. The insides of the tubes were fitted with 50-mm wide
double-sided cloth tape (Schaffer and Co, Cheltenham) to collect
the hair of any mammals investigating the bait. At each site, ten
hair-tubes were fixed in position on the ground at intervals of
15 m, within the confines of the forest type and age class under
investigation. Hair-tubes were collected after being left in situ
for up to three weeks. Fur samples found on the tapes were
identified by B. Triggs using the cross-sectioning technique
(Brunner and Coman 1974), and identifications were classed
as definite, probable or possible. Only the definite identifications
were included in subsequent analyses.

Reptile census

Five non-active searches for heliothermic reptiles (spot census) were
conducted at different localities within each site. These searches
involved scanning a fixed area (typically 4 × 3 m) for ten minutes
and recording the number of each species seen within that area
(see Brown and Nelson 1992). As this technique specifically records
basking reptiles, censuses were undertaken only during sunny
periods and when the ambient temperature was >18°C. At many of
the regrowth sites it was difficult to find census areas where the
sun would remain for any length of time (e.g. 10-y-old forest
characterized by a relatively closed canopy, with very little solar
penetration to the ground layer). Reptile activity varies at different
times of the day and year. Only one visit to each site was possible
in the time available, and so no allowance could be made for
variations due to daily or seasonal factors. As each forest type was
surveyed at a different time of the year, comparisons of reptile
abundance between forest types may have been confounded with
seasonal differences.

A Specwell 8 × 20 monocular was used to help identify reptiles to
species level. The behaviour of each individual reptile (e.g. foraging,
basking) was recorded, along with its position with respect to
microhabitat. The time of day, amount of area burnt and the
percentage of solar penetration reaching the substrate under
observation were also recorded. The substrate of the search area
was divided into 7 categories and percentages were assessed for
each (i.e. coarse litter; fine litter; logs; bare ground; rock; shrub;
grass/herb).

Species recorded on the site outside these census periods were noted
as incidental observations. Indirect evidence from diggings, skeletal
material, scats and snake sloughs was also used to ascertain the
presence of particular species in an area.

Statistical analysis

Statistical modelling was used to investigate the relationship
between the occurrence of selected species or species diversity
(within each faunal assemblage) with respect to the design variables:
forest type and age class. Species were selected for analysis if they
were observed at a wide range of sites. The effect of age was viewed
at two levels. Initially, the five regrowth and one control age classes
were treated separately. At the second level, three age categories
were formed by pooling data from the initial age classes that could
be ‘naturally’ grouped together, that is, two- and five-year-old age
classes were pooled as young regrowth; 10, 18 and 25 as advanced
regrowth and the control age class was defined as unharvested.

Model development

A binomial model of the form given below was considered
appropriate for the presence/absence data (see McCullagh and
Nelder 1989), using a logit link function:

logit (p) = constant + the effect due to forest type
                      + the effect due to age class
                       + the interaction of forest type and age class,
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where p is the predicted probability of occurrence (as indicated
by the relevant census procedure) and logit (p) = log (p/(1 – p)).

Thus the probabilities of occurrence are affected by ‘treatments’
in a proportional and multiplicative way. For random variation in
the model, the binomial distribution was considered appropriate.
Estimation was by iterative reweighted least squares. Arboreal
mammals and nocturnal birds were considered as present at a
site if recorded by any of the three nocturnal census techniques
(i.e. dusk-watch, spotlighting and owl census). Structural attributes
(Appendix 2) were included in the analysis to further explain the
occurrence of individual species, or groups of species, at a site.
Skewness and the scale of values for some variables (Fig. 1)
indicated that they should be used on the natural log scale (prefixed
by ‘l’). Two extreme values for the variable crown separation
ratio (CRSEPR) were deleted. A scatterplot matrix of the
transformed variables is shown in Figure 2. Collinearity between
some of the variables, in particular girth at breast height (lGBH),
tree height (lTRHGT), tree density (lTRDENS) and basal area
(lBASARE) was evident from the scatterplot matrix. The variable
ASPECT was converted to a categorical variable (ASPCL)
representing the four compass directions. Because of the
collinearity between variables, it was usual that several competing

models could be developed for each species or group of species.
Parsimony and apparent realism (based on biological judgement)
were used as criteria in selecting the best models for each case.

Numbers of species of ground-dwelling mammals and
heliothermic reptiles recorded at each site (based on the hair tube
and reptile census surveys respectively) were also considered in
the model-building process. A standard Poisson regression model
was fitted to the data and took the following form:

log (no. of species) = constant + the effect due to forest type
                                + the effect due to age class
                                 + the interaction of forest type × age class.

Results

Altogether five nocturnal bird species, twenty mammal species
(two introduced) and seven reptile species were recorded using
the combination of survey techniques. Damp and Lowland forest
each revealed 26 species, while fewer species, 21, were detected
within Wet forest. No species were recorded in all combinations
of age classes and forest types. The tawny frogmouth Podargus
strigoides, white-throated nightjar Eurostopodus mystacalis and

Figure 1. Scatterplot matrices of non-transformed structural attributes used for the arboreal mammal and nocturnal bird analysis (see Appendix 2
for an explanation of the terms)
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eastern pygmy possum Cercartetus nanus were recorded only
from Lowland forest. The spot-tailed quoll Dasyurus maculatus
and swamp rat Rattus lutreolus were detected only from Damp
forest and a single tiger snake Notechis scutatus was found in
Wet forest. Data were sufficient for analysis for three arboreal
mammal species, two nocturnal birds, two species and two genera
of native ground-dwelling mammals, and three species of reptile.
A full list of species recorded is given in Appendix 3.

The following account describes the data and models for each
faunal assemblage, with design variables considered alone first
(forest type and age class) and structural attributes then included
as appropriate.

Arboreal mammals and nocturnal birds

Yellow-bellied glider

Yellow-bellied gliders were recorded widely in Damp and Wet
forest (all age classes) and at fewer sites in Lowland forest where
they were found mainly on control sites (Table 1). There was
insufficient variation for a logit model to be fitted solely with
forest type and age class as explanatory variables.

A scatterplot matrix of the structural attributes considered in
relation to yellow-bellied gliders is shown in Figure 1 (using raw
data). Skewness and the scale of values for some variables
indicated that they should be used on the natural log scale (prefixed
by ‘l’). A scatterplot matrix of the transformed variables is shown
in Figure 2.

Table 1. The proportion of sites in East Gippsland where the yellow-
bellied glider was recorded using either the dusk, spotlight or owl 
census, classified by forest type and age class. For example, 1.00 
indicates gliders were recorded at all sites, 0.67 at 2 out 3 sites (3 sites 
for each regrowth combination; 6 sites for controls; 63 sites 
altogether). 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.00 1.00 0.67 
05 0.00 1.00 0.33 
10 0.00 1.00 0.67 
18 0.67 1.00 1.00 
25 0.00 1.00 1.00 
Control 0.83 0.83 0.83 

Figure 2. Scatterplot matrices of the log-transformed structural attributes used for the arboreal mammal and nocturnal bird analysis (see Appendix 2
for an explanation of the terms)
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The best of the models using transformed data is given in Table 2.
ASPCL was regrouped to combine the categories east, south and
west into newAspect ESW. The analysis showed that the
probability of occurrence of yellow-bellied gliders depended on
newAspect (p = 0.004) and lGBH (p < 0.001). Yellow-bellied
gliders were more likely to be found on east, south and west-
facing slopes with large-girthed trees (Fig. 3). Other models
included the variables lTRDENS and lTRHGT as alternatives to
the variable lGBH.

Stand age did not explain any additional variation in the
probability of occurrence. Inclusion of forest type explained
additional variation, but acted as a surrogate for newAspect, so
that newAspect was no longer required in the model (Table 3).

Here, the analysis showed that the probability of occurrence of
yellow-bellied gliders depended on forest type (p < 0.001) and
lGBH (p = 0.002). Yellow-bellied gliders were most likely to be
found in Damp forest or in any forest with large trees (Fig. 4).

Sugar glider

Sugar gliders occurred widely in all forest types and age classes
(Table 4). Modelling showed no discernible pattern that could be
attributed to forest type or age.

North and west aspects were combined, as were east and south,
to form newAspect NW and newAspect ES respectively (Table 5).
The analysis showed that the probability of occurrence of sugar

Figure 3. The probability of occurrence of the yellow-bellied glider
with changing lnGBH (p < 0.001) for each newAspect class (p = 0.004),
with 95% confidence intervals about the predicted probability

Table 3. Parameter estimates for the probability of occurrence of the 
yellow-bellied glider, based on logistic regression modelling of data 
from forests in East Gippsland, with forest type included as an 
explanatory variable 

Model term Estimate Standard error 

Constant –4.430 1.540 
Forest type   

Lowland –0.000 — 
Damp –3.990 1.270 
Wet –2.511 0.891 
lGBH –0.832 0.304 

Figure 4. The probability of occurrence of the yellow-bellied glider
with changing lnGBH (p = 0.002) for each forest type, with 95%
confidence intervals about the predicted probability

Table 4. The proportion of sites in East Gippsland where the sugar 
glider was recorded using either the dusk, spotlight or owl census, 
classified by forest type and age class (3 sites for each regrowth 
combination; 6 sites for controls; 63 sites altogether) 

Age class (y) Lowland Damp Wet 

02 0.00 0.67 0.33 
05 0.67 0.33 0.67 
10 0.67 0.67 0.67 
18 0.67 0.67 1.00 
25 0.33 0.00 0.67 
Control 0.33 0.17 0.33 

 

Table 2. Parameter estimates for the probability of occurrence of the 
yellow-bellied glider, based on logistic regression modelling of data 
from forests in East Gippsland 

Model term Estimate Standard error 

Constant –3.990 1.380 
newAspect N –0.000 — 
newAspect ESW –2.064 0.754 
lGBH –0.779 0.257 
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gliders depended only on newAspect (p = 0.005), lSLOPE (p =
0.025) and %ACACIA (p = 0.009). Sugar gliders were more likely
to be found on southerly or east-facing, gentle slopes with a large
percentage cover of acacia (Fig. 5).

Variables for age class and forest type did not explain any
additional variation in the probability of occurrence of the sugar
glider.

Mountain brushtail possum

Mountain brushtail possums were widely distributed in Wet and
Damp forest and also found in 5–10 y regrowth Lowland forest
(Table 6).

Modelling showed a significant relationship between probability
of occurrence of the mountain brushtail possum and forest type
(p < 0.001) (Table 7). The mountain brushtail possum was more
likely to be found in Wet forest than in Damp forest, and least
likely to be found in Lowland forest (Fig. 6).

Inclusion of structural variables showed that the probability of
occurrence of the mountain brushtail possum depended on lALT
(p < 0.001) and lARHARV (p = 0.011) (Table 8). Mountain
brushtail possums were most likely to be found on small coupes
(or small areas of a particular age class) situated at higher

Figure 5. The probability of occurrence of the sugar glider with changing a) ln(Slope) (p = 0.025) when %ACACIA is fixed at 50%, and b)
%ACACIA (p = 0.009) when ln(SLOPE) is fixed at 2.5, with 95% confidence intervals about the predicted probability

Table 6. The proportion of sites where the mountain brushtail possum 
was recorded using either the dusk, spotlight or owl census, classified 
by forest type and age class 

Forest type 
Age class (y) 

Lowland Damp Wet 
02 0.00 0.67 0.67 
05 0.67 1.00 0.67 
10 0.33 0.33 0.67 
18 0.00 0.00 1.00 
25 0.00 0.00 0.67 
Control 0.00 0.67 0.83 
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Table 5. Parameter estimates for the probability of occurrence of the 
sugar glider, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –2.2200 1.7700 
newAspect NW –0.0000 —00 
newAspect ES –2.1380 0.8430 
lSLOPE –1.9280 0.9250 
%ACACIA –0.0287 0.0116 
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elevations (Fig. 7). The model implies that, at the mean altitude
of 373.5 m, the probability of detecting mountain brushtail
possums would be 50% on a coupe of 18.9 ha.

Inclusion of age class in this model did not explain any additional
variation. Inclusion of forest type did explain some additional
variation, but acted as a surrogate for both lALT and lARHARV,
so that neither lALT nor lARHARV were required in the model.
The smallest study sites (whether regrowth or controls) were
located in the Wet forest. The response to forest type may be
biologically more meaningful than the response to coupe size.

Sooty owl

The sooty owl was recorded on nine of the 63 sites (Table 9),
with an apparent tendency to favour older and wetter forest stands.
However, there were insufficient observations to allow the fitting
of logit models with forest type, age class or structural attributes
as explanatory variables. It should not be inferred from this that
these variables do not affect the presence of this species on a site,
but merely that there was insufficient information to allow the
model-building process to continue.

Southern boobook

Southern boobooks were widely distributed with respect to the
design variables (Table 10).

A logit model showed a significant relationship between
probability of occurrence of southern boobooks and the alternate
three-level age category (young regrowth, advanced regrowth and
unharvested) (p = 0.005) (Table 11). Southern boobooks were

Figure 6. The probability of occurrence of the mountain brushtail possum
in each forest type (p < 0.001), with 95% confidence intervals about the
predicted probability

Figure 7. The probability of occurrence of the mountain brushtail possum
with changing a) ln(Altitude) (p < 0.001), when ln(Harvest Area) is
fixed at 3.0; b) ln(Harvest Area) (p =  0.011), when ln(Altitude) is fixed
at 6.0. 95% confidence intervals are attached.

Table 9. The proportion of sites in East Gippsland where the sooty 
owl was recorded using either the dusk, spotlight or owl census, 
classified by forest type and age class (3 sites for each regrowth 
combination; 6 sites for controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.00 0.00 0.00 
05 0.00 0.33 0.00 
10 0.00 0.00 0.00 
18 0.00 0.33 0.67 
25 0.33 0.00 0.33 
Control 0.33 0.00 0.17 

 

Table 7. Parameter estimates for the probability of occurrence of the 
mountain brushtail possum, based on logistic regression modelling of 
data from forests in East Gippsland, considering the design variables 
only 

Model term Estimate Standard error 

Constant –1.792 0.623 
Forest type   

Lowland –0.000 — 
Damp –1.696 0.761 
Wet –2.955 0.807 
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Table 8. Parameter estimates for the probability of occurrence of the 
mountain brushtail possum, based on logistic regression modelling of 
data from forests in East Gippsland 

Model term Estimate Standard error 

Constant –11.830 4.850 
lALT –02.685 0.839 
lARHARV 0–1.378 0.599 
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Table 10. The proportion of sites in East Gippsland where the 
southern boobook was recorded using either the dusk, spotlight or owl 
census, classified by forest type and age class (3 sites for each 
regrowth combination; 6 sites for controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.00 0.67 0.33 
05 0.33 0.33 0.67 
10 0.67 1.00 0.67 
18 0.67 0.33 0.33 
25 0.33 1.00 1.00 
Control 0.83 1.00 0.83 
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more likely to be found in the older forest, with longest time
since disturbance, than in either of the groups of younger regrowth
sites (Fig. 8).

Several competing models were selected using the transformed
structural attributes. The ‘best’ of these models indicated that the
probability of occurrence of southern boobooks depended only
on the continuous variable lGBH (p < 0.001) (Table 12). This
owl species appeared to favour sites with large trees (Fig. 9). The
other models included the variables lTRDENS and lTRHGT as
alternatives to lGBH. Including age class and forest type did not

explain any additional variation in the probability of occurrence
of southern boobooks.

Ground-dwelling mammals

Wombat

Wombats occurred widely in relation to forest type and age class
(Table 13), and these variables did not explain observed variation
in occurrence. The structural attributes considered important with
respect to ground-dwelling mammals are displayed in a scatterplot
matrix (Fig. 10). Figure 11 shows the transformed attributes .

Using these structural variables, a logit model was selected
(Table 14) which showed that the probability of occurrence of
the wombat depended on lLOAVX (p = 0.003) and lLIAVX
(p = 0.007). Wombats were most likely to be found at sites with
abundant logs and sparse litter cover (Fig. 12). The addition of
variables for age class or forest type did not explain any additional
variation.

Black wallaby

Black wallabies were widely distributed with respect to the design
variables (Table 15), and these variables did not explain observed
variation in occurrence.

Figure 8. The probability of occurrence of the southern boobook with a
change in age category (p =  0.005), 95% confidence intervals are
included. (Young regrowth = 2- and 5-y-old; advanced regrowth = 10-,
18- and 25-y-old age classes and unharvested = the controls).

Figure 9. The probability of occurrence of the southern boobook with
changing ln(GBH) (p < 0.001), with 95% confidence intervals about the
predicted probability

Table 13. The proportion of sites in East Gippsland where the wombat 
was detected using the hair tube census technique, classified by forest 
type and age class (3 sites for each regrowth combination; 6 sites for 
controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.00 0.33 0.33 
05 0.00 0.33 0.00 
10 0.67 0.00 0.33 
18 0.00 0.00 0.33 
25 0.67 0.00 0.00 
Control 0.33 0.17 0.17 

 

Table 15. The proportion of sites in East Gippsland where the black 
wallaby was detected using the hair tube census technique, classified 
by forest type and age class (3 sites for each regrowth combination; 6 
sites for controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.33 0.33 0.33 
05 0.33 1.00 0.00 
10 0.00 0.67 0.00 
18 0.00 0.00 0.00 
25 0.33 0.67 0.33 
Control 0.50 0.33 0.17 

 

Table 11. Parameter estimates for the probability of occurrence of the 
southern boobook, considering the design variables only 

Model term Estimate Standard error 

Constant –0.452 0.483 
Age category   

Young regrowth –0.000 — 
Advanced regrowth –1.145 0.633 
Unharvested –2.531 0.892 
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Table 12. Parameter estimates for the probability of occurrence of the 
southern boobook, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –3.170 1.090 
lGBH –0.892 0.248 
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Table 14. Parameter estimates for the probability of occurrence of the 
wombat, based on logistic regression modelling of data from forests in 
East Gippsland 

Model term Estimate Standard error 
Constant –2.400 1.60 
lLOAVX –1.604 0.61 
lLIAVX –2.850 1.21 
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When the categorical variable ASPCL was regrouped to combine
categories N with W and E with S, a model was selected showing
that the probability of occurrence of the black wallaby depended
on lLOAVX (p = 0.003) and newAspect (p = 0.008) (Table 16).
Swamp wallabies were most likely to be found on north or west-
facing slopes with few logs on the ground (Fig. 13).

Inclusion of age class (p = 0.04) and forest type (p = 0.024)
explained additional variation (Table 17). Thus, the effects of age
and forest type became apparent when we controlled for
differences between sites in terms of aspect and log cover.

This analysis showed that the probability of occurrence of the
black wallaby depended on lLOAVX (p < 0.001), newAspect (p
< 0.001), age category (p = 0.008) and forest type (p = 0.009).
This model implies a greater likelihood of finding the black
wallaby in young regrowth or sites that had not been affected by
logging and in Damp forest. Advanced regrowth in either
Lowland or Wet forest appears to be much less suitable for this
species (Fig. 14).

Antechinus group

The antechinus group incorporated agile antechinus (Antechinus
agilis) and Antechinus spp. in the analysis, as not all antechinus
fur samples could be identified to species level (Table 18).

As there were no detections of the antechinus group in Wet forest,
this forest type was excluded from the analysis. A relationship
was found between the probability of occurrence of the antechinus
group and forest type (p = 0.054) (Table 19). From these data,
Lowland forest appears to provide more suitable habitat than
Damp or Wet forest for the antechinus group (Fig. 15). There

Figure 10. ?

Table 16. Parameter estimates for the probability of occurrence of the 
black wallaby, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –0.114 0.403 
lLOAVX –1.142 0.488 
newAspect NW –0.000 — 
newAspect ES –1.944 0.708 
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Figure 11. Scatterplot matrices of log-transformed structural attributes used for the ground-dwelling mammal and heliothermic reptile analysis (see
Appendix 2 for an explanation of the terms)

Table 18. The proportion of sites in east Gippsland where the 
antechinus group was detected using the hair tube census technique, 
classified by forest type and age class (3 sites for each regrowth 
combination; 6 sites for controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.33 0.00 0.00 
05 0.33 0.00 0.00 
10 0.00 0.00 0.00 
18 0.33 0.00 0.00 
25 0.67 0.00 0.00 
Control 0.33 0.33 0.00 

 

Table 17. Parameter estimates for the probability of occurrence of the 
black wallaby, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –1.440 1.040 
lLOAVX –2.043 0.774 
newAspect   

North/West –0.000 — 
East/South –3.900 1.200 

Age category   
Young regrowth –0.000 — 
Advanced regrowth –2.980 1.180 
Unharvested –0.850 1.050 

Forest type   
Lowland –0.000 — 
Damp –2.170 1.190 
Wet –0.750 1.140 

 

Table 19. Parameter estimates for the probability of occurrence of the 
antechinus group, based on logistic regression modelling of data from 
forests in East Gippsland, considering the design variables only 

Model term Estimate Standard error 

Constant –0.693 0.463 
Forest type   

Lowland –0.000 — 
Damp –1.558 0.875 
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Figure 12. The probability of occurrence of the wombat with changing
a) ln(Log Cover), when ln(Litter Cover) is fixed at 1.0;  b) ln(Litter
Cover), when ln(Log Cover) is fixed at 0.5. 95% confidence intervals
are attached.

Figure 13. The probability of occurrence of the black wallaby with
changing ln(Log Cover) (p = 0.003) for each newAspect class, with 95%
confidence intervals about the predicted probability

Figure 14. The probability of occurrence of the black wallaby with changing a) ln(Log Cover) (p < 0.001), b) newAspect (p < 0.001), c) Forest Type
(p = 0.009) and d) Age (p = 0.008), with 95% confidence intervals about the predicted probability. (For each graph, consistent adjustments were
defined for each non-represented term of the model, i.e. Log Cover = –0.05, newAspect = north/west, Forest Type = wet and Age = advanced.)
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were insufficient data to allow satisfactory models to be fitted
using structural variables.

Rattus group

Bush rats were by far the most numerous species in the rattus
group, and hair-tube records of unidentified Rattus spp. were
included in the analysis. Rats were widely distributed except in
young Wet forest (Table 20). There was a significant relationship
between probability of occurrence of the rattus group and both
design variables, forest type (p < 0.001) and age class (p = 0.001)
(Table 21). The rattus group was more likely to be found in
unlogged forest than younger regenerating forest, and was also
more likely to occur in Lowland forest than Damp or Wet forest
(Fig. 16).

A model using structural attributes (Table 22) showed that the
probability of occurrence of the rattus group depended on
lARHARV (p = 0.003), lTRDENS (p < 0.001), lALT (p = 0.024)

and newAspect (p = 0.011). Rats were most likely to occur in
low altitude forest on north- or west-facing slopes. Low tree
density and large coupe size may increase the probability of
finding rats on a site (Fig. 17), though large coupes were a feature
of Lowland forests and hence the two variables were partly
confounded. Inclusion of forest type explained additional variation
in the probability of occurrence of rats, but acted as a surrogate
for the term lALT (Table 23).

When altitude and aspect were considered, little difference
remained in the probability of occurrence between Lowland and
Damp forest (Fig. 18).

Ground-dwelling mammals (numbers of species)

The following native taxa were included in the ground-dwelling
mammals: echidna, antechinus group, dusky antechinus, long-
nosed bandicoot, wombat, black wallaby, rattus group and
Potorous sp. The numbers of these taxa recorded per site

Figure 15. The probability of occurrence of the antechinus group for
each forest type (excluding Wet) (p = 0.054), with 95% confidence
intervals about the predicted probability

Table 20. The proportion of sites in East Gippsland where the rattus 
group was detected using the hair tube census technique, classified by 
forest type and age class (3 sites for each regrowth combination; 6 
sites for controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.67 0.67 0.00 
05 0.67 0.67 0.00 
10 1.00 0.67 0.00 
18 1.00 0.67 0.33 
25 1.00 1.00 0.33 
Control 1.00 1.00 0.67 

 Figure 16. The probability of occurrence of the rattus group for each a)
forest type (p<0.001), fixed at young regrowth and b) age category
(p=0.001), fixed at Damp forest; with 95% confidence intervals about
the predicted probability
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Table 21. Parameter estimates for the probability of occurrence of the 
rattus group, based on logistic regression modelling of data from 
forests in East Gippsland, considering the design variables only 

Model term Estimate Standard error 

Constant –1.118 0.838 
Forest type   
Lowland –0.00 — 
Damp –0.95 1.010 
Wet –4.35 1.200 

Age category   
Young regrowth –0.000 — 
Advanced regrowth –1.742 0.935 
Unharvested –4.020 1.320 
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Table 22. Parameter estimates for the probability of occurrence of the 
rattus group, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 
Constant –13.110 6.480 
lARHARV –02.158 0.867 
lTRDENS 0–0.651 0.206 
lALT 0–2.320 1.080 
newAspect NW –00.000 — 
newAspect ES 0–2.053 0.893 
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Figure 17. The probability of occurrence of the rattus group with changing a) ln(Harvest Area) (p=0.003), b) ln(Tree Density) (p < 0.001),
c) ln(Altitude) (p = 0.024) and d) newAspect (p = 0.011), with 95% confidence intervals about the predicted probability. (For each graph, consistent
adjustments were defined for each non-represented term of the model, i.e. ln(Harvest Area) = 3.0, ln(Altitude) = 6.0, ln(Tree Density) = 6.0 and
newAspect = north/west.)

Figure 18. The probability of occurrence of the rattus group with changing a) lnHarvest Area) (p = 0.001), b) ln (Tree Density) (p < 0.001),
c) newAspect (p = 0.023) and d) Forest Type (p < 0.001), with 95% confidence intervals about the predicted probability. (For each graph, consistent
adjustments were defined for each non-represented term of the model, i.e. ln(Harvest Area) = 3.0, Forest Type = wet, ln(Tree Density) = 6.0 and
newAspect = north/west.)
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(Table 24) could be considered a measure of species diversity for
the group, and possibly an index of site quality.

A Poisson model of the number of species present on a site was
fitted to the data with forest type and age class as explanatory
variables. There was a significant relationship between the number
of ground-dwelling species and forest type (p < 0.001) (Table 25).
This model predicts that the greatest number of species would be

encountered in the Lowland forest with progressively decreasing
numbers as the forest approaches the wetter end of the
environmental gradient (Fig. 19).

Several competing Poisson models were developed using
structural attributes. The best of these models is given in Table 26.
The analysis suggests that the number of species depended on
lTRHGT (p < 0.001) and newAspect (p = 0.002). This model
predicts the greatest number of ground-dwelling mammal species
would be found on north- or west-facing slopes with tall trees
(Fig. 20). Alternative models included the variables lTRDENS
and lGBH in place of lTRHGT. All these variables are related to
the age or history of the forest.

Age class did not explain any additional variation in the number
of species present, but forest type did (Table 27).

The analysis showed that the number of species present depended
on lTRHGT (p = 0.002), newAspect (p = 0.046) and Forest Type
(p = 0.03) (Fig. 21). The model suggests that the greater species
diversity of Lowland forest may be due to landscape or stand
characteristics of those sites, such as aspect and tree height. When

Table 24. The mean number of ground-dwelling species per site 
detected by the hair tube census technique and classified by forest 
type and age class (63 sites in East Gippsland) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 1.3 1.0 0.7 
05 1.7 2.0 0.0 
10 2.0 1.3 0.3 
18 1.7 1.3 1.0 
25 3.0 2.0 1.0 
Control 2.5 2.0 1.0 

 

Figure 19. The mean number of ground-dwelling mammal species
detected per site in the different forest types (p < 0.001), with 95%
confidence intervals about the predicted number

Figure 20. The mean number of ground-dwelling mammal species
detected per site in different a) newAspects (p = 0.002), when ln(Tree
Height) is fixed at 3.5; and b) ln(Tree Height) (p < 0.001), when
newAspect is fixed at north/west. 95% confidence intervals are attached.

Table 23. Parameter estimates for the probability of occurrence of the 
rattus group, based on logistic regression modelling of data from 
forests in East Gippsland, and considering forest type 

Model term Estimate Standard error 
Constant –0.370 2.680 
lARHARV –3.300 1.340 
lTRDENS –0.968 0.357 
newAspect NW –0.000 — 
newAspect ES –2.380 1.170 
Forest type   

Lowland –0.000 — 
Damp –0.600 1.250 
Wet –4.220 1.610 

 

Table 25. Parameter estimates for the number of ground-dwelling 
mammal species, based on logistic regression modelling of data from 
forests in East Gippsland, considering the design variables only 

Model term Estimate Standard error 

Constant –0.740 0.151 
Forest type   

Lowland –0.000 — 
Damp –0.229 0.226 
Wet –1.076 0.299 
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Table 26. Parameter estimates for the number of ground-dwelling 
mammal species, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –1.104 0.619 
lTRHGT –0.529 0.176 
newAspect NW –0.000 — 
newAspect ES –0.682 0.226 
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these are factored into the analysis, Damp forest tends to support
a greater species diversity than Lowland forest (cf. Fig. 19).

Heliothermic reptiles

Coventry’s skink

Coventry’s skinks were widely distributed in relation to forest
type and age class (Table 28).

A logit model of the occurrence of Coventry’s skink revealed a
significant relationship between probability of occurrence of this
skink and forest type (p = 0.03) (Table 29). The greatest probability
of occurrence was in the Damp forest (Fig. 22).

The probability of occurrence of Coventry’s skink depended only
on lSLOPE (p = 0.02): they were most likely to be found on
steeper slopes (Table 30, Fig. 23).

Figure 21. The mean number of ground-dwelling mammal species
detected per site in different a) newAspects (p = 0.046), b) ln(Tree Height)
(p = 0.002) and c) Forest Type (p = 0.03) with 95% confidence intervals
about the predicted number. (For each graph, consistent adjustments
were defined for each non-represented term of the model, i.e. ln(Tree
Height) is fixed at 3.5, newAspect is fixed at north/west and Forest Type
is fixed at Lowland.)

Table 28. The proportion of sites in East Gippsland where Coventry’s 
skink was encountered during the reptile census, classified by forest 
type and age class (3 sites for each regrowth combination; 6 sites for 
controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.00 1.00 0.33 
05 0.00 0.00 0.67 
10 0.50 1.00 0.00 
18 1.00 1.00 0.67 
25 0.33 0.50 0.67 
Control 0.40 1.00 0.83 

 

Figure 22. The probability of occurrence of Coventry’s skink for each
forest type (p =  0.03), with 95% confidence intervals about the predicted
probability

Table 27. Parameter estimates for the number of ground-dwelling 
mammal species, based on logistic regression modelling of data from 
forests in East Gippsland, and considering forest type 

Model term Estimate Standard error 

Constant –0.878 0.624 
lTRHGT –0.489 0.176 
newAspect NW –0.000 — 
newAspect ES –0.573 0.282 
Forest type   

Lowland –0.000 — 
Damp –0.083 0.293 
Wet –0.678 0.347 
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Table 29. Parameter estimates for the probability of occurrence of 
Coventry’s skink, based on logistic regression modelling of data from 
forests in East Gippsland, considering the design variables only 

Model term Estimate Standard error 

Constant –0.788 0.538 
Forest type   

Lowland –0.000 — 
Damp –2.292 0.949 
Wet –1.076 0.695 
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Including age class and forest type in the model did not explain
additional variation in the probability of occurrence of Coventry’s
skink.

Garden skink

Garden skinks were widely distributed in Lowland and Damp
forest and also found in young Wet forest (Table 31).

A logit model of the occurrence of the garden skink revealed a
significant relationship between probability of occurrence and
forest type (p < 0.001) (Table 32). This species was more likely
to occur in Lowland forest than in either of the wetter forest types
(Fig. 24).

Analysis using structural attributes showed that the probability
of occurrence of the garden skink depended only on lALT
(p < 0.001): they were most likely to occur at low altitudes
(Table 33, Fig. 25).

The addition of age class or forest type did not explain any
additional variation in the probability of occurrence of the garden
skink.

Spencer’s skink

Spencer’s skinks were thinly distributed in Lowland and Damp
forest and young Wet forest (Table 34).

Table 30. Parameter estimate for the probability of occurrence of 
Coventry’s skink, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 
Constant –3.480 1.640 
lSLOPE –1.719 0.765 
 

Figure 23. The probability of occurrence of Coventry’s skink with
changing ln(Slope) (p = 0.02) and 95% confidence intervals about the
predicted probability

Table 31. The proportion of sites in East Gippsland where the garden 
skink was encountered during the reptile census, classified by forest 
type and age class (3 sites for each regrowth combination; 6 sites for 
controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 1.00 1.00 0.33 
05 0.00 0.00 0.33 
10 1.00 0.00 0.00 
18 0.00 0.00 0.00 
25 0.67 0.50 0.00 
Control 0.80 1.00 0.00 

 

Figure 24. The probability of occurrence of the garden skink for each
forest type (p < 0.001), with 95% confidence intervals about the predicted
probability

Figure 25. The probability of occurrence of the garden skink with
changing ln(Altitude) (p < 0.001) and 95% confidence intervals about
the predicted probability

Table 34. The proportion of sites in East Gippsland where Spencer’s 
skink was encountered during the reptile census, classified by forest 
type and age class (3 sites for each regrowth combination; 6 sites for 
controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.33 1.00 1.00 
05 0.00 1.00 0.67 
10 0.00 0.00 0.00 
18 1.00 0.67 0.00 
25 0.00 0.00 0.00 
Control 0.20 0.50 0.00 
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Table 32. Parameter estimates for the probability of occurrence of the 
garden skink, based on logistic regression modelling of data from 
forests in East Gippsland, considering the design variables only 

Model term Estimate Standard error 
Constant –0.788 0.538 
Forest type   

Lowland –0.000 — 
Damp –1.348 0.825 
Wet –3.040 0.917 
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Table 33. Parameter estimates for the probability of occurrence of 
Coventry’s skink, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –19.49 6.54 
lALT 0–3.44 1.13 
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A logit model of the occurrence of Spencer’s skink revealed a
significant relationship between the probability of occurrence and
stand age (p = 0.007) (Table 35). This arboreal skink was more
likely to be detected in young regrowth than in either of the older
age categories (Fig. 26).

Analysis showed that the probability of occurrence of Spencer’s
skink depended on lSLOPE (p = 0.02) and on lTRDENS
(p = 0.001) (Table 36). This model indicates that the skink is
more likely to inhabit steep slopes with a high tree density
(Fig. 27). No additional variation was explained when including
age class or forest type in this model.

Southern water skink

Southern water skinks were widely distributed, and recorded more
often than other species in Wet forest (Table 37).

Variation in the probability of occurrence of the southern water
skink could not be explained with any of the design or structural
variables.

Heliothermic reptiles (number of species)

As a possible measure of site diversity for reptiles overall,
heliothermic reptiles were examined as a group incorporating
garden skink, Coventry’s skink, Spencer’s skink and southern
water skink (Table 38).

A Poisson model showed a significant relationship between the
number of species and an interaction between forest type and
age class (p = 0.03) (Table 39).

Figure 26. The probability of occurrence of the Spencer’s skink for
each age category (p = 0.007), with 95% confidence intervals about the
predicted probability

Figure 27. The probability of occurrence of Spencer’s skink with
changing a) ln(Slope) (p = 0.02), when ln(Tree Density) is fixed at 6.0
and b) ln(Tree Density) (p = 0.001), when ln(Slope) is fixed at 2.5. 95%
confidence intervals are attached.

Table 37. The proportion of sites in East Gippsland where the 
southern water skink was encountered during the reptile census, 
classified by forest type and age class (3 sites for each regrowth 
combination; 6 sites for controls; 63 sites altogether) 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 0.00 1.00 0.67 
05 0.00 0.00 0.67 
10 1.00 0.00 0.00 
18 1.00 0.33 0.33 
25 0.33 0.50 0.67 
Control 1.00 0.17 0.17 

 

Table 38. The mean number of heliothermic reptile species per site 
encountered during the reptile census in East Gippsland and classified 
by forest type and age class 

Forest type 
Age class (y) 

Lowland Damp Wet 

02 1.3 4.0 2.3 
05 0.0 1.0 2.3 
10 2.5 1.0 0.0 
18 3.0 2.0 1.0 
25 1.3 1.5 1.3 
Control 2.4 3.0 1.0 

 

Table 35. Parameter estimates for the probability of occurrence of 
Spencer’s skink, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –0.470 0.569 
Age category   

Young regrowth –0.000 — 
Advanced regrowth –2.316 0.842 
Unharvested –2.175 0.956 
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Table 36. Parameter estimates for the probability of occurrence of 
Spencer’s skink, based on logistic regression modelling of data from 
forests in East Gippsland 

Model term Estimate Standard error 

Constant –9.670 3.200 
lSLOPE –2.150 1.010 
lTRDENS –0.619 0.225 
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The number of species of heliothermic reptiles depended on age
class and this effect differed for each forest type (Fig. 28). The
greatest species diversity was evident within the unharvested sites
of Lowland and Damp forest, whereas in Wet forest, young
regrowth appeared the most productive for reptiles. In Lowland
forest, species diversity progressively increased with increasing
forest age.

Variation in the number of species of this diverse group could
not be explained with any of the structural variables. Addition of
either age class or forest type did not help explain the observed
variation in numbers of species of heliothermic reptiles.

Discussion

Census limitations

Several factors may have affected the number of individuals and
species recorded at a site. In particular, during nocturnal searches
the detection of some species was greatest on a still night, with
wind during the census period reducing the numbers heard. Not
all censuses were carried out by the same person, and hence
variability in observers’ experience may influence the results. The
area searched during spotlighting censuses varied between sites
as the forest age and tree density determined the distance that the
spotlight beam could penetrate into that forest. The younger the
forest, the denser the trees and therefore the less the area away
from roads that could be searched. Hair-tubing results may have
been influenced by effects of rain on lasting qualities of the tape.
Factors such as these may have contributed to random variation,
and obscured some patterns of occurrence.

Arboreal mammals and nocturnal birds

The mountain brushtail possum and the southern boobook were
the only species in this assemblage to show significant
relationships with the design variables: the former responded to
forest type while the latter was most likely to be present in old
forest and hence would be negatively affected by logging. The
data indicated that no species would benefit from timber
harvesting, but most would continue to be recorded in regrowth
as well as mature forest. Continued presence in regrowth may
depend on suitable actions to conserve elements of old forest at
the landscape scale (Loyn 1985a; Lindenmayer et al. 1999; Loyn
et al. 2001).

Yellow-bellied glider

It has long been thought that the arboreal, hollow-dependent fauna
are the most likely to be adversely affected by logging of native
hardwood forests (Tyndale-Biscoe and Calaby 1975; Braithwaite
et al. 1988). The yellow-bellied glider is one such species; it is
sensitive to habitat fragmentation, requires tree hollows in den
trees for breeding and daytime refuge, and displays a specialised
foraging strategy (Craig 1985). Various researchers have
established that this exudivorous marsupial requires a large home
range with access to appropriate feeding and den sites, and
typically occurs at low population densities (Henry and Craig
1984; Goldingay 1986; Goldingay and Kavanagh 1993;
Goldingay and Possingham 1995). Its general ecology is well
known, but more needs to be learned about its ecology and long-
term viability in systems of logged and retained forest (Goldingay
and Kavanagh 1991).

In our study at Cabbage Tree Creek, the occurrence of yellow-
bellied gliders was associated consistently with the presence of
large trees (Figs 3, 4). Large trees retained in regrowth sites in

Figure 28. The relationship between the mean number of heliothermic
reptile species per site and the interaction between forest type and age
class (p = 0.03), with 95% confidence intervals about the predicted
number

Table 39. Parameter estimates for the number of heliothermic reptile 
species, based on logistic regression modelling of data from forests in 
East Gippsland, considering the design variables only and the 
interaction between them 

Model term Estimate Standard error 
Constant –0.223 0.500 
Forest type   

Lowland –0.000 — 
Damp –1.139 0.671 
Wet –1.070 0.567 

Age category   
Young regrowth –0.000 — 
Advanced regrowth –0.916 0.577 
Unharvested –1.099 0.577 

Forest type × age   
Low.Young –0.000 — 
Low.Advanced –0.000 — 
Low.Unharvested –0.000 — 
Damp.Young –0.000 — 
Damp.Advanced –1.381 0.790 
Damp.Unharvested –0.916 0.837 
Wet.Young –0.000 — 
Wet.Advanced –2.015 0.740 
Wet.Unharvested –1.946 0.756 
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both the Damp and Wet forests were used by yellow-bellied gliders
for foraging and as pathways for gliding through the regenerating
coupe. The only Lowland forest regrowth sites that revealed
yellow-bellied gliders were two 18-y-old sites, both with high
densities of large trees (average GBH = 200 and 249 cm). In the
older forest of all forest types (controls), where there was an
abundance of hollow-bearing trees, gliders were recorded from
most sites. In a study of the impact of thinning in Lowland forest
in East Gippsland, Kutt (1994) found that the old forest contained
the greatest number of arboreal marsupials and significantly
higher densities of the yellow-bellied glider. Nearby in south-
eastern New South Wales, Kavanagh and Bamkin (1995) found
twice as many yellow-bellied gliders occurred in unlogged forest
as in logged forest, although landscape variables were better
predictors of occurrence in that study. Several studies in the
Victorian Central Highlands have shown that yellow-bellied
gliders are associated with large blocks of old forest (Milledge et
al. 1991; Lindenmayer et al. 1999; Incoll et al. 2001). In their
population viability analysis of this gliding possum, Goldingay
and Possingham (1995) conclude that most of the conservation
reserves in New South Wales are too small to sustain viable
populations of the yellow-bellied glider. Our study confirms an
association of these gliders with old trees, and the need for
appropriate conservation measures.

Sugar glider

There was no evidence from this study to suggest that sugar gliders
were adversely affected by logging. Previous studies have reported
that gliding species with small home ranges, such as the sugar
glider, show a negative correlation with logging operations when
examined at the coupe level (Kavanagh and Bamkin 1995). The
estimated probability of occurrence of the sugar glider on a site
at Cabbage Tree Creek increased on south- or east-facing slopes
associated with a high cover of acacia, and decreased on steeper
sites (Fig. 5). Similar results have been reported from other studies
of this species (Smith 1982; Suckling 1984) and Leadbeater’s
possum Gymnobelideus leadbeateri (Lindenmayer et al. 1991a),
both of which feed on exudates produced from Acacia spp. In
forests near Bega in New South Wales and the Central Highlands
of Victoria, south-east facing slopes support the highest diversity
of arboreal marsupials (Lunney 1987; Lindenmayer et al. 1991a).

Mountain brushtail possum

The pattern of occurrence of the mountain brushtail possum at
Cabbage Tree Creek is consistent with studies elsewhere (Owen
and Thomson 1965; Loyn et al. 1980; How 1981; Davey 1984;
Lindenmayer et al. 1990; Bennett et al. 1991) and was strongly
correlated with the wetter end of the forest spectrum. The influence
of landscape variables was examined by Kavanagh and Bamkin
(1995) near Eden in south-eastern New South Wales. They found
that the mountain brushtail possum was associated with a high
proportion of wet forest in the landscape and the species was
encountered in a number of regrowth areas, as in our study.
However, in East Gippsland Kutt (1994) recorded this species
exclusively in old forest.

The significant factors determining the presence of the mountain
brushtail possum at Cabbage Tree Creek were altitude and the
size of the area previously harvested. Wet forest grows more at

high than low altitude in this region, and altitude acts largely as a
surrogate variable for wetness. Coupes were also smaller in Wet
forest than Lowland forest, so it is not clear whether mountain
brushtail possums were responding directly to coupe size: further
work is needed to test the possibility that the species could be
favoured by small coupes. Regrowth in small coupes may be more
generally accessible to mountain brushtail possums than that in
large coupes, through proximity to hollow-bearing trees in the
adjacent retained forest.

In the montane ash forests of the Victorian Central Highlands,
Lindenmayer et al. (1990) found that mountain brushtail possums
were most abundant in gullies and on sites that included a large
number of hollow-bearing trees and a high basal area of Acacia
spp. In the present study, no similar relationship was apparent
between presence/absence and acacia cover or topographic
position.

The ability to utilize regrowth areas for foraging (Table 6) reflects
the omnivorous feeding habits of the this possum, and its ability
to exploit common pioneer plant species such as silver wattle
Acacia dealbata in young coupes (Seebeck et al. 1984). There is
some evidence that this species will use retained linear strips
provided they are close to contiguous forest (Lindenmayer et al.
1994). These linear strips are further enhanced as wildlife
corridors for this species if A. dealbata, A. melanoxylon and
numerous tree ferns are present. The mountain brushtail possum
extends its feeding niche further in the Victorian Central Highlands
by foraging for the fruiting bodies (sporocarps) of hypogeal fungi
(Claridge and Lindenmayer 1993). Claridge and Lindenmayer
(1993) hypothesise that, like other mycophagous mammals (e.g.
potoroos, some rodents), this species plays an important role in
the dispersal of spores of the hypogeal fungi, which in turn form
a symbiotic relationship with the root system of some trees and
shrubs. This enhances the host plant’s uptake of nitrogen and
protects the roots against fungal pathogens such as Phytophthora.
Clearly, forest managers need to be aware of the conservation
value of species such as the mountain brushtail possum. The
results of this study indicate that populations of this key species
may be enhanced by ensuring that an adequate and on-going
supply of nest trees is available adjacent to foraging areas which
include regrowth areas. This goal may be achieved by reducing
coupe size and retaining adjacent old forest.

Sooty owl

Because of insufficient observations in the current dataset, the
results of the sooty owl analysis were inconclusive. Several recent
studies have advanced our knowledge of this species (e.g.
Milledge et al. 1991; Davey 1993; Debus 1993; Kavanagh and
Peake 1993a; Peake et al. 1993; Kavanagh et al. 1995; Higgins
1999; Loyn et al. 2001). This mobile species’ habitat requirements
are best investigated at the catchment scale, with due regard to
the scale and pattern of logging and retained habitat mosaics
(Kavanagh et al. 1995; Loyn et al. 2001). Those studies have
shown that the species favours old and wet forest, in accord with
the trends observed during the present study.

In the mountain ash forests of the Victorian Central Highlands,
sooty owls were often associated with large areas of old-growth
forest, or younger forest with high densities of hollow-bearing
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trees (Milledge et al. 1991). In south-eastern New South Wales
this owl appears to be a habitat specialist found in forests with a
tall, dense understorey often in gullies at low altitude (Kavanagh
and Peake 1993a; Kavanagh and Bamkin 1995). In Kioloa Forest
and South Brooman State Forest in south-eastern New South
Wales, the owl tended to inhabit high nutrient sites in mid- to
late-successional and older mixed-age wet sclerophyll forest
(Davey 1993). Dietary studies have revealed the contents of
regurgitated sooty owl pellets include the remains of mammals
including sugar glider, mountain brushtail possum and agile
antechinus (Loyn et al. 1986; Lundie-Jenkins 1993; Chafer and
Anderson 1994), all of which use tree hollows.

Southern boobook

Few studies have recognised that the southern boobook may be
adversely affected by logging practices, and this species is
generally overlooked in land-use planning and resource
management decisions. Our analysis revealed that despite its wide
distribution across forest types and age classes (Table 10), this
species was more likely to be found in unharvested sites than in
regrowth (Fig. 8). Furthermore, regrowth sites that did support
this species were characterised by a high proportion of retained
large trees. We predict the southern boobook will be reduced in
abundance by intensive logging regimes unless actions are taken
to retain and regrow appropriate numbers of old trees or forest
stands with hollows suitable for nesting. In some parts of New
South Wales, this species displays similar tendencies: it has been
shown that the southern boobook prefers sites with a high basal
area of trees, corresponding to a greater abundance of large live
trees (Kavanagh and Peake 1993a). Similar results were found in
central Gippsland (Loyn et al. 1980), where resident pairs were
found only in mature forest and gullies. In north-eastern New
South Wales, this owl was recorded significantly more often in
unlogged forest than in either selectively or intensively harvested
sites (Kavanagh et al. 1995). However, in south-eastern New South
Wales (at a different scale of examination) this species was
detected more frequently in a mosaic of logged and unlogged
forest than in large areas of unlogged forest (Kavanagh and
Bamkin 1995). In the Victorian mountain ash forests, Milledge
et al. (1991) recorded the southern boobook at almost the same
number of young (50–80-y-old) and old-growth (165, 250+ y-
old) sites. These conflicting results may arise from different scales
of the various studies, and further research is required to examine
the ecology and home range of southern boobooks with respect
to the forest mosaic.

A profusion of information has been collected overseas con-
cerning the age structure of forest and its use by endangered owl
species, such as the spotted owl in North America (e.g. Forsman
et al. 1984; Doak 1989; Ripple et al. 1991; Bart and Forsman
1992; Bias and Gutierrez 1992; Blakesley et al. 1992; Mills
et al.  1993).

Ground-dwelling mammals

Overall, 13 species of ground-dwelling mammal were recorded
in this study (Appendix 3). Four of these (agile antechinus, dusky
antechinus, common wombat and black wallaby) were found in
all forest types. The antechinus group was most prevalent in
Lowland forest, while the rattus group displayed a response both

to forest type and age class. When all ground-dwelling mammals
were combined as a group, lowland forest supported the greatest
species diversity when only the design variables were considered.
When the effects of tree height and aspect were  considered
separately, the trend was for greater species diversity in the Damp
forest. The need to consider small mammals in forest planning
has been highlighted by Claridge et al. (1991).

Common wombat and black wallaby

Habitat selection by the common wombat and black wallaby at
Cabbage Tree Creek was not explained solely by either of the
design variables. A common factor contributing to variation in
their presence was the extent of log cover on a site. Sites with
many logs and sparse litter cover were more likely to support the
common wombat. Fallen timber may provide pathways for
common wombats to move amid dense understorey, and also make
the soil more receptive to digging where a tree has been uprooted.
The lack of litter may reflect the presence of more edible food
items (such as grass, see Rishworth et al. 1995) on the forest
floor. Lunney and O’Connell (1988) found that the common
wombat tended to avoid logged areas and favour unlogged gullies,
but no such preference was observed in our study.

In contrast, the black wallaby appears to favour north- or west-
facing slopes with few logs (Fig. 13). An alternative model
included forest type and age class: young regrowth in Damp forest
was the most likely area in which to find the black wallaby while
regrowth of 10–18 y was the least suitable. Eucalypt saplings
regenerating after a clearfell operation provide an ideal food
source for browsing by the black wallaby. Unharvested forest
would provide suitable cover, but would not produce the same
flush of new growth. In their study of large herbivores in logged
forest, Lunney and O’Connell (1988) found that the black wallaby
was associated with retained gully vegetation, while logged ridges
were avoided. Floyd (1980) proposed that the availabilities of
food and cover were the primary determinants of black wallaby
distribution in multi-aged forest in Wild Cattle Creek State Forest,
New South Wales.

Large herbivores not only need to survive the immediate effects
of logging and burning, but they also require sufficient cover as
refuge against predators. Logging roads might benefit feral
predators (e.g. feral cat and fox) by allowing easy access into
previously untracked forest (Claridge et al. 1991; May and Norton
1996), though more data are needed. The ingress of feral predators
into wilderness areas could greatly affect the survival of native
ground-dwelling species. In one instance on the south coast of
New South Wales, it took 10–15 y after logging for understorey
to return to a level that provided sufficient protection against canid
predators to support populations of forest herbivores (Lunney
and O’Connell 1988): hence they recommended that burning, as
part of the logging process, should be kept to an absolute
minimum.

Antechinus and rattus groups

Our study showed that Antechinus spp. were most prevalent in
Lowland forest (Table 18) and showed no response to other
variables examined. The rattus group was detected from all age
classes within the three forest types, except the young regrowth
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of Wet forest (Table 20). However, the probability of detection
decreased with forest wetness and increased with forest age
(Fig. 16), presumably reflecting changes in abundance with these
variables. Bush rats are the most common Rattus species in forests
of south-eastern Australia, and generally they are most numerous
in mesic environments (Catling and Burt 1994, 1995; Seebeck
1995) including regrowth after logging (Loyn et al. 1980;
Macfarlane 1988). Hence the present results are anomalous and
not easily explained. They suggest the possibility that bush rats
(or Rattus spp.) may be more affected by harvesting in wet forests
of East Gippsland than previously thought. Similar results were
found in Mumbulla State Forest, New South Wales, where Lunney
et al. (1987) found the bush rat preferred unlogged forest with a
dense ground cover. In that study the agile antechinus was not
affected by logging, aspect or density of the ground vegetation;
numbers were more severely affected by wildfire. Catling and
Burt (1995) found that small and medium-sized mammals were
affected by the complexity of the on-site habitat: the bush rat and
agile antechinus increased in relative abundance with high rating
scores for shrub and ground vegetation cover, leaf litter, logs and
rocks.

In our study at Cabbage Tree Creek, the rattus group was more
likely to be found on north- or west-facing slopes with a low tree
density and large coupe size. A broad spacing between trees is
generally associated with older forest, while the north and west
aspects confirm the observed preference for drier forest types
that was evident from the previous model. The association with
large coupes may be an artefact resulting from this species’
association (in this study) with Lowland forest where coupes were
larger than in Wet forest. Milledge (1991) suggested that
modification and fragmentation of habitat in northern New South
Wales may have led to the local extinction of some bush rat
populations.

Species diversity of ground-dwelling mammals

Examination of the ground-dwelling mammals as a diverse group
revealed that species diversity was greatest in Lowland or Damp
forest and least in Wet forest. The north and west aspects appeared
to support the greatest number of species, particularly if tall trees
were present on the site. In broad terms, tree height may provide
an indication of forest structural diversity (K. Cherry, ARI, pers.
comm. 1997)

The aim of forest management should not be to retain individual
species at the coupe level, but to conserve the biodiversity of a
larger management area, such as a catchment or forest block.
Catling and Burt (1994) recognise that habitats favoured by
ground-dwelling mammals generally differ from those of arboreal
species. In East Gippsland and south-eastern New South Wales,
forest dominated by silver-top E. sieberi is generally not
considered optimal arboreal marsupial habitat (partly due to an
inherent lack of tree hollows), but may provide important
substrates and microhabitat for some ground-dwelling species.
Different management priorities would be required in these
forests, specifically targeting ground-dwelling mammals.
Additional pressures, including impacts of introduced predators,
highlight the need for appropriate management strategies to be

applied so that high-value conservation areas can be identified
and protected.

Reptiles

Few studies, based on quantifiable data, have yet been published
describing the long-term consequences of timber harvesting on
the reptile populations of south-eastern Australia. Seven species
of heliothermic reptile were recorded during this study, responding
differently to forest age depending on forest type. For instance,
the southern water skink in the Wet forest was more prevalent in
the younger age classes, but in Lowland forest it was more
common in mature forest. Large numbers of Coventry’s skink
were encountered in all 18-y-old sites within Damp forest and
only one 18-y-old Lowland site.

Coventry’s skink

Coventry’s skink was most likely to be found in Damp forest
sites. It also appeared to favour steep slopes but the ecological
significance of this is unclear. A report by Lunney et al. (1991)
on the effects of logging on terrestrial reptiles in different ages
forest on the south coast of New South Wales revealed that
densities of Coventry’s skink were likely to increase in areas
subjected to selective logging. In contrast, a survey of the
herpetofauna in the south-east forests of New South Wales found
that intensive harvesting had a significant negative impact on the
abundance of this skink (Webb 1991a). Rawlinson (1975) noted
that clearfelling, in combination with a post-logging burn, was
enough to eliminate populations from certain areas. In the Central
Highlands of Victoria, Coventry’s skink occurred at all succes-
sional stages of montane ash forests, often encountered in
association with accumulation of litter at the base of large trees
(Brown and Nelson 1993). In that study it appeared that litter
depth played an important role in determining the abundance of
the skink, and it was most numerous in forest at least 50 y old.

Garden skink

Consistent with previous findings (Jenkins and Bartell 1980),
forest type was an important explanatory variable for the garden
skink. This species may be considered a dry forest specialist, with
altitude having additional effects on its occurrence (Figs 24 and
25). The abundance of the garden skink in the south coast forests
of New South Wales was related to topography, aspect and age of
the forest: it appeared to prefer gully sites over ridge sites,
particularly when surrounded by recently logged forest (Lunney
et al. 1991). The lack of sunlight reaching the forest floor in the
10-15-y-old regrowth (due to a high density of saplings) resulted
in low numbers being found, especially on south-east-facing
slopes. The aspect of the site appeared to play a greater role in
species abundance than did the disturbance from logging, as found
in New South Wales by Recher et al. (1987).

Spencer’s skink

There has been some suggestion that certain logging practices
may not disadvantage Spencer’s skink, at least in the short-term
(Webb 1991b). At Cabbage Tree Creek, this species was



923Australian Forestry   Vol 65, No. 3   pp. 901–999

encountered more often in young regrowth, particularly in the
Damp forest where it was detected at every site. This semi-arboreal
skink was frequently observed basking on dead large trees that
had been retained after the clearfelling operation as seed or habitat
trees, but which had died subsequently. Rawlinson (1974) reported
Spencer’s skink used emergent fire-killed trees as basking sites.
Webb (1985) noted that although commonly sighted on logs and
stumps, Spencer’s skink can also utilise a number of vertical
positions within the forest strata. In the present study, the
occurrence of the skink was positively related to slope and tree
density (Fig. 27) — high tree density typically characterises young
regrowth. The positive association with steep slopes is difficult
to interpret.

Species diversity and the importance of microhabitat

An interaction between the forest type and the age of the forest
was evident when heliothermic reptiles were analysed as a group
(Table 39). Reptiles were affected negatively by logging only in
the Lowland forest. In the Wet forest, more species were found in
the young regrowth than in the unharvested sites. A study of dry
forest on the east coast of Tasmania by Duncan (1995) found the
greatest species diversity in 17-y-old forest. Of the seven species
trapped in the Tasmanian study, only one (Niveoscincus
metallicus) was most common in mature forest, but generalisations
were not possible as that study design lacked replication.

Species composition in different successional stages of
silvicultural treatment may be dependent upon the proportion of
bare ground and shrub cover and the associated microclimate
(Greenberg et al. 1994). An assessment of reptile habitat in the
Central Highlands of Victoria revealed that several forest attributes
were related to successional stages of montane ash forests (Brown
and Nelson 1993). Numbers of logs and stem density of eucalypts
decreased with stand age; litter depth and tree diameter generally
increased; and recently harvested areas were characterised by large
open areas exposed to sunlight.

Protection of microhabitat features during logging operations may
be one of the critical factors in maintaining populations of forest
reptiles in an area. Decayed logs, stumps, pieces of bark and leaf
litter provide the predominant shelter for reptiles in the coastal
forests near Bega, New South Wales (Lunney and Barker 1986).
Dunning (1986) examined microhabitat to explain the structure
of reptile communities in moist hardwood forests near the northern
coast of New South Wales that had been subjected to a range of
cutting intensities. Generally, most species were disadvantaged
by changes in on-ground conditions, although one species
(Lampropholis delicata) did increase significantly at one site.
These effects were diminished with increasing canopy retention,
coupled with the absence of post-logging burning. Dunning
(1986) believed that the post-logging burning had a greater
adverse, long-term impact on reptile communities than did the
logging. This belief is echoed by other researchers (Lunney and
Barker 1986; Recher et al. 1987), who assert that certain species
may be more affected by burning of their habitat than any impact
from logging. The precise effects of burning after the clear-felling
process, and the tolerance of skinks to basking on blackened
surfaces, are unclear.

Forestry practices that involve the partial removal of the canopy
layer would have an impact on basking reptiles of the forest floor.
In a comparative study of thinned and unthinned lowland forest
in East Gippsland, Kutt (1993) found that the highest total density
of skinks occurred in the thinned sites, although individual species
displayed different trends. Therefore, reptile habitat may be
created during the thinning operation and some heliothermic
skinks may be advantaged. Unthinned regrowth would be less
suitable as skink habitat, as its dense canopy reduces solar
penetration to the ground stratum. Brown and Nelson (1993)
found lizard counts typically increased with solar penetration to
an optimal level at around 60–80%. Some species, on the other
hand, require a sun–shade environment for thermoregulation,
making open areas, subjected to recent logging and constant
sunlight, unsuitable (Lunney et al. 1991).

Clearly, the management and conservation of reptiles in native
hardwood forests involve complex issues that cannot be addressed
adequately by a single strategy that encapsulates all species. Some
workers (e.g. Webb 1991a) believe that small areas of retained
forest (e.g. 10 ha) would be sufficient to conserve most small
reptile populations. This presupposes that recolonisation can occur
from nearby source areas (Lunney and Barker 1986). Little is
known of the precise habitat requirements of many forest-
dependent reptiles. Consequently, conclusions regarding the long-
term survival of these species in a highly managed forest can
only be speculative. Recher et al. (1987) believed reptile
populations would not be adversely affected by forest clearing,
provided streamside reserves of mature forest were created. The
viability of remnant vegetation as source areas for the full range
of forest species needs to be investigated, along with the ability
of wildlife corridors to act as conduits for movement and
recolonisation. Lunney et al. (1991) recommend that forest
managers guard against a uniformity of age classes across the
forest landscape, if conservation of reptiles in timber production
forests is considered a high priority. With respect to traditional
North American forest management practices, Greenberg et al.
(1994) suggest that ‘a patchwork pattern of age classes created
by current harvesting practices could pose a barrier to the dispersal
of some reptile species and impede metapopulation dynamics’.
The effects of roads and road substrates on facilitating or impeding
species movement across the landscape need to be assessed (Reed
et al. 1996).

Management implications

In Victoria, forest management is governed by the Code of Forest
Practices for Timber Production (NRE 1996a), incorporating a
planning process which involves public consultation with a
requirement for 5-year reviews. Vulnerable landscape features,
such as streamside reserves, are protected from the effects of
harvesting by a network of conservation reserves.

The balanced use of State forest involves a detailed zoning system
that allows for the protection and management of a range of values
and uses (NRE 1996b). Biodiversity conservation is a key
objective of forest management. Areas of habitat suitable for
selected threatened species are protected within Special Protection
Zones. Timber harvesting is allowed, to various degrees, in Special
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Management and General Management Zones, subject to a series
of prescriptions and guidelines. Some exclusion areas of the
General Management Zone are unsuitable for timber harvesting
and would provide habitat for some species. The present study
shows that some species rely on old-growth elements that may
not be adequately represented within these exclusion zones. The
major challenge ahead is to ensure the full complement of habitats
is available in perpetuity for the range of forest-dependent species.
The importance of old trees for hollow-dependent fauna has long
been recognised and is emphasised in the current study. The
survival of arboreal species is not only dependent on hollow-
bearing trees being available in the reserved forest, but also an
appropriate system of trees retained in logged areas. Research is
required to ascertain the optimal density, age class and spatial
configuration of retained trees for the conservation of viable
populations of hollow-dependent fauna in timber harvesting areas.
The retention of a canopy stratum should not only benefit arboreal
marsupials, but also offer protection of microhabitat features
essential for ground-dwelling mammals and forest reptiles.
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WET 2A 002 F42033 8622-507424 Rich 0.9 004.3
WET 2B 002 F42046 8622-530442 Rich 0.9 056
WET 2C 002 F42047 8622-515452 Rich 1.8 010.1
WET 5A 005 F42048 8622-499451 Rich 0* 006.2
WET 5B 005 F42049 8622-485458 Rich 1.1 014.3
WET 5C 005 F42050 8622-500473 Rich 0* 023.0
WET 10A 010 F42054 8622-510474 Rich 0* 037.3
WET 10B 010 F42055 8622-508436 Rich 0.4 029.3
WET 10C 010 F42057 8622-524481 Rich 0* 027.3
WET 18A 022 F42060 8622-504388 Murrungowar 0.3 155.1
WET 18B 017 F42061 8622-471398 Murrungowar 1.6 072.9
WET 18C 021 F42062 8622-516393 Murrungowar 1.1 078.7
WET 25A 027 F42052 8622-533383 Cabbage Tree 0 167.9
WET 25B 039 F42053 8622-543385 Cabbage Tree 0 118.6
WET 25C 026 F42064 9622-556398 Kuark 0* 140.8
WET ControlA 146 F42032 8622-508426 Rich 0* 637.1
WET ControlB 146 F42051 8622-546478 Rich 0* 247.0
WET ControlC 146 F42059 8622-544459 Rich 0* 301.6
WET ControlD 146 F42063 8622-506401 Murrungowar 0* 552.5
WET ControlE 146 F42066 8622-533430 Rich 0* 305.8
WET ControlF 146 F42067 8622-555484 Rich 0* 354.7
DAMP 2A 002 F42030 8622-521503 Rich 0.4 179.2
DAMP 2B 002 F42031 8622-508492 Rich 1.3 390.8
DAMP 2C 002 F42044 8622-576393 Purgagoolah 0.6 004.9
DAMP 5A 005 F42022 8622-486435 Rich 1.2 026.3
DAMP 5B 005 F42026 8622-504492 Rich 0.8 019.4

Appendices

Appendix 1

Locations and other details of retrospective sites near Cabbage Tree Creek in East Gippsland, Victoria. * denotes missing data. Flora
quadrat number can be cross-referenced to the Victorian Flora Information System for specific detail on floristics. TOTSTAG equals
the total number of dead and live stags per hectare. GBH is the average girth at breast height of 12 randomly chosen trees in the oldest
stratum.
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DAMP 5C 005 F42028 8622-501468 Rich 1.0 011.3
DAMP 10A 010 F42023 8622-468432 Rich 2.9 291.3
DAMP 10B 010 F42025 8622-476429 Rich 1.6 291.7
DAMP 10C 010 F42040 8622-596482 Kuark 0.5 263.8
DAMP 18A 019 F42035 8622-472393 Murrungowar 1.3 078.8
DAMP 18B 018 F42039 8622-598432 Kuark 0.3 116.8
DAMP 18C 018 F42058 8622-498398 Murrungowar 1.3 063.8
DAMP 25A 029 F42034 8622-469379 Murrungowar 1.6 256.5
DAMP 25B 029 F42036 8622-485359 Murrungowar 0* 257.9
DAMP 25C 029 F42043 8622-573383 Purgagoolah 0.9 112.1
DAMP ControlA 0* F42024 8622-489436 Rich 0* 437.5
DAMP ControlB 0* F39101 8622-506496 Rich 0* 285.4
DAMP ControlC 0* F42041 8622-600469 Kuark 0* 263.8
DAMP ControlD 0* F42042 8622-595478 Kuark 0* 234.2
DAMP ControlE 0* F42045 8622-573392 Purgagoolah 0* 477.9
DAMP ControlF 0* F42056 8622-518482 Rich 0* 282.5
LOWLAND 2A 002 F42007 8622-529351 Cabbage Tree 0.4 008.0
LOWLAND 2B 002 F42012 8622-603389 Purgagoolah 1.2 00*
LOWLAND 2C 002 F42017 8622-473347 Murrungowar 0.5 007.0
LOWLAND 5A 005 F42008 8622-542343 Cabbage Tree 1.0 025.0
LOWLAND 5B 005 F42011 8622-565347 Cabbage Tree 2.2 028.0
LOWLAND 5C 005 F42065 8622-463473 Rich 2.4 031.0
LOWLAND 10A 010 F42005 8622-527342 Jirrah 1.6 030.0
LOWLAND 10B 011 F42038 8622-590403 Kuark 0.8 028.0
LOWLAND 10C 010 F42018 8622-496329 Jirrah 1.4 149.0
LOWLAND 18A 020 F42006 8622-537334 Jirrah 1.6 069.0
LOWLAND 18B 020 F42037 8622-589412 Kuark 0.6 249.0
LOWLAND 18C 020 F42015 8622-511298 Jirrah 1.0 200.0
LOWLAND 25A 027 F42004 8622-549334 Jirrah 1.6 113.0
LOWLAND 25B 025 F42014 8622-653386 Purgagoolah 1.9 083.0
LOWLAND 25C 025 F42016 8622-513319 Jirrah 0.6 088.0
LOWLAND ControlA 066 F42001 8622-533309 Jirrah 00* 210.0
LOWLAND ControlB 066 F42019 8622-534310 Jirrah 0* 216.0
LOWLAND ControlC 066 F39090 8622-456471 Rich 0* 191.0
LOWLAND ControlD 146 F42002 8622-546338 Cabbage Tree 0* 352.0
LOWLAND ControlE 146 F42003 8622-540336 Cabbage Tree 0* 351.0
LOWLAND ControlF 146 F42021 8622-534338 Cabbage Tree 0* 297.0

Appendix 2

Structural attributes derived from harvesting records, aerial photograph interpretation and on-ground measurements, and used throughout
the text

%ACACIA = cover of Acacia (%)
%COVGR = total cover of the ground vegetation (%)
%CRCOV = crown cover (%)
%FIRE = patchiness/intensity of the burn (%)
%FOLCO = foliage cover (%)
1991AGE = actual age of the site in 1991 (y)
AGE CLS = age class (y)
ALT = altitude (m)
ARHARV = net area harvested or age class area under con-

sideration (ha)
ASPCL = north: 316-45°, east: 46-135, south: 136-225°, west:

226-315°
ASPECT = aspect (degrees)

BASARE = basal area (m2 ha–1)
CR SEPR = crown separation ratio (i.e. (mean distance be-

tween crowns)/(mean size of the crown))
CRTYPE = crown type
DSTAG = no. of dead stags ha–1

GBH = girth at breast height (cm, average of 12 trees)
GCn, GCSumx, GCAvx, GCSD = ground cover (sample size,

sum of ground cover values, mean of ground cover values,
standard deviation)

L FORM = land form
LIn, LISumx, LIAVX, LISD = litter cover (sample size, sum of

litter cover values, mean of litter cover values, standard
deviation)
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LITDEP = mean litter depth (cm, average of 6 measurements)
LOGDEN = log density (logs ha–1)
LOGVOL = log volume (m3 ha–1)
LOn, LOSumx, LOAVX, LOSD = log cover (sample size, sum

of log cover values,  mean of log cover values, standard
deviation)

LVESTAG = no. of live stags ha–1

NOEMER = no. of live emergents (counted in a 1 ha plot)
S1%COV = total percentage cover of the shrub 1 stratum
S2%COV = total percentage cover of the shrub 2 stratum

Appendix 3

Species of nocturnal birds and all mammal and reptile species recorded during the retrospective study near Cabbage Tree Creek in
East Gippsland, Victoria

SITE = unique site reference number
SLOPE = slope
SRCFIRE = source of the burn (wild = wildfire; FRB = fuel

reduction burn)
TOTSTAG = LVESTAG + DSTAG
TRDENS = tree density (stems/ha–1 of the tree 1 layer)
TRHGT = tree height (m, of the most dominant tree 1 species)
VEG CAT = forest type
YRFIRE = years since fire

Nocturnal birds
Southern boobook Ninox novaeseelandiae
Sooty owl Tyto tenebricosa
Tawny frogmouth Podargus strigoides
Australian owlet-nightjar Aegotheles cristatus
White-throated nightjar Caprimulgus mystacalis

Mammals
Short-beaked echidna Tachyglossus aculeatus
Spot-tailed quoll Dasyurus maculatus
Agile antechinus Antechinus agilis
Dusky antechinus Antechinus swainsonii
Long-nosed bandicoot Perameles nasuta
Mountain brushtail possum Trichosurus caninus
Common ringtail possum Pseudocheirus peregrinus
Yellow-bellied glider Petaurus australis
Sugar glider Petaurus breviceps
Feathertail glider Acrobates pygmaeus
Eastern pygmy-possum Cercartetus nanus
Common wombat Vombatus ursinus
Long-footed potoroo Potorous longipes
Black wallaby Wallabia bicolor
Bush rat Rattus fuscipes

Mammals (cont’d)
Swamp rat Rattus lutreolus
Dog (feral) Canis familiaris
Cat (feral) Felis catus
Red fox Vulpes vulpes
White-striped freetail bat Tadarida australis
Unidentified antechinus Antechinus sp.
Unidentified brushtail
       possum Trichosurus sp.
Unidentified potoroo Potorous sp.
Unidentified rattus Rattus sp.

Reptiles
Garden skink Lampropholis guichenoti
Coventry’s skink Niveoscincus coventryi
Spencer’s skink Pseudemoia spenceri
Black rock skink Egernia saxatilis

intermedia
Southern water skink Eulamprus tympanum (CTF)
Highland copperhead Austrelaps ramsayi
Tiger snake Notechis scutatus
Unidentified water skink Eulamprus sp.
Unidentified copperhead Austrelaps sp.

Group and common name Scientific name Group and common name Scientific name



Introduction

Purpose, scope and structure of this paper
The main purpose of this review is to summarise some 
of the fauna research conducted by or for the Victorian 
Government to help achieve Ecologically Sustainable 
Forest Management (ESFM) in its public forests, 
and identify implications for policy, management and 
research. The Victorian Government has conducted 
research programs since the 1970s to help establish 
policies and practices that facilitate ESFM. This paper 
provides an overview of some of this work, relating to 
vertebrate fauna and their conservation in forests where 
timber production is one of several key objectives. The 
work has involved biologists from the Department 
of Sustainability & Environment (DSE) and its 
component research institutes (Arthur Rylah Institute 
for Environmental Research and the Forest Science 
Centre), and collaborative work involving universities 

and government departments in Victoria, New South and government departments in Victoria, New South 
Wales, Queensland, Tasmania and the Australian Wales, Queensland, Tasmania and the Australian 
Capital Territory (ACT). Regional staff from DSE Capital Territory (ACT). Regional staff from DSE 
and Parks Victoria (PV) played important supporting and Parks Victoria (PV) played important supporting 
roles in this research. Selective reference is also made roles in this research. Selective reference is also made 
to relevant work from other states and independent to relevant work from other states and independent 
researchers (e.g. Ward 2000; Taylor et al. 2002a,b; . 2002a,b; 
Gibbons et al. 2002), although a comprehensive review . 2002), although a comprehensive review 
is beyond the scope of this paper.

The body of this paper is arranged in four sections. The first 
establishes a framework for posing strategic management 
questions and selecting research approaches to address 
them, including a logical approach for selecting strategies 
to integrate or segregate competing requirements at various 
spatial levels. This framework has potential application to 
any forests of the world where competing values need to 
be accommodated. A subsequent section gives a historical 
overview of selected Victorian research on forest wildlife, 

Research for Ecologically Sustainable Forest 
Management in Victorian eucalypt forests
Richard H. Loyn.
Arthur Rylah Institute, Dept. Sustainability & Environment, PO Box 137, Heidelberg, VIC 3084, Australia.
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This paper describes some of the research needed to help forest managers achieve Ecologically 
Sustainable Forest Management. As a case study, it also presents an overview of some of the 
research conducted to meet those needs in the state of Victoria, and identifies priorities for 
further research, monitoring and adaptive management. Vertebrate wildlife (mainly birds and 
mammals) has been a major focus of this review. The main strategic research questions concern 
the successional effects of logging, the relative merits and costs of integration or segregation and 
the appropriate scale for spatial integration. Retrospective research is a valuable tool to address 
some of the key questions, but longitudinal studies (i.e. over time), are also needed. Successional 
studies have identified hollow-dependent wildlife species and species that feed from open ground 
among trees as those that are most sensitive to logging. Thinning and control burning may have 
potential value as tools to modify regrowth forest structure to benefit the latter group, but this 
new concept needs field-testing. A general focus on hollow-dependent species may have diverted 
attention from the needs of other groups. A logical scheme is presented for evaluating costs and 
benefits of spatial integration or segregation in particular cases. The shape of the response curve 
is crucial in making these evaluations, but this aspect has received little attention. Segregation 
often has benefits both for wildlife conservation and wood production, but there are exceptions 
and socio-economic reasons for developing more integrated systems. Retaining patches of habitat 
on selected coupes combines some of the benefits of both approaches, and has been introduced 
on a trial basis in mixed eucalypt forests and ash forests, with associated monitoring. Effects of 
spatial scale and pattern have been studied in ash forests but more work of this sort is needed in 
mixed eucalypt forests and box-ironbark forests. Large owls have been used as umbrella species 
to select areas for special protection based on extensive field surveys, modelling and field-testing. 
Further monitoring and detailed research is needed to evaluate and refine the effectiveness of 
this strategy. This approach forms part of a suite of forest planning processes, which increasingly 
involve community participation. Associated research is needed to help inform debate and 
decisions in an adaptive management framework.

Key words: ESFM, forest management strategies, spatial integration, spatial segregation, forest wildlife, 
spatial scale

Pp 783 - 806 in the Conservation of Australia’s Forest Fauna (second edition) 2004, edited by Daniel Lunney. 
Royal Zoological Society of New South Wales, Mosman, NSW, Australia.
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showing how approaches have developed over recent 
decades. A third section examines how research has 
contributed to forest management, picking up on some 
of the strategic themes developed earlier. A final section 
draws some key conclusions, relating both to forest 
management and further research. 

The paper focuses mainly on birds and mammals other 
than bats, in forest types where timber production is of 
economic importance. The emphasis on mammals and 
birds is largely a response to public expectations and 
practical logistics. Invertebrates form the bulk of the 
biodiversity, in terms of numbers of species (New 2000). 
They have been studied locally in Victorian forests, for 
example in relation to logging and wildfire (Neumann 
1991) and control burning (e.g. Neumann and Tolhurst 
1991; Collett 1998, 2003), and in other states (e.g. 
York 1999, 2000), but we are far from being able to 
provide a coherent picture. Broader studies of plant and 
invertebrate species, reptiles and frogs would help ensure 
a more holistic approach to forest management.

Ecologically Sustainable Forest Management 
(ESFM)
Forests can support high densities of diverse species of 
vertebrate animals because of their biological productivity, 
structural and floristic complexity and the stature of the 
dominant tree strata. Hence they are important reservoirs 
of biodiversity. In Australia, the nature and spatial extent 
of forest cover has varied greatly over geological time 
(Lamb and Smyth 2003), and eucalypt forests currently 
dominate much of the forest landscape in non-arid 
temperate parts of the country (Beadle 1981). 

The complexity of forests can be viewed at various 
spatial and temporal scales, and many aspects of spatial 
arrangement have been studied to help inform forest 
management decisions, following early development 
of the concept of landscape ecology (Forman and 
Godron 1986; Franklin and Forman 1987). Ecologically 
sustainable forest management (ESFM) must be based on 
an understanding of this complexity and its spatial and 
temporal variation under proposed or alternative regimes. 
Throughout the world, there has been increasing public 
demand for ESFM to produce ecological services as well 
as economic products such as wood and water. Public 
demand has led to development of a range of international 
and national agreements and policies (e.g. see reviews by 
Ferguson 1996; Wescott 2003). 

ESFM has been defined in different ways by different 
authors, and there is no single agreed definition. 
Ferguson (1996) observed that this reflects the complex 
and varied nature of policy issues relating to publicly 
owned resources, and discussed the need to provide 
inter-generational equity over time-scales relevant to 
forest management. Spatial scale is a particular source of 
complexity (Weaver 1995). It may be quite practical to 
conserve a set of species over time in 10,000 ha of forest, 
but much more demanding or impossible to do that on 
20 or 100 ha (Loyn and Turner 2002). In the smaller 
unit, some of the species would be expected to be always 
absent, and others would come and go in response to 

stochastic events. Similar issues arise in relation to 
scale of socio-economic detail. It may be desirable and 
practical to provide a continuous supply of profitable 
jobs or business opportunities from a given area of forest 
over time (with the same spatial issues as above). But if 
the nature of those opportunities is defined too narrowly 
(e.g. tree-felling jobs in the hardwood sawlog industry, or 
specific bee-sites for honey production), a greater degree 
of difficulty and potential intervention will be needed to 
sustain the supply. Community needs and expectations 
will surely change over time, so it makes sense to define 
objectives broadly. 

For the purposes of this review, a suitable definition is that 
forests are managed sustainably when broad community 
goals can be met indefinitely at suitable levels, over an 
appropriate area of forest. It has been argued that 1000-
10000 ha is an appropriate scale in south-eastern Australia 
(Loyn and McAlpine 2001; Kavanagh et al. 2003). The 
ecological component of ESFM involves conserving all 
known species (higher plants and vertebrate wildlife) 
over the same spatial scale as above, with common 
species remaining common and rare species maintaining 
their presence and expected population viability. This 
approach could potentially be extended to lower plants 
and invertebrate fauna, but species-level data on them are 
generally inadequate and expensive to collect. A practical 
approach for these species is to maintain a sustained 
supply of microhabitats for them over the forest landscape 
as above, with special reference to those that may be best 
represented in mature forest (Taylor and Doran 2001). 
This ensures that the forest maintains its capacity to 
respond to a range of ecological events, and provide a 
range of ecological services. 

Geographical context for case study: 
Australia and its state of Victoria
Australia is a dry continent with forests confined mainly 
to the tropical and temperate coastal fringe. The area of 
forest has been greatly reduced in the two centuries of 
European settlement, especially in temperate regions on 
the plains, valleys and foothills suitable for agriculture 
(Lamb and Smyth 2003). Nevertheless, extensive areas of 
continuous forest remain in eastern Australia, principally 
along the Great Dividing Range and in similar rugged 
terrain inhospitable for modern human settlement. Most 
of this forest is in public ownership, and the multi-faceted 
science of landscape ecology provides essential tools for 
managing these forests to meet multiple needs.

Victoria is a small state (22.7 million ha) that straddles the 
Great Dividing Range in south-eastern Australia. About 
a third of the land area (7.5 million ha) consists of native 
vegetation under public ownership, and most of this is 
classed as native forest or woodland. Much of the forest 
occurs as a contiguous band along the Great Dividing 
Range. About half of these forests (3.7 million ha) are 
reserved in National and State Parks, as a consequence 
of land allocation decisions determined through processes 
involving public participation. These included the work 
of the state Land Conservation Council (LCC) from 
the 1970s, and a recent Regional Forest Agreement 
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(RFA) process involving State and Commonwealth 
(national) governments in the 1990s (Wescott 2003). 
Timber production is generally excluded from Parks but 
continues to be managed in part of the land area within 
State Forests. Forest planning processes (including the 
RFA) adopt a further zoning system within State Forests, 
with many areas becoming reserved as Special Protection 
Zones (SPZs) to conserve threatened forest wildlife 
species (Commonwealth of Australia 1997). ESFM is an 
expectation for the entire forest estate, including State 
Forests, as recognised in Australia’s national forest policy 
(Commonwealth of Australia 1992). 

Management questions and research 
approaches
Any attempt to achieve ESFM must consider a range 
of strategic and tactical questions. The main strategic 
questions concern the level of wood production to be 
allowed, the extent of forest to be retained or logged, and 
the degree to which conservation and production can be 
integrated on a given parcel of land. All these questions 
are complex, requiring socio-economic analysis and 
public debate as well as biological research. Answers to 
them will inevitably evolve through debate in the public 
arena. The debate must be informed through targeted 
research, but it is naïve to expect definitive answers from 
research data alone. Research in Victoria and elsewhere 
has helped focus attention on the fauna species and their 
habitats that do not regenerate quickly within planned 
rotation times for commercial forestry (e.g. Loyn 1985a; 
Franklin and Forman 1987). 

Hollow-bearing trees have become the classic example of 
a habitat element that develops slowly (Ambrose 1982; 
Mackowski 1984; Gibbons and Lindenmayer 1996, 
1997, 2002). Other sensitive habitat elements include 
vegetatively resprouting plants and epiphytes (Hickey 
1994; Ough and Murphy 1996; Williams et al. 1999), 
mistletoe (Loyn 1980, 2001; Turner 1991; Reid et al. 
1994) and logs on the forest floor (Lunney et al. 1991; 
Brown and Nelson 1993; Lindenmayer et al. 1999a; Mac 
Nally et al. 2001). Mistletoe plays a valuable role as a 
source of nectar and fruit for many bird species, and is 
used for food and shelter by a range of wildlife species 
(Turner 1991; Reid 1991; Watson 2001, 2002). Various 
structural features of old forest take decades to develop 
(Loyn 1985a; Scotts 1991; Lindenmayer et al. 2000), 
including open spaces below a canopy of old trees (Loyn 
2001) and mosaics of shrubs and open ground in mixed 
eucalypt forests (Williams et al. 1999). 

Three primary strategies have been identified for 
conserving such elements of old forest in commercially 
managed forests: stand retention; retention of selected 
trees on logging coupes, or greatly increased rotation 
lengths (Loyn 1985a). These ideas have been adapted 
and modified by subsequent authors (e.g. Gibbons 
and Lindenmayer 1997; Lamb et al. 1998), and offer 
a framework for developing new prescriptions for 
conserving fauna species that depend on elements of 
old forest. The retention strategies involve provision 
for regrowing and replacing old trees or stands over 

very long rotations, with regrowing as the first step at 
a rate to balance natural attrition. Of the three primary 
strategies, it is generally considered impractical to rely 
on increased rotation lengths because by the time stands 
have developed the special features of old forest (e.g. 
a dominance of old senescent trees) they have lost 
much of their commercial value as a source of timber. 
Stand retention has become the strategy of choice in 
Victoria, but more effort is now being given to a range of 
integrated tree retention strategies.

Research over the last two decades has helped quantify 
the effects of various forest management practices 
(e.g. clearfelling and variable retention rates), and 
pointed to ways in which conservation and production 
can be integrated through variable retention rates on 
coupes. Options for the latter include understorey 
islands (Ough and Murphy 1996) and variable rates of 
retaining old trees on coupes or in reserves (e.g. Shaw 
1983; Smith 1985; Loyn 1985a; Lunney 1987; Burgess 
et al. 1997; Lindenmayer and Recher 1998; Gibbons 
and Lindenmayer 1996, 1997, 2002; Lamb et al. 1998). 
Several models have been proposed for variable retention 
systems that may more closely mimic natural disturbance 
(e.g. Shaw 1983; Smith 1991; Burgess et al. 1997; State 
Forest Flora and Fauna Habitat Management Working 
Group 2002). Some of them have been implemented on 
a trial basis in Wombat State Forest (Macak et al. 2004), 
and more recently in montane ash forest in the Central 
Highlands. Further research is needed on all these 
aspects to tailor prescriptions for particular forest types, 
geographic regions or target fauna species.

Improved information is needed on the distribution 
and habitat requirements of fauna species known to 
be sensitive to logging, and threatened fauna species. 
Often this has been used to pursue a strategy of 
partly segregating habitat used by these species from 
areas available for logging. This has been the case 
with Leadbeater’s Possum Gymnobelideus leadbeateri 
(Macfarlane and Seebeck 1991; Macfarlane et al. 1998), 
Long-footed Potoroo Potorous longipes (Saxon et al. 1994) 
and large forest owls (Webster et al. 1999; Loyn et al. 
2001, 2002a; McIntyre and Henry 2002). Further work 
is needed on these and other species to examine options 
for more integrated management. The needs of rare 
forest species remain poorly known, although research 
projects are under way for some of them as discussed 
below under Focal Species. 

Integrate or segregate?
In most forest controversies, a key question concerns 
the costs and benefits of integrating conservation and 
production on the same parcel of land, or segregating 
them on different parcels of land. In practice, the simplest 
(and in many cases most effective) way of integrating 
wood production and conservation objectives at the 
landscape scale is to segregate them at finer spatial scales 
(Loyn 1985a; Lamb et al. 1998). 

A logical approach for deciding between strategies to 
segregate or integrate at the scale of logging coupes is 

Ecologicaly sustainable forest management
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shown schematically in Figure 1. When the response 
curves of competing values are both concave (implying 
that partial logging severely reduces one value, and partial 
retention severely reduces the other), spatial segregation 
provides the better outcome for both values. When the 
response curves of competing values are both convex 
(implying that partial logging and partial retention have 
little detrimental effect on the respective values), spatial 
integration is desirable. When the response curves are 
straight, similar outcomes can be expected from either 
approach. When one curve is convex and the other is 
concave, value judgements have to be made in deciding 
whether to segregate or integrate. Smith (1991) used 
similar curves to argue for a management system that 
more closely mimics natural disturbance regimes. More 
attention needs to be given to the potential utility of this 
approach in providing a unit-free approach to assessing 
merits of integrating or segregating competing values.

The strategic importance of this type of decision has 
often been overlooked or underrated by forest managers 
and policy makers. In Victoria, segregation of objectives 
in different areas of forest (zoning) has been the approach 
of choice, but more opportunities for integration may exist 
than have been recognised (Loyn 2001; Gibbons et al. 
2002). Some forest species (notably Leadbeater’s Possum) 

use combinations of resources from regrowth forest with 
old trees for shelter (Smith and Lindenmayer 1988, 
1992), and reach their greatest abundance in regrowth 
forest with scattered retained old trees. The practical 
demands of regenerating ash forests have made it more 
realistic to conserve this species mainly by segregation 
(in a system of zoned reserves, Macfarlane and Seebeck 
1991; Macfarlane et al. 1998), but efforts continue to 
be made to develop ways of providing suitable habitat 
among regrowth on logged coupes. A coupe in this 
context is defined as an area harvested in one cut, and is 
set as no more than 40 ha by the Code of Forest Practices 
(Government of Victoria 1996), with an average coupe 
size in recent years of ~20 ha. 

In mixed eucalypt forests there are fewer practical 
constraints on retaining habitat within coupes, because 
successful regeneration does not demand such intense fire 
or a complete opening of the canopy, and retained trees 
are more able to survive the regeneration burns that may 
be used. Hence a greater range of useful opportunities 
may exist for integrating conservation and production 
at the coupe scale. Natural regeneration processes in 
mixed-species forests typically involve greater survival of 
trees from previous generations than is usual in ash forests 
(Ashton 1976; Attiwill 1994; Lamb and Smyth 2003).

Loyn

Figure 1.  Stylised graphs showing hypothetical responses of faunal values (A) and economic values (B) to varying levels 
of tree retention on coupes.  The values are integrated over an entire planned rotation between harvesting events.  For 
example, Value A could represent the mean abundance of one or more selected animal (or plant) species over the planned 
rotation.  Value B represents the economic return (appropriately discounted) measured over the same period.  If both curves 
are predicted to be convex (graph 1), it is preferable to integrate conservation and production objectives on the same 
parcels of land.  If both curves are concave (graph 2), it is preferable to segregate objectives at some spatial scale.  If one is 
convex and the other concave (graph 3), value judgements have to be made in deciding whether to integrate or segregate 
in any particular situation.  If the curves show little or no departure from linearity (graph 4), decisions about integration or 
segregation are not important, and from the fauna conservation viewpoint the main need may be to retain the right types 
of trees.  Examples of inferred convex curves (Leadbeater’s Possum), concave curves (Sooty Owl and Yellow-bellied Glider) 
and linear curves (Yellow-tailed Black-Cockatoo) are discussed in the text, albeit from imperfect knowledge.  
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If the decision is taken to segregate, further questions arise 
about the appropriate spatial scale to choose. Strategically, 
we must decide whether we want the forests of the future 
to be a fine-grained or coarse-grained mosaic of regrowth 
and mature forest, or a mixture of the two. A fine-grained 
mosaic would contain small reserves and small coupes, with 
lots of edge. A coarser-grained mosaic would contain large 
patches of each, and less edge. A strategic mixture of the 
two could contain large patches of mature forest but small 
patches of regrowth, or vice versa. Research on effects of 
edges and patch size can help inform such decisions. At 
a more detailed tactical level, decisions need to be made 
about land use priorities for specific parcels of land. Which 
areas need to be reserved or managed for conservation 
purposes, and which areas are best for extractive use such 
as wood production as the main priority? Answers to such 
questions can help inform the key strategic decisions about 
the amount of forest that needs to be assigned to each use, 
and assess the level of trade-off that may need to be involved 
under alternative management strategies.

An important input to this process is knowledge about the 
distribution and abundance of key wildlife species that are 
believed to be sensitive to forest management including 
wood production (McIlroy 1978; Loyn 1985a; Hunter 
1990). Species differ in their habitat requirements and 
potential exposure to logging, as well as their sensitivity to 
logging (Kavanagh et al. 2003). Gullies provide a classic 
example, and all states have prescriptions for retaining 
gully vegetation to protect watercourses. Gullies often 
support high densities of fauna species, and some species 
favour gullies whereas others avoid them (Recher et 
al. 1980; Loyn et al. 1980; Loyn 1985b,c; Smith 1985; 
Soderquist and Mac Nally 2000; Mac Nally et al. 2000). 
Those that favour gullies may be less exposed to logging as 
a consequence, whereas the reverse applies to species that 
avoid gullies (Recher 1991; Kavanagh et al. 2003). Similar 
issues apply to slopes too steep for commercial logging, 
or where the Code of Forest Practices prohibits logging 
(Government of Victoria 1996). Unfortunately, steep 
slopes tend to be less attractive than flatter country, at 
least to some fauna species including arboreal marsupials 
(Lindenmayer et al. 1999) and various owls (Loyn et al. in 
press). The best habitats for some species coincide with 
those most desired for timber production, whereas little 
conflict is involved for species where the reverse applies.

Research approaches to studies of 
succession, scale and pattern
Studies of forest succession are vital for understanding 
forest dynamics under natural or managed disturbance 
regimes, and in identifying species or groups of species 
that may be sensitive to particular types of disturbance. 
Before-after studies can be useful in understanding short-
term effects but rarely continue long enough to provide 
useful insights about effects over relevant time-scales for 
forest management (decades or centuries). One before-
after study in Victoria has been monitored intermittently 
for 25 years (Loyn et al. 1983, 1999; Williams et al. 1999). 
When studies are initiated, we never can afford to wait for 
decades or centuries for useful answers. Hence additional 
approaches are needed, with selected before-after studies 
to provide confirmation or contradiction over time. 

Retrospective studies provide a powerful approach to 
studying succession over long periods of time, as many 
successional stages can be examined simultaneously. 
These studies are sometimes termed “space for time” 
studies. Extensive replication is needed to cater for natural 
variation between sites. Care is needed in site selection 
to ensure that sites representing each successional class 
are selected from a set of sites with common intrinsic 
characters such as landform or geology. This process 
is complicated by the fact that disturbance is rarely a 
random event, but concentrates on particular areas such 
as north-facing slopes (severe wildfire) or forest on gentle 
slopes with good road access (logging). Hence random site 
selection is unlikely to provide comparable samples unless 
appropriate decisions are made about initial stratification. 

The retrospective approach is also a powerful way of tackling 
questions about scale and pattern, especially if done in 
conjunction with experimental work. For example, it may 
be useful to know the short-term effect of a new design for 
coupes or reserves, but the more important information 
relates to the effect of a particular forest landscape structure 
on fauna over time. If forest landscapes can be found with 
those structural features, studies of wildlife in relation to 
those structures may yield the required information. The 
retrospective approach has been used extensively in Victoria 
to examine succession and various aspects of scale and 
pattern in ash forests (e.g. Loyn 1985b, 1998; Macfarlane 
1988; Lindenmayer et al. 1990a, 1999b; Milledge et al. 
1991; Brown and Nelson 1993; Nelson et al. 1996; Incoll 
et al. 2001). In mixed eucalypt forests, retrospective studies 
have focused on basic questions about succession after 
logging (e.g. Loyn et al. 1980; Loyn 1993; Alexander et al. 
2002), with less emphasis on further questions about scale 
and pattern. Retrospective approaches have also been used 
effectively in New South Wales (Kavanagh and Stanton 
2003 a, b) and Queensland (Goodall et al. 2003).

A third approach is to deduce successional trends 
and effects of scale or pattern on the basis of habitat 
requirements and knowledge of how those habitats may 
change over time (ecological processes). Modelling is a 
useful tool in advancing and formalising this process, 
but it needs a rigorous reference process to ensure that 
predictions accord with real-world observations or data. 
These approaches have been used in a range of studies 
in Victoria, including many of those mentioned above. 
General accounts of habitats used by forest wildlife in 
Victoria are given by Menkhorst (1995) for mammals and 
Loyn (1985c, 2002) and Emison et al. (1987) for birds.

Forest wildlife research in Victoria: a 
historical overview

Distributional surveys: Atlas of Victorian 
Wildlife
In the 1970s and early 1980s the Departmental emphasis 
was on general fauna surveys to document the distribution 
of wildlife species in the state, and provide data to help the 
LCC in its charter for allocating public land to different 
uses (e.g. Emison et al. 1984; Lumsden et al. 1991). In 1977 
a non-government organisation, the Royal Australasian 
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Ornithologists Union (now Birds Australia), undertook 
a major initiative to map the current distribution of birds 
across Australia on a grid system, effectively harnessing 
the energies of thousands of amateur bird observers over a 
five-year period (Blakers et al. 1984). No other continent 
has attempted the task of producing a comparable 
snapshot of animal distribution at this scale. The effort 
has recently been repeated with strategic modifications 
(Barrett et al. 2003), providing a second benchmark for 
assessing changes over time. In Victoria, the combination 
of the first Atlas and the LCC surveys laid the foundation 
for an invaluable database of fauna distribution, the Atlas 
of Victorian Wildlife. This is continually updated with 
new records (including those from Birds Australia), and 
contains 2.7 million records of 1200 vertebrate species. 
Publications have been produced using the data on birds 
(Emison et al. 1987) and mammals (Menkhorst 1995). 
The database is used routinely as a source of geographical 
fauna data in planning decisions.

Most Australian states have comparable databases of 
wildlife distribution but these represent snapshots in time 
of extremely imperfect knowledge, mainly arising from 
opportunistic surveys. Some states have implemented 
programs of prelogging surveys to improve this knowledge 
with a focus on areas likely to be logged (Earl and Lunt 
1989; Meek 2004; Shields 2004), but these suffer from 
several limitations. If attention is focused too narrowly 
on proposed logging coupes, the sampling regime is 
biased towards a conclusion that the target species occur 
preferentially in areas suitable for timber production. 
Many of the species of greatest concern are hard to 
find without heavy investment of resources in targeted 
surveys. Prelogging surveys rarely provide comprehensive 
information on these species, and the issue of imperfect 
knowledge remains.

A recent program of Regional Forest Agreements (RFAs) 
aimed to overcome these limitations by encouraging 
broadscale surveys on a tenure-blind basis, with unbiased 
effort in State Forest, Parks and reserves. Modelling was 
then used to predict distributions of selected wildlife 
species beyond the sites that were actually surveyed, as 
described under Umbrella Species below. Results of these 
studies are being applied in various ways to inform public 
land use decisions at a regional or local level. 

Focal species studies (threatened species)
Along with the general surveys discussed above, many 
projects focused on particular species or groups of 
species. These have included pest species, game species 
and threatened species, and a full review is beyond the 
scope of this paper. Many of the species selected for study 
inhabit localised habitats or rural environments where 
their habitat has been highly modified, or where their 
pest status is of direct economic concern to landholders. 
Bennett et al. (1995) provided a summary of threatened 
species programs on private land. Wilson (1991) reviewed 
research and conservation of threatened forest species, 
most of which occur primarily on public land. 

Studies of selected forest species have been influential 
in shaping forest management over broad areas. These 

include Leadbeater’s Possums in ash forests (Smith and 
Lindenmayer 1988, 1992; Macfarlane and Seebeck 
1991; Macfarlane et al. 1998), Long-footed Potoroos in 
mixed-species forests of eastern Victoria (Saxon et al. 
1994), and large forest owls across all forests (Webster 
et al. 1999; Loyn et al. 2001, 2002a; McIntyre and 
Henry 2002). Research on threatened fish (Jackson and 
Williams 1980) and Spotted Tree-frogs Litoria spenceri
(Gillespie and Hollis 1996; Gillespie 2001) has helped 
focus attention on the need to protect water quality in 
forest streams. That research has also highlighted the 
adverse impact of introduced fish such as Brown Trout 
Salmo trutta, and the need to maintain selected streams 
free from introduced fish.

It is now generally recognised that effective conservation 
demands a holistic approach, and single-species studies 
are most useful when the species selected act as umbrella 
species for broader elements of the ecosystem (Caughley 
and Sinclair 1994; Forsman 2002). This applies to the 
forest owls mentioned above and discussed further under 
Umbrella Species below. So the fashion has changed to 
favour broader ecosystem studies. Many of the forest 
studies described below endeavoured to take this approach 
from an early stage.

Focal species studies (pest species)
Red Foxes Vulpes vulpes and other introduced mammals 
have had a serious impact on fauna of mainland 
Australia, especially on medium-sized mammals such as 
bandicoots and potoroos (e.g. Burbidge and McKenzie 
1989; Friend et al. 2001; Kinnear et al. 2002). Some states 
have implemented ambitious programs to control foxes, 
with the Western Shield program in WA being a prime 
example (Bailey 1996). A similar approach (Southern 
Ark) has been initiated for eastern Victoria (anon 2002). 
In Victoria, an initiative has been undertaken by DSE and 
Parks Victoria to refine methods of fox control and assess 
their efficacy in helping to conserve selected threatened 
species, using an adaptive management framework 
(Robley and Wright 2002). 

More work is needed on the roles of other introduced 
carnivores (e.g. Feral Cat Felis catus) and also herbivores, 
such as deer. Native herbivores can become locally over-
abundant when natural controls are removed, and damage 
vegetation in those situations (McIlroy 1978). Eastern 
Grey Kangaroos Macropus giganteus, Swamp Wallabies 
Wallabia bicolor and Koalas Wallabia bicolor and Koalas Wallabia bicolor Phascolarctos cinereus are the 
main examples in Victoria (Menkhorst 1995).

Introduced birds are common in suburban habitats 
and fragmented forests (Loyn 1987), but form only low 
proportions of the forest bird fauna in extensive forests 
(<3% of individuals, Loyn 1985c), where they are not a 
major issue. Introduced fish have a major adverse influence 
in waterways over much of the state (Jackson and Williams 
1980; Koehn and O’Connor 1990; Gillespie 2001; Koehn 
2001). Domestic and feral European Honeybees Apis 
mellifera compete with native fauna (birds, mammals and 
insects) for nectar and hollows (Paton 2000). A valuable 
honey industry is based on mobile hives of domestic bees, 
especially in the drier parts of the state (box-ironbark 
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forests and mallee). Management of domestic and feral 
bees deserves further attention and associated research. 
Most of these pest issues apply across all land tenures 
and further discussion is beyond the scope of this paper. 
However, more work is needed on interactions between 
control of foxes (and other pest species) and forest habitat 
management (Friend et al. 2001). 

Research on forest management issues
In the 1970s, the former Forests Commission of Victoria 
recognised the need for targeted research on forest 
management issues. It established small research groups 
examining flora and fauna in pine plantations in north-
east Victoria (Suckling et al. 1976) and intensively 
managed native forest in Gippsland (Loyn et al. 1980). 
The latter studies led the way in use of retrospective 
research on forest processes with replicated study sites 
(stratified by landform, pace Wilson 1991), although low 
levels of replication were achieved in the early studies 
(Wilson 1991). The research groups were combined 
at the Mountain Forest Research Station (MFRS) in 
Sherbrooke, and conducted an increasing range of 
studies in various parts of the state, including forests 
of Mountain Ash Eucalyptus regnans and River Red 
Gum E. camaldulensis, and mixed-species forests in the 
foothills. They examined a range of issues including 
effects of fire management, floodwater management, 
forest fragmentation and wood production. 

The research group at MFRS was incorporated within 
the Arthur Rylah Institute for Environmental Research 
(ARI) in the mid 1980s. At the same time, the Victorian 
Government developed a Timber Industry Strategy 
(Ferguson 1986), which involved a program of strategic 
research on forest management issues. Biodiversity aspects 
of this research were conducted by ARI staff with support 
from the Forests Service through its Forest Science 
Centre (formerly the Centre for Forest Tree Technology), 
with a primary focus on forests that were important for 
commercial wood production. Major research initiatives 
included the Silvicultural Systems Project (SSP) and the 
Value Added Utilisation Systems Project (VAUS), later 
combined as VSP (Squire et al. 1991; Wilson 1991). 
These were set up as ambitious multi-disciplinary research 
projects, and scaled back with financial constraints in the 
early 1990s. However, some useful fauna research projects 
were initiated and maintained, and are described further 
in sections below on Scale, Pattern and Succession. The 
Timber Industry Strategy also led to substantial changes in 
forest management planning, and a reduction in estimated 
sustainable yields of timber. These estimates have been 
reduced again in recent years.

Various external institutions (universities and the Museum 
of Victoria) were involved as collaborators in all these 
projects. Most of the universities were Victorian (Table 1), 
but a prolific line of research, focused mainly on arboreal 
marsupials in montane ash forests, grew at the Australian 
National University from early associations at MFRS and 
ARI (e.g. Lindenmayer et al. 1990a, 1991a, 1993a,b, 1994, 
1999b, 2000). Some key staff moved between ARI and 
universities or other states in the 1990s, and projects were 

continued with varying degrees of collaboration. Other 
collaborative arrangements were fostered specifically, 
or grew from staff recruitments and co-supervision of or grew from staff recruitments and co-supervision of 
postgraduate projects.

In addition, ARI staff and external collaborators conducted 
a major study of the fauna of box-ironbark forests (a less 
commercially important forest type) in the 1990s (Bennett 
1993; Silveira et al. 1997; Brown 2001). This followed a 
similar study in the extensively cleared landscape of the 
Victorian Riverina or Northern Plains (Bennett et al. 
1994, 1998; Lumsden et al. 1995, 2002). The two studies 
involved fruitful collaborations with research staff from 
Deakin, Monash and La Trobe Universities and the 
Museum of Victoria (Mac Nally and Bennett 1997; Grey 
et al. 1997, 1998; Wilson and Bennett 1999; Mac Nally et 
al. 2000; Mac Nally and Brown 2001).

Most of these studies took a multi-species or ecosystem 
approach, generally attempting to examine all forest 
species in each taxonomic group. Some of the main studies 
are summarised in Table 1. All studies considered diurnal 
birds and arboreal mammals, and most also considered 
small mammals. More limited work has been done on 
reptiles (e.g. Brown and Nelson 1993). Frogs and bats 
have been the subject of research focused on the needs 
of threatened frog species (Gillespie and Hollis 1996; 
Gillespie 2001) and the ecology of bats in forest and rural 
environments (Brown et al. 1997; Lumsden et al. 2002). 
However, more information is needed on these groups in 
relation to forest succession and management.

Regional Forest Agreement studies
The next major initiative came when the national 
government attempted to defuse some of the highly 
contentious forest management issues. Forest management 
is generally delegated to state governments under the 
Australian constitution, but the national government 
retained powers to issue or deny export licences for 
products such as woodchips. A program was established 
whereby national and state governments would reach 
agreement about aspects of forest management in a 
number of specified regions (Wescott 2003). Five such 
regions were defined in Victoria (East Gippsland, Central 
Gippsland, Central Highlands, North East and West). 
Biodiversity conservation was a key element in these 
agreements, as was the need to establish a Comprehensive 
and Representative reserve system (CAR). Special efforts 
were made to map old-growth forest as part of this process, 
and include it substantially in the upgraded reserve 
system. A goal was also set to include at least 15% of the 
pre-European area of each Ecological Vegetation Class 
(EVC) in reserves (Commonwealth of Australia 1997).

The need was identified to conduct general fauna surveys 
across all tenures of forest land, to generate data from 
which the comprehensiveness of any proposed reserve 
system could be assessed. As surveys provide sample data 
only (at discrete points of time and space), the need was 
also identified to model the data to provide pictures of the 
broader spatial and temporal distributions of target biota.

Hence a series of fauna surveys was initiated across the 
RFA regions of Victoria, covering all terrestrial vertebrate 
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fauna groups (Commonwealth of Australia 1997; Newell 
et al. 2000). Invertebrates were also studied using pitfall 
traps. Seasonal counts were made of diurnal birds (spring 
and winter), and targeted research was conducted on 
roosting requirements of forest bats, as this group was 
seen as potentially sensitive to forest harvesting and 
their needs were poorly known. Large forest owls and 
arboreal mammals were surveyed ahead of other groups 
because large forest owls were seen as potential umbrella 
species, which could be used to design a system of reserves 
(Special Protection Zones) that would also be useful to 
a range of other species. This work is discussed further 
under Umbrella Species below. Funds were provided from 
national and state governments.

Technical innovations
Various technical innovations were made during the 
course of the work described above. For example, Suckling 
(1978) introduced the use of hair-tubes for sampling small 
mammals, building on the pioneering work of Brunner 
and Coman (1974) who developed microscopic methods 
for identifying mammalian hair from scats and other 
sources. The hair-tubing technique has been further 
refined by Scotts and Craig (1988) and others, and is now 
a standard survey procedure with well-known strengths 
and limitations (Kavanagh and Stanton 1998; Lobert 
et al. 2001; Mills et al. 2002), along with other methods 
for identifying mammal tracks and signs (Triggs 1996). 
Ultrasonic bat detection has been adopted as a standard 
tool in wildlife research (Lumsden and Bennett 1995; 
Brown et al. 1997). Staff of Ballarat University and ARI 
have recently made great advances in automating the 
process of identifying bat calls by species (Lumsden et al. 
2002). A simple area-search method for assessing relative 
abundance of forest birds (Loyn 1986) has become a 
popular standard method nationally (Hewish and Loyn 
1989; Barrett et al. 2003). The stag-watching method of 
surveying hollow-dependent marsupials proved highly 
effective in ash forests (Seebeck et al. 1983; Smith and 
Lindenmayer 1988, 1992; Lindenmayer et al. 1989). 
The call playback method of surveying owls has been 
developed as a routine tool in New South Wales and 
Victoria (Kavanagh and Peake 1993; McNabb 1990; Loyn 
et al. 2001, 2002a) and other states.

Arguably the most important technical advances have 
been those done in collaboration with colleagues from 
a broad range of disciplines and institutions. Colleagues 
at DSE have introduced some important new ideas in 
vegetation description and classification, including the 
concept of Ecological Vegetation Class (EVC) (Woodgate 
et al. 1994) and more recently Habitat Hectares as an index 
of vegetation condition (Parkes et al. 2003). Enormous 
advances in computer technology have enabled staff to use 
a greatly increased range of statistical and geospatial tools. 

Collaborations with management
Various forums have been formed to facilitate 
communication between research and forest management 
in particular types of forest in Victoria, including a 
system of Research & Development Action Groups. 
Generally they have focused more on wood production St
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and regeneration aspects than on biodiversity. Recently 
the Mountain Ash Research & Development Action 
Group, MARDAG, has been replaced with a new Tall 
Forests Working Group, involving an increased degree of 
community participation. A more holistic and strategic 
forum may be useful to examine a range of forest 
management issues on a state or regional basis, with 
active collaboration from forest managers, policy makers, 
ecologists and the community. This may be especially 
valuable in the new era where local communities are 
becoming increasingly involved with forest management 
through a range of participatory models.

Interstate collaboration
Many of the forest management issues are common to 
all states, and it makes sense to collaborate on research. 
For example, the national Forests and Wood Products 
Research & Development Corporation recently funded a 
project to examine the potential use of fauna abundance as 
an indicator of ESFM (indicator 1.2c under the Montreal 
Process). A team with representatives from six eastern 
states or territories, led by New South Wales, undertook 
the project. They concluded that it made more sense to 
monitor groups of fauna species than single species, and 
explored some of the issues and limitations involved in 
the indicator species approach (Kavanagh et al. 2003). 
Colleagues from CSIRO, working in south-eastern New 
South Wales, obtained promising results in use of air-
borne videography to monitor habitat for fauna, with a 
special focus on terrestrial mammals such as bandicoots 
(Catling and Coops 1999; Catling et al. 2001). 

A mechanism for liaison between researchers in different 
states lies with the system of Research Working Groups 
(RWGs), established under the umbrella of a national 
Research Priorities Coordinating Committee at the Bureau 
of Rural Sciences. Each RWG has representatives from all 
states and the national government, along with selected 
experts in the relevant fields. RWG4 covers native forest 
management, including silviculture and biodiversity 
conservation. It meets annually and contributes to 
national processes such as developing research priorities. 

Progress and the future
The first edition of this book included a review of forest 
fauna conservation in Victoria (Wilson 1991). She 
applauded some of the state policy initiatives in the 
1980s, notably the Timber Industry Strategy (Ferguson 
1986), the State Conservation Strategy (Government 
of Victoria 1987) and the Flora & Fauna Guarantee Act 
1988. These have been followed by the state Biodiversity 
Strategy (Government of Victoria 1997) and the national 
Environment Protection & Biodiversity Conservation Act 
1999 in the 1990s. Regional Forest Agreements have 
been completed for all five Victorian RFA regions. 
However, Wilson feared that financial constraints and 
deficiencies in knowledge would limit progress. Wilson 
described forest wildlife research as being in its infancy, 
with few published papers in refereed journals, and 
called for more information especially on threatened or 
sensitive species; essential habitat variables, and effects 
of forestry practices on species distributions, abundance 

and habitat use. In particular, she stressed the need for 
good predictive habitat models, and testing hypotheses 
about retained habitat systems. 

Some of these deficiencies have been addressed in 
subsequent years, to varying extents, but much more 
remains to be done. Most but not all threatened forest 
vertebrates now have action statements under the Flora 
& Fauna Guarantee Act 1988, and relevant actions are 
addressed through Forest Management Plans. Publication 
rates have improved, but need to improve further as 
several important studies remain unpublished. Despite 
the predicted fund restrictions, productive collaborative 
arrangements continued for forest biodiversity research. 
These arrangements are currently under review. Extensive 
fauna surveys were conducted under the RFA process, and 
predictive habitat models were developed for certain forest 
owls and arboreal mammals as discussed below. A decade 
ago we knew little about the broad-scale distribution of 
these species in forests and parks. Now we have good sets 
of data and predictive models for them, which have been 
used to define and protect substantial areas of forest for 
these species and the ecosystems upon which they depend 
(Loyn et al. 2001, 2002a; McIntyre and Henry 2002). 

But distributions and habitat requirements of other species 
remain poorly known, including the rarer owls and small 
cryptic mammals such as the Smoky Mouse Pseudomys 
fumeus (Menkhorst 1995). Work is in progress on 
Barking Owls Ninox connivens (Taylor et al. 2002a, b) and 
preliminary studies of Masked Owls Tyto novaehollandiae 
(McNabb et al. 2003). However, much more is needed 
to develop a holistic approach to forest management to 
benefit such species. Little information is available on the 
effects of forest management on bats, reptiles, frogs or 
invertebrates in Victoria.

Woodland birds have declined in eastern Australia 
(Robinson and Traill 1996; Ford et al. 2001), and are 
sometimes neglected in forest research because their 
main habitats lie in the rural landscape. Nevertheless, 
some of these species make substantial use of public 
forests (Bennett and Ford 1997; Silveira et al. 1997; Loyn 
et al. 2002b), and further work is needed to help forest 
managers contribute to their conservation. 

Various projects have tested hypotheses about the relative 
merits of different habitat retention systems in montane 
ash forests (Lindenmayer 1992; Lindenmayer et al. 1993a, 
1994; Loyn 1998; Incoll et al. 2001) and fragmented forests 
in rural landscapes (Suckling 1984; Loyn 1987; Bennett et 
al. 1998; Mac Nally and Brown 2001). However, much 
more work is needed in this area, and especially in 
mixed-species eucalypt forests where these issues have 
received little attention. Mixed-species eucalypt forests 
comprise the majority of the forest estate, and there 
may be wide scope to vary the management systems 
to include scattered retained trees or larger patches of 
retained habitat among regrowth. Hopefully this will be 
addressed in new research projects, in association with 
proposals for adaptive management of new systems for 
habitat retention (State Forest Flora and Fauna Habitat 
Management Working Group 2002; Macak et al. 2004).
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Selected contributions of wildlife 
research to Victorian forest 
management
This section examines how wildlife research discussed 
above has helped shape changes in forest management. 
Some of the contributions have been conceptual in 
nature, while others have involved direct differences in 
management of particular parcels of land. Forest managers 
now think deeply on more levels than they did in the 
1970s, and recognise the need to manage public forests 
sensitively with respect to multiple values. This change 
in attitude has been largely a response to public demand 
and organisational change, including amalgamation of 
Victorian departments of Forests and Conservation in 
the 1980s. But it has also been informed by research, and 
research has provided a framework and sets of tools and 
options for dealing with the issues.

Succession
Successional studies have shown that two groups of 
vertebrates are particularly sensitive to intensive logging, 
with abundance generally depressed for many years within 
planned rotation times of 80 years. Species that need 
hollows for shelter and nesting formone group, as useful 
hollows rarely form within this time scale (Mackowski 
1984; Gibbons and Lindenmayer 2002). Some hollow-
dependent species may benefit from dense regrowth after 
logging, as long as suitable hollow trees remain available to 
them, with Leadbeater’s Possum being a notable example 
(Smith and Lindenmayer 1988, 1992; Lindenmayer et 
al. 1991a). Other species, such as Yellow-bellied Gliders 
Petaurus australis, are more dependent on mature forest, 
perhaps because they can move more easily through open 
stands of tall eucalypts than through dense regrowth to 
access their patchy food resources (Loyn et al.1980, Henry 
and Craig 1984, Incoll et al. 2001). Large owls, such as 
the Sooty Owl Tyto tenebricosa, appear to have similar 
requirements for forest with an open structure below 
canopy level (Milledge et al.1991; Kavanagh 1997, 2002; 
Loyn et al. 2001, 2002a).

The needs of hollow-dependent species have been widely 
recognised, but a second group of sensitive species may be 
more surprising. This group contains birds and mammals 
that forage from dry open ground among trees. It includes 
some locally common species (e.g. Red-necked Wallaby 
Macropus rufogriseus, Superb Fairy-wren Malurus cyaneus 
and Scarlet Robin Petroica multicolor) as well as species 
that are generally regarded as uncommon (e.g. Spotted 
Quail-thrush Cinclosoma punctatum and Chestnut-
rumped Heathwren Hylacola pyrrhopygia). Before-after 
studies in East Gippsland showed that many of these 
species disappeared from logged coupes 10-20 years after 
logging, despite an initial surge in abundance as open 
conditions prevailed in the early years. These species 
initially appeared to benefit from logging, but longer 
term monitoring showed that dense regrowth became 
unsuitable for them and the net effect over ~20 years was 
negative (Loyn et al. 1999). Similar results were found 
after wildfire (Loyn 1997). Retrospective studies provide 
weak evidence that some of these species increase again 

from ~25 years after logging, as regrowth thins out (Loyn 
1993), but more data are needed from stands aged 30-
80 years to assess the species’ sensitivity to logging over 
a whole rotation. These results support the cautionary 
comment by Recher (1991), that species have complex 
requirements and hollow-dependent species are not the 
only ones in need of special management.

In contrast, the studies in East Gippsland showed that 
species that favour dense shrubs and the damp ground 
below were found to increase in abundance after logging 
in the time-scale of ~20 years. This group included 
many common species, as well as some less common 
species such as Southern Brown Bandicoot Isoodon 
obesulus, Superb Lyrebird Menura novaehollandiae and 
Large-billed Scrubwren Sericornis magnirostris (Loyn et 
al. 1999). Southern Brown Bandicoots are now listed as 
nationally Endangered (Environment Australia website). 
Recovery Plans are being prepared, and are likely to focus 
on predator control, habitat retention and availability of 
hypogeal fungi, an important food source for bandicoots 
and potoroos (Claridge et al. 1993). However, the 
paradoxical possibility exists that logging may be beneficial 
in some areas, by providing stands of dense regrowth 
with adequate food supplies and dense shrub cover that 
impedes the movement of introduced predators such as 
Red Foxes Vulpes vulpes. Further research is needed to 
determine whether these characteristics of older post-
logging regrowth as bandicoot habitat can be emulated 
generally, or only on a limited local basis.

Successional studies are still needed from a greater range 
of forest types to ensure that we have really identified 
the important groups of sensitive species that may 
need special conservation measures in any given forest 
landscape. In some cases it may be possible to provide 
some of the favoured habitat features in regrowth through 
deliberate management (Loyn 2001). One option is to 
retain selected patches of trees on coupes, including some 
with existing hollows and others with potential to develop 
hollows in future. Hollows are discussed separately below. 

Thinning can help create openings in the canopy and 
understorey and it deserves more attention as a management 
tool. Studies of short-term effects of thinning on wildlife (e.g. 
Kutt 1994, 1996) need to be extended to provide a more 
comprehensive picture of longer-term effects of this process. 
Thinning can also accelerate formation of hollows through 
physical damage to a proportion of retained trees during 
felling. Control burning may have potential as a tool for 
manipulating structure of regrowth forests. Effects of control 
burning have been studied in a long-term experiment in 
mixed eucalypt forests (Tolhurst et al. 1992; Collett 1998), 
and such studies need to be extended to a greater range of 
forest types.

Hollow management and artificial hollows
The best way to provide a sustainable supply of hollows 
is to provide a sustained supply of hollow-bearing trees, 
through appropriate strategies for retaining and regrowing 
stands of trees or selected trees on coupes (Loyn 1985a; 
Gibbons and Lindenmayer 2002). Variable retention 
systems are being developed to provide new and flexible 
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approaches for achieving this objective. Recent studies 
have examined the dynamics and spatial distribution of 
natural hollows in box-ironbark forests (Soderquist 1999) 
and in mixed eucalypt forests of south-western Victoria 
(Nelson and Macak 2001; Macak 2003). Extensive 
studies have been conducted by ANU researchers in 
mixed eucalypt forests of eastern Victoria and south-
eastern NSW (Gibbons and Lindenmayer 1996, 1997, 
2002; Gibbons et al. 2002). Similar work has been 
conducted in temperate forests of Western Australia 
(Whitford 2002 ; Whitford and Williams 2002) and 
subtropical forests of south-eastern Queensland (Smith 
1998; Wormington and Lamb 1999). In Victoria, hollows 
are routinely assessed as part of a wide-ranging State-
wide Forest Resource Inventory (SFRI: R. Penny, pers. 
comm.). Further work is needed to develop models for 
predicting hollow availability in space and time for these 
forests. 

A more controversial option is to address the expected 
shortage of hollows by supplying artificial nest-boxes 
(Menkhorst 1984; Wardell-Johnson 1986; Newton 
1994). This could be especially valuable for Leadbeater’s 
Possum, which would benefit from a more integrative 
strategy as discussed previously. Net hollow loss and a 
shortage of hollows for this species in ash forests seem 
inevitable over several decades (Lindenmayer et al.
1997). Nest-boxes or artefacts may be used readily by 
the species in ash forests (Macfarlane et al. 1988) and 
elsewhere (Smales 1994; Spring et al. 2001; Harley et 
al. in press). Arguments against this have been raised 
on the basis of installation and maintenance costs 
(Lindenmayer et al. 1991b; McKenney and Lindenmayer 
1994) and low box occupancy rates in a recent study 
(Lindenmayer et al. 2003). Recent analyses of ecological 
and economic data suggests that their potential use as 
a short-term measure should be re-evaluated (Spring et 
al. 2001; Harley et al. in press, but see Lindenmayer et 
al. 2003). In some forests overseas, nest-boxes play an 
important role in maintaining populations of hollow-
dependent fauna in heavily managed forests (e.g. for 
owls in Finland, Saurola 2002). In parts of south-western 
Victoria, nest-boxes have been used for management 
with re-introduced Sugar Gliders Petaurus breviceps
(Suckling et al. 1983; Irvine and Bender 1997) and for 
an endangered subspecies of Red-tailed Black-Cockatoo 
Calyptorhynchus banksii (Emison 1996). 

Philosophical issues fuel the debate on the value of 
nest-boxes, with a fear that nest-boxes may wrongly 
be seen as substitutes for old trees. Nest-boxes can be 
used to supply just one of the many resources available 
in old trees (hollows), but that does not mean that 
their potential use should be dismissed. Their use as a 
research tool is more widely accepted (e.g. Soderquist 
et al. 1996; Ward 2000; Dashper and Myers 2003), as 
long as potential confounding factors are considered 
appropriately (Koenig et al. 1992). Experiments using 
different spatial arrangements of nest-boxes in regrowth 
would provide a valuable model to help assess potential 
benefits of different densities of hollow-bearing trees, as 
a resource for hollow-dependent fauna.

Umbrella species
Large owls have been selected as umbrella species 
because they depend on elements of old forest 
(hollow-bearing trees) and their prey includes arboreal 
marsupials that also need hollow-bearing trees: owls 
cannot be conserved without also conserving their prey 
and appropriate habitat. (Webster et al. 1999; Loyn et 
al. 2001, 2002a; McIntyre and Henry 2002). As part of 
the Victorian RFA process, data on owls were modelled 
to produce maps of predicted distribution, and after 
successful field-testing they were used along with actual 
records to define areas, each of ~500 ha, where habitat 
would be protected for owls. The RFA process identified 
~1000 areas, each of ~500 ha, that would be given 
special protection for large owls, about half of them in 
existing reserves and the remainder as Special Protection 
Zones (SPZ) in State Forest (Loyn et al. 2001, 2002a, and 
in press). Similar work on owls was conducted in other 
states (Kavanagh 1997; Kavanagh and Stanton 2002; 
Bell and Mooney 2002; Liddelow et al. 2002). Extensive 
surveys of many other species have been conducted in 
all states, with associated modelling especially in NSW 
(e.g. Ferrier 1991; Neave and Norton 1991; Lunney et al. 
2000; Pearce and Ferrier 2001; Pearce et al. 2001).

Monitoring programs are being developed to assess the 
effectiveness of these measures in Victorian forests and 
refine them further. What is the frequency of occurrence, 
site fidelity and breeding success of target species in 
landscapes with many, few or no reserves or Special 
Protection Zones? A key question concerns the ways in 
which owls use mosaics of mature and regrowth habitat. Is 
it effective to conserve a 500 ha core of protected habitat 
for a pair of Powerful Owls Ninox strenua or Sooty Owls, 
even when they range more widely (Soderquist et al. 2002), 
or are additional measures needed? Work in NSW has 
shown that large owls need core areas of protected habitat, 
but make extensive use of mosaics of mature forest and 
regrowth (Kavanagh 1997; Kavanagh et al. 1995; Kavanagh 
and Stanton 2002). Detailed work is needed in selected 
parts of Victoria to determine whether similar principles 
apply. In North America, work on Northern Spotted Owls 
Strix occidentalis showed that many young birds died during 
dispersal, and a strategy of clustering reserves was needed 
to conserve viable populations (Thomas et al. 1990). 
Our population viability analysis did not identify a need 
for clustering (McCarthy et al. 1999), but recognised a 
general lack of data about dispersal and survival. Some of 
our owl SPZs are clustered and some are not. Information 
on persistence and breeding success in these situations 
would help determine any merits of moving to a system 
of preferring clustered or dispersed reserves. Genetic 
information could help determine natural and artificial 
barriers to gene flow in the forest landscape.

Parallel work on arboreal marsupials shows that these 
species tend to be somewhat more numerous in areas 
selected as SPZs for large owls than in the forest generally 
(Loyn et al. in press). This provides limited support for the 
concept that measures to benefit large owls will benefit a 
broader range of fauna species, and hence they have value 
as umbrella species. However, Taylor and Doran (2001) 
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rightly observed that conservation of a few umbrella 
species cannot be expected to provide adequate protection 
for the full range of forest fauna species, especially when 
the diversity of invertebrates is considered. Not all species 
will fit under a single umbrella. Umbrellas may be useful 
(and large owls appear to be effective in this respect), but 
additional management measures are needed to conserve 
the full range of forest fauna.

Pattern: clumped or scattered old trees?
Many studies have focused on the needs of hollow-
dependent fauna (e.g. Lindenmayer et al. 1990a and 
subsequent papers; Gibbons et al. 2002), but few have 
examined the strategic spatial questions identified in 
this paper. Lindenmayer’s data show that Leadbeater’s 
Possums make greater use of old trees scattered among 
regrowth than they do of similar numbers of old trees 
grouped together as patches of mature forest. His 
published models for Leadbeater’s possum occurrence 
include a curvilinear term for density of old trees, showing 
that possum densities continue to increase with density of 
old trees, but the rate of increase declines with increasing 
density of old trees (Lindenmayer et al. 1991a). His data 
show that many more Leadbeater’s Possums were recorded 
per old tree when densities of old trees were low than 
when they were high (D.B. Lindenmayer, pers. comm.): 
the relationship with hollow-bearing trees is convex 
(Figure 1). Hence this species appears to be one that 
would benefit from a strategy of integrating conservation 
and wood production at the spatial scale of the coupe, if 
practical ways can be found to implement such a strategy 
in ash forests. Retention of patches of trees on selected 
coupes is the main option under current investigation. 

Of the species studied to date, Leadbeater’s Possum 
is the main example that would benefit greatly from a 
more integrated management strategy. In contrast, data 
from ash forests and mixed eucalypt forests suggest that 
Yellow-bellied Gliders and Sooty Owls are much more 
likely to be found in mature forest than regrowth with 
scattered old trees (Henry and Craig 1984; Milledge et 
al. 1991; Incoll et al. 2001). It seems that the response 
curves for these species are concave (Figure 1), and 
hence they would benefit from a strategy of segregating 
conservation and wood production. Yellow-tailed Black-
Cockatoos Calyptorhynchus funereus breed in mature forest 
or in regrowth with scattered old trees, and do not show 
significant departures from linearity in their response to 
density of old trees (Nelson and Morris 1994). For Yellow-
tailed Black-Cockatoos, it seems to make little difference 
whether retained old trees are scattered or clumped, and 
the main need is to ensure that adequate numbers of 
suitable trees are retained in the forest landscape. 

Recent studies of diurnal birds in ash and mixed-species 
forests have also shown roughly linear relationships 
between densities of hollow-dependent birds and densities 
of old trees (R. Loyn, unpublished data), suggesting that 
the number of trees retained is more important than 
their distribution, within certain limits. In developing 
prescriptions for retaining and regrowing old trees, it 
is important to recognise the spatial heterogeneity that 
exists in the forest, at a multitude of spatial scales (Forman 

and Godron 1986; Hunter 1990; Franklin and Forman 
1991; Hobbs et al. 1993; Bennett 1999). For some fauna 
species, the type of tree retained (species, age and growth 
form) may be more important than the number of trees 
or their distribution (Gibbons and Lindenmayer 1996, 
2002; Lamb et al. 1998). It is futile to specify a desired 
distribution of trees to be retained, when trees of that type 
are uncommon and their actual distribution conforms to 
a different pattern.

Some of the birds and mammals that forage from open 
ground would benefit from retaining patches of forest 
rather than single trees, as patches also include some of 
the structural features (e.g. lack of dense understorey) 
that these species require. Open spaces between large 
trees may also be important for species such as Sooty 
Owl and Yellow-bellied Glider that need to move through 
the air between trees to hunt their prey or access patchy 
food resources (Kavanagh 1997; Incoll et al. 2001; Loyn 
et al. 2002a). Retaining patches of trees can also help to 
protect sensitive understorey plant species (Ough and 
Murphy 1996). Contrary arguments have been raised in 
favour of uniform distributions of old trees for arboreal 
marsupials (Smith and Lindenmayer 1992), and this may 
be the optimum solution when it is practical to maintain 
high levels of old trees throughout the forest landscape, 
as in retained systems of mature forest. However, it is 
not sensible to aim for uniformity if the uniform level of 
retention falls below any threshold density for a particular 
target species: clumping is the only practical option in 
such cases. The spatial arrangement of retained patches 
becomes a crucial issue in these cases, and the aim must 
be to ensure that they remain accessible to individual 
animals of the target species, so that populations do not 
lose viability through fragmentation. 

From a wood production viewpoint, retained old trees 
suppress regrowth to varying extents in different forest 
types (Incoll 1979; Rotheram 1983; Bassett and White 
2001), and this effect can be reduced (per tree retained) if 
retained trees are clumped rather than scattered. Clumping 
also reduces hazards to timber workers from falling 
branches. This all amounts to an argument for segregation 
rather than integration at the coupe scale (as recognised 
by Loyn 1985a), or an argument for clumping retained 
trees where possible if integration is to be attempted on 
particular coupes. There are increasing social and political 
pressures to avoid clear-felling on coupes, and retaining 
clumps of trees within coupes offers a possible solution with 
advantages both to conservation and production. Systems 
of retained clumps of trees have been implemented on a 
trial basis in the Wombat State Forest (Macak et al. 2004), 
and are proposed for more general introduction in the near 
future (State Forest Flora and Fauna Habitat Management 
Working Group 2002.). Monitoring programs are in place 
and further research is proposed.

Three main philosophies are apparent among the 
proponents of variable retention systems. One is to focus 
mainly on providing habitat patches in parts of the forest 
where coupes are remote from existing reserves (State 
Forest Flora and Fauna Habitat Management Working 
Group 2002), where the need for such systems may be 
greatest. Another is to provide them mainly close to 
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reserves, effectively feathering the edges of such reserves 
(Shaw 1983). Proximity to reserves may increase their 
value to certain fauna species, and especially to those 
animals that cannot easily travel large distances through 
regrowth forests. A unifying philosophy may be to provide 
retained patches mainly in parts of the landscape where 
uneven-aged stands or fine-scale mosaics are likely to be 
a common feature of the natural environment (Burgess et 
al. 1997; Mackey et al. 2002).

Pattern: fine or broad scale mosaics?
Management of spatial pattern is often seen as a useful way 
of meeting conservation objectives with minimum effect 
on production, or vice versa. However, there is surprisingly 
little agreement on the fundamental strategic questions 
about conservation values of fine-scale or broad-scale 
mosaics of age-classes. Public perception favours small 
coupes, and coupe size is limited by the Code of Forest 
Practices in Victoria (Government of Victoria 1996) and 
similar legal or administrative instruments elsewhere. 
Usually the public view is based on a conceptual 
comparison of one small coupe with one large coupe, 
whereas it would be more appropriate to compare equal 
areas of small coupes and large coupes.

Similarly, public perception favours large reserves over 
small reserves, and this view is often backed by reference 
to the theory of island biogeography (MacArthur and 
Wilson 1963; Diamond 1975). Again, the view is based 
on conceptual comparison of one small reserve with one 
large reserve, whereas the equal-area comparison is more 
appropriate. This debate (Single Large or Several Small, 
or SLOSS) raged in the literature for several years, with 
the conclusion that there was no general answer to the 
question (Simberloff and Abele 1982). Hence, empirical 
research is needed for each situation where management 
choices are made between fine or coarse-grained mosaics 
of reserves or logged areas (Franklin and Forman 1987).

Patches
In Victoria, studies of forest patches in farmland have 
confirmed the general principle that large patches support 
more species of bird or mammal than small patches, and 
also showed that there was no simple answer to the 
SLOSS question in this case (Loyn 1985d, 1987). The 
practical value of the SLOSS debate has arguably been 
degraded by its focus on numbers of species rather than 
abundance of individuals by species or groups of species. 
In forest patches and farmland in the Latrobe Valley, a 
marked reduction in abundance (density) of forest birds 
was found in patches smaller than ~10 ha in size. The 
reduction was most apparent where such patches were 
heavily grazed by domestic stock (as they often were) and 
dominated by an aggressive native honeyeater, the Noisy 
Miner Manorina melanocephala (Loyn 1987). Similar 
results were found in box-ironbark forests of northern 
Victoria (Mac Nally et al. 2000). The active role of Noisy 
Miners was confirmed through removal experiments in 
north-east Victoria (Grey et al. 1997, 1998) and south-
east Queensland (Catterall et al. 2002). Thus groups of 
small forest patches (<10ha) in farmland will support 
fewer individual forest birds than large patches of 

equivalent area, and hence will probably make a lesser 
contribution to conservation of those species in the rural 
landscape. But this should never be used to deny a role 
for small forest patches in conservation strategies, and 
in some rural landscapes small forest patches may be the 
only representations of certain forest types available for 
conservation purposes. Some species may actually favour 
small patches: for example, Suckling (1984) found that 
Sugar Gliders Petaurus breviceps were more common in 
roadside strips of trees than in extensive forest. The same 
is clearly true of a suite of “open-country birds” including 
Noisy Miners and Grey Butcherbirds Cracticus torquatus 
(Loyn 1987; Grey et al. 1997, 1998). 

A different situation arises where patches of mature 
forest are surrounded by regrowth forest. Studies in such 
mosaics of montane ash forest have shown that some 
species are more likely to be found in large patches than 
small patches, including Sooty Owl, Yellow-bellied Glider 
and Greater Glider Petauroides volans (Milledge et al.1991; 
Incoll et al. 2001). However, the abundance (density) of 
forest birds was no less in small patches than large patches 
(Loyn 1998), suggesting that collections of small patches 
of mature forest can be as valuable as large patches of 
equivalent area for those species. The contrast with the 
rural landscape reflects the absence of domestic stock and 
Noisy Miners from the montane forest ecosystem (Loyn 
2001). The current conservation strategy within the range 
of Leadbeaters Possum is to conserve all patches of mature 
forest (Macfarlane and Seebeck 1991) and this approach 
also appears to have merit for diurnal bird species in the 
forest landscape.

In both environments, it seems that there is merit in 
ensuring that small and large patches are conserved, 
with a preference for large patches where available, 
especially in the rural environment. Regrowth forest 
may be an adequate buffer for valuable old patches in 
extensive forest, but more attention may be needed to 
creating suitable buffers for patches of special value in 
farmland. New eucalypt plantations may have a potential 
role in buffering remnant vegetation, but research data 
are needed. Research projects have commenced in 
Victoria and other states to examine the value of eucalypt 
plantations as fauna habitat.

Edges
Montane ash forests also provide a relatively simple 
medium for studying effects of edges between age-classes, 
because individual age-classes are usually better defined 
than they are in multi-aged mixed species forests. Studies 
of edge effects need to examine effects on both sides of 
the edge, especially when positive effects are expected on 
one side and negative effects on the other. They also need 
to extend for several hundred metres on each side of the 
edge, so that comparisons can be made with areas where 
edge effects are expected to be minimal. Studies of this 
sort in montane ash forests have shown that, of the species 
examined, few showed clear positive or negative effects of 
transient edges between age classes (Nelson et al. 1996; 
Loyn 1994, 1998 and in prep.; Incoll et al. 2001; van der 
Ree and Loyn 2002).

Forest Fauna.indd 16/09/2004, 7:45 PM796



797Conserving Australia’s Forest Fauna

Ecologicaly sustainable forest management

The most convincing evidence for edge effects arose 
where habitat gradients crossed the edges concerned. 
For example, numbers of old hollow-bearing trees 
declined progressively from interiors of mature forest 
into adjacent 1939 regrowth (Nelson et al. 1996). This 
pattern is a consequence of the progressive impact of 
the severe 1939 fires as they waxed, waned, changed 
direction, flared or petered out locally in response to 
local and rapid changes in conditions on the day or night 
of the fire. The linear “edge” between mature forest and 
regrowth was to a large extent an artefact, and may have 
been exaggerated by post-fire salvage logging. The real 
gradient of old trees was reflected in the abundance of 
Greater Gliders (Nelson et al. 1996) and White-throated 
Treecreepers Cormobates leucophaea (Loyn 1994 and in 
prep.). Both species declined across edges in proportion 
to the abundance of old trees. These gradients could 
be used as arguments for emulating such patterns in 
managed forests but should not be used to argue for 
fine-grained or coarse-grained patterns of harvesting or 
retention, especially as the negative effects on one side of 
the “edge” are balanced by positive effects on the other.

A possible positive effect of permanent edges was observed 
in the course of the studies on birds, where several species 
were seen to make extensive use of such edges for feeding 
on food sources not available in extensive forests. Seeds of 
Compositae species that thrive along tracks constituted 
one such food source, and were found to be attractive as 
food to Crimson Rosellas Platycercus elegans in late summer 
(Loyn 1994 and in prep.). It is a common observation 
that herbivorous marsupials (Swamp Wallabies Wallabia 
bicolor and Common Wombats Vombatus ursinus) often 
feed preferentially along the grassy edges of permanent 
tracks. It is not known whether the existence of such edges 
helps increase populations of these species in the forest as 
a whole. Permanent edges can also have negative effects, 
especially when they involve roads with associated traffic 
hazards. Grassy verges also attract introduced mammals 
such as European Rabbits Oryctolagus cuniculus, and they in 
turn attract introduced predators including the Red Fox.

A special case of edge effects was examined in studies 
commissioned by ARI to examine effects of linear strips of 
retained vegetation in recently logged montane ash forest 
(Lindenmayer 1991; Lindenmayer et al. 1993a, 1994). 
This study found that Leadbeater’s Possums were less 
likely to occur in such strips than in extensive forest with 
similar habitat features, suggesting a negative edge effect 
on that species in early successional stages. Different 
results might be expected when regrowth had developed 
further, in view of the needs of that species for mixed-
age stands as discussed above. In contrast, other arboreal 
mammals such as Greater Glider and Mountain Brushtail 
Possum Trichosurus cunninghamii were as prevalent in 
retained linear strips as they were predicted to be from 
habitat models derived from data in continuous forest.

Coupes
Effects of coupe size and shape were examined in ash 
forests in the Central Highlands in the early 1990s, 
as part of an ambitious Silvicultural Systems Project 

(Squire 1990). The experimental studies focused mainly 
on regeneration and operational issues, as any important 
benefits of new systems to wildlife were not expected to 
accrue for many years. Hence associated wildlife studies 
were conducted with a more wide-ranging spatial 
focus, using the retrospective approach. Nevertheless, 
data were collected on diurnal birds on some of the 
experimental coupes (R.Loyn, upubl. data). More birds 
were found in long thin coupes than in equivalent areas 
on conventional coupes. The birds concerned were all 
common species, not considered sensitive to logging. It 
may be worth repeating the studies when regeneration 
has developed further. However, the generally neutral 
results from edge studies suggest few important medium-
term benefits would be obtained through design changes 
in coupe shape and size.

No work was done on possible effects of increasing coupe 
size, as coupe size is currently limited to 40 ha under the 
Code of Forest Practices (Government of Victoria 1996). 
Further work on possible effects of large coupes would be 
needed if moves were made to relax these provisions. The 
1939 and 1983 wildfires produced large areas of regrowth, 
many of which were then stripped of fire-damaged old 
trees by salvage logging. The opportunity was taken to 
study mammals in the regrowth 13 years after the 1983 
fire, and results suggested that colonisation depended on 
habitat development not on distance from edge (van der 
Ree and Loyn 2002). For example, Leadbeater’s Possums 
were found over 1 km into 1983 regrowth, but Greater 
Gliders were rarely found in 1983 regrowth as trees had 
not yet reached a suitable height.

Conclusions

Segregate or integrate?
The balance of data suggests that more species are 
favoured by a strategy to segregate (at some spatial 
scale) than to integrate. Nevertheless, one species 
that has been studied intensively (Leadbeater’s 
Possum) would be favoured by closer integration of 
conservation and production at the coupe scale in ash 
forest. Other examples are likely to come to light with 
further research and operational experience. Practical 
impediments to integration (including safety issues and 
effects on wood production) are less in mixed eucalypt 
forests and box-ironbark forests than they are in ash 
forests. The natural structure of these mixed forests 
includes a high proportion of uneven-aged stands, in 
contrast to the even-aged stands that are a common 
though not universal feature of ash forests (Ashton 
1976; Lindenmayer et al. 1990b; Attiwill 1994; Lamb 
and Smyth 2003). Public opinion is in favour of moves 
away from clear-felling. Complete withdrawal of timber 
production from native forests may be the ultimate goal 
of some people, but an effective strategy of conservation 
and production, integrated to some extent at the coupe 
level, would be more palatable to many than the current 
emphasis on segregation. Hence there are socio-political 
arguments for further development of such systems, even 
if the current biological data point more in the direction 
of segregation.
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Retaining clumps of trees within coupes offers a possible 
solution with advantages both to conservation and 
production. Systems of retained clumps of trees have 
been implemented on a trial basis in the Wombat State 
Forest, and are proposed for more general introduction 
in the near future. Monitoring programs are in place and 
further research is proposed. A mix of strategies is likely 
to be needed to satisfy a range of competing demands in 
different parts of the forest.

Fine or coarse-scale mosaic?
Our studies of scale and pattern in ash forest have shown 
that some species (large gliders and the Sooty Owl) are 
likely to benefit from retaining large patches of mature 
forest, where such patches exist (Milledge et al. 1991; 
Incoll et al. 2001). In contrast, most diurnal birds showed 
little difference in density between small and large patches 
(Loyn 1998), and any patch of old forest has value in 
proportion to its area. Studies of edge effects suggest that 
the transient edges between different age-classes of ash 
forest have little positive or negative effect on distribution 
and abundance of bird and mammal species, except in 
response to habitat gradients. In this forest type, the 
habitat features of the forest are more important than the 
spatial arrangement of retained patches and logged coupes. 
Hence it is appropriate to design the mosaic of reserved 
and logged forest on the basis of what is available, and the 
habitats actually used by target species. This is the logic 
behind current processes to select and protect habitats 
used by featured species such as Leadbeater’s Possum, 
Long-footed Potoroo Potorous longipes and large forest owls 
(Macfarlane and Seebeck 1991; Saxon et al. 1994; Webster 
et al. 1999; Loyn et al. 2001, 2002a; McIntyre and Henry 
2002). The results also suggest that coupe size, shape 
and distribution are likely to have only minor effects on 
distribution and abundance of wildlife species, although 
more research is needed on effects of larger coupes. 

Different conclusions were found in mosaics of remnant 
forest and farmland, where edges with grazed pasture had 
negative effects on forest birds in small remnant patches of 
forest (Loyn 1987; Mac Nally et al. 2000). Course-grained 
mosaics and large reserves appear to be preferable in 
rural environments, where this is an option. It should be 
stressed that small reserves are clearly far better than no 
reserves, and in many situations the only parcels of native 
vegetation are small. Even scattered trees have important 
value for some species, and especially for mobile animals 
such as birds (Fischer and Lindenmayer 2002) and bats 
(Law et al. 2000; Lumsden et al. 2002). 

Different conclusions again may be reached when similar 
work on scale and pattern is conducted in mixed-species 
eucalypt forests and box-ironbark forests. These forests 
have been sadly neglected in terms of such research, 
despite their extent and amenability to varied forms of 
management. This leads to a key conclusion from this 
review: nobody should expect to find a universal panacea, 
or an optimum set of prescriptions that can be applied 
universally. Diversity is part of the essence of forests, 
and diversity in management is surely part of the key to 
fostering the diversity of attributes that we value. 

The way forward: future research and 
management
Further studies are planned to examine the effectiveness 
of new prescriptions for retaining patches of forest 
on coupes, in selected situations, using an adaptive 
management framework (State Forest Flora and Fauna 
Habitat Management Working Group, 2002; Macak et 
al. 2004). Research in varied landscapes is needed to 
evaluate the relative merits of alternative approaches.

Retrospective research is needed on effects of scale and 
pattern (retained trees, edges, patches and coupe size, 
shape and distribution) in mixed eucalypt forests and 
box-ironbark forests. Possibilities for improving habitat 
values of regrowth need to be investigated. Thinning 
and control burning could potentially be used as tools 
for improving habitat as well as meeting traditional 
objectives. These needs and others have been identified 
in a recent document on national research priorities for 
native forest ecosystem management, produced by the 
Research Working Group 4 (anon 2003).

Monitoring and research programs are being developed 
(and some have been implemented) to test the effectiveness 
of management measures to conserve threatened species 
or umbrella species such as large owls, and to improve 
management of pest species. They are expected to 
involve a mix of monitoring, detailed ecological research 
in selected forest landscapes, and broad-scale genetic 
studies. An adaptive management framework (Walters 
1997) will be used to feed information through to 
periodic reviews of forest management. Detailed research 
is expected to consider the movements of large owls in 
complex forest landscapes (including the rarer species), 
and the role of predator-prey interactions in shaping 
forest ecosystems. A broader program to monitor forest 
wildlife is also proposed: one of the lessons from Spotted 
Owl controversies in North America is that a holistic view 
should be taken (Forsman 2002), using umbrella species as 
guides but not the whole story. Community involvement 
is expected to be a feature of these monitoring schemes.

The most fundamental strategic questions will continue 
to be debated at the community and political levels. 
They concern the appropriate extent of logging, the 
relative merits and costs of integration or segregation 
of logging and fauna conservation measures and the 
appropriate scale for integration. It is essential that 
strategic research should continue to be done to inform 
the public debate and the political process. This research 
should address questions about successional effects of 
logging, and effects of scale and pattern of reserves and 
regrowth, especially in mixed-species eucalypt forests 
where these questions have largely been neglected. The 
strategic implications of research should not be lost in 
the detail of specific studies.

Communication between research, management and 
policy staff is a vital element in this process. Improved 
communication is the key ingredient for more innovative 
adaptive management and more effective targeted 
research, and hopefully will be achieved through a range 
of possible models in the near future.
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A B S T R A C T

Old trees are one of many habitat attributes associated with old forests. They are known to be required by

many wildlife species including cavity-dependent birds. Forest managers need to select strategies for

retaining and regrowing old trees to maintain suitable numbers over time at appropriate configurations

in the forest landscape. This paper presents data from wet forests in south-eastern Australia to help

elucidate the effects of different strategies on forest birds as one element of biodiversity that needs to be

conserved in these forests.

Bird abundance was assessed by standard area search at 117 sites in forests of Mountain Ash

Eucalyptus regnans in the Victorian Central Highlands, over the course of two spring-summer breeding

seasons from 1996 to 1998. The sites contained 60-year regrowth from extensive wildfires in 1939, along

with varying numbers of older trees that had survived the fire. Some of the old trees were dead and at

varying stages of decay. Numbers of old trees were counted at each site and a range of other habitat

measurements taken. Birds were considered by species or guilds of species (feeding and nesting guilds).

Bird abundance data were regressed against numbers of old trees and other relevant habitat data.

Cavity-nesting birds were positively related to numbers of old trees, and especially to those that

remained alive. Bird species that nest in longitudinal cavities in small branches (spouts) were rare at sites

that lacked old trees, and were related strongly to numbers of live old trees. Large cavity-nesters were

related to numbers of live old trees or all old trees. Treecreepers correlated less strongly, perhaps because

they use cavities in decaying snags and stumps as well as large old trees. Honeyeaters and Mistletoe birds

were also positively associated with numbers of live old trees, although they do not need cavities. Total

bird abundance was positively related to live, dead or all old trees.

Several other relationships were found. For example, shrub foragers were related positively to

abundance of tall shrubs but not low shrubs; wattle foragers were related positively to abundance of

wattles (especially Silver Wattles Acacia dealbata); and Eastern Spinebills Acanthorhynchus tenuirostris

were positively associated with abundance of Mountain Correa Correa lawrenciana (the flowers of which

provide a major source of nectar).

Non-linear relationships between bird abundance and densities of old trees were found for at least two

cavity-nesting bird species. The relationship was convex for Striated Pardalote Pardalotus striatus (optimum

density 5–12 live old trees/ha) and mildly concave for Crimson Rosella Platycercus elegans. This suggests

that the former would benefit from strategies to disperse old trees among regrowth at suitable scales

whereas the latter would benefit from strategies to produce clumped distributions of old trees. However,

Striated Pardalotes showed a strong preference for live old trees, which cannot easily be kept alive among

regrowth after logging or fire, suggesting clumped retention may be more practical for that species too.

Three other species showed weak evidence of non-linear responses, but most species showed no significant

evidence of departure from linearity. No species or guild showed strong evidence of a threshold level of old

tree density (above�1 ha�1) below which those birds would not occur. Hence for most of the diurnal birds

considered in this study, old trees appear to be useful in proportion to the overall number of suitable old

trees that can be retained and regrown (rather than their spatial pattern), and especially the number that

can be kept alive. Clumped retention strategies give the best chance of keeping many retained trees alive in

retained patches. Otherwise, spacing patterns should be a secondary consideration, except where they are

known to be important for species such as owls and arboreal mammals.
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1. Introduction

Most forests are old, in the sense that they have existed as
forests on particular parcels of land for long periods of time.
However, some forest features can be restored quickly after
disturbance, while others take much longer to reproduce. Old trees
are the classic example in the latter category: to many people old
trees constitute a defining hallmark of old forests. Old trees are
needed by many bird and mammal species as a source of cavities
and specific feeding opportunities, throughout the world. In
Australia the role of old trees as a source of cavities has received
special attention, as the main agents of cavity formation are fungi
and invertebrates (termites), and Australia has no woodpeckers
(which can act as primary excavators elsewhere). In many eucalypt
forests, useful hollows for vertebrate fauna may not form for well
over 100 years (e.g. Wormington and Lamb, 1999; Gibbons et al.,
2002; Whitford, 2002).

Forest managers accept the need to maintain old trees at
suitable distributions in the landscape, but need information to
guide them in making strategic decisions at the scale of individual
stands and the broader forest landscape (Loyn, 1985a, 2004;
Gibbons et al., 2002; Lindenmayer and Franklin, 2002). The issue is
a challenge because wood production is greatest at the younger
stages of stand development, and deliberate retention of old trees
on coupes and old stands in the landscape (and younger trees and
stands to replace them over time) are likely to be needed (Loyn,
1985a). Current planning processes address some of these issues
(DSE, 2007), but more information is required to determine the
relative values of strategies to retain old trees at particular
densities and patterns in the landscape. The most relevant
information concerns the roles of old trees among established
regrowth: hence retrospective studies are likely to be more useful
than planned experiments for generating the required information
within a realistic time-frame (Loyn, 2004).

The Mountain Ash Eucalyptus regnans forests in the Central
Highlands of Victoria provide an excellent opportunity to examine
this question in a relatively simple ecosystem. All forests are
complex, but these forests are dominated by a single eucalypt
species (which forms over 95% of the canopy) and the understorey
and middle storey share many common features over a wide range
of landforms through the region. They have been classified mainly
within two Ecological Vegetation Classes (Woodgate et al., 1994),
Wet and Damp Forest. Severe wildfires burned through these
forests in 1939, killing most Mountain Ash trees over large areas: it
is estimated that about 70% of the ash forests in the Central
Highlands burned at that time (Noble, 1977). Mortality of old trees
varied but was generally high, and subsequent salvage logging
further reduced the numbers of remaining old trees. Numbers of
old trees declined further over time through decay and collapse.

The forest consisted of extensive stands of relatively uniform
1939 regrowth (aged 60+ years) with varying numbers of old living
and dead trees. Examination of these stands and their use by fauna
allowed the relative values of particular densities and spatial
patterns of old trees to be assessed, within a 60-year regrowth
matrix. In particular, we hoped to distinguish whether birds were
related positively or negatively to increasing numbers of old trees,
and to determine whether any positive relationships were convex,
concave or linear (Loyn, 2004). Convex relationships (perhaps
revealing themselves as positive intercepts on the y-axis) would
imply that even scatters of old trees among regrowth were more
useful to the birds under consideration than clumped distributions
of the same number of old trees. Concave relationships (or negative
intercepts on the y-axis) would imply that certain threshold
densities of old trees were needed by the birds under considera-
tion, and clumped distributions of old trees might be needed to
ensure that such densities were provided locally (within the

clumps). The clumped patches might be within logging coupes or
form part of broader retained systems.

These concepts are fundamental matters to be addressed in
designing the forests of the future, and have been discussed by
various authors using different terminologies. Lindenmayer and
Franklin (2002) discussed systems of aggregated or dispersed
retention on logging coupes, along with other strategies for retained
systems, while Loyn (1985a, 2004) considered the relative merits of
integrating or segregating conservation and production, at a range of
spatial scales. All recognise the need for combinations of strategies at
different spatial scales. Here we aim to provide data that will address
these questions at broad scales in the forest landscape: we envisage
our 1 ha study sites as representing building blocks that can be
combined into hypothetical landscapes with larger patches of forest
in various ways. These might include lots of patches with
intermediate densities of retained old trees (dispersed retention;
integrated strategy), or a more varied approach, some with many old
trees and others with few (aggregated retention; more segregated
strategy). Undoubtedly combinations will be needed, but studies
such as this can help understand the implications of particular
decisions. Note that our focus is looking outwards to the broad scale
of the forest, not inwards on local distributions of old trees within the
building blocks.

2. Methods

2.1. Study area and site selection

The study was conducted in forests of Mountain Ash in the
Central Highlands of Victoria, south-eastern Australia, in areas that
had been affected to varying degrees by the 1939 wildfires. The
closest towns were Toolangi, Healesville, Marysville, Powelltown
and Warburton (Fig. 1). Forests of Mountain Ash grow on fertile
loamy soils, at elevations from 500 to 1100 m above sea level
(Costermans, 1981). Climate is temperate with mean daily
maximum temperatures of 22 8C in summer (January) and 11 8C
in winter (July) (Bureau of Meteorology data). Summer tempera-
tures rarely exceed 32 8C below the canopy. Mean annual
precipitation is 1200–2000 mm, with most falling as rain in
winter and spring. Mist is common and snowfalls and frosts occur
irregularly in winter. Parts of these forests have been subject to
logging, but the current study avoided areas that had been logged
in the last 30 years. The study area included areas of State Forest
and closed Water Catchments, the latter forming part of the Yarra
Ranges National Park.

Sites were selected at random, subject to two criteria as follows.
Firstly, they needed to be accessible, for logistical reasons.
Secondly, they needed to be surrounded by essentially similar
forests with similar numbers of old trees, for at least 100 m each
side, as far as could be judged visually. If a randomly selected site
did not meet the latter criterion, a suitable site was selected nearby
if possible. Initially we intended to distinguish sites that had
burned in 1939 from those mature sites that had not burned.
However, in practice sites were found to fit on a continuum
representing degrees of mortality from the 1939 fires, in both
understorey and tree canopy.

2.2. Bird surveys

Forty-five sites were selected and surveyed in spring 1996
(October–December) and 72 more sites were selected and
surveyed in spring 1997 (October–December) and January 1998.
Birds were assessed at each site using a 10-min area search (after
Loyn, 1986, but using 10 min and 1 ha instead of 20 min and 2 ha to
give more flexibility). Each search covered an area of 1 ha, marked
out as a 100 m square. The observer walked slowly through each
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site, within a central band, recording numbers of all birds seen or
heard on the site by species. Birds observed outside the marked
area (off-site) were recorded separately and not considered in
further analysis.

Numbers of old eucalypt trees were recorded at each site,
classified by the six-stage scheme used by Smith and Lindenmayer
(1988). These six stages were condensed for analysis into three:
live old trees (stages 1 and 2); dead old trees (stages 3 and 4) and
below-canopy snags or tall stumps (stages 5 and 6). Numbers of
living and dead wattle trees were also recorded. Old trees were
defined as any that were conspicuously older and larger than the
main cohort of regrowth from the 1939 fires. Other habitat data
were collected from each site mainly by visual assessment, scoring
key features on a scale from 0 (absent) to 3 (abundant) (Table 1).

Two or three searches were made at each of the first 45 sites in
spring 1996, by a single observer (RHL). Two searches were made
at each of the second set of 72 sites in spring 1997 by a second
observer (SJK) and these sites were surveyed again in January 1998,
with one search made by RHL and one by SJK.

2.3. Observer variation

The two observers recorded almost identical suites of species on
each site. One observer (RHL) consistently recorded �20% more
individual birds per site than the other, with most of the extra
individuals being close to the edge of the marked site (and
recorded as off-site by SJK). Hence the difference was due to
differing interpretations of birds’ locations (distance from the
observer) rather than different abilities to find and identify birds.
Most records (>90%) were based on sound not sight. Observer was
included as a covariate in initial analysis but this made little
difference to the models.

2.4. Analysis

Data were examined by species and guilds as shown in
Appendix A. Most guilds had been used in previous work (e.g. Loyn,
1998), although two supplementary guilds were considered here:
spout nesters (which nest in small hollow eucalypt branches, as a

subset of small cavity-nesters) and wattle foragers (birds which
often feed among or below wattles, taking a range of food as
indicated by their alternative groupings in Appendix A).

Mean values for each site (birds per search) were considered as
the basic unit of analysis and linear modelling as described below.
As an exploratory step in describing relationships and selecting
variables for further investigation, correlation matrices were
generated for dependent and explanatory variables. When
explanatory variables were correlated with each other more
closely than r = 0.70, they were not included together in
subsequent models. Similarly, variables that were logically
related to each other were not included together. For example,
variables for all dead trees and all living trees might be included
together, but not with a combined variable for all trees (dead or
alive). Models were selected for display on the basis of variance
explained and parsimony, with the Akaike Information Criterion
used to help select competing models (Burnham and Anderson,
2002).

Data were transformed to meet the assumptions of the analysis.
Log transformations of dependent and explanatory variables were
used where appropriate, because they provided a ready means of
determining whether underlying relationships were convex or
concave, an important issue for management as mentioned above.
Convex relationships would be manifest in a gradient <1 in the
double-log plot, whereas concave relationships would be manifest
in a gradient >1.

This aspect was examined further for cavity-dependent species
and guilds, and other selected species, by developing models using
linear and quadratic terms for numbers of all old trees or live old
trees, and tree size (diameter at breast height). No transformation
was found to be needed for the dependent variable in that case.

3. Results

Univariate relationships with densities of old trees are shown in
Table 2, and with other habitat variables in Table 3. Models based
on combinations of variables are shown in Table 4, and models
including linear and quadratic terms for numbers of old trees,
along with tree size, are shown in Table 5.

Fig. 1. Distribution of forests of Mountain Ash Eucalyptus regnans in the Central Highlands of Victoria, used as the current study area.
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3.1. Relationships with numbers of old trees (live or dead)

Mean abundance of many bird species and guilds was positively
related to numbers of live old trees, and also to numbers of all old
trees (Table 2). These included nectarivores as well as cavity-
dependent species and guilds (Table 2). Intercepts on the y-axis were
positive for most species and guilds tested, but smaller in magnitude
for spout nesters than other guilds, showing that spout nesters were
highly sensitive to the presence of old trees at the scale of 1 ha sites.

Few species or guilds were related to numbers of dead old trees
(Table 2). Yellow-tailed Black-Cockatoos Calyptorhynchus funereus

were an exception, correlating positively with dead old trees.
Yellow-tailed Black-Cockatoos were often seen extracting insect
larvae from senescent branches of old Silver Wattles at sites with
numerous dead eucalypt trees. Damp ground foragers and
carnivores showed positive relationships with dead old trees
(Table 2), despite making little direct use of them as a habitat
resource. Positive relationships with dead old trees were also
found for total bird abundance and species per search (Table 2).

Only two guilds showed any relationship with numbers of
below-canopy snags and stumps (Table 2). Canopy foragers
showed a weak positive relationship with snags and stumps,

Table 2
Correlation coefficients for relationships of selected bird guilds and some constituent species with numbers of old trees in forests of Mountain Ash Eucalyptus regnans:

significance of regressions is shown for guilds only, in bold if p < 0.05.

Species or guild Live old trees Dead old trees Snags and stumps All old trees

Spout-nesters 0.44 (p < 0.001) 0.05 (p = 0.592) 0.03 (p = 0.732) 0.26 (p = 0.004)
Tree Martin 0.38 0.08 �0.05 0.17

Striated Pardalote 0.33 0.04 0.09 0.24

Other small cavity-nesters 0.15 (p < 0.100) 0.01 (p = 0.890) 0.06 (p = 0.515) 0.13 (p = 0.160)

White-throated Treecreeper 0.17 0.07 0.10 0.19

Red-browed Treecreeper 0.03 0.11 �0.05 �0.06

Large cavity-nesters 0.26 (p = 0.005) 0.09 (p = 0.332) 0.15 (p = 0.102) 0.27 (p = 0.003)
Crimson Rosella 0.26 0.04 �0.01 0.27

Yellow-tailed Black-Cockatoo 0.02 0.57 0.03 0.26

Gang-gang Cockatoo 0.09 0.06 0.18 0.02

Australian King-Parrot 0.14 0.05 �0.14 0.03

All cavity-nesters 0.44 (p < 0.001) 0.03 (p = 0.710) 0.13 (p = 0.156) 0.35 (p < 0.001)
Nectarivores 0.26 (p = 0.005) 0.16 (p = 0.080) �0.12 (p = 0.185) 0.15 (p = 0.099)

Bark foragers 0.14 (p = 0.127) 0.02 (p = 0.855) 0.14 (p = 0.945) 0.09 (p = 0.339)

Seed and gall eaters at all levels 0.27 (p = 0.004) 0.10 (p = 0.267) 0.17 (p = 0.065) 0.29 (p = 0.001)
Canopy foragers 0.06 (p = 0.542) 0.09 (p = 0.315) 0.19 (p = 0.037) 0.17 (p = 0.072)

Understorey foragers 0.03 (p = 0.705) 0.07 (p = 0.426) 0.06 (p = 0.550) 0.03 (p = 0.685)

Shrub foragers 0.17 (p = 0.065) 0.09 (p = 0.354) �0.01 (p = 0.930) 0.08 (p = 0.382)

Wattle foragers 0.12 (p = 0.191) 0.14 (0.116) 0.06 (p = 0.542) 0.01 (p = 0.916)

Rose Robin 0.01 0.06 �0.04 0.04

Damp ground foragers 0.04 (p = 0.695) 0.20 (p = 0.030) �0.23 (p = 0.013) 0.07 (p = 0.484)

Carnivores 0.05 (p = 0.624) 0.21 (p = 0.024) 0.15 (p = 0.117) 0.19 (p = 0.042)
Summer migrants 0.13 (p = 0.179) 0.06 (p = 0.539) 0.10 (p = 0.289) 0.14 (p = 0.124)

Uncommon birds 0.02 (p = 0.834) 0.06 (p = 0.536) 0.00 (p = 0.846) 0.03 (p = 0.787)

Frugivores 0.18 (p = 0.054) 0.02 (p = 0.851) 0.00 (p = 0.975) 0.11 (p = 0.231)

Mistletoe bird 0.39 0.02 �0.01 0.24

All birds 0.19 (p = 0.045) 0.22 (p = 0.018) 0.07 (p = 0.430) 0.23 (p = 0.012)
Species per search 0.08 (p = 0.417) 0.24 (p = 0.008) 0.00 (p = 0.985) 0.14 (p = 0.123)

Table 1
Habitat variables assessed in study of old trees in forests of Mountain Ash Eucalyptus regnans.

Variable Units Mean Range or comments

Live old trees number on 1 ha 2.3 0–15

Dead old trees (with branches) number on 1 ha 0.7 0–20

Below-canopy snags number on 1 ha 3.1 0–17

All old trees number on 1 ha 6.1 0–26

Old eucalypts other than Mountain Ash number on 1 ha 0.2 0–2

Tree size cm (diameter at breast height) 58 30–173

Landform gully, mid-slope or ridge 17 gully, 81 mid-slope, 19 ridge

Aspect (most terrain in this region faces west or south) degrees (analysed by quadrant: N, E, S or W) 178N; 218E; 268S; 458W
Slope degrees 12.6 0–32

Litter (includes coarse woody debris <5 cm diameter) scale 0 (absent) to 3 (abundant) 1.98

Fallen logs or branches (>5 cm diameter) scale 0 (absent) to 3 (abundant) 1.67

Ground layer plants scale 0 (absent) to 3 (abundant) 1.91

Tree-ferns scale 0 (absent) to 3 (abundant) 1.53

Low shrubs scale 0 (absent) to 3 (abundant) 2.08

Correa (Mountain Correa Correa lawrenciana) scale 0 (absent) to 3 (abundant) 0.91

Coprosma (Prickly Currant-bush Coprosma quadrifida) scale 0 (absent) to 3 (abundant) 0.50

Middle storey (tall shrubs and small trees such as wattles) scale 0 (absent) to 3 (abundant) 1.78

Wattles Acacia spp. scale 0 (absent) to 3 (abundant) 2.18

Silver Wattle Acacia dealbata scale 0 (absent) to 3 (abundant) 1.15
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Table 3
Univariate relationships of selected bird species and guilds with habitat variables other than old trees in forests of Mountain Ash Eucalyptus regnans.

Species or guild Variable Response (correlation coefficient) Significance of regression (p)

Nectarivores Correa 0.07 0.460

Eastern Spinebill Correa 0.27 0.003
Other honeyeater species Correa <0.10 >0.5

Striated Thornbill Correa 0.14 0.123

Frugivores Coprosma 0.15 0.097

Silvereye Coprosma 0.12 0.210

Wattle foragers Silver Wattle 0.31 <0.001
Wattle foragers All Wattles 0.19 0.038
Rose Robin Silver Wattle 0.15 0.098

Rose Robin All Wattles 0.19 0.035
Shrub foragers Middle Storey 0.25 0.007
Shrub foragers Low shrubs 0.13 0.175

Damp ground foragers Litter 0.18 0.048
Damp ground foragers Ground layer plants �0.20 0.030

Significant relationships (p < 0.05) are shown in bold.

Table 4
Models for relationships of selected bird species and guilds with numbers of old trees and other habitat variables in forests of Mountain Ash Eucalyptus regnans.

Dependent variable Explanatory variables Estimate S.E. p

ln cavity-nesters Constant 0.8159 0.1443

ln old trees 0.1521 0.0609 0.015

ln cavity-nesters Constant 0.8427 0.1528

ln live trees 0.1341 0.0717 0.065

ln tree size 0.3688 0.1829 0.046

ln cavity-nesters Constant 0.8158 0.1407

ln old trees 0.1705 0.0487 <0.001

ln total bird abundance Constant 2.6640 0.1358

ln tree size 0.3196 0.1031 0.004

ln total bird abundance Constant 2.6580 0.1333

Tree size 0.0045 0.0014 0.001

ln shrub-foraging insectivores No signif. relationship with old trees or midstorey

ln canopy-foraging insectivores Constant 0.9874 0.1856

if landform = gully 0

if landform = mid-slope 0.3842 0.1755 0.051

if landform = ridge 0.2379

ln bark-foraging insectivores Constant 0.2074 0.1350

Slope �0.0180 0.0065 0.008

Eucalypts other than Mountain Ash 0.1859 0.0990 0.062

ln understorey-foraging insectivores Constant 0.7481 0.1556

Ground layer 0.1413 0.0652 0.035

ln understorey-foraging insectivores Constant 0.7479 0.1586

Tree-ferns 0.1569 0.0770 0.049

ln understorey-foraging insectivores Constant 0.7600 0.1810

Ground layer 0.1305 0.0649 0.048

Tree-ferns 0.1413 0.0771 0.073

ln understorey-foraging insectivores No effect of shrub layer

ln honeyeaters Constant 0.4611 0.1688

ln tree size 0.5527 0.1809 0.003

ln insectivores that feed from wattle foliage Constant 0.9988 0.1645

Silver Wattles 0.1389 0.0577 0.019

ln summer migrants No significant model

ln large Cavity-nesters Constant 0.2348 0.2138

ln old trees 0.1111 0.0518 0.032

ln small cavity-nesters Constant 0.0961 0.1518

ln live old trees 0.1649 0.0590 0.006

Litter 0.1664 0.0756 0.029

If aspect = North 0

If aspect = East 0.1044 0.1893 0.044

If aspect = South 0.4369

If aspect = West 0.1680

ln small cavity-nesters Constant 0.2781 0.0711

ln old trees 0.1595 0.0464 <0.001
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but were not observed to make use of that resource. Damp ground
foragers showed an unexpected weak negative relationship,
despite showing a positive relationship with less decayed live or
dead old trees (Table 2).

When all birds were considered together, it was seen that they
were related positively to number of live old trees, dead old trees
and all old trees (Table 2), and not to snags. Much of these
relationships were driven by the cavity-nesters and nectarivores
discussed above, though a range of additional species contributed
to the marginally stronger relationship for all old trees compared
with live old trees. The apparent relationship with dead old trees
was unexpected as it was contributed mainly by species not known
to need old trees of any form (notably the damp ground foragers).
Relationships with various guilds are discussed below.

Small cavity-nesters were positively related to numbers of live
old trees and not to dead trees or snags (Table 2). The relationship
was driven mainly by two spout nesters, Tree Martin Petrochelidon

nigricans and Striated Pardalote P. striatus, which nested exclu-
sively in small hollow branches (spouts) of large living eucalypts.
These species were scarce on sites which lacked old trees (i.e. the
intercept on y-axis was small). Striated Pardalotes showed a
positive convex relationship with numbers of live old trees (Fig. 2;
Table 5), and this was also evident for the broader guilds of spout-

Table 4 (Continued )

Dependent variable Explanatory variables Estimate S.E. p

ln small cavity-nesters Constant 0.296 0.0607

ln live old trees 0.1751 0.0400 <0.001

Shrub layer 0.2012 0.0690 0.004

Slope �0.0181 0.0069 0.008

Models shown here use natural logarithms of bird abundance data.

Table 5
Models for relationships of selected cavity-dependent bird species and guilds with numbers of old trees and tree size in forests of Mountain Ash Eucalyptus regnans, with

quadratic terms (where useful) to describe non-linear responses to numbers of old trees.

Dependent variable % Variance explained Explanatory variable Estimate S.E. p

Cavity-nesters 19.5 Intercept 1.162 0.32 <0.001

All old trees 0.095 0.025 <0.001

Tree size (dbh) 0.01 0.005 0.074

Small cavity-nesters 21.1 Intercept 0.025 0.239 0.912

All old trees 0.136 0.04 0.001

(All old trees)2 �0.005 0.002 0.012

Tree size (dbh) 0.011 0.004 0.002

Spout-nesters 27.5 Intercept 0.202 0.088 0.024

All old trees 0.28 0.052 <0.001

(All old trees)2 �0.016 0.004 <0.001

Crimson Rosella 22.5 Intercept 0.852 0.096 <0.001

(All old trees)2 0.003 0.001 <0.001

Australian King-Parrot 8.3 Intercept �0.058 0.035 0.103

All old trees 0.0161 0.0093 0.084

(All old trees)2 �0.0016 0.0008 0.053

Tree size (dbh) 0.0014 0.0006 0.025

Gang-gang Cockatoo 2.9 Intercept �0.143 0.055 0.796

All old trees 0.157 0.0093 0.094

(All old trees)2 �0.0008 0.0005 0.085

White-throated Treecreeper 12.1 Intercept 0.38 0.053 <0.001

All old trees 0.014 0.007 0.033

Red-browed Treecreeper 6.7 Intercept 0.145 0.036 <0.001

All old trees �0.0177 0.0098 0.073

(All old trees)2 0.0009 0.0005 0.081

Striated Pardalote 20.8 Intercept 0.207 0.062 0.001

All old trees 0.183 0.036 <0.001

(All old trees)2 �0.012 0.003 <0.001

Fig. 2. Convex relationship between density of spout-nesting birds (Tree Martin and

Striated Pardalote) and density of live old trees in forests of Mountain Ash. These

birds nest in spouts (hollow branches) of old trees, and such spouts are rapidly lost

after trees die. The shape of the curve suggests that these birds benefit from

intermediate densities of live old trees, perhaps because such open-grown trees had

space to grow and retain numerous branches, and fire may have contributed to

formation of hollow spouts. The low intercept on the y-axis reflects the strong

dependence of these birds on live old trees in Mountain Ash forests.
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nesters and small cavity-nesters (Table 5), both of which include
that species.

Small cavity-nesters included two treecreeper species
(Appendix A), and both need cavities for nesting and roosting.
White-throated Treecreepers Cormobates leucophaea were found
on most sites (despite their dependence on cavities) and showed a
positive linear relationship with all old trees (Fig. 3; Table 5). Red-
browed Treecreepers Climacteris erythrops were scarce and showed
weak evidence of a non-linear concave relationship with old trees
(Table 5), manifest by an almost-significant negative relationship
with the linear term and a similar positive relationship with the
quadratic term (p < 0.1, Table 5). This implies a need for a
threshold density of old trees, and increased benefits from
increasing densities of old trees.

Large cavity-nesters were related positively to numbers of live
old trees and to all old trees (Table 2), with no evidence of
departure from linearity. Crimson Rosellas P. elegans were by far
the most numerous species in this guild (86% of individuals
observed) and showed the same relationship as the whole guild
(Table 2), but they also showed a positive mildly concave
relationship with the square of all old trees (Fig. 4; Table 5).

Two other species in the guild, Gang-gang Cockatoo Callocephalon

fimbriatum and Australian King-Parrot Alisterus scapularis, showed
weak evidence of convex relationships as for Striated Pardalote but
at lower levels of significance (Table 5).

Double-log regressions revealed gradients <1 in all cases
examined (Table 4), suggesting convex rather than concave
relationships. However, this was driven partly by the positive
values for the constant term (intercept on y-axis), and there was no
other evidence for non-linear relationships except in the five cases
mentioned above (concave for Crimson Rosella and possibly Red-
browed Treecreeper; convex for Striated Pardalote and possibly
Gang-gang Cockatoo and Australian King-Parrot).

Other guilds and species showed a range of relationships with
old trees. Frugivores, summer migrants, shrub foragers, wattle
foragers, frugivores and uncommon birds showed no significant
relationships with numbers of old trees, though trends were
positive in all cases (Table 2). One species of frugivore, the
Mistletoe bird Dicaeum hirundinaceum, related positively to
numbers of live old trees and all old trees (Table 2).

The guild of birds that feed on seeds and galls at all levels
consists mainly of large cavity-nesting parrots and cockatoos
(Appendix A); this guild was positively related to live old trees and
all old trees (and less convincingly to below-canopy snags) in a
similar way to the latter guild (Table 2). The commonest species in
the guild (Crimson Rosella) uses live or dead old trees and snags for
nesting.

Damp ground foragers showed an unexpected positive relation-
ship with dead old trees (Table 2). The commonest of these bird
species, the Eastern Yellow Robin Eopsaltria australis, often perches
on the sides of live or dead trees as vantage points for pouncing on
invertebrates on the ground below, but showed no obvious
preference for large old trees or small young trees, dead or alive.
Other species in the guild (e.g. Superb Lyrebird Menura novae-

hollandiae and Eastern Whipbird Psophodes olivaceus) made little or
no visible use of dead trees. More meaningful relationships for this
guild were found with litter and negatively with ground layer
vegetation (Table 3).

The guild of carnivorous or omnivorous birds (which include
small vertebrate animals in their usually varied diet) was
positively associated with dead old trees and all old trees
(Table 2). The most common species in this guild, the Grey
Currawong Strepera versicolor (Appendix A) fed extensively from
damp ground below tall shrubs and wattles, and was probably
responding to litter in similar fashion to the damp ground foragers
mentioned above.

3.2. Responses to other variables

Several guilds and species showed significant relationships
with variables other than old trees (Tables 3 and 4).

Nectarivores showed a positive relationship with tree size
(Table 4), as well as with live old trees and all old trees (Table 2).
Honeyeaters were the only specialised nectarivores in these forests
(lorikeets being rare in ash forests), and during the study they were
observed taking a wide range of nectar and invertebrate food. For
example, Brown-headed Honeyeaters Melithreptus brevirostris fed
extensively from decorticating bark in the canopy, and Eastern
Spinebills Acanthorhynchus tenuirostris and Crescent Honeyeaters
Phylidonyris pyrrhoptera took insects from shrub layers as well as
nectar from Mountain Correa C. lawrenciana, Victorian Christmas-
bush Prostanthera lasianthos (Eastern Spinebill only) and eucalypts.
Mountain Correa is known to be a major nectar source during its
peak flowering in winter, for a wide range of honeyeaters and
Striated Thornbills Acanthiza lineata (Loyn, 1985b). However,
numbers of only one honeyeater species (Eastern Spinebill)
correlated significantly with Correa abundance (Table 3).

Fig. 4. Mildly concave relationship between density of Crimson Rosellas (a large

cavity-nesting bird) and density of all old trees in forests of Mountain Ash. This

species needs cavities in old trees for nesting, and will use snags and stumps. The

shape of the curve suggests that more Crimson Rosellas would be supported if a

given number of old trees were distributed unevenly in the landscape (patches of

high and low density) than if they were distributed evenly at intermediate

densities. However, the positive intercept on the y-axis and the shallowness of the

curve suggest they may remain common with either strategy, as long as densities of

old trees are maintained.

Fig. 3. Linear relationship between density of White-throated Treecreepers (a small

cavity-nesting bird) and density of all old trees in forests of Mountain Ash. This

species needs cavities in old trees for nesting and roosting, and will use snags and

stumps for those purposes. The linear shape of the curve suggests that the species

will benefit equally from clumped patches or even distributions of old trees.
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Silvereyes Zosterops lateralis were the commonest frugivores
(87% of individuals observed) and often take berries of Prickly
Currant-bush Coprosma quadrifida, but they also take a wide range
of insect and nectar food and did not correlate significantly with
the abundance of that shrub (Table 3).

Bark-foraging insectivores were dominated by the two tree-
creepers (Appendix A). They showed a negative relationship with
slope, and a positive relationship with the presence of eucalypts
other than Mountain Ash (Table 4).

Damp ground foragers were related positively to litter and
negatively to ground layer vegetation (Table 3). Shrub foragers
increased with increasing abundance of tall shrubs (middle storey)
but not with low shrubs (Table 3). Wattle foragers increased with
increasing abundance of wattle trees, especially Silver Wattles A.

dealbata (Table 3). One species that specialises at foraging among
foliage of wattle trees, the Rose Robin Petroica rosea, related
positively to wattles (Table 3).

4. Discussion

Many birds depend on old trees for resources such as cavities,
and it is known that some of these species are more common in
old forest than young regrowth (e.g. Loyn, 1985b, in relation to
ash forests). However, this appears to be the first study to
establish numerical relationships between numbers of birds and
old trees in Australian eucalypt forests. This is important
information because it suggests that old trees are a limiting
resource for species that showed positive relationships, and
probably less so for those that showed weak relationships. All
observed relationships were positive, showing that old trees
(and especially live old trees) are a valuable habitat resource in
ash forests. The strongest relationships found were between
spout-nesting birds and live old trees, and between large cavity-
nesting birds and live old trees (or all old trees). This suggests
that live old trees were a more important limiting resource for
these species than were dead old trees. Field observations
showed that the spout-nesters (Tree Martin and Striated
Pardalote) nested almost exclusively in cavities in branches of
old eucalypts in these forests. Such branches are rapidly lost
from dead ash trees, which soon become useless as nest sites for
those birds.

Only one cavity-nesting bird species, the Yellow-tailed Black-
Cockatoo, appeared to show a strong relationship with dead old
trees. These cockatoos were observed extracting insect larvae from
senescent branches of wattle trees, and the abundance of dead
trees on these sites appeared to serve as an indicator of a rich food
supply (among senescent wattles that had not yet died) rather than
an attraction in their own right. Yellow-tailed Black-Cockatoos use
live or dead old trees for nesting (Nelson and Morris, 1994), and the
apparent relationship in this study was more likely to have been
driven by food supplies than nest sites.

The weakness of the relationship found between treecreepers
and old trees was surprising, as these species need cavities for both
nesting and roosting, and they feed mainly from persistent rough
bark of eucalypts (which may be more extensive on old trees than
young trees). Suitable cavities are available in tall stumps and
snags which are relatively numerous in ash forests, and perhaps
these are not currently a limiting resource. Treecreepers are less
common in ash forest than in mixed species forests (Loyn, 1985c),
and this may relate to the nature of the trees, with smooth trunks
of Mountain Ash providing relatively few feeding opportunities.
Old trees (in their various forms) may become a more limiting
resource in future as the cohort of snags from the 1939 wildfires
continues to decay and collapse over time (Lindenmayer et al.,
1997). Treecreepers dominated the guild of bark-foraging insecti-
vores, which showed a positive relationship with eucalypts other

than Mountain Ash (Table 4). The main species involved was
Mountain Grey Gum Eucalyptus cypellocarpa, which grow at lower
elevations and are more likely to survive wildfires than Mountain
Ash, providing a continuing source of live old trees and associated
resources including cavities.

Nectarivores showed a strong collective relationship with
numbers of live old trees, even though they do not need cavities.
Live old trees often support Drooping Mistletoe Amyema

pendulum, which may be an important source of nectar during
the spring/summer season. Mistletoe birds (which eat mistletoe
fruit and help spread these plants) also related strongly to
numbers of live old trees. However, the situation is complex as
different honeyeater species used a wide range of resources in
the canopy and lower storeys. The years of the study were not
major flowering periods for Mountain Ash, but some use was
made of nectar from this species. Ashton (1975) found that
mature Mountain Ash trees produced 1.6–15.5 times as many
flowers as pole or spar stage trees. Subsequent studies in Box-
Ironbark forests have shown that more large old trees were
flowering at a given time than young trees (Wilson and Bennett,
1999). Previous studies have shown that honeyeaters tend to be
more common in old than young forest (Loyn, 1985c, 2004).
Provision of cavities has been a focus of several studies in
Australia (e.g. Wormington and Lamb, 1999; Gibbons et al.,
2002; Whitford, 2002; Munks et al., 2007), understandably
because they take a long time to develop after stand-replacing
events. However, they are just one attribute of old trees that
needs to be considered in this way, as highlighted by the
response of honeyeaters in this study.

Many of the bird guilds that are particularly common in ash
forests (e.g. shrub foragers and wet forest birds that are
uncommon in Victoria) showed no response to numbers of
old trees. One such guild (damp ground foragers) showed a
positive relationship with dead old trees, although no species in
this guild need cavities for nesting, and they were not seen to
make any special use of dead old trees for other purposes.
Carnivores related in similar fashion, and only one of the
carnivores (Laughing Kookaburra Dacelo novaeguineae) needs
cavities for nesting. The relationships may have been driven by
associated habitat features, with numbers of dead trees being a
symptom of past fire history and intensity of the 1939 fire at
these sites. Hot fires may have promoted growth of wattles,
which could now be at the stage of senescence where they
provide important food sources for understorey birds, and for
species such as Yellow-tailed Black-Cockatoos (discussed
above). Dead old trees may have contributed to the productivity
of food sources in the litter layers, used by both these bird guilds
including some relatively uncommon species (e.g. Pilotbird
Pycnoptilus floccosus). Litter layers and associated coarse woody
debris are major sources of food and habitat for a wide range of
invertebrates (Harmon et al., 1986; Hanski and Hammond,
1995; Lindenmayer et al., 1999; Grove, 2001), which in turn
provide food for most of these bird guilds. However, no clear
association was evident in this study between litter levels and
density of dead old trees.

4.1. Non-linear relationships with old trees

Just five species showed evidence of non-linear relationships
with old trees, implying that retention patterns would be
important for them. Crimson Rosellas and possibly Red-browed
Treecreepers showed concave responses, suggesting that they
would benefit more from aggregated than dispersed retention
strategies at suitable scales. Striated Pardalotes and possibly Gang-
gang Cockatoos and Australian King-Parrots showed convex
responses, suggesting the reverse. The convex patterns may have
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arisen because stands with the highest densities of old trees had
been least affected by the 1939 fires: they consisted of even-aged
stands of tall straight trees with relatively few branches. Old trees
with many branches (and many hollows, especially those suitable
for spout-nesters) were more likely to occur where the 1939 fires
had killed adjacent trees in their cohort, providing more
opportunities for branch growth and hollow formation in
remaining widely spaced old trees over time. Fire damage may
have initiated hollow formation in some of these trees. The optimal
density of live old trees for spout-nesters appeared to be between 5
and 12 live old trees/ha (Fig. 2).

The evidence for Red-browed Treecreepers was weak statisti-
cally (as the species was uncommon in these forests), but accords
with other observations that the species needs patches of mature
forest, in forests of Mountain Ash (Loyn, 1985b, 1998) and in
mixed-species foothill forests which form its main habitat (Loyn,
1980, 1985c; Noske, 1985; Smith, 1985; Recher et al., 1991;
Kavanagh and Stanton, 2003).

The evidence for Crimson Rosellas and Striated Pardalotes
was stronger statistically, but conclusions must be qualified in
view of their observed use of habitat resources. Both are
common species, in a range of forest types in south-eastern
Australia, and are unlikely to attract high priority for targeted
conservation measures. Crimson Rosellas were widespread in
regrowth with scattered old trees or snags, which they used for
nesting. They do not depend exclusively on retained patches,
and may benefit from either retention strategy, as long as old
trees are retained. Striated Pardalotes nested exclusively in
small hollow branches (spouts) in Mountain Ash forests,
although they use a wider range of sites elsewhere (Higgins
and Peter, 2002). Spouts are rapidly lost from dead trees, and
Striated Pardalotes were associated with live old trees in this
study (Table 2). The models suggest that Striated Pardalotes
would benefit from strategies to disperse old trees among
regrowth, but there are immense practical difficulties in keeping
retained trees alive after logging, as many are killed during
regeneration burns (Squire et al., 1991; Flint and Fagg, 2007).
Hence aggregated retention may be the most practical strategy
to maintain habitat for the species in these forests, and indeed
its current distribution is strongly associated with old patches of
forest that survived the 1939 fires and subsequent logging.

No species showed a significant negative intercept on the y-
axis in this study, and relationships were generally linear with
positive intercepts on the y-axis. This suggests that any
threshold density of old trees needed by the species under
consideration, was substantially less than the densities found on
these study sites and adjacent forest (mean of 2.3 live old trees,
0.7 dead old trees and 3.1 stags per ha, Table 1). Although some
sites had no old trees on the 1 ha measured, ambient densities
were rarely less than about 1 old tree per ha if surrounding
forest was taken into account. Conclusions about lower ambient
densities are not possible from this study, though lower
densities can be expected in future after logging and as trees
killed in 1939 continue to decay and collapse (Lindenmayer
et al., 1997). Above this low density of about 1 old tree/ha, it
seems that certain species and guilds of birds relate positively to
increasing numbers of old trees (especially live old trees) in a
linear fashion. Hence for those species in this forest type, there is
little difference in the value of a given number of live old trees
scattered through the regrowth (multiple stands with inter-
mediate numbers of old trees) compared with the same number
clumped together in patches (some stands with many old trees,
others with few). We stress that our data are useful for
designing forests with building blocks >1 ha, and we have not
examined finer-scaled distributions of old trees within our 1 ha
building blocks.

4.2. Implications for management

Similar conclusions could be made for some of the arboreal
mammals considered by other authors in previous studies (e.g.
Lindenmayer et al., 1990a; Nelson et al., 1996; Alexander et al.,
2002). They showed that numbers of Greater Gliders Petauroides

volans and Sugar Gliders Petaurus breviceps related positively to
numbers of old trees. The suggestion was made that they may
benefit from even distributions of old trees (Smith and
Lindenmayer, 1988), although this needs confirmation. Models
developed for Leadbeater’s Possum Gymnobelideus leadbeateri

(Lindenmayer et al., 1990b) show that this species makes much
more use of suitable old trees scattered among regrowth than
clumped as patches of old forest. This is important as ash forests
are a major habitat for the species (Smith and Lindenmayer,
1988; Macfarlane and Seebeck, 1991). Conversely, Yellow-
bellied Gliders Petaurus australis and Sooty Owls Tyto tenebricosa

appear to favour large patches of old forest (Milledge et al.,
1991; Incoll et al., 2001), and Sooty Owls favour the wetter
forest types and senescent growth stages (Loyn et al., 2001). If a
given number of old trees were to be retained or regrown,
Leadbeater’s Possums would benefit most if they were scattered
through regrowth, and Yellow-bellied Gliders and Sooty Owls
would benefit most if they were clumped as large patches of old
forest. Clearly a mix of strategies is needed, at different scales
(Lindenmayer and Franklin, 2002; Loyn, 2004), and the mix
should be guided by the species present and their priority for
conservation measures.

Most of the diurnal birds considered in this study would
benefit from either strategy, in proportion to the number of old
trees retained and regrown. Live old trees are especially valuable
for the species known to need old trees, but dead old trees were
seen to make a positive contribution to the habitat, or act as
indicators of other valuable habitat features. Conservation of
suitable numbers of live old trees is of course a necessary first step
in ensuring a mix of live and dead old trees in a stand over time,
and such a mix may be needed by many of the species that inhabit
ash forests.

Current policy in ash forests in the Central Highlands (within
the range of Leadbeater’s Possum) is to avoid felling any trees
older than about 100 years (Macfarlane and Seebeck, 1991). This
will benefit the cavity-nesting and nectarivorous birds con-
sidered in this study, especially if these old trees can be kept
alive on coupes during regeneration burns. Prescriptions are
being developed for retaining selected numbers of younger
trees on coupes (as well as in systems of retained forest) which
will ultimately become the old trees of the future (DSE, 2007).
These prescriptions will involve fewer trees than are generally
left standing after wildfire (dead or alive), probably clumped
for logistical reasons and to help keep some alive after
regeneration burns. Similar issues are under consideration
wherever wildlife needs to be conserved in forests subject to
timber harvesting (e.g. Commonwealth of Australia, 1992; Lamb
et al., 1998).

The field of landscape ecology addresses many questions about
landscape pattern and the extent of suitable habitat (Turner, 2005).
The present study suggests that the spatial pattern of stands with
many or few of these old trees and replacement old trees is less
important than the absolute number of old trees, in terms of
habitat for diurnal birds, and the crucial need is to keep as many old
trees alive as possible. As hot regeneration burns are often used in
ash forests (Squire et al., 1991; Flint and Fagg, 2007), it may be
more practical to keep retained trees alive when they are clumped
or included in systems of retained forest, than when they are
scattered through regrowth. However, the special requirements of
other species (notably Leadbeater’s Possum, which benefits from
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scattered trees) need to be considered in selecting the mix of
strategies to be used.
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Appendix A

Bird guilds used for analysis, and their mean abundances on the sites used in this study (mean birds per search summed over 117 sites). Guilds

refer to foraging behaviour, nest site, migratory status in ash forests and aspects of status in Victoria (see key below).

Common name Scientific name Feed Nest Migrate Status in Victoria Mean abundance

(birds/100 searches)

Brush Bronzewing Phaps elegans SG, W UC 0.79

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus ST, W LC 2.14

Gang-gang Cockatoo Callocephalon fimbriatum ST LC 5.24

Australian King-Parrot Alisterus scapularis F LC 3.35

Crimson Rosella Platycercus elegans ST LC 105.10

Laughing Kookaburra Dacelo novaeguineae V LC 5.77

White-throated Needletail Hirundapus caudacutus A X S 5.56

Fan-tailed Cuckoo Cacomantis flabelliformis SH BP S 5.13

Brush Cuckoo Cacomantis variolosus C BP S UC 1.60

Shining Bronze-Cuckoo Chrysococcyx lucidus C BP S 2.35

Superb Lyrebird Menura novaehollandiae DG 14.35

Welcome Swallow Hirundo neoxena A S 0.21

Tree Martin Petrochelidon nigricans A Spout S 15.28

Grey Fantail Rhipidura fuliginosa C, W S 80.04

Rufous Fantail Rhipidura rufifrons SH S 42.58

Satin Flycatcher Myiagra cyanoleuca C S 4.13

Flame Robin Petroica phoenicea OG S 5.34

Pink Robin Petroica rodinogaster DG UC 5.70

Rose Robin Petroica rosea SH, W S UC 11.78

Eastern Yellow Robin Eopsaltria australis DG 39.38

Golden Whistler Pachycephala pectoralis SH S 121.32

Olive Whistler Pachycephala olivacea U UC 21.30

Grey Shrike-thrush Colluricincla harmonica C 25.35

Crested Shrike-tit Falcunculus frontatus B 2.27

Eastern Whipbird Psophodes olivaceus DG 20.76

Black-faced Cuckoo-Shrike Coracina novaehollandiae C S 2.56

Striated Thornbill Acanthiza lineata C 140.78

Brown Thornbill Acanthiza pusilla SH, W 182.75

White-browed Scrubwren Sericornis frontalis U 186.97

Large-billed Scrubwren Sericornis magnirostris SH UC 5.24

Pilotbird Pycnoptilus floccosus U UC 22.93

White-throated Treecreeper Cormobates leucophaea B SC 46.58

Red-browed Treecreeper Climacteris erythrops B SC UC 9.62

Mistletoebird Dicaeum hirundinaceum F 1.92

Spotted Pardalote Pardalotus punctatus C B 100.17

Striated Pardalote Pardalotus striatus C Spout 42.91

Silvereye Zosterops lateralis F S 77.39

White-naped Honeyeater Melithreptus lunatus N 1.28

Brown-headed Honeyeater Melithreptus brevirostris N 30.69

Eastern Spinebill Acanthorhynchus tenuirostris N 46.82

Lewin’s Honeyeater Meliphaga lewinii F UC 6.30

Yellow-faced Honeyeater Lichenostomus chrysops N S 5.98

White-eared Honeyeater Lichenostomus leucotis N 11.04

Crescent Honeyeater Phylidonyris pyrrhoptera N 57.69

Red Wattlebird Anthochaera carunculata N 4.77

Pied Currawong Strepera graculina V 5.84

Grey Currawong Strepera versicolor V 6.29

Grey Butcherbird Cracticus torquatus V 0.21

Australian Raven Corvus coronoides V 2.99

Bassian Thrush Zoothera lunulata DG 6.09

Common Blackbird Turdus merula DG I 3.06

Individuals (total) 1553.79
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Key to symbols
Feeding guilds (Note, insectivores take many invertebrates as well as insects.)

Aerial foraging insectivores (above canopy) A

B Bark foraging insectivores

C Canopy foraging insectivores

DG Insectivores foraging from damp ground below cover

F Frugivores (taking fruit as a major food source, among others)

G Generalist insectivores, feeding at many levels

N Nectarivores (taking nectar, honeydew and invertebrates)

OG Insectivores foraging from open ground

SH Insectivores foraging from tall shrubs

ST Seed-eaters, taking seeds and insects (e.g. galls) at all levels

U Insectivores foraging from dense understorey or the ground below

V Carnivores/omnivores, taking vertebrates as an important part of their diet

W Wattle foragers, taking food from or below wattle trees or shrubs

Nesting guilds (Species that make nests in shrubs or trees are not categorised here.)

B Burrow nester

BP Brood parasite, laying in nests of other species

LC Large cavity-nester

SC Small cavity-nester

Spout Spout nester (also classed as small cavity-nester)

X Inter-continental migrant not nesting in Australia

Migratory guilds (No species are winter visitors to these forests.)

S Summer visitor to these forests (rare or absent for period April–August)

Status guild
I Introduced to Australia

UC Uncommon in Victoria (<850 records in Emison et al. 1987)

R.H. Loyn, S.J. Kennedy / Forest Ecology and Management 258 (2009) 504–515514



Author's personal copy

Smith, P., 1985. Effects of intensive logging on birds in eucalypt forest near Bega,
New South Wales. Emu 85, 15–21.

Smith, A.P., Lindenmayer, D.B., 1988. Tree hollow requirements of Leadbeater’s
Possum and other possums and gliders in timber production ash forests of the
Victorian Central Highlands. Aust. Wildl. Res. 15, 347–362.

Squire, R.O., Flinn, D.W., Campbell, R.G., 1991. Silvicultural research for sustained
wood production and biosphere conservation in the pine plantations and native
eucalypt forests of south-eastern Australia. Aust. For. 54, 120–133.

Turner, M.G., 2005. Landscape ecology: What is the state of the science? Annu. Rev.
Ecol. Evol. Syst. 36, 319–344.

Whitford, K.R., 2002. Hollows in jarrah (Eucalyptus marginata) and marri (Corymbia
calophylla) trees. I. Hollow sizes, tree attributes and ages. For. Ecol. Manage. 160,
201–214.

Wilson, J., Bennett, A.F., 1999. Patchiness of a floral resource: flowering of Red Ironbark
Eucalyptus tricarpa in a box and ironbark forest. Victorian Nat. 116, 48–53.

Woodgate, P.W., Peel, W.D., Ritman, K.T., Coram, J.E., Brady, A., Rule, A.J., Banks,
J.C.G., 1994. A Study of The Old-Growth Forests of East Gippsland. Dept.
Conservation & Natural Resources, Melbourne.

Wormington, K., Lamb, D., 1999. Tree hollow development in wet and dry sclerophyll
eucalypt forest in south-east Queensland, Australia. Aust. For. 62, 336–345.

R.H. Loyn, S.J. Kennedy / Forest Ecology and Management 258 (2009) 504–515 515



RESEARCH
PAPER

‘Ecologically complex carbon’ – linking
biodiversity values, carbon storage and
habitat structure in some austral
temperate forestsgeb_591 260..271

Narelle Hatanaka1,2, Wendy Wright1, Richard H. Loyn3 and

Ralph Mac Nally2*

1School of Applied Sciences and Engineering,

Monash University, Gippsland, Churchill,

Victoria 3842, Australia, 2Australian Centre

for Biodiversity, School of Biological Sciences,

Monash University, Melbourne, Victoria 3800,

Australia, 3Arthur Rylah Institute for

Environmental Research, Department of

Sustainability and Environment, Heidelberg,

Victoria, Australia

ABSTRACT

Aim We assessed how avian biodiversity and above-ground carbon storage were
related in different forest age-classes, including mature stands (> 100 years), in a
managed, mixed-species eucalypt forest.

Location Gippsland, south-eastern Australia.

Methods In 50 2-ha stands ranging in age from � 5 years to mature stands > 100
years, we undertook repeated avian surveys, performed detailed habitat measure-
ments and estimated amounts of above-ground carbon. Extensive wildfire reduced
the number of sites to 28 (seven in each of four age classes) upon which analyses
and inferences were made. We also analysed data on carbon storage and some bird
responses from previously published studies.

Results Mature vegetation (> 100 years) had the greatest richness, abundance and
biomass of birds. Key ecological resources, such as tree-hollows for nesting, gener-
ally occurred mostly in stands > 60 years. Avian richness per unit of above-ground
carbon storage was relatively low for stands of 20–60 years. While above-ground
carbon storage appeared to increase in a monotonic fashion as stands age and
mature, there were quantum increases in all measures of avian biodiversity in
mature stands (> 100 years).

Main conclusions Our results suggest that carbon is organized in a different way,
with substantially greater biodiversity benefits, in very old stands. Mature vegeta-
tion simultaneously maximizes both avian biodiversity and above-ground carbon
storage. These results bolster arguments for allocating highest priorities to the
preservation of old-growth forest stands rather than alternative investments (e.g.
reafforestation for carbon sequestration).
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INTRODUCTION

There is a groundswell of interest in investments in forest-based

carbon storage and its potential relationship to biodiversity

values (Bekessy & Wintle, 2008; Horner et al., 2010). For

example, a reallocation of REDD (‘reduced emissions from

deforestation and degradation’) expenditure could double the

protection of forest vertebrate biodiversity at the expense of a

4–8% reduction in carbon emissions relative to an optimal

allocation of funds for the latter alone (Venter et al., 2009). This

connection between biodiversity and carbon management

needs to be developed further, especially in relation to overall

forest management rather than just forest clearance per se

(Mackey et al., 2008). That is, total clearance of extant forest is at

the extreme end of carbon loss, but there is a wide range of

silvicultural practices that are less severe than total clearance.

There are some reports of concurrent biodiversity and carbon-

storage benefits in forests managed in sustainability-oriented
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ways compared with more commonly used methods (Imai et al.,

2009).

Our focus is on the biodiversity values (here forest-dependent

birds) and above-ground carbon storage of managed forests. We

focus on above-ground carbon because this is most reliably

measured, but it seems likely that the total storage including

roots and dead biomass may be 70% greater (Keith et al., 2009a).

Managed forests are significant in this regard for two reasons.

First, they represent a large fraction of the extant forest in much

of Australia and in many parts of the world (Keith et al., 2009b).

Second, owing to rotational harvesting, we could obtain

chronosequences of forest-stand ages in which we could con-

currently measure habitat structure, carbon storage and biodi-

versity values.

We also introduce the perspective of ‘ecologically complex’

carbon. By this, we mean that a given quantity of forest carbon

can be organized in many different ways, and some of these are

much more advantageous than others for species reliant on

those forests. For example, across much of the inland slopes of

the Great Dividing Range of eastern Australia, extant woodlands

have been converted from relatively open ‘parklands’, with many

large old trees, to dense ranks of pole-sized trees by coppicing

for wood production (ECC, 2001). The idea of ecologically

complex carbon harks back to the importance given to structur-

ally complex forest by avian ecologists many decades ago

(MacArthur & MacArthur, 1961). So, while debates may focus

on amounts of carbon supported on a given hectare of land, all

carbon is ‘not the same’ from the viewpoint of ecological oppor-

tunities for the native biota to exploit.

Remnant patches of ecologically mature forest are often

embedded in a regrowth matrix in many commercially exploited

forests. These remnant stands offer wide-branching canopies,

shrubs, bare ground and large, hollow-bearing and dead stand-

ing trees (Loyn, 1985). These components provide a range of

nesting and foraging opportunities that often are limited in

earlier stages of regrowth forest, plantations or revegetation

(Vesk et al., 2008).

Although the effects of timber harvesting on biodiversity have

been considered extensively (Lindenmayer & Hobbs, 2004), the

impact of harvesting on carbon dynamics in forest ecosystems is

less well documented (Schulze et al., 2000). Timber harvesting

involves removal of primary production, disturbance of the

ground layer and changes in micrometeorology (Baldocchi,

2003). Carbon stocks in above-ground biomass are reduced on

an on-going basis so that the forest does not support as much

carbon as it might (Roxburgh et al., 2006). Following timber

harvesting, regenerating forests have the highest rate of carbon

sequestration and may be significant carbon sinks over the

shorter term (Roxburgh et al., 2006), but this does not offset the

losses of carbon from old-growth stands (Harmon et al.,

1990).

There is an extensive literature on how forest avifaunas are

related to time-since-harvest (Sallabanks et al., 2000). There also

is much on how carbon storage is related to forest maturity

(Venter et al., 2009). However, there is little if anything that

focuses on relating these two key issues together, and that is our

focus here. We report on Boola Boola Forest, Victoria, Australia,

from which we obtained high-quality information on both

(above-ground) carbon storage and biodiversity values (forest

birds) at high spatial resolution. There does not appear to be

anything comparable in the literature to our study. The current

work, involving such resolution and a well-defined chronose-

quence of stand age, may be among the first to explore the issue

of ecologically complex carbon storage, and the outcomes

suggest that such fine-scaled knowledge is necessary to make

sensible judgements regarding the relationships between biodi-

versity maintenance and carbon sequestration. We discuss our

results in relation to measured carbon storage in dominant

forest types across south-eastern Australia, and also to results

from a study of avian responses to a chronosequence of

replanted forest plots in central Victoria.

METHODS

Study area

Boola Boola Forest (146°30′24″ E, 38°05′39″ S) is a 20,000-ha

forest in eastern Victoria, Australia. The forest forms the south-

ern part of continuous native forest that extends over most of

the Great Dividing Range of eastern Australia. It is a dry sclero-

phyll eucalypt forest with hilly terrain (elevations of 200–425 m)

and an extensive creek system. Historically (1931–2008), the

average rainfall was 1101 mm, but since 1996 (Cai & Cowan,

2008), Victoria’s rainfall has declined by an average of 15.3%

(National Climate Centre, 2008). The mean maximum tempera-

ture was 23.2 °C in summer (min. 12.4 °C) and 10.8 °C in winter

(min. 4.2 °C), but the region is warming (Bureau of Meteorol-

ogy, 2008).

Vegetation types throughout Victoria are assigned to ‘ecologi-

cal vegetation classes’ (EVCs) based on vegetation and landform

(Woodgate et al., 1994). The predominant EVCs at Boola Boola

are ‘lowland forest’ in the southern part of the study area and

‘shrubby foothill forest’ in the north. These EVCs are dominated

by silvertop ash (Eucalyptus sieberi) and messmate (Eucalyptus

obliqua), often mixed with yertchuck (Eucalyptus consideniana)

and brown stringybark (Eucalyptus baxteri). Riparian areas are

primarily classed as ‘wet forest’ and ‘damp forest’ EVCs, where

mountain grey gum (Eucalyptus cypellocarpa) is the dominant

eucalypt with messmate and narrow-leaf peppermint (Eucalyp-

tus radiata).

The region has been extensively exploited over the past 150

years for timber (Forests Commission, 1979). Since the 1940s,

the forest has been systematically harvested for sawlogs and

pulpwood. Most harvest is by clear-fell (S. Griffiths, 2005,

personal communication), with just a few old trees retained

(< 10 ha-1).

Site selection

Fifty study sites were initially selected on ridges and upper slopes

throughout the forest (Fig. 1). Each site was 2 ha (200 ¥ 100 m)

and of a known age class (i.e. time since harvest, known forestry
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records). The average distance between sites was 6.5 (� 3 SD)

km. Fifty sites were located in forest of four age classes: (1)

younger regrowth aged 0–20 years, 14 sites; (2) mid-aged

regrowth aged 21–40 years, 16 sites; (3) older regrowth aged

41–60 years, 10 sites; and (4) mature forest, 10 sites. Mature

forest was defined as that occurring in areas that had not been

harvested for > 100 years and that met the criteria of old-growth

forest (Woodgate et al., 1996). Even these old stands have not

reached their maximum carbon storing potential. Using this

definition, about 30% of the forest is mature forest stands.

During the course of the current study, two wildfires, both due

to arson, burnt through the study area (19 January to 1 February

2006, 1760 ha; 1 December 2006 to 7 February 2007, 6100 ha).

This reduced the number of sites we could use to seven per age

class (hence 28 sites).

Environmental variables

Environmental variables were measured at two scales, in-site

and landscape, and values are listed in the Supporting Informa-

tion (Table S1). In-site variables characterized site-specific

habitat attributes and vegetation structure. Landscape variables

considered wider-scale characteristics of the area surrounding

each site within a 500 m radius, and included land-use type and

vegetation type. A digital map of the study area with data layers

showing land use and EVC classifications was used to derive

Figure 1 (a) Locations of all sites referred to in the main part of the paper (Boola Boola Forest, see inset b) and in the Discussion (river
red gum, Eucalyptus camaldulensis, box and ironbark (various eucalypts), montane (mostly E. regnans, Wallaby Creek) and Boola Boola
Forest (various eucalypts). Symbols, many overlapping, denote the following: open circles, box–ironbark (Mac Nally et al., 2000) (n = 149);
multiplication signs, box–ironbark (Harwood & Mac Nally, 2005) (n = 56); addition signs, box–ironbark (Soderquist & Mac Nally, 2000)
(n = 114); grey circles, box–ironbark ‘large-old tree’ sites (A. F. Bennett, pers. comm.) (n = 24); circled dots, river red gum (Lada et al., 2007,
2008) (n = 203). (b) Map of Boola Boola Forest, Victoria, Australia, and the distribution of sites categorized into one of four age classes: (1)
younger regrowth (0–20 years old); (2) mid-aged regrowth (21–40 years); (3) older regrowth (41–60 years); and (4) mature sites (c. > 100
years). Symbols indicate the age class of site: younger regrowth (�), mid-aged (�), older (�), mature sites (�). The dark shading shows
the fire-affected area from the Moondarra fire (Jan–Feb 2006) (no sites within this area) and the light shading shows the fire-affected areas
from the Coopers Creek fire (Dec 2006–Jan 2007) and which sites were affected.
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three in-site variables and all landscape variables using a geo-

graphic information system (GIS) (ArcMap Version 9.2, ESRI

Inc.).

In-site variables

Aspect was measured in the field and described as ‘northerliness’

[cos(aspect)] and ‘easterliness’ [sin(aspect)] (Roberts, 1986).

Habitat attributes and vegetation assessments were carried out

at the 28 unburnt sites following the December 2006 fire.

Numbers of hollow-bearing trees and standing dead trees > 1 m

were counted. Percentage covers for each vegetation component

(canopy, tall shrubs > 5 m, medium shrubs 1–5 m, small shrubs

< 1 m, ground fern and graminoids) were measured for the site.

A 50 ¥ 15 m plot was laid out in each of the 28 sites. Diameter at

breast height (d.b.h.) for each canopy tree in the plot was mea-

sured. These data were used to calculate total basal area ha-1. The

total number of stems counted in each plot was used to estimate

stem density ha-1.

Estimation of on-site carbon storage

About 50% of the dry weight of a tree’s biomass is carbon and

can be estimated from tree diameter and age (Grierson et al.,

1992). Carbon storage (t C ha-1) in forest stands was estimated

from tree diameters measured at the 2-ha sites. Biomass equa-

tions for 13 common eucalypt species in south-eastern Australia

(Bi et al., 2004) were used to estimate the total above-ground

tree biomass for each of our eucalypt species. The equations are

based on bole, bark, branch and foliage measurements as func-

tions of d.b.h. for individual trees up to at least 80 cm d.b.h. (all

R2 > 0.96). There were fewer than two trees > 80 cm d.b.h. at any

one site, so possible extrapolation errors (Roxburgh et al., 2006)

were negligible. For species not listed by Bi et al. (2004), carbon

storage was estimated using equations for similar species. For

example, carbon storage of E. baxteri was estimated using the

equation of yellow stringybark (Eucalytpus muelleriana). Our

calculations were based on above-ground biomass of live trees

alone. Fallen timber is likely to be an important component in

carbon storage, but is likely to be much less than 50 t C ha-1

(Kilinc et al., in press), especially for the non-mature sites.

Landscape variables

The digital map (20-m resolution) was used to determine stand

age and elevation, and to estimate closest distance to a waterway

(Strahler stream order 1 or greater). The ‘buffer’ tool in ArcMap

was used to create a circular area with a radius of 500 m from the

site’s centre, defining an area of 78 ha. This area was chosen

because of known average home ranges and bird movements

(Loyn et al., 1980). The proportions of harvested forest and of

each EVC surrounding a site within a 500-m radius were calcu-

lated. While seven EVCs were recorded, only three EVCs (i.e. dry

forest, lowland forest, and wet or damp forest) were included in

analyses due to low representation (< 5%) of the other four.

Bird surveys

Sites were surveyed by N. Hatanaka in three sampling periods:

(1) austral winter 2006 (June to early September 2006); (2)

austral summer 2006–07 (late November 2006 to January 2007);

and (3) austral winter 2007 (July to early September 2007).

There were two visits to each site in each time period, amount-

ing to six surveys per site over a full annual cycle, including the

breeding season. This degree of repeat-visit surveying is consis-

tent with studies of hundreds of sites in southern and eastern

Australia (Radford & Bennett, 2007; Mac Nally et al., 2009).

Diurnal bird surveys were conducted using a standard 20 min–

2 ha search technique in which all birds seen or heard were

registered (Loyn, 1986). Detailed territory-mapping work con-

ducted previously by R. H. Loyn showed that these standard

surveys produced data that were unbiased with respect to stand

age (Loyn, 1980), so that differential detectability is unlikely to

be a major factor in our subsequent analyses. Visitation order to

sites was randomized within survey rounds. Surveys were not

conducted in high winds or temperatures or during rain.

Bird-response variables

Bird data were collated for the three sampling periods. Response

variables were expressed as averages per standard search at each

site. ‘Bird abundance’ is the number of individuals of all bird

species recorded per search for each site. ‘Richness’ is the

number of bird species recorded per search at each site. Note

that this is not the total number of species occupying the site at

some time (i.e. asymptotic species richness), which is a measure

that depends on sampling effort (Mac Nally & Horrocks, 2002;

Gilmore et al., 2007). ‘Bird biomass’ is the total mass of all

species recorded per search at each site. Values were obtained

from combining areal densities and mass estimates from data in

the Handbook of Australian, New Zealand and Antarctic Birds

(full list of volumes available at: http://www.birdsaustralia.

com.au/hanzab/handbook-of-australian-new-zealand-and-ant

arctic-birds.html, accessed 23 November 2009). ‘Guild-based

abundance’ are total abundances of birds in foraging and nesting

guilds to which each bird species was assigned (see Table S2

based on existing classifications; Loyn & Kennedy, 2009; Mac

Nally et al., 2009). Foraging guilds group birds according to their

feeding substrates, such as birds that feed on invertebrates (in

bark, in the canopy or in shrubs); birds that feed on seeds (on

the ground or in vegetation); nectarivores; and carnivores.

Nesting guilds group birds with similar nesting requirements,

such as nesting in vegetation (shrubs or canopy), in small or

large hollows, or on the ground.

Statistical analyses

We first analysed data using a Mantel test to determine whether

there was evidence of spatial autocorrelation (Fortin & Payette,

2002; Fleishman & Mac Nally, 2006). We correlated data for

bird-species composition based on Bray–Curtis dissimilarities

and Euclidean distance among sites using the ‘vegan’ package in

R (Oksanen, 2008).

Bird biodiversity and carbon storage in managed forests
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Differences in bird assemblages among age classes were

explored using one-way analysis of similarity (ANOSIM) of

Bray–Curtis similarities in primer version 5 (Clarke & Gorley,

2001; Clarke & Warwick, 2001). These values were square-root

transformed abundances to reduce the influence of abundant

species. We used 4999 permutations.

Bird-response variables (richness, total abundance, total

biomass and guild-based abundances) were compared among

regrowth sites (younger, mid-aged and older) and mature forest

sites using analysis of variance (ANOVA) in spss for Windows

(SPSS Inc., Chicago, USA, version 16.0). Tukey’s tests were used

for post hoc comparisons.

Generalized linear modelling (GLM) with Bayesian model

averaging (BMA) was used to determine environmental vari-

ables that were correlated most strongly with variation in bird-

response variables (Hoeting et al., 1999). BMA involves fitting

multiple models, and predictor variables having the highest pos-

terior probabilities of inclusion in good models are found. An

environmental variable with a probability of inclusion Pr(inc)

> 75% was considered a strong candidate for inclusion into the

model and a ‘key predictor’ for the response variable (Thomson

et al., 2007). The posterior mean coefficient is a measure of the

magnitude and direction of the relationship between the pre-

dictor and response variables. Poisson GLMs were deemed

appropriate for non-negative count data (e.g. richness), while

Gaussian GLMs were used for other variables, such as total

biomass. The ‘bic.glm’ function in the ‘BMA’ package of R was

used for the analyses (Raftery et al., 2008).

Highly correlated variables (r > 0.7) influence results of BMA

analyses (Thomson et al., 2007) and were identified to ensure

that only weakly or uncorrelated variables were included in an

analysis. Where possible, one variable in highly correlated pairs

was discarded using the authors’ ecological knowledge of factors

more likely to affect bird assemblages in this forest as a guide to

which variable to retain.

RESULTS

Differences in environmental variables among forest
age classes

The vegetation structure of mature forest had shrubs of all size

cohorts, ground cover, significantly more hollow-bearing trees

and fewer, but larger, trees (Table S1). Dense stands of regener-

ating saplings and understorey species were characteristic of

sites in younger regrowth (Table S1). Canopy cover was similar

among age classes but there was less variation among sites

within mid-aged and older age classes (Table S1).

Bird assemblages among age classes

Sixty-seven bird species were recorded during the study

(Table S2). There was little evidence of spatial autocorrelation in

bird-assemblage composition [Mantel correlation = 0.095, not

significant (n.s.)]. Mature forest stands had the highest number

of bird species, abundance and biomass, and the most distinctive

Table 1 Mean (� SE) for bird response variables in each forest age-class at Boola Boola Forest, Victoria, Australia.

Response variables Younger Mid-aged Older Mature

Bird abundance 17.6 � 0.8 13.0 � 1.2 13.0 � 1.3 22.4 � 1.3

Number of species 6.6 � 0.2 5.2 � 0.1 5.8 � 0.4 10.0 � 0.5

Bird biomass (g) 764.5 � 114.3 852.8 � 113.3 1297.6 � 188.5 2285.3 � 242.1

Feeding guilds

Bark foragers 0.8 � 0.6 0.9 � 0.6 1.2 � 0.2 1.5 � 0.3

Insectivores that feed in canopy 5.1 � 0.2 5.1 � 0.2 4.6 � 1.0 6.3 � 0.7

Insectivores that feed on damp ground 0.6 � 0.1 0.5 � 0.1 0.3 � 0.2 1.0 � 0.2

Frugivores 0.1 � 0.2 0.3 � 0.1 0.3 � 0.1 0.4 � 0.2

Nectarivores 0.9 � 0.6 0.9 � 0.3 0.7 � 0.2 3.0 � 0.5

Open ground foragers 2.4 � 0.1 0.9 � 0.1 0.6 � 0.2 2.1 � 0.3

Ground seed eaters 0.1 � 0.2 0.2 � 0.2 0.2 � 0.1 0.8 � 0.2

Vegetation seed eaters 0.6 � 0.9 0.7 � 1.2 1.0 � 0.2 1.4 � 0.2

Insectivores that feed in shrubs 5.5 � 0.4 2.4 � 0.3 2.5 � 0.7 3.9 � 0.6

Carnivores 1.1 � 0.5 0.9 � 0.5 1.1 � 0.2 1.4 � 0.1

Nesting guilds

Large hollow nesters 1.0 � 0.1 1.4 � 0.1 1.8 � 0.3 2.8 � 0.3

Small hollow nesters 0.7 � 0.2 0.9 � 0.2 1.1 � 0.1 1.5 � 0.3

Birds that nest in small hollow/burrow in ground 0.2 � 0.1 0.2 � 0.1 0.3 � 0.1 0.7 � 0.2

Birds that nest in branches of tree/tall shrub branches 0.9 � 0.1 0.5 � 0.1 0.8 � 0.2 1.1 � 0.2

Birds that nest in shrub vegetation 14.4 � 0.2 9.7 � 0.1 8.5 � 1.3 15.3 � 1.2

Ages classes are defined as: (1) younger regrowth < 20 years; (2) mid-aged regrowth 21–40 years; (3) older regrowth 41–60 years; and (4) mature forest
> 100 years. Data were averaged over three sampling periods: winter 2006 (Jun–Sep 2006), summer 2006–07 (Nov 2006–Jan 2007) and winter 2007
(Jul–Sep 2007) and expressed as birds per standard 20-min search. n = 7 for all measurements.
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bird assemblages compared with regrowth forest sites (Table 1).

On the basis of post hoc tests, the following relationships held.

Richness: mature > younger > (mid-age ª older); total abun-

dance: mature > younger > (mid-age ª older); total biomass:

mature > older > (mid-age ª younger) (where ‘ª’ denotes not

distinguishably different). There were few strong patterns in

guild analyses (Table 1). Nectarivorous species were more preva-

lent in mature sites than elsewhere, as were granivores (both

ground and on-vegetation seeds). Numbers of species requiring

large hollows for nesting increased with stand age, from c. 1

species in young regrowth up to c. 2.8 in mature forest (Table 1).

There were significant differences (ANOSIM global R = 0.252,

P < 0.001) in bird assemblages among sites of different age

classes. In the six pair-wise comparisons among forest age

classes, only the mid-age versus older comparison was not sta-

tistically significant. The largest difference in bird assemblages

(R = 0.450, P < 0.001) was observed between younger and older

regrowth sites.

Bird responses to environmental variables

There were significant models for 9 of the 19 bird-response

variables based on Bayesian model averaging (Table 2). Nectari-

vores, canopy-feeders and shrub-nesting species were more

likely to occur at sites with southerly aspects (Table 2). Nectari-

vores and large-hollow nesters were influenced by the number of

hollow-bearing trees and stand age and occurred predominantly

in mature forests (Table 2). Some environmental variables, such

as basal area and medium-sized shrub cover, were key predictors

for several response variables, but the direction of the relation-

ships differed. Birds that feed in the canopy preferred sites with

higher basal areas, but open-ground feeders did not (Table 2).

Higher bird biomass was recorded at sites with a relatively low

proportion of harvested forest surrounding the site, and with

high numbers of dead standing trees and high canopy coverage.

These habitat conditions were observed at sites in older

regrowth forest stands and in mature forest (Table 2).

Carbon storage and bird measures

Estimated amounts of above-ground carbon stored at sites in

mature forest were > 300 t ha-1 (Fig. 2). Some sites in regrowth

forest > 20 years had carbon storage estimates within the range

of mature forests. Regrowth forest stands � 20 years had much

lower values of stored carbon (< 180 t ha-1) (Fig. 2). An excep-

tion was one regrowth site (18 years) with carbon storage

estimates similar to older forest stands due to deliberate man-

agement to retain several trees with larger diameters (> 30 cm)

in one part of the site.

Table 2 Results of Bayesian model averaged analyses of bird variables in relation to environmental variables at Boola Boola Forest in
Victoria, Australia.

Response variable Environmental variable Pr(inc) Coefficient � SD

Bird abundance Northerliness 1 -3.740 � 1.07

Hollow-bearing trees per site 0.84 0.779 � 0.49

Number of species Stand age 0.92 0.009 � 0.001

Hollow-bearing trees per site 0.99 0.345 � 0.09

Bird biomass Wet or damp forests within 500 m 1 -40.730 � 12.14

Stand age 1 0.269 � 0.06

Harvested forest within 500 m 0.99 -28.573 � 10.29

Dead standing trees > 1 m per site 0.90 3.957 � 2.11

% Canopy cover 0.75 0.254 � 0.19

Canopy feeders Northerliness 0.87 -1.039 � 0.61

Total tree basal area ha-1 0.87 0.045 � 0.02

Easterliness 0.86 -1.302 � 0.80

Wet or damp forests within 500 m 0.77 4.822 � 3.56

Nectarivores Hollow-bearing trees ha-1 1 0.219 � 0.06

Stand age 1 0.019 � 0.01

Northerliness 0.91 -0.508 � 0.26

Open ground foragers Total tree basal area ha-1 0.95 -0.017 � 0.01

% Cover of small shrubs < 1 m 0.77 0.024 � 0.02

Insectivores feeding in shrubs Elevation (m) 0.97 0.006 � 0.00

% Cover medium shrubs 1–5 m 0.88 0.015 � 0.01

Large-hollow nesters Hollow-bearing trees per site 1 0.222 � 0.07

Stand age 1 0.018 � 0.01

% Cover medium shrubs 1–5 m 0.98 -0.026 � 0.01

Nests in shrubby vegetation Northerliness 0.97 -2.722 � 1.12

% Cover medium shrubs 1–5 m 0.86 0.091 � 0.05

‘Pr(inc)’ denotes the probability of inclusion of the term into ‘good’ models and posterior mean coefficients � SD are presented.
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Notwithstanding the steady accumulation of above-ground

carbon, and its approaching the mature-forest value for older

regrowth stands, there was a quantum increase in bird biodiver-

sity measures between all regrowth classes and mature-forest

stands. On average, there were 72% more species per stand in

mature stands than in older regrowth (41–60 years, Fig. 2a).

There also were 72% more individuals (Fig. 2b) and a huge

increase in bird biomass (176%, Fig. 2c).

DISCUSSION

Carbon storage and (bird) biodiversity

We preface these remarks by noting that our measures of biodi-

versity refer to only one taxon, forest-dependent birds, albeit a

taxon upon which much thinking in terrestrial ecology and

conservation has been built (Fahrig, 2003). Nevertheless, we

think that results shown in Fig. 2 have an important contribu-

tion to make in our understanding of how the issues of carbon

storage and biodiversity are linked. The most salient point is that

the manner of carbon organization matters.

Carbon storage builds relatively steadily as regrowth stands

age (Law et al., 2001; Law et al., 2003). There is no clear separa-

tion between stands of adjacent age classes, and, perhaps most

surprising is that some mid-aged stands (21–40 years) had

accrued as much above-ground carbon as had mature stands

(Fig. 2). The amounts stored are commensurate with world-

wide figures for cool-temperate moist forests [377 (� 182 SD) t

ha-1] (Keith et al., 2009b). These values much exceed estimates

for most tropical forests, upon which much of the REDD focus

has been (c. 180 t ha-1) (Keith et al., 2009b).

Our results given in Fig. 2 show that the difference between

mature vegetation and even the oldest regrowth stands (c. 60

years) involves a qualitatively different form of carbon organi-

zation, at least from a (bird) biodiversity perspective. Therefore,

the way carbon is stored generates ecologically important out-

comes that would not be represented well by a unidimensional

focus on t C ha-1 measurements per se. These forms of carbon

are multiple canopy layers, wide-girthed trees having large

boughs (necessary for tree-hollow formation), and extensive

flowering episodes. None of these observations is new from a

biodiversity point of view – ecologists have long known the

value of a structurally complex habitat (Bell et al., 1991) – but

our quantification of carbon storage supports attaching a high

priority to conserving mature stands with ecologically impor-

tant old-growth components.

The extent to which regrowth provided habitat for birds was

largely determined by habitat complexity (i.e. the variety of

distinct structural elements; Bell et al., 1991), which does not

necessarily increase linearly with stand age. We found that

dense stands of regenerating saplings, understorey species and

open ground were characteristic of regrowth forest stands �

20 years. These stands provided nesting and foraging oppor-

tunities for some species, contributing to relatively high bird

abundances (Loyn et al., 1980). Extensive shrub cover sup-

ported large populations of small-bodied birds (7–10 g) that
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nest or feed in that vegetation. Regrowth stands > 20 years

lacked both the dense sub-canopy vegetation characteristics of

younger regrowth sites and the structural complexity of

mature forests. The transition from early stages of regrowth to

full maturity appears to pass through a stage within which eco-

logical resources are limited for many bird species (Vesk &

Mac Nally, 2006). This is reflected in the low biodiversity mea-

sures of birds in the 20–60 years bracket. This result accords

with earlier observations from the same forest (Loyn et al.,

1980), and is now based on a larger sample of stands in that

age bracket.

Hollow-bearing trees widely are regarded as a critical resource

for many Australian animals (Vesk et al., 2008). Regrowth sites

in the forest had very few hollow-bearing trees retained during

harvesting operations, regardless of time since harvest. Preser-

vation of existing hollow-bearing trees and trees that will poten-

tially form hollows in the near future is an essential strategy for

biodiversity conservation (Loyn, 1985).

The timeframe during which regrowth forest can provide

conditions suitable for birds that require mature forest appears

to be much longer than 60 years since timber harvest, but we

cannot state how long that may actually take owing to the rela-

tive youth of even our oldest regrowth stands. The latter, which

are currently 60 years, may take at least another 50 years, prob-

ably much more (Keith et al., 2009a), to mature into the same

complex vegetation that is characteristic of mature forest. This

may take even longer under the mooted drying conditions for

the region under climate change (Kirschbaum, 2000).

Our results in a regional perspective

R.M. and his colleagues have used a consistent, relatively time-

intensive methodology to measure habitat structure in many

forest and woodland stands across much of the State of Vic-

toria (Mac Nally et al., 2000). From these measurements, it was

possible to develop a context for assessing the amounts of

above-ground carbon storage for the values we provide here

for Boola Boola. These data show that carbon storage at Boola

Boola (Fig. 3a) far exceeds the vast majority of forest stands

across central Victoria (box and ironbark forests; Fig. 3b–e)

and northern Victoria (river red gum, floodplain forests;

Fig. 3f). This is not surprising, for two reasons. First, the box

and ironbark forests across the state’s centre occur mainly on

impoverished soils and in a low-rainfall belt (ECC, 2001). Very

few stands exceeded 100 t C ha-1. While the floodplain forests

typically occur on better soils and with potentially greater

access to water, water availability/flooding has been much cur-

tailed by management and over-extraction since the 1930s, and

by much reduced rainfall in recent years (Horner et al., 2009).

Only 3 of 203 stands exceeded 200 t C ha-1. Second, both box
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and ironbark and floodplain forests have been subjected to

intense harvesting for over a century, and this is reflected in

the stand structure of box and ironbark stands (typically most

trees < 40 cm d.b.h.). Values much greater than any of these,

and much exceeding any of those from Boola Boola, occur in

higher-elevation montane sites on excellent soils in the central

highlands of Victoria (e.g. 630–920 t C ha-1) (Kilinc et al., in

press).

The issue that is germane to our paper relates to how biodi-

versity and carbon storage are linked. The advantage of our

work in Boola Boola is that we have a good knowledge of time

since logging, and so we can relate measures of bird biodiversity

not only to carbon storage but also to the way carbon is orga-

nized as a function of stand age. For the vast majority of the

stands for which we present data in Fig. 3, there are few, if any,

records on when harvesting activities took place. Moreover,

stands generally are logged selectively or coppiced, which makes

them difficult to assess in the same way as we have done for

Boola Boola. However, one data set allows us to explore the bird

biodiversity–carbon storage–stand age relationships directly. We

have detailed information on habitat structure from which

carbon storage can be computed for 25 replanted stands of box

and ironbark forest from central Victoria, Australia (Selwood

et al., 2009). Given the increase in average girth of trees reported

previously (Vesk et al., 2008), carbon storage is positively asso-

ciated with time since establishment (Fig. 4a). We also have

reported elsewhere a means by which breeding performance at

the bird-assemblage level can be tallied (Selwood et al., 2009),

which is a better indicator of population viability than richness,

abundance or biomass per se (Mac Nally, 2007). The breeding

score is given to each nest and is weighted according to the

evidence that successful fledging has occurred. Thus, feeding

young outside the nest is highly weighted (weight = 9), while

males and females courting is of low weight (weight = 1). A

site-based breeding score is the sum (over all species of birds) for

all nests on the site (Mac Nally, 2007). There is a strong relation-

ship between assemblage-level breeding score and carbon

storage, although the increase is comparatively shallow once

sites accumulate > 150 t C ha-1 (Fig. 4b). This may be due to sites

of that loading becoming sufficiently ‘complex’ (e.g. through

provision of tree hollows) to support close to the full comple-

ment of potential species for breeding (Vesk et al., 2008).

CONCLUSIONS

There is a need to complement carbon crediting with biodiver-

sity credits to avoid perverse investment outcomes (Bekessy &

Wintle, 2008; Venter et al., 2009). Our results suggest that

assuming a simple linear function between carbon stored and

biodiversity benefits does not represent well the potentially syn-

ergistic way in which carbon storage and biodiversity interact.

‘Carbon complexity’ from an ecological perspective adds much

greater value to old stores of carbon than would be evident by

sequestration measures alone. If our results are widely appli-

cable, then the preservation of old-growth forests is about a

two-fold greater (bird) biodiversity benefit compared with even

the oldest regrowth stands, notwithstanding comparable above-

ground carbon storage levels.

There is an urgency to conserve mature forest in the

broader forest landscape, as well as elements of mature forest

among regrowth (Loyn, 1985). In Victoria, a range of forest

prescriptions and management plans have been developed to

pursue these aims, and work continues to refine the forest

planning system (DSE, 2007). Biodiversity conservation in

commercially harvested forest mosaics requires a whole-of-

landscape approach to management that includes an under-

standing of the ecosystem services provided by regrowth forest

(Loyn, 2000). Protected forests contribute significantly to

biodiversity conservation, but wildlife also occurs in commer-

cially productive forests, which are a large fraction of the forest

estate in many parts of the world (33% in Victoria) (DSE,

2005). Hence, those forests must also be managed to play

a key large role in maintaining regional- and larger-scale

biodiversity.
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Chapter 2. Tree plantations as habitat for wildlife 

 

Many people object to logging native forest because of the damage logging may do to 

biodiversity and visual amenity. But they also accept that there is a community demand for 

wood products, which must be met in some way. If logging were to cease in Australian native 

forests, the demand for wood products could be met by imports, as has happened in parts of 

North America. Some of the imports would come from developing countries with high 

biodiversity values and weak environmental controls, and efforts are not always made to 

restore these degraded forests (Lamb et al. 2005). Hence, we would be exporting our own 

environmental problems, perhaps at an even greater cost to the global community and global 

biodiversity. 

 

An obvious solution is to grow wood on private land that has already been cleared for 

farming. This is the preferred option for various bodies, including the Australian 

Conservation Foundation. Australian State and Commonwealth Governments have 

recognised the merits of supporting private ventures to do this, to help meet demand in 

parallel with a continuing timber industry reliant on native forests. This would take the 

pressure off native forests as the major source of wood products, so that they could be 

managed conservatively in an ecologically sustainable way, without transferring pressure to 

neighbouring countries. One of the ways in which government support was provided, was 

through a system of tax incentives. Unfortunately, this encouraged the development of 

numerous Managed Investment Schemes, many of which proved to be unsustainable when 

markets for eucalypt pulpwood declined. Tax incentives had lured investors to underestimate 

the risks of market downturns and biological hazards such as fire and disease. Nevertheless, 

the concept of public support seemed reasonable, if it was likely to result in net public 

benefits, including benefits to biodiversity.  Despite these issues, 86% of logs harvested in 

Australia now come from 2m ha of commercial plantation (ABARES 2017).  The remaining 

14% comes from a very small proportion of the 125m ha of native forests and woodlands.  

 

The environmental equations are quite different when wood is grown and harvested on 

previously cleared land than when it is grown and harvested from native forests. Planting 

trees on cleared land is generally expected to produce positive outcomes for biodiversity and 

public amenity. In some cases, this may also help to protect land by reducing erosion and 

lowering water tables (hence reducing salinity). Some negative effects could also arise, 

especially when exotic tree species are used. For example, conifer plantations have a strong 

impact on the visual landscape. Fast-growing plantations of any species are likely to draw 

heavily on local water supplies. Local human communities may be impacted by the 

spasmodic nature of the labour demand, which is high at planting and harvest but low in 

intervening years. Issues can arise with use of fertilisers and pesticides, as with many 

agricultural enterprises. And although cleared farmland generally has low biodiversity values, 

such land may support threatened grassland species locally, which would be disadvantaged 

by planting trees. In some parts of the world (notably the UK), there has been much 

controversy about inappropriate commercial conifer plantations being established on 

biodiversity-rich habitats such as naturally treeless moorland (Avery & Leslie 2010). 

 

Sensible discussions about the appropriate level of public support for private plantations 

require some knowledge of the net costs and benefits of plantations for biodiversity and other 

values. And in the early 2000s few studies had been undertaken to provide such information, 

especially in relation to eucalypt plantations (e.g. Hobbs et al. 1993; Kinross 2004; Kavanagh 

et al. 2005). Hence, we set out to fill the gap through a series of studies on the biodiversity 



values of eucalypt and pine plantations. We were fortunate to gain funding to kick-start these 

projects from the Joint Venture Agroforestry Program, a joint initiative involving the Rural 

Industries Research and Development Corporation (RIRDC), Land and Water Australia 

(LWA) and the Forest and Wood Products Research and Development Corporation 

(FWPRDC), and many regional groups commissioned further work to build on this, 

especially in the Green Triangle of south-west Victoria and south-east South Australia. 

 

In this chapter, I include one paper on birds in eucalypt plantations (Loyn et al. 2007a), and 

selected reports on other studies undertaken for a range of clients (including pine as well as 

eucalypt plantations in the Green Triangle of south-west Victoria and south-east South 

Australia). I also include a paper on a different type of revegetation, where trees and shrubs 

were planted on cleared land with the specific intention of benefitting native birds (Loyn et 

al. 2009a). The first paper describes the bird communities of established eucalypt plantations 

(across many sites in north-east and central-west Victoria), with the bird communities of 

nearby stands representing dual benchmarks: native forest and cleared farmland. More 

information about the study (which assesses mammals as well as birds) is provided in the 

Joint Venture Agroforestry Program (JVAP) report available on-line (included here by title 

only, Loyn et al. 2007b). As expected, the abundance and diversity of forest birds in 

plantations generally fell between that of the two benchmarks. Hence, establishing eucalypt 

plantations on cleared land produces a net benefit for birds, but does not produce bird 

communities as rich as those in native forest. The study also identified some management 

actions that may improve the value of plantations as habitat for birds and other wildlife. 

Retaining old trees (if they remain available in the farmland) provides several habitat 

resources that are not available in young plantations, notably hollows (used for nesting and 

shelter by many birds and mammals, including bats) and mistletoe (a valuable source of 

nectar, fruit, foliage and nest-sites for many bird and mammal species). Retaining patches of 

native understorey (if they remain available in farmland) and locating plantations close to 

remnant native forest were also identified as positive actions. Nest-boxes were suggested as a 

useful tool for increasing the availability of hollows for some species.  

 

The classic view of plantations is that they are very uniform, with linear rows of young trees 

and few understorey shrubs. While this is sometimes the case (especially in large commercial 

plantations), there are many exceptions, especially in small private plantations, where 

management intensity can be highly variable. Our sites included plantations representing a 

broad spectrum, but we were surprised to find that numbers of insectivorous birds that forage 

among tall shrubs were not significantly lower than in native forest. The most common of 

these species were in fact using stands of young eucalypts as if they were shrub thickets. 

Birds that feed in low shrubs (e.g. White-browed Scrubwren Sericornis frontalis, a very 

common bird in shrubby forests) were significantly less common than in native forest. So 

were bark-foraging insectivores: the most common bird in that guild in native forest (White-

throated Treecreeper Cormobates leucophaea) was virtually absent from plantations. This 

may be partly because it needs hollows both for nesting and roosting, but is mainly because it 

feeds largely from trunks of rough-barked eucalypts, and plantations consist mainly of 

smooth-barked species such as Blue Gum Eucalyptus globulus. The species was found 

locally in old plantations of Monterey Pine Pinus radiata in the Green Triangle (Loyn et al. 

2009b). 

 

Plantations were found to provide important habitat for insectivorous birds that feed from 

open ground among trees (e.g. Scarlet Robin Petroica boodang and Buff-rumped Thornbill 

Acanthiza reguloides), a group that has declined in native forests through historic land 



clearance (targeting the open habitats favoured by these birds) and effects of fire and logging 

(which may produce dense understoreys, despite a short-term opening up of the forest). It was 

heartening to see new plantations making at least some contribution to redressing these 

effects. It was also heartening to find that most plantations did not support high numbers of 

introduced birds or aggressive native honeyeaters such as Noisy Miner Manorina 

melanocephala, which have greatly reduced bird populations over large swathes of rural 

eastern Australia (Chapter 3). 

 

The reports add complementary information about bird communities in old linear windbreaks 

in otherwise treeless grassland on the Volcanic Plains near Lismore (Loyn et al. 2009a), pine 

versus eucalypt plantations in the Green Triangle (Loyn et al. 2009b), and embedded patches 

of native forest in the Green Triangle (Loyn et al. 2010). Another report on young 

revegetation versus farm forestry projects near Bacchus Marsh (Loyn et al. 2007c) is listed by 

title. 

 

The study near Lismore examined 32 sites, including some very old linear plantings of Sugar 

Gums E. cladocalyx, a species native to South Australia that was widely used for windbreaks 

in the 19th and early 20th centuries. In this naturally open landscape, the plantations were 

valuable for open-country birds as well as forest birds and bats. Introduced birds formed a 

higher proportion of the bird community (11%) than in previous studies, and aggressive 

native honeyeater species (Noisy Miners and White-plumed Honeyeaters Lichenostomus 

penicillatus) were also more prevalent. Hollows were abundant in windbreaks >60 years old, 

and hollow-dependent birds, bats and possums were found commonly in these stands, 

especially in those aged >100 years. It seems that hollows useful for these species may form 

faster in these situations than they are usually believed to do in native forests, where 120 

years is a commonly quoted figure for the minimum age of trees with useful hollows. This 

may be a product of the tree species and the open environment in which they have grown, 

with stresses such as wind shear contributing to tree damage, branch fall and early hollow 

formation. This observation could suggest some novel management approaches to encourage 

rapid hollow formation in selected forest stands as a conservation measure. It is well known 

that open-grown trees produce more branches than trees grown in dense stands, and this 

offers more opportunities for hollow formation when branches fall. Branchiness is an 

undesirable feature for wood production (as it leads to timber defects), and foresters have 

traditionally aimed to produce dense stands of straight trees when regenerating logging 

coupes. However, there may be great value in producing sparse stands of open-grown trees in 

situations where wildlife conservation is a priority.   

 

The first study in the Green Triangle examined birds and bats at 92 sites in native forest, 

plantations of native eucalypts (Blue Gum E. globulus) and exotic pine (Monterey Pine Pinus 

radiata), and cleared farmland. It showed that some birds that take insects from eucalypt 

foliage or blossom were found mainly in native forest or Blue Gum plantations and, 

unsurprisingly, made little use of pine plantations or open farmland. It reinforced the well-

known observation that pine cones are a favoured food source for Yellow-tailed Black 

Cockatoos Calyptorhynchus funereus and also showed that they were used extensively by an 

introduced bird, the European Goldfinch Carduelis carduelis (which took seed from cones in 

the canopy when they were opening). Another introduced bird (Common Blackbird Turdus 

merula) proved to be common in pine plantations, feeding from the damp soil or leaf litter 

below the dense canopy, and introduced birds formed a much higher proportion of the bird 

community in these plantations (20–25%) than in nearby Blue Gum plantations (2%) or any 

other plantations included in our studies. Plantations of both pines and eucalypts were found 



to provide habitat for some locally uncommon bird species, such as Olive Whistler 

Pachycephala olivacea and Bassian Thrush Zoothera lunulata (in pines), Painted Button-

quail Turnix varia (in eucalypts) and Forest Raven Corvus tasmanicus (in both pines and 

eucalypts). 

 

Both studies reinforced the main conclusions from the previous work, that tree plantations 

supported more forest birds than open farmland, but not as many as native forest. The 

abundance of forest birds in the Green Triangle eucalypt plantations appeared somewhat 

lower than in the eucalypt plantations we had studied previously in north-east Victoria and 

central-west Victoria. We suggest this may be partly because the Green Triangle plantations 

are more intensively managed than the generally small plantations on private land that we had 

previously examined. 

 

The final study extended the work in the Green Triangle by examining 47 patches of remnant 

native forest embedded in eucalypt or pine plantations, and comparing them with patches of 

remnant forest that remained isolated in paddocks (Loyn et al. 2010). This study followed up 

one of the hypotheses proposed in Chapters 1 and 3 (Loyn 2000, 2004; MacHunter et al. 

2007), that plantations could help buffer small patches of remnant vegetation that rapidly 

become degraded when exposed to wind and grazing stock. The study provided some 

supporting evidence for the value of embedding small patches in pine plantations, which then 

supported more birds than did small patches in farmland or eucalypt plantations. Commercial 

eucalypt plantations were a relatively new phenomenon in this region, and those studied were 

generally <8 years old. It is possible that the greater apparent buffering efficacy of pine 

plantations is due to the longer time over which this has occurred. Open-country birds were 

found to be disadvantaged when forest patches were embedded in plantations of eucalypts or 

pines. 
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A B S T R A C T

In parts of Australia, extensive areas of cleared land are now being planted with commer-

cial plantations of native eucalypts. Questions arise about the extent to which such plan-

tations can rectify previous loss of habitat and contribute to biodiversity conservation.

This study assessed abundance of bird species (as one aspect of biodiversity) on 105 sites

(25 cleared land, 58 plantations and 22 native forest) in two regions of rural Victoria,

south-eastern Australia. Generalised linear modelling was used to assess some of the land-

scape and habitat variables that contributed to the value of plantation sites for particular

groups of bird species. These models demonstrated the importance of on-site habitat vari-

ables in explaining the abundance of groups of bird species, with landscape context making

small additional contributions.

Mean abundance of forest and woodland birds was higher in eucalypt plantations than

cleared farmland, and marginally lower than in native forest. Patterns differed between

bird guilds. For example, insectivores that forage in the canopy and tall shrub layers were

at least as common in plantations as in native forest, with birds in the latter group using

young eucalypts as if they were tall shrubs. Birds that forage from open ground among

trees were more common in plantations than native forest, and may benefit substantially

from the new habitat fortuitously provided for them. This group includes several species

that have declined in natural woodland habitats. Nectarivores, carnivores and birds that

forage among low shrubs were less common in plantations than in native forest. Insecti-

vores that forage from eucalypt bark made little use of plantations. Different approaches

to plantation design and management would be needed to cater for groups such as these.

Specific measures include planting of rough-barked eucalypts in addition to smooth-

barked species, and provision of artificial hollows. Retention of existing remnants of native

forest (e.g. old trees and forest patches) is a priority, to supply habitat elements that would

otherwise be missing for long periods.

� 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Loss of habitat (including native forests) is the most crucial

process contributing to global losses in biodiversity (Hough-

ton, 1994; Bennett, 1999; Myers et al., 2000). Remedial action

must involve habitat restoration (Saunders and Hobbs, 1995;

Vesk and MacNally, 2006), and usually this needs to be tar-

geted to address the needs of particular groups of species.

Occasionally, opportunities arise to take advantage of new

commercial activities that fortuitously provide new or

0006-3207/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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restored habitat for a wide range of species. In Australia in re-

cent decades, emerging economic, political and social forces

have combined to encourage widespread planting of native

eucalypt trees to produce timber and income on private farm-

land. Hardwood plantations now cover 676,000 ha nationally

(Parsons et al., 2004).

Plantation establishment is often seen by landholders and

others as having multiple benefits, including mitigation of

salinity or erosion and restoration of biodiversity values (Reid

and Wilson, 1985; Hobbs, 1993; Hobbs et al., 1993; Bennett

et al., 2000; Salt et al., 2004). Until recently, few studies had at-

tempted to assess the benefits of eucalypt plantations for bio-

diversity conservation (Woinarski, 1979; Law and Kavanagh,

1998; Ryan, 2000; Bennett et al., 2000; Kavanagh et al., 2001;

Kavanagh et al., 2005; Hobbs et al., 2003; Rossi, 2003; Scott,

2003; Kinross, 2004). Many studies have examined roles of

remnant native vegetation in southern Australian rural land-

scapes (e.g. Loyn, 1987; Saunders et al., 1991; Barrett et al.,

1994; Mac Nally et al., 2000). A common conclusion is that

habitat loss and fragmentation have contributed to biodiver-

sity losses, and the corollary is that strategic revegetation is

needed to prevent or reverse such losses. Hence it is surpris-

ing that the effects of any form of revegetation have received

relatively little attention.

The current study was initiated to provide basic informa-

tion on eucalypt plantations as habitat for birds in Victoria,

south-eastern Australia. It forms part of a broader study on

vertebrate fauna funded by the Joint Venture Agroforestry

Program (run by the Rural Industries Research and Develop-

ment Corporation with support from a coalition of federal

government agencies) and the Natural Heritage Trust. This

paper focuses on birds, as they are the most conspicuous

and numerous component of the vertebrate fauna, and more

data are available on birds than other groups.

Hardwood plantations now cover �150,000 ha in Victoria,

compared with 8 million ha of native forest and 14 million ha

of cleared land (State of Victoria, 2005). The study was con-

ducted initially in two regions, the north-east (inland slopes

of the Great Dividing Range) and central-west (straddling

the Great Dividing Range). Recent work is extending these

studies into a range of different environments in southern

and western Victoria and South Australia. A number of re-

lated studies have been conducted by the authors and col-

leagues in the valleys and ranges of Gippsland, in south-

eastern Victoria.

This paper addresses a fundamental question about the

biodiversity benefits of plantations for birds, i.e., what species

and groups of birds can they support, at what levels (in terms

of relative abundance). It does this against dual benchmarks

of cleared farmland (in which most of the plantations were

established) and remnant forest (representing the original

vegetation type of the study regions). The paper also exam-

ines some of the variables that can contribute to the values

of plantations as habitat for birds. These include features of

the site itself (intrinsic site factors such as soil, landform

and climate) and features of the habitat that develops

through plantation establishment (tree species and other

variables influenced by plantation design and management).

They also include landscape variables defined by the site’s

location in the broader rural landscape, and the management

of that landscape.

2. Methods

2.1. Site selection

Sites were selected in two regions of Victoria where commer-

cial plantations have been established widely on private land,

in the north-east and central-west (Fig. 1). Each site consisted

of a 1-ha study site representing one of three broad habitats:

cleared farmland, eucalypt plantation, or native forest. In

each region, multiple sites were selected for each of the three

broad habitats (Table 1).

Plantation sites were selected by liaison with tree-growing

groups, Farm Forestry of the North East and Central Victorian

Farm Plantations, with the main criteria that they should be

at least 1-ha in size and at least five years old when assessed.

Tree species had been planted in rows, and varying degrees of

management had been applied to control growth of intro-

duced grasses among the eucalypts. The tree species planted

was Blue Gum Eucalyptus globulus in most cases, though some

sites had been planted with Shining Gum Eucalyptus nitens (at

higher elevations), River Red Gum Eucalyptus camaldulensis (at

lower elevations) and occasionally other species, usually as

monocultures but occasionally with two species planted in

alternate stands. Most of the plantations were managed to

produce future supplies of pulp, posts or sawn timber, on pro-

jected rotations of 15–25 years. Silvicultural practices in-

cluded pruning, thinning and control of weeds and

introduced mammals (European Rabbits Oryctolagus cunnicu-

lus and Red Foxes Vulpes vulpes). Some sites had been grazed

by cattle and sheep, and others had not. Some sites supported

dense swards of introduced grass or Blackberry Rubus frutico-

sus when assessed.

Native forest sites included some small patches of rem-

nant forest (often being the only examples of forest available

close to a particular group of plantation sites) and other sites

occurred within more extensive forest. They were selected to

be typical of the sort of forest that would have existed previ-

ously on land now used as farmland or eucalypt plantation.

Generally the dominant forest type could be classed as

mixed-eucalypt foothill forest, dominated by stringybarks

(e.g. Messmate Eucalyptus obliqua), gums (Mountain Grey

Gum Eucalyptus cypellocarpa, Candlebark Eucalyptus rubida,

Manna Gum Eucalyptus viminalis or River Red Gum), pepper-

mints (e.g. Narrow-leaf Peppermint Eucalyptus radiata), box

species (e.g. Long-leaf Box Eucalyptus goniocalyx, Yellow Box

Eucalyptus meliodora, Grey Box Eucalyptus microcarpa or Red

Box Eucalyptus polyanthemos) and ironbark species (e.g. Mugga

Ironbark Eucalyptus sideroxylon). In terms of Ecological Vegeta-

tion Classes (the main current botanical classification of veg-

etation type in Victoria), most sites would be classed as

Lowland Forest, Dry Sclerophyll Forest, Herb-rich Foothill For-

est or Box-Ironbark Forest. Most sites had been subject to

varying degrees of disturbance from timber harvesting, but

retained an overstorey of mature eucalypts.

Cleared farmland sites were selected to be typical of the

sort of farmland that would have been used for plantation
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Fig. 1 – Locations of study sites in north-east and central-west Victoria, south-eastern Australia, 2003–2005.
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establishment. Most sites consisted of pasture, dominated by

perennial grass species introduced from Europe. They were

grazed by cattle or sheep at varying intensities. Some con-

tained widely scattered old trees as remnants from the origi-

nal forest (see above). Many of the species mentioned above

under native forest were represented in cleared farmland,

though River Red Gum, Candlebark and Yellow Box were

especially likely to be found.

2.2. Bird surveys

This paper deals with data from 105 sites (25 cleared land, 58

plantations and 22 native forest), all of which were surveyed

for birds in two seasons from 2003/04 (north-east) to 2004/05

(central-west). At each site one search was conducted in

spring/summer (mainly October to December) and another

in winter (May–August). On each 1-ha site, birds were sur-

veyed using a standard timed area-search of 1-ha in 10 min

(modified from Loyn, 1986). Numbers of all birds seen or heard

were counted by species while walking slowly through the

site.

2.3. Habitat variables

Data were collected on various features of the habitat at each

site (Table 1). Assessments were made of grass cover and

height on each visit, and notes were made on any signs of

grazing by domestic stock. Indices were calculated for the

cover of tall shrubs (>2 m tall), small shrubs (<2 m tall), small

branches, native Mistletoe (mainly Drooping Mistletoe Amy-

ema pendulum) and introduced Blackberry on a scale of 0–5

(0 = absent; 0.5 = scattered, sparse; 1 = cover <5%; 2 = 5–25%;

3 = 25–50%; 4 = 50–75%; 5 = 75–100%). Intrinsic site variables

included landform (simplified as flats or lower slopes vs mid

Table 1 – Selected habitat variables assessed on sites in cleared land, eucalypt plantations and remnant forest in north-
east and central-west Victoria, 2003–2005, showing mean values and standard errors (n = 25 sites in cleared land, n = 58
sites in eucalypt plantations, n = 22 sites in remnant native forest)

Habitat features Mean Comment on method

Cleared Plantation Forest

Number of sites 25 58 22

Live hollow-bearing trees (number/ha) 0.25 0.21 15.44 Direct count

±0.03 ±0.01 ±0.20

Dead hollow-bearing trees/ha 0.08 0.12 5.75 Direct count

±0.02 ±0.01 ±0.14

Retained live trees (no hollows)/ha 0.00 0.76 N/A Direct count

±0.00 ±0.03 (many)

Retained dead trees (no hollows)/ha 0.00 0.02 N/A Direct count

±0.00 ±0.01 (many)

Tall shrubs (>2 m) index 0.19 0.19 1.25 Index 0–5

±0.03 ±0.01 ±0.06

Small shrubs (<2 m) index 0.23 0.12 0.97 Index 0–5

±0.03 ±0.01 ±0.04

Logs/ha (natural >15 cm diameter) 1.23 1.09 242 Sample count (0.2 ha)

±0.07 ±0.03 ±48.1

Logs/ha (thinnings) 0 298 0 Sample count (0.2 ha)

±0.33

Small branches (inc prunings) index 0.08 1.25 1.57 Index 0–5

±0.02 ±0.02 ±0.05

Blackberry index 0.00 0.41 0.41 Index 0–5

±0.02 ±0.05

Mistletoe index 0.00 0.03 0.44 Index 0–5

±0.01 ±0.04

Rainfall (mm) 800 834 864 Extrapolated using digital terrain model

±48.9 ±21.9 ±80.6

Temperature (�C) 13.0 12.7 12.9 Extrapolated using digital terrain model

±1.3 ±0.6 ±1.8

Elevation (m above sea level) 302 337 345 Extrapolated using digital terrain model

±40.3 ±19.9 ±60.4

Native forest cover in 25 ha (%) 7.8 7.2 71.7 GIS data, 4 pixels round site centre

±3.14 ±2.81 ±8.20

Native forest cover in 1 km2 (%) 12.4 14.1 56.5 GIS data, 40 pixels round site centre

±1.98 ±2.52 ±6.69

Wetland cover in 1 km2 (%) 2.3 0.5 0.2 GIS data, 40 pixels round site centre

±0.95 ±0.22 ±0.18

Other habitat or context variables assessed include grass height (m), leaf litter index (0–5), landform (simplified as flats or lower slopes vs. mid

or upper slopes), slope (simplified as flat or gentle, <10�, vs. steepish, >10�), aspect (north, east, south or west), plantation size (<5 ha, 5–10 ha,

10–20 ha or >20 ha) and plantation shape (strip vs. block). Landscape variables assessed using GIS were described in the text, and three

examples are tabulated here.
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or upper slopes), slope (simplified as flat or gentle, <10�, and

steep, >10�) and aspect (north, east, south or west). Elevation,

annual rainfall and mean temperature were derived from dig-

ital terrain and climate models (P. Griffioen pers. comm.).

Structural habitat variables included species of planted trees;

numbers of retained older trees (dead or alive, with or without

hollows); numbers of fallen logs (>15 cm diameter); and num-

bers of smaller fallen branches. The data on logs were tallied

on plots 20 m · 100 m and multiplied by five to give values per

hectare.

2.4. Landscape context variables

Landscape-scale metrics were obtained for each site from

concurrent satellite image interpretation (P. Griffioen, pers.

comm.). They included the amount of forest cover, native

grassland, cleared farmland and wetland or water bodies in

areas of different size centred on each site (Table 1). The

scales chosen were based on the site centre (pixel of 25 m

square) and squares of 100 m, 500 m, 1 km and 5 km. The site

metric was used to confirm grid references but was not useful

for further analysis. For plantation sites, the 100 m metric

helped distinguish small plantations from those that formed

parts of larger plantations (sometimes under multiple owner-

ship). The broader metrics helped characterise the landscape

at the different spatial scales for different groups of birds.

2.5. Analysis

Bird species were grouped for subsequent analysis, as in pre-

vious work (Loyn, 1985; Loyn, 1997). These included four

groups relating to the main habitats used by each species (for-

est or woodland birds, open-country birds, generalists and

water birds), 12 guilds for feeding, and other overlapping

groups for nesting, migration and status (Appendix A). In this

paper, analysis focused on the two major habitat groups (for-

est or woodland birds, and open-country birds) and the 12

feeding guilds. Mean abundances for each species and each

group were calculated for the three broad habitats (cleared

farmland, plantation or native forest).

Data from day-time counts were analysed by generalised

linear modelling. The mean abundance of selected major

groups was the dependent variable in each case, and the basic

habitat groups were treated as a categorical explanatory var-

iable with three levels (cleared farmland, plantation or native

forest). Region was considered as another categorical variable,

with two levels (north-east or central-west), along with a

range of variables such as elevation and landform. This anal-

ysis was conducted across all sites for the two major groups

relating to the main habitats used by each species, i.e. forest

or woodland birds and open-country birds.

Data from the 58 plantation sites were then analysed by

generalised linear modelling, with various combinations of

habitat and landscape explanatory variables. The main hab-

itat variables considered for inclusion in these models were

landform, plantation size-class or shape, numbers of re-

tained hollow-bearing trees (dead or alive), and total num-

bers of retained trees (dead or alive). The main landscape

variables considered were elevation (metres above sea level),

area of plantation within 100 m, area of native forest at any

one of the four spatial scales, area of treeless country at any

one of the four spatial scales (i.e. sum of native grassland

plus cleared farmland), and area of wetland at any one of

the four spatial scales. Modelled climatic variables (mean

temperature and annual rainfall) were also considered for

inclusion. A correlation matrix was generated for candidate

explanatory variables, and any pairs correlated more closely

than r = 0.70 were not included together in subsequent

models.

Standard diagnostic tests were applied to the models

(notably plotting residuals against mean values) and appro-

priate transformations were applied where necessary to meet

the assumptions of the analysis. This involved taking square

roots of abundance data for many groups of species. Scarcer

groups and species were modelled on a presence-absence

basis using logistic regression.

Models were selected for publication on the basis of vari-

ance explained and parsimony. The Akaike Information Sta-

tistic was used to select between models with different

numbers of variables.

3. Results

3.1. Bird groups and species in relation to broad habitat
types

Forest or woodland birds as a group were substantially more

abundant in eucalypt plantations than cleared farmland,

and marginally less abundant than in native forest (Fig. 2).

These differences were highly significant (p < 0.001). Open-

country birds were more abundant in cleared farmland than

either plantations or native forest (Fig. 2, p < 0.001), with no

significant difference between the latter habitats (p > 0.05).

Data for particular bird species (Appendix A) or groups of

species (Table 2) showed marked differences in responses at

the level of species or feeding guild. Some species showed lit-

tle difference in abundance between plantations and native

forest (based on our sample of sites studied) whereas others

showed marked differences. Feeding guilds proved to be a

useful basis for summarising these trends, as follows.

Aerial insectivores were more common over cleared farm-

land than other habitats, and in this study were found to be

making little use of plantations or retained forest (Table 2).

Birds that feed from open ground were generally at least

as abundant in plantations as native forest: this applied both

to the group that feed only among tree cover, and to the

more catholic group of species that may range far from cover

(Table 2). The latter group was even more common in cleared

farmland (Table 2). The former group was significantly more

common in plantations than in native forest (p < 0.001),

and may have benefited substantially from plantation

establishment.

Birds that feed from the eucalypt canopy or from tall

shrubs were both similarly abundant in eucalypt plantations

and native forest (Table 2). These birds were rare in cleared

farmland (Table 2), where they were only observed on the

edge of other habitats with perennial woody vegetation.

Insectivores that forage from bark on tree-trunks were re-

corded occasionally in eucalypt plantations (in sites adjacent

to native forest), but were very uncommon compared with
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native forest (Table 2). Birds in this group were sometimes

seen foraging from the bark of planted eucalypts, but they

also favoured retained old trees where these were available.

Nectarivores were less common in eucalypt plantations

than in native forest, and essentially absent from cleared

farmland (Table 2). Intermediate levels of abundance were

also found in plantations for carnivores, and insectivores that

feed from damp ground or low shrubs (Table 2). Many individ-

ual species from all guilds showed similar patterns, being ob-

served most often in remnant forest, less often in eucalypt

plantations and least often in cleared farmland (Appendix A).

Seed-eaters that take seeds from the ground or low vegeta-

tion were more common in cleared farmland than in planta-

tions or native forest. However, they regularly used both

plantations and native forest for shelter, e.g. during the war-

mer parts of the day. Some species also fed extensively in

both plantations and native forest. There was little difference

in abundance of this group between plantations and native

forest (Table 2).

Seed-eaters that specialise at taking seeds and other food

from the tree or shrub layers made little use of cleared farm-

land sites during the study, although they do forage exten-

sively in farmland at times (pers. obs.). They were fairly

common in remnant forest and even more common in euca-

lypt plantations (Table 2). The latter effect was driven mainly

by a single species, the Crimson Rosella Platycercus elegans

(Appendix A), which often fed from a wide range of food

plants in plantations. The sole other common species in the
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Fig. 2 – Mean counts of the two main groups of birds (forest and woodland birds, and open-country birds) in the three main

habitats (cleared farmland, eucalypt plantations and native forest) in north-east and central-west Victoria, south-eastern

Australia, 2003–2005.
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guild, the Gang–gang Cockatoo Callocephalon fimbriatum, was

only seen in remnant forest during the study (Appendix A).

Frugivores were also more common in eucalypt planta-

tions than native forest during the study (Table 2), and again

the effect was driven mainly by one common species, the Sil-

vereye Zosterops lateralis (Appendix A). It was seen feeding on

a range of food, including insects among the eucalypt foliage

and fruits of introduced Blackberry in the understorey.

Some other bird groups or species deserve brief com-

ment. Small hollow-nesters were scarce in plantations.

One species in the group (Striated Pardalote Pardalotus stria-

tus, a canopy-gleaning insectivore) visited plantations

mainly in winter (when they were not nesting and hence

did not need hollows). Another species (White-throated

Treecreeper Cormobates leucophaeus, a bark-foraging insecti-

vore) was very common in nearby native forest where they

fed mainly from rough-barked eucalypts, and used hollows

for nesting and roosting. In contrast, large hollow-nesters

were as abundant in plantations as in native forest (Table

2). They were dominated by seed-eating parrots and cocka-

toos, which were often seen flying long distances in the rural

landscape and hence were able to access feeding habitats far

from hollow-bearing trees on which they depended for nest-

sites. Flocks of cockatoos (Sulphur-crested Cockatoo Cacatua

galerita, Little Corella C. sanguinea and Galah C. roseicapilla,

usually as single-species flocks) were sometimes found

using plantations for daytime shelter, foraging in nearby

farmland and presumably nesting in large hollow-bearing

trees nearby.

Introduced birds were as scarce in eucalypt plantations as

in native forest, and these species were found mainly in

cleared farmland. Noisy Miners Manorina melanocephala (an

aggressive native species that behaves as an unwelcome inva-

der in some environments) were found locally in remnant na-

tive forest but rarely in plantations during this study

(Appendix A).

3.2. Relationships between bird abundance and habitat
and landscape variables (across all sites)

When data were analysed across all sites, the basic habitat

groups (farmland, plantation or native forest) proved to be

the most useful explanatory variable, explaining up to 57.1%

of variance (Table 3). Region (north-east or central-west Victo-

ria) made no significant contribution to the models, and the ef-

fects of the main habitat groups did not differ between regions.

Forest and woodland birds were more common in forest or

eucalypt plantations than in cleared farmland as described

above. These birds were also more common at high than

low elevations (Table 3).

For open-country birds, the basic habitat groups were

similarly important, in the reverse sense. Elevation made a

negative contribution, with these birds being more common

at low than high elevations (Table 3). Landform made a

Table 2 – Mean abundances of selected guilds of birds on sites in cleared land, eucalypt plantations and remnant forest in
north-east and central-west Victoria, 2003–2005

Individuals per 100 counts Mean SE

Cleared Plantation Forest Cleared Plantation Forest

Habitat groups

Forest and woodland birds 145 889 1019 6.4 4.0 11.5

Open-country birds 366 154 117 7.5 2.8 9.0

Water birds 4 0 0 1.3 0.0 0.0

Feeding guilds (insectivores)

Aerial insectivores 85 6 9 10.2 2.1 3.4

Bark-foraging insectivores 0 6 67 0.0 0.8 4.5

Canopy-foraging insectivores 5 220 207 1.4 2.3 6.0

Insectivores feeding from damp ground or low shrubs 9 28 90 1.7 1.2 6.3

Insectivores feeding from open ground, sometimes far from cover 225 95 67 6.7 2.1 6.3

Insectivores feeding from open ground among trees 18 225 196 2.1 3.5 7.9

Insectivores feeding from tall shrubs 0 127 104 0.0 2.0 5.2

Feeding guilds (other)

Frugivores 0 31 17 0 3.7 1.5

Nectarivores 9 110 203 1.7 1.7 7.7

Carnivores 2 33 70 1.1 1.6 4.2

Birds that eat seeds, taken close to ground 134 56 59 6.0 2.5 5.1

Birds that eat seeds and galls etc., taken at all levels 3 64 43 1.6 2.6 4.2

Nesting guilds

Birds nesting in large or medium hollows in trees 71 122 130 4.4 3.0 5.7

Birds nesting in small hollows in trees 46 10 82 5.0 0.9 4.7

Migrant guilds

Birds that are summer visitors 59 114 95 5.0 1.5 5.0

Status guilds

Birds introduced to Australia 27 12 11 2.8 1.1 2.7

Uncommon birds (<850 records in Emison et al., 1987) 5 44 62 1.9 2.4 5.5

Standard errors are also shown (n = 25 sites in cleared land, n = 58 sites in eucalypt plantations, n = 22 sites in remnant native forest).
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further contribution, with these birds being more common on

flats or lower slopes than on mid or upper slopes or ridges

(Table 3).

3.3. Relationships between bird abundance and habitat
and landscape variables (plantation sites only)

The selected models explained up to 53.6% of variance

(Table 4). The most useful explanatory variables proved to

be habitat features at the site (retained trees, hollow-bearing

trees, grass cover, etc.), followed by general landscape vari-

ables such as elevation, rainfall and size or shape of planta-

tion. Other context variables (proportions of cleared land,

plantations or native forest within various radii of each site)

made little or no contribution to any of the models generated.

Forest and woodland birds appeared to respond positively

to elevation, numbers of retained trees, and numbers of hol-

low-bearing dead trees (Table 4). They also showed a paradox-

ical negative relationship with coarse woody debris (logs

>15 cm diameter). A non-significant positive relationship with

mistletoe improved the whole model (Table 4). Plantation size,

shape, landform and context variables made no further sig-

nificant contribution.

Open-country birds appeared to be more common in plan-

tations at low than high elevations, and on flats or lower

slopes rather than on mid or upper slopes (Table 4). They ap-

peared to respond positively to grass cover within the planta-

tions. They were least common in large plantations and most

common in plantations of 5–10 ha or 10–20 ha in size (Table 4).

Insectivores that feed from open ground (sometimes far

from cover) formed a major component of the group above.

They appeared to respond positively to grass cover, and were

more common on flats or lower slopes than on mid or upper

slopes (Table 4). They showed the same response to planta-

tion size as the broader group of open-country birds.

In contrast, insectivores that feed from open ground

among trees appeared to respond positively to elevation and

also to the cover of small branches left from thinning opera-

tions (Table 4).

Insectivores that feed from damp ground or low shrubs

were most common on sites at higher elevations, with steep

or moderate slopes (Table 4). When insectivores that feed

among low shrubs were considered alone, they showed neg-

ative responses to grass cover and positive responses to the

cover of small branches left from thinning operations (Table

4). However, this model was weak and explained only 12.1%

of variance. The latter sub-group was dominated by one

common species, the White-browed Scrubwren Sericornis

frontalis.

Insectivores that feed from tall shrubs or the eucalypt can-

opy were common in most plantation sites, and models ex-

plained little variance. Insectivores that feed from tall

shrubs appeared to respond negatively to numbers of living

retained hollow-bearing trees, and to the cover of small

shrubs (Table 4). Insectivores that feed from the eucalypt can-

opy appeared to respond positively to the number of retained

hollow-bearing trees, but negatively to the total number of re-

tained trees (Table 4). However, both models were extremely

weak and explained only 9.5% and 5.1% of variance,

respectively.

Nectarivores were common but patchily distributed and

the best model explained only 9.6% of variance. These birds

tended to be most common at sites with high rainfall, and

where plantations formed strips <50 m wide rather than

broader patches (Table 4).

Birds that take seeds close to the ground were the second

largest component of the group of open-country birds. They

appeared to respond positively to the cover of small shrubs

and negatively to the leaf litter index. However, the model

was extremely weak and explained only 10.3% of variance.

Birds that take seeds and other food (e.g. galls) at all levels

were dominated by a single species, the Crimson Rosella.

They appeared to respond positively to the numbers of living

and dead retained trees within the plantations, and nega-

tively to the cover of small shrubs (Table 4).

4. Discussion

4.1. Plantations as habitat, compared with farmland and
native forest

The models highlight the fundamental role of broad habitat

(cleared farmland vs eucalypt plantation vs native forest) as

the main determinant of bird community at a site. Hence

Table 3 – Models for relative abundances of the two major bird groups (forest and woodland birds; open-country birds) in
relation to simple habitat (eucalypt plantation or native forest, with cleared land as reference level) and selected landscape
variables in north-east and central-west Victoria, 2003–2005

Dependent variable Explanatory variables Estimate SE p Variance explained
by model (%)

Forest and woodland birds (sqrt birds/count) Constant 0.313 0.254

Eucalypt plantation 2.097 0.198 <0.001

Native forest 2.337 0.256 <0.001

Elevation (m) 0.00136 0.00065 0.041

Whole model <0.001 57.1

Open-country birds (sqrt birds/count) Constant 2.54 0.264

Eucalypt plantation �0.477 0.203 0.021

Native forest �0.604 0.280 0.033

Elevation (m) �0.00289 0.00069 <0.001

Landform = mid or upper slope �0.467 0.180 0.011

Whole model <0.001 28.4
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Table 4 – Models for responses of bird groups to habitat and landscape variables in eucalypt plantations in north-east and
central-west Victoria, 2003–2005

Dependent variable (birds/count) Explanatory variables Estimate SE p Variance explained
by model (%)

Forest and woodland birds (square root) Constant 2.073 0.289

All retained trees 0.0814 0.0355 0.026

Elevation (m) 0.002324 0.000764 0.004

Hollow-bearing dead trees 0.572 0.318 0.078

Logs >15 cm diameter �0.1492 0.0544 0.008

Mistletoe 1.119 0.778 0.157

Whole model 0.004 20.9

Open-country birds (square root) Constant 0.878 0.553

Elevation (m) �0.00208 0.000940 0.032

Grass cover index 0.1557 0.0855 0.074

Landform = mid or upper slope �0.634 0.223 0.007

Size <5 ha 0.391 0.312 0.217

Size 5–10 ha 0.656 0.296 0.031

Size 10–20 ha 0.809 0.266 0.004

Size >20 ha (reference)

Whole model <0.001 30.2

Insectivores from open ground,

may be far from cover

Constant �0.053 0.273

Grass cover index 0.1655 0.0615

Landform = mid or upper slope �0.594 0.178

Size <5 ha 0.440 0.255 0.091

Size 5–10 ha 0.561 0.237 0.022

Size 10–20 ha 0.791 0.215 <0.001

Size >20 ha (reference)

Whole model 0.001 24.7

Insectivores from open ground among trees Constant �0.112 0.344

Elevation (m) 0.002417 0.000908 0.0110

Logs/ha (thinnings) 0.001249 0.000327 <0.001

Whole model <0.001 25.3

Insectivores from damp ground or low shrubs Constant �0.320 0.151

Elevation (m) 0.001501 0.000401 <0.001

Slope = steepish 0.259 0.110 0.022

Whole model <0.001 23.0

Insectivores in low shrubs Constant 0.440 0.148

Grass cover index �0.1021 0.0396

Logs/ha (thinnings) 0.000399 0.00015 0.011

Whole model 0.011 12.1

Insectivores in tall shrubs Constant 1.0490 0.0902

Live hollow-bearing trees �0.336 0.137 0.017

Small shrubs �0.367 0.266 0.174

Whole model 0.024 9.5

Canopy insectivores Constant 1.3467 0.0859

All retained trees �0.0777 0.0356 0.033

Live hollow-bearing trees 0.405 0.206 0.055

Whole model 0.090 5.1

Nectarivores (square root) Constant 0.281 0.367

Rainfall (m) 0.688 0.428 0.114

Shape = strip 0.669 0.270 0.016

Whole model 0.023 9.6

Seed-eaters close to ground Constant 0.532 0.165

Leaf litter index �0.1409 0.0653 0.035

Small shrubs (<2 m) 0.433 0.295 0.149

Whole model 0.019 10.3

Seed-eaters at all levels Constant 0.2377 0.0732

Dead retained trees 0.633 0.149 <0.001

Live retained trees 0.1043 0.0222 <0.001

Small shrubs (<2 m) �0.516 0.217 0.021

Whole model <0.001 53.6

B I O L O G I C A L C O N S E R V A T I O N 1 3 7 ( 2 0 0 7 ) 5 3 3 – 5 4 8 541



Aut
ho

r's
   

pe
rs

on
al

   
co

py

human activities (clearing for farmland or establishing plan-

tations) have highly predictable consequences in terms of

the bird communities that will occupy a particular site. The

results complement those from studies elsewhere in Austra-

lia (Woinarski, 1979; Ryan, 2000; Kavanagh et al., 2001; Kava-

nagh et al., 2005; Klomp and Grabham, 2001; Hobbs et al.,

2003; Rossi, 2003; Scott, 2003; Kinross, 2004), and extend this

knowledge based on a large number of sites over broad re-

gions representing over 10,000 km2. This allows a fuller pic-

ture to be developed, showing important differences

between habitats for many of the feeding guilds as discussed

below. Some of these differences were recognised by other

authors (notably the scarcity of bark-foraging treecreepers

in eucalypt plantations) while others appear to be new. Con-

sideration of feeding guilds should bestow a degree of inter-

national currency to the results, as similar guilds can be

identified in most parts of the world where eucalypts are

planted, even though the bird species found in this study

are mostly endemic to the Australasian region.

Most studies of birds in eucalypt plantations show that

plantations support more birds than cleared farmland, and

fewer than native forest. This conclusion appears to be quite

robust to details such as region, amount of edge or condition

of remnant forest, although these variables all contribute to

the numerical response. The present study reinforces this

view, although in terms of density of forest birds the planta-

tions emerge as remarkably close to native forest, despite

some important differences in species composition. Similar

conclusions have been made with respect to pine plantations

in Australia (Suckling et al., 1976; Disney and Stokes, 1976;

Fisher and Goldney, 1998; Lindenmayer et al., 2003; Rossi,

2003), and a range of exotic tree plantations elsewhere in

the world (e.g. Estades and Temple, 1999; Faria et al., 2006).

However, bird abundances and diversities tend to be much

lower in pine plantations than in the eucalypt plantations

studied here, and this was also found in one of the few stud-

ies to compare eucalypt and pine plantations (Rossi, 2003).

Popular perceptions about eucalypt plantations cover a

spectrum of possibilities, depending on the views and knowl-

edge of the people concerned (Williams and Cary, 2002; Wil-

liams et al., 2003). Some view them as a panacea, capable of

supporting high biodiversity and rectifying the loss of habitat

caused by excessive clearing. This is too simplistic a view, and

all studies show that there are limits to the number of species

that will benefit from eucalypt plantations, at least in the

short term. Other people view plantations as uniform mono-

cultures, and expect them to be of little value to native wild-

life. This and other studies show that this view undervalues

their contribution. The possibility is sometimes discussed

that they may have negative value, attracting introduced

birds or invasive native species such as Noisy Miners, which

can reduce populations of native forest birds in fragmented

forest patches in farmland (Dow, 1977; Loyn, 1987; Grey

et al., 1997; Grey et al., 1998). Noisy Miners were found to be

common in some plantations established for cabinet timber

in Queensland (Catterall et al., 2004), but none of these con-

cerns were supported by the present study. The eucalypt

plantations examined did not support high densities of intro-

duced bird species. Even the narrow strips of plantation were

not colonised by invasive native species such as the Noisy

Miner. Our study, along with others, shows that the truth lies

between the two extreme views.

One of the main bird groups to benefit from plantation

establishment may be the insectivores that feed from open

ground among trees. This group includes several species that

have declined in woodland habitats (Robinson, 1993; Robin-

son and Traill, 1996; Ford et al., 2001), for a combination of

reasons. In particular, their favoured open woodland habitats

are easy to clear for pasture, and have been heavily cleared

and fragmented. In addition, fire and logging can encourage

shrubs to proliferate at the expense of open understorey

structures (Loyn, 1997; Loyn, 2004). The present results raise

the prospect that establishing new plantations of native euca-

lypts may provide a direct benefit in restoring habitat for

these species.

The present study shows that birds that forage from tall

shrubs may be common in plantations, where the dense can-

opy of young eucalypts provides a suitable feeding substrate

for them. This contrasts with the common observation that

plantations contain few shrubs and hence may be expected

to support few of these birds.

One group of birds was notable by its absence or rarity in

these plantations, namely the bark-foraging insectivores,

and this has also been observed by other authors (Kavanagh

et al., 2001; Klomp and Grabham, 2001). In native forest, this

group is dominated by treecreeper species (especially the

White-throated Treecreeper, Appendix A). These birds are

mainly sedentary; they need tree hollows for nesting and

roosting, and they generally prefer to feed from the bark of

rough-barked eucalypt species (Noske, 1985; Loyn, 1985; Hig-

gins et al., 2001). They also feed from trunks of mature coni-

fers such as Monterrey Pines Pinus radiata, a species widely

planted in south-eastern Australia (Suckling et al., 1976; Hig-

gins et al., 2001). In managed native forests of mixed eucalypt

species they usually choose to feed from trunks of large old

trees, making little use of regrowth saplings until they reach

the age of 10–15 years (Loyn, 1980, 1985, 1993; Kavanagh and

Stanton, 2003). When the dominant trees are smooth-barked

species, their aversion for young trees may be even more

marked. For example, White-throated Treecreepers are com-

mon in forests of River Red Gum at Barmah in the Murray Val-

ley, where numbers have apparently increased in recent

decades (Loyn et al., 2002). River Red Gums are mainly

smooth-barked, with varying amounts of rough bark persist-

ing on lower parts of the trunks. At Barmah, White-throated

Treecreepers inhabit regrowth stands originating from log-

ging or flood events in the mid-20th century, avoiding youn-

ger stands and also avoiding open stands of veteran old

trees. The combinations of habitat requirements for treecree-

pers are rarely satisfied in commercial eucalypt plantations,

where smooth-barked eucalypts are generally the preferred

species and rotation times are often less than 15 years. If bio-

diversity restoration is a key objective in establishing eucalypt

plantations, it will be necessary to include a broader mix of

eucalypt species, including rough-barked species, and also

to grow selected stands through to a greater degree of matu-

rity. Supply of artificial hollows (nest-boxes) may also be nec-

essary for these species until natural hollows can form in any

trees that are selected for long-term retention, as many dec-

ades are needed for useful hollows to form (Saunders et al.,
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1982; Gibbons et al., 2000, 2002; Whitford, 2002). The require-

ment for supply of hollows in situ is clearly greater for seden-

tary birds such as treecreepers than for mobile birds such as

parrots.

4.2. Features of plantations (landscape variables,
plantation size and on-site habitat)

The models developed for plantations alone highlight the

roles of on-site habitat features, including intrinsic features

(elevation, climate, etc.) and features that are a product of

plantation design or management (plantation size or shape,

numbers of retained trees, grass cover, etc.). Taken at face

value, they may suggest that other landscape variables are

relatively unimportant: variables such as the proportion of

cleared land, plantation or remnant forest in the broader

landscape contributed nothing to the selected models. This

was despite a wide variation in these variables, e.g. from 0%

to 72% for native forest cover within 1 km2, with a mean value

of �14% (Table 1). However, this reflects the broad-brush nat-

ure of these variables, and does not deny the role of landscape

context in contributing to the bird fauna of each site. Propor-

tions of habitats in the landscape say nothing about the

detailed arrangements of forest patches and their connected-

ness, which may have fundamental effects on their value

(Diamond, 1975; Forman, 1995; Bennett, 1999). The nature of

the matrix (mostly farmland in this case) can also have pro-

found effects on the fauna of particular elements of the land-

scape mosaic (Laurance, 1994; Craig et al., 2000; McIntyre

et al., 2002).

In the present study, many of the birds that were common

in plantations have habitat requirements that are not satis-

fied by the plantations alone. For example, flocks of cockatoo

species were often found sheltering and sometimes feeding

within plantations, but their main feeding habitats were in

cleared farmland and they depend on hollow-bearing trees

for nest-sites. The numbers of large hollow-dependent birds

observed in plantations exceeded the supply of suitable hol-

lows in retained trees, and these highly mobile birds undoubt-

edly depended on a supply of hollow-bearing trees and

feeding habitats over a much broader part of the rural land-

scape, including farmland (with associated large paddock

trees) and patches of remnant forest (see Saunders et al.,

1991; Bennett et al., 1994; Law and Dickman, 1998; Fischer

and Lindenmayer, 2002; Lumsden et al., 2002). Smaller and

less mobile hollow-dependent species such as treecreepers

were rarely found in plantations, although there may be other

reasons for this, as discussed above.

This need for multiple habitats was reflected in the ten-

dency (revealed by the models) for open-country birds to fa-

vour medium-sized plantations rather than large or small

plantations. Small plantations may not have provided ade-

quate tree cover and shelter to attract these birds, whereas

large plantations may have had too little contact with adja-

cent farmland, so that birds dependent on farmland habitats

became diluted in the large plantations, or tended to favour

medium-sized plantations close to their preferred feeding

habitats. Similar observations have been made with respect

to different sized patches of remnant forest (e.g. Howe,

1984; Loyn, 1987; Barrett et al., 1994; Catterall et al., 1997)

but rarely with respect to plantations. This study did not

demonstrate a strong positive role for plantation size as a

determinant of forest and woodland bird abundance in plan-

tations. This contrasts with the literature on birds in remnant

forest patches, which identified a threshold of 10–20 ha,

below which abundance of forest birds declined markedly

(Loyn, 1987; Barrett et al., 1994; Mac Nally et al., 2000). A study

of eucalypt plantations established to reduce salinity in the

Murray Valley (Kavanagh et al., 2005) showed that forest bird

abundance was higher in eucalypt plantations larger than

5 ha than in smaller plantations. Studies in commercial euca-

lypt plantations in Western Australia showed that some bird

species favoured plantation edges and others showed no par-

ticular preference for edges (Hobbs et al., 2003): the former

group would presumably be more common in small than

large plantations. More data are needed to make unequivocal

conclusions about effects of plantation size on bird

populations.

Some of the intrinsic site variables may be acting as partial

surrogates for landscape context variables. For example, this

study showed that forest birds tended to be more common

at high elevations, and open-country birds at low elevations.

This reflects the gradient of forest and cleared land, with

most forest remaining at high elevations, as described for

north-east Victoria by Bennett et al. (1991).

Despite these comments, the study suggests a paramount

role for on-site variables in determining the habitat value of a

particular plantation. Small shrubs, grass cover, thinnings

and leaf litter benefit some groups of species and not others.

Interactions and correlations are likely between these vari-

ables: for example, an inverse relationship was noted be-

tween shrub and grass cover, in part reflecting competitive

effects and the influence of different management practices

with respect to fencing and grazing by domestic stock. Some

of the relationships between birds and one habitat variable,

may in reality have been driven by changes in the competing

variable. Nevertheless, the models presented here may give

some clues about the likely responses of bird groups to man-

agement actions that produce different levels of each

variable.

Native shrubs are often seen as a habitat element missing

from eucalypt plantations. Insectivorous birds that forage in

low shrubs were less common in plantations than native for-

est, but insectivores that forage in tall shrubs showed little

difference. Essentially this group of birds was using the young

eucalypts in the same way that they use shrub thickets. There

may be some advantage in planting shrubs among eucalypts,

but the need for such action appears less than was conceived

a priori.

Retained old trees can provide some of the habitat ele-

ments that are otherwise missing in young eucalypt planta-

tions, with hollows being an obvious example. Various

measures of tree retention featured in several of the models

developed for different groups of birds, as with the seed-eat-

ers that feed from all levels (and are hollow-dependent). In

addition to hollows, retained living trees also provide re-

sources from the bark, epiphytic plants (mistletoe), coarse

woody debris and the structure of the canopy and open space

below, all of which are used by particular bird species. The

contribution of retained old trees was generally positive, but
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it proved to be negative for two groups of birds (insectivores

foraging from canopy or tall shrubs), perhaps reflecting an

inhibitory role of retained old trees on growth of the young

planted eucalypts. This emphasises that many management

decisions involve trade-offs, and different decisions will be

appropriate in different situations, depending on the priority

given to different objectives.

4.3. Limitations

The study is based on more sites than previous published

studies of the bird fauna of eucalypt plantations. Neverthe-

less, it shares many limitations with other studies, each of

which has its own focus on geographic area or plantation

management objectives. In this study, the plantations studied

were mainly established for commercial reasons on private

farmland in two temperate regions of Victoria. Eucalypt plan-

tations have also been established in many other parts of

Australia (Parsons et al., 2004), with their own climatic, geo-

graphic and biological characteristics. Some of these planta-

tions are more extensive than those considered in this

study, with higher ratios of area to edge, and this can affect

their bird faunas (Hobbs et al., 2003). Plantations have been

established by multiple private landholders or companies,

and management objectives and practices may differ widely

with consequent effects on birds.

Secondly, the present study represents a snapshot in time,

at just two seasons for each site. The Australian climate var-

ies greatly between years, and these changes affect bird pop-

ulations (Chambers et al., 2005; Chambers and Loyn, 2006).

These variations tend to be more muted in temperate parts

of the continent than the arid interior, but they still can have

marked effects. The study period coincided with a long-run-

ning drought over much of south-eastern Australia. Different

results might be expected in a period of average rainfall,

although it is not clear what the relative effects would be on

plantations compared with other habitats.

Thirdly, no modelling process gives a perfect reflection of

reality, and alternative models should not be rejected solely

because they explain less variation (Starfield, 1997; Wintle

et al., 2005). However, in this study no competing models

came close to explaining as much variation as those pre-

sented in this paper.

Fourthly, the study assessed bird abundance, and no at-

tempt was made to obtain systematic data on important

behavioural aspects such as breeding. Incidental observa-

tions showed that most of the birds observed in plantations

were feeding there, and most of the species were breeding in

at least some of the plantations. Nevertheless, more system-

atic information is needed about the use of selected planta-

tions for feeding, roosting and breeding by different bird

species.

4.4. Implications for management

The study shows that eucalypt plantations can perform a po-

sitive role in providing habitat for forest birds. This may be of

special value in regions where forest has been severely de-

pleted by excessive clearing, and where current economic

and social factors favour strategic restoration of forest cover.

They may succeed in adding habitat for some birds and link-

ing patches of remnant forest. The study also shows that

commercial eucalypt plantations by themselves are not the

sole answer to biodiversity restoration: they do not provide

the full suite of habitats found in native forest. If restoration

is a key objective of a plantation establishment program in

cleared landscapes, attention will have to be given to provid-

ing additional habitat features such as rough-barked

eucalypts and hollows. Some of these features can be sup-

plied quickly in the growing stand, whereas others (notably

hollows and abundant growth of mistletoe) may take many

decades to develop unless artificially supplemented (e.g. with

nest-boxes). The first priority will always be to retain rem-

nants of native forest, because they may contain habitat ele-

ments that have not been identified, or habitat elements that

cannot easily be recreated in plantations in practical time-

frames.

At this stage, the study suggests that the structure of the

plantation itself plays a much greater role in determining its

bird assemblages than does its position in the rural land-

scape, with a few exceptions as mentioned above. We are cur-

rently extending the study into different parts of south-

eastern Australia with higher degrees of contrast in some of

the landscape variables. Hopefully, this will help generate an-

swers to important planning questions about the relative

merits of establishing plantations in different parts of the rur-

al landscape.
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Appendix A. Bird species observed on-site
during 220 timed area-searches (10 min, 1 ha) in
north-east and central-west Victoria, south-eas-
tern Australia, in spring-summer and winter
2003–2005

Also shown are the mean abundances of each species in

cleared land (n = 25 sites), eucalypt plantations (n = 58 sites)

and remnant native forest (n = 22 sites), expressed as birds

observed per 100 counts. Also shown are the guilds to

which each species was assigned for further analysis. The

habitat group has four levels (F = forest or woodland bird;

G = generalist; O = open-country bird; W=water bird). The

feeding guild is the main one considered in this paper. It

has single levels for frugivores (F), nectarivores (N), carni-

vores (V, taking vertebrates as a major part of their diet)

and water birds (W), and two levels for seed-eaters

(SG = mainly takes seeds close to the ground, and ST = takes

seeds and other food at many levels, often high in trees).

Insectivores are the most diverse component of the fauna,

and are considered as seven guilds, depending on whether

they feed mainly from open air (A), bark (B), eucalypt can-

opy (C), damp ground below cover (DG), open ground, some-

times far from cover (OG), open ground among trees (OT),

tall shrubs (TS) or low understorey (U). The groups DG

and U were combined in this paper (as birds feeding from

understorey or the damp ground below shrub cover). Guilds

for nesting, status and migration were not analysed sepa-

rately in this paper, but data on some were tabulated. The

nesting guild distinguishes species that nest mainly in bur-

rows in the ground (B), on the ground surface (G), in large

or medium sized tree hollows (LH), in small tree hollows

(SH), in open hollows or ledges on trees or buildings (L),

as brood parasites in other birds’ nests (BP) or in normal

nests on branches of trees or shrubs (N). The migrant guild

distinguishes summer migrants (S, predictably rare or ab-

sent from these regions for a period each winter), winter

migrants (W, vice versa) and species that do not show such

marked migratory patterns in the region (N). The status

guild distinguishes species introduced to Australia (I),

uncommon native species (U, <850 records in Emison

et al., 1987) and other native species (N).

Common name Scientific name Mean individual birds per 100 counts Guilds for:

Cleared Plantation Forest Habitat Feeding Nesting Migration Status

Stubble Quail Coturnix pectoralis 3 0 0 O SG G S N
Crested Pigeon Ocyphaps lophotes 5 1 0 O SG N N N
Wonga Pigeon Leucosarcia melanoleuca 0 0 3 F SG N N U
Straw-necked Ibis Threskiornis spinicollis 2 0 0 W W G N N
Australian Wood Duck Chenonetta jubata 2 0 0 W W LH N N
Swamp Harrier Circus approximans 2 0 0 W V G S N
Brown Goshawk Accipiter fasciatus 0 0 3 F V N N N
Wedge-tailed Eagle Aquila audax 0 0 6 G V N N N
Whistling Kite Haliastur sphenurus 0 2 6 O V N N N
Black-shouldered Kite Elanus axillaris 5 0 0 O V N N N
Brown Falcon Falco berigora 2 0 0 O V N N N
Southern Boobook Ninox boobook 0 1 0 F V LH N N
Gang–gang Cockatoo Callocephalon fimbriatum 0 0 9 F ST LH N N
Sulphur-crested Cockatoo Cacatua galerita 0 2 0 O SG LH N N
Little Corella Cacatua sanguinea 5 30 0 O SG LH N U
Galah Cacatua roseicapilla 6 3 0 O SG LH N N
Australian King-Parrot Alisterus scapularis 0 3 0 F F LH N N
Crimson Rosella Platycercus elegans 3 64 34 F ST LH N N
Eastern Rosella Platycercus eximius 26 8 31 O SG LH N N
Red-rumped Parrot Psephotus haematonotus 26 2 0 O SG LH N N
Laughing Kookaburra Dacelo novaeguineae 0 8 26 F V LH N N
Sacred Kingfisher Todiramphus sanctus 0 0 11 F V LH S N
Rainbow Bee-eater Merops ornatus 3 0 0 F A B S N
Fan-tailed Cuckoo Cacomantis flabelliformis 0 0 3 F TS BP S N
Horsfield’s Bronze-Cuckoo Chrysococcyx basalis 0 0 6 F C BP S N
Shining Bronze-Cuckoo Chrysococcyx lucidus 0 1 0 F C BP S N
Superb Lyrebird Menura novaehollandiae 0 0 2 F DG N N N
Welcome Swallow Hirundo neoxena 42 5 0 O A L N N
Tree Martin Hirundo nigricans 38 0 0 F A SH S N
Grey Fantail Rhipidura fuliginosa 0 64 37 F C N S N
Rufous Fantail Rhipidura rufifrons 0 0 6 F TS N S N
Willie Wagtail Rhipidura leucophrys 8 6 6 O OG N N N
Leaden Flycatcher Myiagra rubecula 0 3 0 F C N S U
Satin Flycatcher Myiagra cyanoleuca 0 0 3 F C N S N
Restless Flycatcher Myiagra inquieta 0 1 0 F OT N N N
Jacky Winter Microeca fascinans 2 1 9 F A N N N
Scarlet Robin Petroica multicolor 0 12 14 F OT N N N
Red-capped Robin Petroica goodenovii 0 2 0 F OT N N N
Flame Robin Petroica phoenicea 30 28 6 O OG N W N
Pink Robin Petroica rodinogaster 0 1 0 F DG N W U
Eastern Yellow Robin Eopsaltria australis 0 2 14 F DG N N N

(continued on next page)
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Appendix A – continued

Common name Scientific name Mean individual birds per 100 counts Guilds for:

Cleared Plantation Forest Habitat Feeding Nesting Migration Status

Golden Whistler Pachycephala pectoralis 0 13 23 F TS N N N
Rufous Whistler Pachycephala rufiventris 2 27 17 F C N S N
Grey Shrike-thrush Colluricincla harmonica 8 41 49 F G N N N
Magpie-lark Grallina cyanoleuca 3 1 3 O OG N N N
Crested Shrike-tit Falcunculus frontatus 0 2 3 F B N N N
Eastern Whipbird Psophodes olivaceus 0 0 6 F DG N N N
Black-faced Cuckoo-shrike Coracina novaehollandiae 0 0 9 F C N N N
Cicadabird Coracina tenuirostris 0 0 3 F C N S U
White-winged Triller Lalage tricolor 2 5 6 F C N S N
Grey-crowned Babbler Pomatostomus temporalis 0 0 23 F G N N U
White-throated Gerygone Gerygone olivacea 0 3 6 F C N S U
Western Gerygone Gerygone fusca 0 4 3 F C N S U
Weebill Smicrornis brevirostris 0 9 14 F C N N N
Striated Thornbill Acanthiza lineata 0 90 51 F C N N N
Yellow Thornbill Acanthiza nana 0 4 0 F TS N N N
Brown Thornbill Acanthiza pusilla 0 108 71 F TS N N N
Buff-rumped Thornbill Acanthiza reguloides 0 98 57 F OT L N N
Yellow-rumped Thornbill Acanthiza chrysorrhoa 30 11 0 O OG N N N
White-browed Scrubwren Sericornis frontalis 6 19 46 F LS N N N
Rufous Songlark Cincloramphus mathewsi 2 3 0 F OT N S N
Superb Fairy-wren Malurus cyaneus 14 80 83 F OT N N N
Dusky Woodswallow Artamus cyanopterus 0 2 6 F A L S N
White-throated Treecreeper Cormobates leucophaeus 0 3 51 F B SH N N
Red-browed Treecreeper Climacteris erythrops 0 2 6 F B SH N U
Mistletoebird Dicaeum hirundinaceum 0 4 3 F F N N N
Spotted Pardalote Pardalotus punctatus 0 5 34 F C B N N
Striated Pardalote Pardalotus striatus 2 6 14 F C SH N N
Silvereye Zosterops lateralis 0 24 14 F F N N N
White-naped Honeyeater Melithreptus lunatus 0 8 26 F N N N N
Brown-headed Honeyeater Melithreptus brevirostris 0 9 3 F N N N N
Eastern Spinebill Acanthorhynchus tenuirostris 0 3 17 F N N N N
Fuscous Honeyeater Lichenostomus fuscus 0 8 0 F N N N N
Yellow-faced Honeyeater Lichenostomus chrysops 0 50 23 F N N N N
White-eared Honeyeater Lichenostomus leucotis 2 19 6 F N N N N
Yellow-tufted Honeyeater Lichenostomus melanops 0 2 6 F N N N N
White-plumed Honeyeater Lichenostomus penicillatus 2 4 11 F N N N N
New Holland Honeyeater Phylidonyris novaehollandiae 0 0 17 F N N N N
Noisy Miner Manorina melanocephala 3 0 34 O N N N N
Red Wattlebird Anthochaera carunculata 2 10 26 F N N N N
Noisy Friarbird Philemon corniculatus 0 0 3 F N N N U
Richard’s Pipit Anthus novaeseelandiae 6 0 0 O OG G N N
Diamond Firetail Stagonopleura guttata 1 1 0 F SG N N N
Red-browed Finch Neochmia temporalis 0 5 3 F SG N N N
Olive-backed Oriole Oriolus sagittatus 0 0 3 F C N S N
White-winged Chough Corcorax melanorhamphos 0 25 86 F OT N N N
Pied Currawong Strepera graculina 0 10 3 F V N N N
Grey Currawong Strepera versicolor 0 8 0 F V N N N
Grey Butcherbird Cracticus torquatus 2 0 0 F V N N N
Australian Magpie Gymnorhina tibicen 114 46 23 O OG N N N
Australian Raven Corvus coronoides 0 2 3 F V N N N
Little Raven Corvus mellori 0 2 3 O V N N N
Bassian Thrush Zoothera lunulata 0 1 3 F DG N N N
Common Blackbird Turdus merula 2 5 6 F DG N N I
Skylark Alauda arvensis 5 0 0 O OG G N I
European Goldfinch Carduelis carduelis 12 5 0 O SG N N I
Common Starling Sturnus vulgaris 5 2 6 O OG N N I
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Summary

A program of planting Australian shrubs and trees has been conducted in degraded 
farmland at the Clarkesdale Bird Sanctuary (central-western Victoria) since the 1960s, to 
address the issue of declining native birds, as perceived by the late landowner gordon Clarke. 
The shrubs and trees were selected to attract birds, and included many species that were not 
native to the region. This form of management is often practised by private landholders (at 
various scales), but its effects are rarely documented. Bird surveys were conducted for this 
study between 1999 and 2001 at 27 sites: 11 in native eucalypt forest on ridges and slopes, 
13 in planted areas on ridges and slopes, and three in planted areas on river-flats and a 
small gully (with three supplementary sites in a pine plantation). Total bird abundance and 
species per count were highest in the planted sites on river-flats and gully, and higher in the 
planted sites on ridges and slopes than in native forest on similar topography. honeyeaters 
(Meliphagidae), Superb Fairy-wrens Malurus cyaneus, open-country birds, seed-eating birds 
and five insectivorous guilds reached their maximum abundance in planted sites. Bark-
foraging insectivores, canopy-foraging insectivores, frugivores and a generalist insectivore 
were marginally more common in native forest than in planted sites. Introduced birds were 
uncommon. generalised linear modelling showed that total bird abundance was positively 
related to the cover of planted native vegetation, native low shrubs and young wattles 
Acacia spp. and to the presence of indigenous Cherry Ballart Exocarpos cupressiformis. 
Various guilds showed positive relationships with the cover of planted native vegetation, 
native low shrubs, young wattles, original old wattles, original old eucalypts and trees with 
small or large hollows. The planting program has provided new habitat for many native 
forest birds. A greater challenge is to address the needs of some uncommon species that 
have declined locally, such as the Brown Treecreeper Climacteris picumnus and Speckled 
Warbler Chthonicola sagittata.

Introduction

In recent years much effort has been devoted to revegetating parts of the rural 
landscape, to address a range of issues including erosion, salinity and biodiversity 
conservation (Salt et al. 2004; youl et al. 2006; Munro et al. 2007). Relatively little 
effort has been devoted to assessing the effects of these initiatives on biodiversity, 
with some exceptions, such as recent work on fauna in commercial eucalypt 
plantations (hobbs et al. 2003; Kavanagh et al. 2005; Loyn et al. 2007) and in 
agricultural landscapes (Kavanagh et al. 2007; Barrett et al. 2008; Selwood et al. 
2009). Many revegetation initiatives are taken by individual landholders or local 
Landcare groups, and develop their own characteristics and idiosyncrasies, which 
may differ from those expected in commercial operations or larger government-
sponsored programs. It is important to understand how biodiversity responds to 
individual revegetation efforts, because these all contribute to changes in the rural 
landscape and its associated biodiversity.
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Many private landholders recognise a need to revegetate parts of their land with 
trees and shrubs for a wide range of purposes (Reid & Wilson 1985), often with a 
desire to provide habitat for native birds and other wildlife, especially in gardens or 
home-paddocks. They may select trees and shrubs partly for that purpose, including 
species not indigenous to the local area, but effects of such management have rarely 
been documented. One of the early landowners to adopt this philosophy was the 
late gordon John Clarke of Linton, near Ballarat in central-western Victoria. he 
realised his vision by buying land and initiating a vigorous revegetation program 
in the 1960s, coming to fruition as the Clarkesdale Bird Sanctuary.

The main aim of this study was to compare assemblages across the main habitats 
currently represented at the Sanctuary, and in particular to compare revegetated 
sites with remnant native eucalypt forest. This could help to assess whether planting 
had helped restore a bird fauna that resembled that of native forest, and identify 
any differences. This was seen as a useful benchmark, while recognising that the 
planting program had broader aims. The benefits of the planting program could 
also be assessed, if it were assumed that the initial bird populations of degraded 
sites were extremely low. No attempt was made to conduct surveys on cleared 
pasture or paddocks infested with gorse Ulex europaeus, as these habitats are no 
longer evident in the Sanctuary. however, data on such sites are available from 
companion studies in the region (our unpubl. data), and populations of forest and 
woodland birds in such habitats are indeed known to be generally low.

This paper presents an analysis of data collected by volunteers from 27 sites 
and three broad habitats on seven occasions between 1999 and 2001. The data 
are of general interest, because they shed light on the effects of a visionary but 
controversial approach to bird-habitat enhancement, which deliberately avoided 
the constraints of many modern programs that insist on using plant species native 
to the area in question (i.e. indigenous).

Study area

The Clarkesdale Bird Sanctuary covers 535 ha of land at Piggoreet south-east of Linton 
(Anon. 1999), at an altitude of 500 m at the south-western end of the great dividing Range. 
Most of the land is owned by Bird Observation and Conservation Australia (BOCA) and 
the Trust for Nature (Victoria), together with the adjacent Linton Flora and Fauna Reserve 
under Parks Victoria’s jurisdiction. Its management is overseen by a strategy committee 
appointed by BOCA, including representatives from these and other organisations, with 
input from the Clarkesdale Advisory Committee.

The Sanctuary owes its existence to the visionary conservationist and grazier gordon 
Clarke, who grew up at Piggoreet, near Linton, and farmed the land over many decades. 
From the 1950s he was among the first to recognise that populations of woodland birds 
were declining and new approaches to rural land management were needed to reverse these 
declines. he developed a program to buy degraded land locally, including land supporting 
extensive gorse infestations, and restore some of its value as bird habitat by a vigorous 
program of planting Australian native trees and shrubs. he eschewed the purist philosophy 
of solely planting species indigenous to the local area, and aimed to improve on nature by 
selecting plants with special characteristics favoured by birds. Many of the shrubs selected 
were Western Australian species known for their capability to produce prolific nectar and 
attract honeyeaters.

The work continued to include other areas of cleared or partly cleared land, with 
varying levels of initial weed infestation. gordon Clarke made special efforts to involve 
the community in his work, and the Bird Observers Club of Australia (BOCA, now Bird 
Observation and Conservation Australia) became an active participant at an early stage, 
in planting and recording bird species present. Formal reservation of the Sanctuary was 
achieved in 1975, and the gordon Clarke Trust was established to provide funds for its 
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management. A management plan was prepared (Anon. 1999). This defined the vision for 
the Sanctuary as being ‘to optimise, manage and create habitat at Linton as a Sanctuary to 
increase the diversity and populations of native birds in perpetuity’. This reflected gordon 
Clarke’s focus on the needs of birds, rather than any attempt to restore vegetation to its 
pre-european form. One of the needs identified in the management plan was to conduct 
surveys of birds to determine how bird populations may have responded to the planting 
program, hence this study.

The Sanctuary consists of a mosaic of native eucalypt forest and planted areas, together 
with a Monterey Pine Pinus radiata plantation (25+ years old), small remaining cleared areas 
and several small and medium-sized wetlands. Most sites in native forest were within ~200 m 
of planted sites. examination of maps of ecological Vegetation Classes (eVC) (estimated 
for the pre-european state, department of Sustainability & environment) revealed that 
the river-flats would be classed as Creek-line herb-rich Woodland eVC. Most planted sites 
(including the pine plantation) would have supported Valley grassy Forest eVC, which 
grows on fertile soils and has been extensively cleared. The revegetated areas contained a 
few relict (i.e. original) trees that survived initial clearing, but were essentially dominated 
by planted trees and shrubs, including many flowering shrubs endemic to Western Australia 
(e.g. Hakea spp., Grevillea spp., Melaleuca spp., etc.). The native forest was classed as heathy 
dry Forest, with dominant trees including Messmate Eucalyptus obliqua, Narrow-leaved 
Peppermint E. radiata, Candlebark E. rubida, Red Stringybark E. macrorhyncha, Scent-bark 
E. aromaphloia, Swamp gum E. ovata and Broad-leaved Peppermint E. dives forming an 
open overstorey ~20 m tall. A relatively low, sparse shrub layer included Myrtle Wattle 
Acacia myrtifolia, Black Wattle A. mearnsii, golden Bush-pea Pultenaea gunnii, Bitter-pea 
Daviesia sp., drooping Cassinia Cassinia arcuata, heath Tea-tree Leptospermum myrsinoides, 
Common heath Epacris impressa and Small grass-tree Xanthorrhoea minor. Austral Bracken 
Pteridium esculentum and grey Tussock-grass Poa sieberiana were common components of 
the understorey. The native forest has been subject to selective logging and other disturbance 
over many years, as have most forests in this region. The native forest has not been burnt 
for a long period (>20 years).

Methods

Field methods

A total of 27 sites was used for this study (along with three in pine plantations that are 
not included in the analysis). They included 11 sites in native forest, 13 in areas of similar 
topography where native trees and shrubs had been planted as part of the program of habitat 
restoration, and three in planted areas on river-flats and a small gully (Table 1). One of 
the latter sites was next to one of the small dams. Observers surveyed each site on seven 
occasions: 19 October, 2 November 1999 (spring), 14 december 1999 (summer), 8 March, 
22 March 2000 (autumn), 24 January 2001 (summer) and 7 March 2001 (autumn). An active 
timed area search method was used (after Loyn 1986, 1998) in which an area of 1 ha was 
searched for 10 minutes. The observer walked through each area, and recorded numbers 
of all species observed (seen or heard). Birds observed off-site were recorded separately, 
and not considered further in the current analysis.

Basic habitat data (Table 1) were collected from each site on the initial visit. habitat 
variables were assessed visually and scored on a scale of 0 (absent) to 3 (dominant, or 
for native vegetation as in uncleared forest). The presence or absence of Cherry Ballart 
Exocarpos cupressiformis and trees bearing mistletoe Amyema spp. was noted.

Note that this study did not consider nocturnal birds, of which at least four species (Tawny 
Frogmouth Podargus strigoides, Australian Owlet-nightjar Aegotheles cristatus, Powerful Owl 
Ninox strenua and Southern Boobook N. novaeseelandiae) inhabit the Sanctuary.

Analysis
Mean abundances of each species were calculated across the seven visits for each site. 

Sites were grouped according to the three main habitats (native forest on ridges and slopes, 
planted sites on similar topography, and planted river-flats and gully). Mean abundances of 
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each species were then calculated and tabulated for each of these three habitats. Analysis of 
variance was used to compare mean abundances of common species between native forest 
and planted sites on similar topography. Logistic regression was used to compare occurrence 
of less common species between sites in each of those two habitats.

Species were classified into a number of guilds based on feeding ecology, preferred 
nest-site, migratory status, status (native or introduced) in Victoria or habitat (Appendix 1). 
The abundance of each guild was calculated for each visit to each site by summing the 
numbers of individuals of the respective species observed at the site on that visit. Numbers 
of individual birds in each guild per site per visit were taken as the dependent variable for 
subsequent analysis. The total numbers of individual birds per visit, and the numbers of 
species observed on each visit, were also considered as dependent variables.

Analyses of variance were then conducted to assess variation between seasons and 
habitats, and their interactions. Square-root transformations were found necessary in 
some cases to meet the assumptions of the analysis. Visit sessions and sites were taken as 
random variables, and seasons and habitats as fixed variables. The three habitats were as 
already described (native forest on ridges and slopes, planted sites on similar topography, 
and planted river-flats and gully). generalised linear modelling was used to relate the same 
dependent variables (i.e. total bird abundance, abundance of bird guilds) to habitat variables 
(i.e. explanatory variables) collected in the field.

Results

Seventy-nine bird species were recorded on the 27 sites during the seven visits, 
including 13 waterbird species associated with the dam (Appendix 1). In terms of 
species per count, the sites in native forest appeared less diverse than the planted 
sites on similar topography, which in turn were less diverse than the planted river-
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Table 1

Mean values for selected habitat features of the 27 study sites at Clarkesdale Bird Sanctuary, 
central-western Victoria, 1999–2001. Numerical scores are on a scale of 0 (none) to 

3 (dominant, or for native vegetation as in uncleared forest).

 Habitat feature Native eucalypt Planted sites Planted 
  forest on similar river-flats 
   topography and gully

 Native vegetation 2.45 1.08 1.67 
  cover (unplanted)
 Planted native 0.45 2.23 2.33 
  vegetation cover
 exotic vegetation 0.36 0.38 1.00 
  (weeds)
 Trees with large 1.09 0.31 1.00 
  hollows
 Trees with small 1.45 0.54 1.00 
  hollows
 Original 1.91 1.08 1.67 
  eucalypts  
  (>50 years old)
 Original wattles 0.45 0.38 0.67 
  (>50 years old)
 young eucalypts 1.55 1.69 1.33 
  (0–50 years old)
 young wattles 1.36 1.46 1.33 
  (0–50 years old) 
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Table 2

Mean abundances (birds per 10 counts) of bird guilds in three main habitats (native eucalypt 
forest on ridges and slopes, planted sites on similar topography, and planted river-flats 
and gully) at Clarkesdale Bird Sanctuary, central-western Victoria, 1999–2001, including 
waterbirds. The planted sites were planted with native Australian trees and shrubs (many 
of them not indigenous to the local area) from the 1960s. Number of bird species recorded 

in each guild is shown in parentheses.

Guild type Guild P value Mean birds per 10 counts

  Native forest Native Planted Planted 
 Broad habitat: vs planted forest sites on river-flats 
  sites on  similar and 
  similar  topography gully 
  topography

Number of sites:    11 13 3
Bird species per count:    4.3 6.0 8.1

Feeding Aerial insectivores (4)  – 2.1 2.4 21.0
 Bark-foraging insectivores (4) 0.123 4.4 3.1 2.9
 Canopy-foraging insectivores (10) 0.187 17.9 12.6 25.2
 damp-ground or  0.152 4.2 9.8 13.8 
  understorey insectivores (5)
 generalist insectivores (1) 0.976 2.9 2.1 1.4
 Mid-storey insectivores (3) 0.031 4.3 7.4 6.7
 Open-ground-among-trees 0.150 13.8 22.4 27.1 
  insectivores (7)
 Open-ground insectivores (5) 0.032 2.1 7.6 5.2
 Nectarivores (honeyeaters) (7) <0.001 27.9 69.3 64.8
 Frugivores (2)  – 0.4 0 0
 Seed-eaters close to ground (8) 0.044 2.5 5.2 10.5
 Seed-eaters at all levels (2) 0.084 5.3 6.9 9.5
 Carnivores (9)  0.420 1.6 2.7 3.3
 Waterbirds (12)  – 0.1 0.2 11.4
Nesting Brood-parasites (cuckoos) (4) – 0.5 1.4 0.5
 hole in ground (1)  – 2.3 0.5 0.5
 ground (3)  – 0 0.2 11.0
 Ledge on tree or building (3) – 3.0 2.3 3.8
 Large hollow in tree (7)  0.104 7.0 8.5 16.7
 Small hollow in tree (7)  0.136 7.7 4.9 25.2
 Branch of tree or shrub (45) – 68.8 133.0 145.2
 Not nesting in Australia (1) – 0 0.9 0
Migrant Non-migrant (62)  – 74.7 135.2 166.7
 Summer migrant (17)  – 14.7 16.6 36.2
Status Introduced to Australia (3) – 0.4 1.8 3.8
 Native (76)  – 89.0 150.0 199.1
Habitat Forest or woodland birds (49) – 82.1 109.0 143.8
 heathland birds (2)  – 1.7 31.5 31.0
 Open-country birds (15)  – 5.5 11.0 13.8
 Waterbirds (13)  – 0.1 0.2 14.3
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flats and gully (Appendix 2). The mean abundance of each species in these three 
habitats is also shown in Appendix 2, and the mean abundance of each guild in each 
habitat is shown in Table 2. Total bird abundance (mean birds of all species per site 
per visit) was highest on planted river-flats and gully sites, and higher in the planted 
sites on ridges and slopes than in native forest on similar topography (Appendix 2, 
Table 2). The differences were highly significant (P <0.001). The same trend was 
evident in species per count (Appendix 2). At conventional significance levels 
(P <0.05), just two species (White-throated Treecreeper and Spotted Pardalote; 
see Appendix 1 for scientific names) were more common in native forest than 
planted sites on similar topography. Black-faced Cuckoo-shrikes were recorded 
only in native forest during the study, and White-winged Choughs were present 
more consistently in native forest than elsewhere. Five species (Superb Fairy-wren, 
New holland honeyeater, Red Wattlebird, Australian Magpie and Australian 
Raven) were significantly more common in planted sites on ridges and slopes 
than in native forest on similar topography. Two others (White-browed Scrubwren 
and eastern Spinebill) showed the same trend but at a lower level of significance 
(0.1 > P > 0.05). Red-browed Finches were recorded only at planted sites.

habitat modelling showed that total bird abundance was positively related 
to the cover of native low shrubs, planted native vegetation, young wattles and 
Cherry Ballart (Table 3).

Feeding guilds

Four feeding guilds appeared more common in native forest than in planted 
sites on similar topography, but the differences were not statistically significant at 
conventional levels (P < 0.05). Apparent preference for native forest was greatest 
among bark-foraging insectivores (Table 2). honeyeaters, Superb Fairy-wrens 
and birds regarded as open-country species were substantially more abundant at 
planted sites (on ridges and slopes as well as on river-flats and gully) than elsewhere 
(Appendix 2). Five insectivorous and both seed-eating guilds were particularly 
common at planted sites (Table 2).

Aerial insectivores

The relative abundance of aerial insectivores was highest over planted river-
flats (Table 2), particularly at the site near the dam, where Tree Martins were the 
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Table 3

Generalised linear models for abundance of bird guilds in relation to habitat variables at 
Clarkesdale Bird Sanctuary, central-western Victoria, 1999–2001.

Dependent variable Coefficient Variable Significance % 
 (square root)    variance 
     explained 
     by model

Total bird abundance  Regression model <0.001 66.8 
 1.871 [constant]   
 0.349 Native low shrubs 0.012  
 0.500 Planted native vegetation <0.001  
 0.345 young wattles 0.019  
 0.781 If Exocarpos is present 0.028 
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Table 3 continued

Dependent variable Coefficient Variable Significance % 
 (square root)    variance 
     explained 
     by model

Bark-foraging insectivores  Regression model <0.001 49.0 
 0.374 [constant]   
 –0.095 Native tall shrubs 0.04  
 0.246 Original old eucalypts <0.001 
Canopy-foraging insectivores  Regression model 0.029 13.0 
 0.891 [constant]   
 0.166 Native vegetation 0.029 
Damp-ground or understorey  Regression model 0.024 18.4 
 insectivores 0.807 [constant]   
 –0.146 Native tall shrubs 0.07  
 0.160 Planted native vegetation 0.017 
Generalist insectivores  Regression model <0.001 50.2 
 0.264 [constant]   
 0.133 Native low shrubs 0.006  
 –0.168 Original old eucalypts 0.006  
 0.277 Trees with small hollows <0.001 
Mid-storey insectivores  Regression model 0.007 20.4 
 0.586 [constant]   
 0.166 Native low shrubs 0.007 
Open-ground-among-trees  Regression model 0.015 16.5 
 insectivores 0.940 [constant]   
 0.335 Native low shrubs 0.015 
Open-ground insectivores  Regression model 0.017 15.7 
 0.233 [constant]   
 0.176 Planted native vegetation 0.017 
Nectarivores (honeyeaters)  Regression model <0.001 54.9 
 0.762 [constant]   
 0.455 Planted native vegetation <0.001  
 0.447 young wattles 0.008 
Seed-eaters close to ground  Regression model 0.003 30.9 
 0.336 [constant]   
 0.142 Native low shrubs 0.045  
 0.288 Original old wattles 0.009 
Seed-eaters at all levels  Regression model <0.001 40.5 
 0.093 [constant]   
 0.342 Original old eucalypts 0.001  
 0.278 Planted native vegetation <0.001  
 –0.600 If mistletoe is present 0.002 
Carnivores  Regression model 0.004 28.9 
 –0.114 [constant]   
 0.188 Weeds 0.006  
 0.280 young wattles 0.001 
Birds that nest in large  Regression model 0.002 33.3 
 tree-hollows 0.340 [constant]   
 0.249 Trees with large hollows 0.005  
 0.183 Planted native vegetation 0.007 
Birds that nest in small  Regression model <0.001 31.9 
 tree-hollows 0.476 [constant]   
 0.318 Trees with small hollows <0.001 
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dominant species. They were particularly common there in spring, nesting in old 
eucalypts and feeding over open country and the dam. Tree Martins were observed 
in smaller numbers but more widely in other seasons, along with a few dusky 
Woodswallows, Welcome Swallows and White-throated Needletails.

Bark-foraging insectivores

Bark-foraging insectivores showed little difference in abundance between the 
three habitats, although they tended to be most common in native forest (Table 2). 
No significant differences were found between habitat type (P = 0.551) or season 
(P = 0.676), and there was no interaction between habitat type and season 
(P = 0.395). The commonest species in the group, the White-throated Treecreeper, 
occurred in all habitat types (including pines), although it was most numerous in 
native forest (P = 0.031, Appendix 2). Crested Shrike-tits and Varied Sittellas 
were recorded in low numbers mainly in planted sites. Red-browed Treecreepers 
were recorded only at planted river-flats and in native forest; this species occurs 
here at the extreme western limit of its range.

habitat modelling showed that the abundance of original old eucalypts made a 
positive contribution, and native tall shrubs made a negative contribution (Table 3). 
The latter effect may be because most shrubs had been planted on the most 
degraded sites with few remaining old trees; that is to say, relatively intact treed 
areas had not been targeted for extensive shrub plantings. In general, heathy 
dry Forest eVC does not support an extensive cover of shrubs, particularly of 
tall shrubs.

Canopy-foraging insectivores

No significant difference was found between the sites in native forest on ridges 
and slopes and planted sites on similar topography (Table 2). Two species in the 
group appeared to be more common in native forest than elsewhere (Spotted 
Pardalote and Black-faced Cuckoo-shrike), although the difference was significant 
only for the Spotted Pardalote (Appendix 2). The guild was more common in 
spring or summer than in autumn (P = 0.019), and no interaction was found 
between habitat type and season (P = 0.315). It was virtually absent from the pine 
plantation (our unpubl. data).

A habitat model showed that the cover of native vegetation made a weak 
positive contribution (Table 3).

Damp-ground or understorey insectivores

Species that feed from the understorey or from damp ground were common at 
planted sites and somewhat less common in native forest (Table 2). No significant 
differences were found between these habitats (P = 0.165) or seasons (P = 0.438), 
and there was no interaction between them (P = 0.179). The most common species 
in the guild, the White-browed Scrubwren, was particularly common in planted 
river-flats and gully (Appendix 2).

A habitat model indicated a weak positive contribution from the cover of 
planted native vegetation, with a paradoxical and nearly significant negative 
contribution from native tall shrubs (Table 3).
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Generalist insectivores

This guild was represented by a single species, the grey Shrike-thrush, which 
takes invertebrates and small vertebrates from the canopy, bark and open ground. 
grey Shrike-thrushes were widespread in all habitats (Table 2), and no significant 
differences were found between habitats (P = 0.785). Fewer were observed in 
autumn than in spring or summer (P = 0.045), and there was no interaction 
between season and habitat (P = 0.825).

habitat modelling showed that the cover of native low shrubs and the abundance 
of trees with small hollows made positive contributions, while (paradoxically) the 
abundance of original old eucalypts made a negative contribution (Table 3).

Insectivores that feed from tall shrubs (mid-storey insectivores)

Two of the species that feed from tall shrubs (Brown Thornbill and golden 
Whistler) were about equally common on planted river-flats and other planted 
sites (Appendix 2). The third member of the guild, the Fan-tailed Cuckoo, was 
uncommon, and was found only on planted ridge and slope sites. No significant 
differences were found between habitats across the 27 sites (P = 0.105), although 
there was a trend for lower abundance in native forest (Table 2). When native 
forest was compared directly with planted sites on similar topography, the guild 
proved to be significantly more common in the latter (P = 0.031). There was no 
evidence for any seasonal difference (P = 0.764) or interaction between season 
and habitat (P = 0.711). 

A habitat model showed that the cover of native low shrubs made a weak 
positive contribution, whereas tall shrubs did not (Table 3).

Insectivores that feed from open ground among trees (open-ground-among-trees
 insectivores)

This guild was common in planted sites, including river-flats and gully and other 
sites, and appeared to be less common in native forest (Table 2). The differences 
between habitats were not significant (P = 0.150). Three of the species in the 
guild (Scarlet Robin, Buff-rumped Thornbill and White-winged Chough) were 
common among pines and in native forest. Superb Fairy-wrens dominated the 
guild at planted sites. This insectivorous guild was less common in autumn than 
in spring or summer (P <0.001), and no interaction was found between season 
and habitat (P = 0.310).

habitat modelling showed a weak positive response to the cover of native low 
shrubs (Table 3).

Insectivores that feed from open ground, often not among trees (open-ground
 insectivores)

This guild showed the same trend as for insectivores that feed from open ground 
among trees. Significant differences were found between habitats (P = 0.032), but 
not between seasons (P = 0.632), and there was no interaction between habitat 
and season (P = 0.596). The most common species in the group were Australian 
Magpie and yellow-rumped Thornbill, and these were particularly common in 
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planted sites away from river-flats (Appendix 2). Magpie-larks and Common 
Starlings were recorded in low numbers, and Masked Lapwings were observed near 
the dam. Some open-country species in this guild were notable by their absence, 
with Willie Wagtail Rhipidura leucophrys being a prominent example.

habitat modelling showed a weak positive response to planted native vegetation 
(Table 3).

Nectarivores

honeyeaters were the only nectarivorous species observed (Appendix 2). 
They were much more numerous at planted sites than in native forest (Table 2) 
and the differences were highly significant (P <0.001). They were more common 
in spring than autumn (P = 0.022), and intermediate numbers were found in 
summer. An interaction was found between habitat and season (P = 0.045), with 
both classes of planted sites showing less of a reduction in numbers in summer 
than did native forest.

Seven species of honeyeater were recorded during the study, and three (eastern 
Spinebill, New holland honeyeater and Red Wattlebird) appeared much more 
abundant at planted sites than in native forest. This difference was significant 
for the latter two species (P = 0.006 and 0.031, respectively) but not for eastern 
Spinebills (P = 0.068) at conventional levels. White-eared honeyeaters appeared 
more common in native forest (although the difference was not significant), and 
the remaining three species (White-naped honeyeater, Brown-headed honeyeater 
and yellow-faced honeyeater) were similarly common in native forest and planted 
sites on similar topography (Appendix 2).

habitat models showed that nectarivore abundance was positively related to 
the cover of planted native vegetation and young wattles (Table 3).

Frugivores

Only two frugivorous species (Silvereye and Mistletoebird) were recorded, and 
they were found in low numbers and only in native forest (Table 2).

Seed-eaters that take food from the ground or low vegetation (seed-eaters close to
 ground)

This guild was more abundant in planted river-flats and gully than in other 
planted sites, and generally more common in the latter than in native forest 
sites (Table 2; P = 0.044). eastern Rosellas and Long-billed Corellas showed a 
preference for planted river-flats, whereas up to seven Blue-winged Parrots were 
observed at several other planted sites and in native forest. The most common 
small seed-eater, the Red-browed Finch, was recorded at both groups of planted 
sites, and not found elsewhere during these surveys (Appendix 2). There was 
no seasonal effect for the guild (P = 0.831). Weak evidence was found for an 
interaction between season and habitat (P = 0.071), with numbers apparently 
increasing in native forest in autumn and decreasing elsewhere in autumn.

habitat modelling identified positive responses to the cover of native low 
shrubs and old wattles (Table 3).
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Seed-eaters that take seeds and other food at all levels (seed-eaters at all levels)

This guild was widely distributed in all habitats (Table 2). effects of habitat 
were not significant at conventional levels (P = 0.084). No significant effects were 
found for season (P = 0.305), and there was no interaction between season and 
habitat (P = 0.934). The guild was dominated by Crimson Rosellas, with smaller 
numbers of yellow-tailed Black-Cockatoos, and no other species.

habitat modelling identified positive responses to the cover of original old 
eucalypts and planted native vegetation, and a negative response to mistletoe 
(Table 3).

Carnivores (birds that take vertebrates as an important part of their diet)

Carnivores were widely distributed in low numbers in all habitats (Table 2), 
but there were no significant differences between habitats (P = 0.478), and no 
interaction between season and habitat (P = 0.934). The guild was substantially 
more common in spring and summer than in autumn (P <0.001) because its most 
common species, the Sacred Kingfisher, is a summer migrant to these forests.

habitat modelling identified positive responses to the cover of weeds and 
young wattles (Table 3).

Other guilds

The following accounts deal with groups of birds that overlap with the feeding 
guilds already discussed. Separate analysis was warranted for the guilds of birds 
that nest in small or large tree-hollows. Birds that make nests on branches formed 
the vast majority of birds recorded, and generally followed the same pattern as 
described for total bird abundance. Brood-parasites and birds that nest in special 
situations were represented by too few species and individuals to warrant statistical 
analysis.

Birds that nest in large tree-hollows

This guild was most abundant in planted sites on the river-flats and gully 
(P = 0.024), and showed little difference between native forest and planted sites on 
similar topography (Table 2, P = 0.104). The abundance of trees with large hollows 
made a significant positive contribution when included as a covariate (P <0.005). 
Parrots, cockatoos and the Laughing Kookaburra constituted the guild.

habitat modelling showed positive responses to large hollow-bearing trees 
and the cover of planted native vegetation (Table 3).

Birds that nest in small tree-hollows 

This guild was most abundant on planted river-flats and gully (Table 2; 
P = 0.033) and showed little difference in abundance between other habitats. The 
abundance of trees with small hollows made a significant positive contribution 
when included as a covariate (P <0.001). The guild contained a wide range of 
species (Appendix 1), with White-throated Treecreeper, Striated Pardalote and 
Tree Martin being the most common. The species differed widely in their apparent 
responses to habitat (Appendix 2). 
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habitat modelling showed a positive response to numbers of trees with small 
hollows (Table 3).

Waterbirds

Waterbirds were found almost exclusively near dams in the planted river-
flats (Table 2). Two species (Australian Shelduck and White-faced heron) were 
observed occasionally in native forest in spring, and may have been nesting there 
at the time. The distribution of these species was too restricted for statistical 
analysis to be useful.

Introduced birds

Three species were recorded during the study (Appendix 1). Common 
Blackbirds and european goldfinches were observed regularly at planted sites, 
and Common Starlings were seen there infrequently in low numbers (Appendix 2). 
In addition, goldfinches were observed regularly in pines, and Blackbirds were 
observed occasionally in native forest. Altogether, introduced birds formed 0.4% 
of the individual birds recorded in native forest, 1.1% of those on planted sites 
on similar topography and 1.9% of those on planted river-flats and gully; they 
also formed 7.5% of those in pines (our unpubl. data). Numbers were too low for 
useful analysis beyond that level.

Discussion

The study has given a snapshot of the bird assemblages of three main habitats 
at the Clarkesdale Bird Sanctuary. In general the results accord well with what 
might be expected from general experience and work elsewhere in Victoria (e.g. 
Loyn 1985; emison et al. 1987), with minor anomalies as noted in Appendix 2, 
arising when species were observed on few occasions. Several uncommon forest 
or woodland birds could be expected to occur intermittently at the Sanctuary, 
mainly in native forest rather than planted sites. Species that might be expected 
to occur at times in this sort of forest include Painted Button-quail Turnix 
varius, Chestnut-rumped heathwren Hylacola pyrrhopygia, Spotted Quail-thrush 
Cinclosoma punctatum, Leaden Flycatcher Myiagra rubecula and lorikeets. These 
species are known to occur in surrounding forest areas and occasionally at the 
Sanctuary, but each has specific habitat requirements. historical records show that 
some woodland birds (notably Brown Treecreeper Climacteris picumnus, Speckled 
Warbler Chthonicola sagittata, hooded Robin Melanodryas cucullata and diamond 
Firetail Stagonopleura guttata) occurred formerly at the Clarkesdale Bird Sanctuary 
(up until early 1990s), but have not been recorded for many years and are now 
very rarely recorded in the wider landscape (our unpubl. data).

The models developed in this study identify several variables that contribute 
positively to the abundance of particular bird guilds. These include the cover of 
planted native vegetation, native low shrubs, young wattles, original old wattles, 
Cherry Ballart, original old eucalypts and trees with small or large hollows. Such 
features, including large old trees and shrub cover, have also been found to be 
important in other studies investigating the biodiversity benefits of revegetation 
(e.g. Kavanagh et al. 2007; Selwood et al. 2009). If landholders wish to enhance 
habitat for particular guilds of birds, they could do so by enhancing these habitat 
elements through planting or retention of existing vegetation. Retention is the 
most practical strategy for elements that take many decades to develop (such as 
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hollow-bearing trees, discussed on p. 66) or which pose practical difficulties for 
planting (such as Cherry Ballart, a root hemi-parasite).

Studies of birds in revegetation have often found these sites to support fewer 
species or only a subset of the species found in nearby remnant vegetation (e.g. 
Martin et al. 2004; Jansen 2005; Kavanagh et al. 2007). This result has been 
attributed to lower structural complexity in plantings (Kavanagh et al. 2007), age 
of vegetation (Selwood et al. 2009) and low floristic richness (Kavanagh et al. 
2007). Although many of these studies investigated revegetation established for 
biodiversity purposes, few of these revegetation projects could be considered to 
be designed specifically to enhance bird communities. The plantings undertaken 
at Clarkesdale were heavily weighted towards the establishment of bird-attractant 
plants, and the benefits of such plantings (using non-indigenous native plants) are 
poorly understood (Munro et al. 2007). This study has shown that by expressly 
targeting the habitat requirements of a range of birds, revegetation of this kind 
can restore and enhance many components of bird communities, with benefits 
for the landscape avifauna.

Confounding variables (site fertility, EVC)

A general problem with retrospective studies is that the current pattern of 
habitats may be confounded with other factors that have a direct or indirect 
influence on the subjects of interest. In this case, many of the planted sites were 
originally on cleared paddocks, and still retained many of the features of grazed 
pasture, including introduced grasses and weeds and associated birds typical of 
open country (e.g. Australian Magpies and various cockatoos). When land is 
cleared for farming, the most fertile land is usually selected first (McIntyre et al. 
2002), and this will have various habitat features not represented in the remaining 
native forest. examination of pre-european vegetation maps (not available at 
the start of the study) confirmed that most of the planted sites would have been 
originally classed as Valley grassy Forest, an eVC that grows on fertile soils and 
has been extensively cleared. This eVC is no longer represented at Clarkesdale and 
its bird fauna is not well known. It is often included with heathy dry Forest in a 
‘dry forests’ grouping of eVCs, but the remaining stands of heathy dry Forest are 
an imperfect benchmark, representing a less fertile state on the fertility gradient. 
Valley grassy Forest is one of many eVCs that have been extensively cleared, 
which need further work to document their values as habitat for fauna.

The fertility of cleared sites may have been further enhanced by agricultural 
practices including fertiliser application. Some forest birds and mammals are 
known to respond positively to natural site-fertility (Braithwaite et al. 1984), and 
fertiliser application can reduce plant diversity in pastures (McIntyre et al. 2002; 
dorrough et al. 2006). Creeklines and gullies provide high-quality habitats for 
birds in agricultural landscapes (Jansen & Robertson 2001) and in intact forest 
landscapes (Loyn 1985; Mac Nally et al. 2000; Palmer & Bennett 2006). In our study, 
natural fertility, history of fertiliser application and similar confounding variables 
may have combined to drive some of the observed differences between planted 
sites and native forest. Nevertheless, the main structural and floristic features of 
the planted sites are a product of deliberate management (shrub establishment). 
hence, it seems likely that most of the observed differences were influenced 
predominantly by this aspect of management history.
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Positive effects of restoration planting

No sites were located entirely on cleared land, as little of it remains in the 
Sanctuary. Cleared pasture usually attracts few forest or woodland birds, and 
open-country specialists such as cockatoos and Australian Magpies dominate the 
bird fauna, at low density (Loyn 1985; hobbs et al. 2003; Kavanagh et al. 2007; 
Loyn et al. 2007). A greater range of species may occur near the edge of woody 
vegetation, including yellow-rumped Thornbills (recorded here on planted sites) 
and Willie Wagtails. Willie Wagtails were recorded previously at the Sanctuary 
(Anon. 1999; our unpubl. data), and may have disappeared in response to the 
reduced area of cleared land, and lack of domestic stock that produce dung and 
hence insects attractive to this species (Loyn 2002). Recent surveys in gorse-
infested paddocks nearby revealed higher densities of forest or woodland birds 
than in cleared paddocks, but much lower densities than at the planted sites or 
native forest in the Sanctuary (our unpubl. data).

If the planted sites initially consisted of cleared pasture, they would have 
supported few forest or woodland birds. hence at least 90% of the current bird 
population on these sites has probably benefitted directly from the management 
efforts. Many of the shrubs planted were not indigenous to the local area, and 
include Australian native plants mainly from Western Australia (Anon. 1999). 
Nevertheless, the effect of this planting has been to restore habitat for many of 
the forest birds that would have been present before clearing. Some species may 
not be as common as in adjacent native forest (e.g. treecreepers) and some have 
undoubtedly benefitted more than others. It seems clear that honeyeaters have 
benefitted greatly from the planting, and two or three species (New holland 
honeyeater, Red Wattlebird, and probably eastern Spinebill) are now much more 
common than in native forest. It is reasonable to conclude that the planting of 
native trees and shrubs has resulted in greatly increased populations of honeyeaters 
and other bird species, to levels at least comparable with native forest and far 
exceeding those that are generally found in open or gorse-infested paddocks.

When gordon Clarke embarked on his planting program, his vision was to 
establish something even richer as bird habitat than native forest. he refused 
to plant stringybarks and scent-barks (Anon. 1999), focussing instead on shrubs 
and trees that would be highly attractive to a wide range of bird species. This 
study shows that the planting has succeeded in moving towards his stated vision 
for Clarkesdale Bird Sanctuary. At the same time, it allows us to recognise some 
additional measures that would help achieve further conservation benefits as 
discussed opposite.

Tree-hollows

Tree-hollows are among the most difficult habitat elements to restore to cleared 
land, because useful hollows are usually found in large old trees and they take many 
decades to develop (Mackowski 1984; Wormington & Lamb 1999; gibbons et al. 
2000; Whitford 2002; Vesk & Mac Nally 2006). Many of the hollow-nesting birds 
that made use of planted sites at the Clarkesdale Bird Sanctuary are wide-ranging 
species such as parrots and cockatoos, and would have been able to gain access 
to nest-sites at various distances in nearby native habitat. A shortage of hollows 
in the planted sites could have contributed to the low numbers of treecreepers 
and Striated Pardalotes. however, treecreepers generally prefer larger trees for 
feeding, and select rough-barked species such as those that remain dominant in 
native forest (Loyn 1985; Noske 1985). They have proved to be scarce in eucalypt 
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plantations elsewhere (hobbs et al. 2003; Kavanagh et al. 2005; Loyn et al. 2007). 
experiments with artificial hollows (nest-boxes) could help clarify whether hollows 
are limiting the abundance of these birds on the planted sites, and some nest-boxes 
have now been installed. One generalist species, the grey Shrike-thrush, showed 
a positive response to trees with small hollows, despite not being an obligate 
hollow-nester (higgins & Peter 2002). however, crevices and complex structures 
of bark and branches are among the wide range of sites used by this species both 
for nesting and foraging (Recher 1991; higgins & Peter 2002). Such structures 
are more likely to be found in old trees (many of which contain hollows) than in 
young planted trees.

Any negative effects of restoration planting?

A more difficult question is to consider whether the planting has had any 
negative effects. honeyeaters are notoriously aggressive, and some species 
habitually exclude a range of other bird species (e.g. Ford 1989; Clarke 1995). The 
most pugnacious species are the miners Manorina spp. (dow 1977; Loyn 1987; 
higgins et al. 2001) and these were absent from the survey sites. Noisy Miners 
M. melanocephala prefer structurally simple treed habitats and are known to be 
disadvantaged by the presence of dense shrubs and small trees (hastings & Beattie 
2006). The nature of the plantings undertaken would not provide favourable habitat 
for the Noisy Miner, which does occur in the Piggoreet district. Other species 
that were recorded, notably Red Wattlebirds and smaller honeyeaters, can have 
similar effects to miners (higgins et al. 2001; Loyn 2002). A monitoring program 
has been initiated to monitor bird abundance on this set of sites to document 
any further changes in abundance of honeyeaters, small insectivorous birds or 
other species. Three species of honeyeater were more numerous in the planted 
sites than in native forest. One of these (Red Wattlebird) has become one of the 
most common and conspicuous birds in suburban gardens, where it has been 
blamed for reducing numbers of small insectivorous birds. Another (New holland 
honeyeater) is primarily a bird of heathlands, heathy forest or locally in parks and 
gardens where it specialises at feeding on nectar of proteaceous plants (emison et 
al. 1987; higgins et al. 2001). Small numbers enter other forest types erratically to 
feed on prolific nectar sources, with mistletoe often being favoured (Loyn 1985). 
however, it is unlikely that native forest at the Sanctuary would have supported 
resident populations of this species at anywhere near the levels observed at the 
planted sites. If the management aim had been to re-establish natural vegetation 
with a natural bird fauna, it may have been necessary to reduce the plantings of 
proteaceous species or other plants attractive to this group of honeyeaters.

Woodland decliners: An opportunity to do more?

There has been concern expressed that revegetation in many cases is not 
arresting the declines in species that are most vulnerable to and have been most 
affected by habitat loss (Selwood et al. 2009), although this may be a function of 
the young age of much of the revegetation previously investigated (e.g. Kavanagh 
et al. 2007; Loyn et al. 2007; Barrett et al. 2008). For example, in an agricultural 
landscape in southern New South Wales, young plantings (<3 years old) of native 
trees and shrubs were rarely occupied by ground-foraging insectivores, and such 
species were considered to be slipping through the revegetation safety net (Barrett 
et al. 2008). The observation that ground-foraging insectivorous species (e.g. 
Restless Flycatcher, Jacky Winter, Scarlet Robin and Buff-rumped Thornbill) 
were commonly recorded at planted sites at Clarkesdale Bird Sanctuary provides 
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some grounds for optimism that as recent or future plantings mature they may 
come to provide habitat requirements of ground-foraging insectivores (see Antos 
& Bennett 2006, 2008).

Many bird species typical of woodland or open-forest environments have 
declined substantially in south-eastern Australia in recent decades (Robinson 
1993; Ford et al. 2001). These include four woodland species that have disappeared 
from the Sanctuary in historical times (Brown Treecreeper, Speckled Warbler, 
hooded Robin and diamond Firetail). All four species inhabit dry forests with 
an open understorey, although Speckled Warblers and hooded Robins also make 
use of shrub thickets. It is tempting to speculate that all may have been associated 
with Valley grassy Forest, the lost eVC at this location. The management efforts 
at the Clarkesdale Bird Sanctuary have not been targeted explicitly at these 
species. Any attempt to restore habitat for these birds would need to consider 
their detailed requirements (see Antos & Bennett 2006, 2008), including hollows 
and fallen timber for Brown Treecreepers, grass seed for diamond Firetails, and 
open spaces among trees and shrubs for hooded Robins. Some woodland birds 
remain at the Sanctuary despite declines elsewhere, and make use of planted sites 
(e.g. Restless Flycatcher and Jacky Winter). Both require open areas with scattered 
trees, and may benefit from deliberate planning to provide appropriate mixtures 
and configurations of trees, shrubs, open spaces and other habitat elements. Coarse 
woody debris is likely to be an important requirement for Restless Flycatchers, 
as they often search for spiders and insects among fallen branches (higgins et 
al. 2006). Sustainable supplies of coarse woody debris are likely to increase as 
plantings mature, and to depend greatly on management of fire and other human 
interventions (Mac Nally et al. 2001). Specific attention to the needs of these 
species may be helpful in avoiding further species loss, or restoring habitat for 
these declining species. For example, where dense grass cover may deter species 
such as the Brown Treecreeper and hooded Robin, managed grazing may provide 
a potential mechanism to reduce grass cover and increase habitat suitability.

We conclude that planting programs such as this one can contribute positively 
at least for some species, but a range of approaches over many spatial scales will be 
needed to provide for the complex needs of the full suite of species. An important 
general message is to emphasise the importance (and difficulty) of recognising the 
nature of original vegetation on a site, and the habitat features in greatest need 
of restoration in the broader landscape.
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Appendix 1

Bird species recorded during bird surveys at 27 sites and seven dates at Clarkesdale 
Bird Sanctuary, central-western Victoria, 1999–2001, with the guilds for feeding, nesting, 
migration, status and habitat to which they have been assigned. See p. 73 for key to guild 

codes.

Species Scientific name Feed Nest Migr. Status Hab.

Common Bronzewing  Phaps chalcoptera Sg N N N F
Purple Swamphen Porphyrio porphyrio W g N N W
eurasian Coot Fulica atra W g N N W
Australasian grebe  Tachybaptus novaehollandiae W g N N W
Little Black Cormorant Phalacrocorax sulcirostris W N N N W
Little Pied Cormorant Microcarbo melanoleucos W N N N W
Masked Lapwing  Vanellus miles Og g N N W
Black-fronted dotterel  Elseyornis melanops W g N N W
White-faced heron  Egretta novaehollandiae W N N N W
Black Swan  Cygnus atratus W g N N W
Australian Shelduck  Tadorna tadornoides W g N N W
Pacific Black duck  Anas superciliosa W g N N W
Swamp harrier  Circus approximans V g N N O
Brown goshawk  Accipiter fasciatus V N N N F
Wedge-tailed eagle  Aquila audax V N N N F
Whistling Kite  Haliastur sphenurus V N N N O
Brown Falcon  Falco berigora V N N N O
yellow-tailed Black-Cockatoo  Calyptorhynchus funereus ST Lh N N F
Sulphur-crested Cockatoo  Cacatua galerita Sg Lh  N N O
Long-billed Corella  Cacatua tenuirostris Sg Lh N N O
galah  Eolophus roseicapillus Sg Lh N N O
Crimson Rosella  Platycercus elegans ST Lh N N F
eastern Rosella  Platycercus eximius Sg Lh N N O
Blue-winged Parrot  Neophema chrysostoma Sg Sh S N F
Laughing Kookaburra  Dacelo novaeguineae V Lh N N F
Sacred Kingfisher  Todiramphus sanctus V Sh S N F
White-throated Needletail Hirundapus caudacutus A X S N F
Pallid Cuckoo  Cacomantis pallidus OT BP S N O
Fan-tailed Cuckoo  Cacomantis flabelliformis M BP S N F
horsfield’s Bronze-Cuckoo  Chalcites basalis C BP S N h
Shining Bronze-Cuckoo  Chalcites lucidus C BP S N F
Welcome Swallow  Hirundo neoxena A L N N O
Tree Martin  Petrochelidon nigricans A Sh S N F
grey Fantail  Rhipidura albiscapa C N S N F
Satin Flycatcher  Myiagra cyanoleuca C N S N F
Restless Flycatcher  Myiagra inquieta OT N N N F
Jacky Winter  Microeca fascinans OT N N N F
Scarlet Robin  Petroica boodang OT N N N F
eastern yellow Robin  Eopsaltria australis dg N N N F
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Appendix 1 continued

Species Scientific name Feed Nest Migr. Status Hab.

golden Whistler  Pachycephala pectoralis M N N N F
Rufous Whistler  Pachycephala rufiventris C N S N F
grey Shrike-thrush  Colluricincla harmonica g N N N F
Magpie-lark Grallina cyanoleuca Og N N N O
Crested Shrike-tit  Falcunculus frontatus B N N N F
Black-faced Cuckoo-shrike  Coracina novaehollandiae C N S N F
White-winged Triller  Lalage sueurii C N S N F
Striated Thornbill  Acanthiza lineata C N N N F
Brown Thornbill  Acanthiza pusilla M N N N F
Buff-rumped Thornbill  Acanthiza reguloides OT L N N F
yellow-rumped Thornbill  Acanthiza chrysorrhoa Og N N N O
White-browed Scrubwren  Sericornis frontalis dg N N N F
Little grassbird  Megalurus gramineus W N N N W
Australian Reed-Warbler Acrocephalus australis W N S N W
Superb Fairy-wren  Malurus cyaneus OT N N N F
dusky Woodswallow  Artamus cyanopterus A L S N F
Varied Sittella  Daphoenositta chrysoptera B N N N F
White-throated Treecreeper  Cormobates leucophaea B Sh N N F
Red-browed Treecreeper  Climacteris erythrops B Sh N N F
Mistletoebird Dicaeum hirundinaceum F N N N F
Spotted Pardalote  Pardalotus punctatus C B N N F
Striated Pardalote  Pardalotus striatus C Sh N N F
Silvereye  Zosterops lateralis F N S N F
White-naped honeyeater  Melithreptus lunatus N N N N F
Brown-headed honeyeater  Melithreptus brevirostris N N N N F
eastern Spinebill  Acanthorhynchus tenuirostris N N N N F
yellow-faced honeyeater  Lichenostomus chrysops N N S N F
White-eared honeyeater  Lichenostomus leucotis N N N N F
New holland honeyeater  Phylidonyris novaehollandiae N N N N h
Red Wattlebird  Anthochaera carunculata N N N N F
Red-browed Finch  Neochmia temporalis Sg N N N F
White-winged Chough  Corcorax melanorhamphos OT N N N F
grey Currawong  Strepera versicolor dg N N N F
Australian Magpie  Cracticus tibicen Og N N N O
Bassian Thrush Zoothera lunulata dg N N N F
Common Blackbird Turdus merula dg N N I F
Australian Raven  Corvus coronoides V N N N F
Little Raven  Corvus mellori V N N N O
european goldfinch  Carduelis carduelis Sg N N I O
Common Starling  Sturnus vulgaris Og Sh N I O
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Key to guild codes

Feeding guilds
Insectivores taking insects mainly from open air (A), bark (B), tree-canopy (C), damp 
ground below shrubs or low understorey (dg), generally broad range of substrates (g), 
tall shrubs (i.e. mid-storey insectivores: M), open ground among trees (OT) or open ground 
often not among trees (Og).
Nectarivores taking nectar as a major part of their diet (N).
Frugivores taking fruit as a major part of their diet (F).
Seed-eaters taking small seeds close to the ground (Sg) or feeding on seed and other food 
(e.g. gall insects) at all levels (ST).
Carnivores taking vertebrate prey as a major part of their diet (V). 
Waterbirds (W).

Nesting guilds
Brood-parasites (BP); species nesting in burrows (B), on the ground (g), on ledges (L), in 
large or medium-sized hollows in trees (Lh), in small hollows in trees (Sh) or in ‘normal’ 
situations among branches of trees or shrubs (N). Migratory species that do not nest in 
Australia are marked X.

Migratory status
Summer visitors (S) are rare or absent from these forests for a predictable period each 
winter. Others are classed as non-migratory (N), although portions of the population may 
migrate or move nomadically. (grey Fantail is an intermediate case, and was classed as a 
summer migrant for this analysis.)

Status
Species that were introduced to Australia (I) or native (N).

Habitat
Forest or woodland birds (F); heathland birds (h); open-country birds (O); or waterbirds 
(W).

Appendix 2

Mean abundances (birds per 10 counts) of bird species, and mean numbers of species 
per count, in three main habitats at the Clarkesdale Bird Sanctuary, central-western 
Victoria, 1999–2001. Waterbirds are excluded unless observed on sites away from small 
dams. Probability P values are shown where P <0.1, bracketed if 0.1> P >0.05. Species 
are marked – where data were too sparse or skewed for useful statistical comparisons 
between native forest on ridges and slopes and planted sites on similar topography, NS if 

differences were not significant (P >0.1).

Species  P value Mean birds per 10 counts

  Native forest Native Planted Planted 
 Broad habitat vs planted forest sites on river-flats 
  sites on  similar and 
  similar  topography gully 
  topography

Number of sites:    11 13 3

Common Bronzewing    NS 0.3 1.1 1.0
Purple Swamphen   – 0 0 0.5
White-faced heron    – 0.1 0 1.9
Australian Shelduck    – 0 0.2 0
Swamp harrier    – 0 0 0.5
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Appendix 2 continued

Species  P value Mean birds per 10 counts

  Native forest Native Planted Planted 
 Broad habitat vs planted forest sites on river-flats 
  sites on  similar and 
  similar  topography gully 
  topography

Brown goshawk    – 0.1 0.1 0
Wedge-tailed eagle    – 0.1 0 0
Whistling Kite    – 0 0.1 0
Brown Falcon    – 0 0.1 0
yellow-tailed Black-Cockatoo   NS 0.5 1.2 3.3
Sulphur-crested Cockatoo    NS 0.5 0.1 0.5
Long-billed Corella    NS 0.4 0 2.9
galah    – 0 0.2 1.0
Crimson Rosella    NS 4.8 5.7 6.2
eastern Rosella    NS 0.6 0.9 2.9
Blue-winged Parrot   NS 0.6 0.9 0
Laughing Kookaburra   – 0.1 0.3 0
Sacred Kingfisher   – 0.6 0.1 1.4
White-throated Needletail   – 0 0.9 0
Pallid Cuckoo    – 0.1 0.5 0
Fan-tailed Cuckoo    – 0 0.4 0
horsfield’s Bronze-Cuckoo   – 0 0.2 0
Shining Bronze-Cuckoo    – 0.4 0.2 0.5
Welcome Swallow   NS 1.3 0.2 1.9
Tree Martin   – 0 0.7 18.1
grey Fantail   NS 5.5 5.1 9.0
Satin Flycatcher    – 0.4 0.2 1.0
Restless Flycatcher    NS 0.4 0.9 1.4
Jacky Winter    NS 1.0 1.3 0.5
Scarlet Robin    NS 1.0 0.3 0.5
eastern yellow Robin    NS 1.3 3.5 2.9
golden Whistler    NS 0.8 1.5 1.9
Rufous Whistler    NS 2.3 2.4 4.3
grey Shrike-thrush    NS 2.9 2.1 1.4
Magpie-larka   – 0.3 0 0
Crested Shrike-tit    – 0.1 0.3 0
Black-faced Cuckoo-shrike    NS 0.8 0 0
White-winged Triller    – 0 0.1 0
Striated Thornbill    NS 4.2 2.9 7.6
Brown Thornbill    NS 3.5 5.4 4.8
Buff-rumped Thornbill    NS 0.9 1.4 1.0
yellow-rumped Thornbill    NS 0.9 2.7 0
White-browed Scrubwren    (0.086) 1.6 4.1 8.6
Little grassbird    – 0 0 0.5
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Appendix 2 continued

Species  P value Mean birds per 10 counts

  Native forest Native Planted Planted 
 Broad habitat vs planted forest sites on river-flats 
  sites on  similar and 
  similar  topography gully 
  topography

Australian Reed-Warbler   – 0 0 0.5
Superb Fairy-wren    0.001 3.8 17.4 23.8
dusky Woodswallow    NS 0.8 0.7 1.0
Varied Sittella    – 0 0.5 0
White-throated Treecreeper   0.031 4.2 2.2 2.4
Red-browed Treecreeper    – 0.1 0 0.5
Mistletoebird   – 0.3 0 0
Spotted Pardalote    0.037 2.3 0.5 0.5
Striated Pardalote    NS 2.1 1.0 2.4
Silvereyeb   – 0.1 0 0
White-naped honeyeater    NS 17.5 18.0 20.0
Brown-headed honeyeater    NS 2.3 1.9 3.3
eastern Spinebill    (0.068) 0.6 2.2 1.9
yellow-faced honeyeater    NS 3.0 4.2 0.5
White-eared honeyeater    NS 1.7 1.2 0
New holland honeyeater    0.006 1.7 31.3 31.0
Red Wattlebird    0.031 1.0 10.5 8.1
Red-browed Finch    NS 0 1.8 1.0
White-winged Chough    – 6.5 0.5 0
grey Currawong    NS 0.9 0.5 0.5
Australian Magpie    0.023 0.9 4.7 1.9
Bassian Thrush   – 0 0.2 0
Common Blackbird   NS 0.4 1.4 1.9
Australian Raven    0.038 0.1 1.0 1.0
Little Raven    NS 0.4 1.0 0.5
european goldfinch    – 0 0.2 1.4
Common Starling    – 0 0.1 0.5

Total (including all waterbirds)   89.4 151.8 202.9

Total (excluding all waterbirds)   89.3 151.6 186.7
Introduced birds    0.4 1.7 3.8
Introduced as %    0.4 1.1 1.9

Bird species per count:    4.3 6.0 8.1

aMagpie-larks usually inhabit treed farmland and open woodland on river-flats, and avoid 
extensive areas of forest. The few records in this study happened to come from native 
forest.
bFlocks of Silvereyes often move into artificial habitats (including gardens and orchards) 
to feed on fruit, nectar or insects. They were remarkably rare during this study, and could 
be expected to occur erratically in planted sites when suitable foods are available. 
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Summary 

Studies of vertebrate fauna were conducted at 92 sites in the Green Triangle region of south-

eastern South Australia and south-western Victoria in 2006 and 2007. Thirteen sites were in 

cleared farmland, 27 in pine plantations, 22 in blue gum plantations and 30 in native forest. Totals 

of 105 bird species (100 native and 5 introduced), 11 bat species (all native) and 16 other wild 

mammal species (11 native and 5 introduced) were recorded. Reptiles (2 species) and frogs (5 

species) were recorded incidentally. 

Total birds and forest or woodland birds (assessed by timed area-searches) were more abundant in 

native forest than the other three habitats, somewhat more abundant in blue gum plantations than 

pine plantations, and substantially more abundant in any plantations than in cleared farmland. 

Open-country birds were most common in farmland, and least common in blue gum plantations. 

Canopy-foraging insectivores were as common in blue gum plantations as in native forest, but 

scarce in pine plantations. Nectarivores were more common in native forest than blue gum 

plantations and rare in pines or farmland. Two seed-eating species (yellow-tailed black-cockatoo 

Calyptorhunchus funereus and the introduced European goldfinch Carduelis carduelis) were more 

common in pines than the other habitats. Bark-foraging insectivores were not recorded from blue 

gum plantations. They were scarce in pine plantations (observed only in an older stand) and 

common in native forest. Insectivores that feed from shrubs, damp ground or open ground among 

trees were represented in varying numbers in plantations and native forest. Introduced birds 

constituted 20-25% of the bird community in farmland and pine plantations and 1-2% in blue gum 

plantations and native forest.  

Bat activity levels (recorded by ultrasonic detection) were similar in farmland, pines and blue 

gums and generally higher in native forest. The greatest bat activity at a single site was in a blue 

gum plantation where the detector was placed next to a large retained eucalypt.  

Four species of arboreal mammal were recorded in native forest and just one of them (common 

ringtail possum Pseudocheirus peregrinus) was recorded occasionally in pine plantations. Several 

other species of native mammal were recorded in native forest but appeared scarce in plantations.  

This study shows that plantations provide more habitat for native birds than cleared farmland, but 

less than native forest. Blue gum plantations provide habitat for more species than pine plantations 

(notably canopy-feeding insectivores and nectarivores), but pines offer an important food resource 

for yellow-tailed black-cockatoos and habitat for some locally notable species such as Bassian 

thrush Zoothera lunulata and olive whistler Pachycephala olivacea. Other notable species in 

plantations included painted button-quail Turnix varius (in blue gums) and forest raven Corvus 

tasmanicus (in blue gums and pines). Plantations are also used by a range of native mammals 

(especially macropods and bats) but their value to these species was not as marked as in previous 

studies in smaller plantations. 
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1 Introduction 

This report describes results from a study of fauna in eucalypt and pine plantations, commissioned 

by the Green Triangle Regional Plantation Committee and conducted by staff from the Arthur 

Rylah Institute for Environmental Research.  

The Green Triangle region encompasses the south-eastern corner of South Australia and the 

adjacent south-western corner of Victoria. The region has a mild temperate climate, strongly 

influenced by its coastal location. It has fertile soils and has become renowned for primary 

production, including agriculture, fisheries and forestry. Its agriculture is varied and the region has 

become famous for viticulture as well as production of sheep, cattle, dairy products and a wide 

range of crops. Many native forests were cleared for agriculture in the early days of European 

settlement. Remaining stands of native forest have supported a small-scale timber industry, but the 

economic value of the industry increased greatly with the establishment of tree plantations in the 

1960s. The first plantations were exotic Monterey pine Pinus radiata and more recently eucalypts, 

of a species (blue gum Eucalyptus globulus) that is native to south-eastern Australia but not to this 

region. Plantations of both species now cover extensive areas and are often a dominant feature of 

the landscape. Pine plantations were established on public and private land in both states, but in 

Victoria they are now all managed by private companies and new pine and eucalypt plantations are 

established exclusively on private land. South Australia continues to establish and manage 

plantations on both public and private land.. 

Many planning issues arise in the establishment and management of plantations, wherever this is 

done. Plantations can contribute to major processes such as carbon sequestration and climate 

change; social and economic changes in the local community; and visual, hydrological and 

ecological changes in the rural landscape. In areas where native forest has been greatly reduced by 

clearing for agriculture, it might be expected that tree plantations will help restore some of the 

ecological function and habitat features that have been depleted. But few studies have been 

undertaken to assess the extent to which this is true or to determine which flora and fauna species 

do or do not benefit. This information is required to inform public policy in relation to planning 

processes and tax incentives for plantation establishment. Several recent studies have examined 

fauna in eucalypt plantations elsewhere in Australia (Law and Chidel 2002 & 2006, Hobbs et al. 

2003, Kavanagh et al. 2007, Loyn et al. 2007) and other studies examined pine plantations 

(Suckling et al. 1976), but very few have compared eucalypt and pine plantations: a short study in 

Gippsland (south-eastern Victoria) is one exception (Rossi 2003). 

The present study was designed to help address these questions for the Green Triangle region, with 

particular reference to the value of plantations as habitat for vertebrate wildlife. It follows on and 

forms part of a broader study funded by the Joint Venture Agroforestry Program (JVAP), some 

results of which have been published (Loyn et al. 2007). This report presents results from the work 

in the Green Triangle region.  
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2 Methods 

Sites were selected in four main habitats: cleared farmland or pasture; pine plantations; blue gum 

plantations; and remaining native forest. Hence plantations were assessed against dual benchmarks 

of cleared farmland (of the sort where any new plantations are likely to be established) and native 

forest (of the sort which probably covered sites now used for plantations). A total of 92 sites were 

surveyed: 13 in cleared farmland; 27 in pine plantations; 22 in blue gum plantations; and 30 in 

native forest (Figure 1). Some additional sites were surveyed in other habitats such as revegetation, 

but are not included in the current report. Sites were equally distributed between the two states, but 

more pine plantations were studied in South Australia than Victoria, and vice versa for blue gum 

plantations. This reflects their relative distributions in the two states. All plantation sites were at 

least 4 years old when surveyed (except for one 3-year blue gum site), and some pine plantation 

sites were as old as 33 years. Blue gum sites were generally younger (mean 6 years, range 2-13 

years) than pine sites (mean 14 years, range 4-33 years) because planned rotations are shorter for 

blue gum than pine (typically 10-12 years for blue gum) and many blue gum plantations have only 

been established in recent years. Eleven pine sites and 18 blue gum sites were aged 4-9 years when 

surveyed. .  

Stratified random sampling was used to select the sites, based on the four main habitats listed 

above with the constraint that they should be accessible by track and in properties for which we 

had permission to work. Stand age was also considered, with the aim of selecting sites in blue gum 

and pine plantations of comparable age (4-9 years) as well as some sites in older pine plantations.   

Distance from other habitat was another element used in the stratification for plantation sites. 

Some survey sites were in plantations close to the edge of native forest whilst others were far from 

any other type of habitat. Where practical, clusters of sites were selected within a few kilometres 

of each other, so that three or four habitats were represented in the cluster on similar soil and 

landform. 

Various survey methods were used for different groups of fauna and standard data on habitat were 

collected at each site. All methods were based on standard survey units (e.g. timed area-searches 

for birds). This allowed direct comparisons of relative abundance between groups of sites, even 

when those groups contained unequal numbers of sites, as the relationship between number of 

individuals and number of surveys is expected to be linear. Thus numbers of individual animals 

per standard search could be compared between various groups of sites (sometimes numbers per 

ten searches were used to give more convenient numbers for tabulation). Similar comparisons 

could be done with numbers of species observed per standard search, but these figures could not be 

bulked up to larger numbers of surveys as the number of species would not be a linear function of 

survey effort (because the rate of adding new species would decline as the species list grew).  
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 Figure 1. Map of sites surveyed for fauna in the Green Triangle region of south-eastern South Australia and south-western Victoria 
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2.1 Day-time area searches for birds and other species 

A standard timed area-search (modified from Loyn 1986) was used for diurnal birds and other 

species that can be found by day. An observer walked slowly through an area of 1 ha for 10 

minutes, recording the number of all birds seen or heard on the site by species. Off-site birds were 

recorded separately. Signs such as feathers, scats or diggings made by mammals were also 

recorded, and scored arbitrarily as 0.3 individuals in subsequent analysis. 

Search areas were generally long and thin (200 m × 50 m) to account for restricted visibility 

especially in dense young plantations. Square search areas of 100m x 100m were used in some 

open forest or farmland sites. Previous work has shown that results are not greatly affected by 

shape of search area, or by density of vegetation, as most observations are by sound rather than 

sight (R. Loyn, unpublished data). 

Searches were made at each site in spring-summer 2006/07. Searches were also made at 

approximately half the sites in winter 2006 and at the remaining sites in winter 2007.  

To help summarise the data, all bird species were assigned to guilds as in previous work (Loyn et 

al. 2007). The guilds related to habitat use (forest or woodland birds vs. open-country birds), 

feeding, nesting, migration and status (see key to Appendix 1). Mean abundances were then 

summed for each guild. Further analysis is planned to consider variables such as stand age and 

other on-site habitat features as well as context variables such as distance from native forest or 

cleared farmland.  

2.2 Nocturnal searches for mammals and other species 

Night-time searches were made on the same sites. These searches were similar to the day-time 

searches. An observer walked slowly through the site, searching for mammals in trees or on the 

ground using a hand-held spotlight. All animals seen or heard were tallied by species within 10 

minutes. All mammals, birds, frogs or other vertebrates seen or heard were recorded, by species 

where possible. Small bats were recorded but not identified to species level. Most night-time 

searches were made in winter 2007, and few bats were active at that season. More useful data on 

bats were obtained by ultrasonic detection in warmer months as described in the next section.  

To supplement the spotlighting surveys, owl playback surveys were conducted at a subset of 20 

sites (5 in pine plantations, 4 in blue gum plantations and 11 in remnant native forest). Calls of owl 

species were broadcast in sequence with short listening periods after each species. All owls or 

other species seen or heard were recorded by species.  

2.3 Ultrasonic bat detection 

Bats were studied using ultrasonic bat detectors. These were placed at a subset of 33 sites for two 

nights each. The 33 sites comprised 5 in cleared farmland, 9 in pine plantations, 13 in blue gum 

plantations and 6 in remnant native forest. A total of 22 sites were in Victoria and 11 in South 

Australia. Calls were analysed using the automated bat analysis program, AnaScheme, with 

subsequent targeted manual checking. For three sites, data were only available for one of the two 

nights. Generally, detectors were placed in the middle of each site. On one site (GT93, blue gum 

plantation) ultrasonic recorders were placed in the middle of the site and also next to one of two 

large retained old eucalypts (Scent-bark Eucalyptus aromaphloia) among the blue gums (Figure 

2). The retained tree was considered as a distinct 34th site.  
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Figure 2. A retained old scent-bark considered as a distinct site (E. McNabb) 
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3 Results and Discussion 

Species observed during the study are shown in Appendix 1. Nomenclature follows Christidis and 

Boles (2008) for birds and Menkhorst (1995) for mammals. 

3.1 Diurnal birds 

Altogether 105 bird species (100 native and 5 introduced) were recorded. Of these, 72 species 

were observed on-site during formal counts. The mean abundances (number of individual birds 

counted per 10 standard searches) are listed for the four main habitats in Table 1.  

3.2 Habitat guilds 

Total birds and forest or woodland birds were more abundant in native forest than in the other 

three habitats, based on mean values (Tables 1 & 2). These groups were somewhat more abundant 

in blue gum plantations than pine plantations, and substantially more abundant in any plantations 

than in cleared farmland. Hence many of these bird species appear to have benefited from 

plantation establishment in the previously cleared landscape. This pattern was shown by many of 

the constituent species and feeding guilds (Tables 1 & 2). Open-country birds, however, showed a 

different pattern. They were most common in cleared farmland and least common in blue gum 

plantations (Table 2). Open-country birds were more common in native forest than plantations.  

Many open-country species need tree cover for roosting or nesting, despite feeding far into open 

farmland. Their apparent preference for native forest, rather than plantations, may relate to the fact 

that many native forest sites bordered directly on farmland, whereas many of the plantation sites 

were deliberately selected to be far from other habitats.  

3.3 Feeding guilds 

Some interesting contrasts emerged when feeding guilds were compared between pine and blue 

gum plantations (Table 2). Nectarivores were rare in pine plantations (reflecting the obvious lack 

of nectar), common in blue gum plantations and much more common again in native forest. 

Numbers increased greatly at some sites in winter when flocks of honeyeaters (mainly white-naped 

honeyeaters Melithreptus lunatus) and lorikeets (mainly musk lorikeets Glossopsitta concinna) 

congregated at flowering swamp gums Eucalyptus ovata at certain sites.  

Canopy foraging insectivores were very common in blue gum plantations, almost as common as in 

native forest. This guild was very scarce in pine plantations, reflecting their adaptations for 

gleaning insects specifically from broad leaves such as those of the eucalypts. Insectivores that 

feed from tall shrubs were equally common in blue gum and pine plantations. In both these 

habitats they were using the young trees in the same manner that they use tall shrubs elsewhere.  

Insectivores that feed from damp ground below cover were more common in pine than blue gum 

plantations. This was mainly due to numbers of one species, the white-browed scrubwren 

Sericornis frontalis (Table 1), but several other species showed the same trend. Bassian thrushes 

Zoothera lunulata were found only in pines, and local observers report that this species is widely 

distributed in pine plantations (Bryan Haywood, pers. comm.). An olive whistler Pachycephala 

olivacea was found calling in a young pine plantation: the species is represented in the Green 

Triangle by a locally endemic subspecies P.o. fulvus (Schodde and Mason 1999), which occurs 

mainly in dense tall heathland from south-western Victoria to Kalangadoo, Nora Creina and 

formerly the Coorong in South Australia (Higgins and Peter 2002). The species has been found to 

favour young pines elsewhere in eastern Australia (Higgins and Peter 2002). Another species in 

this group, the eastern yellow robin Eopsaltria australis, was found in pine plantations but in 

surprisingly low numbers. Elsewhere in south-eastern Australia, this species can be common in 

pine plantations (Suckling et al. 1976). Insectivores that feed from open ground among trees 
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tended to be more common in pine than blue gum plantations despite previous observations that 

this guild does well in some eucalypt plantations (and pines) elsewhere in south-eastern Australia 

(Loyn et al. 2007; Kavanagh et al. 2007).  

Bark-foraging insectivores were extremely scarce in pine and blue gum plantations and only 

common in native forest. White-throated treecreepers Cormobates leucophaea (Figure 3) were 

recorded in very low numbers in older pine plantations, though not on formal study sites. This 

accords with observations elsewhere which show that treecreepers are virtually absent from 

eucalypt plantations (Loyn et al. 2007; Kavanagh et al. 2007) and more likely to be found in pine 

plantations, where they may occur as resident breeding species, albeit in low numbers (Suckling et 

al. 1976). 

Figure 3. White-throated treecreeper (I. McCann/DSE) 

Seed-eaters were more common in pine than blue gum plantations (Table 2). This was driven 

mainly by two species, the native yellow-tailed black-cockatoo and the introduced European 

goldfinch (Table 1). These two species showed contrasting seasonal patterns. Yellow-tailed black-

cockatoos were substantially more common in pine plantations in winter than in spring-summer 

(when just a few remained). Presumably a large part of the population moves elsewhere to breed, 

perhaps in native forest hundreds of kilometres away. Pine cones have become a very substantial 

and attractive food source for this species, especially in winter. European goldfinches were 

common in pine plantations in summer and virtually absent in winter when numbers increased 

greatly in cleared farmland. This species usually feeds on seeds of Compositae (especially 

introduced thistles) close to ground level. But in pine plantations they were often seen high in the 

canopy, apparently feeding on seed from pine cones that had opened naturally (or perhaps those 
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that had been opened by the small summering population of yellow-tailed black-cockatoos or other 

parrots). Unlike the black-cockatoos, European goldfinches would lack the strength to open the 

cones themselves.  

Carnivores were similarly common in all habitats (Table 2). One species in the group, the forest 

raven Corvus tasmanicus, was more numerous in plantations than native forest. On one occasion a 

flock of forest ravens was observed chewing at pine cones in the tops of tall pines (perhaps an old 

farm site) among blue gum plantations. It could not be determined whether they were eating the 

seeds or other potential food such as insect larvae. This species has a restricted distribution in 

coastal areas of mainland south-eastern Australia (Emison et al. 1987; Barrett et al. 2003), 

although it is the common and sole crow species in Tasmania. 

3.4 Nesting guilds 

Hollow nesters were more common in native forest than plantations (Table 2), although wide-

ranging parrots and cockatoos were well represented in plantations, especially in winter when they 

were not breeding and hence did not need hollows (Table 3). Birds that nest in small hollows were 

extremely scarce in pine or blue gum plantations. The most common species in the guild, the 

white-throated treecreeper, needs hollows for roosting as well as nesting and so may be precluded 

from moving far from a source of suitable hollows at any time of year. 

3.5 Migration guilds 

Summer migrants were poorly represented in plantations (Table 2). They made up a surprisingly 

low proportion of the bird community in any habitat (up to ~2% in cleared farmland or native 

forest) compared with data from studies closer to the Great Dividing Range. Note that grey fantails 

Rhipidura albiscapa were not classed as summer migrants, because many remain over winter, but 

they did show a strong seasonal pattern (more in summer than winter) and were reasonably 

common in plantations as well as native forest. 

3.6 Status guilds 

Introduced birds formed 23.1% of the bird community in cleared farmland, 18.6% in pine 

plantations, 1.7% in blue gum plantations and 1.3% in native forest (Table 2). European 

goldfinches and common blackbirds Turdus merula were the main species represented in 

plantations. 

3.7 Seasonal patterns 

There was remarkable similarity between spring-summer and winter abundance of most species 

and guilds, more than expected from other studies closer to the Great Dividing Range (Loyn 

1985). Some notable (and expected) seasonal patterns included a winter influx of yellow-tailed 

black-cockatoos to pine plantations, and a spring-summer influx of grey fantails to all habitats 

(Table 3). Seasonal movements between habitats within the region were observed in some cases, 

as with European goldfinches (discussed under seed-eaters above). 

3.8 Individual species 

Many species followed the patterns suggested by their feeding guilds (Appendix 1). Some, such as 

the grey shrike-thrush Colluricincla harmonica and brown thornbill Acanthiza pusilla (Figure 4), 

appeared equally common in the three treed habitats (pine, blue gum, or native forest). This also 

applied to some less common species, such as the emu Dromaius novaehollandiae (based mainly 

on signs such as scats in that case).  

Twice as many bird species were found in native forest as in any of the other three habitats 

combined (Table 1), and it seems that some species present in native forest were making little use 
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of plantations or cleared farmland. Of the 72 species observed on-site during formal counts in this 

study, 64 species were observed in native forest, 35 species in plantations (28 in pine, 26 in blue 

gum) and 18 species in cleared farmland. These comparisons are not precise because they are 

based on different numbers of sites and surveys (65 surveys in native forest, 54 in blue gum 

plantations, 71 in pine plantations and 28 in farmland) and numbers of species are expected to 

increase with survey effort (in a non-linear fashion). Nevertheless, the same trends emerged with 

data on numbers of species per count (Table 2), with native forest being more diverse than 

plantations, and plantations being more diverse than farmland.  

Figure 4. The brown thornbill appeared equally common in all three treed habitats (I. 

McCann/DSE) 

Just one species (the introduced Eurasian skylark Alauda arvensis) was recorded only on farmland 

sites. A group of four bird species were recorded in both farmland and native forest sites, but not 

in plantations during this study: eastern rosella Platycercus eximius, laughing kookaburra Dacelo 

novaehollandiae, tree martin Petrochelidon nigricans and little raven Corvus mellori. The 

introduced common starling Sturnus vulgaris was also found mainly in farmland and remnant 

forest, though a few were also seen in pine plantations. 

Several species were recorded in plantation sites but not in native forest sites, though most are 

known to use native forest elsewhere in the region, and were sometimes observed in native forest 

during the study (but not on-site during formal searches).. One of these species (magpie-lark 

Grallina cyanoleuca) is an open-country bird, which happened to be recorded on the edge of a 

pine plantation site: it is generally associated with remnant vegetation in farmland or towns. 

Scarlet robins Petroica boodang (Figure 5) were found in both pine and blue gum plantations, and 

were also observed off-site in native forest. White-winged choughs were also recorded in both pine 

and blue gum plantations. A group with dependent young was found to be resident in a 30-year 
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pine plantation with just a few native forest remnants nearby, and another group was found off-site 

in a blue gum plantation, foraging from the ground among the blue gums and taking refuge in an 

adjacent strip of remnant forest. Both species favour drier forest types (Emison et al. 1987), and 

forage from open ground among trees. Three species were recorded only in pine plantation sites 

and not in blue gum plantations or native forest sites during this study. They were yellow-tailed 

black-cockatoo (though some were seen off-site in native forest), olive whistler (in a 4-year pine 

plantation) and Bassian thrush. These species generally inhabit wetter types of forest than most of 

the remnant forest in this region (Emison et al. 1987).  

Figure 5. Scarlet robins were found in both pine and blue gum plantations (I. McCann/DSE) 

Two species were observed only in blue gum plantations, in very small numbers. A painted button-

quail Turnix varius was flushed from one site and “platelets” (made by this species while 

searching for food in the soil and litter layers) were found there and at a nearby site. Common 

bronzewings Phaps chalcoptera (Figure 6) were also found in a blue gum plantation site, and 

others were seen off-site in various habitats. These two granivorous species share a preference for 

dry open forest (Emison et al. 1987), in common with the insectivorous scarlet robin and white-

winged chough discussed above. Another species with a similar preference for dry open forest, the 

white-throated nightjar Eurostopodus mystacalis (a nocturnal insectivore), was recorded by local 

observers in October 2007, and is discussed below under nocturnal birds.  

Several of the species mentioned in the two preceding paragraphs may have benefited from 

plantation establishment in the Green Triangle. Indeed, most forest bird species were more 

common in plantations than farmland, and will therefore have benefited from plantation 

establishment on previously cleared land. Notable examples include emu (which is scarce in many 

settled parts of Victoria, Emison et al. 1987) and forest raven Corvus tasmanicus (which has a 
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localised distribution in mainland Australia, Barrett et al. 2003). Conversely, open-country species 

may have been disadvantaged. 

Altogether 32 bird species were observed in native forest but not in plantations during this study.  

Some of them are known to make substantial use of plantations elsewhere in south-eastern 

Australia, and some have been seen by the authors in local plantations during subsequent work 

(e.g. buff-rumped thornbill Acanthiza reguloides). But many of them (e.g. some of the 

honeyeaters, and localised species such as rufous bristlebird Dasyornis broadbenti) have 

specialised requirements that may always be met best in remaining native forest. This highlights 

the importance of retaining patches of native forest in the plantation estate and in the region more 

broadly. Further studies are proposed to focus on patches of remnant vegetation to assess the 

extent to which plantations may contribute to protecting them from the adverse factors that often 

reduce their value when they stand as small isolated patches in cleared farmland (Loyn 1987; 

Barrett et al. 1994; MacHunter et al. 2006). Potentially, this may be one of the main beneficial 

influences of plantations in contributing to regional biodiversity conservation goals. 

Figure 6. Common bronzewing (E. McNabb) 

3.9 Nocturnal birds 

Three species of owl (southern boobook Ninox novaeseelandiae (Figure 7), powerful owl Ninox 

strenua and masked owl Tyto novaehollandiae) were observed during the study, all in remnant 
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native forest. Southern boobooks were also observed during call playback in pine and blue gum 

plantations and one was found roosting by day in a blue gum plantation. Tawny frogmouths 

Podargus strigoides were observed occasionally in native forest. Australian owlet-nightjars 

Aegotheles cristatus are known to occur in the region, but were not observed during this set of 

surveys. Another nocturnal species, white-throated nightjar, was recorded by local observers, with 

two birds calling from an extensive blue gum plantation south-east of Mount Gambier in South 

Australia in October 2007 (Haywood and Green in press). One bird was seen close to native forest 

but the other was calling ~500m into the plantation. This represents the first record of the species 

for South Australia, and the authors suggest that their apparent range expansion (of >250 km) may 

have been assisted by plantation establishment in the Green Triangle.  

Figure 7. Southern boobooks were observed in pine and blue gum plantations (E. McNabb) 

3.10 Bats 

Eleven native bat species were detected by ultrasonic detectors during this study (Table 6). Bat 

activity was quite similar in cleared farmland, pine plantations and blue gum plantations. This 

contrasts with previous studies where bat activity was much lower in open farmland than in 

commercial plantations (Loyn et al. 2008) or older amenity plantings (Law and Chidel 2006). In 

the present study, bat activity was much higher in native forest than in other habitats. The highest 

level of activity was recorded where a detector was placed next to one of two retained old 

eucalypts (Scent-bark) in a blue gum plantation (see Figure 8). Bats were recorded at that site for a 
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prolonged period during the night, suggesting that they were feeding around the tree and not just 

using it as a source of hollows for roosting.  

Activity of little forest bats Vespadelus vulturnus was higher in native forest than other habitats. 

This was also the species most commonly found in blue gum plantations away from the large 

retained tree. Southern forest bats Vespadelus regulus were recorded mainly in native forest. They 

were also the most common species identified at the site with the two large retained trees in a blue 

gum plantation. Eighty-six percent of calls identified at that site were either little forest bats or a 

species with similar calls (Table 6). The similarity of this site to native forest sites was remarkable, 

as it was 16 km from substantial blocks of remnant native forest. Eastern false pipistrelles 

Falsistrellus tasmaniensis and common bent-wing bats Miniopterus schreibersii oceanensis were 

more prevalent in cleared farmland and pine plantations than other habitats and were not observed 

in blue gum plantations. Southern freetail bats Mormopterus norfolkensis and large forest bats 

Vespadelus darlingtoni were found more often in cleared farmland than other habitats. However, 

most bat species were recorded at only a small number of sites, so little can be said about their 

specific habitat preferences. 

Figure 8. Sonogram of bat call from retained old scent-bark tree within blue gum plantation 
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3.11 Other mammals 

Sixteen wild mammal species other than bats (11 native and 5 introduced) were observed during 

the study (Table 5). 

Common brushtail possums Trichosurus vulpecula, common ringtail possums Pseudocheirus 

peregrinus and koalas Phacolarctos cinereus were fairly common in remnant native forest. 

Common ringtail possums were also observed occasionally in pine plantations. Yellow-bellied 

gliders Petaurus australis were observed only in native forest (Table 5) and their feed-trees were 

found during day-time searches in native forest only (Table 1). Sugar gliders Petaurus breviceps 

were heard off-site in blue gum plantations, calling from nearby remnant native forest. No arboreal 

mammals were observed in blue gum plantations during this study.  

Signs of macropod activity were found in all habitats (farmland, pine and blue gum plantations and 

native forest, Table 1). Eastern grey kangaroos Macropus giganteus were most commonly 

observed at night in cleared farmland and remnant native forest (Table 5), though some were 

observed in blue gum plantations outside formal surveys. Small numbers of western grey 

kangaroos Macropus fuliginosus were also identified at inland sites in South Australia. Red-

necked wallabies Macropus rufogriseus were seen in native forest and pine plantations during day-

time surveys, and black wallabies Wallabia bicolor were seen in native forest.  More intensive 

night-time surveys or systematic counts of tracks and signs would be needed to provide a more 

definitive picture of their habitat use in the region, including their use of plantations. 

Signs of echidna Tachyglossus aculeatus were found only in native forest during this study (Table 

1). Signs of common wombat Vombatus ursinus were found in native forest and pine plantations 

(Table 1). 

Introduced European rabbits Oryctolagus cuniculus and brown hares Lepus capensis were seen in 

low numbers at night (Table 5), mainly in cleared farmland. Brown hares were occasionally seen 

by day in pine and blue gum plantations. Red foxes Vulpes vulpes, or their signs, were found in all 

four habitats. Sambar deer Cervus unicolor were observed off-site in a pine plantation, and two 

fallow deer Dama dama were observed off-site in farmland. Introduced mammals are often hunted 

or controlled as pests (as are some native species such as macropods, under permit) and this 

complicates interpreting observed distributions. 

Most native and introduced mammal species were found in low numbers, providing a limited 

picture of their habitat preferences. More intensive surveys using a range of techniques would be 

needed to provide a more definitive picture. Remote cameras have proved highly effective in 

recent work in eastern Victoria, and their use in subsequent work could prove rewarding. Other 

methods such as trapping would be needed to provide data on small mammals, which were not 

targeted as part of the current study. 

3.12 Reptiles and frogs 

These groups were only recorded as incidental observations, and many more species would be 

found if systematic surveys were conducted for these groups. Such surveys are needed to provide 

information on their distribution and habitat use in the region. They would involve active timed 

searches for reptiles (in suitable warm weather, ~20-30oC) and call counts or playback surveys for 

frogs at appropriate seasons. 
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4 Conclusion 

As in previous studies, this study shows that plantations support higher densities of forest fauna 

than open farmland and lower densities than native forest. Hence where plantations are established 

on open farmland, there will be net benefits for forest fauna. However, there are winners and losers 

at the level of taxonomic group or guild and benefits will vary depending on the tree species 

planted. In this study, the main beneficiaries were forest birds and a few native mammals (the 

latter mainly in pine plantations). There was less evidence of enhanced bat activity or arboreal 

mammal abundance than in recent studies elsewhere (e.g. in central-west Victoria near Ballarat). 

This may be partly because there is relatively little native forest remaining in the Green Triangle 

and many of the plantations are a long way from patches of native forest that provide essential 

habitat elements (e.g. hollows) for some forest species. The value of retained old trees was 

illustrated by the high bat activity at one site with retained old trees in a blue gum plantation, 

despite the distance of that site from remnant native forest.  

This study is one of the few to compare pines and eucalypts, and has shown some notable 

differences between the two types of plantation as habitat for birds. Introduced birds formed a 

substantial component of the bird fauna in pine plantations, similar to open farmland and much 

higher than in eucalypt plantations or native forest.  

More intensive studies would be needed to provide useful data on species that were only observed 

in small numbers during this study, including arboreal mammals. Additional survey methods 

would be needed to provide more comprehensive data on some taxonomic groups. For example, 

scat counts could be used to provide data on native and introduced herbivores (kangaroos, 

wallabies, deer, etc.). Combinations of trapping, hair-tubing and remote cameras could be used to 

provide data on small and medium-sized ground-dwelling mammals. Harp-trapping would be a 

useful adjunct to the use of ultrasonic calls for studying bats, providing more precise information 

about the species composition of the bat fauna. More intensive spotlighting surveys and use of call 

playback and hollow inspection could be used to give better data on arboreal mammals. Active 

timed searches are the most useful method for reptiles, but they present logistical challenges 

because they need to be done when ambient temperatures lie within a fairly narrow band (~20–

30°C). Standard call counts or playback could be useful for frogs. 

The highest priority for further research would be to address particular questions to help manage 

plantations in the broader landscape. A crucial question is to understand how plantations affect 

patches of embedded remnant native forest. Preliminary evidence indicates that plantations may 

help protect such patches from adverse factors that degrade their value as habitat for fauna when 

they are exposed in open farmland (as discussed by Loyn et al. 2007). This question of embedded 

remnants is already being examined through a second ARI project in the Green Triangle and a 

postgraduate project through the University of Melbourne and the CRC for Forestry.  

Other aspects of plantation design and management also need to be examined, including: 

plantation size; shape and species mix; rotation length; thinning or weeding practices; grazing; and 

use of pesticides or fertilisers. Evidence from New South Wales and north-east Victoria suggests 

that large plantations may be preferable (Kavanagh et al. 2007), whereas the current results 

suggest that it may be better to have intermixed systems of plantation and native forest. Some of 

these aspects may be addressed through proposed meta-analysis of data collected during the broad 

group of studies on fauna in plantations conducted by ARI for JVAP (Joint Venture Agroforestry 

Program). If definitive answers are needed specifically for the Green Triangle, it may be necessary 

to conduct targeted research on those aspects in that region. The most useful faunal subject groups 

for those studies would be birds, arboreal mammals and bats, as in the current study. It could also 

be useful to extend the work to cover plant species and selected functional groups of invertebrates. 
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Table 1. Mean abundance of birds and other animals observed per 10 counts during day-time 

searches in four broad habitats 

Species Farmland Pine Blue Gum Forest 

0.41 0.30 0.30 0.46 

0 0 0.38 0 

+ 0 0.64 + 

0 0 0 0.15 

+ 0.14 0.32 0.62 

+ 0.14 0 0.16 

0 0 0 9.18 

0 0 0 0.16 

0 2.45 0 + 

0 0 0 0.77 

+ 0 0 0.46 

+ 0 0 0.31 

0.37 1.77 1.92 6.23 

1.60 0 0 5.00 

0.74 0 0 0.77 

0 0 0.32 0.78 

0 0 0 0.46 

+ 0 0 1.43 

0.64 0 0 0.31 

0 2.39 10.86 10.71 

+ 0 0.32 0.31 

0 0 0 0.22 

0 0 0 0.42 

0 1.41 0.64 + 

0 0.28 0 2.81 

0 1.83 1.60 4.96 

0 0 0 0.31 

0 + 0 0 

0 4.08 4.47 4.36 

+ 0.14 0 0 

0 0 0 0.31 

0 0 0 0.62 

0 0 5.43 2.83 

0.69 8.41 8.30 12.38 

0 0 0 0.63 

+ 0 0 0.32 

0 2.57 0.32 6.24 

0 0 0 0.16 

1.70 3.10 1.92 14.00 

0 0 0 0.63 

0 0 0 0.15 

0 + 0 5.62 

0 0 0 0.47 

0 0.14 0.32 2.33 

0.32 0 0.32 2.18 

Emu 

Painted Button-quail 

Common Bronzewing 

Brush Bronzewing 

Wedge-tailed Eagle 

Brown Falcon 

Musk Lorikeet 

Purple-crowned Lorikeet 

Yellow-tailed Black-Cockatoo 

Gang-gang Cockatoo 

Long-billed Corella 

Galah 

X
Crimson Rosella 

Eastern Rosella 

Laughing Kookaburra 

Fan-tailed Cuckoo 

Horsfield's Bronze-Cuckoo 

Welcome Swallow 

Tree Martin 

Grey Fantail 

Willie Wagtail 

Satin Flycatcher 

Restless Flycatcher 

Scarlet Robin 

Eastern Yellow Robin 

Golden Whistler 

Rufous Whistler 

Olive Whistler 

Grey Shrike-thrush 

Magpie-lark 

Crested Shrike-tit 

Black-faced Cuckoo-shrike 

Striated Thornbill 

Brown Thornbill 

Buff-rumped Thornbill 

Yellow-rumped Thornbill 

White-browed Scrubwren 

Rufous Bristlebird 

Superb Fairy-wren 

Dusky Woodswallow 

Varied Sittella 

White-throated Treecreeper 

Mistletoebird 

Spotted Pardalote 

Striated Pardalote 

Silvereye 0 0.70 1.28 2.35 

 (continued on next page) 
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Table 1 (continued) 

Species Farmland Pine Blue Gum Forest 

White-naped Honeyeater 0 0.14 0 20.27 

Black-chinned Honeyeater 0 0 0 0.16 

Brown-headed Honeyeater 0 0 0.64 1.55 

Eastern Spinebill 0 0 0 4.69 

Yellow-faced Honeyeater 0.32 0.42 5.43 9.35 

White-eared Honeyeater 0.69 0 4.47 4.86 

Yellow-tufted Honeyeater 0 0 0 0.16 

White-plumed Honeyeater 0 0 0 1.57 

New Holland Honeyeater 0 0 0 4.40 

Noisy Miner 0 0 0 1.73 

Little Wattlebird 0 0 0 0.95 

Red Wattlebird 0 0.28 2.23 3.61 

Spiny-cheeked Honeyeater 0 0 0 1.09 

Red-browed Finch 0 0 + 2.64 

White-winged Chough 0 1.97 + 0 

Pied Currawong 0 0 0 0.47 

Grey Currawong 0.32 1.41 0.64 2.31 

Australian Magpie 8.44 1.13 1.32 3.29 

(Unidentified Raven) 3.21 0.14 0 0 

Forest Raven 0.32 0.99 3.19 0.94 

Australian Raven  1.11 0.14 0 0.16 

Little Raven 11.43 0 0 0.63 

Bassian Thrush 0 0.14 0 0 

Common Blackbird 0 1.69 0.32 1.39 

Eurasian Skylark 1.06 0 0 0 

European Goldfinch 7.68 6.62 0.64 0.32 

Common Starling 0.96 0.04 0 0.47 

Short-beaked Echidna 0 0 0 0.30 

Yellow-bellied Glider 0 0 0 0.14 

Koala 0 0 0 0.91 

Common Wombat 0 0.08 0 0.14 

Black Wallaby (Swamp Wallaby) 0 0 0 0.15 

Red-necked Wallaby 0 0.14 0 0.16 

Eastern Grey Kangaroo + 1.13 2.01 0.36 

Unidentified Macropod 0.43 0.96 0.29 0.78 

European Rabbit + 0 0 0.21 

Brown Hare + 0.14 0.32 0 

Red Fox 0 0.18 0.42 0.09 

Unidentified Skink 0 0.14 0 0.31 

Striped Marsh Frog 0.37 0 0 + 

Spotted Marsh Frog 0 0 0 0.16 

Common Froglet 0.37 + + 0.47 

Brown Tree Frog 1.11 + + 0.16 

Notes: 

+ indicates that the species or its signs were observed in the respective habitat during the study but not on-

site during formal counts, e.g. at night, off-site during daytime counts, or as incidental records. Signs of

animals were scored as 0.3.

Habitats were cleared farmland (N = 13 sites, 28 searches); pine plantations (N = 27 sites, 71 searches);

blue gum plantations (N = 22 sites, 54 searches); and native forest (N = 30 sites, 65 searches) in the Green

Triangle, 2006–07 (See Appendix 1 for scientific names and guilds).
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Table 2. Mean abundance of birds, grouped by various guilds observed per 10 counts during 

day-time searches in four broad habitats 

Farmland Pine 

Blue 

Gum Forest 

Habitat guilds 

Forest or woodland birds 10.86 37.06 55.85 155.49 

Open-country birds 31.19 7.93 2.28 14.26 

Feeding guilds 

Aerial insectivores 0.64 0 0 2.36 

Bark-foraging insectivores 0 0 0 6.09 

Canopy-foraging insectivores 0.32 2.54 16.92 19.75 

Insectivores feeding from tall shrubs 0.69 10.24 10.22 18.13 

Insectivores feeding from low understorey 0 2.57 0.32 6.24 

Insectivores feeding from damp ground 0 2.11 0.32 4.36 

Insectivores feeding from open ground (sometimes far from 

cover) 9.41 1.31 1.64 4.39 

Insectivores feeding from open ground among trees 1.70 6.48 2.55 14.95 

Nectarivores 1.01 0.85 12.77 63.72 

Frugivores 0 0.70 1.28 2.97 

Seed-eaters feeding close to the ground 10.76 6.92 1.57 9.35 

Seed-eaters taking seeds and galls at all levels 0.37 4.23 1.92 7.01 

Carnivores taking vertebrates as a major part of their diet 17.14 2.96 4.15 6.07 

Nesting guilds 

Burrow nesters 0 0.14 0.32 2.33 

Brood parasites 0 0 0.32 1.24 

Ground nesters 1.48 0.30 0.30 0.46 

Large hollow nesters 2.72 4.23 1.92 22.88 

Small hollow nesters 1.93 0.04 0.32 8.74 

Migration guilds 

Summer visitors (complete or mainly, excluding Grey Fantail) 0.64 0 0.32 3.43 

 (continued on next page) 
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Table 2 (continued) 

Farmland Pine 

Blue 

Gum Forest 

Status guilds 

Native birds 32.34 36.64 57.18 167.57 

Introduced birds 9.70 8.35 0.96 2.18 

Introduced birds as % of total 23.08 18.57 1.65 1.28 

Total Birds per 10 Counts 42.04 44.99 58.13 169.75 

Bird Species per Count (not per 10, as relationship not linear) 1.48 3.31 3.46 9.08 

Note: Habitats were cleared farmland (N = 13 sites, 28 searches); pine plantations (N = 27 sites, 71 

searches); blue gum plantations (N = 22 sites, 54 searches); and native forest (N = 30 sites, 65 searches) in 

the Green Triangle, 2006-07. 
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Table 3. Mean abundance of birds observed per 10 counts during day-time searches in summer 

and winter.  (N =117 searches) and winter (N =102 searches) in the Green Triangle, 2006–07. 

Species Summer Winter 

0.36 0.56 

0 0.06 

0.17 0 

0.09 0 

0.43 0.10 

0.09 0.10 

0.69 5.12 

0 0.10 

0.42 1.24 

0.34 0.10 

0.26 

0.17 

0 

0 

3.30 2.85 

1.84 1.53 

0.34 0.30 

0.34 0.20 

0.26 0 

0.09 0.82 

0.24 0.10 

8.62 2.56 

0.17 0.10 

0.09 0 

0 0.30 

0.69 0.50 

0.95 0.92 

3.10 1.71 

0.17 0 

4.31 2.81 

Emu 

Painted Button-quail 

Common Bronzewing 

Brush Bronzewing 

Wedge-tailed Eagle 

Brown Falcon 

Musk Lorikeet 

Purple-crowned Lorikeet 

Yellow-tailed Black-Cockatoo 

Gang-gang Cockatoo 

Long-billed Corella 

Galah 

Crimson Rosella 

Eastern Rosella 

Laughing Kookaburra 

Fan-tailed Cuckoo 

Horsfield's Bronze-Cuckoo 

Welcome Swallow 

Tree Martin 

Grey Fantail 

Willie Wagtail 

Satin Flycatcher 

Restless Flycatcher 

Scarlet Robin 

Eastern Yellow Robin 

Golden Whistler 

Rufous Whistler 

Grey Shrike-thrush 

Magpie-lark 0.09 0 

 (continued on next page) 
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Table 3 (continued) 

Species Summer Winter 

Crested Shrike-tit 0.09 0.10 

Black-faced Cuckoo-shrike 0.26 0.20 

Striated Thornbill 2.07 2.61 

Brown Thornbill 7.72 9.55 

Buff-rumped Thornbill 0.09 0.31 

Yellow-rumped Thornbill 0 0.20 

White-browed Scrubwren 3.02 2.46 

Rufous Bristlebird 0 0.10 

Superb Fairy-wren 7.29 4.06 

Dusky Woodswallow 0.17 0.20 

Varied Sittella 0.09 0 

White-throated Treecreeper 1.72 1.64 

Mistletoebird 0.17 0.10 

Spotted Pardalote 1.12 0.41 

Striated Pardalote 0.85 0.61 

Silvereye 1.03 2.50 

White-naped Honeyeater 1.38 12.25 

Black-chinned Honeyeater 0 0.10 

Brown-headed Honeyeater 0.86 0.30 

Eastern Spinebill 1.29 1.53 

Yellow-faced Honeyeater 4.99 2.55 

White-eared Honeyeater 2.49 2.83 

Yellow-tufted Honeyeater 0 0.10 

White-plumed Honeyeater 0.26 0.72 

New Holland Honeyeater 0.86 3.13 

Noisy Miner 0.34 0.72 

Little Wattlebird 0 0.61 

Red Wattlebird 1.64 1.33 

Spiny-cheeked Honeyeater 0.43 0.20 

Red-browed Finch 1.03 0.51 

 (continued on next page) 
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Table 3 (continued) 

Species Summer Winter 

White-winged Chough 0.43 1.68 

Pied Currawong 0.17 0.40 

Grey Currawong 2.06 0.50 

Australian Magpie 2.50 2.91 

(Unidentified Raven) 0.83 0 

Forest Raven 1.37 0.90 

Australian Raven  0.09 1.02 

Little Raven 0.16 3.28 

Bassian Thrush 0 0.10 

Common Blackbird 1.38 0.80 

Eurasian Skylark 0.07 0.30 

European Goldfinch 4.38 2.08 

Common Starling 0.40 0.13 

Total birds 82.82 88.15 
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Table 4. Seasonal mean abundance of birds, grouped by various guilds, observed per 10 counts 

during day-time searches in summer (N =117 searches) and winter (N = 102 searches) in the 

Green Triangle, 2006–07 

Guild Summer Winter 

Habitat guilds 

Forest and woodland birds 72.36 76.07 

Open-country birds 10.47 12.07 

Feeding guilds 

Aerial insectivores 0.49 1.13 

Bark-foraging insectivores 1.90 1.74 

Canopy-foraging insectivores 13.44 6.49 

Generalist insectivores 4.31 2.81 

Insectivores feeding from tall shrubs 11.17 11.47 

Insectivores feeding from low understorey 3.02 2.46 

Insectivores feeding from damp ground 2.33 1.92 

Insectivores feeding from open ground (sometimes far from cover) 3.15 3.35 

Insectivores feeding from open ground among trees 8.50 6.75 

Nectarivores 15.24 31.60 

Frugivores 1.20 2.61 

Seed-eaters feeding close to the ground 8.38 5.04 

Seed-eaters taking seeds and galls at all levels 4.07 4.19 

Carnivores taking vertebrates as a major part of their diet 5.54 6.60 

Nesting guilds 

Burrow nesters 1.12 0.41 

Brood parasites 0.60 0.20 

Ground nesters 0.44 0.91 

Ledge nesters 0.34 1.33 

Large hollow nesters 7.46 11.14 

Small hollow nesters 3.21 2.59 

All hollow nesters 10.67 13.73 

Normal nesters 69.65 71.56 

 (continued on next page) 
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Table 4 (continued) 

Guild Summer Winter 

Migration guilds 

Non-migratory birds 81.29 87.27 

Summer visitors (complete or mainly, not including Grey Fantail) 1.53 0.87 

Status guilds 

Native birds 76.59 84.84 

Introduced birds 6.23 3.31 

Introduced birds as % of total 7.52 3.75 
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Table 5. Mean numbers of mammals and nocturnal birds (and two other bird species whose calls 

were heard at night) observed during night-time surveys (spotlighting and playback of owl 

calls) in the Green Triangle, 2006-07 

Spotlighting* Playback** 

Farmland Pine Blue Gum Forest Pine Blue Gum Forest 

Number of sites: 13 27 21 28 5 4 11 

Emu 0 present 0 0 4.0 2.5 0 

Brolga 0 0 in swamp 0 0 0 0 

Southern Boobook present present present present 6.0 12.5 4.6 

Powerful Owl 0 0 0 present 0 0 1.8 

Masked Owl 0 0 0 0 0 0 0.9 

Tawny Frogmouth 0 0 0 0.36 0 0 0 

Echidna 0 0 0 0 0 0 day 

Common Brushtail Possum 0 0 0 1.79 0 0 0 

Common Ringtail Possum 0 0.37 0 5.36 0 0 0 

Yellow-bellied Glider 0 0 0 0.36 0 0 0.9 

Sugar Glider 0 0 X present 0 0 0 

Koala 0 0 0 2.86 0 0 0 

Common Wombat 0 0 0 0 day 0 day 

Unidentified macropod 0 0 0 0.71 day day day 

Eastern Grey Kangaroo 5.39 0 0 1.07 0 0 0 

Red-necked Wallaby 0 0 0 0 day 0 day 

Number of sites: 13 27 21 28 

Black Wallaby 0 0 0 0 0 0 day 

European Rabbit 0.77 0 0 0 0 0 0 

Brown Hare 0.77 0 0 0 0 0 0 

Fallow Deer present 0 0 0 0 0 0 

Sambar Deer 0 0 0 0 2.0 0 0 

Red Fox present 0.37 present 0.36 2.0 0 0 

Unidentified bat present present present 0.36 0 0 0 

Striped Marsh Frog 0 0 0 0 0 0 0.9 

Spotted Marsh Frog 0 0 0 0 0 0 day 

Common Froglet 16.92 1.11 present 0 0 0 0 

Brown Tree Frog 0.77 0 present X 0 25.0 0.9 

* number = onsite, present = same habitat nearby or other times, X = off-site in different habitat

** day = day-time observations, e.g. signs

Note: Numerical values are animals observed per 10 searches (on-site for spotlighting, all records for

playback: one session per site).
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Table 6. Bats detected per night in four broad habitats (cleared farmland, pine plantations, blue 

gum plantations and native forest) in the Green Triangle, 2006–07 

Species Farmland Pine 

Blue 

Gum 

HBT in 

Blue Gum 

Native 

forest Total 

No. nights: 10 17 27 2 12 68 

Total calls per night: 44.9 57.4 49.0 404.5 183.8 739.6 

Calls identified per night: 15.2 16.8 9.3 117.0 38.3 196.6 

Gould’s Wattled Bat 

Chalinolobus gouldii 0.8 1.1 0.3 0.0 0.1 2.3 

Chocolate Wattled Bat 

Chalinolobus morio 0.1 0.1 1.0 0.5 3.8 5.6 

(Gould’s Wattled Bat or freetail bat sp.) 

Chalinolobus gouldii/Mormopterus lp / 

Mormopterus sp2 0.0 0.1 0.0 0.0 0.0 0.1 

(Gould’s Wattled Bat, freetail bat sp. or 

Inland Broad-nosed Bat) 

Chalinolobus gouldii / Mormopterus sp2 / 

Scotoropens balstoni 0.1 0.1 0.0 0.0 0.1 0.3 

(Chocolate Wattled Bat or Common Bent-

wing Bat) 

Miniopterus schreibersii / Chalinolobus 
morio 0.1 0.2 0.6 0.0 1.3 2.2 

Eastern False Pipistrelle 

Falsistrellus tasmaniensis 0.4 2.4 0.0 0.0 0.8 3.5 

Common Bent-wing Bat 

Miniopterus schreibersii 0.3 0.1 0.0 0.0 0.0 0.4 

Southern Freetail Bat 

Mormopterus sp. (lp) 2.3 0.5 0.1 0.5 0.0 3.4 

Eastern Freetail Bat 

Mormopterus sp. (sp2) 0.2 0.0 0.0 0.0 0.1 0.3 

(Freetail Bat sp. or other species) 

Mormopterus sp2 / Scotorepens balstoni / 
Falsistrellus tasmaniensis 0.0 0.1 0.0 0.0 0.1 0.1 

White-striped Freetail Bat 

Tadarida australis 2.4 1.1 0.6 0.0 0.3 4.4 

Lesser or Gould’s Long-eared Bat* 

N.geoffroyi / gouldi 0.8 1.1 0.8 3.0 1.6 7.3 

Large Forest Bat 

Vespadelus darlingtoni 3.4 0.5 0.0 1.5 1.3 6.8 

 (continued on next page) 
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Table 6 (continued) 

Species Paddock Pines 

Blue 

Gums 

HBT in 

Blue gums 

Native 

forest Total 

(Large Forest Bat or Southern Forest Bat) 

Vespadelus darlingtoni / Vespadelus 
regulus 2.2 7.2 1.5 52.5 17.0 80.4 

Southern Forest Bat 

Vespadelus regulus 0.0 0.1 0.0 18.0 0.2 18.3 

(Southern Forest Bat or Little Forest Bat) 

Vespadelus regulus / Vespadelus vulturnus   1.7 1.4 0.8 40.5 2.0 46.4 

Little Forest Bat 

Vespadelus vulturnus 0.3 0.6 3.3 0.0 9.3 13.5 

(Little Forest Bat or other species) 

Vespadelus vulturnus / Miniopterus 
schreibersii / Chalinolobus morio 0.1 0.3 0.1 0.5 0.4 1.4 

* Calls of these species are too similar to be distinguished with confidence.

Note: At one site a detector was placed next to a retained hollow-bearing old eucalypt in a blue gum 

plantation, and it was considered individually (as HBT in Blue Gum). 
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Appendix 1 

List of habitat, feeding, nesting, migrant and status guilds for all wild vertebrate species observed during 

Green Triangle fauna of plantations project 2006–2007 (see key to guilds below). 

Species Habitat Feed 
Nest/ 
Shelter Migrant Status 

Birds 

Emu   Dromaius novaehollandiae F SG G N N 

Painted Button-quail  Turnix varius F SG G N N 

Common Bronzewing  Phaps chalcoptera F SG F N N 

Brush Bronzewing  Phaps elegans F SG F N N 

Purple Swamphen  Porphyrio porphyrio W W W N N 

Masked Lapwing   Vanellus miles W W G N N 

Latham's Snipe   Gallinago hardwickii W W X S N 

Brolga   Grus rubicunda W W W N N 

Australian White Ibis   Threskiornis molucca W W W N N 

Yellow-billed Spoonbill   Platelea flavipes W W W N N 

White-faced Heron   Egretta novaehollandiae W W W N N 

White-necked Heron   Ardea pacifica W W W N N 

Australian Wood Duck   Chenonetta jubata W W W N N 

Black Swan   Cygnus atratus W W W N N 

Australian Shelduck   Tadorna tadornoides W W W N N 

Pacific Black Duck   Anas superciliosa W W W N N 

Grey Teal   Anas gracilis W W W N N 

Swamp Harrier   Circus approximans W V G N N 

Brown Goshawk   Accipiter fasciatus F V F N N 

Wedge-tailed Eagle   Aquila audax F V F N N 

Whistling Kite   Haliastur sphenurus F V F N N 

Brown Falcon   Falco berigora F V F N N 

Southern Boobook   Ninox novaeseelandiae F V LH N N 

Powerful Owl   Ninox strenua F V LH N N 

Masked Owl   Tyto novaehollandiae F V LH N N 

Musk Lorikeet   Glossopsitta concinna F N LH N N 

Purple-crowned Lorikeet   Glossopsitta 
porphyrocephala F N SH N N 

Red-tailed Black-Cockatoo   Calyptorhynchus 
banksii F ST LH N N 

Yellow-tailed Black-Cockatoo   Calyptorhynchus 
funereus F ST LH N N 

F ST LH N N 

O SG LH N N 

O SG LH N N 

O SG LH N N 

Gang-gang Cockatoo   Callocephalon fimbriatum 

Sulphur-crested Cockatoo   Cacatua galerita 

Long-billed Corella   Cacatua tenuirostris 

Galah   Cacatua roseicapilla 

Crimson Rosella   Platycercus elegans F ST LH N N 

(continued on next page) 
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Appendix 1 (continued) 

Species Habitat Feed 
Nest/ 
Shelter Migrant Status 

Eastern Rosella   Platycercus eximius O SG LH N N 

Blue-winged Parrot   Neophema chrysostoma O SG SH N N 

Tawny Frogmouth   Podargus strigoides F V F N N 

White-throated Nightjar   Eurostopodus 
mystacalis F A G S N 

Australian Owlet-nightjar   Aegotheles cristatus F OT SH N N 

Laughing Kookaburra   Dacelo novaeguineae F V LH N N 

Pallid Cuckoo   Cuculus pallidus F OT BP S N 

Fan-tailed Cuckoo   Cacomantis flabelliformis F TS BP S N 

Horsfield's Bronze-Cuckoo   Chrysococcyx 
basalis F C BP S N 

Shining Bronze-Cuckoo   Chrysococcyx lucidus F C BP S N 

Welcome Swallow   Hirundo neoxena O A L N N 

Tree Martin   Petrochelidon  nigricans F A SH S N 

Grey Fantail   Rhipidura albiscapa F C F N N 

Willie Wagtail   Rhipidura leucophrys O OG F N N 

Satin Flycatcher   Myiagra cyanoleuca F C F S N 

Restless Flycatcher   Myiagra inquieta F OT F N N 

Scarlet Robin   Petroica boodang F OT F N N 

Flame Robin   Petroica phoenicea O OG F W N 

Eastern Yellow Robin   Eopsaltria australis F DG F N N 

Golden Whistler   Pachycephala pectoralis F TS F N N 

Rufous Whistler   Pachycephala rufiventris F C F S N 

Olive Whistler   Pachycephala olivacea F U F N N 

Grey Shrike-thrush   Colluricincla harmonica F G F N N 

Magpie-lark   Grallina cyanoleuca O OG F N N 

Crested Shrike-tit   Falcunculus frontatus F B F N N 

Black-faced Cuckoo-shrike   Coracina 
novaehollandiae F C F S N 

Striated Thornbill   Acanthiza lineate F C F N N 

Brown Thornbill   Acanthiza pusilla F TS F N N 

Buff-rumped Thornbill   Acanthiza reguloides F OT L N N 

Yellow-rumped Thornbill   Acanthiza chrysorrhoa O OG F N N 

White-browed Scrubwren   Sericornis frontalis F U F N N 

Rufous Bristlebird   Dasyornis broadbenti F DG F N N 

Superb Fairy-wren   Malurus cyaneus F OT F N N 

Dusky Woodswallow   Artamus cyanopterus F A L S N 

Varied Sittella   Daphoenositta chrysoptera F B F N N 

White-throated Treecreeper   Cormobates 
leucophaeus F B SH N N 

Mistletoebird   Dicaeum hirundinaceum F F F N N 

Spotted Pardalote   Pardalotus punctatus F C B N N 

(continued on next page) 
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Appendix 1 (continued) 

Species Habitat Feed 
Nest/ 
Shelter Migrant Status 

Striated Pardalote   Pardalotus striatus F C SH N N 

Silvereye   Zosterops lateralis F F F N N 

White-naped Honeyeater   Melithreptus lunatus F N F N N 

Black-chinned Honeyeater   Melithreptus gularis F N F N N 

Brown-headed Honeyeater   Melithreptus 
brevirostris F N F N N 

Eastern Spinebill   Acanthorhynchus tenuirostris F N F N N 

Yellow-faced Honeyeater   Lichenostomus 
chrysops F N F N N 

White-eared Honeyeater   Lichenostomus 
leucotis F N F N N 

Yellow-tufted Honeyeater   Lichenostomus 
melanops F N F N N 

White-plumed Honeyeater   Lichenostomus 
penicillatus F N F N N 

New Holland Honeyeater   Phylidonyris 
novaehollandiae F N F N N 

Noisy Miner   Manorina melanocephala O N F N N 

Little Wattlebird   Anthocaera chrysoptera F N F N N 

Red Wattlebird   Anthocaera carunculata F N F N N 

Spiny-cheeked Honeyeater   Acanthagenys 
rufogularis F N F N N 

Red-browed Finch   Neochmia temporalis F SG F N N 

Olive-backed Oriole   Oriolus sagittatus F C F S N 

White-winged Chough   Corcorax 
melanorhamphos F OT F N N 

Pied Currawong   Strepera graculina F V F N N 

Grey Currawong   Strepera versicolor F V F N N 

Grey Butcherbird   Cracticus torquatus F V F N N 

Australian Magpie   Cracticus tibicen O OG F N N 

Forest Raven   Corvus tasmanicus F V F N N 

Australian Raven   Corvus coronoides F V F N N 

Little Raven   Corvus mellori O V F N N 

Bassian Thrush   Zoothera lunulata F DG F N N 

Common Blackbird   Turdus merula F DG F N I 

Eurasian Skylark   Alauda arvensis O SG G N I 

European Goldfinch   Carduelis carduelis O SG F N I 

European Greenfinch   Carduelis chloris O SG F N I 

Common Starling   Sturnus vulgaris O OG SH N I 

Mammals      

Short-beaked Echidna   Tachyglossus aculeatus F OT G N N 

Common Brushtail Possum   Trichosurus 
vulpecula F HV LH N N 

(continued on next page) 
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Appendix 1 (continued) 

Species Habitat Feed 
Nest/ 
Shelter Migrant Status 

Common Ringtail Possum   Pseudocheirrus 
peregrinus F HV LH N N 

Yellow-bellied Glider   Petaurus australis F N LH N N 

Sugar Glider   Petaurus breviceps F N SH N N 

Koala   Phascolarctos cinereus F HC F N N 

Common Wombat   Vombatus vombatus F HG B N N 

Black Wallaby   Wallabia bicolor F HG G N N 

Red-necked Wallaby   Macropus rufogriseus F HG G N N 

Eastern Grey Kangaroo   Macropus giganteus F HG G N N 

Western Grey Kangaroo   Macropus fuliginosus F HG G N N 

European Rabbit   Oryctolagus cuniculus O HG B N I 

Brown Hare   Lepus capensis O HG G N I 

Fallow Deer   Dama dama F HG G N I 

Sambar Deer   Cervus unicolor F HG G N I 

Red Fox   Vulpes vulpes F V B N I 

Gould’s Wattled Bat   Chalinolobus gouldii F A SH N N 

Chocolate Wattled Bat   Chalinolobus morio F A SH N N 

Eastern False Pipistrelle   Falsistrellus 
tasmaniensis F A SH N N 

Common Bent-wing Bat   Miniopterus 
schreibersii F A SH/cave N N 

Southern Freetail Bat   Mormopterus sp.(lp) F A SH N N 

Eastern Freetail Bat   Mormopterus sp.(sp2) F A SH N N 

White-striped Freetail Bat   Tadarida australis F A SH N N 

Lesser or Gould’s Long-eared Bat (calls too 

similar to distinguish)   N.geoffroyi/gouldi F A SH N N 

Large Forest Bat   Vespadelus darlingtoni F A SH N N 

Southern Forest Bat   Vespadelus regulus F A SH N N 

Little Forest Bat   Vespadelus vulturnus F A SH N N 

Reptiles (plus skinks not identified)      

Common Long-necked Tortoise   Chelodina 
longicollis W W W N N 

Amphibians      

Southern Smooth Froglet   Geocrinia laevis W W W N N 

Striped Marsh Frog   Limnodynastes peronii W W W N N 

Spotted Marsh Frog   Limnodynastes 
tasmaniensis W W W N N 

Common Froglet   Crinia signifera W W W N N 

Brown Tree Frog   Litoria ewingi W W W N N 
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Key to Appendix 1. Habitat, feeding, nesting, migrant and status guilds. 

Habitat guilds 

F Forest or woodland species 

O Open-country species 

W Species usually found in or near water 

Feeding guilds 

(Note: insectivores take many invertebrates as well as insects.) 

A Aerial foraging insectivores (above canopy or in open areas) 

B Bark foraging insectivores 

C Canopy foraging insectivores 

DG Insectivores foraging from damp ground below cover 

F Frugivores (taking fruit as a major food source, among others) 

G Generalist insectivores, feeding at many levels in the forest 

HC Herbivores, mainly taking eucalypt foliage in the canopy 

HG Herbivores, grazing, browsing or digging near ground level 

HV Herbivores, taking vegetation from shrubs and a range of other strata 

N Nectarivores (taking nectar, honeydew and invertebrates). Mammals also take sap. 

OG Insectivores foraging from open ground (may be far from cover) 

OT Insectivores foraging from open ground among trees 

TS Insectivores foraging from tall shrubs 

SG Seed-eaters, taking seeds close to the ground 

ST Seed-eaters, taking seeds and insects (eg galls) at all levels 

U Insectivores foraging from dense understorey or the ground below 

V Carnivores/omnivores, taking vertebrates as an important part of their diet 

W Wetlands (various food sources, not further categorised here) 

Guilds for nesting or shelter 

(Main sites used for nesting or shelter are indicated below.) 

B Burrow in ground 

BP Brood parasite, laying in nests of other species 

F Fork in a branch of shrub or tree (used for most bird species) 

G Ground surface (typically below cover of grasses or shrubs) 

L Ledge or crevice in tree or rock-face (some species also use buildings) 

LH Large hollow in tree (some species also use buildings) 

W Wetlands (including small wet areas for frogs) 

X Inter-continental migrant not nesting in Australia 

Migratory guilds 

N Non-migratory (includes nomadic species) 

S Summer visitor to these forests (rare or absent for period April-August) 

Status guild 

I Introduced to Australia 

N Native 
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Summary 
 
Studies of fauna were conducted near Lismore in the Victorian Volcanic Plains of south-

western Victoria between March 2006 and February 2007 to help assess the value of eucalypt 

plantations as habitat for birds, bats and arboreal mammals.  The open agricultural landscape 

has replaced native grassland and open woodland.  Many plantations have been established 

since the late 1800s, along roads, as shelterbelts and recently as blocks on farms.  The main 

species included Sugar Gum Eucalyptus cladocalyx, Swamp Yate E. occidentalis and (in 

recent plantations) Blue Gum E. globulus.  This study differs from recent work in that it 

examines a more open landscape, with older age-classes of plantation. 

 

Altogether 32 sites were selected for study.  They comprised 5 in open farmland, 9 in young 

plantations (aged 4-10 years), 7 in mature plantations (aged 60-80 years), 5 in old plantations 

(aged at least 100 years), 2 in remnant native forest, and 4 in atypical mature plantations (aged 

60-100 years).  The latter had been sparsely planted or subject to recent disturbance. 

 

Birds and arboreal mammals were surveyed at all sites using timed area-searches (10 minutes, 

1 ha) by day and similar transects by night.  Daytime searches were conducted in spring-

summer and winter.  Bats were surveyed at a subset of 20 sites, using ultrasonic recorders.  

Habitat features were assessed at all sites. 

 

Forest birds and bats were more common in plantations than cleared land, but less common 

than in remnant forest.  Unexpectedly, forest birds were more common in young plantations 

than mature plantations, though this varied between species.  Nectarivores (honeyeaters and 

lorikeets) were well represented, and lorikeets were particularly common in mature and old 

plantations.  Treecreepers and several other species were only found at remnant forest sites.  

Open-country birds were more common in mature or old plantations than in other habitats, 

reflecting their need for wooded habitats as sites for shelter, roosting and nesting. 

 

Altogether 41 native species of bird and 11 of bat were found using plantations, as well as two 

other native mammal species.  Six introduced bird species and four introduced mammal 

species were recorded in the region, and introduced birds formed a higher proportion of the 

bird community than in less open landscapes.  

 

Hollows and coarse woody debris were found to be plentiful in mature or old Sugar Gum 

plantations.  Hollow-dependent birds, bats and one species of arboreal mammal (Common 

Brushtail Possum Trichosurus vulpecula) were also common in these plantations.  These 

results suggest that useful hollows may develop earlier in these conditions than had been 

suggested from studies in extensive forest elsewhere. 

 

The study reinforces the value of plantations for open-country fauna (the main beneficiaries in 

this open landscape) and also for forest or woodland fauna (including at least 11 bat species 

and large numbers of honeyeaters and lorikeets).  In addition, it suggests that these benefits 

could be enhanced through increasing the diversity of plantings, and focusing new plantations 

on parts of the landscape that were naturally wooded.  
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1 Introduction 
 
This study examines the fauna values of planted eucalypts in the open agricultural landscape of the 

Victorian Volcanic Plains near Lismore in south-western Victoria.  The natural vegetation of the 

region included a range of grassland and open woodland Ecological Vegetation Classes (EVCs), 

with more heavily timbered EVCs (eg forests dominated by River Red Gum Eucalyptus 

camaldulensis) growing mainly along creeks and drainage lines.  In a century and a half of 

European settlement, much of the country has been converted to pasture and cropland.  But at the 

same time, many stands of trees were established (through direct seeding or planting) as 

windbreaks or sources of firewood or visual amenity.  One of the main species used in early 

plantings was the Sugar Gum E. cladocalyx, a native of South Australia.  Old stands of that species 

are now a dominant feature of the landscape, especially along roadsides.  Many other species were 

direct seeded early in the 20
th
 century, including Swamp Yate E. occidentalis (native to Western 

Australia), Blue Gum E. globulus and a range of understorey species such as Golden Wattle Acacia 

pycnantha and even African Boxthorn Lycium ferocissimum. However, Sugar Gum tended to out-

perform everything else and landholders eventually settled on pure plantations of that species.  

Lines of conifers were also popular among early settlers, and still exist on some properties (along 

with small recent plantings of Monterey Pine Pinus radiata) but were not examined in this study. 

 

More recently, in the last decade or so, many landholders have established plantations of native 

hardwood species including Blue Gum, Sugar Gum and Spotted Gum E. maculata, as sources of 

timber, firewood or pulp on parts of their land.  These plantations are also intended to provide a 

range of ecosystem services in the rural landscape, including shelter for stock, visual diversity and 

habitat for flora and fauna.  But until recently, little information was available to predict the likely 

values of these plantations or older established plantations as wildlife habitat. 

 

The present study helps address this information gap for the Victorian Volcanic Plains near 

Lismore.  It also forms part of a larger set of studies, examining the values of various plantations in 

different parts of Victoria and South Australia as habitat for vertebrate fauna.  It adds a new 

dimension to the latter group of studies, through the opportunity to examine plantations established 

60-100+ years before the present, set in an extremely open landscape. 
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2 Methods 
 
A total of 32 sites were selected for study, in consultation with landholders.  The sites comprised 5 

in open farmland, 9 in young plantations (aged 4-10 years), 7 in mature plantations (aged 60-80 

years; example in Figure 4), 5 in old plantations (aged at least 100 years; example in Figure 1), 2 in 

remnant forest , and 4 in mature plantations that were atypical in that they were sparsely planted (2 

sites), or had been subject to a degree of recent harvesting (see Appendix 3; Figure 2).  Remnant 

forest was poorly represented in the region and the sites selected were both close to the settlement 

of Cape Clear.  One was a patch of remnant forest with adjacent pine plantations next to a small 

crater lake in an extinct volcano at Cape Clear. The other was a sample of River Red Gum forest 

growing along a nearby creek (Figure 3). 

 

2.1 Day-time searches for birds and other species 
 

Standard counts of diurnal birds were conducted at each site in two seasons, “winter” and “spring-

summer”, between March 2006 and February 2007.  Winter was defined as running from May to 

August, and spring-summer from September to March, to reflect the usual migration times of local 

bird species. Most counts were made in June-July 2006 (winter), and November-December 2006 

(spring-summer).  Standard timed area-searches were used (after Loyn 1986), in which an observer 

walked slowly through an area of ~1 ha, searching for birds and tallying all those seen or heard by 

species within 10 minutes.  Mammals visible by day and signs of mammals were also recorded, as 

well as any frogs or reptiles heard or seen.  In subsequent analysis, bird species were assigned to 

various guilds on the basis of their main habitats (forest or woodland vs. open country vs. 

wetlands), feeding or nesting ecology, migratory status (mainly summer visitor vs. present all year) 

and historical status (native vs. introduced to Australia). 

 

2.2 Nocturnal searches for mammals and other species 
 

Standard counts of nocturnal mammals and birds were conducted at all of the 32 sites.  These 

involved an observer walking slowly through the site, searching for mammals using a hand-held 

spotlight, and tallying all those seen or heard by species within 10 minutes.  Nocturnal birds, bats 

and frogs were also recorded. 

 

2.3 Ultrasonic bat detection 
 

Bats were studied using Anabat ultrasonic bat detectors.  These were placed at 20 sites (a subset of 

the 32 sites) for one complete night each.  The 20 sites comprised 2 in open farmland, 7 in young 

plantations (aged 4-10 years), 5 in mature plantations (aged 60-80 years), 2 in old plantations (aged 

at least 100 years), 1 in remnant forest (the gully site near Cape Clear), and 3 in atypical mature 

plantations.  The latter three sites had been sparsely planted (LP27 & LP28), or subject to recent 

harvesting (20% of trees retained, LP25).  Bats were studied from 12
th 

to 16
th
 February 2007. 
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Figure 1. An old (~100 yrs) plantation at “Gala” (LP22).
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     Figure 2. Map showing Lismore study sites listed by habitat type (‘habcode’ - see Appendix 3). 
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3 Results 
 

3.1 Diurnal birds: habitat and nesting guilds 
 

Taking all species together, birds were more abundant in mature plantations than other 

habitats (Table 1).  However, forest and woodland birds were twice as abundant in remnant 

forest as in any of the plantation categories.  Unexpectedly, forest or woodland birds were 

substantially more abundant in new young plantations than in mature or old plantations, 

perhaps reflecting the greater density of cover provided by blocks of young eucalypts 

compared with narrow bands of old eucalypts, most of which had little understorey or cover at 

lower levels.   

 

 
Figure 3. Remnant forest site (LR29) at “Happy Valley”. 

 
Open-country birds reached their maximum abundance in mature or old plantations, most of 

which exist as narrow bands within open farmland (Table 1).  These birds generally fed in 

open pasture or crops, where they were common (Table 1), but all of these species (except 

ground-nesting Stubble Quail Coturnix pectoralis, Richard’s Pipit Anthus novaeseelandiae, 

Singing Bushlark Mirafra javanica and Skylark Alauda arvensis) need trees for shelter, 

roosting and nesting.  Mature plantations of Sugar Gum and other species clearly provide an 

important resource for these birds in this open landscape.   

 

Water birds were sometimes observed near the sites or flying over, but were not found using 

any of the sites.  

 

Many species of parrot and cockatoo were classed as open-country birds, and all depend on 

hollows for nesting.  Hollow-nesting birds were more abundant in mature plantations than 

elsewhere (Table 1).  A pair of Galahs Cacatua roseicapillus (one of the common open-

country hollow-nesting bird species) was observed chewing bark or wood at a hollow 

entrance in an old planted Sugar Gum, and such behaviour may help maintain supplies of 

hollows of adequate size for nesting.  Numerous hollows were visible in planted Sugar Gums 

aged 60-100 years.  
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3.2 Diurnal birds: feeding guilds  
 

Guilds of insectivorous birds that feed from shrubs or open ground among trees were much 

less common in any of the plantations than has been found elsewhere in the State, probably at 

least partly because the Lismore sites were far from extensive tracts of native forest.  Species 

that inhabit the shrub layers, such as Brown Thornbills Acanthiza pusilla and Yellow 

Thornbills A. nana, were found mainly in young plantations that provide dense low thickets 

favoured by those species (Appendix 1).  Canopy-foraging insectivores such as Spotted 

Pardalotes Pardalotus punctatus were also scarce, and one species that is a common member 

of the guild elsewhere in the State (Striated Thornbill Acanthiza lineata), was not observed at 

any site.  The commonest small insectivore was an open-country species, the Yellow-rumped 

Thornbill Acanthiza chrysorrhoea, which feeds extensively in open paddocks but relies on 

woody vegetation for shelter and nesting.  It was locally numerous at a few young and mature 

plantation sites.  

 
Figure 4. LP16, a mature plantation near Buchholzs Lane, Lismore.  

  
One feeding guild (frugivores) appeared to be entirely missing from the sites examined during 

the study.  This guild is usually represented by Silvereyes Zosterops lateralis and 

Mistletoebirds Dicaeum hirundinaceum, and both species would be expected to occur locally 

or spasmodically (perhaps in planted gardens), though clearly they are not common.  Another 

guild (insectivores that forage from low understorey or the damp ground below), was scarce, 

and represented by a few Eastern Yellow Robins Eopsaltria australis at the remnant forest 

sites and introduced Common Blackbirds Turdus merula in young plantations and remnant 

forest.  Usually the guild is dominated by White-browed Scrubwrens Sericornis frontalis, and 

that species was notable by its absence from the sites examined, though it could occur locally 

in the broader landscape.   

 
Another guild, the nectarivores, was more common in these plantations than in many 

plantations elsewhere in the State.  The difference was mainly due to flocks of lorikeets 

(mainly Purple-crowned Lorikeets Glossopsitta porphyrocephala and Musk Lorikeets G. 

concinna, plus a few Little Lorikeets G. pusilla), which were commonly found in plantations 

of mature Sugar Gums when they were flowering.  These nectarivorous parrots are highly 

mobile, well adapted to flying long distances to find temporary flushes of suitable food.   
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More typically, honeyeaters were also common in many of the plantation sites.  Two 

aggressively territorial honeyeater species (White-plumed Honeyeater Lichenostomus 

penicicillatus and Noisy Miner Manorina melanocephala) were the most common, along with 

small numbers of Red Wattlebirds Anthochaera carunculata and other species.  An 

extraordinary concentration of White-plumed Honeyeaters (38 in 1 ha) was found with other 

species in winter in a young plantation containing a mixture of eucalypts, with flowering 

Swamp Yate (Figure 5) being the main attraction. 

 

 

 
Figure 5. LP17, a young mixed plantation at Selkirk Rises where 38 White-plumed Honeyeaters were 
recorded. 

  
Bark-foraging insectivores were extremely scarce in any of the plantation sites, in line with 

observations elsewhere.  One species, the Crested Shrike-tit Falcunculus frontatus, was found 

at two sites, in a young Sugar Gum plantation (LP12) and a mature Sugar Gum plantation 

with two ages of coppice regeneration (LP23).  White-throated Treecreepers Cormobates 

leucophaea are usually the dominant species in the guild and they were found at both remnant 

forest sites, but not at any of the plantation sites, despite the abundance of hollows in mature 

plantations.  This lends support to the suggestion that the general rarity of this species in 

plantations owes more to a lack of suitable feeding substrate (rough bark being preferred) than 

to lack of hollows. 

 

3.3 Diurnal birds: migration and status guilds 
 
Summer visitors comprised 0.4% of the bird population in plantations, compared with 9.6% in 

the two forest sites (Table 1).  [These percentages should be approximately doubled to refer 

just to the summer population.]  This refutes the argument sometimes heard, that long-

distance migrants may be better able to colonise new habitats such as plantations than non-

migratory species.  Summer migrants tend to be associated with forest or woodland habitats, 

where the supply of available invertebrate food is markedly higher in summer than winter.  

Relatively few open-country species are classed as summer migrants, and seasonal 

fluctuations in numbers of insectivorous birds appear to be less in open country than 

elsewhere.   
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This probably reflects patterns of abundance of available insects, which may be less reduced 

in winter in open country than in forests where most of the layers are shaded from the sun. 

The low representation of summer visitors in plantations, is largely a reflection of the low 

representation of forest and woodland birds in general in this landscape. 

 

Introduced birds comprised 11.1% of the bird population in plantations, compared with 2.4% 

in the two forest sites (Table 1).  Introduced birds were especially prevalent in young 

plantations and disturbed mature plantations, comprising ~16% of the populations in each 

case (Table 1).  These figures are higher than found in studies elsewhere, and reflect the 

dominance of open-country birds in the open landscape of the Volcanic Plains.  The main 

species involved were Common Starling Sturnus vulgaris, House Sparrow Passer domesticus 

and European Goldfinch Carduelis carduelis, all of which feed mainly in open country.  A 

large concentration of House Sparrows (~100) was found roosting in low coppice 

regeneration at one disturbed mature plantation site (LP23) during a spotlighting survey.  

 

3.4 Observer variation in bird surveys 
 
Observer variation was tested at ten sites. This involved one site count each by EM and BH, 

less than 15 minutes apart.. The species recorded and their proportions were extremely 

similar.  The mean number of individual birds recorded per count were 12.7 and 14.6, and this 

difference was not significant (P>0.05). 

 

3.5 Nocturnal birds 
 
Too few of these species were observed to make definitive conclusions about their habitat 

preferences, and most records involved birds seen or heard at some distance from the study 

sites (Table 2).  A Barn Owl Tyto alba was observed perched at night in a young plantation, 

and another was flushed from a mature roadside plantation (not one of the formal study sites).  

A third Barn Owl was heard calling near a mature plantation site.  This species hunts 

extensively in open paddocks, and uses woody vegetation for perching at night and roosting 

by day.  Southern Boobooks Ninox boobook were found in the forest gully site and also in one 

of the mature plantation sites.  An Australian Owlet-nightjar Aegotheles cristatus was found 

at the forest gully site, and a Powerful Owl Ninox strenua was calling nearby.   

 

3.6 Bats 
 

Bats were observed at most sites, and the audible calls of White-striped Freetail Bats 

Tadarida australis were often heard during spotlighting surveys (Table 2).   

 

Based on ultrasonic calls, small bats in general appeared to be most numerous at the forest 

gully site, and more numerous in mature plantations aged 60-80 years than in other plantation 

age-classes (Table 2).  Relatively few bats were found in young plantations, and very few in 

open grassland (Table 2).  Automated species-recognition software identified 11 species, 

along with various species-combinations (Table 3): altogether 303 of 2860 calls were 

identified to the level of species or species-combination through this process (10.6%), with 

the majority of the remaining calls being too short in duration to allow a confident 

identification.   

 

Bat calls began to be registered at the expected times after sunset at all sites, consistent with 

them beginning to feed there between half an hour and an hour and a half after sunset (Table 

3).  These early calls appeared to form a lower proportion of total calls during the night in the 

forest gully site and in mature plantations (60-80 years) than elsewhere, and a high proportion 

of total calls in the old plantations (Table 3). 
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Overall the most commonly identified species were Southern Freetail Bats Mormopterus sp. 

(long penis form), Long-eared Bats Nyctophilus sp. (Lesser Long-eared Bat Nyctophilus 

geoffroyi or Gould’s Long-eared Bat Nyctophilus gouldi) and White-striped Freetail Bats 

Tadarida australis.  All three were found in all habitats, but showed some differences in 

relative proportions.  Southern Freetail Bats were most commonly identified in older 

plantations, contributing 31.2% of the bat calls identified in mature or old plantations.  Long-

eared Bats contributed a higher proportion of the small number of bat calls identified in young 

plantations (47.6%) than elsewhere, although as with other bats more calls of this species 

complex were recorded in older plantations.  White-striped Freetail Bats appeared most 

common at the forest gully site where they contributed 40% of the bat calls identified (Table 

3). Several species were only identified in the older plantations, but this may be because far 

more calls were identified at those sites than elsewhere.  These included both species of 

Wattled Bat Chalinolobus spp., although calls that may have been those species were also 

recorded from young plantations and forest (Table 3).  Notable species recorded in older 

plantations included Eastern False Pipistrelle Falsistrellus tasmaniensis, Eastern Freetail Bat 

Mormopterus sp.2 and Inland Broad-nosed Bat Scotorepens balstoni, as well as all three local 

species of Forest Bat Vespadelus spp..  No positive identifications were made of Common 

Bent-wing Bat Miniopteris schreibersii or Large-footed Myotis Myotis adversus.  The 11 bat 

species identified were all recorded from plantation sites. 

 

3.7 Other Mammals 
 
Common Brushtail Possums Trichosurus vulpecula were locally common (Figure  6), being 

found in the forest gully and at six of the plantation sites.  They were most common in old 

plantations (Table 2).  This supports the idea that hollows suitable for large possums do not 

form until trees reach a certain size or age.  However, the occurrence of Common Brushtail 

Possums in some stands aged 60-80 years, suggests that at least some suitable hollows may 

form earlier than the 120 years often quoted for various forest types.  Common Ringtail 

Possums Pseudocheirus peregrinus were found only in the forest gully.  No other arboreal 

mammals were observed during this study, although at least one (the Sugar Glider Petaurus 

breviceps) could be expected with further searching, especially in the older plantations and 

remnant  sites. 

 

Black Wallabies Wallabia bicolor were observed in the forest gully, and occasional records of 

unidentified macropods heard bounding in plantation sites may have been this species or 

Eastern Grey Kangaroos Macropus giganteus.  No other native mammal species were 

observed, although some (e.g. Echidna Trichoglossus aculeata) would be expected to occur. 

 

Several introduced mammal species were observed occasionally (Table 2).  European Rabbits 

Oryctolagus cuniculus were present but remarkably scarce.  Brown Hares Lepus capensis, 

Red Foxes Vulpes vulpes and Feral Cats Felis catus were seen mostly in open country or 

young plantations. 
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3.8 Numbers of fauna species 
 
Altogether 60 native bird species (excluding waterbirds), 11 bat species, two arboreal 

mammal species, two other native mammal species, six introduced bird species and four 

introduced mammal species were recorded during the study (Appendix 2).  All of the bat 

species and 41 of the native bird species were found in plantations at some stage, along with 

the introduced species. 

 

3.9 Habitat features 
 
No hollow-bearing trees or old retained trees were present in the open grassland sites or 

young plantation sites (Table 4).  Many of the planted trees in mature and old plantations had 

developed hollows, and both live and dead hollow-bearing trees were more numerous in these 

plantations than in the two forest sites (Table 4).  Coarse woody debris was also plentiful on 

these sites (Table 4).  Tall shrubs and small shrubs were sparsely represented at plantation 

sites compared with the two forest sites (Table 4).   

Figure 6. Common Brushtail Possums were locally common during spotlighting transects (photos Jim & 
Ed McNabb).  
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4 Discussion 
 
Results of this study concur in many respects with those of other recent studies from south-

eastern Australia (e.g. Law and Chidel 2002, 2006; Loyn et al. 2007; Kavanagh et al. 2007) 

and south-western Australia (Hobbs et al. 2003).  In particular, they show that plantations can 

perform a positive role in providing habitat for a range of native birds and mammals, 

including some species associated with forest or woodland habitats and others associated with 

open country.  Some of the forest or woodland species are sparsely distributed in the open 

landscape of the Volcanic Plains (Emison et al. 1987), and highly dependent on the new or 

old plantations that have been established there.  The present study shows that when 

plantations reach a certain age (60-80 years) they can provide numerous hollows that can be 

used by hollow-dependent birds and bats.  As they age further (to 100 years and more) they 

can also support increased populations of a larger hollow-dependent mammal, the Common 

Brushtail Possum. 

 

Mature plantations in this study were more dominated by open-country birds than any of the 

other (considerably younger) plantations, examined so far over in temperate south-eastern 

Australia (Loyn et al. 2007; Kavanagh et al. 2007) or south-western Australia (Hobbs et al. 

2003).  This is not solely a function of plantation age, as the observation also applied to young 

plantations in this study.  It does not mean the Lismore plantations are of little value, but 

rather that their main value lies in helping enhance the open-country biodiversity.  They do 

also provide a role in adding elements of forest or woodland biodiversity, but not to the same 

extent as in studies elsewhere.  This is presumably due at least in part to the context of the 

Volcanic Plains, which have always contained a high proportion of naturally treeless 

grassland, and which now maintain an extremely low cover of treed vegetation (<5%).  

Kavanagh et al. (2007) concluded from their study that contextual factors of that sort play an 

important role in determining the value of particular plantations, in contrast to the other 

studies cited where there was less variation in contextual variables.  Habitat variables may 

also have contributed to the lower numbers of forest or woodland birds in the present study, 

as most of the older plantations were narrow strips of trees, offering little shelter at low levels 

from wind or other physical factors.  Some of the young plantations supported higher 

proportions of forest birds than older plantations, and this may be due to their intrinsic 

structure (dense thickets of young eucalypts) and to their geometry, with most established as 

blocks rather than narrow strips.  The present data are not sufficient to determine the relative 

importance of these two variables (intrinsic structure or geometry). 

 

In contrast to most plantations examined elsewhere, many of the mature plantation sites in 

this study supported high populations of two aggressive native honeyeaters, the Noisy Miner 

and the White-plumed Honeyeater (Appendix 1).  Noisy Miners are well known for their 

habit of aggressively excluding other birds from their communal territories (Dow 1977; Loyn 

1987; Grey et al. 1997, 1998). White-plumed Honeyeaters may also have a similar effect 

(Loyn 2002).  Their prevalence may have contributed to the low observed populations of 

forest or woodland birds, especially in old plantations, and reduced the potential value of 

some of the habitat features represented in the Lismore plantations.   

 

Vesk and Mac Nally (2006) observed that many decades are needed to restore some habitat 

elements in degraded landscapes (notably tree hollows), and our observations show that 

hollows have become plentiful 60-100 years after plantation establishment.   

The abundance of hollows in plantations aged 60-100 years is an important observation 

showing that, at least in some situations, hollows can be formed in that time-frame rather than 

the longer time-frames suggested by other authors (e.g. Mackowski 1984; Wormington and 

Lamb 1999; Gibbons et al. 2002; Whitford 2002).  The abundance of hollow-nesting birds 

and Common Brushtail Possums in those plantations provides further evidence that the 

hollows can be useful to those species.  Common Brushtail Possums were more abundant in 

old plantations (~100 years) than in plantations aged 60-80 years, reinforcing the view that 
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possums need trees of sufficient stature to provide large hollows.  Conversely, bats and some 

hollow-nesting birds appeared commoner in 60-80 year plantations than older plantations, 

suggesting that many smaller hollows were available by 60-80 years.  Birds and bats are 

highly mobile, and can travel many kilometres between roosting and feeding sites (Saunders 

et al. 1982; Lumsden et al. 2002).  However, in the Volcanic Plains there are few sources of 

natural hollows and it seems likely that many of the bats and birds observed in the plantations 

were using them for roosting and nesting.  This was reinforced by direct observations of birds 

nesting in hollows and Galahs chewing hollows to enlarge them, and the presence of bats at 

all sites at expected times after dusk (suggesting they had not needed to fly far to get there).  

Indeed, the pattern of variation in proportions of early calls from different habitats (Table 3) is 

consistent with bats dispersing from old plantations to feed in adjacent farmland, while bats in 

the forest gully site were more inclined to continue feeding there all night. 

 

Older plantations of eucalypts, such as the roadside Sugar Gums that form such a prominent 

feature of the landscape, are especially important in three main respects.  They provide a 

source of shelter for open-country birds, and hollows for nesting as discussed above, and they 

provide a rich source of nectar for lorikeets and honeyeaters.  These functions need to be 

appreciated in managing the plantations and planning future plantations in the landscape. 

 

Features that are not provided also need to be appreciated.   This study has drawn attention to 

the shrub layers (more so than in previous studies) and rough-barked eucalypts (as in other 

studies) as being key features not provided by mature Sugar Gum plantations.  If provision of 

habitat for forest wildlife is seen as an important aim of new plantations, it could be useful to 

plant a mixture of smooth-barked and rough-barked eucalypts, along with shrub species that 

could provide a long-lived shrubby understorey.  However, as much of the Volcanic Plains is 

naturally treeless, any such action should be carefully planned and focused on parts of the 

region which were originally wooded and where woodland restoration may be agreed upon as 

a worthy conservation aim. 

 

4.1 Implications for Management 
 
The main implication of this study is to reinforce the value of new and old plantations for 

open-country fauna (the main beneficiaries in this open landscape) and also for forest or 

woodland fauna (including at least 11 bat species).  In addition, it suggests that these benefits 

could be enhanced through increasing the diversity of plantings (including shrubs and rough-

barked eucalypts as well as smooth-barked eucalypts), and importantly by focusing new 

plantations on parts of the landscape that were naturally wooded.  Several differences were 

observed between young and old plantations, and it is clearly beneficial to produce and 

maintain a mixture of age-classes in the landscape.  

 

A common question concerns the strategy for harvesting plantations.  This is often expressed 

as “What is the point of providing habitat for these animals, when one day it will demolished 

as the plantation is harvested?”  The answer is that by then the plantation has provided habitat 

for a suite of fauna over many years, and has contributed to an increase in tree cover (and 

habitat for certain fauna species) in the broad landscape.  The species that benefit are those 

that can colonise, and when the habitat is removed through harvesting, individuals of that 

species will colonise other comparable plantations that happen to be at different stages in their 

growth cycle.  In a landscape as open as the Volcanic Plains, there may be merit in planning 

cycles of establishment and harvesting to maximise temporal and spatial continuity of habitat, 

and avoid sudden loss of habitat throughout a substantial part of the landscape.  Some 

landholders endeavour to do this on the scale of individual plantations, by harvesting part at a 

time or by retaining many trees in a partial cut.  Such systems should be encouraged, though 

the present data are not sufficient to make firm recommendations about the relative merits of 

different systems.  It is hoped to examine these aspects in more detail, using data from the 

broader study.  
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One of the sites in this study (LP25) had been subjected to a partial harvest, with 20% of trees 

retained.  The mean number of forest birds recorded per count at that site (2.0) was similar to 

that of other disturbed mature plantation sites, and substantially less than that at unharvested 

mature plantation sites.  However, two of the three counts at that site revealed no forest birds, 

suggesting that birds were coming and going from the site and not reliant on the continuity of 

habitat provided by the retained trees.  Common Brushtail Possums were recorded at the site, 

and may have benefited from the habitat continuity. 
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Table 1.  Mean abundances of bird guilds (Birds per 10 standard 10-minute, 1 ha area-
searches) in 32 sites in Volcanic Plains near Lismore, south-western Victoria, 2006-07.  
The sites represent open farmland, remnant forest and four age-classes of eucalypt plantation.  The 
species composition of each bird guild is shown in Appendix 2. 

 

Species open 
4-10 yr 
plntn 

sparse or 
disturbed 
mature 

plantatio
n 

mature 
plntn 
(~60-
80 yr) 

old 
plntn 
(~100 

yr) 
Forest 

 

Counts: 12 19 11 19 16 6 

Sites: 5 9 4 7 5 2 

Habitat guilds       

Forest and woodland birds 3.3 45.3 19.1 59.9 20.0 111.7 

Open-country birds 50.8 45.3 87.3 166.8 139.4 28.3 

Total birds 54.2 90.5 106.4 226.7 159.4 140.0 

Feeding guilds       

Aerial insectivores  2.5 0 3.6 0 1.3 6.6 

Bark foragers  0 1.1 1.8 0 0 3.3 

Canopy insectivores  0 2.1 0 5.8 0.6 13.3 

Damp-ground insectivores  0 1.1 0 0 0 6.7 

Frugivores  0 0 0 0 0 0 

Generalists  0 1.6 0.9 1.1 0.6 5.0 

Nectarivores  0 43.7 26.4 67.9 42.5 11.7 

Insectivores feeding from open ground 
(may be far from cover) 45.0 18.9 37.3 83.7 31.9 

 
13.3 

Insectivores feeding from open ground 
among trees 0 0 0.9 1.6 0.6 

 
38.3 

Seed-eaters feeding close to ground  5.0 16.8 35.5 63.7 77.5 
 

15.0 

Seed-eaters feeding at all levels  0 0 0 1.6 0 5.0 

Shrub-foraging insectivores  0 2.6 0 0.5 0.6 15.0 

Carnivores/omnivores  1.7 2.6 0 0.9 3.8 6.7 

Nesting guilds       

Burrow nesting birds 0 0 0 0.5 0 1.7 

Brood parasites  0 0 0 0 0 0 

Ground nesting birds 11.7 1.6 0 0 0 0 

Ledge nesting birds 2.5 0 3.6 0 1.3 3.3 

Large hollow nesting birds 0 1.6 19.1 74.2 59.4 8.3 

Small hollow nesting birds 0 4.2 13.6 52.6 36.3 26.7 

All hollow nesting birds 0 5.8 32.7 126.8 95.7 35.0 

Normal branch/shrub nesting birds  40.0 83.2 70.0 99.4 62.5 100.0 

Migration guilds       

Non-migratory birds 54.2 90.0 106.4 225.2 159.4 128.3 

Mainly summer visitors   0 0.5 0 1.6 0 11.7 

Summer visitors as % of total 0% 0.6% 0% 0.7% 0% 9.1% 

Status guilds       

Introduced birds 5.0 14.7 17.3 19.5 13.1 3.3 

Native birds 49.2 75.8 89.1 207.3 146.3 136.7 

Introduced birds as % of total 9.2% 16.3% 16.2% 8.6% 8.2% 2.4% 
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Table 2.  Mean abundances of nocturnal mammals and birds (individuals per standard 10-
minute, 1 ha spotlight searches or standard playback session) in 32 sites in Volcanic Plains 
near Lismore, south-western Victoria, 2006-07. Sites represent open farmland, remnant forest 
and four age-classes of eucalypt plantation.  Data on bats from detectors refer to total bat calls per 
night in a subset of 20 sites. 

 

Method 
Play-
back Spotlight 

  open 
4-10 yr 
plntn 

distrbd 
mature 
plntn 

mature 
plntn 

(~60-80 
yr) 

old 
plntn 
(~100 

yr) forest 

Sites 6 5 9 4 7 5 2 

On-site observations               

Barn Owl 0 0 0.11 0 0 0 0 

Australian Owlet-nightjar 0 0 0 0 0 0 0.50 

Common Brushtail 

Possum 0 0 0 0.75 0.14 2.80 2.90 

Common Ringtail Possum 0 0 0 0 0 0 0.50 

Black Wallaby 0.17 0 0 0 0 0.20 1.00 

Eastern Grey Kangaroo 0 0 0 0 0 0 0 

Brown Hare 0 0 0 0 0.14 0 0 

Red Fox 0.33 0.20 0.11 0 0 0 1.00 

White-striped Freetail Bat 0.33 0.20 0.56 0.75 0.86 0.60 0 

Bat Total 0.33 0.20 0.67 3.00 1.57 0.80 0 

On-site and off-site 
observations combined 0 0 0 0 0 0 0 

Common Brushtail 
Possum 0 0 0 0.75 0.14 3.20 2.90 

Common Ringtail Possum 0 0 0 0 0 0 0.50 

White-striped Freetail Bat 0.33 0.40 0.56 0.75 1.00 0.60 0 

Black Wallaby 0.17 0 0 0 0 0.20 1.00 

Red Fox 0.33 0.20 0.11 0 0.14 0 2.00 

Feral Cat 0 0.20 0 0 0 0 0 

European Rabbit 0 0 0 0.25 0 0 0 

Brown Hare 0 0 0.11 0 0.14 0 0 

Southern Boobook  0.50 0 0 0.25 0 0 0 

Powerful Owl 0 0 0 0 0 0 0.50 

Barn Owl 0 0 0.22 0 0.14 0 0 

Number of sites sampled 
by ultrasonic detectors 
for bats  (1 night per site) NA 2 7 3 5 2 1 

Bat calls per site per 
night (all species 
combined) NA 8.5 30.9 239.3 355.3 116.0 450.0 
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Table 3.  Specific identities of bats calls detected on 20 sites in the Volcanic Plains near Lismore, summer 2007. 
Mean values, bats identified per 
night 
Species composition  
(% of calls identified). Habitat: 

open 
farmland 

4-10 yr 
plntn 

disturbed 
mature 
plntn 

mature 
plntn (~60-

80 yr) 
old plntn 
(~100 yr) forest Grand 

The most precise species 
Identifications are in bold. 

Number of sites: 2 7 3 5 2 1 20 

Gould’s Wattled Bat Chalinolobus gouldii 0.5 0.0 1.0 0.2 0.5 0.0 0.3 

Gould’s Wattled Bat (or other sp 
with similar call) 

Chalinolobus gouldii/Scotorepens 
balstoni/Mormopterus lp  0.0 0.0 2.3 0.0 0.0 0.0 0.4 

Chocolate Wattled Bat Chalinolobus morio 0.0 0.0 1.3 0.8 0.5 0.0 0.5 

Chocolate Wattled Bat or Southern 
Forest Bat (high frequency call 
form) # 

Chalinolobus morio / Vespadelus 
regulus (HF) 0.0 0.1 1.0 0.8 2.0 6.0 0.9 

Chocolate Wattled Bat (or 
Common Bent-wing Bat) 

Chalinolobus morio/Miniopterus 
schreibersii 0.0 0.0 1.3 0.0 1.0 0.0 0.3 

Eastern False Pipistrelle Falsistrellus tasmaniensis 0.0 0.0 0.3 1.6 0.0 0.0 0.5 

Southern Freetail Bat Mormopterus sp.(lp) 0.0 0.6 9.3 7.8 3.0 1.0 3.9 

Eastern Freetail Bat Mormopterus sp.(sp2) 0.0 0.0 2.3 0.8 0.0 0.0 0.6 

Lesser or Gould’s Long-eared 
Bat ## N.geoffroyi/gouldi 0.0 1.4 4.0 1.0 9.5 4.0 2.5 

Long-eared Bat sp. or Large-
footed Myotis 

Myotis macropus/Nyctophilus 
gouldi/Nyctophilus geoffroyi 0.0 0.0 0.7 0.0 0.0 0.0 0.1 

Inland Broad-nosed Bat Scotorepens balstoni 0.0 0.0 0.0 0.2 0.0 0.0 0.1 

White-striped Freetail Bat Tadarida australis 0.5 0.6 1.3 1.4 5.0 18.0 2.2 

Large Forest Bat Vespadelus darlingtoni 0.5 0.0 2.3 2.2 1.0 2.0 1.2 

Large Forest Bat or Southern 
Forest Bat (low frequency call 
form) 

Vespadelus 
darlingtoni/Vespadelus regulus LF  0.0 0.3 1.0 1.8 2.0 7.0 1.3 

Southern Forest Bat (low 
frequency form) Vespadelus regulus (LF) 0.0 0.0 0.0 0.6 0.5 1.0 0.3 

Southern Forest Bat (or Common 
Bent-wing Bat) 

Vespadelus regulus 
LF/Miniopterus schreibersii 0.0 0.0 0.0 0.0 0.0 1.0 0.1 

Little Forest Bat Vespadelus vulturnus 0.0 0.0 0.7 0.0 0.0 4.0 0.3 

Little Forest Bat (or Common Bent-
wing Bat) 

Vespadelus vulturnus/Miniopterus 
schreibersii 0.0 0.0 0.3 0.0 0.0 1.0 0.1 

Total bats identified per night 1.5 3.0 29.3 19.2 25.0 45.0 15.2 

Total calls per night 8.5 30.9 239.3 284.2 244.0 450.0 165.5 

Bat calls per night 0.5 - 1.5 hr after sunset 1.5 4.7 21.7 28.5 54.0 31.0 18.6 

Bat calls 0.5-1.5 hr after sunset as % of total bat calls per night 18.3 18.1 8.7 11.7 20.8 6.9 15.0 

# The key identified calls in this row as Southern Forest Bat Vespadelus regulus (high frequency form).  The high frequency form is probably a distinct species and is mainly found in northern 

Victoria (L. Lumsden, pers. comm.).  Its call can be confused with Chocolate Wattled Bat Chalinolobus morio, and we suggest that many or all of these records can be attributed to that species. 

## Calls of Lesser Long-eared Bat Nyctophilus geoffroyi and Gould’s Long-eared Bat N. gouldi cannot be distinguished from each other with current technology.  Lesser Long-eared Bats are 

likely to be the common or sole species on the Volcanic Plains (see Menkhorst 1995). 



Fauna in eucalypt plantations on Victorian Volcanic Plains near Lismore, south-western Victoria 

 

Arthur Rylah Institute for Environmental Research Technical Report Series No. 190 

 
19 

Table 4.  Mean values of selected habitat variables at 32 sites in the Volcanic Plains near Lismore, south-west Victoria, 2006-07. 
Cover indices were estimated on a scale from 0 (absent) to 5 (abundant). 

Habitat variable Open farmland 
4-10 yr 
plntatn 

disturbed 
mature 
plntatn 

mature plntn 
(~60-80 yr) 

old plntn 
(~100 yr) forest 

Live hollow-bearing trees 0 0 6.8 9.3 13.8 7.0 

Other live retained trees (no hollows) 0 0 3.5 2.9 0 lots 

Dead hollow-bearing trees 0 0 0.3 1.9 3.8 0.5 

Other dead retained trees (no hollows) 0 0 0.3 0.3 0.5 0.5 

Tall (>2m) shrub cover index (0-5) 0 0.3 0 0 0.4 2.0 

Small (<2m) shrub cover index (0-5) 0 0 0.3 0 0.2 0.5 

Coarse woody debris (natural logs/ha 
>15cm diameter) 0 0 15.0 33.4 33.8 7.0 

Logs/ha (thinnings or felled) 0 0 8.0 26.9 13.4 1.5 

Small branches (inc prunings) 1.2 1.6 3.0 3.1 2.8 0 

Blackberry cover index (0-5) 0 0 0 0 0 0.5 

Mistletoe cover index (0-5) 0 0 0 0 0 0 

Grass cover cover index (0-5) 4.8 2.8 3.0 1.0 3.2 5.0 

Grass height (cm) 17.5 57.6 3.4 3.9 10 60 

Grass % flattened 8.4 30.9 1.8 1.7 6.0 20 

Leaf litter cover index (0-5) 0 1.7 1.8 3.7 3.8 1.0 
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Appendix 1   
Mean abundances of bird species and mammal species visible by day (numbers of 
individuals per 10 standard 10-minute, 1 ha area-searches) in 32 sites in Volcanic Plains 
near Lismore, south-western Victoria, 2006-07, the sites representing open farmland, 
remnant forest and four age-classes of eucalypt plantation.  Only birds observed on-site are 
included in this table: some additional species (e.g. Singing Bushlark) were observed off-site.  A full list 
(excluding waterbirds) is supplied in Appendix 2.  

 

Species open 
4-10 yr 
plntn 

sparse or 
disturbed 
mature 

plantatio
n 

mature 
plntn 
(~60-
80 yr) 

old 
plntn 
(~100 

yr) forest 

Counts: 12 19 11 19 16 4 

Sites: 5 9 4 7 5 2 

Stubble Quail 4.2 0 0 0 0 0 

Common Bronzewing 0 1.1 0 0 0 0 

Brown Goshawk 0 0 0 0 0 3.3 

Wedge-tailed Eagle 0 0 0 0.4 0 0 

Peregrine Falcon 0 0 0 0 0.6 0 

Brown Falcon 0 0.5 0 0 0.6 0 

Australian Kestrel 1.7 0 0 0 0 0 

Musk Lorikeet 0 0 0 28.9 1.3 0 

Purple-crowned Lorikeet 0 0 1.8 14.2 1.9 0 

Little Lorikeet 0 0 0 0 1.3 0 

Gang-gang Cockatoo 0 0 0 0.5 0 0 

Long-billed Corella 0 0 0 7.9 37.5 0 

Galah 0 0 6.4 23.7 5.0 0 

Crimson Rosella 0 0 0 1.1 0 5.0 

Eastern Rosella 0 1.6 12.7 12.1 15.6 3.3 

Red-rumped Parrot 0 2.6 5.5 17.9 19.4 11.7 

Sacred Kingfisher 0 0 0 0 0 3.3 

Welcome Swallow 2.5 0 3.6 0 1.3 0 

Tree Martin 0 0 0 0 0 3.3 

Grey Fantail 0 1.6 0 0.5 0 5.5 

Willie Wagtail 1.7 4.2 3.6 5.3 3.1 3.3 

Restless Flycatcher 0 0 0 1.6 0.6 3.3 

Eastern Yellow Robin 0 0 0 0 0 3.3 

Golden Whistler 0 0 0 0.5 0.6 0 

Rufous Whistler 0 0.5 0 1.1 0 1.7 

Grey Shrike-thrush 0 1.6 0.9 1.1 0.6 5.0 

Magpie-lark 0.8 1.1 3.6 1.1 1.9 0 

Crested Shrike-tit 0 1.1 1.8 0 0 0 

White-winged Triller 0 0 0 0.5 0 0 

Yellow Thornbill 0 1.6 0 0 0 0 

Brown Thornbill 0 1.1 0 0 0 15.0 

Yellow-rumped Thornbill 15.0 6.3 9.1 31.6 0 0 

Superb Fairy-wren 0 0 0.9 0 0 35.0 

Dusky Woodswallow 0 0 0 0 0 3.3 

White-throated 
Treecreeper 0 0 0 0 0 3.3 

Spotted Pardalote 0 0 0 0.5 0 1.7 

(continued on next page) 
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Appendix 1 (continued) 

Species               open 
4-10 yr 
plntn 

sparse or 
disturbed 
mature 

plantatio
n 

mature 
plntn 
(~60-
80 yr) 

old 
plntn 
(~100 

yr) forest 

Striated Pardalote 0 0 0 3.2 0.6 5.0 

White-naped Honeyeater 0 0 0 0 0 3.3 

Eastern Spinebill 0 0.5 0 0 0 0 

Yellow-faced Honeyeater 0 0 0 0 0 1.7 

White-plumed Honeyeater 0 30.0 6.4 5.3 6.9 6.7 

Noisy Miner 0 10.0 14.5 19.5 29.4 0 

Red Wattlebird 0 3.2 3.6 0 1.9 0 

Richard's Pipit 1.7 1.1 0 0 0 0 

Grey Butcherbird 0 0 0 0 2.5 0 

Australian Magpie 14.2 3.2 10.9 26.3 13.8 10.0 

Australian Raven  0 1.1 0 0.5 0 0 

Little Raven 6.7 2.2 3.6 2.1 0 0 

Blackbird 0 1.1 0 0 0 3.3 

Skylark 5.0 0.5 0 0 0 0 

House Sparrow 0 2.6 10.9 2.1 0 0 

European Goldfinch 0 8.4 0 0 0 0 

European Greenfinch 0 0.5 0 0 0 0 

Common Starling 0 1.6 6.4 17.4 13.1 0 

Brown Hare 0.8 3.2 0 0 2.5 0 

Macropod sp. 0 0.4 0 0 0 1.3 
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Appendix 2. 
Bird, mammal and frog species observed during study of fauna in eucalypt plantations and 
nearby habitats in the Volcanic Plains near Lismore, 2006-07, with scientific names and 
guilds to which they have been assigned.  Waterbirds have been excluded, as they were not 
observed to make use of the study sites. 

Birds Scientific name Habitat Feed Nest Mgrtn Status 

Stubble Quail Coturnix pectoralis O SG G N N 

Common Bronzewing Phaps chalcoptera F SG N N N 

Brown Goshawk Accipiter fasciatus F V N N N 

Wedge-tailed Eagle Aquila audax F V N N N 

Little Eagle Hieraaetus morphnoides F V N N N 

Peregrine Falcon Falco peregrinus F V N N N 

Brown Falcon Falco berigora O V N N N 

Australian Kestrel Falco cenchroides O V N N N 

Southern Boobook Ninox boobook F V LH N N 

Powerful Owl Ninox strenua F V LH N N 

Barn Owl Tyto alba O V N N N 

Musk Lorikeet Glossopsitta concinna F N LH N N 

Purple-crowned Lorikeet Glossopsitta porphyrocephala F N SH N N 

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus F ST LH N N 

Gang-gang Cockatoo Callocephalon fimbriatum F ST LH N N 

Sulphur-crested Cockatoo Cacatua galerita O SG LH N N 

Long-billed Corella Cacatua tenuirostris O SG LH N N 

Galah Cacatua roseicapilla O SG LH N N 

Crimson Rosella Platycercus elegans F ST LH N N 

Eastern Rosella Platycercus eximius O SG LH N N 

Red-rumped Parrot Psephotus haematonotus O SG SH N N 

Australian Owlet-nightjar Aegotheles cristatus F OT SH N N 

Laughing Kookaburra Dacelo novaeguineae F V LH N N 

Sacred Kingfisher Todiramphus sanctus F V SH S N 

Welcome Swallow Hirundo neoxena F A L N N 

Tree Martin Hirundo nigricans F A SH S N 

Grey Fantail Rhipidura fuliginosa F C N N N 

Willie Wagtail Rhipidura leucophrys O OG N N N 

Restless Flycatcher Myiagra inquieta F OT N N N 

Flame Robin Petroica phoenicea F OG N N N 

Eastern Yellow Robin Eopsaltria australis F DG N N N 

Golden Whistler Pachycephala pectoralis F TS N N N 

Rufous Whistler Pachycephala rufiventris F C N S N 

Grey Shrike-thrush Colluricincla harmonica F G N N N 

Magpie-lark Grallina cyanoleuca O OG N N N 

Crested Shrike-tit Falcunculus frontatus F B N N N 

White-winged Triller Lalage tricolor F C N S N 

White-fronted Chat Epthianura albifrons O OG N N N 

Brown Thornbill Acanthiza pusilla F TS N N N 

Yellow-rumped Thornbill Acanthiza chrysorrhoa O OG N N N 

Clamorous Reed Warbler Acrocephalus stentoreus W W W S N 

Superb Fairy-wren Malurus cyaneus F OT N N N 

Dusky Woodswallow Artamus cyanopterus F A L S N 

White-throated Treecreeper Cormobates leucophaeus F B SH N N 

                                                                                                               (continued on next page)
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Appendix 2 (continued) 

 
Birds  Scientific name Habitat Feed Nest Mgrtn Status 

Spotted Pardalote Pardalotus punctatus F C B N N 

Striated Pardalote Pardalotus striatus F C SH N N 

Silvereye Zosterops lateralis F F N N N 

White-naped Honeyeater Melithreptus lunatus F N N N N 

Yellow-faced Honeyeater Lichenostomus chrysops F N N N N 

White-plumed Honeyeater Lichenostomus penicillatus F N N N N 

Noisy Miner Manorina melanocephala O N N N N 

Red Wattlebird Anthochaera carunculata F N N N N 

Richard's Pipit Anthus novaeseelandiae O OG G N N 

Singing Bushlark Mirafra javanica O OG G N N 

Grey Butcherbird Cracticus torquatus F V N N N 

Australian Magpie Gymnorhina tibicen O OG N N N 

Forest Raven Corvus tasmanicus F V N N N 

Australian Raven  Corvus coronoides F V N N N 

Little Raven Corvus mellori O OG N N N 

Blackbird Turdu merula F DG N N I 

Skylark Alauda arvensis O OG G N I 

House Sparrow Passer domesticus O SG N N I 

European Goldfinch Carduelis carduelis O SG N N I 

European Greefinch Carduelis chloris O SG N N I 

Common Starling Sturnus vulgaris O OG SH N I 

Mammals             

Common Brushtail Possum Trichosurus vulpecula F T LH N N 

Common Ringtail Possum Pseudocheirus peregrinus F T LH N N 

Black Wallaby Wallabia bicolor F H G N N 

Eastern Grey Kangaroo Macropus giganteus F H G N N 

White-striped Freetail Bat Tadarida australis F A SH N N 

Lesser or Gould’s Long-eared 
Bat  N.geoffroyi/gouldi F A SH N N 

Gould’s Wattled Bat Chalinolobus gouldii F A SH N N 

Chocolate Wattled Bat Chalinolobus morio F A SH N N 

Inland Broad-nosed Bat Scotorepens balstoni F A SH N N 

Eastern False Pipistrelle Falsistrellus tasmaniensis F A SH N N 

Southern Forest Bat (low 
freq. form) Vespadelus regulus (LF) F A SH N N 

Little Forest Bat Vespadelus vulturnus F A SH N N 

Large Forest Bat Vespadelus darlingtoni F A SH N N 

European Rabbit Oryctolagus cumiculus O H B N I 

Brown Hare Lepus capensis O H G N I 

Red Fox Vulpes vulpes G V B N I 

Feral Cat Felis cattus G V G N I 

Southern Freetail Bat Mormopterus sp.(lp)           

Eastern Freetail Bat Mormopterus sp.(sp2)           

Frogs             

Spotted Marsh Frog Limnodynastes tasmaniensis W W W N N 

Common Froglet Crinia signifera W W W N N 

Brown Tree Frog Litoria ewingii W W W N N 
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Appendix 3. Classification list (habcodes) for study sites in eucalypt plantations and nearby habitats on the Volcanic Plains near Lismore , south-

western Victoria, 2006-07. 

Site No Numeric Habitat: Standard habitat: Habcode 

LP04 4 4-5 yr 4-10 yr plntn 4-10 yr plntn 

LP06 6 5-10 yr 4-10 yr plntn 4-10 yr plntn 

LP07 7 5-10 yr 4-10 yr plntn 4-10 yr plntn 

LP09 9 4-5 yr 4-10 yr plntn 4-10 yr plntn 

LP12 12 6-8 yr 4-10 yr plntn 4-10 yr plntn 

LP17 17 5-10 yr 4-10 yr plntn 4-10 yr plntn 

LP18 18 5-10 yr 4-10 yr plntn 4-10 yr plntn 

LP19 19 5-10 yr 4-10 yr plntn 4-10 yr plntn 

LP20 20 5-10 yr 4-10 yr plntn 4-10 yr plntn 

LP23 23 mature, coppiced, aged 5yr one side; 20yr other coppice, 2 ages atypical mature plntn 

LP25 25 harvested 05, ~20% trees retained plntn (60-80) with recent logging atypical mature plntn 

LO27 27 100 yr (very sparsely planted in paddock) sparse old plntn atypical mature plntn 

LO28 28 100 yr (sparsely planted in paddock) sparse old plntn atypical mature plntn 

LR29 29 remnant, gully forest forest 

LR32 32 remnant nr Cape Clear forest forest 

LP01 1 mature plantation mature plntn (~60-80 yr) mature plntn (~60-80 yr) 

LP03 3 mature plantation mature plntn (~60-80 yr) mature plntn (~60-80 yr) 

LP08 8 mature plantation mature plntn (~60-80 yr) mature plntn (~60-80 yr) 

LP10 10 mature plantation (80+ yr) mature plntn (~60-80 yr) mature plntn (~60-80 yr) 

LP16 16 mature plantation mature plntn (~60-80 yr) mature plntn (~60-80 yr) 

LP24 24 mature plantation mature plntn (~60-80 yr) mature plntn (~60-80 yr) 

LP26 26 60 yr mature plntn (~60-80 yr) mature plntn (~60-80 yr) 

LP13 13 100 yr old plntn (~100 yr) old plntn (~100 yr) 

LP15 15 100 yr old plntn (~100 yr) old plntn (~100 yr) 

LP21 21 100yr + regen old plntn (~100 yr) old plntn (~100 yr) 

LP22 22 100yr old plntn (~100 yr) old plntn (~100 yr) 

   LP30 30 100yr old plntn (~100 yr) old plntn (~100 yr) 

   LC02 2 paddock open open 

   LC05 5 paddock open open 

   LC11 11 paddock open open 

   LC14 14 paddock open open 

   LC31 31 paddock open open 
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Summary  

Small patches of remnant native forest in farmland are often degraded, supporting few forest 

birds.  The suggestion has been made that tree plantations could help protect such patches, 

allowing them to support more forest birds.  This study was undertaken to test that hypothesis 

in the Green Triangle of south-western Victoria and south-eastern South Australia.  This 

followed on from previous work comparing the values of tree plantations, native forest and 

cleared farmland as habitat for birds and other fauna. 

Timed area searches for diurnal birds were conducted at 47 sites in remnant patches of native 

forest in the Green Triangle area of south-western Victoria and south-eastern South Australia 

in 2007-8. Seventeen sites were in patches isolated in paddocks, 15 in patches embedded in 

Blue Gum plantations and 15 in patches embedded in pine plantations.  Ten additional sites 

were also selected in extensive native forest (3 sites) and Blue Gum plantations (7), but were 

not included in the main analysis as these habitats had been investigated the previous year.   

Forest birds were more abundant in small patches embedded in pine plantations than in small 

patches embedded in Blue Gums, and the latter differed little from small patches isolated in 

paddocks.  Open-country birds were most abundant in small patches isolated in paddocks.  

Species and guilds that made material use of one or other of the matrix habitats (farmland, 

Blue Gum or pine plantations) were most abundant in patches embedded in that matrix. 

Forest or woodland birds were most abundant in extensive native forest or large embedded 

remnant patches.  They were about half as abundant in large patches in farmland or in small 

patches embedded in pine plantations, and less abundant again in small patches embedded in 

Blue Gum plantations or in small patches isolated in farmland.  

Open-country birds were more common in small patches isolated in paddocks, than in large 

patches in paddocks, and less common again in small or large patches embedded in 

plantations of any sort.  

Canopy-foraging insectivores were most common in small or large patches in farmland, 

where hollow-nesting Striated Pardalotes were the dominant species in the guild.  Bark-

foraging insectivores, insectivores that forage from damp ground and large seed-eaters that 

take food from trees were most common in patches embedded in pine plantations. 

Nectarivores showed little difference between types of remnant forest patch, but there were 

some marked differences in species composition.  Three species favoured small remnant 

patches isolated in farmland (White-plumed Honeyeater, Noisy Miner and Black-chinned 

Honeyeater) whereas most other species were more common in embedded patches or 

extensive forest. 

Introduced birds were rare or absent in extensive forest or Blue Gum plantations, and most 

common in small patches in farmland where they formed 6.3% of the bird community. 

The study shows that decisions to embed small patches of forest in tree plantations may 

indeed enhance their value as habitat for certain forest bird species and guilds, though at the 

expense of open-country species.  Pine plantations appear to be more effective as buffers than 

Blue Gum plantations, but this may be related to the longer duration over which they have 

been established.  Decisions to establish plantations around patches of remnant native forest 

could be guided by these results and the relative priorities for conserving forest birds or open-

country birds.     
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Introduction 

 

In areas where native forest has been greatly reduced by clearing for agriculture, it might be 

expected that tree plantations could help restore some of the ecological function and habitat 

features that have been depleted.  Studies have shown that tree plantations can help directly 

by providing habitat for some fauna species (e.g. Suckling et al. 1976, Law and Chidel 2002 

& 2006, Hobbs et al. 2003, Rossi 2004, Kavanagh et al. 2007, Loyn et al. 2007), in various 

parts of Australia including the Green Triangle (Loyn et al. 2009).  Another suggestion has 

been made, that they could provide an indirect benefit by protecting patches of remnant forest 

from a range of agents that degrade their value when they remain exposed in open paddocks 

(Loyn 2000, MacHunter et al. 2006).  Patches of remnant native forest in farmland can 

provide valuable habitat for birds and other wildlife (Loyn 1987, Law and Dickman 1998, 

Radford et al. 2005, Bennett et al. 2006).  However, small patches of forest in farmland often 

support low densities of forest birds, especially when those remnant patches are <10-20 ha in 

size, heavily grazed by domestic stock and/or occupied by aggressive Noisy Miners Manorina 

melanocephala (Loyn 1987, Grey et al. 1997, 1998, Catterall et al. 1997, Mac Nally and 

Horrocks 2002, Piper and Catterall 2003).  The present study examines the hypothesis that 

patches of remnant forest embedded in tree plantations may retain more value as habitat for 

forest birds than similar sets of remnant forest patches that remain exposed in open farmland. 

The study examined birds in remnant patches of native forest, some of which have become 

embedded in eucalypt and pine plantations while others remain isolated in pasture.  The study 

was commissioned by the Glenelg-Hopkins CMA and the Green Triangle Regional Plantation 

Committee, following previous work on fauna in plantations in that region and elsewhere 

(Loyn et al. 2007, 2009).  

 

The Green Triangle Region consists of SE SA and SW Vic and has a mild temperate climate, 

strongly influenced by its coastal location, contrasting with more arid climatic conditions 

further inland.  The natural vegetation consists of mixed eucalypt forests, dominated by 

Brown Stringybark Eucalyptus baxteri, Messmate E. obliqua, Manna Gum E. viminalis and 

River Red Gum E. camaldulensis.  The region has fertile soils and supports a wide range of 

primary production, including forestry, viticulture and production of sheep, cattle, dairy 

products and a wide range of crops.  Many native forests were cleared for agriculture in the 

early days of European settlement.  Remaining stands of native forest have supported a small-

scale timber industry, but the economic value of the industry increased greatly with the 

establishment of tree plantations in the 1960s, firstly involving exotic Monterey Pine Pinus 

radiata and more recently involving Blue Gums Eucalyptus globulus, a species that is native 

to south-eastern Australia but not to this region.  Plantations of pines and eucalypts now cover 

an extensive area, and are often a dominant feature of the landscape.  Pine plantations were 

originally established on public and private land in both states, but in Victoria they are now 

all managed by private companies, and new pine and eucalypt plantations are established 

exclusively on private land.  In South Australia plantations continue to be established and 

managed on both private and public land. 
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1 Methods 

 

1.1 Site selection 

A total of 47 sites were selected in three main types of remnant forest patch: patches isolated 

in paddocks (pasture, 17 sites); patches embedded in Blue Gum plantations (15), and patches 

embedded in pine plantations (15).  Ten additional sites were also selected in extensive native 

forest (>100 ha, 3 sites) and Blue Gum plantations (7).  Those supplementary habitats were 

not sampled more intensively as they had been investigated more thoroughly the previous 

year.  Altogether 27 of the remnant forest sites were in South Australia and 20 were in 

Victoria (Figure 1).   

 

The sites were selected on the basis of what was available in the region, on properties where 

we had permission to work.  More variation in patch size was encountered in paddocks than 

in plantations.  Some plantations contained large patches of remnant vegetation, but often this 

occurred when special habitats were represented, e.g. swamps.  Twelve of the remnant 

patches were larger than 20 ha: nine of those sites were isolated in paddocks, three were 

embedded in Blue Gum plantations and one was embedded in pine plantations.  When those 

larger patches were removed from the analysis, this left 8 sites in small remnant patches in 

paddocks, 12 sites in small remnant patches in Blue Gum plantations and 14 sites in small 

remnant patches in pine plantations.  The mean area of each set of small remnant patches was 

then quite similar (10.8 ha for small patches in paddocks, 7.2 ha for small patches in Blue 

Gum plantations and 8.8 ha for small patches in pine plantations).      

 

1.2 Day-time area searches for birds and other species 

As in previous work, we used a standard timed area-search for diurnal birds, modified from 

Loyn (1986), in which an observer walked slowly through an area of 1 ha for 10 minutes, 

recording numbers of all birds seen or heard on the site by species.  Birds observed off-site 

were recorded separately.  Searches were made once or twice at each site in November-

December 2007 (spring-summer) and in July-August 2008 (winter). All surveys were 

conducted by experienced observers (Ed McNabb and Garry Cheers). 
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Figure 1. Map of sites surveyed for birds in remnant forest patches in the Green Triangle region, 2007-08. 
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1.3 Analysis 

To help summarise the data, all bird species were assigned to guilds for use of habitat (forest 

or woodland birds vs open-country birds), feeding, nesting, migration and status (Appendix 

1), using the same system as in previous work (Loyn et al. 2009).  Mean abundances were 

then summed for each guild at each site.  Further summaries were prepared by calculating 

means for abundance of species and guilds at each main group of sites (see below).  

 

Data on the mean abundance of forest birds from all sites were initially analysed with a set of 

variables including the habitat (forest, plantation or type of remnant forest) and two random 

variables (season and observer).  Restricted Maximum Likelihood (REML) analysis was used 

to take into account the unbalanced design, using GENSTAT
®

 software.   

 

There were only a few embedded patches large enough to be directly comparable with the 

larger patches of remnant forest exposed in paddocks.  Hence it was decided to separate the 

patches in paddocks into two groups: large patches of 20-100 ha (9 sites) and small patches of 

1-20 ha (8 sites).  This distinction was useful as previous work had shown a dichotomy 

between small and large patches of remnant forest in farmland (Loyn 1987; Mac Nally and 

Horrocks 2002).  For patches embedded in plantations, there were only three sites in the 

larger category in eucalypt (Blue Gum) plantations and one in pine plantations, so they were 

grouped with sites in more extensive forest.  This left four groups of sites with respect to type 

of remnant forest patch: large patches in paddocks (9 sites), small patches in paddocks (8), 

small patches in Blue Gum plantations (13) and small patches in pine plantations (14), as well 

as two supplementary groups of sites (eucalypt plantations and extensive forest or large 

embedded forest patches).  These were used as the six main groups for analysis.   

 

Mean abundance of each guild was calculated across the two seasons and observers, for use as 

dependent variables.   Data on abundances of the main bird guilds were analysed with respect 

to these six main groups including four types of remnant forest patch.  MANOVA was used to 

analyse data simultaneously from the two habitat guilds (forest birds and open-country birds) 

and then the suite of 14 feeding guilds.  Bootstrapping was used to provide valid parameter 

estimates for variables where data contained large numbers of zero values.  
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2 Results 

 

Altogether 73 bird species were observed during the study, including 70 native species and 

three introduced species (Appendix 1).  Data on the main guilds are shown in Table 1, and 

data on species are shown in Appendix 2.  The species included some woodland birds that are 

generally considered to have declined in Victoria (notably Restless Flycatcher, Brown 

Treecreeper (Figure 2) and Black-chinned Honeyeater) as well as more common forest birds. 

 

Forest birds were more abundant in extensive forest than in remnant forest patches (p<0.001) 

and more abundant in remnant forest patches than in Blue Gum plantations (p=0.05).  Forest 

birds appeared to be ~12% more abundant in spring-summer than in winter but the difference 

was only significant at p<0.1.  One observer consistently recorded ~15% more individual 

forest birds than the other (p=0.002), with little difference in species composition.  The 

difference arose from differing tendencies to record birds as on-site or off-site, rather than 

from any difference between observers in their ability to detect birds.  

 

Forest birds were more abundant in small patches embedded in pine plantations than in small 

patches embedded in Blue Gums (p<0.05), and the latter differed little from small patches 

isolated in paddocks.  Open-country birds were most abundant in small patches isolated in 

paddocks (p<0.01).   

 

Generally species that made material use of one or other of the matrix habitats (farmland, 

eucalypt or pine plantations) were most abundant in patches embedded in that matrix.  For 

example, Australian Magpies, Galahs and other open-country birds were most common in 

remnant forest patches isolated in farmland; White-throated Treecreepers (Figure 2), Brown 

Thornbills and Golden Whistlers (Figure 3) were most common in remnant forest patches 

embedded in pine plantations, and Rufous Whistlers were most common in remnant forest 

patches embedded in eucalypt plantations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Brown Treecreeper. 
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Figure 3. Golden Whistler. 

 

In terms of habitat guilds (Table 1), forest or woodland birds were most abundant in extensive 

native forest or large embedded remnant patches (Figure 4).  They were about half as 

abundant in large patches in farmland or in small patches embedded in pine plantations 

(Figure 4), p<0.01.  They were less abundant again in small patches embedded in eucalypt 

plantations or in small patches isolated in farmland, p<0.01, and less abundant again in 

eucalypt plantations (Figure 4), p<0.05.   

 

Open-country birds showed a different pattern, being most common in small patches isolated 

in paddocks, then in large patches in paddocks, and less common again in small or large 

patches embedded in plantations of any sort (p<0.01).  

 

In terms of feeding guilds (Table 1), insectivores that forage from open ground showed the 

same pattern as open-country birds more generally, with greatest abundance in small patches 

in farmland (Figure 5).   Carnivores showed a similar pattern, except that they were most 

common in large not small patches in paddocks, and were least common in extensive forest or 

large embedded remnant patches.  
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Table 1.  Mean abundance of selected bird habitat and feeding guilds in six habitat types including remnant forest patches embedded in tree plantations 

in the Green Triangle of south-eastern South Australia and south-western Victoria, 2007-08. 

Bird guild Code 

Eucalypt  

Plantation 

Small 

patch  

embedded 

in eucalypt 

plantation 

Small 

patch  

embedded 

in pine 

plantation 

Small patch  

isolated in 

farmland 

Large 

patch  

isolated in 

farmland 

Extensive  

forest or 

large 

embedded 

patch 

Habitat guilds               

Forest or woodland birds FB 4.64 7.83 12.46 8.25 11.44 20.68 

Open-country birds OCB 0.00 0.64 0.38 3.19 1.65 0.47 

Feeding guilds               

Aerial insectivores A 0.07 0.04 0.09 0.13 0.00 0.00 

Bark-foraging insectivores B 0.00 0.23 0.70 0.13 0.39 1.40 

Canopy-foraging insectivores C 1.00 1.14 0.97 1.73 1.57 0.53 

Insectivores foraging from damp ground below cover DG 0.00 0.04 0.61 0.00 0.00 0.40 

Frugivores F 0.14 0.15 0.15 0.00 0.15 2.60 

Generalist insectivores G 0.21 0.31 0.48 0.31 0.39 0.20 

Nectarivores N 0.43 1.51 2.58 2.04 3.57 7.53 

Insectivores foraging from open ground (may be far from cover) OG 0.00 0.37 0.30 3.00 1.31 0.73 

Insectivores foraging from open ground among trees or shrubs OT 0.50 1.18 1.20 1.00 1.80 1.87 
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 Code 

Eucalypt  

Plantation Bird guild 

Small 

patch  

embedded 

in pine 

plantation 

Small patch  

isolated in 

farmland 

Large 

patch  

isolated in 

farmland 

Extensive  

forest or 

large 

embedded 

patch 

Habitat guilds               

Seed-eaters taking seed mainly close to the ground SG 0.00 0.65 0.47 0.81 0.50 0.21 

Seed-eaters feeding at all levels ST 0.14 0.69 1.32 0.44 0.39 0.47 

Insectivores foraging from tall shrubs TS 2.07 1.49 2.38 0.44 0.94 3.00 

Understorey insectivores U 0.00 0.23 0.39 0.31 0.28 1.07 

Carnivores, taking vertebrates among other food V 0.07 0.04 0.32 0.60 1.41 0.00 
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Figure 4.  Mean abundance of forest birds and open-country birds  in six habitat types including remnant forest patches embedded in tree plantations in 

the Green Triangle of south-eastern South Australia and south-western Victoria, 2007-08.   

BGP=eucalypt (Blue Gum) plantations; EBG=small remnant patches embedded in Blue Gums; EP=small remnant patches embedded in pines; IP=small remnant patches 

isolated in farmland (paddocks); LPP=large remnant patches isolated in farmland (paddocks); FLE=extensive forest or large embedded patches.  Small patches are <20 ha. 
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Figure 5.  Mean abundance of 14 bird feeding guilds in six habitat types including remnant forest patches embedded in tree plantations in the Green 

Triangle of south-eastern South Australia and south-western Victoria, 2007-08.  

The guilds are: A=aerial insectivores; B=bark-foraging insectivores; C=canopy-foraging insectivores; DG=insectivores foraging from damp ground below cover; F=frugivores; 

G=generalist insectivores; N=nectarivores; OG=insectivores foraging from open ground (may be far from cover); OT=insectivores foraging from open ground among trees or 

shrubs; SG=seed-eaters feeding mainly close to the ground; ST=large seed-eaters feeding at all levels including in trees; TS=insectivores foraging from tall shrubs; 

U=understorey insectivores; V=carnivores (taking vertebrates along with other food).  BGP=eucalypt (Blue Gum) plantations; EBG=small remnant patches embedded in Blue 

Gums; EP=small remnant patches embedded in pines; IP=small remnant patches isolated in farmland (paddocks); LPP=large remnant patches isolated in farmland 

(paddocks); FLE=extensive forest or large embedded patches.  Small patches are <20 ha. 
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Most other feeding guilds showed similar patterns to that observed for forest or woodland 

birds, with greatest abundance in extensive native forest or large embedded remnant patches 

(Figure 5).  Canopy-foraging insectivores were a surprising exception, with highest levels of 

abundance reached in small or large patches in farmland (Figure 5).  The species composition 

of the guild differed between isolated and embedded remnant patches, with Striated 

Thornbills being more common in embedded patches and Striated Pardalotes being more 

common in isolated patches in farmland (Appendix 2).  Insectivores that feed from tall shrubs 

showed little difference between the three types of small patch (Figure 5), despite the high 

densities of some species in the guild in patches embedded in pines.  Three other guilds 

showed notable differences between types of small embedded patch, and all were most 

common in patches embedded in pine plantations.  They were bark-foraging insectivores 

(dominated by White-throated Treecreepers), insectivores that forage from damp ground 

(dominated by Eastern Yellow Robins and the introduced Common Blackbird) and large 

seed-eaters that take food from trees (dominated by Crimson Rosellas).  Some differences 

were observed in the responses of individual species (Appendix 2).  For example, Eastern 

Yellow Robins were even more common in extensive forest but Common Blackbirds were 

most common in remnant patches embedded in pines, and rare in extensive forest.  White-

throated Treecreepers were absent from small patches isolated in paddocks, and the less 

common Brown Treecreeper was found only in one such patch.   

 

Nectarivores showed little difference between types of remnant forest patch, but there were 

some marked differences in species composition.  Two species (White-plumed Honeyeater 

and Noisy Miner) were found mainly in small remnant patches isolated in farmland.  Most 

other species were more common in embedded patches or extensive forest (Appendix 2). 

 

In terms of nesting guilds, hollow nesters were more common in small patches isolated in 

farmland than in other habitats (Table 1).  This applied to large hollow nesters such as parrots 

(many of which fed extensively in adjacent farmland) and to small hollow nesters.  Striated 

Pardalotes were the dominant small hollow nester in such patches, whereas White-throated 

Treecreepers were the most common species in extensive forest or large remnant patches.   

 

Introduced birds were rare or absent in extensive forest or eucalypt plantations.  They formed 

1.8% of the bird community in small patches embedded in eucalypt plantations, 4.4% in small 

patches embedded in pine plantations, 6.3% in small patches isolated in farmland and 2.9% in 

large patches in farmland (Table 1).  European Goldfinches were present in all those habitats, 

along with Common Blackbirds in small patches embedded in pine plantations.   
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3 Discussion 

 

The results show several differences in bird communities between small remnant patches of 

forest isolated in farmland, and similar small patches embedded in tree plantations.  Hence 

there is scope to manipulate bird communities through planning decisions about where to 

establish tree plantations.  Furthermore, the results suggest some differences in response 

between plantations of eucalypts (Blue Gum) and pine (Monterey Pine).  Hence decisions 

about the species mix of new plantations will have consequences for the bird communities of 

remnant forest patches that become embedded in those plantations, as well as for the land 

directly affected by the plantations.  Understanding these consequences opens up new 

opportunities to favour or disfavour particular groups of birds in the rural landscape through 

land use decisions.  Such decisions are continually being made or influenced at various levels 

by private landholders, plantation companies, local authorities and State or Commonwealth 

agencies.  

 

The hypothesis that prompted this study was that small patches in farmland could benefit 

from the protection afforded by embedding them in plantations, against adverse agents that 

reduced their value when they remained isolated in farmland (Loyn 2000).  This was based on 

previous observations that small remnant patches in farmland supported low densities of 

forest birds, and this was related to adverse effects of grazing stock, defoliating insects and 

aggressive territoriality of a native bird species that favoured such patches, the Noisy Miner 

Manorina melanocephala (Loyn 1987, Grey et al. 1997, 1998; Catterall et al.  1997; Mac 

Nally and Horrocks 2002; Piper and Catterall 2003), and a threshold of 10-20 ha has been 

identified below which small patches in farmland are subject to degradation by these agents.  

Establishment of new eucalypt plantations in Gippsland was found to reduce the predicted 

deterioration of nearby forest patches (MacHunter et al. 2006).  Hence we hypothesised that 

small patches of remnant forest embedded in tree plantations would be buffered from those 

effects and support higher densities of forest birds than small patches that remained isolated in 

farmland.    

 

We found some evidence to support this hypothesis for forest birds and three bird guilds 

(bark-foraging insectivores, damp-ground foraging insectivores and large seed-eaters that take 

food from trees as well as other strata) when the small remnant patches were embedded in 

pine plantations.  But we did not find as marked a general effect as expected when patches 

were embedded in eucalypt plantations: such patches did not support significantly different 

densities of forest birds from small patches that remained isolated in farmland, despite some 

differences for individual species and guilds.   Two main reasons can be suggested for this 

lack of difference.  One is that the eucalypt plantations have only been established in recent 

years, whereas the pine plantations have had longer periods of time to exert their potential 

protective influence.  Another is that the small remnant patches in farmland do not appear to 

be as degraded as those that were examined in previous studies (e.g. in Gippsland).  This 

could be for a range of reasons.  Noisy Miners are less prevalent in south-western Victoria 

than in the east of the state (Emison et al. 1987), and in some areas they may be relatively 

recent colonists.  They were only represented on a few of our study sites, and were never as 

dominant as they can be in small forest patches elsewhere.  The mean size of small isolated 

patches in our study was about 10 ha: if the local threshold for progressive degradation is 10 

ha, some of our sample of 
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isolated patches would have been above that threshold level and hence not suffering from the 

same level of progressive degradation.  Further work is needed to clarify these issues, and 

some is under way (M. Knight, unpublished data).   

 

However, several conclusions can be made from the present data.  Firstly, small patches of 

forest are valuable for birds, whether they are retained in farmland or embedded in tree 

plantations.  Large patches can be even more valuable (in terms of conserving components of 

the original forest fauna) but small patches may have greater collective value because they are 

more numerous.  Small or large patches can provide a valuable resource for many birds that 

are common in farmland but need tree cover for nesting and roosting: this applies to most of 

the common open-country birds.  The present study shows that small patches of remnant 

forest are in fact the most useful for open-country birds on a per-hectare basis. 

 

Embedding small patches of remnant forest in tree plantations may reduce their value for 

open-country birds, but increase their value for forest or woodland birds.  The latter positive 

effects have become apparent in this study for some bird guilds when the remnant patches are 

embedded in pines, but not in eucalypts.  We suspect this may be more a product of time-lags 

(the pines have been established for longer than the eucalypts) than any inherent property of 

the planted tree species.  A judicious strategy for planning new tree plantations in a rural 

landscape should provide for embedding some patches of remnant native forest (to enhance 

their value for forest birds) and leaving others isolated in farmland (to provide resources for 

open-country birds).  The relative mix of these approaches should be influenced by the 

relative priorities for conserving forest species or open-country species.  Socio-economic 

issues also need to be considered, with patches of remnant forest reducing the area available 

for economic production in farmland or tree plantations.  These issues may ultimately affect 

the longevity of some remnant patches, and the competing pressures on landholders to 

conserve or clear particular patches of remnant forest.  
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Appendix 1 

List of habitat, feeding, nesting, migrant and status guilds for bird species observed on-site during 

embedded remnant study in the Green Triangle 2008 – 09 (see key to guilds below).  

Common Name Scientific Name Habitat Feed Nest Migrant Status 

Birds  

Emu Dromaius novaehollandiae F SG G N N 

Common Bronzewing Phaps chalcoptera F SG F N N 

Crested Pigeon Ocyphaps lophotes O SG F N N 

Australian Wood Duck Chenonetta jubata W W W N N 

Australian Shelduck Tadorna tadornoides W W W N N 

Brown Goshawk Accipiter fasciatus F V F N N 

Wedge-tailed Eagle Aquila audax F V F N N 

Peregrine Falcon Falco peregrinus F V F N N 

Sulphur-crested 

Cockatoo Cacatua galerita O SG LH N N 

Long-billed Corella Cacatua tenuirostris O SG LH N N 

Galah Cacatua roseicapilla O SG LH N N 

Crimson Rosella Platycercus elegans F ST LH N N 

Eastern Rosella Platycercus eximius O SG LH N N 

Laughing Kookaburra Dacelo novaeguineae F V LH N N 

Fan-tailed Cuckoo Cacomantis flabelliformis F TS BP S N 

Horsfield's Bronze-

Cuckoo Chrysococcyx basalis F C BP S N 

Shining Bronze-Cuckoo Chrysococcyx lucidus F C BP S N 

Welcome Swallow Hirundo neoxena O A L N N 

Tree Martin Petrochelidon  nigricans F A SH S N 

Grey Fantail Rhipidura albiscapa F C F N N 

Willie Wagtail Rhipidura leucophrys O OG F N N 

Restless Flycatcher Myiagra inquieta F OT F N N 

Jacky Winter Microeca fascinans F OT F N N 

Scarlet Robin Petroica boodang F OT F N N 

Eastern Yellow Robin Eopsaltria australis F DG F N N 

Golden Whistler Pachycephala pectoralis F TS F N N 

Rufous Whistler Pachycephala rufiventris F C F S N 

Grey Shrike-thrush Colluricincla harmonica F G F N N 
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Common Name Scientific Name Habitat Feed Nest Migrant Status 

Magpie-lark Grallina cyanoleuca O OG F N N 

Crested Shrike-tit Falcunculus frontatus F B F N N 

Black-faced Cuckoo-

shrike Coracina novaehollandiae F C F S N 

White-winged Triller Lalage sueurii F C F S N 

Striated Thornbill Acanthiza lineate F C F N N 

Brown Thornbill Acanthiza pusilla F TS F N N 

Buff-rumped Thornbill Acanthiza reguloides F OT L N N 

Yellow-rumped Thornbill Acanthiza chrysorrhoa O OG F N N 

White-browed 

Scrubwren Sericornis frontalis F U F N N 

Rufous Songlark Cinclorhamphus mathewsi      

Australian Reed-Warbler Acrocephalus australis      

Superb Fairy-wren Malurus cyaneus F OT F N N 

Dusky Woodswallow Artamus cyanopterus F A L S N 

Varied Sittella Daphoenositta chrysoptera F B F N N 

Brown Treecreeper Climacteris picumnus F B SH N N 

White-throated 

Treecreeper Cormobates leucophaeus F B SH N N 

Spotted Pardalote Pardalotus punctatus F C B N N 

Striated Pardalote Pardalotus striatus F C SH N N 

Silvereye Zosterops lateralis F F F N N 

White-naped 

Honeyeater Melithreptus lunatus F N F N N 

Black-chinned 

Honeyeater Melithreptus gularis F N F N N 

Brown-headed 

Honeyeater Melithreptus brevirostris F N F N N 

Eastern Spinebill 

Acanthorhynchus 

tenuirostris F N F N N 

Yellow-faced 

Honeyeater Lichenostomus chrysops F N F N N 
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Common Name Scientific Name Habitat Feed Nest Migrant Status 

White-eared Honeyeater Lichenostomus leucotis F N F N N 

White-plumed 

Honeyeater Lichenostomus penicillatus F N F N N 

New Holland 

Honeyeater Phylidonyris novaehollandiae F N F N N 

Noisy Miner Manorina melanocephala O N F N N 

Little Wattlebird Anthocaera chrysoptera F N F N N 

Red Wattlebird Anthocaera carunculata F N F N N 

Spiny-cheeked 

Honeyeater Acanthagenys rufogularis F N F N N 

Red-browed Finch Neochmia temporalis F SG F N N 

Olive-backed Oriole Oriolus sagittatus F C F S N 

White-winged Chough Corcorax melanorhamphos F OT F N N 

Pied Currawong Strepera graculina F V F N N 

Grey Currawong Strepera versicolor F V F N N 

Grey Butcherbird Cracticus torquatus F V F N N 

Australian Magpie Cracticus tibicen O OG F N N 

Forest Raven Corvus tasmanicus F V F N N 

Australian Raven Corvus coronoides F V F N N 

Little Raven Corvus mellori O V F N N 

Bassian Thrush Zoothera lunulata F DG F N N 

Common Blackbird Turdus merula F DG F N I 

European Goldfinch Carduelis carduelis O SG F N I 

Common Starling Sturnus vulgaris O OG SH N I 

 



Embedded remnant forest patches as habitat for birds in the Green Triangle 

20                          Arthur Rylah Institute for Environmental Research Technical Report Series No. 209                               

Key to Appendix 1. Feeding, nesting, migrant and status guilds.  

Habitat guilds  

F Forest or woodland species 

O Open-country species 

W Species usually found in or near water 

Feeding guilds (Note, insectivores take many invertebrates as well as insects.) 

A Aerial foraging insectivores (above canopy or in open areas) 

B Bark foraging insectivores 

C Canopy foraging insectivores 

DG Insectivores foraging from damp ground below cover 

F Frugivores (taking fruit as a major food source, among others) 

G Generalist insectivores, feeding at many levels in the forest 

N Nectarivores (taking nectar, honeydew and invertebrates).  Mammals in this 

group also take sap. 

OG Insectivores foraging from open ground (may be far from cover) 

OT Insectivores foraging from open ground among trees 

TS Insectivores foraging from tall shrubs 

SG Seed-eaters, taking seeds close to the ground 

ST Seed-eaters, taking seeds and insects (eg galls) at all levels 

U Insectivores foraging from dense understorey or the ground below 

V Carnivores/omnivores, taking vertebrates as an important part of their diet 

W Wetlands (various food sources, not further categorised here) 

Guilds for 
nesting or 
shelter 

Main sites used for nesting or shelter are indicated below 

B Burrow in ground 

BP Brood parasite, laying in nests of other species 

F Fork in a branch of shrub or tree (used for most bird species) 

G Ground surface (typically below cover of grasses or shrubs) 

L Ledge or crevice in tree or rock-face (some species also use buildings) 

LH Large hollow in tree (some species also use buildings) 

SH Small hollow in tree (some species also use buildings) 

W Wetlands (including small wet areas for frogs) 

X Inter-continental migrant not nesting in Australia 
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Migratory 

guilds 

 

N Non-migratory (includes nomadic species) 

S Summer visitor to these forests (rare or absent for period April-August) 

Status 
guild 

 

I Introduced to Australia 

N Native 
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Appendix 2.   

Mean abundance of bird species and guilds in six habitat types including remnant forest patches embedded in tree plantations in the Green Triangle of 

south-eastern South Australia and south-western Victoria, 2008-09. 

Species Eucalypt 

plantations 

(Blue Gum) 

Small patch 

embedded in 

eucalypt 

plantations 

Small patch 

embedded in 

pine 

plantations 

Small patch 

isolated in 

paddocks 

Large patch 

isolated in 

paddocks 

Extensive 

forest or 

large 

embedded 

patch 

 BGP EBG EP IP LPP FLE 

Emu 0.000 0.081 0.103 0.000 0.086 0.000 

Common Bronzewing 0.000 0.037 0.059 0.000 0.000 0.000 

Crested Pigeon 0.000 0.000 0.000 0.000 0.000 0.053 

Australian Wood Duck 0.000 0.037 0.000 0.000 0.000 0.000 

Australian Shelduck 0.000 0.000 0.000 0.333 0.000 0.000 

Brown Goshawk 0.000 0.000 0.000 0.000 0.000 0.053 

Collared Sparrowhawk 0.000 0.000 0.000 0.000 0.000 0.053 

Wedge-tailed Eagle 0.000 0.000 0.059 0.000 0.000 0.000 

Peregrine Falcon 0.000 0.000 0.029 0.000 0.000 0.000 

Sulphur-crested Cockatoo 0.000 0.037 0.000 0.000 0.000 0.000 

Long-billed Corella 0.000 0.148 0.000 0.125 0.000 0.000 

Galah 0.000 0.000 0.000 0.125 0.000 0.000 

Crimson Rosella 0.182 0.630 1.294 0.500 0.429 0.368 

Eastern Rosella 0.000 0.185 0.000 0.250 0.000 0.105 

Red-rumped Parrot 0.000 0.000 0.029 0.188 0.286 0.000 
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Species Eucalypt 

plantations 

(Blue Gum) 

Small patch 

embedded in 

eucalypt 

plantations 

Small patch 

embedded in 

pine 

plantations 

Small patch 

isolated in 

paddocks 

Large patch 

isolated in 

paddocks 

Extensive 

forest or 

large 

embedded 

patch 

Laughing Kookaburra 0.091 0.037 0.029 0.375 0.000 0.053 

Fan-tailed Cuckoo 0.000 0.037 0.088 0.000 0.000 0.000 

Horsfield's Bronze-Cuckoo 0.000 0.000 0.029 0.000 0.000 0.000 

Shining Bronze-Cuckoo 0.000 0.037 0.088 0.063 0.000 0.000 

Welcome Swallow 0.000 0.000 0.147 0.125 0.000 0.000 

Tree Martin 0.000 0.037 0.000 0.000 0.000 0.000 

Grey Fantail 0.364 0.556 1.118 0.563 0.714 0.526 

Willie Wagtail 0.000 0.000 0.000 0.313 0.000 0.105 

Restless Flycatcher 0.000 0.000 0.000 0.125 0.286 0.158 

Jacky Winter 0.000 0.000 0.000 0.063 0.000 0.211 

Scarlet Robin 0.273 0.000 0.059 0.000 0.000 0.000 

Eastern Yellow Robin 0.000 0.037 0.235 0.000 0.286 0.000 

Golden Whistler 0.636 0.148 0.588 0.000 0.286 0.263 

Rufous Whistler 0.091 0.148 0.000 0.000 0.000 0.105 

Grey Shrike-thrush 0.273 0.259 0.500 0.313 0.143 0.368 

Magpie-lark 0.000 0.000 0.000 0.188 0.000 0.211 

Crested Shrike-tit 0.000 0.037 0.059 0.000 0.143 0.053 

Black-faced Cuckoo-shrike 0.000 0.074 0.029 0.125 0.000 0.105 
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Species Eucalypt 

plantations 

(Blue Gum) 

Small patch 

embedded in 

eucalypt 

plantations 

Small patch 

embedded in 

pine 

plantations 

Small patch 

isolated in 

paddocks 

Large patch 

isolated in 

paddocks 

Extensive 

forest or 

large 

embedded 

patch 

White-winged Triller 0.000 0.000 0.000 0.063 0.000 0.000 

Striated Thornbill 0.545 0.333 0.265 0.375 0.571 0.737 

Brown Thornbill 1.455 1.222 1.765 0.438 2.429 0.632 

Buff-rumped Thornbill 0.364 0.074 0.000 0.250 0.000 0.211 

Yellow-rumped Thornbill 0.000 0.037 0.000 0.688 0.714 0.316 

White-browed Scrubwren 0.000 0.222 0.500 0.313 0.857 0.263 

Rufous Songlark 0.000 0.000 0.000 0.000 0.000 0.053 

Australian Reed-Warbler 0.000 0.000 0.147 0.000 0.000 0.000 

Superb Fairy-wren 0.000 1.037 1.176 0.625 2.286 1.105 

Dusky Woodswallow 0.091 0.000 0.000 0.000 0.000 0.000 

Varied Sittella 0.000 0.000 0.118 0.000 0.000 0.000 

Brown Treecreeper 0.000 0.000 0.000 0.125 0.000 0.000 

White-throated Treecreeper 0.000 0.185 0.471 0.000 0.857 0.316 

Spotted Pardalote 0.182 0.111 0.176 0.188 0.286 0.105 

Striated Pardalote 0.000 0.185 0.029 0.813 0.000 0.421 

Silvereye 0.182 0.111 0.235 0.000 1.857 0.158 

White-naped Honeyeater 0.000 0.259 0.353 0.250 0.714 0.789 

Black-chinned Honeyeater 0.000 0.000 0.000 0.000 0.000 0.526 
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Species Eucalypt 

plantations 

(Blue Gum) 

Small patch 

embedded in 

eucalypt 

plantations 

Small patch 

embedded in 

pine 

plantations 

Small patch 

isolated in 

paddocks 

Large patch 

isolated in 

paddocks 

Extensive 

forest or 

large 

embedded 

patch 

Brown-headed Honeyeater 0.000 0.000 0.059 0.000 0.571 0.053 

Eastern Spinebill 0.000 0.074 0.324 0.000 0.571 0.000 

Yellow-faced Honeyeater 0.273 0.407 0.882 0.563 1.429 0.263 

White-eared Honeyeater 0.091 0.370 0.471 0.188 1.000 0.105 

White-plumed Honeyeater 0.000 0.000 0.000 0.188 0.000 0.947 

New Holland Honeyeater 0.000 0.000 0.118 0.125 1.571 0.105 

Noisy Miner 0.000 0.259 0.000 0.500 0.000 0.526 

Little Wattlebird 0.000 0.000 0.000 0.000 0.143 0.000 

Red Wattlebird 0.091 0.074 0.294 0.250 0.143 0.105 

Spiny-cheeked Honeyeater 0.000 0.000 0.059 0.000 0.000 0.000 

Red-browed Finch 0.000 0.000 0.088 0.000 0.000 0.000 

Olive-backed Oriole 0.000 0.037 0.000 0.125 0.000 0.000 

Grey Currawong 0.000 0.000 0.176 0.000 0.000 0.000 

Grey Butcherbird 0.000 0.000 0.000 0.250 0.000 0.000 

Australian Magpie 0.000 0.333 0.235 1.000 0.857 0.632 

Bassian Thrush 0.000 0.000 0.059 0.000 0.000 0.000 

Raven sp. (mainly Forest Raven) 0.000 0.000 0.029 0.125 0.000 1.211 

Common Blackbird 0.000 0.000 0.353 0.000 0.000 0.000 
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Species Eucalypt 

plantations 

(Blue Gum) 

Small patch 

embedded in 

eucalypt 

plantations 

Small patch 

embedded in 

pine 

plantations 

Small patch 

isolated in 

paddocks 

Large patch 

isolated in 

paddocks 

Extensive 

forest or 

large 

embedded 

patch 

European Goldfinch 0.000 0.148 0.206 0.125 0.000 0.316 

Common Starling 0.000 0.000 0.029 0.625 0.000 0.053 

Feeding guilds       

Aerial insectivores 0.091 0.037 0.147 0.125 0.000 0.000 

Bark-foraging insectivores 0.000 0.222 0.647 0.125 1.000 0.368 

Canopy-foraging insectivores 1.182 1.074 0.912 1.813 0.571 1.632 

Insectivores foraging from damp ground 0.000 0.037 0.647 0.000 0.286 0.000 

Frugivores 0.182 0.148 0.235 0.000 1.857 0.158 

Generalist insectivores 0.273 0.259 0.500 0.313 0.143 0.368 

Nectarivores 0.455 1.444 2.559 2.063 6.143 3.421 

Insectivores foraging from open ground (may be 

far from cover) 

0.000 0.370 0.265 2.813 1.571 1.316 

Insectivores foraging from open ground among 

trees or shrubs 

0.636 1.111 1.235 1.063 2.571 1.737 

Seed-eaters mainly close to the ground 0.000 0.637 0.482 0.813 0.371 0.474 

Large seed-eaters at all levels 0.182 0.630 1.294 0.500 0.429 0.368 

Insectivores foraging from tall shrubs 2.091 1.407 2.441 0.438 2.714 0.895 

Understorey insectivores 0.000 0.222 0.500 0.313 0.857 0.263 
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Species Eucalypt 

plantations 

(Blue Gum) 

Small patch 

embedded in 

eucalypt 

plantations 

Small patch 

embedded in 

pine 

plantations 

Small patch 

isolated in 

paddocks 

Large patch 

isolated in 

paddocks 

Extensive 

forest or 

large 

embedded 

patch 

Carnivores, taking vertebrates & other food 0.091 0.037 0.324 0.750 0.000 1.368 

Habitat guilds       

Forest birds (F) 5.182 7.415 12.600 8.625 18.514 11.158 

Open-country birds (O) 0.000 0.630 0.412 3.000 1.000 1.579 

Water birds (W) 0.000 0.037 0.147 0.313 0.000 0.000 

Migration guilds       

Non-migrant 5.000 7.711 12.776 11.563 19.514 12.474 

Summer visitor 0.182 0.370 0.382 0.375 0.000 0.263 

Nesting guilds       

Burrow-nesting bird 0.182 0.111 0.176 0.188 0.286 0.105 

Brood parasites (cuckoos) 0.000 0.074 0.206 0.063 0.000 0.000 

Ground-nesting bird 0.000 0.081 0.100 0.000 0.086 0.053 

Large hollow-nesters 0.273 1.111 1.324 1.688 0.429 0.526 

Normal nesting bird 4.727 6.296 10.647 8.250 17.571 11.263 

Small hollow-nesters 0.000 0.407 0.559 1.750 1.143 0.789 

Status guilds       

Introduced bird 0.000 0.148 0.588 0.750 0.000 0.368 

Introduced birds as % all birds 0% 1.8% 4.5% 6.3% 0% 2.9% 
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Species Eucalypt 

plantations 

(Blue Gum) 

Small patch 

embedded in 

eucalypt 

plantations 

Small patch 

embedded in 

pine 

plantations 

Small patch 

isolated in 

paddocks 

Large patch 

isolated in 

paddocks 

Extensive 

forest or 

large 

embedded 

patch 

Native bird (not uncommon)  5.182 7.933 12.512 11.063 19.514 10.947 

Uncommon bird (<850 in Emison et al) 0.000 0.000 0.059 0.125 0.000 1.421 

Bird species per count 3.27 4.90 7.82 5.94 7.86 7.00 
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Chapter 3. Effects of forest fragmentation on birds in wooded farmland and extensive 

forest 

 

Loss of habitat is among the major global threats to biodiversity (Bennett 2003; Brook et al. 

2003; Li et al. 2011; Szabo et al. 2012; Keenan et al. 2015; Crist et al. 2017), and habitat 

fragmentation is frequently associated with it and mentioned in the same breath. Often loss 

and fragmentation occur together, but in reality they are distinct though interlinked processes 

(Fahrig 2003, 2013). Fragmentation rarely occurs without habitat loss, but different degrees 

of fragmentation can follow a given level of habitat loss (Forman and Godron 1986). Habitat 

loss is clearly a negative driver, whereas fragmentation can have both positive and negative 

effects on different species and collective biodiversity. Meta-analyses of published studies 

have indicated that positive effects of fragmentation on species diversity are more common 

than negative effects, and Fahrig (2017) expresses surprise and dismay that negative views of 

fragmentation persist as strongly as they do. 

 

Much of the early literature regarded habitat loss and fragmentation as an all-or-nothing 

process, with suitable habitat being replaced by unsuitable or hostile habitat. This flowed 

partly from the theory of island biogeography (MacArthur and Wilson 1967; Levins 1970; 

Diamond 1975), where analogies were made with an extreme form of habitat fragmentation 

(islands of land surrounded by sea). Proponents of that theory would of course have been 

among the first to recognise that it was an extreme case, and modifications would be needed 

for real terrestrial systems. McIntyre and Barrett (1992) preferred to view landscapes as 

variegated systems, with shades of grey (or green) as well as black and white in terms of 

fauna habitat. This concept has been widely accepted, with much evidence that the nature of 

the matrix plays a key role in patterns of fauna distribution (e.g. Laurence 1994; Chen et al. 

2008; Zanella et al. 2012; Brockerhoff et al. 2013; Harrisson et al. 2013; Azevedo et al. 

2014). Some of the work presented here shows examples where fragments can be regarded as 

islands in a hostile matrix (in farmland: Loyn 1985, 1987) and other examples where the 

fragments are embedded in a matrix of green, as with patches of mature forest surrounded by 

regrowth (Loyn 1998). 

 

One of the big conceptual debates in landscape ecology flowed from the theory of island 

biogeography, which was sometimes claimed to predict that large reserves would be more 

valuable than groups of smaller reserves of similar area. Simberloff and Abele (1982, 1984) 

showed eloquently that the theory was neutral with respect to the question of whether many 

small reserves were preferable to fewer large reserves of equivalent total areas. This was 

known as the SLOSS debate, Single Large or Several Small. Subsequent work has shown that 

there are some situations in which multiple small reserves are preferable, and others where 

single large reserves are needed (e.g. Fahrig 1997, 2003, 2013). 

 

The field work presented here from the Latrobe Valley (Loyn 1985, 1987) pre-dated 

Simberloff’s classic exposure. I realised the fallacy of some of the arguments in favour of 

single large reserves (e.g. from the work on birds in British woods by Moore and Hooper 

1975), and I sought to examine the SLOSS question through my own empirical data. This 

showed that groups of medium-sized patches of forest had similar or greater value than 

groups of large patches of equivalent area in terms of numbers of individuals and species of 

forest birds (Loyn 1985, 1987). However, when groups of very small patches were 

considered (<10 ha), fewer forest birds were represented (Loyn 1985), in density if not in 

species number. Populations of forest birds were low in very small forest patches, mainly 

because such patches had often been grazed heavily, and invasion of Noisy Miners had acted 



as a further deterrent to colonisation by forest birds. The ecological processes were acting on 

numbers of individuals, and the crucial finding was that small heavily grazed patches of 

forest supported low densities of forest birds because of the interacting effects of stock and 

Noisy Miners. This finding has been confirmed by subsequent independent work (e.g. Mac 

Nally et al. 2000; Piper and Caterall 2003; Radford et al. 2005). The focus on numbers of 

species has been to the detriment of revealing the ecological reality affecting groups of small 

forest patches in farmland. 

 

The study of birds in forest fragments in the Latrobe Valley followed a similar study of 

mammals in the same fragments by Suckling (1980, 1984), forming the major part of his PhD 

thesis. The bird study proved to have several aspects of particular interest. Two of them 

related to the ecological role of a native bird species (the Noisy Miner Manorina 

melanocephala), discussed in the next chapter. The study showed that this bird was an edge 

specialist, favouring small heavily grazed patches of forest. It also provided strong 

correlational evidence that the aggressive interspecific territoriality of this species (already 

studied and documented by Dow 1977) was effective in reducing the populations of other 

insectivorous birds, perhaps contributing to signs of eucalypt dieback in these patches. This 

had obvious parallels with the situation I had recently revealed in relation to Bell Miners 

Manorina melanophrys, as discussed in the next chapter. The study raised the possibility that 

Noisy Miners were behaving as both an edge species and a negative keystone species, in the 

same way as Brown-headed Cowbirds Molothrus ater in North America do, albeit for 

different ecological reasons. (Cowbirds are brood parasites, and their negative effects arise 

because they lay their eggs in other birds’ nests, not through overt aggression as with Noisy 

Miners.) 

 

In practical terms, the Latrobe Valley study showed that small heavily grazed patches of 

forest in farmland were less valuable for forest birds (hectare for hectare) than larger patches, 

as discussed above. It also suggested ways of increasing their value: by fencing them from 

stock or buffering them by establishing new plantations of trees next to them (Loyn 2000). 

When groups of larger patches were considered, the density of forest birds showed little 

relationship to patch size, and it appeared to matter little whether single large reserves or 

groups of medium-sized reserves were selected for protection (Loyn 1985). 

 

Notwithstanding these observations, the study also showed clearly that small reserves of 

forest were more useful than no reserves at all. Indeed, for some open-country bird species 

(including the Noisy Miner), small patches of forest form an essential element of habitat in 

the rural landscape of the Latrobe Valley.  This was also shown in our plantation studies, 

where we conducted surveys in farmland as well as plantations and native forest) (Chapter 2), 

and we found low bird abundance on the farmland sites (pasture or native grassland). 

 

The main factors reducing bird abundance and diversity in small heavily grazed forest 

patches emerged from this study as domestic stock (sheep and cattle) and Noisy Miners. 

Neither factor is relevant to patches of mature forest fragmented by fire or logging in a matrix 

of regrowth. Hence, I was keen to examine patches of old forest embedded in regrowth 

within extensive forest landscapes, especially in montane ash forest, where the regrowth 

matrix differed more from mature forest than might have been expected in mixed-species 

eucalypt forest. The opportunity to do so arose with the set of studies initiated through the 

Timber Industry Strategy (Squire et al. 1991). We initiated a set of studies to examine 

questions of scale and pattern in ash forests, including some on patch size (Loyn 1998, Incoll 

et al. 2001). 



 

The patches of mature forest behaved quite differently from the patches in farmland observed 

in previous studies. Some species showed a preference for large patches, including both the 

large gliding possums (Incoll et al. 2001) and the Sooty Owl (Milledge et al. 1991). But the 

general picture for diurnal birds was that patch size had little or no effect on density of forest 

birds (Loyn 1998). In other words, a hectare of mature forest has similar value for forest birds 

regardless of whether it forms part of a 1 ha or a 300 ha patch of mature forest, as long as it is 

buffered against the factors that reduce the value of small forest patches in farmland. 

 

This supports the concept that habitat reduction is generally a more serious conservation issue 

than the fragmentation of a constant area of habitat. However, our results for small patches of 

forest in farmland show that fragmentation itself can impose additional damage, in that case 

by reducing populations of forest birds below the levels that would have applied if the habitat 

had been fragmented into larger parcels with better protection against grazing stock and 

Noisy Miners. The major impact of Noisy Miners is discussed further in the next chapter. 
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CHAPTER 28

INTRODUCTION

Vrcromn still has largetracts of continuous forest
but many special habitats can occur as isolated
patches including stands of a particular tree species
or age. Hence, it is important to know the effects of
fragmentation when establishing a system of
reserves. To this end 56 patches of mixed-species
eucalypt forest have been studied in the Latrobe
Valley near Traralgon in Central Gippsland
(Victoria), isolated by clearing for agriculture and
pine plantations.

The mammals of these patches were studied by
Suckling (1980, 7982),and he estimated that in 7978,

34% of the 82,000 ha study region remained as
fragmented native forests or woodlands, with 52o/o as
agricultural land and 74"/" as pine plantations. The
vegetation of the patches included stands of Narrow-
leaf Peppermint, Eucalyptus radfuita, with some
Manna Gum, E. uimirmlis, and stands of Yertchuk,.E'.
consideniana. The understorey was dominated
either by heathy shrublands, by swards of Bracken,
Pteridium esculentum, or by introduced grasses in
heavily grazed patches. Thickets of Burgan,
Lep t o sp eryn um p lry I i co ides, occurred frequ e ntly and
some gullies contained tall gully shrubs, though
generally the region was too low (60 to 360 m above
sea level) and dry (about 750 mm average annual
rainfall at 180 m), for gully vegetation to be well
developed.

The patches studied ranged in size from 0.1 to
7777 ha and were scattered through tlte region (Fig.
1). They had been isolated for periods from 7 to 100
years and most agricultural clearing occurred

Birds in Fragmented Forests
in Gippsland, Victofia
Richard H. Loynr

Birds were studied in 56 forest patches (from 0.1 to 7777 ha) isolated by clearing for
agriculture or pine plantations. Most patches of less than 10 ha were seriously degraded and had
been taken over by farmland birds including Noisy Miners, Manorina melanocepbala, which
aggressively excluded other species. larger patches supported a selection of forest birds
depending on the habitats represented; numbers of species increased with size of patch. The only
species confined to the two largest patches was the Powerful Ow|Ninox strenua.

berween 1870 and the turn of the century. Extensive
pine plantations were established from 1950 and
some clearing still continues. Three patches (M7,
T29 and F10) have been partly cleared for use as
shire rubbish tips, and T29 now consists of a ring of
forest round the main tip for Traralp4on.

Most of the patches are on private property
though a few are shire reserves and extensive
uncleared public land has been reserved nearby.

This chapter presents a preliminary analysis from
a study of birds on these patches.

METHODS

All patches were visited in each of three sprinpy'
summer seutsons from November 1980 to March
7983. Most were visited five times or more, in time-
periods from November 1980-April 1981, October-
December 1981, January-March 7982, November-
December 7982 and December 7992to March 1983.
All birds observed were recorded, along with
numbers seen or heard on ZO-minute counts. On the
smallest patches one or two counts were sufficient to
cover the whole area on each visit, while on the
larger patches up to 19 counts were made on a visit
with the aim of searching all habitats. In the later
visits counts were continued until few additional
species could be found in any patch and extra visits
were made where necessary to ensure that all parts
of each patch had been searched. Ntogether the final
visit to each area added a mean of 0.9 species to the
list for thatarea and most of the species added at that
stage were vagrants rather than resident species.

' l rtrests Commission, Victr>ria (now Department of Consen'atiorr, Ft>resls and Lands). Mountairr Research Station, Sherbrooke,

Pages 323-31 tz BIRDS OF ELICAL\?T FORESTSAND\flOODIANDS:ECOI.OGY, CONSERYATION,I,TANA(;EN{EN1'ed. bt'A. Kerst

Ornithologists Union and Surrey Beatty & Sons.

Victoria -l7tl9.

fI Ii Rechcr, I L l;orcl and D. Saunders. Roval Austrahsian
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RESUTTS

A list of specie.s observed in
patches is given in Appendix 1

or around the study
with information on

their abundance in patches of different size and occur-
rence in different habitars. Numbers of species in patches
of different size are shov/n in Figure 2 md they are
divided into forest, farmland and warer birds in Table 1.

Cleared agricultural lancl

Eucal\pt forest and qrxrdlancl

Pir lc plantat i()n
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Table 1. Numbers of bird species observed on 26 counts in forest patches and fragmented combinations of patches each totalling about

)(, na.

Number of patches Sizes of
(: degree of patches

fragmentation) (ha)

Total
area
(ha)

Forest
bird

species

Farmland
bird

specles

Vater Total
bird bird

species species

581344) 4

611.44350

3 x 0 . 5
7 x l ,
6 x 2 ,
7 x 3 ,
4 X 4 ,

2 x 5
t v 5 ,
2 x 6 ,
, v 7 ,
l x 9 ,
1 x 1 0
77, 12,
72 ,  13
15,  17,

79
22, 26

48
49
50

49.5

E
F
G
H

2
1
1

1

484 l48

51 43

43
43
4(]

40

48
46

49
50

9

t0
10
1 1
4

0
z
1
0

< )

53
55
58
4+

No single patch contained all the habitats in the
region or all of the bird species. The larger patches
contained more species than the smaller ones and
the presence or absence of birds in patches larger
than about 10 ha could usually be explained by
habitat availabiliry. Some species thought to be
dependent on large forest tracts (e.g. Red-browed
Treecreeper, Climacteris erytbrops, Varied Sitella,
Dapboenositta cbrysoptera) were found to breed in
patches as small as 72 ha. Other species were local
and only occurred in a few patches with particular
vegetation. For example, Emus, Dromaits nouae-
bollandiae, were found only in adjacent areas with
734, 57 and 25 ha of heathy woodland next to a
stream and pasture where they grazed, although
they were widespread in nearby pine plantations.
The only species confined to the rwo largest patches
was the Powerful Owl, Ninox strenua. It and some
other large owls have large territories, need hollow
trees for nesting and prey on arboreal mammals.
Hence, they require extensive forest reserves. The
most notable absentee from the region was the
Superb Lyrebird, Menura nouaebollandiae.
Lyrebirds survive well in managed continuous
forests elsewhere (Loyn 1980) and the region under
study was on the drier limit for this species. The
rypical birds of wet foothill gullies were scarce in the
region and the extent of suitable habitat for them
was much less than the amount of forest indicated in
Figure 1.

Most patches smaller than 10 ha had been grazed
heavily by stock and little understorey vegetation
remained. They had been taken over by farmland
birds including Common Starling, Stunur uulgaris,
Eastern Rosella, Platycerctrs eximios, Australian
Magpie, Gymnorbinr.t tibicen, Australian Magpie-
lark, Grallina cyanoleuca, and Noisy Miner,
Manorina melanocepbala, all of which were rare in
larger patches (Appendix 1). Nl except Noisy Miner

fed mainly in pasture. The Noisy Miners fed both in
pasture and the tree canopy, and drove out other
small birds. Usually the only species that remained
were a few hole-nesting Striated Pardalotes,
Pardalottrs striatus, and Tree Maftins, Cecrops nisn-

cans Hence, few birds except Noisy Miners and the
occasional pardalote fed on insects from the canopy
(see also Dow 7977) and a parallel situation may
exist to that described for Bell Miners, Manorina
melanopbryq where Bell Miners effectively defend
high populations of insect prey which other birds
could have reduced (Loyn et aL 1983). Severe defoli-
ation by insects and subsequent dieback was com-
mon in the small patches occupied by Noisy Miners.

In an attempt to distinguish effects of fragmen-
tation from effects of habitat reduction, data were
pooled from groups of various numbers of patches
with total areas of about 50 ha (Table 1). As more
total time was spent on counrs in combinations of
areas than in single areas, information was used for
only the frcst26 counts in each area or combination.
The combinations of many small areas (A and B,
representing highly fragmented systems) contained
slightlv more farmland species than the single areas
or combinations of fewer larger areas, reflecting the
greater amount of farmlar-rd boundary and the
degradation of the small areas. Numbers of forest
species were similar in all combinations, though
numbers of individuals observed in the most
fragmented combinations (A and B) were very low
(Appendix 1) and consisted mainly c>f transient birds
except in the few patches where understorey
remained intact. Nlost of the forest birds in the less
fragmented combinatic>ns (C, D and E) \ 'ere
resident there and mean numbers of forest birds per
count in patches of 11-20 ha were 81% of those in the
rwo largest patches. Hence, it is concluded that in
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this situation the major effect of forest clearing has
been to reduce habitat and the degree of fragmen-
tation of remaining habitat has been of lesser
importance.

DISCUSSION

The pattern of bird species found in this study is
broadly similar to that found in forest patches in the
wheatbelt of \ffestern Australia (Kitchener et al.
7982) and by Robert Howe on the New England
Tablelands of New South \ffales (Ford 1981).

When considering design of reserves for fauna, it
is nothing new to say the bigger the better and this is
supported by the present results as well as by
analogy with biogeographic theory from oceanic
islands (Macar-thur and Wilson 7967; Diamond
7975). Controversy has concerned the relative
values of several small fragmented reserves or fe wer
large reserves of equivalent total area. Simberloff
and Abele (7982) reviewed the literature and found
no evidence that large reserves supported more
animal species than fragmented systems of equal
area in any taxonomic group, refuting the contrary
assertions of several authors. Similar conclusions
were reached in the present analysis of 50 ha
combinations, showing that habitat reduction had
been more detrimental than fragmentation. This was
true even when forest bird species were considered
separately from farmland species, despite low
populations of forest birds in the most fragmented
combinations. In Western Australia, Kitchener et al.
(1982) found that when passerine birds were
classified into groups corresponding to forest and
farmland species, the latter responded positively to
fragmentation (as in this study) but the numbers of
forest bird species were reduced by fragmenration
(Humphreys and Kitchener 7982). In the \festern
Australian study distances berween reserves were
greater, there was no extensive uncleared vegetation
nearby and the areas were larger than those
included in the presenr analysis. Effects of
parameters such as these will be examined in
subsequent analyses.

There is little doubt that both fragmentation and
habitat reduction could affect parricular species and
this must be taken into account when designing
reseryes. The important point is to reserve the right
habitats and this study has shown rhat even small
patches can be useful if they conrain habitats the
value of which can be maintained in the long tenn.
As patches of less than 10 ha had often been
degraded by grazingand contained low populations

of forest birds, it appears difficult to maintain the
value of such small patches on farmland. Exclusion
of grazing to protect understorey and regeneration
would greatly enhance their value and provide cover
for insectivorous birds that benefit the health of the
trees. Reserves surrounded by productive eucalypt
forest are more likely to be viable as they would not
be subjected to the same pressures and the inter-
vening habitat would allow easier movement and
colonisation by forest birds. The needs of individual
species and their territory sizes and mobility should
be considered in designing reserve systems.
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APPENDIX 1.

Bi rd l i s t fo r fo res tpa tches in theLat robeVal lev :  F : fo res tb i rd ,O: fa rmlandoropencount ryb i rd ,V :waterb i rd ,S :main lysummerv is i to r to the fores t
patches, P : mainly passage migrant or winter visitor, I : introduced species and H : nesting in tree hollows. These categories are somewhat

arbitrary. For example, swifts could be considered as F or O. Data from counts are presented for all areas except F4,T19, and T29 which were aqpical.
The list includes all species observed in the region during the study other than uncommon water birds. Names and order follow RAOU (1978).
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Hoary-headed Grebe
Australa-sian Grebe
Little Pied Cormorant
Pacific Heron
\X/hite-faced Heron

Great Egret
Sacred Ibis

Straw-necked Ibis

Yellow-billed Spoonbill

Black Swan
Australian Shelduck
Pacific Black Duck
Grev I e3l
Nlaned Duck

Black-shouldered Kite
Broq.'n Goshan'k

Collared Sparrowhawk

\1edge-tailed Eagle

Marsh Harrier

Peregrine Falcon
Australian Hobbv

Brown Falcon

Australian Kestrel

Stubble Quail
Painted Button-quail
Dusky Moorhen
Purple Swamphen
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Masked Lapwing
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0 Videspread in pine plantations and
resident in heathv woodland (F12,

M238, M23\fl) nexl to river flats where
thev grazed.

Widespread, feeding in swampv
paddocks or beside dams. Nesting
in trees mainl.v in patches 0 5 ha.

Small numbers in sn'amps and wet
paddocks. occasional lv roosting in
trees on edge of M1 1 (973 ha).
Irregular visitor to wet and dry
paddocks, occasionally roosting in
trees with Sacred Ibis on edge of
Ml1  (973 ha)
Small numbers feeding beside farm
dams. A pair bred successfullv T28
( t ha), 500 m from nearest dam.

Common near farm dams, nesting in
trees. Onll' regular MDI ( 10 ha) but
elsewhere breeds in patches of man.v
different sizes.

Hunting mainh'along edges and
nesting in patches ofal l  sizes
Singles observed T1 1 (6 ha) and
F 1 1  ( 1 7 7 1  h a ) .
Hunting n'idelv over forest and
farmland, nesting in trees T1 ( 50 ha)
and N{4 (96 ha).
Hunting over swamps and nearbl'
forest patches.
One obsen'ed over T31 (9 ha).
Singles hunting over NIF (4 ha), in
rubbish tip T29 (22 ha) for introduced
birds and on edge of M2 (1 41 ha).
Hunting wideh'over farmland and
occasionalh' on edges of forest patches.
Hunting over farmland and nesting
in the larger forest patches.

One in dn.forest T29 122 ha).

NIainh'ir.r sq.'amps and paddocks or
cleared sections of ft>rest patches.

Scarce in regir>n. Sir.rgles at N{E ( 1 ha),
MF (,1 ha), M14,A(40 ha) and recenth'
clearecl section of M11 (9:3 ha).
N{ainh' in dn' forest n'ith understorev of
\WattlesAcacra spp.
N'lainlv in pine plantations, heathv
n rxrdland ancl some gul l ies.
N'lainlv in heathv q'oodland with Banksia,
v,'et ti)rest ancl pine plantations, moving
n'ideh' betn'een patches.
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Appendix 1. - Continued

Common nanre Scientific name
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Gang-gang Cockato<t

Galah

Sulphur-crested
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Crimson Rosella

Eastern Rosella

Blue-n'inged Parrot
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C. lucidtts

Ninox streru.ut

N. not.'aeseelandiae

N. connittetts

Tytoalba
Poclargtts strigoides

Aegotheles crktanrs

C ap r i n u I g us m,y s t ac a I Lt

I I inr nclap us cauclac u t tLs

Cey-x azurea
Dacelo noraeguineae

[{alq,on sanctct

Alaudaanteruk
I Iintrtclo neoxena

Cecropis n(qncans

Att t h tt s n ot ne se e I an cl ia e

C orac ina nr,n' cte bo I I aruliae
C. pc.tpuerxls

1 4 0 2 2 6 1 1

2

2 7  3 1  1 6  1 3  7 7

1

39 30  38  96  116

4 0  2 1 5  1 8 8  1 9  1 2

s 1 7

s  1 1

s  1 7

2

f i

0

0
1 8

) 1 2

s 2 0 - 2 6

1
50 58 19 54 63

1 6  1 0 3

0
2 1 t 3 9  I  3

s 2 7 3 3

1

2 9 1

1ir  35 79
( J 0 0

76 12 Feeding in forest canopv, movingwidell'
berween patcl-res and often in roadside
trees.
Scarce but increasing in region, mainlf in
low farmland with River Red Gums. A
single in T31 (9 ha),:u"rd two inT29 (22ha).

50 6 Mainlyfeedingonfarmlandbutsomerimes
from open forest floor or canopy.
A transient flock of 10 feeding in
canopyT8 (7 ha).

97 187 Common inmostpatchesof3haor
more, unless heavilv grazed.

22 11 Feedingmainl.vinpaddocksorclearings,
nesting and taking refuge in small
patches. A f-e$'in clearings in larger
patches.

0 5 Breedingpairsinselectivelylogged
fores tF l l  {  l - - l  ha)andobserved
in similar l .rabitar T18 (29 ha).

5 ,i Xlainlv in the rnr>re open frrrest and
roadsides, para-sitising nests of
honeveaters in canopr'.

0  3  Ma in ly in ther re t re rpa tchesof l5
ha ctr more, parasitising nesLs of
other birds.

16 14 Common, especiall,vamong Wanles,
parasitising ness of other birds
mainh' in the understorey.

2 4 Mainlvindryorheathvselectiveh.
logged forest in patcl'res of 18 ha or
more, parasitising nests of other
birds in the understore\'.

5 17 Mainlvfeedingincanopr.,butparasit ising
nest.s of other birds in the understorer'.
At lea^st one pair resident F1 1 ( 1771
ha), feeding on arboreal mammals
and birds such as Australian Ir{agpies.
Also obsen'ed M1 1 (973 ha).
Viciespread in lon, numbers in
patches as small as M10 ( t ha).
Reported in a smallpatch in nearbr.
pine plantat ions.
Scarcc resident in farr-r"rland or-rlr'.
V'idespread in lon' numbers, mainlv
on forest edges and ntad.sicie trees.
Nesting ir.r heathr, v"oodland M l44
(40 ha) ancl present in sctme larger
patches  ( ' I1 ,  M1,  F l1 ) .
Present in extensive heathv roodland
nearbv and seen occasionallr; in roadside
strips and pine plantations.

i0 3 Commonlvfeedingoverforestand
farmland late summer.
Observed on stream T2 (15 ha).

69 4(r Widespread, often feeding from open
gnrund

28 5 Mainlyindn'orselecrivelvlogged
fbrest in patches 4 ha or more.
Fairlv common in paddocks onlr'.

11 5 Feedingmainlvoverpaddocksand
on edges of smallgrazed patches,
nesting mainlv in farm buildings.

42 4 Feeding mainll'ove r frrrest ()r at
rublrish tips, nesting ir.r Rivcr Recl
Gurr'rs or in small patches <tr ilr
selccti','elv krg,ge-d firrest.
F'airly common ir.r paddocks ancl
edges of smallest patches onlv.

30 12 \X'iclespread, feeding nrainlv in canop1,.
1 7 l\,Iain11'clark,pha-se birds in canopv M2

( 14r+ ha), Ml 1 (973 ha), anci Fl 1 ( 1771 ha).
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Commonname Scientific name
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Vhite'sThrush

Blackbird

Rose Robin

Flame Robin

Scarlet Robin

Eastern Yellow Robin

JacLyWinter
Crested Shrike-tit

OliveVhistler

GoldenVhistler

Rufous V/hister

Grey Shrike-thrush

Leaden Flycatcher
Satin Flycatcher

Rufous Fantail
Grey Fantail

VillieVagtail

EasternVhipbird
Spotted Quail-thrush

Clamorous Reed
Varbler

Golden-headed
Cisticola

Brown Songlark
Superb Fairy-wren

Vhite-browed
Scrubwren

Chestnut-rumped
Hylacola

Calamanthus
Brown Thornbill

Buff-rumped
Thornbill

Yellow-rumped
Thornbi l l

Zootberadauma

Turdusmentla

Petroica rosea

P.pboenicea

P.multicolor

Eopsaltria atstralis

Microeca leuropbaea
Falcuncuhrfrontans

Paclrycepbalaoliuacea

P. pectoralb

P. ru.fiuertris

C o I luricinc la barmonica

Myi.agranr.becula
M.qtanoleuca

Rbipidurarufifrors
R.fuliginosa

R. leucopl4trys

Psopbodes oliuaceus
Cinclosoma puTtctatum

Acroc ep ba lus st entoreus

Cisticolaexilis

Cin c lorbamphus cntral is
Maluntsqtaneus

Sericornisfrontalis

S. pyrrhopltgius

S.Juliginosus
Acantbizapu^silla

A. reguloides

Acantbizachrnsorrboa

2

37  15  12  34  18  79

Few observed mainly in Bracken
understorey in autumn.

16 Mainly in gullies and among blackberries
in d:re wetter patches.
Scarce, in Silver'WattleA dealbata
in wetter patches T2 (15 ha), F12
(26 ha), and Mr3A(49ha).
Afew in autumn M13A(49 ha) and
M23E(I34ha). Breeds in sl ightly
wetter higher forest.

24 Mainly indry forest, feeding from
bare ground and canopy.

) q

1 1

7

)c)

7 7 9 7 4 8 9

37 25 40 59 106 717 125 MostcommoninthicketsofBurgan

5 1 9 2 0 7 7

and gullies, absent from heavily
grazed smallpatches.

7 Mainlyindryforestandclearings.
1 Feedingfrombark,especially

among Manna gurn/Peppermint in
patches of 5 ha or more.

3 Mainly in pine plantations and a few
gullies and Burgan thickets, or
elsewhere on passage, feeding
among understorey.

30 Feedingincanopyandmiddle
storey mainly in the wetter forest,
extending to drier forest and
smaller patches in autumn.

130 Common in canopy, rare in small
heavily grazed patches.

106 Common, feeding at all levels, rare
in small heavilygrazed patches.

6 In canopy in the drier patches only.
30 In canopyin thewenerpatchesand

in gul l ies.

1

0

0
41 179 152 232 372 262

38 50 30 47 109 76

I

7 1 3 7 2 1 6 3 0
1 1 3 1 5

s 43 33 39 66 7r2 121

42 40 34 83 96 96

s 1 5  0  4  4  2  5
s 2 1  4  r 1 4  2 4 0

F  S 2 r  3
F 46 151

4 9 1 l0 7 In understorey in gullies onl.v.
193 291 334 308 328 Common in canopy and middle storey

1 6 1 8 1 3 1 1 3
except in srnall heavilygrazed patches.

1 Common in paddocks, nesting mainly in
farmhouse gardens but occa^sionallv in
small patches or among Red Gums. In
larger patches occurs only on edges.

4 Afew in gullies and Burgan thickeLs.
0 A few t-eeding from bare ground in the

drier patches only: F24 ( 1 I ha), F7 ( 1 9
ha),Fr9 G4 ha), and M4 (96 ha).
One in T2 ( I 5 ha ) near stream with
willows.
A few in nearby swamps only.

A few in drv paddocks only.
168 Common in thickets of Burgan and other

Teatree in small and large patches, more
widespread in large patches, feeding
from bare ground among scattered
understorey shrubs, or on edges of
paddocks.

97 Common in dense understoreyand
absent from heavily grazed patches.
Pair in sparsely treed M18 (4 ha) in
heath and Bracken understorev.

0 Afew in swamps andweedypaddocksonly
42 143 103 219 281 216 29-? Commoninshrubbyunderstoreyand

absent from small heavilygrazed patches.
26 14 26 43 19 30 22 Mainlyindrierpatcheswithopen

understorev or burnt areas but nrx
in small heavily grazed patches.

I 2f 2 Mainlyfeedinginpaddocksandnesting
in farmhouse gardens, but sometimes
feeding from ground on edges offorest
patches and occasionally feeding in
cl ln()pV within.

0 3 1 1 0
0 0 3 1 2

o
F

o
F

20 39 19
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YellowThornbill

Striaterl Thornbill

Varietl Sittella

Vhite-throated

Treecreeper

Red-browed

Treecreeper

Red Wanlebird

Lit t leWanlebird

Nois.v Friarbird

Noisv N{iner

Yellow-faced
Honeyeater

White-eared
Floneyeater

Brown-headed
[{oneVeater

White-naped
Floneyeater

Crescent Honeveater

New I f t  r l lancl Honeyeater

Eastern Spinebil l

\Xllhite-fronted Chat
Mist letoebird

Spottecl Pardalote

Striated Pardalote

Silvereye

European Goldf inch

A . m , M

A litteata

D ap b oeno si tt a c h rasop t erct

C I imac t eris leucop bcea

C. erytbrops

An t bo c haera can tn c u I at a

A cbrysopterct

Pbilemon conilculatus

Manoina melarrccepbala

L i c b en o s t o m u-s c b4t 5 61p 5

L. leucotLs

M e li t brep t us bra, iros tris

M. lunatu,s

P by I i clo ryr' is plw b op t er a

P. nouctebollandfuie

Ac an t b orl4' r t c b t t s t en u ir o s tr Ls

Epbtbianura albifroru
D i ccte um b irunclinac eum

Pardalotus punctatta

P. sh'iatks

Zosterops lateralLs

Carcluelis carduelis

a l

Irregular vrsrtor to Black Wattles

.\. meanx\ii tn.t29 \22 ha.), the

:losest patch to fraralgon (2 km.)
where thev were resident.

95 i3- 23- 201 119 240 CommoninEucahptcanopy,

feeding tiom foliage, otten feecling
anci nestrng in suppressecl saplings;

absent from smail heavi lv grazecl
parcr)es.

24 3l 57 +5 i0 5l Feedingfronihighbranchesand

wooc1, flocks mtt'"'ing between srnall
patches. but rarelv in small heavilv
grazeci oatches. nestir)g rn parches

of 12 ha or more.
50 59 160 734 150 188 Commonexceprinsmallheavi ly

grazed patches, feeding from bark.
0 0 9 18 12 29 Feedingfrombark,especial lyof

Narrowleaf Peppermins ; bred
successfully in F9 ( I2 ha) and larger
patches, sedentary.

3l 26 37 51 13 23 Feedingfromblossom,fol iageand
bark in canopy and from Banksia
flowers.
Irregular visitrtr to flitwering Banksia
l\{ ,1(96 ha) and M23E ( 134 ha)

0  0  0  0 1 1  0 R e g u l a r s m a l l b r e e d i n g p o p u l a t i o n
in Fl ( 108 ha) and occasional visitor
to M23E ( 134 ha), 2 km away.

107 446 20 36 13 0 Commoninsmallpatches,especial ly
where heavilygraze<l, feeding at all
levels and from pasture. In larger
patches onlv f<tund on the edge, usually
in small per-rinsulas of fbrest.

71 35 106 176 li2 146 Videspread, feecling from bloss<tm and
fbliage rnainlv in can()p)., nesting in
unclerstorel'.

24 59 22 55 94 90 Mainh' inBurganthicketsandheathy
patches, feeding from blossom, bark and
fcrliage and nesting in understorey.

22 36 35 22 13 45 N,lainlf  incanopvfeedingfrombarkand
blossom and moving widely berween
patches.

13 26 85 82 149 lg6Commonincanopl 'ofN{annaGum/
Peppermint, feeding from foliage,
blossom and bark.

6 24 12 18 1 22 Mainlyinthicketsoftsurgan,f lowering
Banksia or in middle storef in gullies.

10 9 3 22 52 39 Mainlyfeedingfromblossominheathy
thickets, Burgan, Banksia, Manna Gum ()r
Mistletoe, nesting in understorey.

34 35 55 84 87 11.1 Mainlyfeedingfromblossomin
understorey.
Scarce visitor to wet paddocks onlr.'.

14 5 16 12 17 2 1 Widespread in Mistlett>e, moving widely
berween patches.

16 50 61 67 36 44 Commonincanopy,especial lyinrougl. i-
barked eucalrpLs, nesting in holes in
ground, absent from small heavilvgrazed
patches.

67 125 60 56 117 48 Cctmmor.r in canopv, especially in
smo()thbarked eucalypts, sometimes
flying to nest in isolatecl dead trees in
paddocks.

14 13 44 77 1l l0 Mainlyinwerterpatches,f 'eecl ingin
understclrev and canopy.

I 15 32 33 14 Mainlyinweedypaddocksandfrtrest
clearings, alsr> feeding at blossom of
Eucalvots.
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Commonname Scientific name
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House Sparrow

Red-browed Firetail

Beautiful Firetail

Common Starling

CommonMynah

Olive-backed Oriole

\X4'r ite-n'inged Chough

Austral ian Nlagpie-lark

\White-bron'ed

Woodsn'allow

Duskv V'oodsn'allovu'

Grev l lutcherbird

Australian N'lagpie

Grev Curraworrg

Australian Raven

I-inle Raven

Passer domestictts

Emblematemporalis

E. bella

Sturntn uulS4aris

Acidotberes tristis

Oiolussagittah.B

C or c or ax m e I an o r b amp b *s

Grallina cl,anctleuca

Art am us sup erc io lo st ts

A. clanopterlls

Crctc t ic: t u t (trE.ta t us

G)'ttntorbina tibicen

Strepera graculina

Con,us corc.tttoides

C. mellori

o 2 Mainly round farm buildings and

rubbish tips.

16 2 7 21 20 8 21 MainlyinheathythicketsofBurganand

gra^ssy clearings in larger patches and on

ungrazed grassy edges ofsmaller patches.

2  O 0  0  1  0  6Afewingu l l iesandheathy th icke tsF l  1
(1771 ha)  and F l2 ( .26ha) .

|  33 165 72 12 7 l0 1 Mainlyfeedinginpaddocksandrubbish

tips, nesting in small patches and farm

buildings.

4  2  0  0  0  0  2Main ly feed inga longroads ,nes t ing in

nearby trees; numerous in rubbish tip

T29Q2ha) .

s 1 8 3 8 3 8 5 3 Mainly in canopy, occasional visitor to

small patches, onlv resident in patches of

5 ha or more,

3  0 1 5  4  1  0  0 S r n a l l  c o l o n i e s i n t h r e e f a i r l v d n ' p a t c h e s

with open understore.v: MD1 ( 10 ha),

M1 ( 13 ha) and M13A (48 ha), co-exist ing
with Noisy Miners at MD1.

32  43  55  10 6 3 0 Mainlv feeding in paddocks, nesting in

small patches.

Flocks feeding n.idelv over all area.s in

summer 1 982/83 onli' (cirought).

30 20 1 33 60 72 28 Mainly in the drier patches or selectivelv

log4ed areas, absent from small heavilv
grazed patcl-res.

3i 35 26 17 (r B ,1 Present in n.rost small patches particularl)

where heavilv grazed,less common in

larger patches.

t3 167 215 73 52 81 12 N{ainlvfeedinginpaddocks,nestinl l in

small patches, or on edges of larger
parches.

15 1 i  3 5 2 5 N{ainlyintreattryr,oodland,occzr-sionalh'

visi t ing small  patches.

31 (t  12 7 28 2i 15 Nlainlv in larger patcl ' res, but also feeding

in paddocks.

21 12 59 i 76 9 0 (.omnron in padclocks, nesting in sn"rall
patches and scattered trees.
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Noisy Miner, Manorina melanocepbala



CHAPTER 6

INTRODUCTION

\7rrnx forests are cleared many plant and animal
species become confined to remnant patches of
native vegetation, especially when land is perm-
anently altered for uses such as agriculture. These
patches and their fauna can continue to plav a role
in the local ecology, protecting land from erosion,
saliniry and other degradation and providing habitat
for wildlife including species that benefit from clear-
ing (farmland species) (e.g. Breckwoldt 1983).
Hence it is important to know how to design and
manage systems of remnant vegetation, and how to
conserve plant and animal species in these frag-
mented systems.

This chapter deals with a study of birds on 56 frag-
mented forest patches in the Latrobe Vallev of south-
eastern Victoria, following a similar study of
mammals on the same patches (Suckling 1980, 7982,
1984). Some preliminary data on birds have alreadv

Effects of Patch Area and
Habitat on Bird Abundances,
Species Numbers and Tree
Health in Fragmented Victorian
Forests
Richard H. Loynl

f)ata were analr.sed on birds in 56 forest patches (0.1 to 1171ha) that had been isolated by,
clearing for agriculture or pine plantations ir-r tl 're Latrobe Vallel, of southeastern Victoria.

Positive relationships \\'ere found for forest and total bird species and abundance u'ith patch
area or its logaritl'rm, and several other variables made additional contributions, e.g. grazing
intensitv. Habitat indices R'ere closel). correlated and explained almc>st as much variation. Forest
bird abundance did not increase with area above 10-30 ha. Nr-rn-rbers of f<rrest species continued
to increase n'ith patch area but medium-sized patcl-res (10-150 ha) supported a higher proportion
of species than expected. The species present dependecl or-r habitats represented. Large resen/es
mav be r-reeded b\,some species but other frrrest species occurred onlv on medium-sized patches.
Nlore complex relationships were found for farmland birds and u.ater birds.

Sn-rallhear.,il,v grazeclpatches (less tl'ran 10 ha)supported fen'forest birds and more farmland
birds, ir-rcludir-rg t-toisv miners ,llanorina ntelanocephala which aggressivelv excluded <tther
species. Fen birds fed on insects ir-r the canop\r in these patches, which shon'ecl signs of dieback
due tc> insect damage. Protectior-r of understorev habitat can have u,ide benefits ir-r maintaining the
l-realtl'r of ti-re rural ecosvstem.

been presented (Loyn 7984,7985); the latter paper
included a list of species with details of habitats
occupied. Here more attention is paid to mathe-
matical relationships and a subsequenr paper is
planned to analyse effects of fragmentation on in-
dividual specie.s.

STUDY REGION

A large part of eastern Victoria is hilly or moun-
tainous and remains as forested public land. The
Latrobe Valley is an exception, as it has become a
major centre for agriculture and industry.

Much of the study region has heen cleared for
agriculture and pine plantations over the last 100
years and in 7978 about 34% remained as frag-
mented native forests and woodlands, with 52% as
agricultural land and 1.4"/" as pine plantations (Suck-
ling 1982) By 1983 an additional 4% had been
cleared (mainly for a new coal-fired power-station at

ment of Conscn'ation, F'orests and Lancls).
Pages65.17i t lNATLjRECoNSERVATIoN:TI IERoLEoFREN{N.ANTSoFNATnE\TGETATIoNedbl 'DcnisA.Saunclers.Graha
SurreY Beatn' and Sons Pn' Limirecl in association \\' it lt CSIRO and CALM, 1987.



NATURE CONSERVATION: THE ROLE OF

Loy Yang), including three of the 59 original frag-
ments. The fragments studied ranged in size from
0.1 to 7777ha and were scattered through the region
mostly on private propert.v. Thev had been isolated
fcrr periods from 7 to 100 vears and three l-rad beer-r
partlv cleared for use as shire rubbish tips. The
largest area has subsequently been converted tcr
pine plantations. No fragment was further than 1.5
km from another patch of native forest. Two were
isolated by as little as a main road; details are given
in the Appendix. More extensive forests still exist on
public land in the hills and coastal sand-plain south
of the region, and continuous forest occurs on
higher ground north of the Latrobe Valley.

The 56 fragments contained mixecl-species dn'
sclerophl'll forest including stands of narrow-leaf
peppermint Eucalyptus radiata, manna gum E
uiminalis and yertchukE. consicieniana. The under-
storey was dominated either by heatl-rv shrublands,
swards of austral bracken fern Pteridium esculen-
tum or in heavil,v grazed patches b,v introduced
grasses. Thickets of burgan Leptospermum
pbylicoiries occurred frequentl,v and some gullies
contained tall gully shrubs, though generall,v the
region was too low (60 to 360 m above sea level) ar-rd
dry (about 750 mm mean annual rainfall at 180 m)
,for gullv vegetation to be well developed. X,{ore
information on individual studv areas is given bt,
Suckling (1980) and Loyn (1984).

METHODS

Nl 56 fragments were searched in each of three
spring/summer seasons from November 1980 to
March 7983. All birds observed were recorded, and
numbers seen or heard on 20-minute counts were
used as measures of abundance (Lct,vn 7986). On tl-re
smallest patches one or t!v'o counts were sufficient to
cover the whole area on each visit, whereas on larger
patches up to 19 counts were made on a visit with the
aim of searching all habitats. Areas of about 3 ha
could be covered in each count, so birds per count
on smaller patches do not give a true reflection of
bird densit)'. At the end of tl-re study, counts were
continued until few extra species could be found.
Ba.sic observations were made on the use birds were
making of their habitats.

ANALYSIS

Data were tabulated and statistics calculated for
each patch (numbers of bird species, and bird
abundances expressed as individual birds per
count). Depending on their known use of habitats
elsewhere, the 732 bir<l species observed in the
region were clas.sified as 78 forest species, 28 farm-
land (open-country) species and 26 water bird
species. Most of the farmland species used trees for
nesting or roosting, and some such a.s noisy miners
Manorina melanocepbala also fed among trees as
well as pasture.

REMNANTS OF NATNE \EGETATION

Values for bird species and abundance were
regressed against characters of the individual
patches, listed in Table 1. Variables 1 to 8 were
described by Sr.rckling(7982). The habitat inclices 10
to 13 were derived from data in the Appendix; it n'as
realised tl-rat tl-rey were coarse and that habitats of
individual species depended on combinations of
tl-rese features ancl more subtle features, which could
often be described verballv but not numericallv.

Initiallv regres.sions were run against A (area) or
logAalone, and then again.stvariables 2 to B together
in a fcrr-ward, stepwise, multiple lir-rear regression
package (SPSS, Nie e/ a|.1975). Then the'u'ariables 9
to 13 (altitude and habitat indices) n'ere acldecl as
appropriate, ancl finallv variable 14 (noisr. miner
abundance, considered in a separate section).
Variables were onlv included in eqlrations if thev
improved regressions significantlr' (P < 0.05 )

Some of the characters were intercorrelatecl ar-rd
hence hard to separate, especiallv in the enlarged
package. Small patches tended to be heavilv grazed,
at low altitude, widelv scattered, isolatecl for lor-rg
periods, occupied bv noisy miners ancl n ith fen'
remaining forest habitats. Some other combinations
u,.ere tested to allow for intercorrelation (see Nie e/
al. 7975), in case .stepwise inclusion of one r.'ariable
obscurecl effects of a correlatecl variable. or failecl to
maximize explained variance. tX/l'ren consiclerir-rg
bircl abundance, water birds s,rere ir-rcluclecl n'itl'r
farmland bircls as they were not abundant enough in
tl-re forest fragments to warrant separate anah'sis, and
depended on farm dams or pasture for feeding.

RESULTS

Numbers of bird species and bird abundances on
individual forest patches are shown in the Appendix.
Bivariate correlations betu'een these parameters
and patch characters are shown in Table 2; step$'ise
contributions of patcl-r variables to multiple regres-
sion equations are considered in Table 3, and the
predictive equations for lir-res of best fit are shou'n in
Table 4.

Bird Abundances

The patches fell clearly into fwo groups with high
or low population densities of forest birds (Appen-
dix). All but two patches larger than 10 ha supported
reasonably high densities of forest birds (16.6 to 39.8
birds per count), making over 85% total popula-
tions. The exceptions were a long narrow patch,
heavilygrazedbl, sheep and cattle from surrounding
pasture (F4) and a ring of remnant forest, mucl-r of it
grazed, around the main rubbish tip for Traralgon
(T29) In those patche.s densitie.s of forest birds were
low, making only 39 and 32o/" <tf total populations
(11.5 and72.7 birds per count). Two other disturbed
patches retained a shrubby native understorev
clespite disturbance and ther' .supported higher
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Table 1. N{easurecl characters of forest fragments.

Character 13rief clescription NIean vah-re

67

1 .  A :
2 .  l ogA

4. Dist :

5, LDist:

6. Grtze:

7.  Fi re:

9.  Nt :

10 .  Hab :

11.  Fi r rhalr

i ts  area in ha (  0.1 to 1771 )
tl're log to the base ten ofA

69.3
0.93

a a ?

0.21

0.f. i

2.9E

)  ) 1

1. f i6

1+6

r+.5

l . -

1 . -

0 .J

2 . 8

3. Years isolated: t l -re t ime since isolat i t .u'r  in vclrLs
( 7 to 1 00 r'ears )
the distance fiom the nearest other
patch in km to (0.0J to 1.r i3)
the distance from the nearest larger

lratch in krn (0 03 to .i.. i3 )
an inclex of grazir-rg histon'fiorn I (r.'en
l ight)  to 5 ( r 'en 'heal1 ' )
an inder of fire histon'from l (r-ro
recent fires ) to 5 ( frequer-rt or recent )

8. Timber: an index of krgging ancl other clisturbance
fiom 1 (l ight) 111 5 ( hearl')
the mean altitr-rde in rnetres abo'u.e sea
level ( 60 to 250)
iur inciex of the nr-rrnber <tf habitats on a
patcl-r, i r-rcl udi rrg eucalvpt comm u r-r ities,
tvpes of r-rnderstore\:, special features
and trpcs of eclge (0 to t :1
an inclex of the nr-rnber of frtrest l 'rabitats
on a patch, es above br-rt taking rubbish
tips, cattle-clegraded unclerstorev and
plisture-edge as negative ('3 to 1.i )

12.  i rarnrhr tb ' .  JLr indexof thenumberof farmlancl
habitats on a patch (0 to 6)

13. \*/aterhab: an index of the number of u'ater l 'rahitats
on a patch (small dam, creek, or proximin'
to a large s\\ramp, 0 t<t 3 )

1,1.  Noisvminers:  themeasuredabundanceofaggressivenoisv
miner s,llartoritt a nte |a nocephala, in birds
per coLrnr ( 0 to 12 )

Variable 1.1 n'as not used u' i th abr-rnclances of farmlancl bircls or total birds, as r-roisv rniners g'ere

ir-rcludeci in t l tose categories. \ ' l r iables 1 1 1J u'ere onlv r.rsecl u i th their rcspccti \ .c gr '(  )Lrl1.\  t  ' f  bircls.

7'able 2. Correlat iort coeff icients ( r) frrr regressions of bircl  nunrbers agair-rst patch characters.

I iarmlancl
Dependent variable: Forest l. 'armlancl V'atcr Total Forest and Total Noisv
Patch charactcr - bird bircl bircl bird bircl n'ater lrirrl lr ircl ntine r
independent variable spectcs specics sl'rccics species abunclance abunclance abundance abr-rndance

1. A 0.12J***  0.053NS 0 130t t  0. . i2u***  0.256\s -0.193\s 0.116\ '  -0.1(ru\s
2.  krgA 0.861***  0.21b* o. l3. - \ '  0.900***  0. l r i0***  -0. , i02** 0.5 ' i8***  -0.365**

3.  Dist  0 2g. i*  0.211\s 0.142\s 0.330* 0 23gt t  0.0tg\s 0.2- i6\s -0.1+9\s
.1.  LDist  0.19lNs 0. . i25***  0.202\5 0.295* 0.09. \ '  0.155\s 0 j5(r***  0.06g\s
5.  Fi re O2()1* -0.103's 0. l24Ns 0.2(18* 0.3,{8**  -0.2- . i *  0.1- i2\s -0.21+r '5
(r .  T i rnber -0.056\s 0.0.14\s 0.095's 0 051\s -0.091\s 0.155\s 0.06t \s 0.0, i2\s
1.  ( ) r tze -0. '00***  0.093\s -0.007\s -0.( r . i2***  -0.683***  0.6J9*"*  -0.1, i0\s 0.500***
g .  yea rs  -0 .500* * *  0 .1 . i - \ s  0 .101 \s  -0 . i 30* * *  -0 .516* * *  0 .551* * *  -0 .01+ \s  0 .3gg* * *
9.  Nt  0.362** -0.r i : i2***  -0.1 1 I  \s  -0.2+0\s 0.J82** -0.501 *"*  0,1 l  g\s -0.  j6+***

10.  Hab 0.735***  0.23, i \s  0.212\s 0.-56***  0.-02***  -O.+j l ***  0. ' i52***  -0. . i1(r***
I  1.  I rorhab 0. fJ2 1***  0.13]u***
12.  Farnrhab 0. : i2U*** 0.5 ' i2*"*  0.+2r***
13. \\laterhab 0.550*** -0. I JiNs
l+.  \<r isvr- t . r iners -0.(159***  0.2-2* 0.26i*  -0.557***  -0.-10***  (0.-09) l**  ( -0 37u) l*

* :  l ,  ( 0 . 0 5  * *  -  P  < 0 . 0 1  * * * :  P <  0 . 0 0 1 .

clensitics of forest bircls (39.8 and 21.9 birds per slrpportecl lon clensities of fitrest bircls ar-rcl l-rigl-r
count ). One (F6) n as tl-re site of the smaller G<>rr-nan- clensities of f-arrnlar-rcl t>ircls (Appenclix). Of tl-re 31
clale rr-rbbisl'r tip, ancl the other (T1B) \vas parth'ust:cl patches of this size cla.ss, forest bircls macle less tl-rar-r
as a trail-bike course; neither I'rad beer-r l-reavilr' 20%, <>f total poplrlatictns in eleven, iutcl tnore than
grazecl. 85% in onh'six, all of n hich hacl receivecl a clegree ctf

protection fr-on'r stock tl-rrotrgh f-encing or l)eiltg
Itt contrast, nlanv patchcs of 10 ha or less hacl been lxrr:ncle cl lrv pine plantations mther than pasture. ht

grazecl or slashecl for fire protection ancl tl'rev tl-rose patches, clensities r>f firrest bircls appearecl
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fttble -J Stcpwise contribution of variables to r-ntrltiple rcgressi()n eqr-rations

Variables
tcsted

lnclepcnclent variable adcled at each step
(ar . rd s igni f ic lnce o l 'adding i t  )

Varilrncc cxltl:unecl lrt each stcnr
( rrx 10096 )

Step I Stcp 2 Step 3 Step + Step 5Dependent variable (seer\nalvsis) Step 1 Step2 Step3 Stepi Stclt5

Furest bird species

Irumrland bircl species

V'ute r birclsltecies

' l i r tr l  bird species

Iirrest bird abundance

Iiurnrlund ( * uater) l>irci
abuncllurce

Norsv miner abundance

'lirtrtl 
bird abundance

2 - 8 . 2 - 1 0
2 - l  I
Z-1+

l-8
2 - 1 3 , 2 - 1  I

2.8
) - t  l

l - 1 1

)-rt  )- I  l

l - t +

2-8 .  l - l0  k rgA***
2-1 1,2-1.1 Forh:rb***
2-B+ l- i  logA***

2-fl Grtze***
2-11 ,2- l i  ( ln tze***

2-14(not i )  Graze***

2-i i  Graze***
2-1.1 ( lr lzc***

2-13 (not (r) Ir :rrmhub***

2-U krg A***
2  13  k rgA***

-Graze** \'e:lrs*

firtrhalt*** \'cars**

Noisr- \'cars*'

nr ine ls*"*

k lgA***  Farnthal t **

Hub* ,A l t *

Noisv

nt i ners**
-\ ears.*
Noisv

ntiners*
-Graze***

log A**
Noisv

nr iners***

Farmhab**
Fernrheb**

Farmhab*
-l lal>***

Alt*

Ycars*

Years*

Yellrs**

Hab**
-Halt**

I  Iab-

I i i  rc"

t.Disr-
Timbe r*

81  ,  1  8Z. r
U2.5  8) .2
tJ-.9 90.0

16 6  ++.6

no signif  icuut relut ionshi l t
. i8.+ ++.J 19 0
+  1 . 9

8+.  I
fJ- I 88. I

6i .J
-  1 . 5
--.0

50.1
50.J

5 - . I  0 1 6
i-.  I  (r().-

+0 .+

-  r . 1
- 9 9

3 1 , 0
1 9 6

-  -  P< 0 .05 ,  * *  =  P< 0 .01 , * * * :  P< 0 .001.  =  adc l i t iona l  v r r iab les  mac lenof i r r thers ign i f l can tcur r t r ibu t i rx r

only slightlv lower than ir-r larger parches (Apper-r-
dix). The apparent reduction in patches smaller tl-ran
3 ha mav be partlv an artefact of the srudv method
n'l-ricl'r was designed to search areas of about 3 l-ra on
each count.

Sigr-rs of eucalvpt dieback associated n'ith insect
attack were evident ir-r all patches lacking Llnder-
storev, which contained low densities of insectivor-
oLrs fi)rest birds (Appenclix).

Forest Bird Abundance - Because popularion
cler-rsities of forest birds were iow in tl-re smallest
patches, significant regressions were four-rd fbr
abundance against area for forest birds (Table 2).
The relationship v!'as improved greatly br. consider-
ing Icrg A notA, explainin g54.7% ofvariance, but u.as
clearlv not linear and for patches larger tl-rar-r 30 ha
there was little difference ir-r densitv witl-r increasing
patch size (Appendix). The relationship witl-r log A
was better mainlv because large patches received
le.ss weightir-rg in the equatior-rs.

Addition of the gr^zing, index improved the
relationship sigr-rificantlv, in a negative sense,
explaining an additior-ral 70.60/,' ofvariance (Table 3).
No other variable in tl-re first package (variables 2 to
8) macle significar-rt additional contriburions, tl-rougl-r
several were strongly correlared (Table 2). In the
enlarged package tl-re variable most stronglrr corre-
lated n'ith forest bird abundance was the index of
forest habitats, and its positive effect super.seded the
negative effect of the grazing index in the predictive
equation. The vears isolatecl also entered this
equation ( negativelv), suggestiltg a pr()gressive
clegradation of these patches as I'rabitat firr fctrest

bircl.s, apart from an\r ef-fbcts of area reclllction or
changes in other measllrecl variables. The equation
explair-red 79.9% of varialtce (Table 3).

Farmland and Water Bird Abtutdance - Abur-rd-
ances of farrnlancl ar-rcl s,rater bircls \\'ere negatir.elv
correlated n'ith log A (Table 2), but the regression
onh.explained 16.0% of variance. The grazing index
superceclecl the effect of log A, ir-r a positive sense,
explaining 40.8% of variarrce. Farmlat-rcl bircls \\,ere
onll'abundar-rt in heavilv gr^zed patches, regarclless
of size but generallt' these patches \\rere sntall. No
other variable in tl-re first package ntacle aclditi<tnal
contributiorrs. ht the enlarged packirge, 63.9% ot
variance vv'as explainecl b1. ir-rcluclir-rg additior-ral
terrrs for farm l-rabitats and tl-re tirnber index (posi-
tivelr') and total I'rabitat.s and altitucle (negarively)
(Table 3) This vl,as the onhr equation n4tcre rhe
timber index (ef'fbcts oi logging ancl other clistr-rrb-
ance) made a signific:utt contribution.

fotal Bird Abundan As abunclances of foresr
ar-rd farmland birds responcled ir-r opposite \\'avs to
most measurecl \rariables (Table 2), tl-re regressiolts
for total bircls \\'ere u,'eaker, explaining onlv 37.9% <tt
variance witl-r tl-re enlarged package, 30.1%, fron-r log
A (positivsll', througl-r the forest componer-rt) ar-rd the
additional 7.8% from altitucle (negativelr', rhrougl-r
the farmlancl comDonent ).

l,l ttr n b ers o.f Sp e c i e s

Numbers ctf fbrest species :lnd total species
increased u'ith size of patch o\rer the range of sizes
stuclied, \\'hereas nullbers ctf flrrntlancl species
sl-rc>r'r'ecl little cl-rar-rge (see Figure 2 in Lovn 1985).
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Table 4. Regression eqllarions for predictive lines of best fit.

BIRD ABUNDANCES 69

Groups of hirds Variables
tested

Rird species
(numbers of species
on patch) :

Bird abr-rndance
( individr,ral birds
per count)  :

Forest birds )  ) - r1

2-10

2-17

2-8 +11

2 - r1

16 .04 logA +72 .78
13.05 log A - 2.06 (Graze')
-0.09 (Years isolated) +21.8
as above

1 2 . 8 3 l o g A - t . 2 9 ( N o i s r
miners) -0.09 (years
isolatecl) +22.43

as above

9.7ti logA + 10.,10
6 .89 logA -2 .86
(Graze) +21.6I
4 .33 logA +2 .30
(Forhab) -0.0U1

(Years isolated)
+ 1.1.09
6.92\<ryA-1.19
(Noisv miners )
-0.011(Years

isolated)* 18.ft8
as wi th 2-11

Farn-rland birds 2
2-8
2-13

1.06 logA +6.31
1. ' i5LDist +6.24
1.59 logA -0.033 (Aft)
+r .79 (Farmhab)  +f t .59

as above

as above

-1.89logA * 13. f31
4.2) (.Graze) -3.55

7.54(Graze) +5.79
(Farmhab) -3.0 j  (Hab)
+2 .76 (LD is t )  +6 .57
1 .60 (Graze)  +5 .15
(Farmhab) -2.11(Hab)
- t2.22(Tinber)
-0.0.16 (Nt)  +12.32
not tested

z - r J  ( t l ( l t  \ )

2-14

\X rLterhi lds 2-8
) - 1  1

2-71

no significant relationship r-rot testecl
1.4i3 (Waterheb) -0.23 (Hab) nor resred
-0.007 (Al t )  +0.21 (Fire)
+ 7 . 7 2
0.9tt (Vaterhab) + 0.07;
(Noisr .miners)  -0.014

N<tisv nt iners

(Totalmammals)
Total l t i rds

z

2-8
2-13

2-13 (not  6)

2
2
2-13

2-74

0 o r l

(6 .09 logA +2 .11 )
17 .36 logA +19 .6
i6 .34 logA -0 .11  (years
isolated) +24.0
1 5 . 1 5 l o g A - 0 . i t 8
(Noisvminers)  -0.06. i
(Years isolated) + 26.25

- 1.U0 krgA *; i . , i9
1.36(Graze)-1 .26
0.35 (Graze)  +2.11
(Farmhab)  -1 .09(Hab)
+3.05
2..14 (Farmhab)- 1.29
(Hab)  +4.16

.i . f39logA +21.21
5.61 krgA - 0.048 (Alt)
+30 .61
not tested

lable5 crlmparison of three regres^sictn models of bird (ancl mammal) statistics agailst patch area

Sign of correlat ion
N{odel

Variance explained
Exponential

( r rx100% )
Power functior-r

Slope of pon'er
function (z)

Linear

Dependent variable:

Independent variable:

Forest bird species:
Farmlartd b i rd spccics:
V'ater bird species:
T<xal bird species:
(Total mammal species):

+
+
NS
+
+

Numberof
species

1ti .3***
2.gNs

0.1  7NS
18.3***

Number of
species
logA

11+  )44*

7.6*
5.6Ns

91 .0* * *
f16.0**

k;g (Number of
species)
krgA

51.9***
5.2*
6.6."

69.1 ***

.31

.06

.21

.) , '
*  :  P(  0 .05,**  :  p(  0 .01,***  =  p(  0 .001;  NS :  nots ign i f iC: t r r t ;_  =

Hence for forest and total birds, area terms
explained more variance for numbers of species
than the,v had done for abundance (Table 3). Three
regression models (linear, exponential and power
function) of species numbers against area are com_
parecl in Table 5. Atl gave l-righll, significar-lr posirive

not calculated.

relationships for roral bird .species ancl forest bircl
species, but the linear model (untraltsformed
species numbers again.st area) explair-recl far less
variance thar-r tl-re other rw.. The exponential moclel
explained almost 20%o morevariance for fore.st bircls
than did the pou,'er fur-rction (74.2% for forest
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species, BI.7o/" for total species) (Table 5) All
models overestimated numbers of species in tl-re
largest patches, but this effect was least in the expo-
nential model, which gave least weighting to the
large patche.s. To look at it another wav, if it were
pr.-''prs;e i :.l recluce the size of a large patch of forest
containing a given number of species, all models
woulcl overestimate the initial lo.ss of species with
decreasing patch size, but the exponential moclel
rn'ould do so less than the others.

Forest Bircl Species - The relationship of forest
bird species with area u,'as closer than for abundance
and log A accountecl for 74.2"/" of the 85.2% of
variance explained in the enlarged package (Table
l). The grazing index made a significar-rt additional
contribution (ir-r a negative sense) with the first
package, but was superceded by the index of forest
habitats (in a positive sense) in the er-rlarged
package, suggesting that grazrngactecl on forest bird
species bv removing specific forest habitats. The

,vears isolated contributecl in a negative sense with
both packages, and the multivariate equatic)ns
(Table 4) suggest that about nine forest species
would be lost from patches of constant size in tl-re
first centLlry of isolation. Further extrapolation
woulcl be unR'arranted withctut more evidence
about n'hether this was happening at a steadr.'linear
rate.

No other variable contributed significantlv.
Ntitude s/as pctsitivelv crtrrelated (Table 2),
probabll' because the smallest, most degraded
patches \ ,'ere lowest ir-r the vallev. Factors such a.s fire
and logging are known to affect forest bird species
and abundance eisewhere, but in this studt'fire and
logging histories did not cliffer greatlv between
patches, and distances of isolation also cctvered a
narrow range (Appendix). Tl-rese variables s,'ere not
strongly correlatecl with fcrrest or total bircl species
(Table 2).

The ir-rdex of forest habitats explainecl almost
as much variance (67.1%) as the most stron€lly
correlated variable log A (71.2%), but as these tvn'o
variables were themselves intercorrelated (r :
0]23, 12 : 52.3%u,p< 0.01), the contribution of the
habitat index was masked bv the area effect. Large
patches contained more habitats than small ones and
the area of a patch (or its log) mav be a better
measure of l-rabitat diversitv than the coarse habitat
indices measured.

Fannland Bircl Species - Numbers of farmland
species were positivel,v correlated with l.rg A
(althougl-r their abundance \L'as negativelv corre-
lated), but the relationship was weak (Table 2). Few
species occurred in patches that lacked a farmland
bounclary. In the first package the closest correlation
was urith distar-rce from the nearest larger forest
patch, suggesting that isolation between patches
(or the amount c>f surrounding farmland) helped

REMNANTS OF NATIVE \'EGETATION

cletermine numbers of farmland species. It wa.s
tl-rought that a better measure coulcl be the square or
log of this distance term, but tl-rey gave even weaker
relationsl-rips. A stronger regression was fcruncl witl-r
the enlargecl package, explaining 44.6% of variance
(still far less than for forest birds). The contributing
variables s./ere altitucle (in a negative .sense) and log
A and the index of farmland habitats (in a positive
sense) (Table l) The negative effect of altitude
reflects the greater clegree of agricultural clearing in
the valley, n'hich has provided habitats for more
farml lnd bird specics.

Vater Bird Species - Onlv a few water bircl
species made more tl-ran ir-rciclental use of the forest
patches, although some small ar-rd large patches
pro'u'ided important nesting ancl roosting sites for
them. No sigr-rificant relationsl-rip n'as found u'ith
area terms or the first package of variables 2 to B.
Inclusion of terms for altitude and habitats ga\re a
regression explaining 49.0"/" of r.ariance (Table 3).
The contributing variables s,/ere water l-rabitats ancl
the fire ir-rdex (in a positir.e sense) ancl total l-rabitats
and altitucle (in a negative ser-rse).

Tl-re effect of altitr-rcle reflects the greater extent of
natural and artificial u'etlands in the vallev, on
a broacler scale than considerecl in the habitat
variables. The fire index made a significant contribu-
tion to no other ecpration ancl its positive effect mav
be a quirk of intercorrelation; the least f ire-prone
patches were the sn-rall hear-ilv grazecl patches in
farmlancl containing dan'rs ancl swamps.

Total Bird Species - As f<rrest species, farmland
species and rl'ater bircl species all increa.sed with log
A, the relationsl-rip wes evcn strot-)ger for total
species, expJair-ring BI.7% of variance (Table 3).
Forest bird species respondecl in clifferent s,avs tc)
most other variables (Table 2), and only .vears
isolatecl macle a significant aclditional contribution
(in a negative sense), explaining a further 33% of
variance. The multivariate equation (Table 4)
suggesm tl-rat about eler.en species would be lost
from patches of constant size ir-r the first centun'of
isolation.

l/oe1.' Miners - A Special Factor

The most conspicuous bird in many of tl-re small,
grazed patches s'as an aggre.ssive honeveater, the
r-roisv miner, whicl-r breeds communallv and defends
territcrries against all other bird species (Dow 7977).
Noisv miners compounded the effects of under-
storelr removal bv ph1'sicallv expelling small birds
that attempted to encroach on their territories.

The only other birds that were able to nest in noisv
miner territories s/ere larger farmland species (e.g.
Australian magpie Gymnorbina tibicen), some large
raptors and water birds (e.g. at T28 a pair of brown
goshawk.s Accipiter.fasciatus and a pair of yellclw-
billecl spoor-rbills Plcttctlea Jlattipes), ^ predatory
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fcrrest passerine (gre). butcherbird Cractictts
torquatus) and a feu,' hole-nesting specie.s (e.g.
eastern rosella Platy6sv6vls exirnius, laughing
kookaburra Dacelo nouaeguineae) tree martin
Cecropis nigyicans ancl introduced c()mmon starling
Sturttus uulgaris). Occasionallv striatecl pardalotes
Pardalotus striatus nested in tree hollou,'s in small
patcl-res or isolatecl trees ir-r paddock.s, making raids
into noisv miner colonies to snatch food before
expulsion. Nois,v miners fed in pasture and in the
canopv (on larger in'n'ertebrates, exudates, etc.), and
the other farmland birds fed primarilv on insects and
seed.s in surrounding pasture. Apart from tl-re parcla-
lotes, few birds remained to feed on small inverte-
brates ir-r the canopv of patches clominated b1' noisv
nriners, all of which suffered dieback ar-rd defoliation
bv insects. Noisl' miners did not occur in tho.se fore.st
patches where intact unclerstorev pror.icled cover for
competing birds. In large patcl-res r-rois\. miners
occurred only localll', 21u'a\,s on the edge of pasture
ancl usuallv in grazed peninsulas of forest that
required defence on onlv one edge.

Recause nois'r' miners were locally dominant,
regressions \vere run for their abundance against
log A ancl other patch variables. Noisv miner abund-
ance proved to be negativell' 6er."latecl with log A
(Table 2), but the regression only sxplained 13.3%
of variance. Tl-re grazing index supersecled the effect
of log A, in a positive sense, explair-rir-rg 25.0% of
variance. In the enlarged package, 10.4% of variance
n'as explained bv including additional terms fctr
farm habitats (in a positive ser-rse) ancl total habitats
(in a negative sense) (Table 3). Tl-rese two terms
superseded the effect of the grazing index with little
loss in explained variance (Table 3), ancl a slight gain
in significance of regression. This suggests tl-rat the
substantial cor-rtribution of the grazing index was
almost entirell,reflected in the l-rabitat inclices. The
other relationships were similar to those for farm-
land birds generalh,, except that less variance u'as
explair-red and nct extra contribution R.as made bv
altitude (despite a str()ng negatir-e correlati<tn, Table
2) or the timber index. A few farmlar-rd birds, but not
nois,v miners, enterecl larger forest patches after
logging. Farmlar-rcl bircls and water birds generallr,
far..oured similar fcrrest patches tct r-roisl'miners, and
numbers s,'ere positi'r'elv correlated despite aggres-
si<>n between them (Table 2).

Wl-ren noisv miner abundance \\'as ir-rcluded as a
patch character ir-r multiple regressictr-rs, it improvecl
tl'rc bcst prcvious relatior-rsl-rips for forest bircl
abundance, forest bird species ancl total bird
species, but not for fhrmland or water bird species
(Table l) (Noisv miner abundance could not be
regre.ssecl against farmlancl or total bircl abundance
as it formecl a substantial part of each. ) For forest
bircls, nc>is1' miner abundance supersecled the
grazing inclex in tl-re same negative sense, but was
supersecled bl,the forest habitat inclex in a positive

sense (Table 3 ). These three characters were too
cloself intercorrelated to be separated easilv (Table
2). It is likely that forest birds u.ould be scarce
u,4rerever grazing had reduced tl-re understorey,
though not as scarce as when noisv miners com-
pounded tl-re effect through their eviclent aggre.s-
s ion.

Observations on two patcl-res suggest separate
effects of these variables. One t ha patch (MB)
retained dense swamp paperbark Melaleuca
ericifolia thickets despite grazing, and it supported
no noisv miner.s and a fairl,v high abundance of forest
birds (Appendix), including species that fed in the
eucalvpt canopy as well as ir-r the paperbark. On one
4 ha patch with heathy understore)/ (MF), noisy
miners were initially resident on the edge and in
nearbl'roadside trees. During a drougl-rt in late 1982
a few cattle were admined to the patch and nctisv
miners encroached further, reducing populations of
forest birds even where understorey remained
intact. Thu.s a shifting balance was evident even in
the short time-scale of the studr,.

DISCUSSION

Cbanges in Species u,ith Clearing

Befcrre European settlement the study region was
almost entirely forested and present-day farmland
birds u.ould have been confined to a few open areas
of woodlar-rd ir-r tl-re valler.; it is certain that they are
novn'more abundant and probable tl-rat more species
are represented. It is al.so certain that forest birds are
less numerous, as only 30% of forest l-rabita[ remains
and population densitv was r-ro higl-rer ir-r small
patches than in more extensive forest (Appendix).

Historical recorcls are not adequate t<t cletermine
whether anv forest species have been lost from the
region but an assessmeltt can be n"rade from know-
ledge of current distribution. In a sLlrvev of a 30,000
ha block of forest nearb\', or-rly two adclitional bird
species were founcl (Gilmore 7977); thev R'ere
brown quail Coturnix australis ar-rd southern emu-
wren Stipirurus malachun.ts, and botl-r were con-
fined to sn-rall areas of swamp). heatl-rland r-rot rep-
resented in tl-re stud1, regi<tt"t. It is r-rot knou'n vn'hether
sucl-r heatl-rland might have been representecl before
clearir-rg. A sin-rilar situation helcl for mammals
(Suckling 7982), with oniv one extra species four-rd
ir-r the 30,000 l-ra block, also ir-r a special localised
habitat (Gilmore 1977).

A fen'extra forest bircl species R'ere founcl further
awav from the studv regior-r, but all were in differer-rt
habitats such as coastal forest or sretter forest at
higher altitude on either sicle of tl-re t.atrobe Vallel',
above the rainshadow of tl-re stud.v region (pers. ob.s.;
Rlakers et al. 7984; L<tt'n e/ al. 7980: Norris et al.
1979)
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depended on smaller patches fcrr sun'ival in the

stuchr regiolt. The sir species and their main local

habitats \\'ere emu (l-reathr. rvt><tcllancl), rose robit't

Petrcticct rosec4 (sih.'er rvattles Acacict dealbata),

spottecl cluail-tl-rru sh CinclosotTtct pttnctatLt.zrz ( clrier

frrrest rt"itl-r open understorel'), chestnut-rumped

I'rvlaccrla Sericorttis p-yt't'bop-ltgitrs (l-reatl-rv n'oocl-

lancl ), nctisl' friarbircl I'hilemon corniculctlzz.s (river

red gur-ns E ccttttctldt.tlensis, fbrest red gtttt-ts E

t er e t i coruus an cl b a n ks ias ) ar-rcl n'l-r ite -n'ir-rgecl cl-rougl-r

Corcorct.x rnelattorltctrttpbrts (drier u<todland

n'ith open unclcrstorer'). Several other species

occurrecl in the fil 'o largest patches ctttlv it't I'en'

sn-rall number.s, and srnaller patcl-res \\'ere alsct

important for tl'reir local sltn-ivall tl-rese species

ir-rcluclecl bircls of drier habitats such as lcacler-t

f-lr.catcher. Elseu'here ir-r the state all ctccttrreclit-t cttt't-

tir-u-ron.s firrest, tl-iougl-r little or tto extertsivc l-ralritat

rernair-rs for soure c>f tl-rem (nt>tablv t'toi,sv friarbird)

ir-r tl-ris region of sot-tthern Victc>ria. Tl-rere appears to

be no reason firr tl 'rese species to avoid larger

patcl-rcs of frrrest, but in this regictn tl-reir haltitats

s'ere onlv representccl in srr-rall patches.

Species onl.t' ctrt l.arge l)cttcbes

No species \\'as confinecl to the largest patch. At

least one 1-lair clf pou,erfirl on'ls l/llzo.t stt'enua was

resiclent there ancl othern'ise the species was not

recorcled except occasionallv t>n the second largest

patch (NI11 ,9f3hu). Ar-tother fore.st l t i rcl ,  t l ' re beauti-

ful firetail Entblenm bellct, R'as onlv <tbsen'ed once

outside tl-re largest stuch'patcl-r vu4rere srnall numbers

s.ere resident in heathv gullies. JuSt One other

species, the u4rite-belliecl cuckoo-shrike, was

recorded onlv in t l ' re three largest patches (F11, M11

ancl N'12, f14h.t) u'ltere a ferv pairs occurred as regu-

l a r  summer  n t i g r l t t t s .

Just as some species ( at least six in tl-ris studv) ttad

l-rabitats tl-rat bv chance \\'ere onlv represented on

small f<rrest patches, others n'ould be expected tcr

have l-ra[ritats c.lnlr, represented on large forest

patches. Therefore it n'onlcl be n'rot-tg to conch,rde

tl-rat tl-rc three birds nrentionecl above necessarih.

neecl large reserl.es. If the patches were recluced in

size tl-reir particLrlar l-rabitats n-rigl'rt be lost, but if tl-re

l'rallitats remainecl tl-re species rnight rentain as n'ell.

No olx'ious rcason can be suggestecl for wl-rite-

belliecl cuckoo-shrikes to neecl large reserves. Their

absence from extensive forest nearbv suggests that

thev neecl particular habitats (undefined) tl-rat

happenecl to be represeltted in tl-ris studi, regitttr

soleir, on large patcl-res. I Iowever, possible reasons

can be suggestecl fcrr tl-re otl-Ier two species.

Pcln'erful orn ls have large territories, sometintes ilt

tl 're order of 800 to 1000 l-ra (Fleav 1968; Seetteck

1976) thougl-r this would deper-rd ort prev availabilin'.

Resident pairs were stuclied bv Tilley (1982) ir-r frag-

mented fbrest patcl-res <tf 1+2l'ra and 165 l-ra, where

Tl-rose rnost likeli'to have I'racl suitable l-rabitat in

the studv region before clearing are sllperb lyrebircl

Menurct notctebollandiae (u'etter fttrests artcl

gullies), flarne robin Petroica pboenicea (nou' a

passage migrant, ltreeding ir-r sligl-rtlr' \\'etter forests

at higlrer altitucle), Lrrctn'n treecreeper Clintacteris
picumnu.t (dry. fc>rest incluclir-rg river recl gums, but

ir-r SE Victoria rnainlv ltox n<rocllar-rd), ltell mir-rer

Xtanorina ntelanopbns, r'ellttrtn tufted hrtneveater

Lichenostomus ntelanops and satilt bon'erbircl

Ptilonorbtrncbus t,iolctceus (al| in broacl foothill

gullies) ancl piecl curras,'ong Sn"epera graculina
(slightlv s'etter forests, bllt rareh'breecling south of

tl-re Latrobe Valler.). It-t an American studr', Bottcl
(1957) fbur-rcl tl-rat birds of u.et fbrest I'rabints \\'ere

the most sll.sceptible to fragr"nentatiolt, but l-rere tl're

point is rather tl-rat the stuch. region woulclttttlt'have

contained srn:rll areas of suitable or ntargit-tal l-rabitat
(if ar-n'), vnhile \\'etter forests nearbr' (especiallv

north of tl-re Vallev) have not been greatlr, frag-

mentecl. Cortr.'ersel1,, fc>ur forest species (ancl manv

farrnlar-rcl ancl n'ater bircls) n'ere markedll' more

comn-Ion ir-r the stuclr, region than it-t contit-tucttts
fbrest nearbr-. Tl're forest sltecics \\'erc erttu

l)rctntaius ttct t' ae bo I I ctnd i ae . rvl-r ite-be I I i e cl cu ckoo-

sl-rrike Coracinct papttensis, leaclen flr'catcher

,1.I1,ictgra rebeculct ar-rcl noist, friarbircl Pbilernort

cot'niculctlzzs. All are tr"picallr. bircl.s of cln'forest, attcl

\\'e re present Lrecause tl-reir l-rabitats \\'ere rep-

reselltecl not because thev ber-refitecl from fragmen-

tation. h-rcleed, the cuckoo-sl-rrikc was txrlv fottnclon

the largest patcl-res, :rncl emus are absent from lrore

l-reavilv clearecl parts of Victoria. As ir-rdicatecl bv

L),nch ancl Wigl-ram (1984) from American stuclies.

tl-re regir>r-ral clistributior-r of l-rabitat should be cot't-

siclered. h-r tl're Latrobe Valler.. clearir-rg has been con-

celltratecl in tl're more open forest and n'oocllancl

habitats, so the more critical need locallv is tct con-
set"r'e species associated vn'ith tirose l-rabitats. This car-r
now onlt, be done bt' consen.ation of fragn-rer-rted

patches.

Most species rvhose l-rabitat.s srere represented ir-r

tl-re .studv patcl-res u,'ere recorclecl on thent, arrcl it

seerns tl'rat most if r-rot allspecie.s hal'e sun'ived there

despite the 70% recluctic>rt in area c>f forest l-rabitat.

Distribut ion o.l' Spe cies IJe tu, e ett Patc bes ; Sp ecies nor

on Large Patcltes

Generallv the distributior-r of species reflected

their part icular habitat requirements (Lovn 1985).

No sir-rgle patch supported all species, but the largest
patcl-r (F11, 7771ha,) supported the greatest numbe r

of forest species w'itl-r 62 of the 79 rec<>rdecl. Tl-ris is a

sligirtlv loner proportion than for mantmals witere

the same patch supportecl 18 of tl-re 20 species

recordecl (Sr-rckling 1982). Eight of tl-re forest bird

species missir-rg from that patcl-r \vere mereh'

occasional or irregular visi tors to other patches, and

tl tree others werc olrsen et l  on t l tc ser'ottcl  largcst

patc l - r  (NI11 ,913 ha) .  l 'hc  remain ing s ix  apparent lv
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their diet included common farmland birds as well
as arboreal mammals. It i.s not known whether
smaller areas could be used, or combinations close
together, but in this study thev did not appear to be.

Beautiful firetails inhabit flammable understorevs
and mav need large reserves to provide successions
of suitable habitat after fires. They are slow to return
after wildfires and have not been seen fl,ving across
open country, though they may do so.

Hence three reasons for species to be associated
n'itl-r large patches may be exemplified by these
three species: white-bellied cuckoo-shrikes b,v
chance, powerful owls needing large areas for hunt-
ing and beautiful firetails needing continuous
regeneration of succe.ssional habitats.

Sp e c ies / are a Re lationsb ips

Manv studies have attempted to explain variations
in numbers of species or-r l-rabitat islands in terms of
the equilibrium theon' of biogeograpl-rv (MacArthur
and'Wilson 7967; Diamond 1975). Tl-ris theorv has
provided a framenork for discussing important con-
senation issues but suffers from a pauciry of experi-
mental evidence, and manv of tl-re obsen'ed relation-
ships can be described well with other models
(Ccrnnor anclMcCo1,7979). The theory has also been
used wrongll, to argue that single large reserves
necessaril,v conserve more species than series of
.several small reserves (tlie SLOSS debate) whereas
the theory itself has been shown not to answer the
question (Simberloff and Abele 7976, 1982). A full
analvsis of the present data u.ith respect to SLOSS is
planned, but a comparisctn of fir.,e 50 ha combina-
tions with van.ing degrees of fragmentation revealed
ven' similar nuntbers of forest bird species (Lovn
1985), implying that the observed reduction in
species numbers n'ith reducing patch size was a
basic consequence of patch area rather than an effect
of fragmentation. This use of SLOSS to separare
'passive' area effects from effects of fragmentatiotl
per se l-ras been overl<toked and clouded bv argu-
ments aboutgerreral answers to the SLOSS question.

All studies have shou'n that large habitat patches
support more species than small patcl-res, but the
form of the relationship varies accctrding to geo-
graphical factors and the taxonomic or ecological
group concerned. The present data fittecl an expo-
nential model best, and this model l-ras generally
been associated with svstems that are not fullv
isolated and where numbers of species are deter-
nr ined mainlv bv habi tats repreiented. Nl  h i rds
obsen'ed on this studv were capable of movir-rg
easilr. between patcl-res ancl most were obsen'ed
doing so, including the onlyfligl-rtless species (emu);
it R'as observed more often in pine plar-rtations and
pasture than in natural habitat. However, the graph.s
sloped steepl,v with the pos/er fur-rction model
(z:0.34 for forest birds), wl-rich has been taken as

h'pical of more isolated systems and the equilibrium
model. Highzvalues and good exponential fits have
also been reported for mammals on the same
patches (Suckling I9B2) and lizards, birds and
mammals in the wheatbelt of 

'Western 
Australia

(Kitchener et al. 7980a, b, 1982; Humphrevs and
Kitcl-rener 7982).The explanation in all cases is prob-
ablv that habitats decline rapidly with clecreasing
patch size.

In the Latrobe Vallel', the three model.s over-
estimated numbers in larger forest blocks nearby (as
they did fcrr mammals, Suckling 1982), For example,
extrapolation of the exponential equation predicted
65 diurnal fore.st species on the largest patch (.1777
ha) and 85 fcrrest species on the 30,000 ha forest
block studied bv Gilmore (.1977),whereas numbers
actuallvfoundwere 59 and 52 respectivelv.If instead
the graphs were fitted to extensive forest nearby,
thevwould underestimate numbers of forest species
currenth/ sur-viving in medium or large forest
patches.

All equations were improved significantlv by
including terms other than log A, and the entry of a
term for vears isolated suggests that numbers of
species were declining at about ten species per
century (mainlv forest birds) and could be collaps-
ing tovr.ards lower equilibrium levels fitting another
model. The equations for fhrmland and water birds
.suggested tl-reir species numbers depended prim-
arilv on factors external to tl-re patches, whereas their
abundance on patches depended mainlv on grazing
intensit\., reflecting their use of these habitats.
Nevertheless, the patches provided essential nesting
and roosting sites for manv of tl-rese species. Farm-
land and water birds were most comlnon at low
altitucle, probabl,v because the greater extent of
clearing ir-r the vallev l-ras provided more diverse
habitats for both €lroups. It should also be noted that
man\r farn-rland species \\'ere originallv confinecl to
open habitats at low altitude or inland, and would
have been even rarer in tl-re forested ranges before
clearing.

Tl-re grazir-rg and habitat indices made major con-
tributior-rs despite their coarseuess. FeR'bird species
were absent from patches where their habitats were
well represented, so that a more careful (but sub-
jective) calculation of habitat indices n-right l-rave
vielded near-perfect correlatictr-rs. Noisv miner
abundance was correlated with tl-rese variables and
may have been a rnore sensitive (indirect) measure
of grazing effects on sntall patches than the otl-rer
indices, though noisy miners had a special in-rpact of
tl-reir ou.n (on small grazed patches), as clescribecl.

Hence in this studv, l-rabitat representation
emerge.s as a prime factor contributing to species-
area relationships, with grazing as a prime factor
reducing l-rabitats, speciallv or-r small patcl-res. Noisr.
miners mav recluce forest bird populations and
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species further on small heavily grazed patches.
Fragmentation acts mainly by reducing area of
habitat, though when patches are reduced below 10
ha they appear to become more susceptible to
effects of grazing and noisy miners.

Ecological Interactions and Tree Health

It wa.s noticed that eucalypt dieback from defoliat-
ing insects was more severe in small, heavilv grazed
patches than in forest patches with intact under-
storey and higher populations of forest birds.
Similar observations were made elsewhere in east-
ern Australia (New England tablelands) by Ford and
Bell (1981) and Davidson (.1984),although in higher
rainfall parts of Victoria there is less evidence of
dieback rn grazed forest patches.

Many factors can be involved in rural dieback (e.g.
see Old et al. i981; Marks and Idczak 7976) includ-
ing climate, effects of stock on trees ar-rd soil compac-
tion, increased exposure to weather and pollutants
(tl-re Latrobe Valley study region u'as downwind
from a major industrial centre) and hydrologic
changes.

Insects are often an important factor affectir-rg the
health of trees and birds can playa major role in con-
trolling them. This was demonstrated recently when
common forest birds controlled psvllid infestations
after experimental removal of aggres.sively terri-
torial bell miners, resulting in improved tree health
(Loyn et al. 7983). In the Latrobe Valley noisy miners
may exert a similar influence to bell miners, main-
taining high populations of insect prey tl-rrough terri-
torial defence, despite other differer-rces in the
ecology of tl-re two miners. Even without noisy
miners, it seems tl-rat populations of forest birds
would be low in small heavilygrazedpatches lacking
understorey, and hence such patches would be rela-
tively unprotected against insect attack.

Mammals such as sugar gliders Petaurus breuiceps
also consume substantial numbers of insects (Nagv
and Suckling 1985) and benefit from understorey
protection (Suckling 1980, 1984). The importance of
understorey was discussed bv Davidson (1984), as
habitat for predatory and parasitic insects as well as
birds, all of which can reduce pest insects. The
solution is to protect small patches from grazing,
improving both species diversity and tree health.

Imp lications for C onsert ation and M anagement

The message for conservation is that small and
large patches of remnant forest have value, deper-rd-
ing on tl-re habitats represented. In a regictr-t such as
the Latrobe Valley, some importanr habitats are rep-
resented on medium-sized patches ( 10-150 ha) ar-rd
not on larger patches as well as uice uersa. Tl-rese
patcl-res also have value in maintaining regional
populations of birds and other wildlife, including

REMNANTS OF NATNE \EGETATION

common forest and farmland species which can help
maintain the health of the fore.st patches and prob'
ablv pasture as well.

Good management of small and scattered forest
patches presents logistic problems for a central
agency (e.g. government), and can best be achieved
bv individual landholders with suitable incentives
and encouragement. Conservationists and govern-
ment should recognize the complementarv value of
scattered forest remnants as well as large reserves
for wildlife conservation and other reasons.

Trees and patches of forest on farmland l-rave
value for many purposes apart from wildlife conser-
vation. Thev provide sl-relter for stock, protection
from erosion and salinitv, and supplies of firewctod
and fer-rcing material, When patches sntaller than 10
ha are heavily grazed by stock, tl-rev clo not regener-
ate and old trees senesce rapidlr,, at least in part
through inadequate natural control of insect popr-rla-
tions. The survival of these patche.s, and to some
extent the whole land.scape, flZy depend on Elreater
attention to animal habitat including protection and
encouragement of under.store)/ as well as tree re-
generatiolt.
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Birds in patches of old-growth ash forest,
in a matrix of younger forest

RICHARD H. LOYNI

Birds were studied at 57 sites in Mountain Ash forests in the Central Highlands of Victoria, Australia in spring and

summer l 995/96. The sites represented 41 patches of old-growth forest (up to 390 ha in size) in a matrix of regrowth

mostly from severe fires in lggg (57 years previously), with multiple sites in the four largest patches of old-growth and

eight sites in 1g39 regrowth. Relitive bird ibundanie was assessed by an area-search technique- Generalized linear

m6oetting was used tidevetop predictive models by regressing abundance of groups of bird species against patch size,

isolation and some basic habitat and epntext variables.

Total bird abundance (of all species combined) tended to be higher in old-growth patches than in 1939 regrowth, but

not significanfly. There was no trend in totial abundance with patch size or isolation. Fruit-eating birds tended to be commonest

in smilt patchbs. Bark{oragers and uncommon birds favouied large patches, though the latter were most common in 1939

regroradr. More variation wal explained by habitat and context rariables such as aspect, altilude and forest structure. Uneven-

aged forest structure was often associated with small patches.

It was concluded that old-growth forest patches can have similar values per hectare frrr forest birds whether they are

large or small. The regrowtn tdrest matrix appears to protect small patches from factors which reduce densities of forest

birds in small furest pitcnes in farmland. The data support the current policy of retaining all old-growth ash forest patches.

A range of factors should be considered in selecting iegrowth stands of various sizes to regrow as old forest of the future,

including their intrinsic potential to develop particular habitats and produce a mix of forest stuctures in the landscape.

INTRODUCTION

Oxn of the crucial issues facing forest
managers is the need to retain and regrow
patches of old forest. The issue is crucial
because many wildlife species depend on forest
resources such as tree hollows which generally
form much later than the optimum age for
economic harvesting of trees for timber
(Tyndale-Biscoe and Calaby 1975; Mackowski
1984; Loyn l9B5a; Recher 1991; Scotts l99l) .
This is particularly acute in Australia wherc
hollow formation depends mainly on termites
and fungal attack, and there are no wood-
peckers which are common primary excavators
in most of the world's forests.

Forests of Mountain Ash Eucalyptus regnans
and Alpine Ash E. delegatensis in the Central
Highlands of Victoria are among the most
fast-growing and productive native forest
ecosystems in the world (Ashton 1976; Attiwill
1994), with trees growing straight and fast to
heights of 100 m. They are in great demand
for timber but also provide valuable wildlife
habi tat  (Loyn l9B5b; Macfar lane 1988;
Lindenmayer et al. 1990; Lumsden et al. 1991).
About 70% of these forests were burned by
severe wildfire in 1939 (Noble 1977). Many
trees were killed by these fires and others were
felled in subsequent salvage logging operations.
There are now large areas of even-aged
regrowth with scattered stags and veteran trees.
Old-growth forests exist as patches of varying
size and shape within a matrix of younger
regrowth resulting from these and other fires,
or recent clearfelling. All old-growth ash forests

in the Central Highlands are now reserved
from logging as one of several measures
to conserve 

- 
habitat for the endangered

Leadbeater's Possum Gymnobelideus leadbeateri
(Macfarlane and Seebeck 1991; Macfarlane and
Lovn 1994). Plans are also being prepared
to'retain stands of 1939 regrowth to provide
additional old-growth in future, and there is
wide scope for retaining such patches in any
of a range of configurations. Hence, it is

importani to understand the relative values
of 

^ 
large or small old-growth patches as

wildlife habitat.

To this end, data have been collected on
mammals in old-growth ash forest patches
(Incot l  1995; Incol l  et  aI . ,  in Prep.)  and on
birds in the same patches. This Paper
deals with the data on birds. It addresses
questions about effects of patch size and
habitat variables on bird abundance in frag-
mented patches of old-growth ash forest, in

a matrix of regrowth forest. The study forms
part of a larger set of studies on wildlife of
ash forests in relation to scale and pattern of
forest operations (e.g., Flinn and Bales 1990;
Squire i t  aI .  1991; Nelson and Morr is 1994;
Nelson et  a l"  1996).

METHODS

Forty-nine sites were selected in patches of
old-growth'ash forest  and eight s i tes in 1939
regrowth between Powelltown, Warburton and
Marysville 4A-70 km north east of Melbourne.
These were a subset of the sites selected
by Incoil ( 1995) to represent a range of

rAnhur Rylah Insriture, Department oFNatural Resources and Environment, 123 Brown Street, Heidelberg, Victoria, Australia 3084.
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possible patch sizes and distances of separation
from other patches. Twelve of the sites were
subsamples of four large patches of old-growth
forest (> 100 ha), and the patches ranged in
size from I ha to 400 ha (Thble 1).

Bird abundance was assessed at each site by
an area-search technique (Loyn 1986; Hewish
and Loyn l9BB), modified for use in ash forests
where it is diflicult for an observer to penetrate
dense understorey and observe birds at the
same time. The search area was reduced to
2 ha and the observation time to 10 minutes,
with observations made while walking slowly
for 200 metres along tracks. Numbers of all
birds seen or heard in the 2 ha area were
recorded by species. Birds observed off-site were
recorded separately and not considered further
in analysis. Up to three ten-minute counts were
made at each site benveen late November 1995
and February 1996, and mean values were used
as the units for analysis. Previous experience
has indicated that even single counts give good
indications of bird abundance and guild
composition at a site, though not a complete
list of species present.

Habitat and context data were taken from
Incoll (1995). The habitat data were measured

in the field and the contexr data were calcu-
lated from Geographical Information System
data supplied by J. Smith (pers. comm.).

ANALYSIS

Species were grouped for analysis according
to their observed use of habitat for feeding
and nesting in Mountain Ash forests (Loyn
1985b and unpubl. data), or their regional
abundance (Emison et al. 1987) (Thble 2).

Mean abundance of each species group (from
all counts at a site) was regressed against a
range of habitat and context variables by
generalized l inear modell ing. The data were
examined first to assess interdependence
between variables and the need for trans-
formations. Natural logarithms of mean
abundance were found to give satisfactory
distributions for analysis. Dependent variables
for patch shape were discarded because they
correlated closely with patch size, the small
patches being more elongated and irregular
than the large ones. Close positive correlations
were also found between basal area of eucalypts
at a site and circumference of the trees,
showing that sites with the largest trees also had
the highest basal areas per hectare: only one

Table I. Habitat and context variables of the 57 sites assessed in ash foresrs 1995/96 (from Incoll 1995).

Habitat Variables [and code used in Fig. 2] Minimumt Meant Maximumt

Overstorey basal area (m2/ha)
Basal area of tall shrubs or middle storey trees (m2/ha)

USBASAL

Circumference at breast height of overstorey trees (m)
Tiee canopy height (m)
Overstorey density (stems/ha)

Topographic position (g,rl ly, midslope or ridge) TOPO
Aspec t  (E  :  l ,S  :  2 ,  W :  3 ,  N  :  4 )
Altitude (m)

Stags (number above canopy)
Stags (number below canopy)

r4.9
0.8

5 . 1
40.3

3.0

58.4
33.6

6.6
59.0
22.2

796

0.6
g 1

226.8
r60.0

8.6
75.3

226.r

I  030

4.0
13 .0

390

0
0

Context Variables Minimum Mean Maximum

htch size (ha) AREA
Patch shape (irregularity index)
Isolation (mean distance to nearest. old-growth patches, m)

ISODIST

Isolation (size of neighbours) (mean size of adjacent
old-growth patches, ha) ISOSIZE

Proportion of old-growrh forest in 250 m (ratio of areas)
pold2
in 500 m (ratio of areas)
in I km (rario of areas)

Proportion of rainforest in 250 m (rario of areas) pRF
in 500 m (ratio of areas)
in I km (ratio of areas)

Proportion of mixed species forest in 250 m (ratio of areas)
in 500 m (ratio of areas)
in I km (ratio of areas)

0.2
0

50

r .25

0

0
0

0
0
0

0
0
0

120 .5
0.32

6 5 1

60 .1

0.35

0.27
0.23

0.070
0 .071
0.069

0.025
0.042
0.061

590.4
0.85

2 783

372.3

0.84

0.80
0.68

0.324
0.250
0.207

0.465
0.477
0.421

tvul.t., for minima, rneans and maxima include sites in 1939 regrowrh as well as old-growth forest patches.
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Table 2. Groups of bird species observed on the 57 sites in ash forests, 1995/96, according to their main foods, foraging and

nesting sites, migratory patterns and local abundance. Only the more common species on these sites are listed by name.

Soecies that were uncommon on rhese sites are listed in brackets or not at all.

1. Insectivores (birds that take invertebrates as the main part of their diet)

(a) Birds that forage from open ground: (Flame Robin, Superb Fairy-wren, Australian Magpie)

(b) Birds that forage from damp ground below cover: Superb Lyrebird, Pink Robin, Eastern Yellow Robin, Eastern

Wripbird, Grey Currawong, Bassian Thrush, (Common Blackbird)

(c) Birds that feed among dense understorey or damp ground below: Olive Whistler, White-browed Scrubwren, Pilotbird

(d) Shrub foragers: Fan-tailed Cuckoo, Rufous Fantail, Rose Robin, Golden Whistler, Brown Thornbill

(e) Canopy foragers: Shining Bronze-Cuckoo, Grey Fantail, Satin Flycatcher, Grey Shrike-thrush, Black-faced Cuckoo-shrike,
Striated Thornbill, Spotted Pardalote, Striated Pardalote

(0 Bark foragers: (Crested Shrike-tit), White-throated and Red-browed Tieecreepers

2. Frugivores (birds that eat seeds or fruit as an important part of their diet

(a) Birds that take seeds mainly from ground or low vegetation: (Brush Bronzewing, Red-browed Finch, European
Goldfinch)

(b) Seed-eaters (taking seeds, galls etc. at all levels): Yellow-tailed Black Cockatoo, Gang-gang Cockatoo, Crimson Rosella

(c) Fruit-eaters (taking soft fruit as well as various other food): Australian King-Parrot, Mistletoebird, Silvereye, Lewin's
Honeyeater

3. Nectarivores (birds that take nectar or exudates as an important part of their diet):

White-eared, Crescent and Brown-headed Honeyeater; Eastern Spinebill; some less common species but not Lewin's
Honeyeater [included in 2(c)]

4. Carnivores (birds that often take vertebrate prey or large insects, as well as a range of other food):

(Laughing Kookaburra), Pied Currawong, Grey Currawong, (Grey Butcherbird, Australian Raven)

5. Brood Parasites (birds that lay eggs in nests of other species):

Shining Bronze-Cuckoo, Fan-tailed Cuckoo, (Brush Cuckoo)

6. Hole-nesters (birds that nest mainly in hollows in trees):

(a) Small hole-nesters (nesting in small hollows): Tiee Martin, White-throated and Red-browed Tieecreepers, Striated
Pardalote

(b) Large hole-nesters (nesting in medium or large hollows): Yellow-tailed Black-Cockatoo, Gang-gang Cockatoo,
Australian King-hrrot, Crimson Rosella, Laughing Kookaburra

7. Summer migrants (birds that are virtually or totally absent from these forests for a period over winter):

Cuckoos (see above), Grey and Rufous Fantails, Satin Flycatcher, Flame and Rose Robins, Golden Whistler, Black-faced
Cuckoo-shrike

8. Uncommon birds (birds with fewer than 850 records in the Atlas of Victorian Birds, Emison et al. 1987):

Pink and Rose Robins, Olive Whistle4 Large-billed Scrubwren, Pilotbird, Red-browed Tieecreeper, Lewin's Honeyeater

1 1 3

of these variables (tree circumference) was used
in subsequent modelling.

Estimates of between-patch and inter-patch
variance components showed no evidence of
intra-patch dependence. Thus, the multiple
sites from large patches resembled each other
no more than other sites, and could be treated
as independent. This reflects the geographical
distribution of the sub-samples, which were
as far apart from each other as were many
small distinct sites. Natural logarithms of patch
area and isolation distance were considered
appropriate for analysis.

Models were constructed for each group of
species, using an additive procedure. Poisson
distributions were assumed for bird counts and
a log link function was used. Some groups of
species were not analysed because they were
represented by small numbers of individuals at
few sites (open-ground foragers; carnivores), or
because they overlapped substantially with
other groups (small hole-nesters).

RESULTS

(a) Old-growth rls 1939 regrowth

Total bird abundance (individuals per count)
did not differ significantly between old-growth
patches and 1939 regrowth, though the highest
values were consistently found in old-growth
patches (Fig. 1). Similarly, there were no signi{i-
cant differences benveen the fwo age classes
for any of the groups of species tested (Thble
3). Although not significant, mean values for
the group of "uncommon birds" were sub-
stantially higher in 1939 regrowth than mature
forest (p : 0.07), and mean values for honey-
eaters were substantially higher in old forest
than 1939 regrowth (P : 0.06) (Thble 3).

Statistical tests were not done for individual
species, but mean values for some were sub-
stantially higher in old growth than 1939
regrowth (notably Gang-gang Cockatoo, Thee
Martin, Red-browed Treecreeper, Crescent
Honeyeater and Striated Pardalote) and mean
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Fig. 1. Bird abundance of all species combined (birds per count) at 57 sites in old-growth forest patches and 1939 regrowth
in Central Highlands of Vicroria, 1995-96.
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values for four were substantially higher in
1939 regrowth than mature forest (Australian
King-Parrot, Laughing Kookaburra, Fan-tailed
Cuckoo and Lewin's Honeyeater).

Most species did not differ greatly in
abundance befween the two age-classes or
followed the general trend for being somewhat
more numerous in old forest (Thble 3).

(b) Models for species groups in old-growth
forest patches

Features of the best predictive models are
shown in Thble 4, and displayed graphically
along with the corresponding data in Figure 2.

Patch size was a significant explanatory
variable for three groups of birds. Bark-foragers
favoured large patches (p < 0.001), and para-
doxically so did uncommon birds (p : 0.007)
despite their greater abundance in 1939
regrowth. Fruit-eaters favoured small patches
(p - 0.01), largely because Australian King-
Parrots and Lewin's Honeveaters were found
mainly in the smallest patches and Mistletoe-
birds were not recorded in the largest patches.
The commonest fruit-eater, Silvereye, was
similarly common on all patches and in 1939
regrowth (Thble 3). Silvereyes were often
observed taking insects and nectar as well as
soft fruit.

Patch isolation provided significant explana-
tory variables for three groups of birds:
honeyeaters, fruit-eaters and uncommon birds
(p < 0.001 in each case). All favoured patches
close to other old-growth patches (Fig. 2).

Altitude was a significant explanatory variable
for {ive groups of birds. Honeyeaters were most
common at low altitude (p < 0.001) whereas
canopy-foragers, seed-eaters, hole-nesters and
summer mlgrants were most common at
high altitude (p : 0.03 for canopy foragers,
p < 0.001 for the other groups).

Aspect was a significant explanatory variable
for three groups of birds. Birds that forage
from damp ground were most common on
west-facing sites and least common on east-
facing sites (p < 0.001). Canopy-foragers were
most common on south-facing sites (p = 0.012).
Summer migrants were least common on east-
facing sites (p - 0.009). Generally birds were
less numerous on east-facing sites than else-
where, and most numerous on west-facing sites.

Topography provided significant explanatory
variables for two groups of birds. Shrub-
foragers were more common in gullies than on
midslopes or ridges (p : 0.03) and summer
migrants were rwice as common in gullies as
elsewhere (p < 0.001). No significant differences
were found between midslopes and ridges.
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Table J. Abundance of bird species in groups of sites representing 1939 regrowth and patches of old forest of different size.
Mean values at each site have been averaged across sites in the groups to give vaiues shown (individual birds per count).

Species 0-5 ha 5-10 ha I l -22 ha 23-60 ha 145 ha 1939 OLD F

Brush Bronzewing
Yellow-tailed Black- Cockatoo
Gang-gang Cockatoo
Australian King-Parrot
Crimson Rosella
Laughing Kookaburra
Fan-tailed Cuckoo
Shining Bronze-Cuckoo
Superb Lyrebird
Tiee Martin
Grey Fantail
Rufous Fantail
Flame Robin
Pink Robin
Rose Robin
Eastern Yellow Robin
Golden Whistler
Olive Whistler
Grey Shrike-thmsh
Crested Shrike-tit
Eastern Whipbird
Black-faced Cuckoo- shrike
Striated Thornbill
Brown Thornbill
White-browed Scrubwren
Large-billed Scrubwren
Pilotbird
White-throated Tieecreeper
Red-browed TreecreeDer
Mistletoebird
Striated Fardalote
Spotted Pardalote
Silvereye
White-naped Honeyeater
Brown-headed Honeyeater
Eastern Spinebill
Lewin's Honeyeater
Yel low-hced H cneyeatcr
White-eared Honeyeater
Crescent Honeyeater -
Red Wattlebird
Pied Currawong
Grey Currawong
Grey Butcherbird
Australian Raven

0.00
0 . 1 I
0 .28
0.60
2.80
0.60
0.60
0.00
0.53
0.56
l , 0 3
0.61
0.60
0.00
0.30
0.53
2.00
0.00
0.33
0.22
0.50
0.60
l.39
2 .61
1 .58
0.30
l . 00
0.75
0.00
0 . 1 9
0.83
0.50
u . l 5
0 . 1 7
0.56
l . l l
0 .50
0.60
0.00
1 .06
0 .22
0 . 1 4
0.60
0 .30
0.00

0.00
0.00
0.25
0.00
2 .38
0.00
0.00
0 .25
0.30
0.00
0.50
0.25
0.00
0.00
0.00
0.50
0.88
0 .  l 3
0.00
0.00
0.00
0 ,00
1 .38
3 . 1 3
2.88
0.00
0 .75
1 . 1 3
0.88
0.00
0.00
0.00
0.75
0.00
0.00
1 . 5 0
0.00
0.00
0.00
l.50
0.00
0.00
0.00
0.25
0.00

0 . 1 4
0.00
0.00
0.00
2 . t 4
0.00
0.00
0 . 1 4
0.29
u .5  /
0 .57
0 . l 4
0.00
0 . 1 4
0 . 1 4
0.50
1 . 5 7
0.00
0.43
0.00
0 . 1 4
0.00
2.50
2.s3
t . 43
0 . 1 4
0.00
0 . 7 1
0.29
0.29
0.43
0.57
0.50
0 . 1 4
0 . 1 4
1 . 3 6
0 . 1 4
0 .00
0 .00
1 .93
0 . 1 4
0 . 1 4
0 . 1 4
0.00
0 .00

0.00
0.00
0.43
0.00
4 .21
0.00
0.00
0,00
0.00
1 .29
0.79
0 . 2 1
0.00
0.00
0.00
0.64
1 .64
0 .71
0.29
0.00
0 . l 4
0.00
t . 43
3 ,00
2.00
0.00
0.00
1 .36
0.00
0 . 1 4
t . 7 l
0 .57
0 . 1 4
t . 43
0.43
0 . 7 1
0.00
0.00
0.57
1 .43
0 . 1 4
0 . 1 4
0.50
0.00
0.29

0.00
0.08
0.23
0.00
2.85
0 . i 5
0.80
0.00
0 .27
0.46
0.92
0.27
0 . 1 5
0.00
0 . 3 1
0.58
0.96
0 . 1 9
0.77
0.00
0.42
0 .00
1 .89
2.65
2 . r 2
0 . 1 5
0.65
1 .04
0 .58
0.00
0.42
0.50
0.62
0.00
0.65
1 . 5 0
0.00
c .00
0.62
0.42
0.80
0.40
0 .  l 2
0.00
0.00

0.06
0.00
0.63
0.63
1 .88
0 . 1 3
0.63
0.00
0.25
0.00
0.75
0.00
0.63
0.63
0,63
0 . 1 3
0 . 8 1
0.00
0 . 3 1
0.00
0.25
0.00
2.06
2 .75
0.75
0.00
0 .31
0.94
0.00
0.63
0 . l 3
0 . 3 1
0.56
0.00
0 . 1 3
0 .63
0 .  l 9
0.00
0 . 1 3
0 . 1 9
0.00
0 . 1 3
0.00
0.63
0.00

c.03
0.04
0.24
0 . 1 I
2 .87
0.42
0.30
0.80
0.24
0.58
0.76
0.30
0.42
0.30
0 . 1 0
0.56
t . 4 l
0.08
0.36
0.44
0.24
0 . 1 l
r .72
2.86
2.00
0.66
0.48
1 .00
0.35
0 .  l 3
0.68
0.43
0.55
0.90
0.36
t . 24
0 . 1 3
0 . 1  I
0 .24
| . 2 7
0 . 1 8
0.09
0 . 1 6
0.06
0.60

Number of Sites 49l 3l 8
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Table 4. Predictive models for groups of bird species, using data fiom 49 sites in old-growth patches of ash forest, 1995/1996.
The models give estimates of expected values for log bird abundance (birds per count)

Species Groups [see Thble 2] Model(s) Sienificance

l(b) Damp-ground foragers

l(d) Shrub foragers

l(e) Canopy foragers

l($ Bark foragers

2(b) Seed eaters

2(c) Fruit eaters

3 Honeyeaters

6(b) Large hole-nesters

6(a and b) Hole-nesters

7 Summer migrants

8 Uncommon birds

logA :  2.35
+0  ( i f  Aspec t :  N ) ,  -0 .31  ( i f  =  E ) ,  +0 .23  ( i f  :  S ) ,  +0 .73  ( i f  :  W)
-0.42 log Shrub basal area

logA :  1.66
-2.77 Rainforest in I km
+0.30 (if Topography : Gully, not MidsloPe or Ridge)

logA =  l . l 9
-1.05 (if Season : Summer not Spring)
+0.00096 Altitude
+0.45 ( i f  Aspect  :  S)

logA = 0.50
+0.14 log Patch s ize

or

logA :  0.61
+0.12 log Isolat ion (s ize of  neighbours)

logA =  -0 .18

+0.0016 Al t i tude

logA = 0.34
-0.18 log Patch s ize

or

logA :  3.33
-0.46 log Isolation distance
*0.441o9 Isolat ion (  s ize of  neighbours)

logA : 6.00
-0.0019 Al t i tude
-0.27 log Isolation distance
-0.29 Tiee circumference

l o g A :  L l 8
+0.0016 Al t i tude
-0.022 Canopy height

logA = 0.59
+0.0014 Al t i tude

logA :  -1 .70
-1.26 (if Season : Summer not Spring)
+0.042 Canopy height
+0.00235 Al t i tude
+0.683 (if Topography : Gully not Midslope or Ridge)
-0.474 (if Aspect : E)
-1.397 Proportion Old-growth in 250 m

logA = 0.838
+0,104 log Patch s ize

or

logA = 4.583
-0.851 log Isolation (minimum distance to nearesr parch)

P <
p :

P :
P :

P <
p :
P =

0.001
0 .013

p <

p :

P <

p :

P <

P :

0 . 0 1 3
0.08

0 .001
0.03
0 .012

0.001

0.002

0 .001

0 .01

0,02
0 .001

0 .001
0.001
0.002

0 .001
0.02

0 .001

0 .001
0 .001
0 .001
0 .001
0.009
0.009

0.007

P :
P <

P <
P <
P =

P <
p :

p <
P <
P :
p <
p <
P :

P  <  0 .001

Numbers of birds in groups I (a), I (c), 2(a), 4 and 5 were judged

Forest structure provided significant
explanatory variables for four groups of birds.
Birds that forage from damp ground favoured
sites with low basal area of tall shrubs
(p  :0 .013) .  Honeyeaters  favoured s i tes  w i th
smaller trees (5 m rather than 8 m circum-
ference) (p :  0.002).  Large hole-nesters
favoured sites with relatively low canopies (40 m
rather than 70 m) (p :  0.02) and summer
migrants favoured sites with high canopies
( p  <  0 . 0 0 1 ) .

Context provided significant explanatory
variables for two groups of birds. Shrub-foragers

insuffrcient for analysis,

were less common at sites with abundant
rainforest within I km than elsewhere, despite
a general association of rainforest with gullies
(which were favoured by these birds). Summer
migrants were most common at sites with
the least amount of old-growth forest within
250 m, despite showing no relationship with
patch size.

DISCUSSION

The similarity of species composition between
old-growth and 1939 regrowth suggests that
populations in the old-growth patches are
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unlikely to be isolated from each other or from
those in the surrounding matrix. However, a
larger dataset from sites across edges between
old forest and 1939 regrowth (Loyn, in prep.)
supports the suggestion from the current data
that some species may be substantially more
common in old-growth than 1939 regrowth.
The species include two that usually nest in
hollow spouts of large, open-grown trees with
many branches (Tree Martin and Striated
Pardalote), one hollow-nester that tussles to
extricate food from loose bark often in old trees
(Red-browed Treecreeper), and one species
(Pink Robin) that nests most commonly in
stands of Myrtle Beech Nothofagus cunn'inghamii,
which is generally regarded as sensitive to fire
or disturbance. It is quite possible that
fragmentation of old-growth forest could affect
populations of species such as these. Some
other species happened not to be recorded in
the eight 1939 regrowth sites examined in this
study, though they are known to be common
in 1939 regrowth elsewhere (Loyn 1985b and
unpubl. data): these include Shining Bronze-
Cuckoo, Rufous Fantail, Olive Whistler and
Grey Currawong. Large-billed Scrubwrens and
Crested Shrike-tits also occur in 1939 regrowth,
but are generally less common there than in
old forest.

The habitat variables measured in this study
do not describe the full range of subtle habitat
requirements of bird species in ash forests
(Loyn 1985b), and it is not surprising that they
only explained small proportions of the
variation observed befween sites. Nevertheless,
they explained more variation than the primary
design variables (patch size and isolation). It is
likely that more variation would be explained
by u more sophisticated set of on-site habitat
variables. Most of those measured in this study
are surrogates for proximal factors affecting
bird abundance. For example, easterly aspects
receive their sunlight at the coldest time of day,
which is least conducive for insect activity in
these cool, wet forests where growth is more
often limited by low temperatures than by lack
of moisture. This may explain the finding that
birds were less numerous on east-facing sites
than elsewhere, and most numerous on west-
facing sites. Competit ion between species may
be involved in the trend for summer migrants
to be most common at high altitude, where
competing resident species are less able to
maintain year-round territories.

Gull ies are generally shrubbier than mid-
slopes and ridges, which probably accounts for
the greater abundance of nvo species groups in
gullies than elsewhere. However, it appears that
dominance of cool temperate rainforest in the
wettest gull ies is a negative factor for some
shrub-foraging species, which may benefit from

the greater diversity of shrubs in more open
forest gullies. The contrast between gullies and
ridges is clearly less in Mountain Ash forest
than in drier mixed-species forests, as observed
previously both for bird populations and
floristic composition (Loyn 1985b).

The observed relationships with patch size
and isolation require explanation, especially in
view of the suggestion that populations of few
species would be truly isolated from those in
other patches. One difference between small
and large patches is that the large patches
contained extensive stands of even-aged forest,
resulting from severe fires before European
settlement or in the early years of settlement.
They also contain lesser amounts of uneven-
aged forests where fires had encroached around
the edge, burning the understorey and killing
some dominant eucalypts while leaving others
alive. Small old-growth patches on the other
hand were dominated by uneven-aged forest,
with few parts having escaped influence from
the frres that isolated them. It is possible that
some fruit-eating birds selected fruits from
shrubs that had been favoured by the different
fire history and uneven-aged structlrre of the
small forest patches, whereas bark-foraging
birds bene{ited from the more uniform supply
of old trees in the larger patches. The eclectic
group of uncommon birds appear to prefer the
uniform conditions of either large patches or
1939 regrowth, perhaps for a range of reasons
applying to individual species.

The results have two main implications for
forest management. Firstly, the current poliry
of retaining all patches of old-growth ash
forest has merit because even the small patches
have similar value per hectare to the large
patches, for the diurnal birds considered in this
study. This differs from the rural situation
where forest patches have been fragmented by
clearing for agriculture, and discrete patches
smaller than 10-20 ha support much lower
densities of forest birds than larger patches,
especially where the small patches are heavily
grazed and dominated by aggressive Noisy
Miners (Loyn 1987; Barret t  et  a l .  1994; Grey
et al .  1998).  Clear ly,  smal l  patches retain
their value for forest birds more when
surrounded by regrowth forest (which provides
habitat itself; than when surrounded by grazed
pasture. The importance of the matrix has
aiso been emphasized in studies of mammals
in North Queensland (Lawrence 1994).  The
ash forest landscape contains a subtle mixture
of habi tats,  and concepts of  patchiness ani
connectance may be quite different from those
applying in rural iandscapes (e.g., Forman and
Godron 1986; Frankl in and Forman l9B7;
Mclntyre and Barret t  1992; Saunders and
Hobbs 1991;  Bradshaw 1992) .
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Secondly, the study may help develop new
policies for regrowing patches of regrowth forest
as old-growlh foresr for the future. This concepr
is accepted in current management plans
(prepared and revised on five-year cycles), but
many options exist for implementarion. The
current data suggest that there are advantages
in developing new parches of old-growth close
to each other, as some bird groups responded
negatively to isolation distance. There may be
adv_antages in developing patches of a range of
different sizes scarrered through the landsCape,
but the more important point is that t l iey
should contain a range of differenr structures
to benefit different groups of species. The
study provides no strong reasons for selecting
many small patches or fewer large patches
of regrowth to regrow as older forEst Tor the
future, as most species occurred in patches of
many sizes and total bird densities did not vary
with patch size. Other factors need to b;l
considered, including the needs of mammals
and owls, some of which may benefit from
large patches (Milledge et al. 1991; Incoll lgg5),
and the risks of fire which impose a need for
multiple patches to be retained. Such factors
have been considered in recent attempts to
model the viabil ity of arboreal mimmal
metapopulations in these forests (possingham
et al .  1993).  I t  is  a lso important to consider
the needs of people who may enjoy the
forests and their wildlife or gain'employment
through tourism or the timber industry. In
planning to conserve diurnal birds, the most
important need may be to relect regrowth
patches for retention that have the best
intrinsic potential to develop suitable habitat
for the range of species involved. The same
principle may well apply ro orher groups of
animal.
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Abstract

The montane forests of the Central Highlands, Victoria, are managed for multiple uses that include biodiversity conservation and
timber harvesting. Old-growth communities within mountain ash forest have been shown to support a range of fauna. These
communities have a restricted distribution, as a result of combined e�ects of previous wild®res and timber harvesting. Patches of

mountain ash old-growth forest vary in size, shape, topographic position, structure, and isolation from other patches. The study
investigated e�ects of this spatial patterning on selected fauna that require old trees. Arboreal marsupials were used to measure
these e�ects, focusing on the yellow-bellied glider (Petaurus australis) and the greater glider (Petauroides volans). Forty-nine old-

growth forest sites were surveyed for gliders using spotlight transects and owl-call playback, and for a variety of landscape and
habitat variables. Occurrence of the greater glider was signi®cantly related to overstorey basal area (P<0.001). An alternative
model found greater glider occurrence to be signi®cantly related to old-growth patch size (P=0.004). The probability of yellow-

bellied glider occurrence was highest at sites located in large patches of old-growth forest (P=0.03). These results appear to be
related to the foraging requirements and population biology of the yellow-bellied glider and shelter requirements of the greater
glider. The abundance of greater gliders at a site was also found to be signi®cantly related to overstorey basal area (P<0.001). The

size and quality of old-growth forest patches (quality measured by overstorey basal area) were shown to in¯uence their value for
fauna conservation. # 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Marsupial; Petaurus; Petauroides; Fragmentation; Forest management

1. Introduction

Arboreal marsupials have long been documented to
be especially sensitive to the e�ects of timber harvesting
(Tyndale-Biscoe and Smith, 1969; Tyndale-Biscoe and
Calaby, 1975; McIlroy, 1978). The montane forests of
the Central Highlands of Victoria are regarded as the
most valuable source of timber in the State and these
forests also contain a diverse fauna population, including
the endangered Leadbeater's possum (Gymnobelideus
leadbeateri) (Loyn, 1985a; Macfarlane, 1988; Lumsden et
al., 1991). Recent studies question the long-term viability

of several arboreal marsupials within the parts of the
Central Highlands set aside for timber production forests
(Possingham et al., 1994; Lindenmayer and Lacy,
1995a,c; Lindenmayer and Possingham, 1995). The Vic-
torian government accepted a responsibility to the long-
term conservation of forest fauna via commitments in
the Flora and Fauna Guarantee Act (Government of
Victoria, 1988), Timber Industry Strategy (Government
of Victoria, 1986), and various other documents (e.g. the
Biodiversity Strategy, Government of Victoria, 1997).
Wild®re and timber harvesting are the dominant

agents of change in the mountain ash forests (Eucalyptus
regnans) of the Central Highlands, and an understanding
of these agents is essential to the management of biodi-
versity in the region. Prior to the arrival of Europeans,
wild®re de®ned the extent of several communities of the
mountain ash forest. Intense wild®res kill many mountain
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ash trees, resulting in the regeneration of extensive, pure
and even-aged stands (Ashton, 1981). In recent decades,
salvage logging has followed ®re (Bond, 1944), altering
the distribution of remnant live and dead stems in
regrowth forest. Thus, mountain ash forest in the Central
Highlands is a heterogeneous ecosystem comprising a
range of patch sizes of di�erent age classes, mostly cre-
ated by wild®re. The most widespread ®re in recent his-
tory occurred in 1939, burning 79% of the Central
Highlands (Noble, 1977; Macfarlane, 1988), replacing
signi®cant areas of mature and over-mature forest (Cun-
ningham, 1960) with a dominance of young-age classes
across the landscape. Old-growth forest remains as
small isolated patches in a matrix of regrowth aged 56
years at the time of this study.
The limited amount of old-growth forest in the Cen-

tral Highlands has implications for the management of
forest fauna. A diversity of species has been found to
depend on a range of old-growth attributes for activities
such as foraging, perching, basking and nesting (Scotts,
1994). Within the Central Highlands many possums, gli-
ders, bats, parrots, and owls depend on hollows in old trees
for shelter and protection of young (Lumsden et al.,
1991). These hollows do not develop in mountain ash
until about 120 years of age, so trees in forest burnt by
the 1939 ®res (1939 regrowth) will not produce a sig-
ni®cant number of hollows for approximately 70 years. A
scattering of senescent and dead hollow-bearing trees are
found in 1939 regrowth and these trees currently supply
habitat for a range of hollow-dependent fauna. However,
these trees are collapsing quickly and within 10±30 years,
regrowth forest is predicted to be virtually devoid of hol-
low-bearing trees (Lindenmayer et al., 1990a). With the
loss of hollow-bearing trees from regrowth forest, old-
growth and mature forest patches will provide essential
habitat for hollow-dependent fauna (Loyn, 1985a;
Macfarlane, 1988; Lindenmayer et al., 1990a).
Timber harvesting is another important factor in¯u-

encing the distribution of hollow-bearing trees in the for-
ests of the Central Highlands. The forests in this area have
been used for timber extraction on a systematic basis since
the 1890s (Haughton, 1986). Clearfelling (the harvesting
of all saleable stems at a site) of mountain ash was ®rst
used in the 1950s (Cunningham, 1960) and is now the
dominant method of timber harvesting throughout the
Central Highlands (Squire et al., 1991). Current sustain-
able yield management policies in the Central Highlands
are based on minimum logging rotations of 80±150 years
(Government of Victoria, 1986), though 56-year-old
regrowth is already being harvested (Squire et al., 1991)
in order to maintain commitments to industry while
protecting older forest for fauna values. Complete
clearfell harvesting of regrowth forests on rotation lengths
of less than 120 years results in poor habitat for hollow-
dependent animals. Thus, the sustainability of forest eco-
systems at these rotation lengths has been questioned

(Milledge et al., 1991; Lindenmayer, 1994). Clearly, it will
be important to select some stands of regrowth to grow old
and supplement existing old-growth patches, or replace
them as they senesce, decay, or burn (Loyn, 1985b). This is
accepted in current plans to conserve Leadbeater's pos-
sum (Macfarlane and Seebeck, 1991), but much needs to
be learned about the relative bene®ts of di�erent shapes
and sizes of retained old-growth patches.
This study explored the relationship between attri-

butes of the forest and distributions of arboreal marsu-
pials. We examined habitat use by the yellow-bellied
glider and the greater glider and considered how their
distributions are a�ected by the patchy structure of the
landscape, as de®ned by the size, shape and degree of
isolation of old-growth forest patches.

1.1. Study animals

The yellow-bellied glider (Petaurus australis) and the
greater glider (Petauroides volans) were selected to assess
the wildlife value of old-growth patches for several rea-
sons. The abundance of both animals is signi®cantly
related to the occurrence of old-growth forest in the Cen-
tral Highlands (Milledge et al., 1991, Nelson et al., 1996).
Animals with large home ranges and specialised feeding
requirements, such as yellow-bellied gliders, are expected
to be particularly sensitive to changes in habitat structure
(Dill, 1978). The greater glider maintains smaller home
ranges, but is also sensitive to disturbance (Tyndale-
Biscoe and Smith, 1969; Kavanagh and Bamkin, 1995).
The two species provide an interesting ecological con-

trast. Yellow-bellied gliders are monogamous exudivore/
insectivores that maintain large exclusive home ranges of
50 ha (Craig, 1985), occupied by a family of 2±3 indivi-
duals (Henry and Craig, 1984; Craig, 1985). Greater
gliders are monogamous or polygamous folivores (Henry,
1984), and individuals have small home ranges (1.2±2.2
ha, Kehl and Borsboom, 1984). Greater gliders are soli-
tary (McKay, 1983): the home ranges of females often
overlap while males tend to maintain exclusive territories.
The occurrence of greater gliders is related to levels of
foliar nutrients (Braithwaite et al., 1983), amount of
foliage (Davey, 1984), a lack of watercourses (Linden-
mayer et al., 1993), and stand age (Lindenmayer et al.,
1990b). The occurrence of the yellow-bellied glider is
related to the age of the forest (Loyn et al., 1980; Mill-
edge et al., 1991) and regions of high Eucalyptus diversity
(Kavanagh, 1987a).

2. Methods

2.1. Study area

The study sites were located in the Central Highlands,
Victoria, within the area 37�300±37�510S latitude and
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145�280±145�540E longitude. All of the sites were located
in wet sclerophyll forest dominated by Eucalyptus regnans
(mountain ash). At some sites E. nitens (shining gum), E.
obliqua (messmate), and E. cypellocarpa (mountain grey
gum) were present as sub-dominants in the overstorey.
Patches of forest dominated by E. delegatensis (alpine
ash), E. nitens and mixed species (E. cypellocarpa, E. obli-
qua, E. radiata, and E. dives) forest were interspersed
across the study area, but were not included in study
sites. The midstorey is usually dense and mesic (Ough
and Ross, 1992). Within vegetation types of wet scler-
ophyll forest a number of structurally distinct age clas-
ses exist (Ashton, 1976). Cool temperate rainforest is
predominantly found along watercourses and gullies in
the Central Highlands. Mountain ash is usually found
between 200 and 1100 m altitude (Costermans, 1994);
our sites varied in altitude from 445 to 1020 m.
The study sites were located on land managed by the

Department of Natural Resources and Environment
(NRE) and Melbourne Water (MW) for a range of
purposes including timber harvesting, water harvesting
and wildlife conservation.
The region experiences cool summers and mild, humid

winters with occasional periods of snow. A bioclimatic
analysis of the Central Highlands by Lindenmayer et al.
(1990c) found a mean annual temperature of 7.8±13.4�C
and mean annual precipitation 971±1706 mm.

2.2. Use of geographic information system (GIS)

An ARC/INFO GIS maintained by the Flora and
Fauna Branch of NRE, was used to select study sites
and derive associated landscape data. The vegetation
information in the GIS, comprising species composi-
tion, tree height and density, and age class structures
was obtained by interpretation of aerial photographs
(scale 1:25 000) of the Central Highlands taken between
1982 and 1993. The vegetation data were grouped into

ecosystem types by tree species (mountain ash, alpine
ash, shining gum, mixed eucalypt species, other eucalypt,
Acacia, rainforest, and non-eucalypt forest) and forest
age (old, mature, regrowth older than 1939, 1939
regrowth, young regrowth 1939±1980, and coupe). These
types were chosen for this study as the most meaningful
categories for exploring the relationships between the
subject animals and landscape pattern. The GIS thus
provided a digital map of ecosystem polygons for the
forest, subsequently analysed to produce the landscape
variables (see later). Old-growth, for the purpose of this
study, was de®ned as an area of forest containing trees
with a high proportion of dead or dying limbs, an irre-
gular crown shape and sometimes a lost or broken
upper stem (Woodgate et al., 1994).

2.3. Selection and strati®cation of study sites

Maps prepared from GIS data were used to locate 49
sites in old-growth forest patches. All study sites were
located on forest roads, such that old-growth bordered
the road for at least 100 m with a depth of at least 50
m from the road. Sites were selected to sample a range
of old-growth patch sizes across state forest and
catchment areas. Where possible, more than one site
was established in large patches of old-growth to stan-
dardise survey e�ort with patch size. A total of 40 dis-
crete old-growth patches was surveyed. Sites were at
least one kilometre apart, to ensure that each site would
survey a di�erent family group (assuming yellow-bellied
glider home ranges of 50 ha).

2.4. Habitat variables measured at the study sites

The forest at each site was surveyed to provide eleven
habitat variables (Table 1). Overstorey and midstorey
basal area were measured by combining the variables stem
density and mean diameter at breast height over bark

Table 1

Habitat variables measured at study sites in patches of old growth ash forest

Variable Description and code (bold)

Overstorey basal area Basal area of old-growth trees contributing to the overstorey canopy (m2 haÿ1); measured using average

diameter at breast height over bark of seven trees and stem density per hectare; LOSBASAL

Understorey basal area Basal area of trees contributing to a understorey canopy (m2 haÿ1); measured as above

Tree canopy height (height) Height to the top of the tree canopy (m)

Overstorey density Number of stems per hectare, contributing to the overstorey canopy

Understorey density Number of stems per hectare, contributing to the understorey canopy

Topographic position Position of site; gully, midslope, or ridge

Aspect Measured in degrees and then assigned to one of four categories, NW±NE (315±44�),
NE±SE (45±134�), SE±SW (135±224�) and SW±NW (225±314�)

Altitude Measured from 1:25 000 topographic map in metres

Slope Measured at site in degrees with inclinometer

Understorey±overstorey ratio Understorey height was estimated as a propotion of overstorey height

Stags Number of above- and below-canopy stages within 100 m of site transect
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(DBHOB). The densities of overstorey and midstorey
stems were measured separately by counting the stems
on a 100�100 m quadrat (overstorey) or a 50�15 m
quadrat (midstorey) and the counts were converted into
stem density per hectare. The circumferences of seven
overstorey and seven midstorey stems within quadrats
were measured using a tape measure (�0.01 m) and a
mean DBHOB was calculated separately for overstorey
and midstorey stems. Only old-growth stems were mea-
sured for overstorey basal area and density. Stems were
classi®ed as old-growth if a good proportion of limbs in
the crown were dead, dying or fallen, or on the basis of
a non-circular crown shape (see Woodgate et al., 1994).
Midstorey stems were Acacia, Nothofagus, and non-old-
growth Eucalyptus trees, which formed a distinct sec-
ondary canopy between the upper canopy and the shrub
layer. The height of overstorey was estimated by mea-
suring a tree located near the track that was repre-
sentative of the stand overstorey height. The calculation
was based on the angle to the top of the tree, measured
with an inclinometer (�1%) at a known horizontal dis-
tance from the base of the tree, measured by a tape
(�0.1 m). The midstorey±overstorey height ratio was
determined by comparison with the measured over-
storey trees. Aspect and slope were measured at the site
with a compass (�2.5�) and an inclinometer (�0.5�)
respectively. Topographic position was determined by
locating the site on 1:25 000 maps and classifying its
landscape position as gully, mid slope or ridge. A stag
was de®ned as a dead mature or old tree bearing no
foliage.

2.5. Landscape variables

Three categories of landscape information were col-
lected for each site (see Table 2):

(i) patch data, characterising the old-growth forest
area containing the site;

(ii) bu�er zone data, representing the habitat compo-
sition of the forest at three scales surrounding the
study sites (250, 500 and 1000 m);

(iii) isolation data, twomeasurements of the isolation of
the patch relative to nearby old-growth forest patches.

The ARC/INFO GIS was used to generate the data for
all three categories of landscape data, as described below.
Patch data included two variables; patch area and

patch shape. Patch area was obtained as direct output
from ARC/INFO. A numerical value for patch shape
was derived from perimeter and area data, using the
following equation:

Patch shape � Perimeter ratio for study patch

Perimeter ratio for a circle of the
same area as the study patch

Bren (1995) used a similar index as an irregularity
ratio to describe the deviance of a shape from that of a
circle. As the index approaches 1 the patch approx-
imates the shape of a circle and as the index approaches
zero its perimeter becomes more convoluted.
The bu�er zones are three circular habitat study areas

delineated by three radii (250, 500 and 1000 m) from the
centre of the site; creating areas of 19.7, 78.5 and 314.2
ha respectively. ARC/INFO was used to list the number
of polygons of each ecosystem type within each bu�er
zone (the mapped boundary of a nominated ecosystem
type forms a many sided polygon). The area of each
ecosystem type within a particular bu�er zone was cal-
culated as a proportion of the bu�er zone area. For
example, the proportion of old-growth (pOLD) was the
sum of areas of all old-growth ecosystem types (moun-
tain ash, alpine ash, shining gum and mixed species)
calculated for each bu�er zone size. Similarly, pMX
represented the proportion of mixed species forest and
pRF the proportion of rainforest. The fourth bu�er
variable was landscape diversity (O'Neill et al., 1988),

Table 2

Landscape variables measured at study sites in patches of old growth ash forest

Variable Description and code (bold)

Patch size The area of the patch of old-growth forest in which the survey site was located (hectares); LAREA

Patch shape Index of patch shape (Bren, 1995; see text)

Diversity Index of the diversity of ecosystem types located within three bu�er levels of the site; 250, 500 and

1000 m; DIVERSITY.

Proportion of old-growth forest The proportion of old-growth forest within three bu�er levels of the site; 250, 500 and 1000 m (pOLD)

Proportion of rainforest The proportion of rainforest within three bu�er levels of the site; 250, 500 and 1000 of the site (pRF);

subsequently categorised as 0 (no rainforest), 1(>0±0.08), 2(0.09±0.16) or 3(0.17+)

Proportion of mixed species forest The proportion of mixed species forest within bu�er levels of 250, 500, and 1000 m of the site (pMX);

subsequently categorised as 0 (no mixed species forest) or 1 (mixed species forest present) and examined

qualitatively

Isolation distance Average distance to nearest old-growth forest patches, procedure explained in text

Size of nearest isolates Average size of adjacent old-growth forest patches, procedure explained in text
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which measured the diversity of ecosystem types within
each bu�er zone.

Landscape diversity H� � � ÿ
Xs
k�1

PK� �log PK� �

where

PK =proportion of landscape in ecosystem type K.
s =number of observed ecosystem types. Ecosystem

types K correspond with those described earlier.

Thus, the highest possible diversity with 30 ecosystem
codes used in this study is

X30
k�1

1

30
log

1

30
; or 1:48:

Other variables, such as a disturbance index compar-
ing old and mature forest versus regrowth forest and
proportion of 1939 regrowth, were found to be collinear
with patch size and pOLD and were therefore dropped
from the analysis. There was some overlap in the 1000 m
bu�er zones if sites were closer than 2 km apart, but
such overlap was limited and would not signi®cantly
threaten the independence of each 1000 m bu�er zone,
since each was e�ectively sampled with replacement
(Goulding and Lawrence, 1992).
Two variables describing the isolation of the old-

growth patches containing study sites were calculated
manually using GIS maps of the study area; ``isolation
distance'' and ``size of nearest isolates''. A transparent
sheet divided into six radial sectors was placed on the
map, centred over the old-growth patch in which the
study site lay. Six measurements, one for each sector,
were made from the edge of the central patch to the
closest adjacent edge of another old-growth patch.
These six distances were averaged for each site to pro-
duce a value for the variable ``isolation distance''. The
isolation distance was measured in metres (� 50 m), and
if no old-growth forest patch was found within a sector,
the isolation distance was given a value of 4000 m. The
area of each of the six adjacent old-growth patches was
estimated using a transparent dot grid overlay or the
GIS-derived patch area. The variable ``size of nearest
isolates'' was calculated as the average area of the
selected adjacent patches. No patch less than one hec-
tare was included in ``size of nearest isolates''. The same
patch, if it crossed a sector boundary, could be counted
as the closest patch in more than one sector.

2.6. Glider survey

Each of the 49 study sites was visited once in the per-
iod March±August 1995. Each glider survey began with

a spotlight survey of the 100 m transect that lasted
approximately 20 min. A single observer using a 50 W
spotlight (Watco, Moorabbin, Vic.) and binoculars sur-
veyed both sides of the transect in one pass. Numbers of
each species of glider observed were recorded, allowing
assessment of occurrence and abundance per spotlight
hour. Following the completion of the spotlight trans-
ect, a yellow-bellied glider census was carried out using
a 5 min call replay of a sooty owl (Tyto tenebricosa),
followed by a 5 min call replay of a powerful owl (Ninox
strenua), as yellow-bellied gliders often respond aggres-
sively to these owl calls (Milledge et al., 1991; McNabb,
1994). Similar behaviour is induced by the re-play of
unfamiliar conspeci®c calls near the boundaries of a
yellow-bellied glider's home range (Goldingay, 1994).
Owl tapes were broadcast using a loudhailer (10 W)
connected to a Sony Walkman. During each yellow-
bellied glider census the owl tape was stopped four times
to spotlight the surrounding trees for animals and listen
for any response. Thus, each survey took about 40 min
to complete. Observations of greater gliders during the
yellow-bellied glider census did not contribute to abun-
dance or occurrence data. Yellow-bellied gliders were
determined as present at a site if sighted or heard voca-
lising during either the spotlight or yellow-bellied glider
census.

2.7. Statistical modelling

Data were examined initially using histograms and
scatterplot matrices to assess the distributional proper-
ties of the data and the strengths and nature of rela-
tionships, and to identify outliers and points of high
leverage. Important issues in selecting explanatory vari-
ables were: (i) linearity of the e�ects (ii) collinearity
(assessed by scatterplot matrices and other methods),
(iii) distributional properties, (iv) the magnitude of
observed signi®cance level (P-values) by the process of
®tting a complicated sequence of models and sub-mod-
els, and (v) biological meaning. The ®nal model was
selected after iterations of the model-®tting-model for-
mulation process. Models were generated for yellow-
bellied glider occurrence, greater glider occurrence and
greater glider abundance. No other species was recorded
at enough sites or in su�cient abundance, for statistical
analysis.

2.8. Model formulation for occurrence data

We propose that the probability of occurrence
depends on some combination of the set of given
explanatory variables and their interactions. The initial
mean model took the form:

logit [expected
probability (p)]=constant
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+ e�ect of patch area
+ e�ect of altitude
+ e�ects due to other variables
+OÈ

+possible interactions between variables

We assumed that the variance function was de®ned by
the Binomial distribution. Estimation was by iterative
reweighed least squares (or maximum likelihood) which
allows for the fact that the variance depends on the
parameter p, which itself depends on the covariates.
Checks on data, distributional properties of the model

and in particular, the variance function, and point having
excessive in¯uence on the ®t were routinely studied by
examining appropriate diagnostic plots Ð Pearson resi-
duals versus ®tted values, residuals against Normal quan-
tiles and Cook's measure of in¯uence versus data index.
Models were revised accordingly, where necessary.

2.8.1. Modelling abundance data
The relative abundance of the gliders was modelled

using an initial mean model of the form:

log [expected
count (l)] =constant

+ e�ect of patch area
+ e�ect of altitude
+ e�ects due to other variables
+ OÈ

+ possible interactions between variables

For the random mode 1, the Poisson distribution was
used ®rst, with the variance function de®ned as Var ( #
arboreals)1l (mean).

3. Results

3.1. Structure of the landscape

A summary of landscape and habitat data is pre-
sented in Table 3. There were several di�erences
between the old-growth sites surveyed in state forest and
those in water catchment forest. Old-growth patches in
water catchment forest were, on average, larger (135 ha
versus 27 ha) and less isolated (290 versus 738 m).
Overstorey basal area was greater for water catchment
sites than for state forest sites (79.5 versus 39.7 m2

haÿ1).

3.2. Animal survey

Yellow-bellied gliders were recorded at 16 of the 49
old-growth forest sites (33%), while greater gliders were
present at 34 old-growth forest sites (69%) (Table 4). At
sites where they were present, greater gliders ranged in

abundance from one to seven gliders per 100 m transect.
At only two sites, were more than one yellow-bellied
glider observed. Mountain brushtail possums (Tricho-
surus caninus), common ringtail possums (Pseudocheirus
peregrinus) and sugar gliders (Petaurus breviceps) were
not su�ciently abundant to perform statistical analyses.
No arboreal marsupials were recorded at six of the 49
old-growth sites. Sooty owls were detected by yellow-
bellied glider census at six old-growth forest sites.
The highest abundances of arboreal marsupials

occurred in Melbourne Water catchments. A ranking of
the sites with the highest numbers of arboreal marsu-
pials showed the top 21 sites, except for one site, to be
inside or within 100 m of Melbourne Water catchment
areas (49% of all sites were in Melbourne Water catch-
ments).

3.3. Arboreal marsupial models

For all models, the variables related to bu�er zones
(pRF, pOLD, DIVERSITY, pMX) were not signi®cant
explanatory variables. The model statistics are shown in
Table 5 and graphed in Figs. 1±4. The occurrence of
yellow-bellied gliders was signi®cantly related to the size
of old-growth forest patch (P=0.03). Yellow-bellied gli-
ders were more likely to be found in larger old-growth
patches. Overstorey basal area was found to be the most
useful variable in summarising the occurrence of greater
gliders (P<0.001). Greater gliders were most likely to be
found at sites with high overstorey basal area. An alter-
nate but less satisfactory model included patch size as
an important variable, with greater glider occurrence
increasing with patch size (P=0.004). The abundance of
greater gliders was best summarised by the variable over-
storey basal area (P<0.001). Greater gliders were found
in their greatest abundance in areas of high overstorey
basal area. The models suggest that old-growth patches
would have to exceed about 60 ha to have an 80% chance
of greater gliders being detected, or 130 ha to have a 30%
chance of yellow-bellied gliders being detected.

4. Discussion

4.1. Yellow-bellied glider occurrence

Yellow-bellied gliders were found at 16 of 49 old-
growth sites (33%). Typically, the sites where they were
recorded were in larger old-growth forest patches, and
this was re¯ected in the statistical models. These results
con®rm observations by other researchers in the Central
Highlands who have found yellow-bellied gliders are
present most often in large old-growth patches (Milledge
et al., 1991; Nelson et al., 1996; Lindenmayer et al.,
1999). Studies in mountain ash forests containing lim-
ited areas of old-growth have been found to support few
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yellow-bellied gliders (Macfarlane, 1988). This pattern
of distribution of yellow-bellied gliders within large
areas of old-growth forest is probably a consequence of
their foraging requirements and population biology.
Yellow-bellied gliders may require large old-growth

areas to satisfy foraging requirements (Milledge et al.,
1991). They feed on a range of ephemeral dietary items
such as nectar, pollen, and insects and are usually found
in mixed species forest (Henry and Craig, 1985; Kava-
nagh, 1987a; Goldingay, 1989). It is not known how
yellow-bellied gliders satisfy their specialised dietary
needs in monospeci®c mountain ash forest. However,
past research suggests that several of the yellow-bellied
glider's foods are found in greater abundances in old-
growth stands of mountain ash compared with younger
stands (e.g. ¯owers and arthropods beneath decorticat-
ing bark: Ashton, 1975a,b). Within a stand containing a
range of stem sizes, Kavanagh (1987a) found that yel-
low-bellied gliders foraged preferentially in the largest
trees in a study area. In this study, yellow-bellied gliders

were also found in areas with the largest trees; large
patches had signi®cantly higher basal area per hectare
than smaller patches (P<0.001). The predominance of
large trees in large old-growth patches may provide
higher quality food, supporting greater densities of yel-
low-bellied gliders. This evidence implies that foraging
requirements contribute to the ®nding that yellow-bel-
lied gliders are most likely to occur in large old-growth
patches.

Table 3

Summary of landscape and habitat data for sites in patches of old growth ash forest (see text for further explanation)

Numerical variable N Min Max Mean S.D.

Patch area (ha) 48 0.22 390.4 78.8 122.4

Patch shape 48 0.1 0.85 0.35 0.21

Overstorey basal area 49 14.8 226.8 59.2 40.8

Overstorey height 49 40.3 81.0 61.2 9.0

Overstorey stem density 49 3.0 90.2 17.9 14.8

Percentage of old growth within bu�er zone

250 m 48 0.084 0.839 0.417 0.223

500 m 48 0.057 0.803 0.333 0.211

1000 m 48 0.035 0.689 0.286 0.189

Percentage of rainforest within bu�er zone

250 m 48 0 0.324 0.077 0.089

500 m 48 0 0.25 0.078 0.071

1000 m 48 0 0.207 0.076 0.061

Percentage of mixed forest within bu�er zone

250 m 48 0 0.465 0.029 0.084

500 m 48 0 0.477 0.047 0.106

1000 m 48 0 0.421 0.064 0.112

Diversity of ecosystem types within bu�er zone

250 m 48 0.24 0.82 0.523 0.135

500 m 48 0.29 0.91 0.624 0.135

1000 m 48 0.43 1.17 0.716 0.158

Isolation distance 48 50 1733.3 514.5 504.4

Size of nearest isolates 48 1.25 246.3 48.1 69.2

Categorical variable N Category No. of sites

Topographic position 45 Gully 17

Midslope 14

Ridge 14

Aspect 45 NW±NE 10

NE±SE 14

SE±SW 12

SW±NW 9

Table 4

Numbers and proportions of old-growth forest sites in which greater

gliders and yellow-bellied gliders were recorded in patches of old

growth ash forest

Yellow-bellied

glider

Greater

glider

Number of sites with species present 16 34

Proportion of sites with species present 0.33 0.69
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Further observations from this study corroborate the
importance of diet in in¯uencing the distribution pat-
terns of yellow-bellied gliders. The occurrence of yellow-
bellied gliders at sites with the smallest areas of old-
growth forest in the vicinity (6, 18, and 35 ha within
1000 m of the site) coincided with large amounts of
adjacent mixed species forest (132, 99 and 84 ha within
1000 m versus the average of 19 ha for all sites). We
suggest that the proximity of mixed eucalypt species
forest may provide a wider range of food items, allow-
ing yellow-bellied gliders to occupy relatively small
areas of old-growth ash forest.

The association of yellow-bellied gliders with large
patches of old-growth forest may also be linked with
population or landscape factors. A population viability
analysis (PVA) has suggested that 150 glider groups would
be necessary to maintain a viable population requiring a
fully occupied forest area of 9750 ha (Goldingay and Pos-
singham, 1995). Although this PVA was undertaken using
populations in a di�erent forest type from that used for
this study, it does suggest that yellow-bellied gliders may
be susceptible to local extinction in small fragmented old-
growth patches. Bowers and Matter (1997) summarised
the population and landscape factors that may account

Fig. 1. Predicted values and associated 95% con®dence estimates for a

logistic regression model for occurrence of yellow-bellied gliders in old

ash forest patches of di�erent size.

Table 5

Models occurrence and abundance of greater gliders and yellow-

bellied gliders in patches of old growth ash forest

Model Variable Estimate Standard

error

t

Yellow-bellied Constant ÿ2.715 0.815 ÿ3.33
glider occurrence IAREA 0.390 0.197 1.98

Greater glider Constant ÿ6.65 2.44 ÿ2.72
occurrence (®nal model) LOSBASAL 1.981 0.663 2.99

Greater glider Constant ÿ0.234 0.475 ÿ0.49
occurrence (alternate model) LAREA 0.463 0.179 2.59

Greater glider Constant ÿ3.631 0.744 ÿ4.88
abundance LOSBASAL 1.044 0.171 6.10

Fig. 2. Predicted values and associated 95% con®dence estimates for

logistic regression models for occurrence of greater gliders in old ash

forest patches: (a) ®nal model and (b) alternate model.
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for the positive area relationships found in this study Ð
``Large patches may be: (i) easier for dispersing indivi-
duals to locate; and/or (ii) su�ciently large to accom-
modate within-patch dispersal. This may result in: (i)
imigration exceeding emigration and: (ii) relatively high
population densities. Small patches may be: (i) harder
for dispersers to locate; (ii) con®ning to residents; and
(iii) produce conditions where emigration exceeds
immigration.'' Similarly, large patches have less edge
per unit area than small patches and are therefore less
likely to be a�ected by negative edge e�ects (which may
include predation risks, for example). In this study,

small patches tended to have fewer large trees than large
patches because of the legacy from the 1939 ®res which
burned unevenly around the edges, isolating them and
producing forest of uneven age structure (Nelson et al.,
1996; Loyn, 1998).

4.2. Greater glider occurrence and abundance

Greater glider occurrence was associated with high
basal areas of overstorey. Both basal area and average
DBHOB (diameter at breast height over bark) have
been shown to be highly correlated with stand age in
mountain ash old growth forest (Ashton, 1976). The
numbers and depths of holes, ®ssures and hollow bran-
ches increase with tree age and diameter (Ambrose,
1982; Lindenmayer et al., 1993b). Hollow-bearing trees
are required by greater gliders for shelter and protection
and a single glider may use 4-18 den sites (Kehl and
Borsboom, 1984). Kavanagh et al. (1995) separated the
e�ects of basal area and hollow abundance and found
that greater gliders were strongly associated with the
latter rather than the former. Greater gliders are known
to forage and nest in large trees (Kehl and Borsboom,
1984; Kavanagh and Lambert, 1987; Lindenmayer et
al., 1990c). At a site in south-eastern NSW, 50% of the
greater glider observations were in the largest trees that
comprised only 4.6% of the stems (Kavanagh and
Lambert, 1987). This suggests that larger trees may also
provide higher quality food resources, as greater gliders
spend about 25% of their active time feeding (Kehl and
Borsboom, 1984).
In our study, both the occurrence and the abundance

of greater gliders related to basal area. A similar rela-
tionship has been reported in south-east NSW (Kava-
nagh, 1987b). The characters of basal area that correlate
with occurrence probably in¯uence its relationship with
abundance, in particular that basal area is a surrogate
measure for the number of hollow-bearing trees. Lin-
denmayer et al. (1990c) found a positive relationship
between the number of arboreal marsupials and the
number of hollow-bearing trees at sites in mountain ash
forest, suggesting that it is the availability of hollow-
bearing trees that limits arboreal marsupial abundance
in these forests.
Our alternate model found greater glider occurrence

positively associated with patch size. Large patches may
provide several advantages to animal populations, as
outlined above.

4.3. Comparison of greater glider and yellow-bellied
glider occurrence

The di�erence in explanatory variables for the two
gliders may illustrate the contrasting ecological roles of
the two species. Goldingay and Kavanagh (1991) sug-
gest that the clumped but dispersed nature of food

Fig. 3. Predicted values and associated 95% con®dence estimates for a

logistic regression model for abundance of greater gliders in old ash

forest patches in which the species was observed.

Fig. 4. Predicted values and associated 95% con®dence estimates for a

logistic regression model for abundance of all arboreal mammals in

old ash forest patches of di�erent size.
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resources necessitates a large home range for yellow-
bellied gliders. The large area of old-growth required to
supply yellow-bellied gliders with food would contain
an oversupply of hollows for a single family group of
three individuals. The mean density of old-growth trees
at sites in this study indicate that a yellow-bellied glider
family maintaining a home range of 50 ha would have
access to about 900 potential hollow-bearing trees. The
situation for greater gliders is quite di�erent. Food of
the folivorous greater gliders is generally abundant and
widely distributed in old-growth and regrowth moun-
tain ash forest. Adequate food for a greater glider may
be found in �2 ha of forest, but within the same area
there may be insu�cient hollow-bearing trees to provide
shelter and protection of young. Whereas yellow-bellied
gliders may need old-growth forest for foraging sub-
strate, greater gliders can be found in 1939 regrowth,
provided hollow-bearing trees are present (Macfarlane,
1988; Lindenmayer et al., 1990b). Hence it seems that
yellow-bellied glider presence may be limited by food,
whereas occurrence of greater gliders may be limited by
hollows.

4.4. Management implications

This study shows that landscape and habitat structure
(size distribution of large old-growth patches) has an
important in¯uence on glider populations in the moun-
tain ash forest of the Central Highlands; yellow-bellied
gliders need large patches and greater gliders are most
common in patches with a large basal area of over-
storey trees. State forest surveyed during this study
contained smaller (26.9 versus 135.6 ha) and more iso-
lated (737.8 versus 291.2 m) old-growth patches than
did water catchment forests. This may be partly
because wild®res have burned less intensely in south-
facing water catchments than elsewhere (Noble, 1977),
and partly because water catchments have not been
subject to logging. These di�erences in landscape struc-
ture were re¯ected in the animal survey data, and only
one state forest site occurred in the top 21 sites ranked
by total arboreal marsupial abundance. The enlarge-
ment of old-growth forest networks should be a priority
for conservation of arboreal mammals and other fauna
within state forests.
The study also highlighted the importance of old-

growth forests. Within old-growth forest, areas with
high basal areas of overstorey have greater habitat
value for gliders. Basal area is correlated with stand age
in existing mountain ash forests (Ashton, 1976),
suggesting that forest will continue to improve as glider
habitat as the stand matures, until trees begin to
collapse and basal area declines. This heterogeneity
within old-growth forest needs to be considered when
planning conservation reserve networks in multiple-use
forests.

All patches of old-growth ash forest in the Central
Highlands are currently protected from timber harvest-
ing (Macfarlane and Seebeck, 1991). However, this
resource is unevenly distributed and very limited in
many forest blocks which have been a�ected by combi-
nations of wild®re, salvage logging and timber harvest-
ing over the years (Possingham et al., 1994). Results
from this and other studies support the view (Linden-
mayer and Lacy, 1995a,b,c). These PVAs and other
studies suggest that selected areas of regrowth forest
should be excluded from current rotations of 80±120
years to ensure the continuing recruitment of old-
growth forests (Loyn, 1985b; Macfarlane and Seebeck,
1991; Lindenmayer and Possingham, 1995; Possingham
et al., 1994; Goldingay and Possingham, 1995). Sub-
stantial areas of mature forest and 1939 regrowth have
been included in the new Yarra Ranges National Park
(Land Conservation Council, 1994; Parks Victoria,
1998), and other measures are being implemented under
a Regional Forest Agreement process.
The study shows that large patches are preferable to

multiple small patches of old-growth forest, at least for
the two gliders analysed. Similarly, Milledge et al.
(1991) found that sooty owls and yellow-bellied gliders
were associated with large patches of old-growth forest.
However, Loyn (1998) found that total bird density did
not vary with patch size, and di�erent bird species
favoured small or large patches. Multiple patches are
needed as insurance against severe wild®re, and it seems
that there is merit in producing a range of patch sizes,
with large patches having special value.
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Chapter 4. Interactions between birds, insects and tree health 

 

Most of the papers in this thesis reflect the common view that fauna species respond to 

environmental factors, including those imposed by people, and play relatively minor roles in 

shaping their own environments. There are some obvious exceptions of course, with beavers, 

termites, large grazing mammals and some top-order predators springing quickly to mind, but 

we often view people as the main contemporary agents of ecosystem process and change. 

There are good reasons for this: we are the species undergoing the most conspicuous and 

rapid population expansion, we are conspicuous consumers of resources, and arguably we are 

the species over which we have the most direct influence. But accepting this does not mean 

we should ignore the complex interactions that we can observe among all sorts of organisms, 

or even harness them for our own needs in some cases. These interactions all contribute to the 

complexity of ecosystem function. 

 

In this chapter, I have included a few studies that deal with such interactions, showing that 

various bird species can have quite profound effects on the ecosystems in which they live. 

They deal with interactions between birds, insects and eucalypt dieback, a subject also 

touched upon in the previous chapter. Insect dieback can be a major ecological event in some 

forest stands, and in fragmented forests in rural landscapes (Neumann and Marks 1976; Ford 

and Bell 1981; Landsberg et al. 1990; Landsberg and Cork 1997). My own observations show 

that severe psyllid attack can on rare occasions kill entire stands of trees, setting back the 

succession as comprehensively as severe wildfire or clear-felling. 

 

The first paper (Loyn et al. 1983) describes an experiment in which a colony of Bell Miners 

(Manorina melanophrys) was removed from their territory. A dramatic influx of birds of 

other species followed, and these birds consumed the insects that had been causing dieback in 

the trees. This provides an experimental demonstration of the power of common forest birds 

to control a potentially harmful native insect that can cause dieback and defoliation in 

eucalypts. It also shows the function of the strong interspecific territoriality exercised by Bell 

Miners (and other miners in the honeyeater genus Manorina): without it, other birds would 

decimate their food supply. The paper reports a single experiment, but with the help of two 

students and others I have repeated the experiment eight times, with similar results in most 

cases (Tyers 1981; Robinson 1982; unpub. data). The relationship between Bell Miners and 

psyllids has also been studied in New South Wales, with broadly similar conclusions and 

additional complexity associated with an introduced shrub species, Lantana Lantana camara 

(Stone 1996; Wardell-Johnson et al. 2005; 2006a,b; Leseberg et al. 2014; Steinbauer et al. 

2015; Lambert 2015; Lambert et al. 2014, 2016). 

 

The 1983 paper attracted a lot of public interest, being reported on the front page of The Age 

newspaper in Melbourne, and in a range of overseas media. In a follow-up article (Loyn 

1987, listed here by title), I explored some of the implications of the work in relation to the 

natural processes involved and the possible mechanisms by which Bell Miners avoided 

depleting their food supply and hence ‘farmed’ their food resource. Unfortunately, some 

people focused excessively on one of these hypothetical mechanisms, i.e. that Bell Miners 

may have selectively taken inanimate sugary lerps rather than the psyllid larvae that produced 

them. The evidence for that mechanism was not as strong as we would have liked, and Poiani 

(1993) reported contrary evidence based on stomach analyses (a notoriously unreliable source 

of data on bird diets). But his argument that Bell Miners were not ‘true farmers’ missed the 

main point of our experiments, as indicated in my rebuttal (Loyn 1995). Subsequent work has 

supported the validity of our initial observations (Haythorpe and McDonald 2010), and all 



three suggested mechanisms may contribute to the observed sequestering of psyllid 

populations by Bell Miners. 

 

I did not realise it at the time, but the experiments may have been significant from another 

point of view. The eucalypt canopy recovered quite quickly after common forest birds 

controlled the psyllid populations. This is a rare demonstration of second-order ecological 

effects, where manipulation of one group of organisms (birds) leads to changes in another 

(insects) and then to changes in yet another (vegetation). Indeed, if Bell Miners are 

considered separately from other birds, this could be considered as a third-order effect 

involving four groups of organisms. A subsequent paper on quite another ecosystem (Maquis 

and Whelan 1994) claimed to be the first experimental demonstration of a second-order 

ecological effect in nature. 

 

The situation with Noisy Miners appears more complex, as their food is not as dominated by 

psyllids and lerps (Grey 2008). Nevertheless, I observed a correlation between Noisy Miners 

and dieback from insect attack in small forest patches in farmland (Loyn 1985, 1987), as 

discussed in the previous chapter.  Noisy Miners were already known to exclude small birds 

from their teritories (Dow 1977), but my work made the link with anthropogenic 

fragmentation of forests. It seemed likely Noisy Miners were contributing to the low bird 

abundance in fragmented forests, and so we initiated a set of seven Noisy Miner removal 

experiments similar to those we had conducted with Bell Miners (Grey et al. 1997, 1998). 

Work continues on the relationships between insect fauna and tree health.  

 

There has been a welcome recent upsurge of interest in the relationships between Noisy 

Miners, other birds, insects and tree health, and I have been able to encourage this through 

membership of a collaborative group run by the Australian Centre for Ecological Analysis 

and Synthesis (ACEAS) and the Terrestrial Ecosystem Research Network (TERN). The 

group used data from my early work and subsequent studies (e.g. Loyn et al. 1985c, 1987a; 

Piper and Catterall 2003; Mac Nally et al. 2012; Howes et al. 2014) to build more complex 

models and to establish the broad continental reach of the ‘despotic’ role of Noisy Miners. 

Two co-authored papers from this collaboration are included in this chapter (Maron et al. 

2013; Thomson et al. 2015).  

 

The paper by Maron et al. (2013) presented new evidence that Noisy Miners are increasing in 

number and range, and it confirmed the previous conclusions that this has detrimental effects 

for small birds and tree health. It also quantified the area over which Noisy Miners exert 

varying degrees of despotic control (>1 million ha). The paper provided moderate support for 

the idea that some large birds benefit from associating with Noisy Miners: we had previously 

suggested a positive relationship, especially for Grey Butcherbirds Cracticus torquatus 

(which voluntarily abandoned one of the sites from which we removed Noisy Miners), and 

we had noticed an association between the two species in a range of habitats (Grey et al. 

1997, 1998; Loyn 2002). We continue to suspect a degree of symbiosis between these 

species, with butcherbirds benefiting from the miners’ sequestration of large insect prey and 

the miners benefiting from the extra deterrent power bestowed by the butcherbirds by virtue 

of their strong bills and carnivorous reputation (i.e. small birds will be more afraid of miners 

if they think that stronger-billed butcherbirds are likely to join in any attacks). 

 

The paper by Howes et al. (2014) used data from 400 sites across much of eastern Australia 

(including some of my study sites) to test whether the effects of Noisy Miners produced a 

more homogeneous set of bird communities in their area of influence over this large range. It 



did indeed support this hypothesis: the bird diversity of sites occupied by Noisy Miners was 

less than that of sites not occupied by Noisy Miners. Sites occupied by Noisy Miners tended 

to lack several guilds of small-bodied insectivores, and it was postulated that this could result 

in loss of ecosystem services associated with those guilds (e.g. plant dispersal and 

regeneration, insect herbivory and ultimately woodland resilience). Hence, the study 

demonstrated a substantial shift in ecological profile over a broad geographical area as a 

result of a single native species. 

 

The paper by Thomson et al. (2015) used data from >2000 surveys across the range of the 

Noisy Miner to test selected predictions from the previous models. The data included some 

data of mine (from native forest benchmark sites in the plantation study as well as from 

earlier studies of fragmented forests). The modelling confirmed my earlier finding that Noisy 

Miners were associated with small forest patches and forest edges, notwithstanding the fact 

that they may occur far from edges in some habitats (especially in Queensland, Maron 2009). 

The modelling also confirmed that Noisy Miners can reduce the abundance and diversity of 

small birds and increase the abundance of large birds. The negative effects on small birds 

were found even when Noisy Miner abundance was quite low (0.6 birds observed per ha). 

The negative effects on small birds were amplified in high-rainfall areas, and the positive 

effects on large birds were diminished. 
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Abstract

It has been postulated that aggressive honeyeaters like the noisy miner, Manorina melanocephala, may
contribute to rural tree decline by excluding small insectivorous birds from remnant patches of woodland,
thereby reducing the level of predation upon defoliating insects. Previous studies provide correlational
evidence that avian diversity and abundance is lower in remnant patches of woodland occupied by noisy
miners than in those without noisy miners. Noisy miners were removed from three small remnant patches of
woodland in north-eastern Victoria. The removal of the majority of noisy miners from a site, or even the
removal of only part of a noisy miner colony from a site, resulted in a major influx of honeyeaters and other
insectivorous birds to these sites in the following three months. Such major invasions were not observed on
matching control sites. At two of the three removal sites, this led to an increase in both the abundance and
diversity of birds on the site. At the third site, there was an increase in the diversity, but not the abundance
of birds. These experiments are the first to demonstrate that noisy miners affect avian diversity and
abundance by aggressive exclusion of small birds. They also showed that if domination by noisy miners is
reduced, small, degraded woodland remnants can support significant populations of some small
insectivorous birds and honeyeaters. Noisy miners did not reinvade the experimental sites during the
following 16 months and avian diversity and abundance remained higher at the experimental sites than at the
paired control sites. Long-term monitoring is needed to determine whether the small invading bird species
have a lasting effect upon insect populations and tree health. 

Introduction

The loss of remnant native vegetation from agricultural land is currently one of the major
conservation issues in Australia. There is a number of possible causes for the declining vitality
and premature death of eucalypts in rural landscapes (Landsberg 1988), commonly referred to as
rural dieback. Defoliation by insects is the most frequently cited factor (Old et al. 1981), and
trees with dieback often show more insect damage than healthy trees nearby (Landsberg and
Wylie 1983; Landsberg 1988; Landsberg et al. 1990). In general, it is not known whether the
insects cause the dieback, are associated with it, or are merely attracted to trees weakened by
some other agent such as soil degradation or old age (Landsberg 1990a, 1990b). Insect damage
has been investigated in relatively few regions where rural dieback is severe (Landsberg 1988).

The decline of insectivorous wildlife, and in particular insectivorous birds, in rural Australia
has been suggested as one important factor that may be placing trees on farms under unnatural
stress, owing to elevated levels of the severity and frequency of defoliation by insects (Ford and
Bell 1982; Ford 1985; Loyn 1987a). However, this relationship has received little attention.
Ford (1985, 1986) looked at the diets of birds in woodland sites with dieback in the New
England region of New South Wales. He found that about 90% of the birds present ate a wide
range of insects, including many that damage trees. He estimated that birds ate 55Ð70% of the
insects produced and that they had the potential to influence insect populations in such habitats.
The potential of common forest birds to influence the size of insect populations was also
demonstrated experimentally by Loyn et al. (1983), who showed that bell miners, Manorina
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melanophrys, effectively defend high populations of insect prey from other bird species. This
experiment showed that the interspecific territoriality of the bell miner resulted in an abundant
and exclusive supply of psyllids and lerps (the sugary domatia of some psyllids) for the bell
miners, and prevented insectivorous birds, such as other honeyeaters and pardalotes, from
feeding on the psyllid infestation. The health of the eucalypts improved in the year following the
removal of the bell miners (Loyn 1987b).

The noisy miner, a close relative of the bell miner, shows similarly extreme levels of
interspecific territoriality (Dow 1977). It is a large Australian honeyeater (Meliphagidae) that
inhabits lightly timbered farmlands and woodlands lacking shrubs. It appears to have benefited
from habitat modifications made since European settlement of Australia (Loyn 1987a;
Longmore 1991; Catterall et al. 1991; Low 1994). A sedentary species, the noisy miner lives in
scattered colonies of up to several hundred individuals (Dow 1979) and vigorously defends
communal territories against other avian species by driving them out and sometimes even killing
them (Dow 1977). Noisy miners obtain virtually all their food within the colonyÕs territory and
have a complex social system that facilitates co-operative defence of resources (Whitmore and
Dow 1982). The territories of noisy miner colonies appear to have abundant food sources such
as lerps and other insects (Paton 1980).

There is strong correlational evidence that where noisy miners are present in small degraded
patches of woodland, other small insectivorous birds are less abundant (Ford and Bell 1982;
Ford 1985, 1986; Loyn 1985a, 1987a; Landsberg et al. 1990; Catterall et al. 1991; Ford et al.
1995). Loyn (1985a) also reported that eucalypt dieback from defoliating insects was more
severe in the small, heavily grazed patches occupied by noisy miners than in forest patches with
intact understorey and high populations of forest birds. It appears that few birds, except noisy
miners, feed on insects from the canopy in small remnants occupied by noisy miners (Dow
1977; Loyn 1985a, 1985b, 1987a). A study of habitat use by birds across a forestÐsuburb
interface by Catterall et al. (1991) concluded that small, isolated remnants and narrow
connecting corridors are likely to be dominated by aggressive edge species such as the noisy
miner and that this could inhibit movement within them by small forest bird species.
Correlational evidence of this sort strongly suggests that noisy miners may play a role in
reducing diversity of other native wildlife (Recher 1993; Low 1994). Yet the case for a causal
relationship requires experimental evidence, as reported here.

The primary aim of this study was to test experimentally two alternative hypotheses to
explain why noisy miners are frequently associated with the absence of other insectivorous birds
and with patches of woodland affected with dieback: the first is that noisy miners exclude other
insectivorous birds from such patches; the second is that such patches of woodland are so small
and degraded that they are unable to support viable populations of other insectivorous birds,
whereas noisy miners have managed to persist because of their generalised foraging habits
(Longmore 1991). This study aimed to distinguish between these two possibilities by reducing
the number of noisy miners in some small remnant patches of woodland, and comparing changes
in the bird community with those from matched control sites.

The first hypothesis predicts that the removal of noisy miners from small patches of degraded
remnant eucalypt woodland would lead to an increase in avian diversity and abundance. In
contrast, the second hypothesis predicts that the removal of noisy miners would have no effect
on bird abundance and diversity.

Methods
Study Sites

Three pairs of sites were chosen in the Lurg area (36¡358S, 146¡78E), east of Benalla, Victoria (Fig. 1).
Most of the native vegetation in this area has been removed, but remnants of Eucalyptus sideroxylon forest
remain on some roadside reserves and in small patches, generally less than 10 ha, on private land. The sites
were in the low hills and plains of the Lurg land system, in the northern foothills of the Great Dividing
Range. Features considered when matching pairs of sites were land system, vegetation type, canopy cover,
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Fig. 1. The Lurg area east of Benalla where the noisy miner removal experiments took place. The study
sites are named and shaded areas show other remnant woodland in the area. The long narrow strips are
either road reserves or roadside vegetation.



understorey (presence or absence), size and grazing status (regularly grazed or ungrazed). All sites were
smaller than 10 ha, had noisy miners present and had some degree of rural tree decline. 

(i) Sunny Hills and MurphyÕs sites

The Sunny Hills site comprised 5 ha of open woodland with Eucalyptus sideroxylon, E. microcarpa and
E. polyanthemos as the predominant canopy trees, at a density of 13 trees haÐ1. The site had an understorey of
introduced grasses that was grazed by livestock. There was no shrub layer present. The MurphyÕs site
comprised 4á7 ha of open woodland of the same predominant canopy species, at a density of 25 trees haÐ1.
This site also had an understorey of introduced grasses that was grazed by livestock, and lacked a shrub layer.
The boundary between the main stand of trees and open pasture was gradual at both sites and was formed by
large, single trees of the same canopy species. Both sites had been cleared of fallen timber and were within
250 m of corridors of roadside vegetation that was similar to the canopy vegetation on the sites (Fig. 1).

(ii) HoughtonÕs and LeeÕs sites

The HoughtonÕs site was 6á1 ha of woodland with Eucalyptus sideroxylon, E. macrorhyncha, E.
polyanthemos and E. microcarpa as the predominant canopy trees, at a density of 121 trees haÐ1. There were
also many saplings present of these species, at a density of 81 trees haÐ1. The site had recently been fenced,
but was previously grazed by livestock and lacked understorey vegetation. Introduced pasture grasses were
sparse, with large areas beneath the canopy being either bare ground or covered in leaf litter. The LeeÕs site
was 5á8 ha of woodland that had also previously been grazed by livestock and recently fenced, and had the
same type of vegetation and ground layer as the HoughtonÕs site. This remnant had about 115 trees haÐ1.
There were also many saplings present of these species, at a density of 79 trees haÐ1. At both sites, the
boundary between the main stand of trees and surrounding pasture was abrupt, but the surrounding paddocks
did contain several single trees of the same canopy species. Fallen timber had not been cleared from either
site and the canopy vegetation at both sites was contiguous with corridors of similar canopy vegetation
along roads and fencelines (Fig. 1).

(iii) Lurg School and Lurg Reserve sites

The Lurg School site was 3á1 ha of woodland (surrounding the former Lurg Primary School, unoccupied
for several years prior to the commencement of this study) with a canopy comprising a mixture of
Eucalyptus polyanthemos, E. macrorhyncha, E. microcarpa and E. sideroxylon, at a density of 128 trees
haÐ1. There were also many saplings present of these species, at a density of 49 trees haÐ1. The well-formed
shrub layer was dominated by Acacia aspera, A. implexa and A. mearnsii, beneath which was a thick ground
layer of herbs, native grasses and introduced grasses (mainly Poa sp. and Briza maxima). The site was not
grazed by livestock. The Lurg Reserve was 2 ha of woodland with a canopy comprising the same canopy
species as Lurg School, but with the addition of E. blakelyi. Trees were at a density of 76 trees haÐ1 at this
site. There were also many saplings present of these species, at a density of 148 trees haÐ1. The shrub layer
was dominated by A. aspera and to a lesser extent A. implexa and A. mearnsii, beneath which was a thick
ground layer of herbs, native grasses and introduced grasses (mainly Poa sp., Dianella sp. and B. maxima)
with Juncus sp. in low-lying areas. The site also had not been grazed by livestock and had been disturbed
several years previously by gravel extraction. There was an abrupt boundary between each stand of trees and
surrounding pasture and the surrounding paddocks contained very few single trees. The canopy vegetation at
both sites was contiguous with roadside corridors of similar canopy vegetation (Fig. 1).

Within each pair of sites, one site was randomly designated the experimental site (Sunny Hills,
HoughtonÕs and Lurg School), from which some noisy miners were removed between 12  and 20 June 1994.
The other sites (MurphyÕs, LeeÕs and Lurg Reserve) were left undisturbed and acted as matching control
sites. An attempt was made at each of the experimental sites to remove as many noisy miners as possible.
Wherever possible, birds were removed by mist-netting and translocated to sites in the Goorambat area
(36¡258S, 145¡558E), north-west of Benalla, more than 18 km from any of the experimental sites [the
longest known movement by a noisy miner is 12 km (B. Dettmann, Australian Bird Banding Scheme,
personal communication)]. Details of the fate of translocated birds are presented by Clarke and Schedvin
(1997). Birds that could not be netted were shot under permit by licensed shooters.

Bird Censuses

Monthly bird censuses for diversity and abundance were carried out by M. Grey at all sites commencing
in April 1994 and continuing until October 1995, using a variant of the ÔArea Search MethodÕ of Loyn
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(1986). Landmarks and flagged trees were used to mark the boundary of the census area within each patch
of woodland. During each census, the observer traversed the same route through each site over a period of
20 min. Values obtained during censuses were standardised to number of individuals, or species, per unit
area, to account for minor differences between sites in the size of the census area. The census areas for each
experimentalÐcontrol pair were as follows: Sunny Hills, 2á3 ha, and MurphyÕs, 2á5 ha; HoughtonÕs, 0á7 ha,
and LeeÕs, 0á8 ha; Lurg School, 1á2 ha, and Lurg Reserve, 1á2 ha. The time of day that each site was
censused was randomised as much as possible each month while still maintaining an efficient censusing
schedule. The sites within an experimental and control pair were always censused consecutively. The
number of individuals of each bird species seen or heard within the census area by the observer while
walking slowly along the census route were recorded as Ôon siteÕ. Care was taken not to record the same bird
twice. During the census, a separate record was also kept of birds seen or heard anywhere in the remnant
patch of woodland other than in the census area, i.e. Ôoff siteÕ. Off site also included adjacent road reserves
or farmland within 50 m of the census patch. Birds flying above the census patch were recorded only if they
were near tree-top level or circling above the patch, for example raptors searching for food. Incidental
sightings made before or after the census at the study site were recorded separately. Incidental sightings and
off-site observations were not included in the statistical analysis, but species lists for each site were
compiled using all observations (on site, off site and incidental) and are presented in Appendix 1. 

Species abundance (number of birds per hectare) and species richness (number of species per hectare)
were calculated for each census at each site, and then used to generate three further measures of diversity:
the Shannon diversity index, the Shannon evenness index and the BergerÐParker index (Magurran 1988).
The Shannon diversity index is moderately sensitive to sample size and is influenced most by species
richness, while it also incorporates the relative abundances of species (Magurran 1988). The Shannon
evenness index reflects how similar the relative abundances of each species are to one another. A higher
evenness index conventionally equates with a higher diversity (Magurran 1988). The BergerÐParker index is
a dominance measureÑdominance being defined as the degree to which a single species accounts for the
majority of individuals recorded. The reciprocal form of the index was used so that an increase in the value
of the index represents an increase in diversity and a reduction in dominance. The index is independent of
species richness (Magurran 1988).

Species observed during censuses from April 1994 to September 1994 were subdivided into two broad
groups, insectivores and others (Table 1), in order to summarise broad-scale changes is community
composition during the course of the study. Noisy miners were not included in a group.

The nomenclature used follows Christidis and Boles (1994). Scientific names of all bird species referred
to are given in Appendix 1. One-tailed statistical tests were used because the hypothesis being tested
predicts the direction of the difference.

Results

Short-term Effects

Removal Experiment 1ÑSunny Hills (experimental site) and MurphyÕs (control site)

Prior to the removal of noisy miners from the experimental site, they were observed chasing
red-rumped parrots and eastern rosellas from the site. Noisy miner, eastern rosella, red-rumped
parrot and Australian magpie were the most numerous species present. White-plumed
honeyeaters and yellow-tufted honeyeaters were present in small numbers. The removal of noisy
miners commenced at Sunny Hills on 13 June 1994 and was still being carried out on 16 June
1994. In all, 46 noisy miners were removed and by 4 August 1994, no noisy miners were
observed on the site. 

The increase in the mean abundance of each species recorded during the post-removal
censuses, compared with the pre-removal censuses, was significantly greater at the experimental
site than occurred at the control site during the same period (Table 2). However, both the
experimental and the control sites experienced a similar net increase in the mean total abundance
of birds present during the three months following the removal of noisy miners (Table 3), partly
because 69% [(7.5 Ð 2.3)/7.5 ´ 100] of the noisy miners were removed from the experimental
site. The differences in the magnitude of the changes observed at the experimental and control
sites were greatest among the insectivores group (Tables 2 and 3). Small honeyeaters (black-
chinned honeyeater, brown-headed honeyeater, white-plumed honeyeater) began invading the
site even while noisy miners were still being removed. Over 50 yellow-tufted honeyeaters were
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observed feeding in the canopy vegetation at the site on 16 June 1994, whereas only a few
individuals of this species had been observed prior to the removal of some noisy miners. By 20
June 1994, small insectivorous birds (flame robin, willie wagtail, striated pardalote, spotted
pardalote, restless flycatcher and yellow-rumped thornbill) that had previously occupied the
fringes of the site had moved into the centre of the site. The most numerous species on the site
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Table 1. Composition of species groups
Bird species observed within the census area at the study sites
between April 1994 and September 1994. The insectivore group of
species includes all species that would take invertebrates from
within a remnant patch of woodland as a significant part of their
diet. This group contains species that feed from a range of substrates
including eucalypt foliage and bark, and from the ground. All
remaining species were assigned to the other-birds group. The noisy

miner was not included in either group

Insectivores Other birds

Fan-tailed cuckoo Australian shelduck
Tawny frogmouth Australian wood duck
Superb fairy-wren White-faced heron
Spotted pardalote Australian white ibis
Striated pardalote Black-shouldered kite
Brown thornbill Whistling kite
Buff-rumped thornbill Wedge-tailed eagle
Yellow-rumped thornbill Little eagle
Yellow thornbill Brown falcon
Southern whiteface Peregrine falcon
Red wattlebird Nankeen kestrel
Noisy friarbird Bush stone-curlew
Regent honeyeater Masked lapwing
Yellow-tufted honeyeater Crested pigeon
Fuscous honeyeater Galah
White-plumed honeyeater Sulphur-crested cockatoo
Black-chinned honeyeater Musk lorikeet
Brown-headed honeyeater Little lorikeet
White-naped honeyeater Australian king-parrot
Painted honeyeater Crimson rosella
Eastern spinebill Eastern rosella
Jacky winter Red-rumped parrot
Scarlet robin Laughing kookaburra
Grey-crowned babbler Flame robin
Crested shrike-tit Magpie-lark
Golden whistler Australian magpie
Rufous whistler Pied currawong
Grey shrike-thrush Australian raven
Restless flycatcher Little raven
Grey fantail House sparrowA

Willie wagtail Red-browed finch
Black-faced cuckoo-shrike Mistletoebird
Dusky woodswallow Common starlingA

White-winged chough
Welcome swallow
Silvereye
Common blackbirdA

AIntroduced species.
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Table 3. A comparison of the mean census values (birds per ha) recorded at the Sunny Hills and
MurphyÕs sites during Experiment 1 (April 1994 to September 1994)

Mean census values before and after the removal of noisy miners from Sunny Hills. Total abundance of
birds includes noisy miners. Note that the increase in the total abundance of birds at the experimental site is
despite having removed 46 noisy miners, which represented 25á5% [(7.5 Ð 2.3)/20.4 ´ 100] of the mean

total number of all birds previously seen at the site

Parameter Experimental (Sunny Hills) Control (MurphyÕs)

Before After % Before After %
(n = 3) (n = 5) change (n = 2) (n = 5) change

Class of birds
Noisy miners 7á5 2á3 Ð69á3 8á0 9á8 22á5
Total abundance

of birds 20á4 30á0 47á1 12á0 18á2 51á7
Total number of

species 2á6 5á5 111á5 1á4 2á2 57á1

Diversity indices
Shannon diversity 0á6 1á0 66á7 0á4 0á5 25á0
Shannon evenness 0á4 0á4 0á0 0á3 0á3 0á0
Reciprocal

BergerÐParker 1á1 1á8 63á6 0á6 0á7 16á7

Species groups
Insectivore

abundance 3á0 20á9 596á7 0á8 2á4 200á0
Insectivore species

richness 1á0 3á4 240á0 0á2 0á8 300.0
Other bird

abundance 9á9 6á9 Ð30á3 3á2 6á0 87á5
Other bird species

richness 1á2 1á7 41á7 0á8 1á0 25á0

Table 2. A comparison of the magnitude of the change in mean abundance of each species (birds
per ha) from the pre-removal censuses to the post-removal censuses (April 1994 to September 1994) at

the experimental and the control sites 
n is the number of species observed in the census area at a site. A one-tailed Wilcoxon matched-pairs
signed-rank test was used because the hypothesis being tested predicts that the changes should be greater at

the experimental sites. Noisy miners were excluded from these analyses

Site (experimentalÐcontrol), Experimental sites Control sites Z P
Species n Mean ± s.d. n Mean ± s.d.

Sunny HillsÐMurphyÕs
All species 27 0á55 ± 1á72 14 0á31 ± 0á56 2á36 0á0091
Insectivores 16 1á12 ± 1á41 6 0á27 ± 0á22 3á20 0á0007
Other birds 11 Ð0á27 ± 1á87 8 0á35 ± 0á73 0á22 0á4131

HoughtonÕsÐLeeÕs
All species 22 2á66 ± 3á90 19 0á59 ± 3á00 1á89 0á0292
Insectivores 16 3á98 ± 3á54 13 0á67 ± 3á62 2á46 0á0071
Other birds 6 Ð0á86 ± 2á42 6 0á41 ± 0á94 0á68 0á2495

Lurg SchoolÐLurg Reserve
All species 22 1á05 ± 1á79 24 0á68 ± 0á80 0á33 0á3695
Insectivores 13 1á41 ± 2á24 16 0á86 ± 0á85 0á24 0á4046
Other birds 9 0á52 ± 0á62 8 0á30 ± 0á57 0á86 0á1941



immediately following the removal of noisy miners were yellow-tufted honeyeaters and white-
plumed honeyeaters. On 9 September 1994, an influx of striated pardalotes was observed, along
with six regent honeyeaters that were feeding on the blossoms of E. sideroxylon on the site.
No significant difference was found between the experimental and control sites in the magnitude
of the changes in the mean abundance of species in the other-birds group at the two sites. 

The three diversity indices reflected these major changes in the composition of the bird
community at the experimental site following the removal of noisy miners; changes that were
not observed to the same degree at the control site during the same period (Table 3). Again,
these changes were predominantly due to an increase in the diversity, as well as abundance, of
birds in the insectivore group at the experimental site following the removal of noisy miners. 

Removal Experiment 2ÑHoughtonÕs (experimental site) and LeeÕs (control site)

Prior to their removal, noisy miners at the experimental site were observed chasing small
insectivorous birds from the site. Noisy miner, eastern rosella and laughing kookaburra were the
most numerous species. Rufous whistler, willie wagtail and Australian magpie were present in
small numbers.

In all, 35 noisy miners were removed from the experimental site from 12 to 14 June 1994.
Because noisy miners from surrounding habitat appeared to be invading the site during the
removal exercise, attempts to remove more noisy miners from this site were abandoned on 14
June 1994. However, the invading noisy miners subsequently disappeared and overall the removal
effort resulted in a 35% reduction in the mean density of noisy miners on the site (Table 4).

The increase in the mean abundance of each species recorded during the post-removal
censuses, compared with the pre-removal censuses, was again significantly greater at the
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Table 4. A comparison of the mean census values (birds per ha) recorded at the HoughtonÕs and
LeeÕs sites during Experiment 2 (April 1994 to September 1994)

Mean census values before and after the removal of noisy miners from HoughtonÕs. Total abundance of
birds includes noisy miners. Note that the increase in the total abundance of birds at the experimental site is
despite having removed 35 noisy miners, which represented 22á5% of the mean total number of all birds

previously seen at the site

Parameter Experimental (HoughtonÕs) Control (LeeÕs)

Before After % Before After %
(n = 3) (n = 3) change (n = 3) (n = 3) change

Class of birds
Noisy miners 19á0 12á4 Ð34á7 17á5 14á5 Ð17á1
Total abundance

of birds 29á3 76á7 164á5 47á9 56á3 17á5
Total number of

species 5á7 14á7 157á9 9á1 10á0 9á9

Diversity indices
Shannon diversity 1á4 2á9 107á1 1á9 2á3 21á1
Shannon evenness 1á0 1á3 30á0 1á0 1á1 10á0
Reciprocal BergerÐParker 2á4 4á6 91á7 3á0 3á9 30á0

Species groups
Insectivore

abundance 1á4 60á5 4221á4 25á8 34á6 34á1
Insectivore species

richness 1á0 11á9 1090á0 5á0 6á3 26á0
Other bird

abundance 8á6 3á8 Ð55á8 4á6 7á1 54á4
Other bird species

richness 3á3 1á4 Ð57á6 2á9 2á5 Ð13.8



experimental site than at the control site during the same period (Table 2). This change was also
reflected in a major net increase in the mean total abundance of birds present following the
removal of the noisy miners (Table 4), despite approximately 35% of the noisy miners having
been removed from the experimental site. Changes of such magnitude were not observed at the
control site during the same period. The changes in abundance of birds at the experimental site
following the removal of some noisy miners were predominantly in the insectivore group of
species, such as restless flycatcher, grey fantail, spotted pardalote and striated pardalote (Tables
2 and 4). By 3 July 1994, yellow-tufted honeyeaters and white-plumed honeyeaters were present
on the experimental site feeding on nectar from flowering E. sideroxylon, whereas they had not
been observed at the site prior to the removal of some noisy miners. E. sideroxylon was also
flowering at the control site at this time, and although there was an increase in the number of
white-plumed honeyeaters on the site, yellow-tufted honeyeaters were not present. 

The three diversity indices reflected a major change in the composition of the bird
community at the experimental site following the removal of some noisy miners (Table 4); this
change was not observed at the control site. 

Removal Experiment 3ÑLurg School (experimental site) and Lurg Reserve (control site)

Noisy miners were recorded only in low numbers at both the Lurg School and Lurg Reserve
sites before the noisy miner removal, and these birds did not appear to be permanent residents of
the woodland remnants. Although only six noisy miners were removed from the Lurg School on
16 June 1994, this represented a substantial proportion of the number of noisy miners previously
observed at this site (~60%). 

The experimental site experienced an increase in both the mean total abundance and the
diversity of birds present following the removal of the noisy miners (Table 5). However, the
increases in the mean abundance of each species at the experimental site during the post-removal
censuses, compared with the pre-removal censuses, were not significantly greater than those
observed at the control site (Table 2). The major changes at the experimental site in the
abundance of birds in the insectivore group were predominantly due to substantial increases in
the numbers of white-plumed honeyeater and superb fairy-wren on the site following the
removal of some noisy miners. Such changes did not occur to the same degree at the control site.

Medium-term Effects

Removal Experiment 1ÑSunny Hills (experimental site) and MurphyÕs (control site)

Both the experimental and control sites experienced a drop in total bird abundance in the
medium-term monitoring phase (October 1994 to October 1995) (Fig. 2). After the initial influx
of small birds following the noisy miner removal at the experimental site, bird abundance
gradually decreased in the following months, but generally remained higher than during pre-
removal censuses. Species richness also decreased over time at both the experimental and
control sites; nevertheless, it remained consistently higher at the experimental site than at the
control site and did not reduce to pre-removal levels. Noisy miner numbers remained low and
they did not regain control of the experimental site during this period. Their numbers and
dominance remained stable at the control site.

Removal Experiment 2ÑHoughtonÕs (experimental site) and LeeÕs (control site)

The magnitude of the increases in bird abundance and species richness was not maintained,
and both decreased slightly at the experimental site in the medium-term monitoring phase (Fig.
2). Nevertheless, both bird abundance and species richness remained consistently higher at the
experimental site than at the control site during this period. Noisy miners did not re-invade the
experimental site, and over time continued to decrease in numbers. The noisy miner population
at the control site remained stable during this time.
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Removal Experiment 3ÑLurg School (experimental site) and Lurg Reserve (control site)

The experimental and control sites displayed similar fluctuations in bird abundance and
species richness in the medium-term monitoring phase (Fig. 2). However, in general, bird
abundance and species richness remained higher at the experimental site. The experimental site
initially supported only a small noisy miner population. Noisy miners did not re-invade and were
recorded only in very low numbers in the medium term. The noisy miner population at the
control site remained fairly stable during this time.

All experiments

Consistently more new species (species that had not been recorded there prior to the removal
of noisy miners, and that were never observed at the paired control site during the same post-
removal time period) were recorded at the experimental sites (Sunny Hills, 28 species;
HoughtonÕs, 16; Lurg School, 13), than the converse (i.e. new species observed at the paired
control that were not also present on the experimental site in the post-removal period: MurphyÕs,
5 species; LeeÕs, 7; Lurg Reserve, 7) (see Appendix 1).

Discussion

Bird Diversity and Abundance

Observational work had shown a strong correlation between noisy miners and low avian
diversity (Dow 1977; Ford 1985, 1986; Loyn 1985a, 1987a; Catterall et al. 1991; Ford et al.
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Table 5. A comparison of the mean census values (birds per ha) recorded at the Lurg School and 
Lurg Reserve sites during Experiment 3 (April 1994 to September 1994)

Mean census values before and after the removal of noisy miners from Lurg School. Total abundance of
birds includes noisy miners. Note that the increase in the total abundance of birds at the experimental site is
despite having removed six noisy miners, which represented 34á0% of the mean total number of all birds

previously seen at the site

Parameter Experimental (Lurg School) Control (Lurg Reserve)

Before After % Before After %
(n = 3) (n = 4) change (n = 3) (n = 4) change

Class of birds
Noisy miners 5á3 2á1 Ð60á4 7á8 5á3 Ð32á1
Total abundance

of birds 9á4 30á0 219á2 15á8 28á8 82á3
Total number of

species 2á5 7á8 212á0 4á4 7á8 77á3

Diversity indices
Shannon diversity 0á8 1á5 87á5 1á1 1á7 54á6
Shannon evenness 0á8 0á8 0á0 0á7 0á8 14á3
Reciprocal BergerÐParker 1á5 2á9 93á3 1á8 3á8 111á1

Species Groups
Insectivore

abundance 1á9 20á8 994á7 5á6 18á8 235á7
Insectivore species

richness 0á8 4á8 500á0 1á9 5á4 184á2
Other bird

abundance 2á2 7á1 222á7 2á5 4á8 92á0
Other bird species

richness 1á1 2á5 127á3 1á7 1á5 Ð11á8
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Fig. 2. Changes in bird abundance (birds per ha), species richness (species per ha) and number of noisy
miners (birds per ha) observed during monthly bird censuses during the 15 months following the removal of
noisy miners from the experimental sites in June 1994 (the removal date is indicated with an arrow at the
experimental sites). 1(a) Sunny Hills experimental site and 1(b) MurphyÕs control site; 2(a) HoughtonÕs
experimental site and 2(b) LeeÕs control site; 3(a) Lurg School experimental site and 3(b) Lurg Reserve
control site. The drop in all values at HoughtonÕs experimental site [2(a)] in June 1995 was probably due to
severe weather conditions at the time of the census. The peak in bird abundance at the Lurg Reserve study site
[3(b)] in May 1995 was due to the presence of 22 king parrots and 11 red-rumped parrots at the study site.



1995), but our study represents the first experimental attempt to determine whether there is a
causal relationship between noisy miners and low avian diversity.

Removal of noisy miners from three experimental sites consistently led to major and rapid
changes in the composition of the bird communities at these sites, changes that were not
observed to the same degree at matching control sites. The significant influx of small
insectivorous birds following the removal of noisy miners is consistent with the hypothesis that
noisy miners normally exclude these species from such sites by the aggressive communal
defence of the colonyÕs territory. This is the first experimental evidence that noisy miners affect
avian diversity. While our sample size is small, this reflects the logistic difficulties of conducting
large-scale experimental manipulation of vertebrate populations in the field, and the scarcity of
suitable study sites. Nevertheless, we believe the changes observed following the removal of the
noisy miners are substantial and deserve serious consideration. These changes will be considered
in two waysÑspecies composition and abundance.

The composition of the bird communities at Sunny Hills and HoughtonÕs changed far more
dramatically following a reduction in the density of noisy miners than was observed at their
matching control sites during the same period. This was particularly reflected in the changes in
the Shannon Diversity and reciprocal BergerÐParker indices. The increase in species richness at
all three experimental sites was 2Ð16 times greater than at the control sites over the same period.
At all three experimental sites, these changes were primarily due to major influxes of birds in the
insectivore group. Insectivores showed a dramatic increase in abundance at all three sites
following a reduction in the density of noisy miners and increased significantly more in mean
abundance per species than was observed at the matching control sites for two of the three pairs
of sites.

Invading insectivores tended to be species that had previously occupied habitats close to the
woodland remnants (e.g. flame robins, yellow-rumped thornbills, southern whiteface) or
members of mobile flocks (e.g. striated pardalotes). At the Sunny Hills site, the yellow-rumped
thornbills, flame robins, restless flycatchers and southern whitefaces, which had previously
inhabited the outer fringes of the woodland remnant, immediately moved into the stand of trees
following the noisy miner removal and began feeding on the ground within the remnant. They
had been feeding previously in shrubs and grasses along a creek edge and in adjacent pasture. In
the days following the removal, these small flocks of invading birds, mostly associated with
ground-feeding, then moved into the tree canopy. This could be a case of a species
opportunistically occupying a previously unavailable feeding niche, similar to observations of
the mainly frugivorous eastern and crimson rosellas feeding on lerps following the removal of
bell miners (Loyn et al. 1983). It would appear that in the absence of exploitation and
interference competition from noisy miners, they were able to expand from a realised niche to a
broader fundamental niche (Begon et al. 1990).

The relative importance of the abundance of birds invading a site following the removal of
noisy miners, and the species composition of the resulting bird community to the rate of
predation upon herbivorous insects remains unclear (Landsberg et al. 1990). Where there is an
increase in both the total abundance and the total diversity on a site (as seen at HoughtonÕs and
the Lurg School sites), the rate of predation upon herbivorous insects is likely to increase.
However, an increase only in the diversity of birds on a site and not in the total abundance of
birds at the site (as seen at Sunny Hills) may or may not lead to an increase in the rate of
predation upon herbivorous insects, depending upon the foraging behaviour and dietary
preferences of the invading species. In this regard, the uniform increase in the abundance of
insectivores at all experimental sites following a reduction in noisy miner abundance is likely to
be of more significance to herbivorous insect populations than changes in the abundance of bird
species with other dietary preferences. A detailed comparison of the foraging behaviour and diet
of noisy miners and the species they displace would be needed before conclusions could be
drawn as to the net change in predation pressure upon herbivorous insects resulting from
removals of noisy miners.
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Any conclusions made about experimental sites and matched control sites depend on how
well these sites are matched with respect to important variables. We attempted to pair sites so
that they had similar vegetation structure and diversity, were of similar size, had similar
connectivity to other remnants, had similar levels of grazing and had similar abundance of noisy
miners. Nevertheless, as Hurlbert (1984) points out, ÔIn any field situation ... we know on first
principles that two experimental units (sites) are different in probably every measurable
propertyÕ. The key issue is whether the inherent and unavoidable differences between sites in
field experiments are going to obscure any change caused by the experimental manipulation, or
be misinterpreted as being the consequence of the manipulation, when really they are not. As
Hurlbert (1984) argues, ÔDecisions as to what degree of initial heterogeneity among
experimental units is permissible or desirable, ... are also a matter of subjective judgementÕ. 

We do not believe that the direction of the changes we observed at the experimental sites
compared with the control sites was due to pre-existing differences between the experimental
and control sites or environmental changes during the course of the experiment (e.g. flowering
levels of eucalypts) that affected one site significantly more than its pair. However, the
magnitude of the changes in the bird communities observed during this study may have been
influenced by at least two key factors: timing and the locality of sites. The ironbark
(E. sideroxylon) trees were flowering at the experimental and control sites at the time of the
noisy miner removals [although the seasonal flowering of the ironbark was said to be very poor
in comparison with typical good years (I. Davidson, personal communication)]. This may have
made the sites particularly attractive at the time of the removals. Also, some of the changes
observed were due to influxes of migratory species (e.g. flame robin, white-winged triller) and
nomadic species (e.g. regent honeyeater, white-naped honeyeater). All sites were within 6 km of
larger forest remnants, which provided a potential source of invading birds. Had the experiment
been conducted at a different time of year, or at sites further from sources of colonisers, results
may have been less dramatic. Nevertheless, the fact remains that the nomadic and seasonal
migrants were more prevalent at sites from which some noisy miners had been removed than at
control sites.

Individual noisy miners left on the Sunny Hills experimental site did not spend a greater
proportion of their time chasing intruders than noisy miners at the MurphyÕs control site, despite
the fact that there were approximately three times the number of interspecific intruders to chase
at Sunny Hills than at MurphyÕs (authorsÕ unpublished data). The noisy miners remaining at the
experimental site were noticeably less vocal than prior to the removal (Grey, personal
observation). They appeared to be ineffective in expelling intruders, probably because they were
acting as lone individuals, rather than as a co-ordinated group, and were severely outnumbered
by the intruders (Clarke et al. 1995). This observation and the two findings outlined below
suggest that it may not be necessary to remove all the noisy miners from a site to achieve a
substantial reduction in the domination of a remnant patch of woodland by the species.

First, the noisy miners remaining at Sunny Hills following the removal of their conspecifics
eventually left the site, suggesting that there may be some critical density below which noisy
miners are unable to monopolise a remnant patch of woodland, although this may depend greatly
upon the density of the invading species and the nature of the remnant vegetation. Second, the
changes in species composition and abundance of birds observed at HoughtonÕs site suggest that
even just a 35% reduction in the density of noisy miners at a site can have a dramatic effect. The
magnitude of this effect will be influenced, in part, by the manner in which the noisy miners
utilise the woodland remnant. For example, at sites with a denser canopy cover (e.g. 
HoughtonÕs) or substantial understorey vegetation (e.g. Lurg School), noisy miners mainly
visited the edges of the remnant from single trees in adjacent pasture or trees in roadside
corridors, but were rarely observed in the interior of the remnant. Such woodland remnants may
represent suboptimal habitat for noisy miners. The thick canopy or understorey may have made
these sites less suitable to noisy miners which regularly forage on the ground in open pasture, but
not in thicker understorey vegetation (authorsÕ personal observation; Frith 1977; Loyn 1987a).
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Observational studies have shown that small remnants of woodland with understorey can have
half the number of noisy miners present than similar sized remnants without understorey (Clarke
et al. 1995). Fewer individuals may have to be removed from such sites to break the speciesÕ
domination of the site. In contrast, noisy miners in remnants of woodland with a sparse canopy
(e.g. Sunny Hills) foraged throughout the stand and actively excluded other species from the
entire site. Consequently, a greater proportion of the Noisy Miners on such sites may have to be
removed before the colony structure begins to disintegrate, and the remaining birds cease to
dominate the site.

There was no evidence of major re-invasion by noisy miners at experimental sites during the
study. This is despite noisy miner colonies being within 500 m of all three experimental sites
following the removal of Noisy Miners. The initial influx of noisy miners from adjacent land at
the HoughtonÕs site did not result in permanent recolonisation by noisy miners of the ÔvacantÕ
habitat created by the removal procedures. ÔVisitingÕ noisy miners appeared to return quickly to
their original territories. This may not always be the case if the ÔvacantÕ area is of higher quality
than the current territory occupied by a neighbouring colony.

This study shows that even very small remnants of woodland (<10 ha) have potential as
habitat for a significant diversity of birds when noisy miner density is substantially reduced, and
it highlights the potential value to native wildlife of what may otherwise appear to be very small
degraded remnants of woodland vegetation on rural land. 

These results suggest that removal of noisy miners may have potential as a management
strategy in a very narrow range of circumstances: namely, when noisy miners are seen to be
excluding from remnants of woodland bird species that are already threatened due to loss of
habitat (e.g. regent honeyeater, grey-crowned babbler, buff-rumped thornbill and southern
whiteface; Robinson 1991) or when small patches of particularly rare or ecologically valuable
habitat are threatened by attack from defoliating insects, whose numbers may be elevated by the
dominance of the habitat by noisy miners. However, further research must be carried out before
noisy miner removal is adopted as a habitat management procedure. Key questions that are now
being addressed include: (i) are the results of the noisy miner removals sustainable over a longer
period, and do they result in improved tree health; (ii) can the results achieved by the removal of
noisy miners be replicated in other vegetation types dominated by noisy miners; and (iii) what is
the relative importance of the presence of noisy miners and the absence of understorey
vegetation to avian diversity, the abundance of defoliating insects and rural tree decline in
remnants of woodland?
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Appendix 1. Bird species observed at the Lurg study sites from April 1994 to October 1995
(inclusive)

Includes all censuses and incidental sightings; s = observed before noisy miner removals, ´ = observed only
after noisy miner removals from experimental sites. New species are species recorded after noisy miners
were removed that were not also recorded at the paired site (within a pair of sites) during the same period.

Site: SH, Sunny Hills; M, MurphyÕs; H, HoughtonÕs; L, LeeÕs; LS, Lurg School; LR, Lurg Reserve

Common name Study sites Scientific name

SH M H L LS LR

Australian shelduck ´ Tadorna tadornoides
Australian wood duck s s s Chenonetta jubata
Pacific black duck ´ Anas superciliosa
Australasian grebe s Tachybaptus novaehollandiae
White-faced heron s s Egretta novaehollandiae
Australian white ibis ´ ´ ´ ´ Threskiornis molucca
Black-shouldered kite ´ Elanus axillaris
Whistling kite s Haliastur sphenurus
Wedge-tailed eagle ´ ´ Aquila audax
Brown falcon ´ Falco berigora
Peregrine falcon ´ Falco peregrinus
Nankeen kestrel ´ ´ Falco cenchroides
Eurasian coot ´ Fulica atra
Bush stone-curlew ´ Burhinus grallarius
Masked lapwing ´ ´ ´ Vanellus miles
Common bronzewing ´ Phaps chalcoptera
Crested pigeon ´ ´ ´ ´ ´ Ocyphaps lophotes
Galah s s s s Cacatua roseicapilla
Sulphur-crested cockatoo ´ ´ ´ s s ´ Cacatua galerita
Rainbow lorikeet ´ Trichoglossus haematodus
Musk lorikeet ´ ´ ´ Glossopsitta concinna
Little lorikeet ´ ´ Glossopsitta pusilla
Australian king-parrot ´ s ´ Alisterus scapularis
Crimson rosella ´ s s ´ ´ ´ Platycercus elegans 
Eastern rosella s s s s s s Platycercus eximius
Red-rumped parrot s ´ ´ ´ ´ s Psephotus haematonotus
Fan-tailed cuckoo ´ Cacomantis flabelliformis
Tawny frogmouth ´ Podargus strigoides
Laughing kookaburra ´ ´ s s s s Dacelo novaeguineae
Rainbow bee-eater ´ Merops ornatus
Brown treecreeper ´ Climacteris picumnus
Superb fairy-wren ´ ´ s s Malurus cyaneus
Spotted pardalote ´ ´ ´ ´ Pardalotus punctatus
Striated pardalote ´ ´ ´ ´ ´ ´ Pardalotus striatus
Brown thornbill ´ ´ ´ ´ Acanthiza pusilla
Buff-rumped thornbill ´ ´ Acanthiza reguloides
Yellow-rumped thornbill ´ ´ ´ ´ ´ s Acanthiza chrysorrhoa
Yellow thornbill ´ ´ ´ s Acanthiza nana
Southern whiteface ´ Aphelocephala leucopsis
Red wattlebird s ´ s ´ ´ Anthochaera carunculata
Noisy friarbird ´ ´ s Philemon corniculatus
Little friarbird ´ Philemon citreogularis
Regent honeyeater ´ Xanthomyza phrygia
Noisy miner s s s s s s Manorina melanocephala
Yellow-tufted honeyeater s ´ Lichenostomus melanops
Fuscous honeyeater ´ ´ ´ Lichenostomus fuscus
White-plumed honeyeater s s ´ s ´ s Lichenostomus penicillatus
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Appendix 1. continued

Common name Study sites Scientific name

SH M H L LS LR

Black-chinned honeyeater ´ Melithreptus gularis
Brown-headed honeyeater ´ ´ ´ Melithreptus brevirostris
White-naped honeyeater ´ ´ ´ Melithreptus lunatus
Painted honeyeater ´ Grantiella picta
Eastern spinebill ´ Acanthorhynchus tenuirostris
Jacky winter ´ s s Microeca fascinans
Scarlet robin ´ ´ ´ ´ Petroica multicolor
Flame robin ´ ´ Petroica phoenicea
Grey-crowned babbler ´ Pomatostomus temporalis
Varied sittella ´ Daphoenositta chrysoptera
Crested shrike-tit ´ s Falcunculus frontatus
Golden whistler ´ s ´ ´ s s Pachycephala pectoralis
Rufous whistler s ´ Pachycephala rufiventris
Grey shrike-thrush ´ ´ ´ s ´ Colluricincla harmonica
Restless flycatcher ´ s s s ´ Myiagra inquieta
Magpie-lark s ´ s s ´ s Grallina cyanoleuca
Grey fantail ´ ´ ´ s s ´ Rhipidura fuliginosa
Willie wagtail s ´ s s s s Rhipidura leucophrys
Black-faced cuckoo-shrike s ´ s ´ Coracina novaehollandiae
White-bellied cuckoo-shrike ´ Coracina papuensis
White-winged triller ´ ´ Lalage sueurii
Olive-backed oriole ´ ´ Oriolus sagittatus
White-browed woodswallow ´ ´ ´ Artamus superciliosus
Dusky woodswallow ´ ´ ´ ´ Artamus cyanopterus
Grey butcherbird ´ Cracticus torquatus
Australian magpie s s s s s s Gymnorhina tibicen
Pied currawong ´ ´ Strepera graculina
Australian raven s s s s s s Corvus coronoides
Little raven ´ ´ ´ ´ ´ ´ Corvus mellori
White-winged chough ´ ´ ´ s s ´ Corcorax melanorhamphos
House sparrowA ´ Passer domesticus
Red-browed finch ´ Neochmia temporalis
Mistletoebird ´ ´ ´ Dicaeum hirundinaceum
Welcome swallow s ´ ´ s s ´ Hirundo neoxena
Tree martin ´ Hirundo nigricans
Silvereye s Zosterops lateralis
Common blackbirdA ´ ´ Turdus merula
Common starlingA ´ ´ ´ Sturnus vulgaris

Total No. of species 58 32 49 42 41 33
Total No. of new species 28 5 16 7 13 7

AIntroduced species.
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ABSTRACT

Aim Reports of profound changes in species assemblages brought about by the

influence of strongly interacting species are increasingly common. Where these

strong interactors are sensitive to anthropogenic habitat changes, relatively

small alterations in the environment can result in large and pervasive shifts in

assemblages. We review the evidence for widespread assemblage-level phase

shifts across eastern Australia, triggered partly by anthropogenic habitat alter-

ation and mediated by a native, despotic bird: the noisy miner Manorina mela-

nocephala.

Location Eastern Australia.

Methods Based on the literature, we developed conceptual models of factors

affecting site occupancy by, and ecosystem-level effects of, the noisy miner. We

also analysed recent trends in the reporting rate of the noisy miner across its

range.

Results Individuals of this species cooperate to aggressively exclude almost all

smaller bird species from the areas they occupy. The noisy miner is advantaged

by habitat fragmentation and structural simplification—habitat changes that

facilitate detection and interception of potential competitors by miners. We

report that the species is increasingly prevalent, particularly close to forest and

woodland edges. Such edges have mainly been created by human land use. The

evidence we reviewed showed: (1) strong causal links between the noisy miner

and depressed richness and abundance of smaller birds, particularly nectarivores

and insectivores; (2) moderate evidence of a positive association with larger bird

species; (3) reduced tree condition stemming from impaired control of insect

herbivore populations by smaller insectivores; and (4) a plausible negative effect

on plant reproduction through reduced tree condition, altered pollination ser-

vices and altered seed dispersal.

Main conclusions This is the first synthesis to document the causes and likely

ecological consequences of increasingly prevalent phase shifts catalysed by a

despotic species on ecosystems at very large spatial scales (> 1 million km2).

Native species affected by human activities can become agents that induce eco-

logical dysfunction.

Keywords

Ecosystem disruption, interspecific competition, keystone species, landscape

modification, phase shift, strong interactor.

INTRODUCTION

Individual species exert unequal influences on the composi-

tion of ecological assemblages. Species that exert far more

influence than would be predicted from their relative bio-

mass have been labelled ‘keystone’ species (Paine, 1969) or

more generally ‘strong interactors’ (MacArthur, 1972; Menge

et al., 1994). Their effects involve a variety of mechanisms
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including predation (Menge et al., 1994; Letnic et al., 2009),

parasitism (Robinson et al., 1995), habitat transformation

(Naiman et al., 1996) and competition (Piper & Catterall,

2003). Strong interactors can increase (Brown & Heske,

1990) or depress (Colgan, 1987; Horsley et al., 2003) assem-

blage diversity, potentially shifting assemblages to alternative

states that can be difficult to reverse (Suding et al., 2004).

For example, local extinctions and reductions in species

diversity caused by the cascading effects of humans introduc-

ing non-native predators into island ecosystems (Holdaway,

1999; Short et al., 2002; O’Dowd et al., 2003) or extirpation

of keystone predators (Wilcove, 1985; Crooks & Soule, 1999;

Rooney & Waller, 2003) are well documented.

An assemblage-level shift mediated by a strong interactor

can be either a switch between alternative ecosystem states

that can exist in a given set of environmental conditions, or

a phase shift. A phase shift is a shift in an assemblage

brought about by the exploitation of environmental change,

particularly by strong interactors (Donahue et al., 2011). The

catalyst for such phase shifts, although mediated through the

actions of a strong interactor, often is anthropogenic land

use change. In this way, even native species affected by

human activities have become agents that induce ecological

dysfunction. For example, habitat fragmentation associated

with human land uses has resulted in increased permeation

of forest habitat by some avian nest parasites and predators,

and the consequent decline in reproductive success has been

implicated in altered structure of forest bird assemblages in

North America (Robinson et al., 1995). Altered forest struc-

ture and local extinction of native predators have resulted

in increased populations of white-tailed deer Odocoileus

virginianus Z., which act as keystone herbivores, profoundly

altering both plants and bird assemblage structure across the

eastern United States (Waller & Alverson, 1997).

Although the primary mechanisms in many cases involve

predatory or parasitic interactions, assemblage-level effects

may also be mediated by competitive interactions with indig-

enous species that have benefited from human actions. Des-

potic habitat selection is the process whereby one species,

usually the physically larger species, occupies the more-

productive habitats to the exclusion of subordinate species

(Fretwell & Lucas, 1970; Robinson & Terbourgh, 1995). This

mechanism has been identified in groups as diverse as Ama-

zonian birds (Robinson & Terbourgh, 1995), Tibetan snow-

finches Montifringilla spp. (Zeng & Lu, 2009), desert rodents

(Brown & Munger, 1985) and coral reef fishes (Shulman,

1985), but usually has been explored for its role in determin-

ing spatial segregation of similar species. The potential for

anthropogenic habitat alteration to interact with competitive

despotism and affect the structure of entire assemblages has

received little attention.

We review the evidence for widespread assemblage-level

phase shifts, triggered partly by anthropogenic habitat alter-

ation and mediated by a despotic species (sensu Mac Nally

et al., 2000). The strong interactor is the noisy miner Mano-

rina melanocephala Latham. This medium-sized (63 g)

passerine bird is widespread over 1.3 million km2 of eastern

Australia (Higgins et al., 2001). Also referred to as a ‘reverse

keystone’ species (Piper & Catterall, 2003), the noisy miner

aggressively excludes almost all small-bodied bird species

(< 50 g) from its territories, with large effects on the compo-

sition and diversity of entire bird assemblages (Dow, 1977;

Loyn, 1987a; Piper & Catterall, 2003; Mac Nally et al., 2012).

Furthermore, increased incidence (and hence effect) of the

noisy miner has been attributed to anthropogenic habitat

changes such as forest and woodland fragmentation (Loyn,

1987a; Clarke et al., 1995; Ford et al., 1995; Mac Nally et al.,

2000; Major et al., 2001a; Piper & Catterall, 2003). This spe-

cies’ wide distribution, large effect on other birds and posi-

tive response to anthropogenic landscape change are a

potent combination with the attendant risk of widespread

ecological effects. However, despite numerous local-scale

studies, there has been no broad-scale synthesis of the scale,

causes and consequences of the phenomenon.

Here, we present a unified synthesis of the state of knowl-

edge relating to the avifaunal and broader ecosystem-level

disruption mediated by the noisy miner. Based on the litera-

ture, we build two conceptual models, and we present a

summary of evidence for their component processes. The

first model (‘occupancy model’) considers how anthropo-

genic and natural factors contribute to the occupancy of sites

by the noisy miner. The second model (‘effects model’) con-

siders how noisy miner occupancy affects other bird species,

and how consequent effects may cascade through ecosystems.

We also identify important areas of uncertainty, and present

a new analysis of the noisy miner’s geographical occurrence

patterns and its temporal trends.

SITE OCCUPANCY BY THE NOISY MINER

Noisy miner behaviour

The noisy miner is an obligate cooperative breeder that lives

in aggregations of up to several hundred birds (a ‘colony’),

each of which comprises one or more ‘coteries’ that them-

selves comprise multiple abutting home ranges belonging to

breeding females with several associated males (Dow, 1979;

Poldmaa et al., 1995; Higgins et al., 2001). Groups of differ-

ing size (which may include members from multiple adjacent

coteries of a colony) act cooperatively to attack, chase and,

where possible, expel a wide range of species (avian, mammal

and reptile) from the colony’s territory (Dow, 1977; Clarke,

1984).

Occupancy model

The noisy miner occupancy model (Fig. 1) considers the

probability that a given site becomes an ‘interspecific exclu-

sion zone’, or IEZ – a part of a colony’s territory that is

actively defended by the noisy miner. The noisy miner can

become abundant and dominant in both continuous and

fragmented forest and woodland, and in suburban areas. The
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woodland sites that the miner occupies tend to be those

most altered through grazing by livestock, removal of under-

storey, thinning of trees or, in fragmented landscapes, the

introduction of wooded-agricultural edges and narrow corri-

dors of trees (remnant or replanted) (Loyn, 1987a; Catterall

et al., 1997, 2002; Major et al., 2001a; Martin & Possingham,

2005; Hastings & Beattie, 2006; Martin et al., 2006; Martin &

McIntyre, 2007). The noisy miner also occupies urban

and suburban habitats, including inner city parks, suburban

gardens and bushland remnants (Sewell & Catterall, 1998;

French et al., 2005; Daniels & Kirkpatrick, 2006; Parsons

et al., 2006; Ashley et al., 2009). Various forms of anthropo-

genic vegetation change appear to have triggered much

elevated abundances of the noisy miner within its natural

range (Ford et al., 1995, 2001; Robinson & Traill, 1996;

Recher, 1999; Olsen et al., 2005; Eyre et al., 2009). However,

the environmental correlates of occupancy are complex, and

there are numerous exceptions: small and degraded rem-

nants of certain vegetation types are often not colonized

by the noisy miner [e.g. Callitris and Allocasuarina forests

and woodlands, some Eucalyptus camaldulensis Denh. flood-

plain forests and some shrubby dry Eucalyptus woodlands

(Major et al., 2001a; Maron, 2007; Kath et al., 2009)] while

some very large (> 1 million ha) and relatively intact

expanses of woodland are dominated by the noisy miner

(Howes & Maron, 2009). We aimed to reconcile these appar-

ent inconsistencies.

In spite of such geographical difference in site-specific

environmental determinants of the IEZ, we hypothesize that

the proximate habitat requirements of the noisy miner are

relatively consistent throughout the species’ range. Thus, the

IEZ model has a hierarchical structure based on three main

factors: food resources, defensibility and colonizability

(Fig. 1). We briefly describe each element below (See Table

S1 in Supporting Information for full descriptions of model

pathways).

Food availability and stability

The high density of individuals in noisy miner colonies and

the species’ energetically expensive territorial defence behav-

iour mean that plentiful food resources must be available

year-round as a condition for site occupancy. The noisy

miner belongs to the avian family Meliphagidae (honeyeat-

ers) whose species typically feed on a mix of insects, nectar

and fruit (Higgins et al., 2001). Although meliphagid species

are mainly nectarivorous and typically must move large dis-

tances to track flowering patterns (Woinarski et al., 2000),

the noisy miner is sedentary. Sites with local year-round

availability of nectar are uncommon, so noisy miners depend

on invertebrate prey, together with a source of carbohydrate

such as nectar or lerp (the sugary secretions of psyllid

insects) (Higgins et al., 2001; Ashley et al., 2009). Where the

dominant tree species is wind-pollinated and/or has very

small or needle-like leaves, nectar and folivorous invertebrate

availability generally are inadequate to support a colony

(Hastings & Beattie, 2006; Maron, 2007).

Although flexible in its foraging behaviour, the noisy miner

is predominantly a foliage gleaner (Maron, 2009). Foliage-

dwelling arthropods are often more abundant in the fertile

parts of the landscape (Majer et al., 2000), and the noisy

miner frequently is associated with these more-productive

areas, avoiding elevated, rocky, infertile and drier parts of the

landscape where food resources may be less consistently

Interspecific
Exclusion Zone

ColonizabilityPredators

Size & 
abundance of 
competitors

Nectar 
availability

Defensibility

Distance 
to edge

Habitat structure: 
canopy, shrubs

Density and reliability of  
food resources

Productivity Architectural 
accessibility

Leafiness of 
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Figure 1 The ‘occupancy model’: the conceptual model of the interspecific exclusion zone (IEZ). See Supporting Information Table S1

for pathway details and supporting references. Grey lines with arrows = positive influence; black lines = negative influence; bold/faint

line = strong/weak influence; dashed lines = hypothesized pathway for which evidence currently is relatively weak.
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available (Oldland et al., 2009). The native vegetation of

more-productive soils has been cleared preferentially for

agriculture, creating a landscape pattern in which the edges of

large patches of remnant woodland are on more fertile soils

than are the interiors (Hobbs & Hopkins, 1990). Edge habitats

are also likely to be more productive as a consequence of trap-

ping wind-borne nutrients (Weathers et al., 2001). Therefore,

woodland edges commonly coincide with more-productive

habitat for the noisy miner, and this correspondence poten-

tially contributes to the species’ preference for small woodland

patches and edge habitat in some regions (Oldland et al.,

2009).

Defensibility

The noisy miner invests substantial time and energy expelling

intruders from the IEZ, so structural and spatial factors that

affect the efficiency with which a colony can defend its terri-

tory are likely to be important. In sites with low vegetation

density, intruders are more visible and less able to find ref-

uge from attack. Expelling small birds from sites containing

a dense foliage stratum is likely to cost more in time and

energy, and be less effective. Many studies have noted the

noisy miner’s preference for more open forests and wood-

lands, including those where the understorey has been

thinned or removed by livestock grazing, fire, or mechanical

clearing, and its absence from more structurally complex

sites (Sewell & Catterall, 1998; MacDonald & Kirkpatrick,

2003; Maron & Kennedy, 2007; Howes & Maron, 2009;

Montague-Drake et al., 2011).

In more structurally dense habitats such as forest, noisy

miner colonies occur more frequently on edges adjacent to,

or protrusions into, open country such as urban or agricul-

tural land, especially where there are adjacent scattered trees

or suitable suburban-style gardens (Loyn, 1987a; Piper &

Catterall, 2003; Taylor et al., 2008). These configurations

increase the visibility of approaching birds and reduce the

frequency of intruders approaching the territory (Belisle &

Desrochers, 2002; Robertson & Radford, 2009). There seems

to be no preference for edges in the open, grassy woodlands

of the continent’s north (Howes & Maron, 2009) where visi-

bility is high even within continuous woodland.

Colonizability

Apparently-suitable sites may remain unoccupied by noisy

miners if the site is distant from potential sources of colo-

nists, or if the process of colonization (and expulsion of

potential competitors) would be too costly. The triggers for a

colony to establish on a new site are unknown, but may

include the density of competitors relative to the productiv-

ity of the site and a site’s defensibility by noisy miners (Mac

Nally & Timewell, 2005; Taylor et al., 2008). During a recent

13-year drought (Kiem & Verdon-Kidd, 2010), occurrence of

small woodland birds in southern Australia decreased mark-

edly, accompanied by a decrease in the density of vegetation,

while noisy miners increased (Mac Nally et al., 2009). This

climate trigger potentially leads to hysteresis, in which once

there is colonization by the noisy miner, a return to the ori-

ginal climatic and environmental conditions may not result

in a reversal of the phase shift if small birds are prevented

from recolonizing. One account of colonization involved

groups of ≥ 6 noisy miners moving progressively through

adjacent canopy trees in woodland, expelling all other bird

species from each tree as the miners progressively gained

control of an expanding territory (Clarke, 1984).

DISTRIBUTION AND TEMPORAL TRENDS

Given the probable role of anthropogenic habitat change in

facilitating the domination of sites by the noisy miner, it is

likely that the species has become more prevalent among

regions affected by recent human land uses. While there is

little evidence of range expansion, reporting rates (numbers

of occurrences as a proportion of numbers of surveys) in

several bioregions [based on the Interim Biogeographical

Regionalization for Australia (Thackway & Cresswell, 1995)]

increased between the early 1980s and the late 1990s (Barrett

et al., 2003). There were substantial increases in noisy miner

abundance in suburban Brisbane between the early 1990s

and mid-2000s (Catterall et al., 2010), while abundance in

adjacent forest remained unchanged. There was a doubling

in noisy miner density in the Barraba region of central New

South Wales between the mid-1990s and early 2010s

(D.L. Oliver, unpublished data).

To evaluate recent trends in the reporting rate of the noisy

miner across its range, we analysed the BirdLife Australia

Atlas dataset for trends in reporting rates between 1998 and

2012, using data from 69,718 surveys from 51,980 sites in 37

bioregions (Fig. 2a). We used a Bayesian mixed effects model

with spatially structured random intercepts and slopes to

estimate overall and bioregion-specific trends in noisy miner

reporting rates (= probability of detection within a standard

2 ha, 20 min survey). The model included nonlinear effects

of distance to woodland edge with interactions between time

and distance-to-edge, and nested random intercepts corre-

sponding to site, subregion and bioregion scales to account

for spatial variation that might otherwise confound trend

estimates (full model details are listed in the Supporting

Information Appendix S1). This analysis revealed substantial

evidence (> 90% posterior probability of change) for

increased noisy miner reporting rates in nine bioregions and

evidence for decreases in none (Fig. 2a,b). Increases were

confined mainly to woodland edges and non-woodland areas,

with reporting rates in woodland interiors remaining similar

throughout the survey period in most areas.

A MODEL OF ECOSYSTEM EFFECTS

The effects model (Fig. 3) represents the range of known or

very probable ecological effects of the noisy miner (for full

details of model pathways see Table S2). The most thoroughly
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documented effect is on the richness and abundance of smaller

passerine bird species (Dow, 1977; Loyn, 1987a; Grey et al.,

1997, 1998; Major et al., 2001a; Piper & Catterall, 2003; Maron

et al., 2011). However, substantial shifts in bird assemblage

structure linked to domination by the noisy miner are likely to

have cascading effects through to other trophic levels, and,

ultimately, upon the state of the vegetation. In this section, we

first review the effects of noisy miner occupancy on the

avifauna (subdivided into two major functional groups

containing large-bodied and small-bodied species), and then

0 500 1,000250 Kilometers

(a) (b)

Figure 2 Results of analysis of trends in noisy miner reporting rate based on BirdLife Australia Atlas data within the species’

distribution between 1998 and 2012. (a) shows the posterior mean estimate of the annual change in odds of noisy miner presence at

sites in all bioregions; (b) shows the estimate for only those bioregions for which there was substantial evidence of an increase (> 90%

posterior probability of change) in reporting rate.
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we review the mechanisms of consequent effects on ecosystem

processes, with emphasis on herbivory and tree condition, and

pollination and seed set.

Effects on avifaunas

Small insectivores and nectarivores

The noisy miner appears to cause substantial reductions in

small birds in remnant forest and woodland. In landscapes

or vegetation types in which the noisy miner is scarce or

absent, even small or degraded remnants may be used by a

wide range of birds from distinct guilds with different sizes,

bill shapes and feeding ecologies (Oliver et al., 1999; Fischer

& Lindenmayer, 2002; Maron, 2007). Grey and colleagues

(Grey et al., 1997, 1998) tested the effects on avian diversity

and abundance of removing the noisy miner from small

(< 10 ha) woodland remnants. These experimental removals

were followed rapidly by an influx of small, mobile insectiv-

orous birds, thus providing evidence that when densities of

the noisy miner are reduced, many small birds use even

degraded woodland remnants for nesting and feeding in the

absence of changes in environmental conditions (Grey et al.,

1997, 1998). Most of the bird species excluded are smaller

in body mass than the noisy miner (i.e. < 63 g), and most

are insectivores or nectarivores (Piper & Catterall, 2003;

Parsons et al., 2006; Mac Nally et al., 2012). Relative body

size is frequently the factor that determines competitive

superiority in interspecific interference competition (Schoen-

er, 1983; Persson, 1985; Brown & Maurer, 1986), and the

cooperative behaviour of noisy miners may enhance the

species’ effectiveness in excluding other species.

There are additional pathways (other than the noisy miner’s

agonistic behaviour) through which small birds may be

affected. Domination of sites by the noisy miner is associated

with an increase in the density of predators of eggs, nestlings

and small adult birds, such as corvids Corvus spp., butcher-

birds Cracticus spp. and currawongs Strepera spp. (Maron &

Kennedy, 2007). While shared habitat preferences may con-

tribute to this association, butcherbirds appear to be tolerated

by the noisy miner and the species cooperate in antipredator

responses (Maron, 2009). In one case, this association

appeared to result in the death of a newly translocated brown

treecreeper Climacteris picumnus Temm. & Laug. from a

butcherbird attack (Bennett et al., 2012). A similar association

with butcherbirds has been reported for the yellow-throated

miner Manorina flavigula Gould, a congener of the noisy

miner with similar social structure and aggressive behaviour

(Fulton, 2008). Mutual benefits could arise from these associ-

ations if combined efforts lead to improved defence and

increased food supplies for the miners and the larger-bodied

birds. Piper and Catterall (Piper & Catterall, 2004, 2006)

implicated both the noisy miner and butcherbirds in higher

artificial nest predation at woodland-agricultural edges, sug-

gesting the potential for both direct and indirect roles of the

noisy miner in increased nest predation.

Large nectarivores, insectivores and vertebrate feeders

Sites that are dominated by the noisy miner are usually

occupied mainly by larger bird species, such as large-bodied

nectarivores (wattlebirds Anthochaera spp., friarbirds Philemon

spp. and lorikeets (parrots) Trichoglossus spp. and Glossopsitta

spp.), granivores (large parrots Psittaciformes and doves

Columbidae) and carnivores (especially butcherbirds). This

pattern is due not only to the absence of small birds but to a

positive association between the noisy miner and some larger-

bodied species (Major et al., 2001b). It is less clear whether the

tendency for larger species to be more common in sites with

high densities of the noisy miner is causal because many

larger-bodied species may prefer the more-degraded sites that

the noisy miner frequently occupies. The noisy miner often

occupies the more nectar-rich parts of the landscape (Major

et al., 2001a), where they are more likely to co-occur with the

large-bodied nectarivores that tend to resist or ignore miner

attack (French et al., 2005; Maron, 2009).

Effects on ecosystem processes

Insect herbivory and tree health

The exclusion of small insectivorous birds by the noisy miner

may exacerbate dieback of tree canopies caused by high den-

sities of foliage-eating insects in small woodland remnants

(Ford & Bell, 1982; Loyn, 1987a). Severe defoliation by

insects and subsequent dieback may be common in small,

heavily grazed remnants (< 10 ha) occupied by the noisy

miner (Loyn, 1985, 1987a). MacDonald & Kirkpatrick (2003)

found that sites dominated by the noisy miner had higher

levels of tree dieback than did sites where noisy miner den-

sity was low. There was steady improvement in tree condi-

tion following the experimental removal of the noisy miner

in small, degraded remnants, which was greater than that in

remnants where the noisy miner remained (Grey, 2008).

Pollination and seed set

Many tree and shrub species of Australian forests and wood-

lands are pollinated by birds (Ford & Paton, 1986). Most

nectarivorous birds are highly mobile (McGoldrick & Mac

Nally, 1998; Woinarski et al., 2000), but the territorial and

sedentary nature of the noisy miner limits the distances over

which its own nectar feeding can facilitate pollen flow.

Wide-ranging avian nectarivores in woodland dominated by

the noisy miner are mainly large honeyeaters and nectarivor-

ous parrots. Large honeyeaters frequently defend feeding

trees (Woinarski et al., 1997). Small honeyeaters move more

frequently between trees and are more effective pollinators

(House, 1997), but most are excluded from noisy miner ter-

ritories. The miner-associated change in the pollinator profile

of affected woodlands is likely to reduce the efficacy of polli-

nation and gene flow, at least for some trees and shrubs. The

consequent pollination limitation and reduced seed set and
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quality are likely to affect the long-term health of woodlands

(Paton, 2000; Southerton et al., 2004).

DISCUSSION

Progress towards a synthesis

This review is the first synthesis of phase shifts triggered by a

despotic species on ecosystems at very large spatial scales

(> 1 million km2). We document a syndrome of avifaunal

disarray accompanied by disruption of ecosystem processes

that could result in irrevocable loss of species and habitats

across over a third of a continent. To our knowledge, no sin-

gle species acting within its native range has been found to

restructure entire assemblages to such an extent.

While many details of the component processes are yet to

be clarified, and may differ among regions within the noisy

miner’s range, the main strands of argument are well sup-

ported. The influence of the noisy miner on smaller bird spe-

cies is evident whenever a minimum density of the noisy

miner was present regardless of the vegetation type or its

condition (Mac Nally et al., 2012). In the Interspecific Exclu-

sion Zone (IEZ) created by territorial defence in noisy miner

colonies, there is a change in the insectivore and nectarivore

assemblage from one with diverse bird sizes, bill shapes and

movements to a more homogeneous assemblage dominated

by sedentary, large-bodied species and large-billed species

(Mac Nally et al., 2012).

Although the direct influence of the noisy miner on smal-

ler birds is unequivocally supported, the cascading effects of

the avifaunal consequences have been less thoroughly docu-

mented. The exclusion of small-bodied insectivores and nec-

tarivores is likely to narrow the range and reduce the

provision of insect predation and pollination by birds. The

association between the noisy miner and tree dieback from

insect herbivory is not strongly established [although see

Grey (2008)], but experimental reduction in the congeneric

bell miner Manorina melanophrys Latham, a similarly des-

potic species, led to reduced insect populations, and some-

times to improved tree condition (Loyn et al., 1983; Loyn,

1987b).

Targeted work on the influence of noisy miners on polli-

nation dynamics is needed. Changes in rates of pollination

or seed set in plants from noisy miner-mediated phase shifts

have not been established, but it is plausible that the differ-

ent avian foraging guild composition in noisy miner-domi-

nated sites results in at least altered patterns of pollination.

A change in the nectarivore assemblage from one with

diverse bird sizes, bill shapes and movement strategies to a

more homogeneous assemblage dominated by less-mobile,

large-bodied species predictably occurs within the IEZ

(Mac Nally et al., 2012). Many trees and shrubs in eucalypt

forest and woodland are bird-pollinated (Paton, 2000), and

so a nectarivore assemblage that is dominated by a few

larger species that move among fewer trees while foraging is

likely to result in reduced outcrossing and consequently

reduced seed set and compromised seed quality (Paton,

2000; see also Table S2), with longer-term implications for

plant recruitment.

The model of the IEZ essentially incorporates: (1) the

availability and variability of food resources; (2) defensibility

of a site; and (3) site colonizability, with the environmental

factors typically found to be correlates of site occupancy

driving site suitability through their influence on one or

more of these three factors. This hierarchical approach rec-

onciled inconsistent results about whether the noisy miner

preferentially occupies edge habitats. For example, no prefer-

ence for edges was evident in a study of open, grassy wood-

lands (Howes & Maron, 2009), whereas edge preference has

been observed in studies from other regions with denser veg-

etation (Piper & Catterall, 2003; Clarke & Oldland, 2007).

The IEZ suggests that the defensibility of a site in denser veg-

etation is likely to be increased if surveillance is enhanced by

an edge position. Where the noisy miner is absent from

small patches of woodland of apparently suitable vegetation

structure (Maron, 2007), factors linked to food availability

and stability may be responsible. For example, where the

dominant tree species is wind-pollinated and/or has very

small or needle-like leaves, both nectar and the availability of

folivorous invertebrates may be inadequate to support a col-

ony (Hastings & Beattie, 2006; Maron, 2007).

Why is the disarray worsening?

Increases in the prevalence of the noisy miner in recent dec-

ades may be due to several factors. First, anthropogenic

modification of both the structure of vegetation at a site and

the configuration of native vegetation in the landscape

changes habitat suitability for the noisy miner in potentially

complex ways. While the clearing and fragmentation of rem-

nant vegetation have meant that edge habitats suitable for

noisy miners now pervade many landscapes (Oldland et al.,

2009), the scattered paddock trees that increase the probability

of noisy miners occupying adjacent woodland (Taylor et al.,

2008) are also being lost through intensification of agricul-

ture (Maron & Fitzsimons, 2007; Manning et al., 2013).

Frequent fire and grazing may help create open habitat

(Howes et al., 2010), but fire can also encourage dense

regrowth that is unsuitable for noisy miners (Grant, 2003).

Second, some of the increase in noisy miner abundance

may be attributable to changes in climate. There was a

decline in about two-thirds of woodland bird species during

a 13-year drought (1997–2010) in Victoria, but the noisy

miner became more abundant (Mac Nally et al., 2009). Con-

ditions have been hotter and drier than the long-term aver-

age over the past 20 years in south-eastern Australia,

potentially facilitating noisy miner colonization through

altering vegetation structure; there is strong evidence of

reduced canopy and shrub cover between 1998 and 2011

(Bennett et al., 2013).

Third, the increasing prevalence of noisy miners is also

likely to be time-lagged, resulting from habitat change (land

1474 Diversity and Distributions, 19, 1468–1479, ª 2013 John Wiley & Sons Ltd

M. Maron et al.



clearing) that occurred several years to many decades ago. The

life histories of Australian passerines, notably co-operative

breeders such as the noisy miner, are characterized by low

reproduction and high adult survival (Russell & Rowley, 1993;

Clarke, 1995). Noisy miners are also highly sedentary and slow

to colonize new habitat patches, so that, given the continua-

tion of current land use patterns over time, noisy miners will

probably colonize more of the modified woodland of eastern

Australia.

Dynamics of despot-driven ecosystem disruption in

human-modified landscapes

Although the effects of human-induced alterations of the

landscape can be obvious (e.g. habitat loss), other effects

may be more subtle and produce complex disruptions of

interactions among species. While many species have

declined in distribution and abundance with habitat loss and

fragmentation (Ford et al., 2001; Butchart et al., 2010), some

native species have increased in abundance and distribution

in human-modified landscapes (Lunney et al., 2007), and

some of these are implicated in unexpected negative effects

on the rest of the biota (Recher & Lim, 1990; James et al.,

1999). These occurrences are just as much a sign of ecosys-

tem dysfunction as are species’ declines and extinctions

(Noss, 1990; Garrott et al., 1993; Recher, 1999).

Although the noisy miner is an extreme case of assemblage

disruption by one native species, in the context of rapid global

change, the phenomenon is not just an Australian ‘oddity’.

Many of the factors that predispose habitats to occupancy by

the noisy miner are common consequences of human-caused

landscape alteration. The brood parasitic brown-headed

cowbird Molothrus ater Bodd. responded positively to

increases in open grazing land and the fragmentation of forest

in North America. Such landscape modification enabled this

open-country species to penetrate into remnant forest, and the

consequent elevated rates of nest parasitism threaten the

persistence of forest-dependent passerines (Robinson et al.,

1995).

Systems subject to strong interactions among their compo-

nent species are considered to be particularly vulnerable to

the impacts of disturbance (Suding & Hobbs, 2009). Accord-

ingly, where strong interactors are sensitive to anthropogenic

habitat modification, small alterations in the environment

can result in large and pervasive changes in assemblages, and

the resultant assemblage may persist even if the initial per-

turbation is reversed (Scheffer & Carpenter, 2003; Mac Nally,

2008; Blackwood et al., 2012). In the case of the noisy miner,

this would mean that once a colony is established, environ-

mental manipulations alone may be inadequate to reverse

the phase shift.

Species that are strong interactors are potentially serious

threats to biodiversity if widely established beyond their

native range. However, accidental introduction of the noisy

miner, leading to its establishment outside Australia, seems

unlikely because of its colonial and cooperatively breeding

habits, and because it is not favoured by aviculturists.

Nevertheless, Eucalyptus plantations may plausibly provide

suitable habitat for the noisy miner; such plantations occur

increasingly widely around the world, and even though this

genus is not currently considered highly invasive, some euca-

lypt species have spread extensively beyond the original plan-

tations (Booth, 2012). The accidental establishment and

spread of the noisy miner would likely have severe conse-

quences for a na€ıve avifauna.

The syndrome of avifaunal disarray that we have described

in this study has intensified in response to anthropogenic

disturbances that are typical of those affecting most terres-

trial systems on the planet. There is considerable potential

for similar syndromes to arise elsewhere, when species pre-

adapted for interspecific territorial behaviours or other influ-

ential interactions may come to exert disproportionate

influence over the ecosystems they inhabit. We highlight the

risk that ongoing changes in climate and land use can cause

profound ecosystem disruption not only directly, but also

through phase shifts triggered by strongly interactive species,

both alien and native.
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Anthropogenic activities often cause specialized and fragmentation-sensitive species to be
replaced by competitive commensal or invasive species, resulting in reduced diversity and
biotic homogenization. However, biotic homogenization driven by increased dominance
of a native species has rarely been investigated. Increased abundance of competitive species
can have important consequences for assemblage dynamics including homogenization of
foraging strategies and, potentially, ecological services. This study assesses how changes to
bird assemblages due to the occurrence of an aggressive honeyeater alter the foraging
profiles of avifauna in 400 woodland sites in nine study regions across eastern Australia,
and explores the potential implications for ecological services. We compared beta diversity
among sites with a high and low abundance of the aggressive Noisy Miner Manorina mela-
nocephala. Shifts in ecological characteristics of bird assemblages of sites with high and low
abundance of Noisy Miners, including mean and variation in niche position, bill length and
body size, were explored. Sites with a high abundance of Noisy Miners were more taxo-
nomically and ecologically homogeneous and had fewer species than sites with a low abun-
dance of Noisy Miners. The mean niche positions of bird assemblages changed and were
increasingly dominated by larger vertebrate feeders, granivores and frugivores as Noisy
Miner abundance increased. The mean body size and bill length of the insectivore species
present at a site increased with Noisy Miner abundance. This change in the bird commu-
nity along with reduced diversity in foraging strategies implies a loss of the ecological func-
tions provided by smaller-bodied species, potentially affecting plant dispersal and
regeneration, insect herbivory and ultimately woodland resilience. Our study demonstrates
a substantial shift in ecological profile over a broad geographical area as a result of a single
native species.

Keywords: avian assemblages, ecological services, foraging strategies, niche position, territorial
competition.

Anthropogenic landscape change contributes
directly to the decline of biodiversity and has
greatly altered species assemblages globally. In turn,

these compositional changes potentially affect eco-
system services such as detoxification of wastes, soil
generation and fertility, pest control, seed dispersal,
pollination, air purification and climate regulation
(Sekercioglu et al. 2004, Hooper et al. 2005,
Kremen 2005). Although anthropogenic factors
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contribute directly to the decline of biodiversity
and ultimately ecosystem services (Sekercioglu
et al. 2004), large-scale shifts in faunal assemblages
due to indirect or cascading effects of habitat modi-
fication can also affect ecosystem services. For
example, habitat modification may result in within-
region irruptions or the geographical expansion of
competitive species (Jenkins 1996, McNeely 2000,
Bauer 2012). The invasion of a new species, or the
increase in abundance of a particular pre-existing
species, can affect the composition of faunal assem-
blages, thereby changing ecosystem functioning
(Hobbs et al. 2006, Bauer 2012). A particular
example of interspecific interaction is territorial
aggression, in which species are excluded by aggres-
sive or despotic species (Mac Nally et al. 2000,
2012) from locations in which they usually occur
(Brown 1969, Bertram 1971, Robinson & Terborgh
1995, van Rensburg et al. 2009, MacGregor-Fors
et al. 2010). Because such species reduce the diver-
sity of assemblages, their effects on ecological
services may be negative and potentially severe
(Balmford et al. 2003, Luck et al. 2003, Kremen
2005).

Interspecific territorial aggression is taken to an
extreme in miners Manorina, a genus of Australian
honeyeaters (Meliphagidae). Three of the four
species in the genus have benefited from anthropo-
genic activities. The aggressive behaviour of these
species directly reduces the abundance of smaller
passerines and significantly influences assemblage
structure (Dow 1977b, Smith & Robertson 1978,
Dow & Whitmore 1990, Ewen et al. 2001, Loyn
2002, Clarke & Oldland 2007, Howes & Maron
2009). Increased abundances of the despotic Bell
Miner Manorina melanophrys have perturbed small
passerine assemblages, resulting in increased insect
herbivory and tree defoliation, which may have
follow-on effects on the ecosystem (Loyn et al.
1983, Woinarski 1984, Clarke & Schedvin 1999).

The Noisy Miner Manorina melanocephala is
sedentary and aggressively defends its territory
year-round (although most actively in spring; Maron
2009) against many species (Dow 1977a, 1979,
Mac Nally et al. 2012). Noisy Miner colonies can
reach several hundred individuals with densities of
at least 10 birds/ha (Dow 1977b, Howes et al.
2010, Mac Nally et al. 2012) and the species is
extremely effective at using group-mobbing tactics
to reduce densities of most potential competitors
and predators (Arnold 2000b). Their greatest densi-
ties are found in open eucalypt woodland with a his-

tory of disturbance and little understorey (Campi &
Mac Nally 2001, Mac Nally & Horrocks 2002, Tay-
lor et al. 2008, Howes et al. 2010).

Experimental removal of Noisy Miners results
in an immediate increase in small-bodied species,
indicating a causal link between their despotic
behaviour and low densities of smaller species
(Grey et al. 1997, 1998). Numerous studies have
identified a strong negative effect on small passer-
ine densities independent of habitat structure
(Grey 2008, Howes & Maron 2009, Kath et al.
2009, Maron et al. 2011, Montague-Drake et al.
2011). The occurrence of the Noisy Miner is con-
sidered one of the most significant processes
threatening woodland bird assemblages in remnant
woodlands of eastern Australia (Maron et al. 2011,
Mac Nally et al. 2012). However, no study has
examined the consequences of Noisy Miner domi-
nation for foraging guild structure and beta diver-
sity across its range, with most studies being
region-specific.

We investigated how the Noisy Miner influences
the functional characteristics (based on foraging
guild) of woodland avifaunas across eastern Austra-
lia in largely intact to substantially modified regions
(< 5% native vegetation remaining). We tested the
effects of Noisy Miners on foraging characteristics
of assemblages independently of taxonomic group
to determine whether Noisy Miners vary in their
effect on particular functional groups. Datasets
from nine study regions were accessed for this
study, making it one of the largest studies of Noisy
Miner influence and encompassing a range of wood-
lands across eastern Australia. We assessed how the
abundance of the Noisy Miner affected the repre-
sentation and composition of feeding guilds within
different woodlands across eastern Australia, and
whether this effect differed among the nine regions
with differing amounts of remnant vegetation.
We explored the consequences of Noisy Miner
abundance for avifaunal beta diversity, patterns of
niche occupancy and variability, and changes in the
representations of major foraging guilds.

METHODS

Study regions and survey data

Bird survey data were drawn from studies in nine
separate regions across eastern Australia (Fig. 1).
The study regions differed in proportion of remnant
vegetation as a result of variation in the extent of
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habitat modification for agriculture and/or grazing
practices. The regions included one in central
Queensland (Carnarvon Ranges), four in southern
Queensland (Barakula, Tara, Crows Nest, Chin-
chilla), one in northern New South Wales (Moree)
and three in Victoria (Wimmera, Box-Ironbark and
Latrobe Valley) (Table 1, Fig. 1). Each region had
between 25 and 85 2-ha bird survey sites, each
surveyed on at least three occasions (Table 1). Sites
within each region were at least 1 km apart.

Each of the nine regions was surveyed prior to
this study for independent studies, the results of
which are published elsewhere (Table 1). All bird
survey methods consisted of a standard 20-min
search period across the site (Loyn 1986) and sites
in each region were surveyed during summer, win-
ter and spring, thus capturing seasonal migrants.
Each of the previous studies for which these
datasets were used focused on site-level effects
of habitat structure and Noisy Miners on bird
assemblages (Table 1).

The current distributions of major vegetation
groups and the Australian geoscience map sheet
index were obtained from government spatial
datasets at the scale of 1 : 250 000 (Geoscience
Australia 2004, 2009). The major vegetation
groups were clipped to fit the polygons of the map
sheets for each region and the proportion of
remnant native vegetation was calculated for each
region (Table 1, Fig. 1).

Foraging guild data

Bird data were compiled into a single dataset,
which consisted of a mean abundance for each
species per site, per survey. Species were allocated
to broad dietary categories, based on information
compiled in the Handbook of Australian, New Zea-
land and Antarctic Birds (Marchant & Higgins
1993, Higgins 1999, Higgins et al. 2001, 2006,
Higgins & Peter 2002). Dietary categories were in-
sectivores, nectarivores, granivores, frugivores and
carnivores (species that often consume verte-
brates). These categories were not mutually exclu-
sive and species that frequently consumed both
nectar and insects, for example, were assigned to
both relevant foraging categories. Insectivores
included more species than any other category and
were further divided according to body weight
(greater or less than 50 g) because passerines are
known to respond differently to Noisy Miner
densities according to their body size (Howes &
Maron 2009).

Statistical analyses

Species occurrence and beta diversity
All sites with a mean of ≥ 1.6 Noisy Miners per ha
were classed as having high Noisy Miner abundance;
those below this threshold were classed as having
low Noisy Miner abundance. This empirically

Figure 1. Map showing the nine study regions and the proportion of remnant vegetation in each study region of Queensland, New
South Wales and Victoria, Australia.
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identified threshold consistently produces pro-
nounced effects on small birds throughout eastern
Australia (Mac Nally et al. 2012). We investigated
the effects of these two abundance categories on
beta diversity, or the similarity in species composi-
tion among sites, using one of the most widely used
similarity indices in ecology, the Morisita–Horn

index (Blair 2001, Dunn 2004, Chao et al. 2005).
This index, which is based on species abundance,
provides a measure of the similarity in species com-
position and relative abundance between samples,
where higher values indicate greater similarity
(Magurran 2004). We used ESTIMATE S version 9.1
(Colwell 2013) to calculate this index separately for

Table 1. A descriptive summary of the nine study regions in central and southern Queensland (QLD), northern New South Wales
(NSW), and southern and western Victoria (VIC), Australia.

Study region
No. of
sites

No. of repeat
surveys

Years of
survey

Woodland
type

% Remnant
vegetation Publications

Carnarvon Station
Reserve and Mt
Moffatt National Park
(Carnarvon Ranges),
QLD

85 3 2006–2008 Mountain Coolibah Eucalyptus
orgadophila, Silver-leaved
Ironbark E. melanophloia,
Narrow-leafed Ironbark
Eucalyptus crebra, and
Poplar Box Eucalyptus
populnea

85 Howes and Maron
(2009), Howes et al.
(2010), Maron et al.
(2011)

Barakula State Forest
(Barakula), QLD

39 5 2005–2006 Cypress Pine Callitris
glaucophyllai, Spotted Gum
Corymbia citriodora, ironbark
Eucalyptus spp. and Gum-
topped Box Eucalyptus
moluccana

78 Maron and Kennedy
(2007), Maron et al.
(2011)

Dalby and Chinchilla
(Chinchilla), QLD

48 6 2008 Brigalow Acacia harpophylla 20 Maron et al. (2011)

Tara, QLD 84 6–11 2005–2009 Brigalow A. harpophylla 11 Bowen et al. (2009),
Maron et al. (2011)

Crows Nest Shire
(Crows Nest), QLD

25 3 2006 Tall open mixed eucalypt
forest and E. crebra
woodland, E. melanophloia
forest, Red Gum Eucalyptus
tereticornis, Blackbutt
Eucalyptus pilularis and
Brown Bloodwood
Eucalyptus trachyphloia
woodland

10 Kath et al. (2009)

Moree, NSW 35 5–12 2007–2009 Brigalow A. harpophylla and
Poplar Box E. populnea

17 Maron et al. (2011)

Latrobe Valley, VIC 25 3 1980–1983 Narrow-leaf Peppermint
Eucalyptus radiata, Manna
Gum Eucalyptus viminalis,
Yertchuk Eucalyptus
consideniana

27 Loyn (1987)

Wimmera, VIC 31 3 2004–2005 Buloke Allocasuarina
leuhmannii

5 Maron (2007), Maron
et al. (2011)

Box-Ironbark, VIC 38 8 1996–1997 Dry open forest with canopy
species of Red Ironbark
Eucalyptus tricarpa, Grey
Box Eucalyptus microcarpa,
Red Box Eucalyptus
polyanthemos, Red
Stringybark Eucalyptus
macrorhyncha and Yellow
Gum Eucalyptus leucoxylon

4 Campi and Mac Nally
(2001)

Total 400
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sites in each of the two Noisy Miner abundance
categories for each region, and tested the difference
in mean beta diversity using paired t-tests.

We compared sample-based rarefaction curves,
which describe species accumulation across sites
with high and low Noisy Miner abundance (sepa-
rately for each study region), with the JACKNIFE2
richness estimator (Magurran 2004), in an
approach similar to that of van Rensburg et al.
(2009). The dataset of mean abundances across
sites was converted into species incidences
(Colwell 2013) and observed rarefaction curves
were calculated with a moment-based interpola-
tion method (Mao Tau) in ESTIMATE S version 9.1
(Colwell 2013). To compare the estimated species
richness values between high and low Noisy
Miner sites, the rarefaction curves were rescaled
by the number of individuals (thereby calculating
species richness) rather than by sample (calculating
density) (Gotelli & Colwell 2001, van Rensburg
et al. 2009, Colwell 2013). As the number of sites
with high and low Noisy Miner abundance varied
between study regions, the curves for these two
groups were rarefied to the lowest number of
recorded sites without Noisy Miners (seven) to
ensure valid comparisons of species between the
two groups (Gotelli & Colwell 2001, Magurran

2004). The rarefaction curves were compared with
the JACKNIFE2 richness estimator (Magurran 2004),
whereby sampling is considered adequate if the
observed rarefaction approaches an asymptote or if
it converges with the richness estimator (van Rens-
burg et al. 2009). Estimated species richness
(based on the JACKNIFE2) for sites with high and
low Noisy Miner abundance was compared using a
paired t-test.

Niche position and foraging strategies

Seventeen variables were recorded to describe spe-
cies’ typical foraging manoeuvres, primary diet, bill
length, body length (head-to-tail) and foraging
stratum within the woodland (Table 2). Informa-
tion on all variables was obtained from the Hand-
book of Australian, New Zealand and Antarctic
Birds (Marchant & Higgins 1993, Higgins 1999,
Higgins et al. 2001, 2006, Higgins & Peter 2002).
Bill length and body length were standardized to a
scale of 0 and 1. Foraging strategy, foraging
manoeuvres and primary diet characteristics were
also scored on a scale of 0 and 1. For example, for
species with a single dominant foraging strategy, a
1 was allocated to that strategy. For species with
a varied foraging strategy, the score of 1 was

Table 2. Principal component analysis results for the niche variables used to summarize each species’ primary diet, foraging behav-
iour, foraging height, and body and bill length. The components with eigenvalues > 1 are presented.

Category Variable

Eigenvalues

PC1 PC2 PC3 PC4 PC5 PC6

Diet Seeds and grains �0.32 0.28 0.14 �0.29 0.04 0.02
Pollen, nectar and manna 0.31 0.15 �0.31 �0.33 0.16 �0.17
Fruit �0.02 0.17 �0.23 0.13 �0.39 0.45
Invertebrates 0.21 �0.23 0.25 0.46 �0.08 �0.23
Vertebrate �0.17 �0.34 �0.23 �0.14 0.23 0.25

Foraging behaviour Glean, peck �0.21 0.44 0.12 0.12 �0.17 0.01
Hover 0.06 �0.13 0.08 0.10 0.19 0.41
Sallying 0.27 �0.14 0.11 0.17 �0.04 �0.13
Pounce �0.09 �0.32 �0.06 0.03 0.43 0.26
Aerial search, screening �0.03 �0.36 0.04 �0.38 �0.31 0.00
Probe 0.22 0.09 �0.43 �0.15 0.15 �0.36

Foraging stratum Ground �0.46 0.02 0.03 0.07 0.23 �0.25
Understorey and low shrub 0.34 0.07 0.07 0.19 0.20 0.12
Upper canopy 0.33 0.18 �0.20 �0.06 �0.15 0.33
Above canopy 0.02 �0.37 0.11 �0.27 �0.44 �0.11

Bill length Bill length (mm) standardized �0.15 �0.12 �0.47 0.35 �0.12 �0.18
Body length Body size (cm) standardized �0.25 �0.11 �0.43 0.25 �0.19 0.00
Eigenvalues 3.39 2.96 2.20 1.54 1.39 1.18
% Total variance 19.95 17.44 12.99 9.05 8.22 6.96
Cumulative % 19.95 37.40 50.40 59.46 67.68 74.64
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divided equally among all main strategies, so that
all foraging scores summed to 1.

Each of the variables was summarized in eco-
logical space indices using principal component
analysis (PCA) on the correlation matrix of the
200 bird species (excluding Noisy Miners) using
17 variables (Holmes et al. 1979). The matrix of
correlations between all of the 17 variables was
obtained and the eigenvalues and vectors were
reported on all components with an eigenvalue
> 1.

To determine how Noisy Miner abundance and
the proportion of remnant vegetation cover influ-
enced the mean PCA scores (ecological space indi-
ces, or the average across foraging strategies), the
z-scores (the scores for each individual species on
each principal component) were multiplied by the
mean abundance of that species at each site. We
also calculated the variances of the mean PCA
indices for each site, thus measuring the variance
in foraging strategies.

Generalized linear mixed models

Generalized linear mixed models (GLMMs) with a
Gaussian error distribution were used to determine
whether mean bird abundances for insectivores,
nectarivores, granivores, carnivores and frugivores
varied with mean Noisy Miner abundance, and
whether this relationship varied regionally.
GLMMs were also used to determine whether the
mean and variances in PCA scores and the mean
and variances in bill and body lengths differed
with Noisy Miner abundance after accounting for
regional differences. We investigated the effects of
Noisy Miners on each of our response variables
and included region as a random effect in each
model to account for the spatial clustering of sites
within region. For all GLMMs we used the iden-
tity link function and included a weighting factor
equal to the number of surveys, as this varied
among study regions.

We used the likelihood-ratio test to determine
the significance of the random effect component of
our model. This test determines the contribution of
a single factor to model fit by comparing the fit
(measured as the deviance) of models with and
without the factor (Bolker et al. 2008). Finally, we
tested for one-dimensional spatial autocorrelation in
the model residuals with a correlogram performed
in R (acf function). This function computes auto-
correlation based on the sample covariance and is

based on a lag function (dependent on number of
observations and number of series) without weight.
We also tested for sufficient statistical power
(1 � ß) of > 0.80. No spatial correlation was
detected and sufficient power > 0.8 was found for
all models.

RESULTS

Changes in beta diversity with Noisy
Miners

Beta diversity, as measured by the Morisita–Horn
index, was significantly lower among sites with a
high abundance of Noisy Miners (t8 = 3.005,
P = 0.01; Fig. 2). Species similarity was on average
33% greater in sites with a high abundance of
Noisy Miners. Although the observed rarefaction
curves started to level off, the sampling effort of
seven sites did not allow these curves to reach
asymptote, nor did they converge with the
JACKNIFE2 richness estimate. The estimated species
richness across sites with low Noisy Miner abun-
dance within a region was significantly higher than
that across sites with high Noisy Miner abundance
(t8 = �4.2, P < 0.01, mean difference between
groups = 9.04, 95% CI (�15.97, �2.11)).

Effects on foraging guilds

Both small insectivores and frugivores became sig-
nificantly less abundant as Noisy Miner abundance
increased, but the relationship for frugivores was
weak (Table 3). Large insectivores, carnivores and
granivores all increased significantly in abundance
with increasing Noisy Miners (Table 3). The nega-
tive effect of Noisy Miners on nectarivores was not
significant. The effect of Noisy Miners on all bird
assemblages did not vary significantly with study
region (Table 3).

Changes in ecological profile of
assemblages

Six principal components had eigenvalues > 1 and
together explained 75% of the total variance in
niche characteristics (Table 2). We assessed only
on the first two axes, as they were the most
straightforward to interpret. The first axis (PC1)
accounted for 20% of the total variance and sepa-
rated the vertebrate-, seed- and fruit-eating birds
that glean or peck, pounce and aerial-search or
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screen for food on the ground (negative values)
from invertebrate- and pollen- or nectar-feeding
birds that hover, sally or probe for food in the
upper canopy and understorey or above the can-
opy (positive values) (Table 2). The second axis
(PC2) accounted for 17% of the total variance and
separated birds that pounce, sally, hover and
search aerially or screen for vertebrates and inver-
tebrates from above the canopy from seed-, fruit-
and pollen- or nectar-feeders that glean, peck or
probe in the understorey, upper canopy or on the
ground (positive values) (Table 2).

The mean PC1 scores of sites were not signifi-
cantly influenced by Noisy Miner abundance,

suggesting that foraging strategies within this
ecological space index were not influenced by Noisy
Miners. The mean PC2 scores of sites were signifi-
cantly influenced by Noisy Miners, indicating that
as Noisy Miners increased, assemblages became
increasingly dominated by large species that con-
sume grains, pollen, nectar and fruit and fewer spe-
cies that consume vertebrates and invertebrates.

Although the variances of mean PC1 scores
were not significantly influenced by Noisy Miner
abundance, the variance in PC2 scores increased
slightly with Noisy Miners, suggesting increased
variation in the foraging strategies of assemblages
that consume grains, pollen, nectar and fruit
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Figure 2. The mean beta diversity (Morisita–Horn) among sites with high Noisy Miner abundance (black diamonds) and sites with
low Noisy Miner abundance (grey squares) for each region, and the mean and standard errors across the nine regions for high and
low abundance (all regions).

Table 3. Summary of generalized linear mixed models of bird abundance in each category as a function of Noisy Miner abundance
and study region. For the fixed effects, a positive parameter estimate indicates an increase in bird abundances for that category,
accounting for non-independence in the data owing to the clustering of sites by region.

Bird category

Fixed effect
Noisy Miner abundance

Random effect
Noisy Miner|study region

Parameter estimate se t-value Estimated variance sd Likelihood ratio

Nectarivores �0.23 0.04 �6.38 < 0.01 0.08 �423.19
Small insectivores �1.02 0.06 �15.40*** 0.02 0.13 �475.07
Large insectivores 0.42 0.05 8.45*** 0.01 0.10 �501.42
Carnivores 0.10 0.01 7.11*** < 0.01 0.03 �379.13
Frugivores �0.04 0.01 �3.86** < 0.01 0.02 �535.69
Granivores 0.54 0.08 6.43*** 0.04 0.21 �547.67

Significant effect at ***a = 0.001 and ** < 0.01. The likelihood ratio test is a test for zero variance in the random effect.
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(Table 4). The effects of Noisy Miners on the
mean and variances of PC scores did not vary
regionally (Table 4).

Mean body size of the insectivore species pres-
ent increased with Noisy Miner density
(R2 = 0.54; P < 0.001), but the effect of Noisy
Miner density on variance in body sizes was small
(Fig. 3). Mean body size of species within the
remaining bird categories was not significantly
influenced by Noisy Miner abundance.

Similarly, the mean bill length of insectivores at
a site was positively influenced by Noisy Miner
density (R2 = 0.47; P = 0.026) (Fig. 4). The vari-
ance in mean bill length for insectivores was not
influenced by Noisy Miner density, and the effect
of Noisy Miners on mean bill length and variance
in bill length was low (R2 < 0.01 ) for all remain-
ing bird categories. The effects of Noisy Miners on

mean and variance in bill and body length did not
vary among regions.

DISCUSSION

Competition-induced homogenization of
bird assemblages

Across most of their broad geographical range,
Noisy Miners alter the bird assemblages of which
they are a part, potentially causing a fundamental
and negative shift in ecosystem functionality (Ford
1985, Low 1994, Major et al. 2001, Chan 2004).
We found that the Noisy Miner reduced taxo-
nomic and ecological diversity among sites. In all
but one of the nine regions considered, sites with a
high abundance of Noisy Miners had lower mean
species richness and were more homogeneous in
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Figure 3. The relationship between Noisy Miner density and the mean body size of (a) all insectivores and (b) the variances in body
sizes of all insectivores.

Table 4. Summary of generalized linear mixed models of mean PC1 and PC2 scores, and the variances in PC1 and PC2 scores as
a function of Noisy Miner abundance with study region as a random effect. For the fixed effects, a positive parameter estimate indi-
cates an increase in PC scores, accounting for non-independence in the data owing to the clustering of sites by region.

Fixed effect
Noisy Miner abundance

Random effect
Noisy Miner|study region

Parameter
estimate se t-value

Estimated
variance sd Likelihood ratio

Mean PC scores
PC1 �0.09 0.03 �3.60 < 0.01 0.07 �486.80
PC2 0.07 0.01 6.73*** < 0.01 0.02 �493.84

Variance in PC scores
PC1 0.06 0.03 1.20 < 0.01 0.08 �593.57
PC2 0.02 < 0.01 3.50** < 0.01 < 0.01 �639.81

Significant effect at ***a = 0.001 and ** < 0.01. The likelihood ratio test is a test for zero variance in the random effect.
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their composition than were sites low in Noisy
Miner abundance.

Overall, increased abundance of Noisy Miners
led to reduced avifaunal diversity along with
homogenization of morphological characteristics.
Although we did not detect a significant change in
variances of foraging strategies, the ecological
space index of sites changed with Noisy Miner
abundance.

Control of the numerous exotic species that
invade disturbed habitats and that have the poten-
tial to reduce biodiversity is an established conser-
vation priority (Soule 1990). However, much less
attention is given to locally abundant and expand-
ing native species that can negatively influence
other native species (Garrott et al. 1993). Native
species that are increasing in abundance, largely
due to anthropogenic factors, can cause reduced
beta diversity and biotic homogenization (McKin-
ney & Lockwood 1999). The increase in competi-
tive generalist or opportunist species following
habitat modification often results in the decline of
other specialized species (McKinney & Lockwood
1999, Seddon et al. 2003, Woinarski et al. 2006,
Clavel et al. 2010).

One of the better-known examples of homo-
genization from a native species involves the
Brown-headed Cowbird Molothrus ater, a widely
distributed North American brood parasite. The
Brown-headed Cowbird uses tactics such as farm-
ing of host nests and ‘mafia retaliation’, whereby
hosts that eject Cowbird eggs have their nests
predated. These tactics, which result in 60% fewer
host offspring, threaten populations of over 100
species of regular Cowbird hosts (Hoover &

Robinson 2007). Also in the Americas, the
Rufous-tailed Hummingbird Amazalia tzacati,
Antillean Crested Hummingbird Orthorhyncus
cristatus and many other trochilid hummingbirds
display agonistic behaviour towards not only other
species of hummingbirds but also other non-
competitor bird species, reptiles and insects, thus
locally reducing biotic diversity and associated
ecosystem services (Primack & Howe 1975,
Carpenter 1979, Williamson 2000, Boal 2008). In
Australia, many honeyeaters aggressively defend
resources to the exclusion of other native species.
Larger honeyeaters such as the Red Wattlebird
Anthochaera curunculata and the New Holland
Phylidonyris novaehollandiae and White-cheeked
Honeyeaters Phylidonyris nigra aggressively defend
the best nectar resources, while smaller honeyeat-
ers either adopt specialized behaviours such as
inconspicuousness or flocking, or are forced to use
poorer flowering areas (Ford 1979, Armstrong
1991, Mac Nally & Timewell 2005). However, site
occupancy by most Australian honeyeaters is
seasonally dependent on nectar availability (Keast
1968, Pyke 1980). Any increase in territorial
defence by these species is therefore seasonal, and
does not result in long-term homogenization.

Shifts in ecological services and
reduced woodland resilience

Mean niche position and foraging strategies of bird
assemblages changed with Noisy Miner abundance,
with no consistent regional variation in the effects
of Miners, suggesting the proportion of native
vegetation cover had no influence at this scale. An
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Figure 4. The relationship between Noisy Miner density and the mean bill length of (a) all insectivores and (b) the variances in bill
length of all insectivores.
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increase in Noisy Miner abundance induced a shift
in foraging strategies as represented in species
assemblages, characterized by an increase in grani-
vores and frugivores that mostly forage on the
ground and lower understorey. Areas with few
Noisy Miners had a greater representation of inver-
tebrate feeders that hover, sally and pounce partic-
ularly in the understorey and upper canopy.

Birds play important roles in ecosystem func-
tioning largely through their foraging activity, pro-
viding services such as predation, pollination, seed
dispersal and scavenging (Sekercioglu 2006).
Diverse foraging strategies therefore contribute to
ecosystem resilience (Peterson et al. 1998, Loreau
et al. 2003). Although plant pollination and insect
predation are dependent on both generalist and
specialist species, it is often the specialist species
that are more effective at performing these
services. Many angiosperms, for example, although
capable of pollination by generalist species, are
more effectively pollinated by a particular species
with specialized traits (Johnson & Steiner 2000,
Sekercioglu et al. 2004, Whelan et al. 2008). Simi-
larly, insectivores with foraging strategies special-
ized for seeking out and removing herbivorous
insects are also important in managing insect
densities, which can otherwise have severe conse-
quences for plant health and growth (Clark 1964,
Landsberg 1990a,b, Recher & Majer 1994).

In our study, insectivore assemblages in sites
with high Noisy Miner abundance were dominated
by larger species with longer bills. This may have
an impact on ecosystem functioning (Hooper et al.
2005). Noisy Miners feed extensively on lerp pro-
duced by psyllids (Hemiptera: Psyllidea). Lerp is
also an important food resource for many other
honeyeater and passerine species (Pyke 1980,
Recher & Majer 1994, Oliver 2000, Wilson &
Recher 2001). The exclusion of small insectivorous
species from eucalypt woodlands by aggressive
honeyeaters may increase defoliation by psyllid
insects (Loyn et al. 1983, Loyn 1987, Stone
1996). Although Noisy Miners are successful at
dominating space, they are relatively inefficient in
controlling lerp and psyllid abundance compared
with many other smaller insectivorous species
(Ford 1985, Brooker et al. 1990, Recher & Majer
1994). An association between Noisy Miners and
tree dieback has been reported (Ford 1981, 1985,
Loyn 1987, Clarke & Grey 2010) and there is exper-
imental evidence to suggest a causal link between
Noisy Miner abundance and the exacerbation of

insect-induced eucalypt dieback (Grey 2008).
Small passerines tend to be more thorough in
removing lerp and invertebrates than are larger
honeyeaters, as their diverse foraging techniques
include leaf-to-leaf inspections, hovering, pouncing
and dislodging of lerp resources (Brooker et al.
1990). Larger birds, such as those in our large
insectivore category, are limited in their foraging
techniques, which mostly consist of pouncing,
gleaning or probing for invertebrates (Brooker
et al. 1990).

The abundance of carnivorous birds increased
with Noisy Miner abundance, a phenomenon
likely to have flow-on effects for ecological
services. Although many of these larger species are
responsible for scavenging, which improves nutri-
ent cycling, waste removal and disease regulation
(Wenny et al. 2011), many are predators of nests
and small vertebrates. The Pied Currawong
Strepera graculin, Grey Butcherbird Cracticus torqu-
atus and Australian Magpie Cracticus tibicen are
important nest predators that have been observed
breaking eggs and stealing nest material (Bayly &
Blumstein 2001, Berry 2001, Berry & Lill 2003,
Fulton & Ford 2003, Fulton 2006). The greater
density of these species in Noisy Miner colonies
(Grey et al. 1997, Loyn 2002, Hastings & Beattie
2006, Maron & Kennedy 2007) would have
important ramifications for the breeding success of
smaller birds that attempt to breed in the area,
such as Australian Robins (Petroicidae) and honey-
eaters (Zanette & Jenkins 2000, Berry 2001, Boul-
ton & Clarke 2003, Debus 2006). Although these
larger birds are also potential nest predators of the
Noisy Miner, the group mobbing response and
nest defence responses of Noisy Miners to such
potential predators may reduce this threat (Dow
1977a, Low 1994, Arnold 2000a,b).

Challenges for effective ecosystem
restoration

Recent developments in restoration ecology
emphasize the importance of assessing whether
ecosystems are likely to recover unaided or require
active restoration (Hobbs 2007). Identifying and
managing focal species may be an important step
as their requirements serve as a guide to the resto-
ration process (Miller & Hobbs 2007). The Noisy
Miner is one such focal species, recently identified
as a ‘reverse keystone species’ (Piper & Catterall
2003) and one of the most significant influences
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on woodland avian diversity (Maron et al. 2011,
2013, Mac Nally et al. 2012). This study found
that increased densities of Noisy Miners result in a
loss of species diversity and homogenization of
morphological characteristics even in regions
where most native vegetation is retained. Although
the increase in geographical range and abundance
of Noisy Miners is mostly associated with land-
scape alteration and reduced vegetation complex-
ity (Catterall et al. 1997, Mac Nally & Horrocks
2002, Debus 2006, Barrett et al. 2007), the pres-
ence of this despotic competitor may negate
attempts to restore bird diversity and presents a
major challenge for conservation management.

Understanding how landscape modification
influences an invasive and competitive species is as
important as identifying the influence of the com-
petitor on the ecosystem (Didham et al. 2007).
Often, the invasive potential of a competitor may
not become apparent until habitat destruction or
modification reaches a critical threshold (Didham
et al. 2007). Identifying habitat characteristics that
reduce Noisy Miner densities will assist in setting
restoration targets. Focusing on maintaining low
eucalypt densities in historically non-eucalypt-
dominated woodlands, for example, may be
important in avoiding unintentional increases in
Noisy Miner densities (Maron 2007).

Restoration of wildlife is mostly a passive exer-
cise whereby management strategies concentrate
on habitat restoration in the hope that dependent
wildlife populations will also be restored (Scott
et al. 2001). Yet habitat restoration in the pres-
ence of a despotic and sedentary species such as
the Noisy Miner may not be effective for bird
conservation and in some cases active management
may be required, such as Noisy Miner removal or
culling. Conservation managers usually have
limited funding so it is important to determine the
actions that achieve the greatest gain per unit of
investment (Miller & Hobbs 2007). The removal
of Noisy Miners from areas of woodland results in
a rapid and dramatic improvement in avian diver-
sity (Grey et al. 1997) and our findings suggest it
may also have benefits for ecosystem services.
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ABSTRACT

Aim Strongly interacting species have disproportionately large ecological effects

relative to their abundances or biomass. We previously developed two concep-

tual models that described how one such strong interactor, the Australian bird

the noisy miner Manorina melanocephala: (1) establishes resident high-density

and hyperaggressive colonies and (2) in doing so, affects other biota and eco-

system processes. Here, we evaluate parts of those models relating to noisy

miner habitat preferences and effects on bird assemblages using data from

across the geographical range of the miner.

Location Eastern Australia.

Methods Avian-assemblage data were compiled for 2 128 survey transects (dis-

tributed over > 1.3 9 106 km2) and were linked to variables reflecting produc-

tivity, local habitat structure and landscape context. Predictors were chosen

based on the models, although detailed data for some variables were unavail-

able at such large scales. We used hierarchical Bayesian models that included

observation models to account for different survey effort coupled with poten-

tially nonlinear, spatially-explicit process models.

Conclusions Noisy miner densities increased with proximity to forest edges

(higher densities on forest edges and open sites), in low rainfall areas, and in

vegetation dominated by trees with blade-shaped rather than needle-shaped

leaves. The presence of noisy miners at even relatively small densities (> 0.6

individuals ha�1) depressed both species richness and the abundances of smal-

ler (< 63 g) bird species, by 50% on average. There were positive associations

between densities of noisy miners and the abundance and richness of

larger-bodied (> 63 g) bird species. In areas with higher mean rainfall, the

associations between noisy miners and small- and large-bird species were more

negative and less positive, respectively.

Keywords

Ecosystem disruption, interspecific competition, keystone species, landscape

modification, strong interactors.
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INTRODUCTION

All species are not created equal, ecologically. Some species

have disproportionately large ecological effects given their

abundances or biomass. Such ‘strong interactors’ have been

identified in different parts of the world and affect assem-

blages and ecosystems through a variety of ecological

processes, such as predation (Menge et al., 1994; Letnic

et al., 2009), parasitism (Robinson et al., 1995), habitat mod-

ification (Naiman et al., 1996) and interspecific competition

(Dow, 1977; Loyn, 1985; Piper & Catterall, 2003). Strong in-

teractors may affect assemblage structure by adversely affect-

ing some components of the biota and not others, often on

the basis of body size (Mac Nally et al., 2012, 2014). Such

species-specific effects can induce trophic cascades in which

the ecological roles of the displaced species are lost and tro-

phic dislocations arise (Howes et al., 2014). For example,

species-specific displacement of leaf-gleaning birds by aggres-

sive, larger species allows irruption of leaf-feeding inverte-

brates and consequent leaf loss and tree dieback (Loyn et al.,

1983; Wardell-Johnson & Lynch, 2005).

The Australian bird genus Manorina (miners) includes some

of the most influential interactors yet reported. Several species

of these medium-sized (30–70 g) birds of the family Meliphag-

idae (Australian honeyeaters) have evolved colonial behaviours

characterized by coordinated, indiscriminate aggression

against other species leading to spatial displacement of some

bird species. The phenomenon occurs over vast areas, with the

noisy miner Manorina melanocephala (Latham, 1802) affecting

the woodland avifaunas of much of eastern Australia (Mac

Nally et al., 2012), and the yellow-throated miner M. flavigula

(Gould, 1840) being common and probably having similar

effects to the noisy miner over large areas of central, northern

and south-western Australia (Mac Nally et al., 2014). A third

species, the bell miner M. melanophrys (Latham, 1802), is simi-

larly aggressive, displacing smaller species and apparently lead-

ing to adverse effects on vegetation (Loyn et al., 1983), but

over a much smaller area (Wardell-Johnson & Lynch, 2005).

Miners affect avian assemblages through aggressive exclu-

sion, a form of interference competition (Mac Nally, 1983;

Schoener, 1986). The noisy miner is a cooperative breeder that

lives in colonies of as many as several hundred birds. Each col-

ony consists of ≥ 1 ‘coteries’, which are abutting home ranges

of breeding females and > 1 associated males per female (Dow,

1979; Poldmaa et al., 1995; Higgins et al., 2001). Miners act

cooperatively to attack, chase and expel birds, mammals and

reptiles from the colony’s territory (Dow, 1977; Clarke, 1984).

The effectiveness of expulsion for birds is size dependent, with

species smaller than the noisy miner (< 63 g) generally being

adversely affected. In woodland habitats, species richness and

the mean abundance of small-bodied (< 63 g) birds are much

reduced and the composition of assemblages is changed once

the noisy miner exceeds a density of c. 0.8 noisy miners ha�1

(Mac Nally et al., 2012). The abundances of birds larger than

the noisy miner seem little affected (Major et al., 2001),

despite miners exhibiting strong aggression towards many

larger species, including potential predators (Maron, 2009).

Many small-bodied bird species have been in decline for dec-

ades in eastern Australia (Reid, 1999; Ford, 2011), which was

further exacerbated by the ‘Big Dry’ drought between 1997

and 2010 (Mac Nally et al., 2009). Against this trend of

decline, the prevalence of the noisy miner generally increased

over the Big Dry (Fig. 2 of Maron et al., 2013).

Maron et al. (2013) built two models to synthesize infor-

mation on the occurrence and ecological effects of the noisy

miner to help frame management responses to the adverse

effects of noisy miner dominance on avian biodiversity and

consequent ecosystem processes. One model described the

factors that determine the probability of occurrence and local

abundance of the noisy miner (‘occupancy model’; Fig. 1 of

Maron et al., 2013). The second model outlined the mooted

effects of the noisy miner on the structure of avian assem-

blages and how these flow through to ecosystem processes

(‘effects model’; Fig. 3 of Maron et al., 2013).

The occupancy model described the factors that may allow

the noisy miner to reach the densities at which it has large

effects on avifaunas (Maron et al., 2013). These factors relate

to elements that influence: (1) primary productivity at sites

and hence food resources available to the noisy miners; (2)

‘architectural accessibility’, or how foraging substrates permit

miners’ exploitation of resources; (3) defensibility, or how

vegetation structure modulates aggressive exclusion of small

birds; and (4) ‘colonizability’, or how habitat patches are

connected to patches with colonies.

The effects model described the expected effects on bird

assemblages and the subsequent consequences for leaf, tree

and ecosystem health (Maron et al., 2013). Different foraging

guilds were mooted to have differential vulnerabilities to noisy

miner effects. The size-specific targeted aggression means that

small nectarivores may become less abundant locally, while

large-bodied nectarivores are largely unaffected (Bennett et al.,

2014a). Leaf-gleaning insectivores generally are small bodied

and are likely to be displaced, leading to leaf damage and die-

back. Reductions of tree health may cascade further by reduc-

ing rates of flowering and nectar production, amplifying

effects on nectarivores. Large-bodied insectivores generally are

ground foragers and seem comparatively immune to miner

aggression, so their ecological functions are likely to be main-

tained.

Here, we compiled data from 2 128 transects over most of

the geographical range of the noisy miner to evaluate system-

atically several important parts of the occupancy and effects

models at that scale. While individual studies in different

parts of the range have established the probable importance

of some links, our efforts were designed to evaluate links

synthetically over the entire range, where possible. However,

there were few available data for many of the structural links

of the occupancy model (e.g. vegetation structure), so we

had to use surrogate variables that were available over large

spatial domains that plausibly represent those relationships.

For the effects model, we focused on quantifying the direct

effects of the noisy miner on different bird groups (foraging

J. R. Thomson et al.
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guilds and size classes) and exploring how those effects are

mediated by environmental factors or by biotic interactions.

The mooted cascading effects on herbivorous insect abun-

dances and tree health could not be assessed directly over

large spatial scales with the available data because measuring

the abundances of canopy insects is daunting even over very

small spatial scales (Timewell & Mac Nally, 2004).

We addressed four themes. First, which of the environ-

mental factors that are measurable over the range of the

noisy miner explain variation in local densities of the noisy

miner? Second, how are small-bodied birds affected by varia-

tion in the abundances of the noisy miner, and how does

this differ among feeding guilds? Third, do the effects of the

noisy miner on small-bodied birds vary spatially, and do

environmental factors explain that variation? Last, what are

the relationships between the noisy miner and large birds

(> 63 g), and are there indirect effects of noisy miners on

small birds mediated through effects on larger birds? This is

the first study to explore explicitly several potential pathways

of noisy miner effects across the species’ full range of habi-

tats and geographical distribution, and the first to evaluate

aspects of the occupancy model.

METHODS

Environmental data

Our analysis focused on a subset of largely uncorrelated envi-

ronmental variables that were available for most of the sur-

veyed sites. The rationales for the variables used are listed in

Table 1. Detailed data on many of the possible explanatory

variables of Maron et al. (2013) were not available for the

surveyed sites, and some of the variables that were available

were highly correlated. To account for spatial variation in

noisy miner densities and effects that were unrelated to the

included environmental variables (or latitudinal gradients),

we included ‘bioregions’ and associated ‘subregions’ (Fig. 1)

as spatial random effects (intercepts and slopes) in all analy-

ses. Bio(sub)regions were derived from the Biogeographic

Regionalisation for Australia (Thackway & Cresswell, 1997).

Bird data

Bird-survey data from 2 128 transects were compiled from

23 studies in eastern Australia from 1994 to 2011 (Fig. 1).

We included studies that used fixed-area, timed, diurnal bird

surveys by experienced observers within the range of the

noisy miner since 1990, and in which ≥ 5% of the sites sur-

veyed had noisy miners recorded. All surveys were conducted

in calm, dry conditions. Most studies were designed to

examine the effects of vegetation type, extent or configura-

tion on avifaunas in general, or were focused on species

other than the noisy miner. Only 43 of the 2 128 transects

had been selected specifically for the likely presence of the

noisy miner. Transect areas were 0.13–4.0 ha, but most were

2 ha (1370, 64%) or 1 ha (468, 22%). The number of survey

visits per transect (range 1–56) and the search time per visit

(5–40 min) differed among studies, necessitating an observa-

tion model to standardize response variables by survey effort.

Bird species were classified by body size (larger or smaller

than 63 g, the mean body mass of the noisy miner) and

assigned to feeding guilds reflecting diet (nectarivore, insecti-

vore, carnivore) and preferred foraging habitat (ground,

shrub, canopy) (Loyn et al., 2007).

Analyses

The occupancy model: noisy miner density

We modelled the mean density of noisy miners at a site as a

function of variables likely to be related to productivity,

defensibility and food resources (Maron et al., 2013). We

used hierarchical Bayesian modelling that included an obser-

vation model to account for variation in survey effort among

studies. The model for the mean number of noisy miners at

a site yi was as follows:

yi�PoissonðkiÞ; ki ¼ Di:Ai:gðtimei;AiÞ; logðDiÞ ¼ f ðXsÞ:
(1)

In (1), ki is the expected number of individuals observed

at site i, which depends on the unknown true local density

D, site area A and is a function g of survey effort

(search time per unit area). The observation model g was as

follows:

gðtimei;AiÞ ¼ edðtimei=Ai�10�ðtimei=Ai�/ÞþÞ; d[ 0;/[ 10:

(1a)

Equation (1a) has value 1 for a survey effort of

10 mins ha�1 and reaches a maximum value at / mins ha�1

(note that (z)+ = z for z > 0 and 0 otherwise). The observa-

tion model gives the proportion of individuals expected to

be observed relative to the number that would be observed

using a standard effort of 10 mins ha�1. The resulting stan-

dardized density estimates D can be considered the density

expected to be observed in a standard 20 min– x 2 ha survey

(Birds Australia 2nd Atlas Program).

The standardized densities D were modelled as potentially

nonlinear, spatially explicit functions of predictors using

piecewise linear splines:

DiðsðrÞÞ ¼ aþ
XQ

q¼1

XK

k¼1 bqkrðxiq � hqkÞþ þ sr þ �s (1b)

In (equation 1b), the b and h are linear coefficients and left-

hand ‘knots’, respectively, for the K line segments, which

together constitute spline functions for the Q predictors. The

function (xiq�hqk)+ equals (xi�hqk) for xiq > hqk and 0 other-

wise, and hq1 = min(xiq). The r and s subscripts correspond to

nested bioregions and subregions for which there are random

intercepts, sr and es, respectively. Spline coefficients are

bioregion specific (i.e. bioregion random slopes), bqkr,
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Table 1 Candidate environmental predictors used in models of noisy miner density and effects (Maron et al., 2013). NVIS = national

vegetation information system (Australian Government Department of the Environment, 2012). The ‘Model’ column refers to the

application of the predictor to either noisy miner density (‘Density’), or to the effects on other birds (‘Effect’), or both.

Predictor Model Definition Comments

Latitude Effects Angular distance from the equator,

expressed as negative decimal degrees

(i.e. becoming more negative further south of equator).

Controls for latitudinal gradients in avifauna

diversity/abundance. Productivity may be higher

at more northerly (nearer equator) latitudes

(Christopherson, 1997).

Rainfall Both Mean annual rainfall for the period 1989 through 2009.

Values were derived from gridded annual

rainfall data at 5 km resolution (Jones et al., 2009).

Primary productivity increases with greater water

availability (Churkina & Running, 1998)

Foliage cover Both Photosynthetically active radiation absorbed

by vegetation (fPAR) derived from advanced very

high-resolution radiometer data spanning

1986 to 2006 at 5 km resolution. fPAR is linearly

related to fractional foliage cover.

A measure of the relative density of canopy

foliage: larger trees are more productive

and have denser canopies (Ashton, 1975;

House, 1997; Wilson & Bennett, 1999)

Distance-to-Edge Both Distance from the site to nearest ‘clearing’,

defined as the absence of woody vegetation

according to NVIS 3.1 (100 m resolution map).

Sites with GPS coordinates mapping to cleared

areas were assigned a distance-to-edge value

of 50 m. Distances were log-transformed

prior to analyses.

May affect ‘defensibility’ (Piper & Catterall, 2003;

Clarke & Oldland, 2007; Taylor et al., 2008)

and edge effects may influence richness/abundance

of other bird species (McFarland, 1986;

Mac Nally & Timewell, 2005).

Veg1000 Both Proportion of woody vegetation

(woodland and forests) within

a 1 km radius of the site. Vegetation

cover derived from 100 m resolution

NVIS 3.1 grid (non-woody vegetation excluded).

Landscape context: movement of potential

colonizers (Noisy Miners) may be facilitated

by suitable habitat (Clarke & Schedvin, 1997)

Edginess index Density The variation in the direction to the nearest

edge among all wooded pixels within 500 m

radius of a site. We created a cost-direction

layer in which pixel values indicated the

direction to the nearest edge (integers 1–8,

where 1 = N, 2 = NE, 3 = E,.., 5 = S,.., 8 = NW;

NA for non-wooded pixels). The standard deviation

of the ‘direction’ values for wooded pixels

is a measure of the ‘jaggedness’ or edginess

of the patch (patches with many narrow

promontories have high values).

Defensibility: higher values indicate more narrow

projections, which are potentially more defensible

by Noisy Miners (Catterall et al., 2002;

Piper & Catterall, 2003; Taylor et al., 2008)

Nectar Index Density Whether the site was dominated by nectar-producing

tree species, non-nectar-producing

tree species, or a mix of both.

Nectar is an important resource for Noisy Miners,

but its availability also increases the presence

of competitors (Mac Nally & McGoldrick, 1997;

McGoldrick & Mac Nally, 1998)

Leaf shape Both Shape of leaves or photosynthetic organs

of dominant tree species: either blade-shaped

(Eucalyptus, Corymbia, Angophora, phyllodinous

Acacias, broadleaf rainforest genera);

needle-shaped (Callitris, Casuarina and

Allocasuarina, bipinnate Acacias)

Sites dominated by eucalypts and allies are more

likely to be occupied by Noisy Miners because

of preference to forage by gleaning invertebrates

and exudates from blade-shaped leaves

(Watson et al., 2000; Hastings & Beattie, 2006;

Maron, 2007)

Eucalypt density Both Stem density of mature Eucalyptus/

Corymbia/Angophora trees measured

on-ground

More productive sites have a higher biomass of

foliage-dwelling invertebrates (Recher et al., 1996;

Majer et al., 1997). An open canopy potentially

results in more frequent attack initiations by

Noisy Miners (Loyn, 1985; Oldland et al., 2009).

Shrub cover Density Low, medium or high based on either

shrub density counts or foliage cover

estimates within quadrats at each site

Denser shrub understorey reduces defensibility

(Whittingham & Evans, 2004;

Whittingham et al., 2004; Montague-

Drake et al., 2009)
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with coefficients drawn from exchangeable normal prior

distributions bqkr �NðBqk;r2
qÞ;rq�Uniformð0; 1Þ;Bqk�N

ð0;r2
BÞ; rB�Uniformð0; 1Þ . This hierarchical structure

allows different relationships between noisy miners and

predictors in each bioregion, while estimating a common

mean response (B), which informs estimated responses in

data-poor bioregions.

Noisy miner effects model

We used a hierarchical model to analyse the relationships

between noisy miner density and the total abundances and

richness of small-bodied (< 63 g) or large-bodied (≥ 63 g)

birds. Within size classes, separate analyses were conducted

for each feeding guild and for all birds combined.

yi�PoissonðkiÞ; logðkiÞ ¼ aþ feðAi; timei; niÞ þ fhðX; r; s; iÞ
þ fmðNMÞ; ð2Þ

feðAi; timei; niÞ ¼ gðtimei;AiÞ þ be1ðAi � 2Þ þ be2 logðniÞ;
(2a)

fhðXhab; r; sÞ ¼
XQ

q¼1

XK

k¼1 bqkrðxiq � hqkÞþ þ sr þ es þ ei;

(2b)

fmðNMÞ ¼ bmr :ðNMi � /rÞcrþ : (2c)

In equation 2, the expected richness and abundance of

birds (other than the noisy miner) are modelled as a multi-

plicative (additive on log scale) function of: (a) site area A

and survey effort (search time and number n of repeat visits),

fe; (b) predictors (X) and spatial location (r = bioregion,

s = subregion, transect i), fh; and (c) the density of noisy

miners NM, fm. The expected richness (abundance) is

eðaþfeþfhþfmÞ. Therefore, efmðNMÞ � 1 gives the proportional dif-

ference in richness (abundance) between a site with NM

miners and an otherwise identical site with no miners.

The noisy miner function fm included bioregion-specific

thresholds φ, below which miners had no effect (note that

ðNMi � /rÞcrþ ¼ ðNMi � /rÞcr for NM > /r and 0 otherwise),

and two bioregion-specific parameters bmr and cr that deter-

mined the rate of decrease or increase in the response variable as

noisy miner density increased. The bioregion-specific parameters

were modelled hierarchically, with values drawn from exchange-

able normal prior distributions bmr � NðBm;r2
mÞÞ , with unin-

formative priors on the overall means and variances,

Bm
r �Nð0; 2Þ;rm�Uniformð0; 2ÞÞ. The overall mean threshold

φ was assigned a truncated prior, with 50% of the prior mass on

0 and the other 50% distributed uniformly over the interval (0,

10); this prior reflected our uncertainty about the existence of a

threshold density below which noisy miner effects are negligible.

The habitat/location function fh included piecewise linear

spline functions with hierarchically modelled coefficients as in

Figure 1 Eastern Australia showing the distribution of bioregions and the locations of survey sites.
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(equation 1b), allowing bioregion-specific, nonlinear functions

of candidate geographical predictors (Table 1). We used Bayes-

ian model selection, implemented with reversible jump Markov

Chain Monte Carlo (Lunn et al., 2006), to estimate posterior

probabilities that each of the Q candidate predictors had non-

zero effects, and to calculate model-averaged coefficients (spline

functions). fh included spatial random effects for bioregion,

subregion and transect.

We investigated whether the effects of noisy miner were

dependent on in-site predictors (Table 1) by adding interac-

tion terms to the noisy miner function fm in model (2):

fmðNMiÞ ¼ ðbm1r þ
XQ

q¼1 b
m
ðqþ1ÞrxiqÞ � ðNMi � /Þcþ: (2d)

The rate of change in the response with increasing miner

density could depend on up to Q candidate predictors, with

bioregion-specific effects drawn from exchangeable normal

prior distributions, bmqr �NðBm
q ;r

2
mrÞ. We used reversible

jump MCMC to estimate posterior probabilities that candi-

date variables affected noisy miner effects, PrðBm
q 6¼ 0Þ, and

to calculate model-averaged interaction terms, Bm, bm.

Effects of other large-bodied birds on small-bodied birds

We explored possible negative influences of large-bodied

species other than the noisy miner on small-bodied species

by replacing data for the density of the noisy miner (NM)

in model 2 with the combined densities of different

groups of large-bodied birds. We examined the effects of

the: (1) combined densities of large-bodied nectarivores on

the richness and abundances of small nectarivores; (2)

combined densities of large-bodied insectivores on the

richness and abundances of all small birds; and (3) com-

bined densities of large known nest predators on the rich-

ness and abundances of all small birds. These models

corresponded to putative negative effects of large-bodied

species on small-bodied species in the ‘effects’ model of

Maron et al. (2013). We fitted these models with and

without noisy miner densities as another predictor that

might interact with the densities of other large-bodied spe-

cies to influence response variables.

The models were fitted using WinBUGS software (Spiegelhal-

ter et al., 2003). Predictors were standardized (x � mean(x))/SD

(x) prior to model fitting, and missing predictor values were

assigned standard normal prior distributions that were not

updated (i.e. results were integrated over the plausible range of

missing predictor values). Posterior distributions were estimated

from three independent MCMC chains of 100,000 iterations

each, following 20,000 iteration burns-in (values discarded).

MCMC mixing and convergence were confirmed by chain his-

tory plots and GRB diagnostics (Brooks & Gelman, 1998).

RESULTS

The occupancy model: noisy miner density

Noisy miner densities were generally higher in locations with

lower mean rainfall, at open and forest edge sites (Fig. 2),

and in vegetation dominated by trees with blade-shaped

leaves (Table 2 , Fig. 2). Mean rainfall and distance-to-edge

had comparable magnitudes of estimated effects (Table 2)

and contributed 14% and 10%, respectively, to modelled var-

iation in log-transformed densities (log(Di) in equation 1).

The coefficient for leaf shape suggests that miner densities

on average were 16% lower at sites dominated by needle-

shaped leaves. Only 6% of sites were dominated by trees with

needle-shaped leaves, so the net contribution of this term to

total variation in density was small (< 1% of variation in log

(Di)).

The effects model: small-bodied birds (< 63 g)

The richness and abundance of small-bodied birds declined

sharply with greater noisy miner densities in all bioregions

(Fig. 3a). Miners had strongly negative effects on all mod-

elled guilds, with the largest effects on shrub and ground for-

agers (Fig. 3b). Noisy miner density was much the strongest

single predictor of small-bird richness and abundance; the

miner component of model 2, fm, contributed a higher pro-

portion of modelled variation in both total richness (32% of

variance in log(k)) and total abundance (17%) than all envi-

ronmental predictors combined (12% and 8% for richness
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Figure 2 Noisy miner density plotted

against distance-to-edge (log10 scale).

Large circles = sites with needle-shaped

leaves, small circles = sites with blade-

shaped leaves. Greyscale increases with

mean annual rainfall (open circles are

driest sites).
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and abundance, respectively). There was evidence of thresh-

old densities below which the effects of the noisy miner on

small-bodied birds were negligible (mean threshold [95%CI]

= 0.64 [0.20, 1.1] and 0.65 [0.14, 1.2] noisy miners ha�1 for

small-bird richness and abundance, respectively, Fig. 3), but

these thresholds differed among bioregions (Table 3) and

among feeding guilds (Fig. 3b). Rates of decline in small-

bodied bird richness and abundance with increasing noisy

miner density, beyond region-specific thresholds, differed

among bioregions (Table 3). The per capita effect of noisy

miners (the rate of decline in small-bodied bird richness or

abundance for a given density of noisy miners) was greatest

in Tasmania and least in the New England Tablelands

(Table 3). The estimated net miner effects when present

(mean of fm evaluated at the actual densities for each site,

excluding unoccupied sites) were highest in Tasmania, the

Riverina and in south-east Queensland, the latter having

especially high noisy miner densities where they occur

(Table 3).

There was evidence of negative interactions between rainfall

and densities of the noisy miner (Table 4), suggesting that a

given noisy miner density was associated with greater propor-

tional reductions in small-bodied bird richness or abundance

in higher rainfall sites. Despite this interaction, the net noisy

miner effect (fm) generally was low in high-rainfall sites

because noisy miner densities also were low. The negative

rainfall interaction was evident for canopy foragers but not

for ground or for shrub foragers. The rainfall effect was lar-

gely a within-bioregion effect, and much of the variability

among bioregions in noisy miner effects was unexplained in

the interaction model. The association between the abundance

of small nectarivores and the densities of the noisy miner

became more negative as foliage cover increased (Table 4).

In the absence of noisy miners, the richness and total

abundance of small-bodied birds increased with greater mean

rainfall, and the total abundance of small-bodied birds

decreased with increasing distance-to-edge (Table 4). The

increase in the total abundance of small-bodied birds with

higher mean rainfall was associated mainly with shrub forag-

ers, while richness increased with rainfall for all guilds except

ground foragers (Table 4). The richness of ground foragers

declined with increasing distance-to-edge.

There were latitudinal gradients in the richness of canopy

foragers and nectarivores (increasing towards the north) and

for abundances of shrub foragers (decreasing towards the

north); the inclusion of densities of noisy miners had no

effects on these latitudinal gradients (Supporting Informa-

tion). Eucalypt density and proportion of vegetation in the

Table 2 Model-averaged linear coefficients (mean � SD) and

probabilities of non-zero effects (Pr 6¼0) for variables in
hierarchical model of noisy miner density (model 1). Bold

values indicate Pr[not equal to]0 >0.75. For categorical variables

(asterisked), the coefficient is the estimated difference (on log

scale) between the first- and second-named states (first mean –
second mean). Note that the model included spline functions to

allow non-linear effects, but no non-linear effects were

supported by the data.

Mean � SD Pr 6¼0

Rainfall �0.43 � 0.12 1.00

Foliage cover 0.01 � 0.04 0.19

Eucalypt density 0.00 � 0.01 0.06

Grass cover index* (low vs. high) 0.00 � 0.01 0.18

Shrub index* (low vs. high) 0.06 � 0.06 0.64

Distance-to-edge �0.40 � 0.09 1.00

veg1000 0.00 � 0.02 0.12

Edginess 0.00 � 0.02 0.13

Distance-to-edge 9 Shrub index �0.01 � 0.02 0.16

Nectar index* (low vs. high) �0.04 � 0.07 0.66

Leaf shape* (needle vs. blade) �0.17 � 0.12 0.82
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Figure 3 Relationship between noisy miner density and the richness (a) and abundance (b) of small-bodied birds (species with mean

body mass < 63 g). Lines show expected proportion of species (a) or individuals (b) at a site with a given noisy miner density (i.e. fm in

model 2). Black lines (posterior mean) and grey bands (95% CI) show fitted relationship for all small birds, and coloured lines show

guild-specific posterior means (see legend). Points are observed mean richness (a) or total abundance (b) standardized by maximum

observed values within each bioregion,yi(r)/max(yr).
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surrounding landscape (1-km radius) were not associated

with any of the response variables, with or without densities

of the noisy miner as a predictor (maximum posterior

probability 0.59; Supporting Information).

The effects model: large-bodied birds (> 63 g)

The richness and abundance of large-bodied birds generally

increased with increasing densities of the noisy miner

(Fig. 4). Noisy miner density had a stronger positive associa-

tion with the richness of large insectivores / carnivores than

with the richness of large nectarivores (Fig. 4a), but the rela-

tionships between noisy miner density and abundances of

large insectivores / carnivores and large nectarivores were

similar (Fig. 4b). Note that we combined large-bodied insec-

tivores and carnivores due to relatively low numbers of large

birds, especially carnivores, at many sites. Results for each

group alone were similar to the combined results, though

with much greater uncertainty.

The association between noisy miners and both the richness

and abundance of large-bodied birds became less positive as

mean rainfall increased (Table 4). This negative rainfall inter-

action was evident for all response variables for large-bodied

birds except for the richness of large-bodied nectarivores

(Table 4). The abundance and richness of large-bodied nec-

tarivores declined with increasing foliage cover (Table 4).

Total richness and abundances of large-bodied birds and

of large-bodied nectarivores increased in a northerly

direction, but there were no interactions between latitudinal

gradients and noisy miner effects on large-bodied birds (Sup-

porting Information). Eucalypt density and the proportion

of vegetation in the surrounding landscape were not associ-

ated with any of the response variables for large-bodied birds

(maximum posterior probability 0.33, Supporting Informa-

tion).

Effects of other large-bodied birds on small-bodied

birds

There were weak negative associations between the richness

of small birds and the density of nest predators in the four

northern-most bioregions (south-eastern Queensland,

Brigalow belt south, Einasleigh uplands and Gulf plains), but

neutral or positive associations between small-bird richness

and nest predators in other bioregions (nest-predator 9 lati-

tude interaction = �0.79 � 0.65, Pr( 6¼0) = 0.84, see Sup-

porting Information). There were weak positive associations

between large- and small-bodied nectarivores and between

large-bodied insectivores and all small birds, except in south-

eastern Queensland, where relationships were weakly negative

(Supporting Information). The statistical associations

between other large-bodied birds and small-bodied birds

Table 3 Summary of noisy miner (NM) densities and estimated effects on richness and abundance of small birds in 17 Bioregions of

south-eastern Australia. Threshold = the estimated (posterior mean) threshold density above which NMs have a negative effect on

small-bird richness or abundance Net effect = mean of the estimated NM effects across all NM-occupied sites in a bioregion, where the

site-specific NM effect is defined as the proportional difference between the observed richness / abundance of small birds and that

expected in the absence of noisy miners, calculated as ðefmðNMdensÞ � 1Þ. Effect at 3.2 ha�1 = estimated NM effect at 3.2 NM ha�1

(=mean of all observed NM densities). Reported values were derived from data for all sites used to estimate the effects model. Values in

parentheses include data from sites surveyed for noisy miners only; these were used in the density model but not in the effects model.

Bioregion No. sites

Mean NM

density

(ha�1)

Mean density

when occupied

Small-bird richness Small-bird abundance

Threshold

Net

effect

Effect

at 3.2 ha�1 Threshold

Net

effect

Effect

at 3.2 ha�1

Brigalow belt south 281 2.91 4.33 1.02 �0.57 �0.61 1.04 �0.67 �0.71
Cobar peneplain 11 0.18 1.00 0.51 �0.28 �0.38 0.56 �0.24 �0.34
Einasleigh uplands 165 0.75 1.06 0.10 �0.28 �0.48 0.22 �0.33 �0.57
Gulf plains 14 1.15 1.24 0.56 �0.37 �0.49 0.59 �0.38 �0.51
Murray-Darling depression 35 0.36 0.80 0.15 �0.45 �0.68 0.26 �0.40 �0.67
Nandewar 35 2.17 3.61 0.68 �0.16 �0.18 0.68 �0.29 �0.30
Naracoorte coastal plain 37 0.23 1.67 0.77 �0.11 �0.22 0.82 �0.13 �0.22
New England tablelands 58 2.12 3.52 0.84 �0.11 �0.12 0.83 �0.20 �0.18
NSW south-western slopes 280 1.32 2.26 0.24 �0.53 �0.60 0.32 �0.52 �0.64
Riverina 257 (306) 1.78 (1.81) 3.24 (3.14) 0.39 �0.57 �0.66 0.44 �0.54 �0.63
South-eastern coastal plain 8 (40) 15.8 (5.49) 15.8 (6.66) 0.66 �0.49 �0.21 0.68 �0.64 �0.26
South-eastern highlands 124 0.17 1.73 0.96 �0.15 �0.30 0.82 �0.14 �0.24
South-eastern Queensland 173 2.88 6.01 0.84 �0.66 �0.61 0.73 �0.69 �0.63
Southern volcanic plain 36 0.20 1.83 0.78 �0.11 �0.23 0.76 �0.20 �0.31
Tasmanian northern midlands 29 0.57 0.66 0.56 �0.60 �0.83 0.52 �0.79 �0.92
Tasmanian south-east 24 0.60 0.66 0.70 �0.50 �0.86 0.68 �0.61 �0.92
Victorian midlands 340 (480) 1.19 (1.14) 3.78 (3.40) 1.18 �0.37 �0.53 1.09 �0.44 �0.60
All 1907 (2128) 1.62 (1.61) 3.21 (3.18) 0.64 �0.49 �0.42 0.65 �0.54 �0.47
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were not dependent on noisy miner densities (i.e. there were

no interactions between densities of noisy miners and densi-

ties of other large-bodied bird for any small-bodied bird

response variable).

DISCUSSION

We found several widespread relationships that suggested

that the ecological mechanisms for noisy miner effects on

Table 4 Summary of predictor effects in hierarchical models relating bird abundance and species richness to noisy miner density and

to environmental predictors. Values are posterior probabilities that each variable influenced the response, either independently of

noisy miners (i.e. variable influenced fh in model 2) or in conjunction with noisy miner density (i.e. influenced fm). Independent

effects, fh, were piecewise linear spline functions with up to three knots (equation 2b); interaction terms were linear coefficients that

modified the non-linear functional response to miner density (equation 2d). Posterior probabilities ≥ 0.75 (corresponding to an odds

ratio ≥ 3, given 0.5 prior probability) in bold are considered strong evidence of non-zero effects. Symbols indicate the main direction

of association for variables with strong support (fitted effects were non-linear but generally monotonic): positive or negative.

Model-averaged linear coefficients for interaction terms are available in Supporting Information. See Table 1 for explanations for the

predictor variables

Posterior probabilities of predictor importance
Predictor variables

Response Variable Rainfall Foliage cover Distance-to-edge

Small Birds

Total abundance fh 0.75 0.30 0.83

fm 0.99 0.40 0.53

Total richness fh 1.00 0.15 0.68

fm 0.92 0.36 0.51

Ground forager abundance fh 0.52 0.30 0.69

fm 0.57 0.59 0.44

Ground forager richness fh 0.36 0.31 0.80

fm 0.49 0.40 0.51

Shrub forager abundance fh 0.98 0.72 0.36

fm 0.50 0.49 0.47

Shrub forager richness fh 1.00 0.56 0.52

fm 0.41 0.56 0.61

Canopy forager abundance fh 0.54 0.29 0.66

fm 0.95 0.47 0.52

Canopy forager richness fh 0.96 0.22 0.46

fm 0.81 0.39 0.39

Insectivore abundance fh 0.56 0.39 0.73

fm 0.79 0.46 0.50

Insectivore richness fh 0.96 0.16 0.80* *

fm 0.80 0.37 0.44

Nectarivore abundance fh 0.45 0.28 0.68

fm 0.63 0.96 0.41

Nectarivore richness fh 1.00 0.15 0.60

fm 0.75 0.62 0.63

Large Birds

Total richness fh 0.62 0.37 0.28

fm 0.99 0.26 0.27

Total abundance fh 0.53 0.50 0.26

fm 0.90 0.32 0.45

Insectivore / Carnivore richness fh 0.57 0.38 0.36

fm 0.80 0.35 0.38

Insectivore / Carnivore abundance fh 0.56 0.49 0.38

fm 0.73 0.40 0.37

Nectarivore richness fh 0.57 0.86 0.26

fm 0.41 0.48 0.48

Nectarivore abundance fh 0.51 0.93 0.37

fm 0.82 0.39 0.55

*The modelled relationship between insectivore richness and distance-to-edge was relatively flat up to large distances (ca 10 km), but then

declined sharply at very large distances. The decline at very large distances probably is a consequence of relatively few sites in northern Australia

(Einasleigh uplands and Gulf plains regions) and therefore is likely to be a spatial artefact with little ecological relevance.
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avifaunas are pervasive and of significant conservation con-

cern for woodland avifaunas over much of a continent.

Occupancy model

Three predictors were associated with the density of the

noisy miner: (1) rainfall; (2) distance-to-edge; and (3) leaf

shape of the dominant tree species. The negative relationship

between noisy miner densities and mean rainfall, and the

absence of a relationship with foliage cover, seemed to con-

tradict the prediction that greater productivity would provide

food security for sedentary colonies. However, rainfall and

foliage cover may be inadequate indicators of site productiv-

ity, which is also affected by insolation, soil fertility and tree

maturity (Lindenmayer et al., 2014). The abundances of the

noisy miner were positively correlated with topographic wet-

ness, which reflects the relative topographic position in the

landscape, and may provide better resolution of smaller-scale

variation in productivity (Montague-Drake et al., 2011).

Such fine-scale data were not available over the extent of our

study region. Rainfall may also be acting as a surrogate for

vegetation structure, which affects the defensibility of sites

(Maron et al., 2013). Drier sites characterized by open wood-

lands with few shrubs may be more defensible than dense

forests in some high-rainfall locations.

Site productivity generally is related to bird abundance

(Watson, 2011), and the noisy miner generally occupies lower

elevation sites within areas of higher soil fertility that are now

agricultural landscapes. Remnant patches of woodland in these

more fertile lowland areas have large proportions of edge habi-

tat, which favours noisy miner colonization, and may con-

found relationships with productivity per se. Links between

soil fertility and secondary productivity need to be better

understood and separated from fragmentation effects, to fully

assess their influence on noisy miner distributions.

The relationships between the density of the noisy miner

edge preference and leaf shape were in the expected directions.

The preference for edges, especially in south-eastern Australia,

is well established (Maron et al., 2013). If the dominant tree

species have small or needle-shaped leaves that are not colo-

nized much by sessile sap-sucking insects, or if there is wind

pollination, then the availability of nectar and folivorous

invertebrates may be inadequate to support noisy miner colo-

nies (Hastings & Beattie, 2006). Trees with needle-shaped

leaves (e.g. Callitris) often form dense thickets or have dense

regrowth, while Eucalyptus spp. have a more open crown and

shed leaves under moisture stress (Cohn et al., 2012). These

factors may favour colonization and defensibility by noisy

miners of Eucalyptus-dominated plant communities.

Effects model

The noisy miner indisputably depresses species richness and

abundances of smaller bird species (< 63 g). Sites occupied

by noisy miners had on average 49% fewer small-bird species

than would be present in the absence of miners, with reduc-

tions exceeding 50% in six bioregions, including 66% loss in

south-eastern Queensland. This effect was even clearer for

abundances, with percentage declines being greatest in the

Tasmanian northern midlands (�79%), Brigalow belt south

(�67%) and south-eastern Queensland (�69%). The average

estimated threshold at which the noisy miner had substantial

effects on the abundances of small-bodied birds was

0.64 noisy miners ha�1 (95% CI = [0.07, 1.1]), with a simi-

lar threshold (0.65 [0.01, 2.2]) estimated for effects on small-

bird richness. These values are similar to previously reported

ones for a much smaller subset of sites (350 vs. 2 128 here;

mean = 0.79 noisy miners ha�1, 95% CI = [0.37, 1.24])

(Mac Nally et al., 2012).

The effects of noisy miners have been documented over

a range of locations, biomes and gradients (Loyn, 1987;

Piper & Catterall, 2003; Maron et al., 2011; Kutt et al.,

2012), but our synthesis shows the negative effects on

small-bodied birds are consistent and widespread. The phe-

nomenon has important conservation and management

implications because the effect is at a near-continental

scale, particularly if considered with probable similar

effects induced by the yellow-throated miner Manorina

flavigula (Mac Nally et al., 2014), which occurs over much

of Australia.

We found little evidence for effects of other large nectari-

vores on small nectarivores through mooted interspecific

competition and limited support for adverse effects of nest

predators on small-bodied birds. There were weak negative
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associations between the richness of small-bodied birds and

the density of nest predators in northern bioregions, but

relationships between total abundances or richness of small-

bodied birds and large-bodied birds (nectarivores, insecti-

vores or nest predators) were neutral or sometimes positive.

The influence of the noisy miner on small-bodied birds may

be so prevalent that there is little scope for birds larger than

the noisy miner to much influence patterns of small-bodied

species. Large-bodied nectarivores can dominate nectar-rich

locations and exclude smaller nectarivores in the absence of

noisy miners, but apparently only over several ha (Mac Nally

& Timewell, 2005). Interspecific competition from other nec-

tarivores may not be as intense as that from the group

aggression of noisy miners, and variation in nectarivore spe-

cies may also be due to variation in resources and vegetation

structure (Price et al., 2013).

Seven of the 12 measures of small-bird abundance and

richness were positively associated with mean rainfall. Lower

rainfall depresses richness and abundance of woodland birds

(Stevens & Watson, 2013). However, negative interactions

with increasing densities of noisy miners partially offset five

of those positive relationships with rainfall and apparently

induced declines for another two bird response groups that

did not have relationships with rainfall. These outcomes sug-

gest that the per capita effects of noisy miners are greater on

small-bodied avifauna in wetter locations, so that a given

density of noisy miners causes greater proportional declines

in higher rainfall locations. A possible explanation for greater

proportional declines in wetter locations is that the number

of small birds is uniformly low wherever noisy miners occur,

but that there are more small-bodied birds in wetter loca-

tions in the absence of miners (Hawkins et al., 2005). How-

ever, some response variables had negative rainfall–miner

interactions with no apparent effect of rainfall in the absence

of miners, suggesting that miners tolerated fewer potential

competitors in higher rainfall sites. Similarly, the negative

interaction between foliage cover and noisy miners on abun-

dances of small nectarivores suggests that miners may toler-

ate fewer competitors at sites with high foliage cover. This

result is difficult to explain in the absence of more detailed

local data on nectar supply and foliage density at the

sampled sites.

How well were the two models supported?

Our analyses largely supported the occupancy and effects

models and reinforce the need to treat the increasing preva-

lence and abundance of this native species as a serious con-

servation issue for woodland avifauna, with potential

impacts comparable to land use change and climate change.

Miners had consistently negative effects on small-bodied spe-

cies over a wide range of bioregions, land types and land use

histories. Spatial variation in the net effects of the noisy

miner on small-bodied birds was related to variation in den-

sities of noisy miner and to variation in the per capita effect

of miners when present. Variation in the densities of noisy

miners was attributable to vegetation type (leaf shape), frag-

mentation effects and rainfall patterns, but probably also

reflects local productivity gradients and the length of time

since major landscape conversion occurred. Although there

were positive associations between noisy miner densities and

other large-bodied birds (> 63 g), there was little evidence

that other large birds negatively affected small birds. Thus,

noisy miners seem solely responsible for the disruption of

avifaunas by the selective exclusion of species smaller than

themselves.

Given the demonstrated ecological significance of noisy

miners, there is an ongoing need for a concerted research

effort to resolve some of the remaining uncertainties, partic-

ularly the potential for cascading effects of depleted small-

bird communities on woodland condition, invertebrate com-

munities and tree health. In addition, more detailed studies

are required to resolve how aspects of local vegetation struc-

ture (e.g. shrubs) and productivity (e.g. nectar supply) influ-

ence the density and impacts of noisy miners, and how

interventions to alter or restore vegetation affect noisy

miners and other birds.

Global implications

Much of eastern Australia has undergone accelerating human

pressures that are being experienced in many parts of the

world, principally massive land-use change coupled with cli-

mate change. The former almost certainly has reduced con-

straints on a native species, the noisy miner, which has had

dramatic effects on entire avifaunas, with potentially profound

consequences for ecosystem processes (S�ekercio�glu et al.,

2004). Noisy miner prevalence and density have increased

substantially in recent decades in some bioregions (Maron

et al., 2013; Bennett et al., 2014b). While irruptions of exotic

species rightly have captured much attention (Pimentel et al.,

2005), the effects we outline here for an increasingly prevalent

native species that is a strong interactor complicate manage-

ment decisions, and there are likely to be more instances of

such effects around the world in coming decades.
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species richness to noisy miner density and environmental

predictors.

Table S3 Summary of large-bird (predictor variable) 9 co-

variate interaction effects in hierarchical models relating

small-bird abundance and species richness to large-bird den-

sities and environmental predictors.

Figure S1 Estimated effects of large birds on small bird rich-

ness.

Figure S2 Estimated effects of large birds on abundances of

small birds.

Figure S3 Estimated effects of nest predators on abundances

of small birds plotted against latitude.

BIOSKETCH

The ACEAS noisy miner working group has members from

several state and federal government organizations and

research institutions in eastern Australia and was formed to

develop a synthesis of the anthropogenic and natural factors

contributing to the domination of avifaunas by the noisy

miner and understand the process of noisy miner invasion.

Editor: Alan Andersen

J. R. Thomson et al.
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Chapter 5. Effects of fire and its management 

 

Fire has been a part of the Australian environment for hundreds of thousands of years, 

although its impact probably increased with the arrival of Aboriginal people (Gill et al. 1981; 

Flannery 1994). In pre-European forests, fire was the main agent that occasionally results in 

substantial mortality of trees and shrubs, creating conditions for regrowth in what is 

commonly known as a stand-replacing event. Some foresters have seen their harvesting 

activities as mimicking the effects of severe wildfire. This has some truth, especially in forest 

types such as Mountain Ash (Eucalyptus regnans), but it is not the whole truth, as discussed 

in the Introduction. 

 

Fires are a natural agent of regeneration in eucalypt forests, and it is axiomatic that forest 

plants and animals show many adaptations to living in an environment where severe fires 

occur periodically. Indigenous people adapted in many ways, but recent Eurasian colonists do 

not have such a long history of adaptation. People who live near forests or work and play in 

forests have reason to fear fire, and they demand that the risks of severe fire be reduced. 

Forest authorities round Australia have responded by developing sophisticated systems for 

managing and controlling fire and reducing the extent and damage of severe wildfire. One of 

the tools for fire prevention is to reduce fuel in strategic areas of forest by lighting fires when 

conditions are mild enough for those fires to be controlled. Along with their counterparts in 

rural fire services (Country Fire Authority in Victoria), the forest authorities have developed 

great operational expertise in these areas. However, in recent years they have also been 

expected to answer questions about the effects of fire and the effects of their management 

activities on the ecosystem, including the constituent flora and fauna. The concept of 

Tolerable Fire Interval was devised and estimated for vegetation types in Victoria, based on 

the life-history attributes of constituent plant species (Cheal 2010). The system used to 

classify vegetation into Ecological Vegetation Classes proved to be too fine-scaled for this 

purpose, and a new system was devised that grouped EVCs into broader units known as 

Ecological Vegetation Divisions (EVDs), subsequently refined as Ecological Fire Groups 

(EFGs). 

 

Several initiatives were taken in the 2000s to address these matters, including new research 

and monitoring projects, partly in response to severe bushfires in 2003 and 2006 (Platt et al. 

2012). In February 2009 Victoria suffered its worst bushfires since those of 1939 and 1983, 

with 2029 homes destroyed and 173 people losing their lives. A Royal Commission was held 

into these fires (Teague et al. 2010), which made many recommendations, including more 

planned fuel reduction burns and an upgraded program of ecological research and 

monitoring. Some of the research reported in this chapter has arisen from that program. It was 

recognised that fauna may have different needs from vegetation, related to habitat structure as 

well as floristics (Clarke 2008; Loyn 2012).  One of our responses was to document expert 

knowledge of the habitat needs of fauna species in relation to fire (MacHunter et al. 2009, 

listed by title), using the classification of responses to disturbance that I had developed for 

logging (Kavanagh et al 2004, Chapter 7).   

 

This chapter includes five papers and three reports that address questions about the effects of 

fire on birds and mammals. One paper presents an opportunistic study of the effects of a 

severe and extensive wildfire on birds in East Gippsland (Loyn 1997). It shows that the major 

initial impact was on mobile birds that lost their food supplies, not on less mobile species that 

might have found it hard to escape from the fires. Clearly, birds must either be good escapers 

(mobile species) or have the capacity to remain on-site and find food after events such as fire. 



Most species recovered well over the following three years, and the initial impact in the first 

year was a poor predictor of status after three years. Two supplementary reports describe 

snapshot surveys for systematic experimental work on the effects of fuel-reduction burning 

on birds in the Wombat State Forest, forming part of a multi-disciplinary program 

coordinated by Kevin Tolhurst (Loyn et al. 1992, 2003). Another paper (van der Ree and 

Loyn 2002) presents a rare study of the effects of scale and pattern of previous fires, 

examining edge effects on arboreal mammals across the fire boundary.  

 

A recent paper (Loyn 2012) describes some of the issues involved in planning fire regimes to 

conserve fauna, and it presents a conceptual model for understanding the effects. A 

subsequent paper (Loyn and McNabb 2015) compares the short-term effects of planned burns 

on diurnal birds with the short-term effects of severe bushfire, using data from recent 

snapshot surveys in Wombat State Forest (the planned burning experiment mentioned above) 

and Bunyip State Park (a new opportunistic study of the Black Saturday bushfire). The 

comparison highlights the dramatic short-term effects of severe bushfire, which produced a 

77% reduction in bird abundance on burnt areas (compared with unburnt areas) in the 

following winter. In contrast, the data from Wombat State Forest supported the results of 

previous snapshot surveys in showing that the effects of any of the planned burning 

treatments applied in that experiment produced only small changes in bird abundance, 

affecting relatively few species. This gives encouragement that planned burns can be an 

ecologically safe tool for managing fire, at least when they are conducted in small areas in a 

forest with a history of disturbance, as in this case. Further questions need to be addressed, of 

course, about the effectiveness of planned burns in reducing the risks of wildfire.  

 

The most important overarching questions concern the effects of fire regimes (Gill et al. 

1981; Bradstock et al. 2005; Driscoll et al. 2010), so that decisions can be made about the 

range of fire regimes that we should foster in the landscape, in terms of temporal and spatial 

scales of management to achieve desired results for both the wildlife inhabitants of a forest 

and their human neighbours. The recent studies that I helped develop are designed to provide 

such information (Muir et al. 2015; Leonard et al. 2016; Kelly et al. 2017). The paper by 

Kelly et al. (2017) is included here as an example of the sort of product that I hoped this body 

of work would generate, and further publications are expected. I also initiated a study of 

carbon, biodiversity and wildlife, which I expect will help policy makers give due regard to 

carbon emissions (as well as biodiversity and human safety) in designing strategies for fire 

management. 

 

Papers forming this chapter: 

 

Key papers 

Loyn, R.H. 1997. Effects of an extensive wildfire on birds in far eastern Victoria. Pacific 

Conservation Biology 3: 221–234. 

van der Ree, R. and Loyn, R.H. 2002. The influence of time since fire and distance from fire 

boundary on the distribution and abundance of arboreal marsupials in Eucalyptus 

regnans-dominated forest in the Central Highlands of Victoria. Wildlife Research 29: 

151–158. 

Loyn, R.H. 2012. Vertebrate fauna and fire regimes: a conceptual model to aid fire research 

and management. Proc. Roy. Soc. Vic.124: 20–29.  

Loyn, R.H. and McNabb, E.G. 2015. Bird population responses to wildfire and planned burns 

in the foothill forests of Victoria, Australia. J. Ornithol. in press. doi: 10.1007/s10336-

015-1228-z.  



Kelly, L.T., Haslem, A., Holland, G.J., Leonard, S., MacHunter, J., Bassett, M., Bennett, 

A.F., Bruce, M.J., Clarke, M., Chia, E., Christie, F., Di Stefano, J., Loyn, R., 

McCarthy, M., Pung, A., Robinson, N., Sitters, H., Swan, M. and York, A. 2017. Fire 

regimes and environmental gradients shape vertebrate and plant distributions in 

temperate eucalypt forests. Ecosphere 8(4):e01781. 10.1002/ecs2.1781. 

 

Supplementary papers 

Loyn, R.H., Hewish, M.J. and Considine, M., 1992. Short-term effects of fuel reduction 

burning on bird populations in Wombat State Forest. Chapter 5 in 'Ecological Impacts 

of Fuel Reduction Burning in Dry Sclerophyll Forest : first progress report'. (Eds 

Tolhurst, K. and Flinn, D.). Forest Research Report 349. Department of Conservation 

and Environment, Melbourne. 

Loyn, R.H., Cunningham, R.B. and Donnelly, C. 2003. Effects of repeated low-intensity fire 

on bird abundance in a mixed-eucalypt forest of south-eastern Australia. Fire 

Research Report 62, 33 pp. Arthur Rylah Institute, Heidelberg, for the Department of 

Sustainability & Environment, Victoria. 

 

By title 

Loyn, R.H. 1999. Assessing effects of fire regimes on birds in forest landscapes. Pp. 227–232 

in Proceedings of the Australian Bushfire Conference, Albury, NSW, July 1999. 

MacHunter J, Menkhorst P, Loyn R 2009. Towards a Process for Integrating Vertebrate 

Fauna into Fire Management Planning. Arthur Rylah Institute for Environmental 

Research Technical Report Series 192. Department of Sustainability and Environment, 

Heidelberg, Victoria. 

Macak, P., Bruce, M. and Loyn, R. 2012. Community finding fauna – naturalist groups 

contributing to research on the response of fauna to fire. Natural values fire recovery 

program, Department of Sustainability & Environment, Heidelberg, Victoria. 

Muir, A., MacHunter, J., Bruce, M., Moloney, P., Kyle, G., Stamation, K., Bluff, L., Liu, C., 

Sutter, G., Cheal, D. and Loyn, R. 2015. Effects of fire regimes on biodiversity in 

Gippsland, Victoria: a retrospective approach. Arthur Rylah Institute for Environmental 

Research, Heidelberg, Victoria, for Department of Environment, Land, Water and 

Planning, Melbourne, Victoria. 

Leonard, S., Bruce, M., Christie, F., Di Stefano, J., Haslem, A., Holland, G., Kelly, L., Loyn, 

R., MacHunter, J., Rumpff, L., Bennett, A., Clarke, M. and York, A. 2016. Foothills fire 

and biota. Fire and Adaptive Management Report no. 96. Department of Environment, 

Land, Water & Planning, Melbourne, Victoria. 

 

Other literature cited: 

Bradstock, R., Bedward, M., Gill, A. and Cohn, J. 2005. Which mosaic? A landscape 

ecological approach for evaluating interactions between fire regimes, habitat and 

animals. Wildlife Research 32: 409-423. 

Cheal, D., 2010. Growth stages and tolerable fire intervals for Victoria’s native vegetation 

data sets. Fire and Adaptive Management Report No. 84. Department of Sustainability 

and Environment, East Melbourne, Victoria, Australia. 

Clarke, M.F. 2008.  Catering for the needs of fauna in fire managent: science or just wishful 

thinking?  Wildlife Research 35: 385-394. 

Driscoll, D.A., Lindenmayer, D.B., Bennett, A.F., Bode, M., Bradstock, R.A., Cary, G.J., 

Clarke, M.F., Dexter, N., Fensham, R., Friend, G., Gill, M., James, S., Keith, D.A., 

MacGregor, C., Russell-Smith, J., Salt, D., Watson, J.E.M., Williams, R.J. and York, 



A. 2010. Fire management for biodiversity conservation: key research questions and 

our capacity to answer them. Biological Conservation 143: 1928-1939. 

Flannery, T. 1994. The future eaters. Reed Books, Melbourne. 

Gill, A. M., Groves, R. H. and Noble, R. 1981. Fire and the Australian Biota. Australian 

Academy of Science, Canberra. 

Platt, S.J., Treloar, S. and Friend, G. 2012. Monitoring fire and biodiversity – the fire 

monitoring program of the Department of Sustainability & Environment. Proc. Roy. 

Soc. Vic.124: 91-100. 

 



Effects of an extensive wildfire on birds
in far eastern Victoria

RICHARD H. LOYNI

A major wildfire burned 228400 ha of forest in East Gippsland (Victoria, Australia) in February and March 1983,
including Cooaggalah forest block where flora and fauna studies had just commenced. Bird abundance was assessed on
13 sites immediately before and after the fire, and annually for three years to 1986. The sites represented a range of
habitats including rainforest, heaths and eucalypt forest, all of which burned.

Total bird abundance was reduced to 60% of initial levels by the fire, but recovered within three years. These changes
differed significantly between habitats. Initial decreases were greatest and subsequent recovery least in heaths where most
above-ground vegetation had been killed. Post-fire increases were greatest in rainforest and on granite ridges, and in each
case bird abundance rose to levels substantially higher than before fire. Some changes may have involved recovery from
drought as well as fire.

Changes over time were highly significant for many groups of birds (e.g., honeyeaters), while others showed little
change (e.9., bark-foragers and insectivores that inhabit dense understorey or damp ground below shrubs). Honeyeaters
and seed-eaters suffered the greatest initial declines, and some species in these groups were slow to recover (e.g., New
Holland and Crescent Honeyeaters and Beautiful Firetail), Some species that feed from open ground increased quickly to
levels greater than before fire (Flame and Scarlet Robins, Buff-rumped Thornbill and Superb Fairy-wren), but all except
the latter then declined as shrubs regenerated,

The main loss of birds immediately after the fire was of highly mobile species, and the composition of the remaining
bird fauna appeared to depend on resource availability rather than the capacity of species to survive the fire front. Initral
responses of species to fire were poor predictors of their responses after three years. Hence, the effects of fire should be
considered in terms of habitat changes over several years. Many forest types including rainforest can provide continuing
habitat even when they burn, but populations of mobile birds such as honeyeaters depend on access to alternative habitati
on a broad regional scale.

INTRODUCTION

EuCeIYPT forests have evolved and
expanded in Australia in response to the drying
of the continent over millions of years, and
increased fire frequency which accelerated with
the arrival of Aboriginal people in the last 100 000
years or so (Gill et al. I9Bl). People and lightning
are the main sources of ignition. The present
human inhabitants of Australia place very
different demands on forest ecosystems from
Aboriginal people (..9., as sources of t imber),
and lack their traditional knowledge. Techniques
to manage fire in ecosystems need to be learned
or re-learned. This requires improved under-
standing of the effects of unplanned bushfires as
well as deliberate use of fire.

Most fire research in Australia has been
directed at developing a better understanding of
fire behaviour, and improved methods of control
(Cheney 1995). The main motivation has been to
reduce material and human loss that accompanies
occasional severe bushfires. Studies of ecological
effects are generally less advanced, and have
focused on responses and adaptations of plants
(Gill 1975; Gill et al. l98I), invertebrates (Friend
and Williams 1996) or mammals (Heislers 1974

Recher et al. 1975; Newsome et al. 1975; Catling
and Newsome 1981: Christensen et al. 1981; Suck-
ling and Macfarlane 1984; Christensen and
Abbott 1989; Wardell-Johnson and Nichols 1991;
Friend 1993; Tolhurst 1995a) rather than birds
(Wooller and Calver 1988; Woinarski 1990;
Woinarski and Recher, this volume).

Studies of unplanned bushfires can only be
done retrospectively or opportunistically, and it
is important to consider many such studies to
understand the range of responses under different
conditions. There will be no single definitive
study. This paper reports an opportunistic study
of a major unplanned bushfire in East Gippsland
(far eastern Victoria) which burnt 228 400 ha of
forest from February to March 1983. The study is
unusual in that fauna data had been collected
fortuitously at a large number of sites
immediately before the fire, and the sites
represented an extremely wide range of environ-
ments from rainforest through closed heaths to
dry granitic ridges and slopes. The opportunity
was taken to assess changes in bird abundance
over the next three years, and examine hypotheses
about effects of this large wildfire on birds with
different foraging behaviours or flight abilities.

rArthur Rylah Institute, Department of Natural Resources and Environment, 123 Brown Street, Heidelberg, Victoria, Australia 30g4
PACIFIC CONSERVATION BIOLOGY Vol .  3 :  221-34.  Surrev Beat tv  & Sons.  Svdnev.  1997.
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The study suffers from some of the comrnon
shortcomings of opportunistic research,, including
lack of effective control sites or observations over
many years before the fire.

STUDY AREA

Cooaggalah forest block covers 9 545 ha in
the headwaters of the Thurra River, above the
confluence of its east and west branches 18 km
north-east of Cann River (Fig. 1). Altitudes range
from 210 m in the south-west to 900 m on the
slopes of Mt. Kaye in the north-west. Topography
is steep and complex near Mt. Kaye but otherwise
more simple, with slopes rising to the summit of
Cooaggalah Hil l (780 m) in the central west.
Much of the block overlies Devonian granitic
rocks which are exposed conspicuously on ridges
in the west (S. D. Beams and D. J. Hough 1978,
in l i t t . ) .

Mean annual rainfall in the region is between
1 000 and 1 200 mm, distributed evenly through
the year. Mean maximum and minimum daily
temperatures at Cann River are 19.6"C and7.6'C
respectively. Snow is rare beiow 600 m.

METHODS

Birds were counted at 30 sites in Cooaggalah
forest block, in January 1983, as part of a pre-
logging survey (Loyn et al. 1992). The sites
represented a range of forest communities
including rainforest, closed heath and wet, damp,
and dry eucalypt forest (Table 1). Birds were

Table l. Study site details.

Vegetation Type Number
(and Dominant Species)  of  Si tes Comments

counted by an "area search" method (Loyn 1986),
in which an area of 3 ha was searched f.or 20
minutes, and all birds seen or heard recorded.
Distinctions were made between individuals
judged to be on or off each 3 ha search area, and
birds recorded as off the areas were excluded
from further analysis. Series of area searches
were made at each site, covering different parts
of the same habitat. Usually three searches were
made at each site, but up to fourteen were made
at sites with habitats of special interest (..g.,
rainforest). General observations of birds and
their behaviour and habitat use were rnade
throughout the block.

The Cann River wildfire began about 20 km
west of the Cooaggalah block on 1 February 1983
after three years of dry weather and drought. In
the dry conditions the fire spread rapidly, burning
over 70"/" of Cooaggalah block in the next few
days and 228 400 ha of forest in East Gippsland
over the next six weeks (Fig. 1) despite control
efforts involving 750 people, 720 vehicles, 34
bulldozers and 10 aircraft (D. Read, in l i tt. 1978;
B. Ward, pers. comm.). The fire burnt most
severely in wet gullies because they are rarely
dry enough to burn, and contained high densities
of flammable vegetation. The fire burnt more
patchily on drier slopes which had experienced
series of bushfires and fuel reduction burns over
recent years. In the east of the block, canopy was
destroyed by running cross fire and many trees
died. Elsewhere. surface fire consumed the
understorey and canopy scorch was complete
except on some dry slopes where fuel loads had
treen low.

The opportunity was taken to revisit a sub-
sample of 13 sites three weeks after the fire began,
in mid-February 1983, and count birds as before.
All but two of the survey sites had burned, and it
was hoped that those two would serve as unburnt
controls. Unfortunately, the fire turned back on
itself and the two control sites burned later in
February or early March 1983. The two sites had
already been re-assessed, but their value as
controls was short-lived. Canopy scorch was
n0% at all burnt sites.

The subsample of sites was assessed again in
January/February 1984,1985 and 1986. Nine sites
were assessed on each of the five occasions (1983
pre-and post-fire, and three subsequent years)
(Table 1). The two would-be "controls" were
re-assessed in 1984 and 1985, but not 1986. Two
other sites were assessed on every occasion except
1986 (Table 1). The drought broke in winter 1983,
and weather in subsequent years did not vary
greatly from normal patterns. Observations were
made on all dates of the foods selected by birds,
and the availability of food resources such as
flowering plants.

Warm Temperate
Rainforest
(Acmena smirhii)

Closed Heath
(Melaleuca and
Leptospermum spp.)

Dry Sclerophyll on
Granite Ridges
(E uc a ly p tus mue I le riana)

Dry Sclerophyll Forest
(E. sieberi; E. globoidea,
E.obl iqua)

Damp Scleroph_vl l  Forest
(E. muelleriana)

Wet Sclerophyll Forest
(E. croaji n galon gens is,
Tristania laurina)

Thurra River east
branch and t r ibutary.

Near Thurra River west
branch (1 not assessed
in 1986).

Near Thurra River west
branch (1 not assessed
in  1986) .

Various locations.

(-lonfl uence of' east and
west branches.

Near Thurra River east
branch.

Not burned until after
first "post-fire"
assessment: not
assessed in 1986.

Only assessed twice:
excluded f rom analysis.

( i )
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Fig. 1. Location of Cooaggalah forest block (dense shading), and boundary of 1983 fire (crosses). Some areas within the fire
boundary escaped burning.
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ANALYSIS

Mean numbers of birds per count were
calculated by species for each site on each of the
five occasions, and used as the unit for analysis.
The 13 sites were grouped according to their
dominant vegetation (Table 1).

Species were grouped into feeding guilds on the
basis of observations over many years and know-
ledge of their preferred feeding habitats. Other
groups were defined according to their use of
small or large hollows for nesting, and whether
they were summer visitors to these forests or
generally uncommon in Victoria (Table 2).
Similar groups have been used by Loyn (1985).

Changes in abundance (birds per count) were
plotted over time for various combinations of
species, guilds and site groupings. The data from
1983 to 1985 were fully balanced and analysis of
variance was used to examine effects of habitat,
date (including initial and successional response
to fire) and interactions between habitat and date
(i.e., variations in response to fire between
habitats). The natural logarithm of bird abund-
ance was used in this analysis as it was found
to satisfy the main assumptions required.
Successional trends post-fire from 1983 to 1986
were examined by unbalanced mixed model
analysis, as four of the sites were not assessed in
1986. The quantity considered was the log of the
ratio of abundance on a date to the corresponding
abundance in 1983 before fire. Hence the data
were normalized with respect to initial habitat
differences. The analysis examined effects
of habitat x date interaction (now meaning
variations in rate of recovery between habitats),
habitat adjusted for date, and date adjusted for
habitat. If the ratios differed significantly with
date, an assessment was made of linearity with
time over the three-year period post-fire. These
analyses were conducted for species-groups
indicated in Table 2, which were found on at least
30"/" of site-visits, and for a selection of individual
species. Analyses for individual species are not
presented because the data were often skewed,
with many zero values. Patterns for selected
individual species are described graphically or
verbally.

Comparisons between species were made using
non-parametric Spearman rank correlations as
follows. For the nine sites counted on all five
occasions, mean abundance immediately after fire
was expressed as a ratio of mean abundance
immediately before fire, for each species, as a
measure of "1-month response". Similarly, the
mean abundance in 1986 was expressed as a ratio
of mean abundance immediately before fire, as a
measure of "3-year response". Values for 3-year
and 1-month responses for all species were
plotted against each other and against a number
of characteristics of each species, selected to

indicate their mobility and capacity to escape by
flight. These were provided by the Australian
Bird and Bat Banding Scheme (8. Baker and B.
Dettmann, pers. comm.) and were mean wing-
length and weight (and combinations), and mean
and maximum distances of banding recoveries
from banding sites.

Scientific names of birds mentioned in the text
are presented in Table 2.

RESULTS

1. Changes in abundance of Species, Guilds and
Groups across all sites:

Analysis of variance showed that the log of
total bird abundance varied between habitats
(p : 0.059) and dates (p < 0.00L), and the changes
between dates varied between habitats (p :
0.018). The overall response was a steep decline
in abundance immediately after fire, followed by
recovery over the next three years (Fig. 2). Mean
bird abundance declined initially to 60"/" of its
previous level on burnt sites, with just a marginal
increase (10%) on the two sites that had not yet
burnt. Most groups analysed showed significant
changes over time, but there were three
exceptions. Inspection of data for those three
groups (Fig. 2) showed that canopy insectivores
tended to follow the general pattern of decline
and recovery, but the changes were not significant
(p : 0.26), whereas damp-ground or understorey
insectivores and bark-foragers showed negligible
changes over time (p : 0.80 and 0.90 respec-
tively). These birds continued to forage from
substrates derived from those they had used
previously, including fire-blackened tree-trunks,
charred woody shrubs and ash-strewn bare
ground. Two superb lyrebirds were seen with
scorched tails. The commonest bark-forager
(White-throated Treecreeper) was common on all
occasions, whereas Red-browed Treecreepers
declined to minimum levels in 1985 before
recovering to about 60% of pre-fire levels in 1986
(Fig.  3) .

Statistical analysis showed that abundance
ratios (post-fire:pre-fire) varied with time for
most of the species-groups considered, but not
with habitat. The changes in abundance ratios
over time were most pronounced for honeyeaters
(p < 0.001) which virtually disappeared after the
fire. Observations showed that their main pre-fire
food sources (concentrations of eucalypt or shrub
blossom and some leaf-sucking insects) had been
lost in the fire. Although numbers of honeyeaters
increased each year post-fire, their rate of return
was nonlinear (p : 0.041), with a steeper increase
in the first year than subsequently (Fig. 2). No
other species-group or species showed significant
departure from linearity in the rate of recovery
post-fire. Honeyeaters as a group had recovered
about 60"/" of their former abundance in 1986: three
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Table 2. Species guilds and groups.
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Feeding Guilds

Honeyeaters

Open-ground insectivores

Damp-ground or understorey
insectivores

Birds inhabiting heathy
understorey

Tall-shrub insectivores

Canopy insectivores

Bark-foragers

Carnivores

Large seed-eaters

Small seed-eaters

Fruit-eaters

Other Groups

Large hole-nesters

Small hole-nesters

Summer migrants

Diurnal birds that are
uncommon in Victoria;
(fewer than 850 records in
Emison et al. (1987))

Red Wattlebird Anthochaera carunculata, Bell Miner Manorina melanophrys, Lewin's
Honeyeater Meliphaga lewinii [which eats fruit as well as nectar and insects], Yellow-faced
Honeyeater Lichenostomus chrysops, White-eared Honeyeater L. leucotis [which also forages
from bark], Brown-headed Honeye ater Melithreptus brevirosrris [which also forages from bark],
White-naped Honeyeater M. lunatus, Crescent Honeyeater Phylidonyris pyrrhoptera, New
Holland Honeyeater P. novaehollandiae and Eastern Spinebill Acanthorhynchus tenuirostris
[plus some others less commonly]. [Nectar-feeding parrots were scarce or absent on all visits.]

Spotted Quail-thrush Cinclosoma punctatum, Buff-rumped Thornbill Acanthiza reguloides,
Superb Fairy-wren Malurus cyaneus, Scarlet Robin Petroica multicolor, Flame Robin Petroica
phoenicea and Australian Magpie Gymnorhina tibicen.

Olive Whistler Pachycephala olivacea, White-browed Scrubwren Sericornis frontali.r, Pilotbird
Pycnoptilus floccosus, Superb Lyrebird Menura novaehollandiae, Pink Robin Petroica
rodinogaster, Eastern Yellow Robin Eopsaltria australis, Eastern Whipbird Psophodes olivaceus,
Bassian Thrush Zoothera lunulata, Common Blackbird Turdus merula, Grey Currawong
Strepera versicolor.

Southern Emu-wren Stipiturus malachurus, New Holland Honeyeater Phylidonyris
novaehollandiae, Beautiful Firetail Stagonopleura bella [i.e. , specialists only].

Fan-tailed Cuckoo Cscomantis flabellifurmis, Rufous Fantail Rhipidura rufifrons, Rose Robin
Petroica rosea, Golden Whistler Pachycephala pectoralis, Brown Gerygone Gerygone mouki,
Brown Thornbill Acanthiza pusilla, Large-billed Scrubwren Sericornis magnirostris.

Shining Bronze-Cuckoo Chrysococcyx lucidus, Grey Fantall Rhipidura fuliginosa, Satin
Flycatcher Myiagra cyanoleuca, Black-faced Monarch Monarcha melanopsis, Rufous Whistler
P achy cep hala rufiv e ntris, Grey Shrike-thru sh Colluricincla harmonic a, Black-faced
Cuckoo-shrike Coracina novaehollandiae, Cicadabird Coracina tenuirostris, Striated Thornbill
Acanthiza lineata, Spotted Pardalote Pardalotus punctatus, Striated Pardalote Pardalotus striatus
and Olive-backed Oriole Oriolus segittatus.

Crested Shrike-tit Falcunculus frontatus, Varied Sittella Daphoenositta chrysoptera, White-
throated Treecreeper Cormobates leucophaeus, Red-browed Treecreeper Climacteris erythrops,
but excluding honeyeaters and Large-bil led Scrubwren Sericornis magnirostris which sometimes
also forage in this way.

Square-tailed Kite Lophoictinia isura, Brown Goshawk Accipiter fasciatus, Brown Falcon Falco
berigora, Peregrine Falcon F. peregrinus, Nankeen Kestrel F. cenchroides, Powerful Owl Nlnox
strenua, Southern Boobook N. novaeseelandiae, Sooty Owl Tyto tenebricosa, Laughing
Kookaburra Dacelo novaeguinece, Sacred Kingfisher Todirhamphlts sanctLts, Pied Currawong
Strepera graculina, Grey Currawong S. versicolor, Grey Butcherbird Cracticus torquatus and
Australian Raven Corvus coronoides. Group not analysed as recorded on fewer than 30% of
site visits,

Yellow-tailed Black-Cockatoo Calyptorhynchus funereas, Gang-gang Cockato o Callocephalon
fimbriatum, Crimson Rosella. Group not analysed as it is a subset of "large hole-nesters".
[Seed-eating pigeons were scarce on all visits.]

Beautiful Firetail Stagonopleura bella, Red-browed Finch Neochmia temporalis. Group not
analysed as recorded on fewer than 30% of site visits.

Wonga Pigeon Leucosarcia melanoleuca, Australian King-Parrot, Mistletoebird Dicaeum
hirundinaceum, Silvereye Zosterops lateralis, Lewins Honeyeater Meliphaga lewinii and Satin
Bowerbird Ptilonorhynchus violaceas. Group not analysed as recorded on fewer than 30'/" of
site visits.

Yellow-tailed Black-Cockatoo Calyptorhynchus funerezs, Gang-gang Cockato o Callocephalon
fimbriatum, Australian King-Parrot Alisterus scapularis, Crimson Rosella Platycercus elegans,
Laughing Kookaburra Dacelo novaeguineae.

Sacred Kingfisher Todiramphus sanctus, Tree Martin Hirundo nigricans, Treecreepers, Striated
Pardalote Pardalotus striatus. Group not analysed as it is dominated by treecreepers, analysed
as "bark-foragers".

White-throated Nightjar Eurostopodus mystacalis, Sacred Kingfisher Todiramphus sanctlts,
Cuckoos, Tree-Martin Hirundo nigricans, Rufous Fantail Rhipidura rufifrons, Satin Flycatcher
Myiagra cyanoleuca, Black-faced Monarch, Flame Robin Petroica phoenicea, Rose Robin P.
rosea, Rufous Whistler Pachycephala rufiventris, Black-faced Cuckoo-shrike Coracma
novaehollandiae, Cicadabird Coracina tenuiroslrls and Olive-backed Oriole Oriolus sapittatus.
[Swifts were not included as far overhead.]

Square-tailed Kite Lophoictinia isura, Peregrine Falcon Falco peregrinus, Brush Bronzwing
Phaps chalcoptera, Wonga Pigeon Leucosarcia melanoleuca, Red-browed Treecreeper
Climacteris erythrops, Rose Robin Petroica rosea, Pink Robin P. rodinogasrer, Spotied Quail-
thrush Cinclosoma punctatum, Olive Whistler Pachycephala olivacea, Black-faced Monarch
Monarcha melanopsis, Cicadabird Coracina tenuirostris, Brown Gerygone Gerygone mouki,
Large-billed Scrubwren Sericornis magnirostris, Southern Emu-wren Stipiturus malachurus,
Chestnut-rumped Heathwren Hylacola pyrrhopygic, Lewins Honeyeater Meliphaga lewinii,
Beautiful Firetail Stagonopleura bella, and Satin Bowerbird Ptilonorhynchus violiceus.
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Fig. 2. Abundance of selected bird groups over time across all burnt sites, Cooaggalah forest block, 1983-86 (birds per
count). Data are also shown for two "unburnt sites" which burned later in 1983 (top left graph).
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Fig. 3. Abundance of selected bird species over time across all burnt sites, Cooaggalah forest block, 1983-86 (birds per
count).
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species had recovered fully (Yellow-faced and
Lewin's Honeyeater and Eastern Spinebill)
whereas two species remained scarce (Crescent
and New Holland Honeyeaters, which were initially
common in heathland and heathy forest where
they fed from blossoms of Messmate E. obliqua,
Brown Stringybark E. baxteri and heathland
plants such as Tea-tree Leptospermum spp. and
Scented Paperbark Melaleuca squarrosa). Crescent
Honeyeaters generally occupied different habitats
in 1986 (rainforest and wet sclerophyll forest),
and were rare in intervening years. There was a
significant effect of habitat on recovery rate for
crescent honeyeaters, and not for other species
tested.

Birds that feed from open ground increased in
number on each assessment (Fig. 2), and the
changes over time were significant (p : 0.002).
The increases were temporary for some species in
the group (Flame and Scarlet Robin and Buff-
rumped Thornbill), which then declined to pre-
fire levels in 1986. Superb Fairy-wrens were the
commonest species ii1 this group, and they con-
tinued to increase throughout the three-year
period, reaching levels greater than before fire
(Fig. 3). They favoured areas of open ground with
access to shrubs for cover, and thrived after fire
in all habitats including heaths and rainforest
where they were able to exploit the low shrub
regrowth that developed when the canopy was
opened. They had previously been absent from
heaths and rainforest, except on the open edges
of the heaths. However,, there was no interaction
between habitat and rate of recovery for the
group as a whol" (p : 0.92), indicating that any
occupation of new habitat was less important than
the overall change in numbers over time. Among
other species in the group, Flame Robins als5
established territories and bred in burnt rainforest
and other wet forest sites where they had previously
been absent. Scarlet Robins moved into burnt
areas immediately after the fire, and Flame
Robins and Buff-rumped Thornbills were
common a year later (Fig. 3). All three species
then declined as shrub regrowth reduced avail-
ability of open ground.

Understorey insectivores showed litt le change
in numbers over time (Fig. 2). However, the three
species in the specialist group of birds that inhabit
heathy understorey declined steeply with fire and
remained at low levels (Fig. 2). This was mainly
due to the disappearance of New Holland Honey-
eaters which were numerically dominant before
the fire. Southern Emu-wrens were common in
heaths and some other sites before the fire, but
rare subsequently, although some had returned
by 1985. Beautiful Firetails were initially found in
a range of habitats with heathy understorey and
in some damp and wet forest. Numbers were
greatly reduced by fire, and continued to decline
to a minimum in 198a (Fig. 3). Some bred in heathy

forest in 1986, although they were still absent
from closed heaths where none of the orisinal
vegetation remained alive. There was a signifilant
interaction between habitat and time in recovery
rate for Beautiful Firetails, not observed for any
other species tested.

Insectivores that feed from tall shrubs showed
a similar pattern of decline and recovery to that
for birds generally, and changes over time were
significant (p : 0.03). They continued to obtain
food from scorched foliage and among burnt
shrub branches, and only vacated those areas
where no such substrates remained. One shrub-
feeding species, the Black-faced Monarch, was
seen feeding recent fledglings which must have
been in the nest during the fire, in a severely burnt
gully. Canopy insectivores also continued to
obtain food from scorched foliage. A year after
the fire, there was a plentiful supply of food for
both groups of birds in regenerating shrubs, and
in the new epicormic growth on surviving trees
(including eucalypts, and Lil ly-pil ly trees Acmena
smithii in the rainforest) (pers. obs.). Eucalypt
canopy species, such as Satin Flycatcher,
appeared substantially commoner in 1986 than at
other times.

Large hole-nesters declined after f ire (to less
than 30% of pre-fire levels), remained scarce unti l
1985, and then increased to pre-fire levels in 1986.
This increase was evident for Crimson Rosella
and Yellow-tailed Black-Cockatoo, but not for
Gang-gang Cockatoo which remained uncommon.
The changes over time were significant (p :
0.002). Most of these birds were seed-eaters, in
contrast to the small hole-nesters which were
dominated by insectivorous bark-foraging tree-
creepers and showed litt le change over time.
Summer migrants showed a similar pattern of
decline and recovery to that for birds generally;
changes over time were significant (p : 0.008)
and varied between habitats (p : 0.02).

Inspection of data suggested some patterns of
interest among other groups of birds, although
numbers involved were too low to warrant statis-
tical analysis. Resident carnivores such as curra-
wongs showed only small changes in abundance
over time, although Laughing Kookaburras were
most numerous in 1984 and 1985 when there was
plenty of open ground, and least numerous in
1986. During and after the fire there was a small
influx of birds of prey, including Brown Goshawk
and two species that were not seen on other
occasions (Nankeen Kestrel and Brown Falcon).
One uncommon bird of prey, the Square-tailed
Kite, was observed before the fire and not sub-
sequently. Large and small seed-eaters declined
init ially and remained uncommon until 1985, and
some species increased markedly between then
and 1986 (e.g., Red-browed Finch, Fig. 3, and
larger hole-nesting species discussed above).
Fruit-eaters declined and then increased to a
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maximum in 1985, well above initial levels. This
was mainly due to increasing numbers of Satin
Bowerbirds, Lewin's Honeyeaters and Silvereyes
in the rainforest sites. Species that are uncommon
in Victoria showed a similar trend to that for total
bird abundance (Fig. 2).

Many of the birds which declined most after
fire were honeyeaters and other mobile species of
similar size. Immediately after fire the bird popu-
lation was dominated by smaller or weaker-flying
birds such as thornbills, scrubwrens and tree-
creepers. Non-parametric analysis revealed a
weak inverse correlation between the three-year
response and wing length (r : -0.29, p : 0.034),
but no other correlations tested were significant
(p < 0.05). The three-year responses showed no
significant relationship with one-month responses
( r : 0 . 2 I , p : 0 . 1 1 ) .

2. Changes in total bird abundance in each
vegetation community:

Successional patterns differed between the
vegetation communities represented (p : 0.02 for

totol birds

habitat x time interaction by analysis of variance
on log of total bird abundance), although most
showed an initial decline in abundance followed
by complete or partial recovery over time. The
recovery was particularly pronounced in rain-
forest, where pre-fire levels were reached after
one year, and exceeded by about 30"/" after two
years despite a 50"/" decline immediately after
fire. In granite outcrop forest on dry ridges, an
insignificant decline immediately after fire was
followed by a gradual increase over the next three
years, to levels twice as high as before fire (Fig. 4).

Closed heaths showed the poorest recovery
after fire. Before the fire they were dominated by
New Holland and Crescent Honeyeaters, which
were feeding among the flowering shrubs, but
those species did not return during the three
years. One site consisted of a patch of closed
heath with no intruding eucalypts, and total bird
abundance declined to about 70"h immediately
after fire and 30% one year later, with negligible
recovery over the next three years (Fig. 4). Many
insectivores were still able to forage in the fire-
killed scrub immediately after fire, but less use

8J-pst 84-post 8S-post 86-post

doie

Fig. 5. Models of recovery rates of total bird abundance in five vegetation communities, using
unbalanced mixed model analysis of log (abundance/pre-fire abundance). Lines show
adjusted mean values for recovery rates in rainforest (rainfrst), heath, dry sclerophyll
forest on granite ridges (granite), dry sclerophyll forest (dryscl), damp sclerophyll
forest (dampscl), wet sclerophyll forest (wetscl) and the two sites in wet sclerophyll
forest that escaped burning before the first post-fire assessment but burnt subsequently
(wetscl B) (Table 1).
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was made of it subsequently. The other heath site
was more complex, with emergent eucalypts as
well as areas of dense Banksia, Hakea and
Melaleuca scrub. Bird abundance fluctuated as
flocks of insectivorous birds made variable use of
the emergent eucalypts. Numbers of birds in the
heathy understorey remained low. A granite out-
crop close to this site was occupied by two
uncommon species in 1986 (three years after fire):
Chestnut-rumped Heathwren and White-throated
Nightjar, the latter nesting on the bare granite.

Recovery in bird abundance was slower in dry
forest than in damp forest which followed a similar
pattern to the overall mean, or wet forest where
pre-fire levels were exceeded after three years
(Fig. 4). Models for recovery over time in each
habitat are shown in Figure 5, based on unbalanced
mixed model analvsis.

DISCUSSION

Similar successional patterns have been
reported elsewhere in temperate Australian
eucalypt forests, with initial declines in bird
abundance followed by recovery over a few years
(Catling and Newsome 1981; Christensen et al.
1981, 1985; Hewish 1983; Recher et  a l .  1985;
Reil ly 1991a,b). Rainforests are less adapted to
fire (Kemp 1981) and a slower recovery might be
expected, but in this study the reverse was found
to be the case. On the other hand, heathlands are
generally considered as fire-adapted, and inverte-
brate populations in Western Australian heath-
lands are relatively resilient to fire (Friend and
Williams 1996), but in this study heathland birds
were particularly slow to recover. Slow recovery
of heathland species was also observed bv Recher
et al. (1985) and Reil ly (1991a). This shows that
generalizations about fire adaptations may not
help predict species response to a particular fire
event, and vice versa.

The different results for heaths and rainforest
can be interpreted in terms of effects of fire on
vegetation. The dominant feature of the heaths
was a dense scrub of tea-tree and paperbark. The
above-ground parts of these shrubs were killed by
the fire. Regeneration occurred almost entirely
by sprouting from below-ground lignotubers, and
possibly also from seed. The regrowth was dense,
but did not appear to offer a productive food
source within three years, especially for honey-
eaters and seed-eaters. In contrast, the physical
structure of the rainforest survived the fire, and
even the "fire-sensitive" Lilly-pilly trees began
sprouting from epicormic shoots throughout the
canopy. All the rainforest habitat elements used
by birds remained available in greater or lesser
amount over subsequent years, and all bird
species associated with rainforest remained
present. The admission of light allowed a profuse
growth of shrubs which were formerly absent, and
these included at least one fruit-bearing species

(Solanum vescum) which was used by fruit-eating
birds. Plant succession in the two rainforest sites
has been described by D. Cameron (in Loyn et al.
1992, and pers. comm.) and plant succession at a
larger rainforest site burnt in the same fire was
described by Chesterfield et al. (1990). Maximum
fruit production by S. vescum occurred two years
after the fire, coinciding with maximum numbers
of fruit-eating birds. Of the less common birds
found in the rainforest at Cooaggalah, at least
one of a pair of Sooty Owls remained on-site,,
although pellet analysis showed that its diet
changed from a wide range of arboreal and scan-
sorial mammals, to a diet dominated by Bush
Rats Rarrus fuscipes (Loyn et al. 1986).

The general increase in bird abundance on
granite ridges, and in other eucalypt forest after
an init ial decline, corresponded with dense
regrowth of shrub vegetation in many places
(pers. obs.), stimulated by the intense fire and
winter rains. Many of the dry ridges and slopes
were devoid of shrubs before the fire, perhaps
because of the combined effects of drought and
fuel reduction burning over previous years. It is
possible that effects of drought had been more
intense on well-drained granite ridges than
elsewhere, depleting init ial populations. Rain-
forest birds may also have suffered greatly
because of their adaptations to mesic environ-
ments. Smith (1989) concluded that gull ies were
major refuges for birds during drought and fire in
southern New South Wales. The present study
affirms that gullies are important refuges for gully
birds, even when the gull ies burn. But birds did
not suddenly occur in alien habitats after f ire, and
gullies did not provide refuge for birds such as
heathland species that were not present in those
gullies before fire.

The high survival and apparent increase of
canopy insectivores may be explained by the flush
of new epicormic growth, which often attracts
infestations of leaf-sucking insects such as psyllids
(R. Loyn, pers.  obs.) .  The relat ively muted
response of bark-foragers may indicate a resili-
ence of bark-dwelling invertebrate fauna to fire:
invertebrate populations may have remained well
protected in wood and under bark. However,
even cool fires can have a substantial impact on
bark thickness (Tolhurst 1995b)', and this may
have reduced food supplies for Red-browed
Treecreepers which specialize at probing under
deeply fissured or decorticating bark (Noske 1985).

Reil ly (1991a) identif ied three patterns of
species response to severe fire in heathy eucalypt
forests of southwestern Victoria: little change,
decline and recovery, and temporary increase
followed by decline. All were also observed in
East Gippsland, and the second pattern was
dominant in both studies. In neither study was
there a major influx of birds attracted to the fire-
front as occurs in tropical Australia (Braithwaite
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and Estbergs 1987), although a few birds of prey
took advantage of the open conditions.

At least one variation on these patterns was
evident in East Gippsland. Superb Fairy-wrens
continued to increase for three years after fire
(Fig. 3). Their numbers would be expected to
decline subsequently as habitats regained more of
their pre-fire character,, with canopy closure in
rainforest and heaths (eliminating open-ground
foraging sites) and changes in the mosaic of
shrubs and open ground elsewhere. Several
species in the guild of insectivores that feed from
open ground (e.g., robins and Buff-rumped
Thornbill) make less use of shrub cover than do
the fairy-wrens, and numbers declined within the
three year period in accord with Reilly's third
pattern. This pattern has been well documented
for robins (Stokes 1975; Loyn 1985; Reilly I99Ia,b;
Robinson 1992). They apparently benefited from
the fire through their marked initial increase, but
only in the short term. This observation, and the
lack of significant correlation between immediate
(one-month) and three-year response of bird
species to fire, shows the importance of consider-
ing habitat changes over more than the short term.

A few species apparently declined to minimum
levels a year after the fire before recovering at
varying rates. These included Red-browed Tree-
creeper and Beautiful Firetail (Fig. 3) and Superb
Lyrebird. This could suggest that numbers were
determined by post-fire conditions over several
months (e.9., reduced food and cover or
increased predation) rather than by high mortality
in the fire or lack of resources immediately after-
wards. This would accord with models developed
by Brooker and Brooker (1994) for southwestern
Australia, which identified predation in the
months after fire as a main effect of fire on nests
of fairy-wrens. However, the apparent decreases
between 1983 (post-fire) and 1984 were not
significant, and the vast majority of species
increased in number during this period. The main
reduction in bird abundance occurred in the first
month.

The biggest initial decreases in abundance were
observed among the most mobile birds such as
honeyeaters. They were well adapted to avoiding
immediate death in the flames or smoke by flight,
but their food resources (especially nectar) were
virtually eliminated. Less mobile birds such as
thornbills, scrubwrens, treecreepers and lyrebirds
remained alive on-site in high numbers, and if
they were able to avoid immediate death by fire,
the more mobile species were surely able io do
so. High survival rates have been shown for
banded birds after fires in southeastern and south-
western Australia (e.g., Cowley 7971; Rowley
and Brooker 1987; Brooker and Rowley 1991).
There must be substantial mortality of many
species in a major fire such as this, and this has
been documented throush counts of dead birds

picked up on beaches after the 1983 fires (Pescott
1983; Wegener 1984). However, the birds that
remained were not those most able to escape the
flames, and resource availability seems to be more
important than escape ability in determining the
composition of the bird fauna after fire. Only a
few species continued to decline in number in the
year after the fire (as discussed above), suggesting
that there were adequate resources for most
species that remained. This suggests an evolutionary
history of adaptation to fire-prone environments.
Species exploiting ephemeral or patchy food
supplies need to be mobile and have intrinsic
capacity to escape fire by flight: fire may be one
of many factors that make those food supplies
ephemeral or patchy. Conversely, weak-flying
species can only survive where food supplies are
resilient to major disturbance such as bushfire, or
in habitats where such disturbance does not
occur. This has implications for conservation of
rare weak-flying species such as scrub-birds
Atrichornls spp. (Smith 1977,, 1985; Ferrier 1985).

Results from the two would-be control sites
suggest that nearby unburnt forest has limited
capacity to absorb displaced birds, as the increase
observed there was only smal l  (10%). Hence any
dispersal of displaced birds must have occurred
over a wide area.It is unfortunate that no control
sites remained in later years' ' because they could
have helped distinguish effects of recovery from
drought and fire. Pre-fire bird abundances of
different species may have been reduced by
drought, or inflated if drought had stimulated
flowering or concentrated birds in the vicinity of
permanent water. Flowering of eucalypts and
other species is known to be stimulated both by
drought and by fire. In southern New South
Wales in the same dry period, Smith (1989) found
that honeyeaters increased greatly after bushfire,
because of prolific flowering which he suggested
may have been related to the fires. It is possible
that the high honeyeater abundance before fire in
East Gippsland was drought-induced, and the
subsequent decline would have occurred regard-
less of the fire, even if less abruptly. Regardless
of the mechanism, it appears that honeyeater
populations depend on ephemeral flushes of
resources on scales of tens of kilometres in south-
eastern Australia. This is demonstrated by the
present study as the honeyeaters displaced by this
fire would only have survived if they were able to
find alternative resources beyond the extensive
fire boundary. This is a crucial point to consider
in conservation planning for the region.
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Abstract. The impact of time since fire after two consecutive wildfires 44 years apart (1939 and 1983) within the
same area, and the distance from the fire boundary (<100 m or 500–2000 m), were investigated in relation to the
distribution and abundance of arboreal marsupials in 1994. Arboreal marsupials were censused by stagwatching and
spotlighting in two relatively young age classes of mountain ash (Eucalyptus regnans) dominated forest in the
Central Highlands of Victoria. Five species of arboreal marsupial were detected, but only three were detected in
sufficient numbers to determine habitat preferences. Petauroides volans (greater glider) was statistically more
abundant in 1939 regrowth forests, while Trichosurus caninus (mountain brushtail possum) showed no significant
preference for either age class of forest. All but one record of Gymnobelideus leadbeateri (Leadbeater’s possum)
came from young forest, though the effect of age-class was not statistically significant. Distance from fire boundary
explained little or no variation in mammal distribution or abundance. While the actual number of hollow-bearing
trees was similar in both age classes of forest, the long-term lifespan of hollow-bearing trees in more recently burnt
forest is predicted to be lower than in unburnt or not recently burnt forest. Post-fire salvage logging following the
1983 wildfires appears to have reduced the number of hollow-bearing trees at sites burnt in 1983.
Tim e si nce f i re and abundance of  ar bor eal  mar supial sR. van der  Ree and R. H. LoynWR98055

Introduction

Fire regime, consisting of fire frequency, fire intensity, and
season, is an important influence on the floristics and
structure of most vegetation communities in Australia (Gill
et al. 1981). The wet sclerophyll forests of Victoria’s Central
Highlands are no exception, and much of the natural floristic
and structural variation within these forests can be attributed
to past fire frequency and intensity (Ashton 1976; Ough and
Ross 1992). Disturbance is required to initiate regeneration
of overstorey species within montane ash forests and,
historically, wildfire has been the major agent of
perturbation. Increasingly, timber harvesting by clearfelling
methods is converting areas of forest into a mosaic of
relatively small, even-aged patches. Recent debate has
centred around the definition of natural disturbance regimes
(see Attiwill 1994; Lindenmayer 1995), and whether these
natural regimes can be successfully mimicked by timber
harvesting operations (Lindenmayer et al. 1990a).

Eucalyptus regnans is the dominant overstorey species in
the wet sclerophyll forests of the Central Highlands, with

Eucalyptus nitens (shining gum) and Eucalyptus
delegatensis (alpine ash) occurring less frequently. Because
these species are thin-barked and easily killed by a hot fire,
the subsequent regeneration following a high-intensity
wildfire is typically even aged, though multi-aged stands
often develop after fires of lower intensity (Ashton 1976).
The frequency of fire is also important, as fires more
frequent than the time required to set seed may result in the
elimination of the ash species, or, at the other extreme, fire
intervals longer than approximately 400 years may allow wet
sclerophyll forest to develop into cool temperate rainforest
(Ashton 1981). Moreover, a wildfire of the same proportions
(i.e. season, intensity) in different age classes of forests such
as old growth (sensu Scotts 1991) and relatively young (<50
years old) E. regnans forest, is likely to have very different
impacts upon the long-term suitability of the habitat for
fauna (Lindenmayer and Possingham 1994). 

In this century, extensive high-intensity wildfires
occurred in the Central Highlands of Victoria in 1939 (Black
Friday) and 1983 (Ash Wednesday). This provides an
opportunity to examine the post-fire succession of fauna at
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relatively short intervals since these fires occurred within the
same geographic region, by comparing the two age classes of
forest resulting from them. The 1939 wildfires were the most
widespread fires in recent history in Victoria and burnt
approximately 65% of the Central Highlands (Noble 1977),
converting predominantly old-growth forest into younger
regenerating forest. In 1983, 44 500 ha of the Central
Highlands (including 11 765 ha of E. regnans forest) was
burnt (Rawson et al. 1983), including some areas of forest
that regenerated following the 1939 wildfires. Salvage
logging, where fire-damaged stems of economic value are
harvested, was undertaken after both wildfires, albeit using
different techniques and at different intensities. Following
the 1939 fires, harvesting was widespread but selective, as
demonstrated by large-diameter cut stumps still visible
today; whereas after the 1983 fires, salvage logging involved
a process similar to the clearfell logging practised today
(Smith and Woodgate 1985; McHugh 1991). 

This study investigates the impact of time since fire after
two high-intensity wildfires, by surveying the distribution
and abundance of arboreal marsupials in 54- and 11-year-old
regrowth forest. The extent of the fires and resulting
regrowth also provide an opportunity to investigate
recolonisation patterns of fauna into the 1983 regrowth at
different distances from the fire boundary. This extends
similar work conducted across edges of logged coupes in
1939 regrowth and old-growth forest (Nelson et al. 1996). In
the present study, examination of edge effects over a greater
range of distances into young forest was possible because
coupe size limitations (CFL 1989; CNR 1995) encountered
by Nelson et al. (1996) did not apply in this study. Within the
1983 fire regrowth, it was possible to select sites up to 2 km
from older forest, and to assess the degree to which arboreal
mammals had recolonised these sites in the 11 years since
fire.

Methods

Study area and site selection

The was study carried out within the Yarra and Latrobe State Forests in
the Central Highlands of Victoria, located approximately 60 km east of
Melbourne.

While the area is dominated by montane ash species, small areas of
cool temperate rainforest are present in some of the gully systems and

other sheltered sites (Mueck 1990; Ough and Ross 1992). A
mid-stratum of Acacia species (e.g. A. melanoxylon, A. dealbata,
A. obliquinerva, and A. frigescens) overtops an often very dense shrub
layer (including Bedfordia arborescens, Pomaderris aspera and
Olearia argophylla). The ground layer is generally sparse, but dense
thickets of smaller shrubs and Tetrarrhena juncea may develop. Tree
ferns (Dicksonia antarctica, Cyathea australis) and ground ferns
(especially Polystichum proliferum and Blechnum wattsii) form a major
component of the understorey vegetation, particularly in older stands
(Ashton 1981; Mueck 1990; Ough and Ross 1992). 

Information on the spatial effects of the 1983 wildfire on stand
structure was obtained from maps prepared by Smith and Woodgate
(1985), which categorised these effects into seven damage classes
(Table 1), using satellite imagery and aerial photography. Areas
corresponding to Damage Classes 1 and 2 (100% crown burn and 100%
crown scorch), experienced the death of almost 100% of the overstorey,
and these were used as study sites for 1983 regrowth. All sites in 1983
regrowth were also burnt in 1939. Category 3 represented burnt forest
with >75% crown scorch, which was found to be the approximate
boundary between broad-scale death or survival of overstorey trees (R.
van der Ree, unpublished). Areas subjected to a lower-intensity fire
(Categories 4–6), or completely unburnt (Category 7), were selected as
1939 regrowth sites, because even though the understorey may have
been burnt, the E. regnans overstorey showed negligible levels of
mortality. The line demarcating the boundary between Categories 3 and
4 was defined as the 1983 fire boundary, from which the distance of
study sites from the fire boundary was calculated from maps.

Sixteen study sites, each of 3 ha, were selected from fire-damage
maps (Smith and Woodgate 1985), based on the following study design:

(1) four sites in 1983 regrowth far from the fire boundary (>500 m),
(2) four sites in 1983 regrowth close to the fire boundary (<100 m),
(3) four sites in 1939 regrowth close to the fire boundary (<100 m),
(4) four sites in 1939 regrowth far from the fire boundary (>500 m).

All of the 1939 study sites (n = 8) had been salvage logged shortly
after the 1939 fires as evidenced by the presence of large-diameter cut
stumps. Four of the eight 1983 regrowth sites (two close and two far
from the fire boundary) had been salvage logged shortly after the 1983
wildfires (Department of Natural Resources and Environment, Forest
Coupe Maps, Powelltown). The 1983 regrowth sites were selected in
broad areas burnt at the greatest intensity, to reduce the likelihood that
small, unburnt patches within the overall burnt area may have existed
and provided colonists for recolonisation of burnt areas. Sites were
selected close to forest tracks to allow spotlighting.

Census techniques

Arboreal marsupials were censused by stagwatching (observers
positioned under hollow-bearing trees count animals as they emerged
from hollows at dusk) (Seebeck et al. 1983; Smith et al. 1989). The
presence or absence and number of arboreal marsupials at each tree

Table 1. Damage classes identified by Smith and Woodgate (1985) used to select study sites

Damage 
Class

Type of damage Crown damage 
(%)

Description

1 Crown burn 100 All leaves completely burnt – the most intense fire category.
2 Crown scorch 100 All leaves killed (scorched) but crowns remain intact.
3 Crown scorch 75–99 More than 75% of leaves within tree crowns killed (scorched).
4 Crown scorch 50–74 Between 50 and 74% of leaves within crown killed (scorched).
5 Undergrowth severely burnt 1–49 Less than 50% of leaves killed. Tree bole scorched to one third of tree height.
6 Undergrowth lightly burnt 0 Tree bole lightly scorched, no leaves damaged, understorey vegetation lightly burnt.
7 Unburnt 0 No fire in these stands
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surveyed were recorded. Of the 122 hollow-bearing trees identified at
the 16 study sites, 88 were surveyed by stagwatching. The proportion of
trees actually surveyed at each site ranged between 50% and 100%
depending on availability of volunteer observers. When it was
impossible to stagwatch every hollow-bearing tree at a site, trees for
survey were selected at random. At some sites, stagwatching was
undertaken over two or three consecutive evenings.

Spotlighting, using a 75-W hand-held spotlight, progressed at a
speed of approximately 10 m per minute along forest tracks that passed
through the same 3-ha sites as those surveyed by stagwatching. A
period of about 5-min duration at each site was spent listening for calls
and movements. Spotlighting surveys commenced approximately 1 h
after dusk, and continued until approximately 2300 hours. Three
spotlighting sessions were conducted at each site between March and
July 1994.

Habitat assessment

The height, girth at breast height and location of all hollow-bearing
trees within each 3-ha study site were recorded. Initially, height was
measured with a clinometer, but later was estimated subjectively and
periodically measured with a clinometer to verify accuracy. Each
hollow-bearing tree was also classified by height and shape according
to the scheme developed by Smith and Lindenmayer (1988), which
places all hollow-bearing trees on a continuum from living, intact
hollow-bearing trees (Form 1) to dead trees in the most advanced state
of decay and collapse (Form 7).

Statistical analysis

Spotlighting results were converted to the mean number of individuals
observed per spotlighting hour. Stagwatching results at each site were
converted to the number of individuals seen per hollow-bearing tree
stagwatched, compensating for variation in stagwatching effort at each
site. This rate was scaled up to the number of individuals per 3-ha site
by multiplying the number of individuals per tree by the number of
hollow-bearing trees per site.

A two-factor analysis of variance was performed to test the effects
of forest age and distance from the fire boundary on abundance of
mammals and hollow-bearing trees. Spotlighting and stagwatching
results were analysed separately because of differences in sampling
intensity and measures of abundance between the two techniques. 

Abundance data were transformed to satisfy assumptions about
normality. The fourth root was found to be appropriate except for
T. caninus (by spotlighting) and hollow-bearing tree abundance, where
no transformation was necessary. 

Results 

Arboreal marsupials

Six arboreal marsupial species were observed during the
study (Table 2). In total, 82 individuals of six species of
arboreal marsupial were detected at study sites during the 48
spotlighting transects (Table 2), and 54 individuals of four
species of arboreal marsupial were observed during
stagwatching (Table 2).

Effects of age class

Petauroides volans was the only species to show a
statistically significant preference for a particular age class
of forest, namely the 1939 regrowth (Fig. 1a, b, Tables 2, 3).
This preference was evident for both spotlighting (P < 0.001)
and stagwatching (P = 0.047) data. P. volans was fairly
common in the 1939 regrowth and was observed on only two
occasions in the 1983 regrowth from the same site close to
the fire boundary: a carcass was found on the forest floor 150
m from the fire boundary, and an adult and juvenile were
found emerging from a hollow-bearing tree within the 1983
regrowth and moving approximately 50 m into the adjacent
1939 forest to feed.

Gymnobelideus leadbeateri was detected at 5 of the 16
sites and showed the opposite trend to P. volans, with all but
one record being from within 1983 regrowth. The abundance
of G. leadbeateri in the 1983 regrowth was almost an order
of magnitude greater than in the 1939 forest; however, the
effect of age class was not statistically significant (P = 0.085
for spotlighting and P = 0.069 for stagwatching) (Fig. 1c, d,

Table 2. Mean number of arboreal marsupials in 1983 and 1939 regrowth Eucalyptus regnans forest, near and far from 
the fire boundary, 1994

Values are means ± 1 s.e. and are given as the number of individuals per spotlight-hour (spotlighting) and number of individuals 
per 3-ha study site (stagwatching). Values in parentheses are the number of individuals observed

Species Age and distance category
1983 far 1983 close 1939 close 1939 far 

Spotlighting
P. volans (41) 0.00 0.00 1.46 ± 0.72 3.84 ± 1.48
T. caninus (17) 0.48 ± 0.04 0.84 ± 0.37 0.41 ± 0.27 0.71 ± 0.31
G. leadbeateri (12) 0.76 ± 0.30 0.55 ± 0.55 0.00 0.13 ± 0.13
P. breviceps (2) 0.10 ± 0.10 0.00 0.28 ± 0.28 0.00
P. peregrinus (9) 0.62 ± 0.23 0.28 ± 0.16 0.28 ± 0.28 0.12 ± 0.12
A. pygmaeus (1) 0.00 0.13 0.00 0.00

Stagwatching
P. volans (18) 0.00 0.70 ± 0.70 1.56 ± 1.13 3.13 ± 1.59
T. caninus (13) 0.31 ± 0.31 1.53 ± 0.58 2.41 ± 1.00 0.52 ± 0.30
G. leadbeateri (17) 4.19 ± 2.42 0.75 ± 0.75 0.00 0.00
P. breviceps (6) 0.31 ± 0.31 1.18 ± 0.79 0.50 ± 0.50 0.25 ± 0.25

Mean percentage of trees watched 81.54 63.16 58.12 93.33
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Tables 2, 3). Three colonies of G. leadbeateri, consisting of
2–7 individuals each, were located at three sites in 1983
regrowth while stagwatching, including one site at a distance
of 1.2 km from the fire boundary. Spotlighting detected
G. leadbeateri at two additional sites, including one in 1939
regrowth. 

The total number of T. caninus individuals observed by
stagwatching and spotlighting was similar for both age
classes of forest (13 and 17 individuals, respectively), and no
significant differences or trends were detected by
stagwatching (P = 0.607) or spotlighting (P = 0.726) (Fig. 1e,
f, Tables 2, 3). 
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Fig. 1. Mean number (±1 s.e.) of individuals observed while (a, c, e) spotlighting (number of individuals per
spotlight-hour) and (b, d, f) stagwatching (number of individuals per 3 ha).  (a, b) Petauroides volans, (c, d)
Gymnobelideus leadbeateri, and (e, f) Trichosurus caninus. 
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Low detection rates for Pseudocheirus peregrinus
(common ringtail possum, nine detections), Petaurus
breviceps (sugar glider, eight detections) and Acrobates
pygmaeus (feathertail glider, one detection) (Table 2) make
it difficult to draw conclusions about these species.

Effect of distance from fire boundary

Distance from the fire boundary appeared to have little
impact on the distribution or abundance of arboreal
marsupials by stagwatching or spotlighting censuses, and no
significant effect was detected (Fig. 1, Tables 2 and 3).
Inspection of stagwatching data for individual species shows
that more T. caninus were observed close to the fire
boundary (on both sides) than far from it, whereas
G. leadbeateri and P. volans appeared to avoid the edge
(Fig 1b, d, f). However, these trends were not statistically
significant (Table 2 and 3) and were not supported by the
spotlighting data (Fig 1a, c, e).

Hollow-bearing trees

The number of hollow-bearing trees at each 3-ha site ranged
between 2 and 15, with an overall mean of 7.6 (n = 16). In the
1983 and 1939 regrowth forest, the mean number of
hollow-bearing trees per study site was 7.1 and 8.1
respectively, which was not significantly different
(P = 0.615). In the 1983 regrowth forest, the number of
hollow-bearing trees was significantly lower in those sites
that had been subject to salvage logging (salvage logged
mean = 4.5, non-salvage logged mean = 9.8) (one-way
ANOVA, P = 0.045, n = 8).

Approximately 65% of all hollow-bearing trees (n = 122)
in all study sites (n = 16) were in the most advanced state of
decay and collapse (Forms 6 and 7: Smith and Lindenmayer
1988). Living hollow-bearing trees (Forms 1 and 2)
comprised only 3% of the total number of hollow-bearing
trees, and occurred only in sites in the 1939 regrowth.

Discussion

Effect of forest age

Wildfire is the major natural cause of disturbance in the wet
sclerophyll forests of the Central Highlands (Ashton 1976;
Ough and Ross 1992; Attiwill 1994; Lindenmayer and
Possingham 1994), and, as a result, fire frequency and
intensity play an important role in determining the floristic
and structural characteristics of the forest. The response of
animal species to wildfire is closely related to their
biological needs, such as dietary, shelter and reproductive
requirements, and the way in which the habitat supplies these
requirements over time (Friend 1993; Loyn 1997; Woinarski
and Recher 1997).

This study indicates that 54-year-old forest is more
suitable for occupation by P. volans than 11-year-old forest.
This result is in accordance with numerous other studies
within the same area and forest type that clearly show that
P. volans is more abundant in older or multi-aged forest than
younger regrowth (Macfarlane 1988; Lindenmayer et al.
1990b; Milledge et al. 1991; Nelson et al. 1996). This
preference for older forest is most likely related to
differences in forest structure between the two age classes.
As E. regnans forest matures, the amount of open space
below the overstorey canopy expands as tree height increases
and the density of stems decreases (Ashton 1976). This
reduction in potential gliding obstructions may be important
for P. volans because they are less manoeuvrable in the air
than the gliding petaurids (Jackson 1999). Large-diameter
trees also provide a relatively greater surface area for landing
than do small trees, as well as providing a greater abundance
of hollows in a variety of sizes (Bennett et al. 1994). Our
study, and that by Nelson et al. (1996), both report P. volans
utilising relatively young forest (11-year-old fire regrowth
and 20-year-old logging regrowth, respectively). In both
instances, nearby older forest and old-growth elements

Table 3. Results from a two-factor analysis of variance testing for 
the effects of forest age (1983 or 1939 regrowth) and distance from 

fire boundary (far or close) on the abundance of arboreal 
marsupials, 1994

Species s.s. d.f. F P

Stagwatching 
Petauroides volans

Year 1.850 01 04.885 0.047
Distance 0.005 01 00.014 0.907
Interaction 0.519 01 01.369 0.265
Error 4.544 12

Trichosurus caninus
Year 0.117 01 00.326 0.578
Distance 1.242 01 03.476 0.087
Interaction 0.019 01 00.054 0.821
Error 4.289 12

Gymnobelideus leadbeateri
Year 1.391 01 03.981 0.069
Distance 0.272 01 00.778 0.395
Interaction 0.272 01 00.778 0.395
Error 4.193 12

Spotlighting
Petauroides volans

Year 4.760 01 42.248  <0.0010
Distance 0.229 01 02.033 0.179
Interaction 0.229 01 02.033 0.179
Error 1.352 12

Trichosurus caninus
Year 0.039 01 00.129 0.726
Distance 0.004 01 00.013 0.911
Interaction 0.419 01 01.388 0.262
Error 3.625 12

Gymnobelideus leadbeateri
Year 0.703 01 03.514 0.085
Distance 0.424 01 02.120 0.171
Interaction 0.053 01 00.266 0.615
Error 2.401 12
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(hollow-bearing trees) within the young regrowth were
probably important factors contributing to the presence of
P. volans.

There was no statistically significant difference detected
in the abundance of G. leadbeateri between the two
age-classes of forest. However, the trend is suggestive of
some difference as no individuals were observed in 1939
regrowth while stagwatching and one individual was
detected while spotlighting. The large standard errors
relative to the mean values of abundance of G. leadbeateri
indicate that the power to detect a statistically significant
difference is relatively low. Thus, the non-significant result
needs to be interpreted cautiously. Nevertheless, this study is
the first published record of G. leadbeateri utilising
11-year-old E. regnans regrowth for denning and feeding. In
addition, other studies have recorded the species in logging
regrowth <20-years old. For example, Nelson et al. (1996)
reported that G. leadbeateri was observed more commonly
(albeit at very low abundances) in young logging regrowth
(5–20-years-old) than in older forest (55-year-old and
>165-year-old forest). Lindenmayer (1992) also recorded the
species denning in logging regrowth aged 15 and 20 years.
The young regenerating forest at 11 years after disturbance
presumably provided G. leadbeateri with sufficient food
resources (e.g. Acacia), an adequate supply of suitable den
trees, and a suitable substrate for locomotion. This suggests
that G. leadbeateri has a high capacity for recolonising
regenerating forest if the habitat requirements are met, if
source populations are present, and if the animals are capable
of reaching the new habitat. A possible explanation for the
low abundances of G. leadbeateri in the 1939 regrowth is
related to the decline in abundance of Acacia species over
time (Adams and Attiwill 1984) and the importance of these
species as a food source (Smith 1984). 

The lack of a clear preference for either age class of forest
by T. caninus is in accordance with its wide use of habitats
within tall open and closed forest from central Victoria to
southern Queensland (How 1983) and its broad diet
(Seebeck et al. 1984). Studies within the Central Highlands
have shown that the species is able to exploit forest of a wide
range of ages (Macfarlane 1988; Lindenmayer et al. 1990b;
Nelson et al. 1996) as well as linear strips of forest retained
between logging coupes (Lindenmayer et al. 1993, 1994).
Two important habitat variables positively associated with
the abundance of T. caninus include the number of
hollow-bearing trees and the abundance of Acacia
(Lindenmayer et al. 1990b). Hence, provided the forest is of
a minimum age at which food requirements are met and that
suitable hollow-bearing trees are present, T. caninus should
be able to recolonise regenerating habitat.

P. breviceps, P. peregrinus and A. pygmaeus were not
detected in sufficiently high numbers to draw conclusions
about age-class preferences.

Effect of distance from fire boundary

The sites in 1983 regrowth, and the surrounding forest, were
burnt by high-intensity wildfire. It is highly unlikely that
arboreal marsupials would have survived as most overstorey
trees and shrubs were killed. Hence, we assume that the
occurrence of arboreal marsupials in the 1983 regrowth
forests that we surveyed in this study represents
recolonisation during the 11 years since disturbance. The
observed lack of clear differences in species abundances
between sites in 1983 regrowth near or far from the fire
boundary suggests that the recolonisation process is not
limited by the capacity of animals to move through wildfire
regrowth over the temporal (11 years) and spatial (up to
2 km) scales addressed in this study. An effect may be more
likely to be found if the distance from unburnt forest were
larger. Further, the presence of some species (e.g.
G. leadbeateri) and the absence of others (e.g. P. volans) can
generally be explained by habitat requirements related to
stand age. Similar conclusions were drawn by Nelson et al.
(1996), who found no clear difference in mammal abundance
in 1939 regrowth near or far from the 1939 fire boundary
with old forest (>165 years old), except where such
differences were related to a particular habitat feature (e.g.
the abundance of P. volans was positively correlated with the
number of live hollow-bearing trees, which varied across the
fire boundary). It appears that at least four species of
arboreal marsupial (G. leadbeateri, T. caninus, P. breviceps
and P. peregrinus) can colonise 11-year regrowth up to 2 km
from the fire boundary. Availability of suitable
hollow-bearing trees for shelter and nesting, and habitat
structure influencing locomotion, are likely to be far more
important factors limiting the colonisation process than is
the capacity of these four species to move through the
regrowth over these temporal and spatial scales. 

Hollow-bearing trees

The mean number of hollow-bearing trees per 3-ha study site
in our study (7.6) was below the number required to support
maximum population densities of possums and gliders.
Smith and Lindenmayer (1988) calculated this at
approximately 12 per 3 ha, but Lindenmayer et al. (1991)
found that abundance of arboreal marsupials in relation to
the number of trees with hollows did not approach an
asymptote. While hollow-bearing trees were present in
sufficient numbers to allow for recolonisation, they may also
have been a major factor limiting populations of
hollow-dependant arboreal marsupials from attaining greater
densities. Factors influencing the suitability of hollows are
numerous and include the physical characteristics of the tree
and hollow and its position in the landscape, as well as
behavioural factors (see Gibbons and Lindenmayer 1997 for
a review). In this study, 65% of all hollow-bearing trees were
categorised in the two most advanced stages of decay (Forms
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6 and 7). The relatively uniform and simple structure in the
size and shape of most hollow-bearing trees has implications
for those species requiring large or complex trees with a
range of hollow types. 

The large proportion of hollow-bearing trees in the more
advanced stages of decay suggests that the habitat value of
these stands will decline greatly as hollow-bearing trees
decay and fall over. On the basis of a mean annual rate of
collapse of hollow-bearing trees of 4.1% (Lindenmayer et al.
1997), we estimate that at our study sites there will be less
than two standing hollow-bearing trees per 3 ha within 30
years (assuming a starting point of 7.6 trees per 3 ha). This
estimate is likely to be conservative because a large
proportion of trees were in the more advanced stages of
decay; these trees collapse at a faster rate than more intact
trees (Lindenmayer et al. 1997). Hence, fires at short
intervals (44 years in this instance) are likely to be extremely
detrimental to hollow-dependent fauna in subsequent
decades.

The number of hollow-bearing trees in 1983 regrowth
subjected to salvage logging was significantly lower than in
1983 regrowth that had not been salvage logged. Salvage
logging may accelerate the rate of attrition of hollow-bearing
trees due to increased exposure (e.g. wind, solar radiation)
(Lindenmayer et al. 1997) following logging and by
subjecting them to an additional fire following salvage
logging to remove debris and promote regeneration. Given
the already low abundance and relatively advanced state of
decay of most dead hollow-bearing trees observed in this
study, additional disturbances that further accelerate their
decay and collapse should be avoided. We estimate that at
1983 regrowth sites subjected to salvage logging, there will
be less than two hollow-bearing trees per 3 ha site within 20
years (based on a starting point of 4.5 hollow-bearing trees
per 3 ha). This highlights the need to adequately plan the
salvage logging process after wildfire in order to minimise
any increased rate of collapse of hollow-bearing trees,
especially in areas of high habitat quality.

In conclusion, the results of this study indicate that at 11
years after fire, distance from the fire boundary does not
appear to be a major factor influencing the abundance or
distribution of arboreal marsupials at the spatial scale
examined. This study showed that four species of arboreal
marsupial were capable of recolonising and inhabiting
relatively young regenerating forest up to 2 km from the fire
boundary. Furthermore, it appears that the 1983 regrowth did
not provide a substantial barrier to recolonisation over the
distances studied. It can also be concluded that the fortuitous
spatial pattern of unburnt or lightly burnt forest was
sufficient to provide a source of recolonists at this scale.
Future wildfires are inevitable, and conservation planning
must accommodate the inherent variability of future
wildfires. An important need is to spread the risk spatially by
maintaining populations of all species by using a mixture of

management strategies (Loyn 1985, 1997; Gibbons and
Lindenmayer 1996, 1997; Lindenmayer et al. 1997) that
maintain a perpetual supply of old trees and other habitat
requirements across the entire forest landscape.
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Abstract Fires and people have helped shape forest

ecosystems. Planned burns can be used to reduce social or

ecological risks from wildfires, but we need a better un-

derstanding of the ecological effects of planned burns and

wildfire over various temporal and spatial scales. Here, two

approaches were used to answer various questions about

responses of diurnal birds to fire regimes in mixed eucalypt

forests in the foothills of Victoria, Australia: what are the

effects of planned burns (at two different frequencies and

seasons) when applied systematically over many years, and

what are the short-term effects of severe wildfire? A long-

term experiment examined planned burns in two seasons

and at two frequencies on 25 sites in Wombat State Forest

in 1984. An opportunistic study compared bird abundance

in 33 burnt and 33 unburnt sites in the year after an ex-

tensive severe wildfire in Bunyip State Park in 2009. Brief

reference is also made to a retrospective study, which

provided a longer-term perspective by examining bird

abundances at 113 sites in eastern Victoria that had been

subject to different regimes over the past 40? years, ad-

dressing questions about the impacts of different fire fre-

quencies and times since fire. This paper considers data

from snapshot surveys in 2009–2012. Data from Wombat

State Forest showed significant effects of fire treatments for

just four of the 27 species analysed (p\ 0.05). In fre-

quently burnt sites, Brown Thornbills Acanthiza pusilla

(shrub foraging insectivores) and Scarlet Robins Petroica

boodang (open-ground insectivores) were least common,

and Rufous Whistlers Pachycephala rufiventris (canopy-

foraging insectivores) and Australian Magpies Cracticus

tibicen (open-ground insectivores) were most common.

There was weak evidence that three species were advan-

taged by burning in autumn rather than spring, and one of

them (White-winged Chough Corcorax melanorhamphos,

an open-ground insectivore) was rarely recorded except in

sites burnt in autumn. Data from Bunyip State Park showed

that birds were 77 % less numerous on burnt than unburnt

sites in the winter after severe bushfire, but some redistri-

bution had occurred by the next spring, along with an un-

precedented spring influx of White-browed Woodswallows

Artamus superciliosus (aerial insectivores) to burnt sites

from inland Australia. The study shows that planned burns

can be conducted in spring or autumn every 3–10 years

with only small effects on common forest birds, at least

when they are conducted on small areas in a forest with a

history of disturbance. Wildfires can have much more

dramatic short-term effects on bird populations. The ret-

rospective study suggested that these effects may be short-

lived, as such dramatic contrasts were not found between

sites burned at different times beyond 3 years. Multiple

approaches will be needed to answer key questions about

longer-term effects of planned burns and wildfires in order

to help reduce risk and conserve biodiversity.

Keywords Fire � Planned burns � Wildfire � Retrospective
studies � Foothill forests � Eucalypt forests � Birds � Bird
abundances � Aerial insectivores � Woodswallows � Risk
management � Snapshot surveys � Opportunistic surveys
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Introduction

The ranges of southeastern Australia are among the most

fire-prone environments in the world, and can serve as a

laboratory for understanding some of the processes that

may be occurring globally and the social and ecological

issues that need to be addressed in managing them. Studies

of bird populations can be particularly helpful in under-

standing some of the ecological processes involved in this

complex issue. Fires and people have helped shape the

native eucalypt forests for millennia, but fire regimes are

changing in response to climate change and modern human

interventions (Gill 1975, 1981, 1996; Bowman et al. 2009;

Bradstock et al. 2012; Attiwill and Adams 2013). Occa-

sional severe fires can devastate human communities and

can have profound effects on natural ecosystems (Friend

1993; Woinarski and Recher 1997; Spies et al. 2011; Gill

et al. 2013). The challenge is to manage fire regimes to

minimise impacts while maintaining the natural character

and ecological values of the forests.

In Victoria (southeast Australia) the Victorian govern-

ment has implemented a range of policies and research

projects to meet this challenge, both before and after the

devastating fires of Black Saturday in 2009. Those fires

began on a day of extreme weather (47 �C, hot north winds

[100 kph) after a hot dry week and a decade of drought

(Teague et al. 2010): some burned for several weeks over

401,073 ha and killed 174 people, mostly on the first day.

A Royal Commission inquiry was held to learn from this

tragic experience and to work towards new knowledge and

practices, with improved outcomes for public safety and

biodiversity conservation. The commission’s many rec-

ommendations included an increased program of planned

burns to reduce fuel (5 % of public land per year) and an

enhanced program of monitoring and research (Teague

et al. 2010).

Planned burns are one of the main tools available to

land managers for reducing fuel loads and decreasing the

risk of catastrophic wildfire (Gill 1996; Woinarski and

Recher 1997; Tolhurst 2003; Teague et al. 2010; Brad-

stock et al. 2012; Attiwill and Adams 2013). The practice

is likely to be increasingly used as human populations

expand into forested areas with high fire risk and severe

fire weather becomes more frequent with climate change.

After the disastrous Black Saturday fires in Victoria in

February 2009, the Royal Commission recommended that

the public state agency for managing forests and fire (now

the Department of Environment, Land, Water and Plan-

ning) should double its targets for planned burns such that

5 % of public land was burned each year, with a

monitoring program to assess effects (Teague et al. 2010).

Policy decisions of this sort can have major implications

for both risk management and biodiversity conservation,

and to make informed decisions on these matters, it is

clearly necessary to understand the efficacy and effects of

different management strategies, including the effects of

planned burns and severe wildfire in the short term and

over many years.

This paper presents some of the key findings from two

studies on birds and fire (and a third more briefly), and uses

them to illustrate the range of questions and research ap-

proaches needed to improve our understanding and ability

to manage fire to minimise human risk and conserve bio-

diversity. These studies examined the effects of fire

regimes or particular fires on birds in foothill forests of

Victoria, Australia, and each study addressed different sets

of questions. The Wombat Forest study examined the ef-

fects of planned burns at two different frequencies (*3 or

10 years vs no burns) and two seasons (spring or autumn vs

no burns), based on a long-term series of small replicated

sites where specific fire regimes were maintained deliber-

ately over 30? years for this experiment. The Bunyip State

Park study opportunistically examined short-term effects of

severe wildfire in three different vegetation types. The

retrospective study examined the longer-term effects of

planned burns and wildfire over 40? years in eastern

Victoria, and here we focus briefly on its potential and

discuss some of the issues involved in each approach and

the different questions they address.

Methods

The studies examined the effects of fire regimes or par-

ticular fires on birds in foothill forests of Victoria, Aus-

tralia, with a variety of fire-tolerant eucalypt species (e.g.

Messmate Eucalyptus oliqua, Silvertop E. sieberi, Narrow-

leaf Peppermint E. radiata, Mountain Grey Gum E.

cypellocarpa and White Stringybark E. globoidea)

dominating the overstorey. Foothill forests of this sort

cover more than 80 % of the forested area in the eastern

ranges of the state. These eucalypt species show high

survival rates after most fires, with new foliage produced

from epicormic shoots even when intense fires have caused

total defoliation. Hence, the architecture of the original

forest is usually maintained after the fire, while the un-

derstorey may be opened up for a short period before a

flush of regrowth as shrubs and trees regenerate from new

seedlings or vegetative resprouting. This contrasts with the

situation in tall wet forests (dominated by Mountain Ash

Eucalyptus regnans or Alpine Ash E. delegatensis), where

tree mortality is commonly high, regrowth is mainly from

seed (though some trees do produce new epicormic fo-

liage), and intense fires are often considered as stand-
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replacing events (albeit with a legacy of large old trees,

dead or alive).

One study was a long-term experimental study on the

effects of planned fuel reduction burns at two different

frequencies (*3 or *10 years) and two seasons (spring or

autumn); this work was initiated in 1984 and was con-

ducted in Wombat State Forest 80 km northwest of Mel-

bourne (Fig. 1). The second was an opportunistic study on

the short-term effects of a very severe fire event, the Black

Saturday bushfire of February 2009; this work was initiated

in 2009 and was conducted in Bunyip State Park 70 km

east of Melbourne (Fig. 1). Brief mention is made of a

retrospective study on the effects of previous fire regimes;

this work was initiated in 2010–2011, and conducted in

East Gippsland and northeast Victoria 250–350 km east or

northeast of Melbourne (Fig. 1). The data considered here

were all collected during the period 2009–2012, following

a decade of drought over much of southeastern Australia.

The drought broke in the winter of 2009, with good rains

then and subsequently.

Planned fuel reduction burns in Wombat State

Forest (experimental study)

Five broad areas were selected for study (up to 130 ha),

with five study sites in each broad area (25 sites alto-

gether). All areas were known to have been free of

burning for long periods at the start of the study in 1984

(the last fires being in 1931, 1935, 1944, 1953, and 1974

for each of the five groups of sites). Five experimental

treatments were assigned at random to each of the five

sites in each of the five areas, giving five replicates for

each treatment in a randomised block design. These

treatments represented factorial combinations of planned

burns in spring or autumn at short (3 years when pos-

sible) or medium intervals (*10 years), along with an

unburnt control treatment. The schedule was maintained

from 1984 to the present, with minor adjustments when

needed for logistical reasons. At the time of the current

assessment in 2011, the frequently burnt sites had each

been burnt 4–7 times since 1984 (mostly 6 or 7 times)

and the infrequently burnt sites two or three times. The

mean time since fire was 3.5 years for the frequently

burnt sites (2.6–4.5) and 5.8 years for the infrequently

burnt sites (3.7–7.6). All of the planned burns were of

low intensity, burning proportions of the understorey

vegetation but leaving a green canopy, with only small

amounts of leaf scorch and negligible tree mortality. A

wildfire impinged on part of one of the 25 sites in

*2002, but other sites were not affected by wildfire

over the duration of the period.

Surveys of birds were conducted at all 25 sites at various

times beginning in 1984. Data from November to De-

cember 2011 (spring-summer) are presented here.

Melbourne

Wombat Forest

Bunyip State Park

East Gippsland

North-east Victoria

Fig. 1 Locations of the two main study sites in Victoria, southeast Australia (Wombat State Forest and Bunyip State Park) and other regions

mentioned
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Effects of extensive severe fire in Bunyip State Park

(opportunistic study)

A total of 68 sites were selected for study, coinciding with

sites where owls and arboreal mammals had been studied

in 2001 (McNabb and McNabb 2002). Two were excluded

from further analysis here because they were the only

representatives of a localised vegetation type (Swampy

Riparian Woodland), and both sites burned in 2009. Half

the remaining sites (33/66) burned in the fires of February

2009, which burned *55 % of the park (Fig. 2). The sites

were in various vegetation communities across all sections

of the park and the adjacent Kurth Kiln Regional Park. For

the present analysis, sites were grouped into three vegeta-

tion communities, termed heathy woodland, tall shrubby

forest, and wetter forest, with roughly equal numbers of

burnt and unburnt sites in each (Table 1). Fire intensity

(‘‘soil burn severity’’) was mapped over the area within the

burn perimeter (anon 2009), and classed as high over 11 %

of that area, moderate over 36 %, low over 31 %, and

unburnt over 22 %, at the scale of 16-ha polygons, based

on a combination of aerial and ground surveys (Table 1).

The high category involved [50 % canopy consumption

(black canopy) and the moderate category[50 % canopy

scorch (mainly brown canopy). In the low category, the fire

burned mainly in the understorey, leaving a green canopy.

Bird surveys were conducted on these sites in winter

(May–July) and spring (Oct–Dec) 2009 3–5 and

8–10 months after the fire, respectively

Field methods

Birds were surveyed using timed area searches, in which an

observer moves through an area recording species and

numbers of all birds seen or heard on the site (Loyn 1986).

Birds observed offsite were recorded but not considered

further in the analysis. At Wombat State Forest, 20-min

searches of 2 ha were used, and 10-min searches of 1 ha

were used in Bunyip State Park, where vegetation com-

munities sometimes changed on fine spatial scales. Two

searches were usually made on each site, and mean values

were used for analysis.

Fig. 2 Area burnt by wildfire in Bunyip State Park 2009 (dark red

shading) and distribution of study sites (black burnt, green unburnt).

Squares represent heathy forest (Damp Heathy Woodland EVC);

circles denote tall shrubby forest (Lowland Forest or Shrubby Foothill

Forest EVCs), and triangles represent wetter forest (Damp Forest,

Riparian Forest, or Wet Forest EVCs). EVCs refer to Ecological

Vegetation Classes, used for classifying vegetation in Victoria (color

figure online)
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Analysis

Each bird species was assigned to guilds for feeding and

nesting (as in Loyn et al. 2007), but here we focus mainly

on analysis at the species level.

General linear modelling was used to determine the

effects of the main categorical variables of interest in each

case (aspects of fire regimes, and vegetation type expressed

as EVD or combinations of EVDs).

For the study of planned burns in Wombat State Forest,

burn season and frequency were considered as fixed factors

(each with three levels, including no burns), and the five

broad areas were considered as a random factor.

For the study of severe wildfire in Bunyip State Park,

mean values were taken for each site from surveys in

winter and spring 2009 and were analysed with respect to

two categorical variables (whether they had burnt in the

recent fires, and the three vegetation types) (Table 2).

Separate analyses were also conducted for each of the two

seasons (spring and winter) and were used for species that

were mainly summer or winter visitors, respectively.

Results

Planned fuel reduction burns in Wombat State

Forest (experimental study)

The fire treatments had no significant effect when all birds

were considered as a whole (p = 0.198 for season;

p = 0.462 for frequency; p = 0.949 for the interaction).

Mean values suggested that birds were 95 % as abundant

on burnt sites as on the unburnt control sites (Fig. 3) (i.e.

they may have declined by 5 %). Most species showed

little difference between burnt and unburnt sites (Table 2).

No species was significantly affected by burn season

(p\ 0.05), but three species showed evidence of such an

effect at lower levels of significance (p\ 0.1). Grey Fan-

tails Rhipidura fuliginosa and Superb Fairy-wrens Malurus

cyaneus were least common in sites burnt in spring

(Table 2). White-winged Choughs Corcorax me-

lanorhamphos were mainly found on sites burnt in autumn

(Table 2). Choughs were the only species that had not been

present on the sites on initial surveys when the ex-

perimental regime began in 1984.

Four species showed significant responses to burn fre-

quency (two negative and two positive). Brown Thornbills

Acanthiza pusilla (a shrub-foraging insectivore) were least

common in frequently burnt sites (p = 0.029) (Table 2).

Scarlet Robins Petroica boodang (an insectivore that feeds

from open ground among trees) were absent from fre-

quently burnt sites on this occasion (p = 0.009) (Table 2).

In contrast, Rufous Whistlers Pachycephala rufiventris (a

canopy-feeding insectivore) were most common in fre-

quently burnt sites (p = 0.030) (Table 2), but this was not

typical of the guild in general. One of the insectivores that

feed from open ground, Australian Magpie Cracticus tibi-

cen, responded positively to fire frequency (p = 0.038) and

was absent from unburnt sites (Table 2). This species is

mainly found in open country. Another bird that forages

from open ground, the Flame Robin Petroica phoenicea,

also appeared most common in frequently burnt sites, but

at a lower level of significance (p = 0.092) (Table 2).

No other species responded significantly to the fire

regime variables, even at p\ 0.1. No interactions were

found between burn season and frequency.

Effects of severe wildfire in Bunyip State Park

(opportunistic study)

Taking all species together, birds were 23 % as numerous

in burnt sites as in unburnt sites (i.e. 77 % less common) in

winter 2009. Most of the 85 species recorded during the

study were substantially less common in burnt than unburnt

sites. Almost all of these birds were forest birds, with open-

country species constituting\1 % of the bird community

in burnt or unburnt sites in the first winter after the fire.

Forest birds decreased in unburnt sites between then and

spring, and increased in burnt sites, so the contrast was then

less marked, with forest birds then 58 % as numerous in

burnt sites as in unburnt sites (Fig. 4). Two species in the

guild of insectivores that feed from damp shady ground

(Superb Lyrebird Menura novaehollandiae and Eastern

Yellow Robin Eopsaltria australis) showed the reverse

trend, foraging extensively in burnt sites during the winter

but retreating to unburnt forest in spring.

In spring there was an extraordinary influx of aerial

insectivores to burnt sites 9 months after the fire. One of

them (White-browed Woodswallow Artamus superciliosus)

became the most numerous species across all sites, with

Table 1 Vegetation types of

the 66 sites studied in Bunyip

State Park, winter (May–July)

and spring (October–December)

2009, 3–10 months after severe

wildfire

Vegetation type Ecological Vegetation Classes (EVCs) Total

sites

Burnt sites Unburnt sites

Heathy woodland Damp Heathy Woodland 15 8 7

Tall shrubby forest Lowland or Shrubby Foothill Forest 25 12 13

Wetter forest Damp Forest, Riparian Forest and Wet Forest 28 15 13
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flocks of many hundreds taking up residence from mid-

October to February, mainly in burnt heathy woodland

where they bred, along with smaller numbers of a com-

panion species, the Masked Woodswallow A. personatus.

They did not occur again in subsequent years (personal

observation). These species normally inhabit open plains of

inland Australia, and had not previously been recorded

breeding in this forest; indeed, they had rarely been

recorded at all, apart from wandering flocks flying

overhead nearby. Several other open-country species were

recorded in burnt sites in spring 2009, but mostly in small

numbers. Open-country birds constituted 68 % of the bird

community on burnt sites and 1.7 % on unburnt sites in

spring, with arid-zone woodswallows accounting for the

difference (Fig. 4). Locally resident open-country birds

showed little change.

One other species was found in the forest for the first

time, but in unburnt sites. This was the Scarlet Honeyeater

Table 2 Estimated mean abundance (birds per 20-min search of

2 ha) of all birds and the 27 most numerous bird species in Wombat

State Forest in relation to season (autumn or spring) and frequency (3

or 10 years) of planned burns over a 27-year period from 1984

onward, based on a snapshot survey in November–December 2011,

with unburnt controls for comparison (total = 25 sites)

Treatment Scientific name No

burns

Autumn Spring Frequency 10

years

SE

Total birds 30.48 30.42 27.30 29.73 27.98 1.64

Mean species per count 13.03 13.13 13.07 13.57 12.63 0.77

Sulphur-crested Cockatoo Cacatua galerita 0.30 1.33 0.85 1.83 0.35 0.70

Crimson Rosella Platycercus elegans 1.45 1.87 1.38 1.45 1.80 0.33

Shining Bronze-Cuckoo Chrysococcyx lucidus 0.58 0.22 0.33 0.25 0.30 0.12

Fan-tailed Cuckoo Cacomantis flabelliformis 0.28 0.20 0.17 0.15 0.22 0.11

Laughing Kookaburra Dacelo novaeguineae 0.47 0.50 0.55 0.60 0.45 0.12

White-throated Treecreeper Cormobates leucophaeus 2.43 2.28 1.92 2.03 2.17 0.25

Red-browed Treecreeper Climacteris erythrops 0.35 0.20 0.05 0.05 0.20 0.13

Superb Fairy-wren Malurus cyaneus 2.32 2.13 1.27 1.47 1.93 0.31

White-browed Scrubwren Sericornis frontalis 1.13 0.25 0.30 0.25 0.30 0.18

Striated Thornbill Acanthiza lineata 1.25 0.75 1.07 1.08 0.73 0.29

Brown Thornbill Acanthiza pusilla 1.68 1.60 1.60 1.17 2.03 0.25

Spotted Pardalote Pardalotus punctatus 4.20 3.63 3.73 3.37 4.00 0.34

Striated Pardalote Pardalotus striatus 1.70 1.88 1.68 2.05 1.52 0.31

Yellow-faced Honeyeater Lichenostomus chrysops 1.90 1.73 1.15 1.38 1.50 0.31

Red Wattlebird Anthochaera carunculata 0.80 0.32 0.42 0.50 0.23 0.13

Brown-headed Honeyeater Melithreptus brevirostris 0.67 0.48 0.33 0.50 0.32 0.20

White-naped Honeyeater Melithreptus lunatus 3.00 2.47 3.17 2.58 3.05 0.47

Black-faced Cuckoo-shrike Coracina novaehollandiae 0.17 0.25 0.28 0.25 0.28 0.14

Golden Whistler Pachycephala pectoralis 0.65 0.50 0.47 0.33 0.63 0.17

Rufous Whistler Pachycephala rufiventris 0.90 1.25 1.62 1.85 1.02 0.25

Grey Shrike-thrush Colluricincla harmonica 0.88 1.03 1.42 1.30 1.15 0.23

Australian Magpie Gymnorhina tibicen 0.00 0.42 0.48 0.75 0.15 0.10

Pied Currawong Strepera graculina 0.12 0.18 0.08 0.18 0.08 0.08

Grey Currawong Strepera versicolor 0.23 0.03 0.18 0.13 0.08 0.09

Grey Fantail Rhipidura fuliginosa 1.52 1.70 1.25 1.60 1.35 0.17

Satin Flycatcher Myiagra cyanoleuca 0.20 0.25 0.25 0.25 0.25 0.11

White-winged Chough Corcorax melanorhamphos 0.00 1.30 0.00 1.10 0.20 0.50

Scarlet Robin Petroica boodang 0.23 0.18 0.13 0.00 0.32 0.08

Flame Robin Petroica phoenicea 0.10 0.05 0.10 0.15 0.00 0.07

Eastern Yellow Robin Eopsaltria australis 0.43 0.50 0.50 0.55 0.45 0.15

Notable differences (p\ 0.1) are shown in bold (see text). Effects of burn frequency were significant for Brown Thornbill (p = 0.028), Rufous

Whistler (p = .030), Australian Magpie (p = 0.001) and Scarlet Robin (p = 0.009), and less so for Flame Robin (p = 0.092). Effects of burn

season were less clear but worth noting for Superb Fairy-wren, Grey Fantail and White-winged Chough (p\0.1). No species showed a significant

interaction between burn season and frequency. Most species showed no significant effects of burn treatment. Open-country birds and introduced

birds constituted\ 0.5 % of the total
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Myzomela sanguinolenta, and it was found foraging from

flowers of Box Mistletoe Amyema miquelii in several forest

areas near Melbourne, where the species is generally re-

garded as a rare vagrant (Emison et al. 1987).

Most bird species were more common in unburnt than

burnt forest (Table 3). Several species showed significant

interactions between vegetation type and effects of recent

fire (Table 3), but which generally related to the magnitude

of the effect and not its direction. Of the 27 forest species

analysed, nine species were significantly more common in

unburnt than burnt sites (p\ 0.05), and a further three

species showed the same trend at lower levels of sig-

nificance (p\ 0.1) (Table 3).

Four species showed the reverse effect, becoming sig-

nificantly more common in burnt than unburnt forest, and

one (White-winged Triller Lalage sueurii) showed the

same trend at lower levels of significance (p\ 0.1)

(Table 2). They included White-browed Woodswallow (an

aerial insectivore as discussed above) and three species of

insectivore that feed from open ground (Australian Magpie,

Flame Robin, and Scarlet Robin Petroica boodang). A

canopy-foraging insectivore, Spotted Pardalote Pardalotus

punctatus, also became more common in burnt sites, taking

psyllid insects from the developing epicormic foliage.

Several other species that are usually found in more open

forest were recorded only in recently burnt sites, but their

numbers were generally too low for useful statistical

analysis.

Discussion

The study of planned burns in Wombat State Forest

showed that these planned burns generally have small

effects on bird populations, as was apparent with earlier

snapshots (e.g. Loyn et al. 2003). The results of the

current snapshot suggest that spring burns may mildly

disadvantage two common species (Grey Fantail and

Superb Fairy-wren) and that autumn burns may favour

one less common species (White-winged Chough, which

was rarely found in sites that had not been burnt in

autumn) and the broader guild of birds that feed from

open ground. Autumn is the drier season, and autumn

burns were marginally more intense than spring burns,

producing more open ground. Autumn burns also avoid

the main spring nesting season for most forest bird

species. Frequent burns appear to disadvantage two

species (Brown Thornbill and Scarlet Robin) and ad-

vantage three species (Rufous Whistler, Flame Robin and

Australian Magpie). The response of the Rufous Whistler

had not been observed on previous snapshots, and the

reverse response was found for the Scarlet Robin (Loyn

et al. 2003), which has been found to favour recently

burnt stands after wildfire (Loyn 1997). Flame Robins

and Scarlet Robins compete for territories, and Flame

Robins favour early successional stages (Loyn 1980;

Robinson 1992); this interspecific competition may have

Fig. 3 Estimated mean abundance of forest birds and open-country

birds in each of five burn treatments in Wombat State Forest in

spring-summer (November–December) 2011 (birds observed per

20-min search of 2 ha). C control (no burns since 1984), A3 burnt

frequently in autumn (every 3 years when possible), A10 burnt

infrequently in autumn (approximately every 10 years), S3 and S10

likewise, but in spring. All treatments maintained since 1984

Fig. 4 Estimated mean abundances of forest birds and open-country

birds in unburnt and burnt sites in Bunyip State Park in winter 2009

(May–July) and spring 2009 (October–December) after severe fires in

summer (February 2009) (birds observed per 10-min search of 1 ha).

Nomadic woodswallows from inland Australia constituted 97 % of

the open-country birds observed on burnt sites in spring 2009,

whereas local open-country birds entered the forest only in very small

numbers
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contributed to the pattern observed on this occasion.

Some of these conclusions must be regarded as tentative,

as significant differences can be expected by chance for

any species when multiple comparisons are made.

Increases or decreases in particular species are not

necessarily good or bad: the challenge is to maintain a set

of fire regimes in the forest landscape that maintain habitats

for all species over time. Our results suggest that frequent

spring burning may be the least desirable of the five options

tested, but even that may have its place if used judiciously

in combination with other approaches. It would be useful to

know details of the ‘‘natural’’ fire regimes, including the

influence of Aboriginal people over many thousands of

years, but such information remains much debated and

sketchily known (Gill 1975; Cheal 2010; Hateley 2010;

Gammage 2011; Low 2014).

For most species there was little or no evidence that any

of the four burn treatments or the no-burn control would

cause major problems, even when the treatments were

applied over a 30-years period as they were in this ex-

periment. This conclusion applies only to small-scale burns

(a few hectares) in one forest type, and collection of similar

data from a wider range of forest types and geographical

locations would be valuable. Wombat State Forest has been

subject to much disturbance since the gold rush of the

1960s (Hateley 2010), and it could be argued that the

current fauna represents a resilient subset of what was

originally there. Hence similar studies in less disturbed

landscapes would be of value, though few areas of foothill

forest have escaped some degree of disturbance in this state

or globally (e.g. Gott 2005; McCaw et al. 2011; Spies et al.

2011). Nevertheless, our study does provide some

Table 3 Estimated mean abundances of the 27 most numerous bird

species (birds per 10-min search of 1 ha) in Bunyip State Park in

winter and spring 2009 (combined), using data from 33 sites that

burned and 33 sites that did not burn in February 2009, across three

vegetation types (heathy woodland, tall shrubby forest and wetter

forest, here combined)

Species

Scientific name

Burnt Unburnt Significance (p)

Mean SE Mean SE Fire Veg Fire 9 Veg

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus 0.000 1.025 3.340 1.145 0.034 0.029 0.029

Crimson Rosella Platycercus elegans 0.179 0.055 0.086 0.062 0.266 0.745 0.773

Eastern Rosella Platycercus eximius 0.056 0.042 0.081 0.046 0.693 0.453 0.655

White-throated Treecreeper Cormobates leucophaeus 0.163 0.063 0.395 0.070 0.017 0.010 0.351

Superb Fairy-wren Malurus cyaneus 0.121 0.087 0.247 0.097 0.334 0.209 0.684

Spotted Pardalote Pardalotus punctatus 0.295 0.041 0.141 0.046 0.017 0.072 0.151

Striated Pardalote Pardalotus striatus 0.060 0.033 0.163 0.037 0.041 0.007 0.054

White-browed Scrubwren Sericornis frontalis 0.043 0.065 0.238 0.073 0.051 0.109 0.127

Brown Thornbill Acanthiza pusilla 0.265 0.116 0.858 0.129 0.001 0.005 0.064

Striated Thornbill Acanthiza lineata 0.130 0.076 0.265 0.084 0.236 0.022 0.333

Red Wattlebird Anthochaera carunculata 0.788 0.709 0.853 0.792 0.951 0.218 0.994

Yellow-faced Honeyeater Lichenostomus chrysops 0.214 0.062 0.371 0.069 0.098 0.285 0.378

White-eared Honeyeater Lichenostomus leucotis 0.034 0.031 0.120 0.035 0.071 0.096 0.347

White-naped Honeyeater Melithreptus lunatus 0.000 0.768 1.027 0.858 0.376 0.469 0.469

Crescent Honeyeater Phylidonyris pyrrhoptera 0.056 0.085 0.523 0.095 0.001 0.088 0.213

Eastern Spinebill Acanthorhynchus tenuirostris 0.052 0.074 0.551 0.083 0.000 0.327 0.530

Scarlet Robin Petroica multicolor 0.171 0.040 0.033 0.044 0.024 0.025 0.356

Flame Robin Petroica phoenicea 0.120 0.037 0.000 0.042 0.038 0.685 0.685

Eastern Yellow Robin Eopsaltria australis 0.059 0.041 0.176 0.046 0.064 0.330 0.984

Golden Whistler Pachycephala pectoralis 0.026 0.042 0.234 0.047 0.002 0.000 0.002

Rufous Whistler Pachycephala rufiventris 0.157 0.049 0.212 0.055 0.459 0.087 0.924

Grey Shrike-thrush Colluricincla harmonica 0.179 0.045 0.218 0.050 0.567 0.031 0.066

Grey Fantail Rhipidura fuliginosa 0.156 0.053 0.511 0.059 0.000 0.030 0.243

Black-faced Cuckoo-shrike Coracina novaehollandiae 0.053 0.031 0.067 0.035 0.771 0.158 0.016

White-winged Triller Lalage tricolor 0.083 0.026 0.017 0.029 0.093 0.244 0.642

White-browed Woodswallow Artamus superciliosus 5.337 0.935 0.000 1.045 0.000 0.080 0.080

Silvereye Zosterops lateralis 0.052 0.111 0.266 0.125 0.206 0.146 0.240

Winter data were not used for woodswallows, as they were absent in that season
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reassurance that any of the four burn treatments could be

applied strategically in the forest landscape without caus-

ing major disruption to bird communities as long as care

was taken not to overuse the frequent spring burning op-

tion. As different species have different needs and re-

sponses, the crucial need is to set policies that maintain a

mix of fire regimes in the broad forest landscape, allowing

some areas to remain unburnt for long periods while

burning others more often in order to reduce the impact of

wildfires on key natural or human assets.

The study of extensive severe wildfire in Bunyip State

Park demonstrated the massive change to bird populations

that may occur after wildfire (77 % inferred reduction in

forest birds) in a range of vegetation types. A similar but

slightly lesser reduction was observed after severe wildfire

in East Gippsland (eastern Victoria) during drought con-

ditions in 1983 (Loyn 1997). Many species had fully re-

covered within 3 years of those East Gippsland fires. The

Bunyip State Park study also showed that redistribution

occurred between winter and spring a few months after the

fire which would help lead to recovery in subsequent years.

The spring influx of woodswallows to burnt sites in

Bunyip State Park highlights the continental mobility of

these birds. White-browed and Masked Woodswallows are

classic nomads following ephemeral pulses of food around

mostly inland Australia (Higgins et al. 2006). These food

sources include nectar, flying insects, leaf-sucking psyllid

insects and lerps, and plague locusts. In burnt sites near

Melbourne, they were seen taking insects from epicormic

foliage as well as from the air, tree bark and the ground.

While it cannot be said that these woodswallows depend on

severe forest fires in the temperate zone, it seems clear that

they do depend on successive blooms of varied food re-

sources throughout Australia (mainly the interior). Glob-

ally, birds with similar strategies have had mixed fortunes

as their environments are ‘‘tamed’’ by human settlement: in

central Asia, Pallas’s Sandgrouse Syrrhaptes paradoxus no

longer make periodic irruptions, while in North America

the Passenger Pigeon Ectopistes migratorius has famously

gone from super-abundance to extinction (del Hoyo et al.

1997).

The retrospective study in East Gippsland aimed to

provide a longer-term perspective, answering questions

about the effects of time since fire and fire frequency over

many decades (Muir et al. 2015). Results suggest that

differences between fire regimes are fairly subtle in terms

of effects on bird communities: the stark contrasts between

burnt and unburnt sites a few months after wildfire in

Bunyip State Park were not apparent in the longer time

series available for study in eastern Victoria. Further ana-

lysis is planned to assess the effects of fire type and other

variables on bird species and guilds over time, and to do

more to tease apart the related effects of fire frequency (as

a fire regime variable) and time since fire (a more proximal

driver of habitat change, which may influence bird abun-

dance directly). The two variables are reciprocally related,

as frequent fires inevitably reduce the mean level of time

since fire in the landscape.

Some authors have questioned the value of relating

successional change to time since fire (Di Stefano et al.

2011; Sitters et al. 2014), as biota respond to habitat ele-

ments that may change in variable ways over time, de-

pending on many factors other than fire (e.g. Woinarski and

Recher 1997; Catling et al. 2001; Kavanagh et al. 2004;

MacHunter et al. 2009; Loyn and Kennedy 2009): birds

don’t measure numbers of years since fire. However, we

contend that the fauna concerned are much more capable of

assessing the nature and value of those habitat elements

than are we. It is not currently realistic for people to make

habitat assessments across the landscape of the sophisti-

cation necessary to manage habitat for the whole suite of

species according to the structure or other habitat features

that the fauna actually need. We should try to improve our

ability to identify key habitats, but we should also look for

relationships with variables that we know we can manage,

and time since fire is the most obvious and simple of all. It

has been used effectively with respect to fire in the mallee

(Haslem et al. 2011, 2012; Watson et al. 2012; Avitabile

et al. 2013) and both logging and fire in the forests of

southeastern Australia (e.g. Loyn 1980, 1997, 2004; Ka-

vanagh et al. 2004; Robinson et al. 2014). Thus it remains

important to look for such relationships, while recognising

that this represents a simplification and a first step to better

understanding. Concepts such as ‘‘tolerable fire intervals’’

have been developed to guide the frequency of planned

burns in different vegetation types (Cheal 2010), although

they may not yet cater to the diverse structural needs of

birds and other wildlife (Clarke 2008; MacHunter et al.

2009).

In terms of fire planning, the results thus far show

that planned burns can be conducted in foothill forests at

frequencies of between 3 and 10 years with little nega-

tive impact on birds, at least as long as burn areas are

kept small, whereas wildfires can have a much greater

short-term impact. Hence, when strategic planned burns

reduce the incidence, extent or severity of wildfire, the

risks to birds and humans are also reduced. The effects

on birds may be slightly greater when planned burns are

conducted in spring than autumn, which is to be ex-

pected, as spring is the main breeding season for most

species. However, that seasonal effect is subtle and not

clearly established; it appears quite reasonable to conduct

planned burns in both seasons, but to favour autumn

when possible. Many species appear to recover quite

quickly after wildfire (within 3 years in some cases)

(Loyn 1997; Muir et al. 2015), but much more needs to

J Ornithol (2015) 156 (Suppl 1):S263–S273 S271

123



be known about the details of such recovery and the

conditions necessary for it occur. Some habitat elements

take many decades to develop after disturbance (espe-

cially after stand-replacing events), and it is important to

provide conditions in which those habitats can be con-

served and created at the right places within the forest

landscape. We need to know more about effects of dif-

ferent types of fire over long time spans and the effects

of fire regime variables (especially frequency) so that we

can model their effects in complex landscapes (Friend

1993; Woinarski and Recher 1997; Driscoll et al. 2010;

Spies et al. 2011; Gill et al. 2013). This will enable us to

make informed decisions about how to reduce human

risk while conserving biodiversity and maintaining the

resilience of the ecosystem.

It is widely accepted that a more sophisticated risk-

based approach to fire management is needed to deliver

improved safety and biodiversity conservation outcomes in

Australia (Clarke 2008; Driscoll et al. 2010) and interna-

tionally (Franklin et al. 2002; Bowman et al. 2009; Flan-

nigan et al. 2009; Spies et al. 2011). A mix of

management approaches will be needed, and a mix of

research and monitoring approaches will be needed to

inform these choices and evaluate their effects. Our ideal

mix of approaches would include an array of planned

experiments, a system of surveillance sites that could be

monitored opportunistically after planned burns or unex-

pected wildfires, as currently implemented with the

Hawkeye system in Victoria or the Forestcheck system in

Western Australia (McCaw et al. 2011), and a program of

retrospective research focusing on key questions about the

spatial and temporal changes that occur under various fire

regimes.

This paper illustrates two research approaches (long-

term experiment with snapshot monitoring, and oppor-

tunistic monitoring of a single event) and also discusses a

third approach (broad-scale retrospective research). All

contribute in different ways to answering different ques-

tions. There are challenges in obtaining resources for long-

term experiments, unless they can be woven into op-

erational plans as in the Wombat State Forest example. A

local champion is a key ingredient for success, and snap-

shot monitoring can be useful, as shown here. Oppor-

tunistic studies are greatly facilitated by the presence of

established but flexible research programs, preferably with

staff based near the event, as in our Bunyip State Park

example. Retrospective studies offer the only practical way

of obtaining data on long-term processes in short time

frames. There are many challenges in design and analysis,

but the main need is for high levels of replication (multiple

sites) and a flexible approach to understanding the data and

their limitations and to communicating the practical

implications.
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Abstract. Fire is a global driver of ecosystem structure, function, and change. Problems common to fire
scientists and managers worldwide include a limited knowledge of how multiple taxonomic groups within
a given ecosystem respond to recurrent fires, and how interactions between fire regimes and environmen-
tal gradients influence biodiversity. We tested six hypotheses relating to fire regimes and environmental
gradients in forest ecosystems using data on birds (493 sites), mammals (175 sites), and vascular plants
(615 sites) systematically collected in dry eucalypt forests in southeastern Australia. We addressed each of
these hypotheses by fitting species distribution models which differed in the environmental variables used,
the spatial extent of the data, or the type of response data. We found (1) as predicted, fire interacted with
environmental gradients and shaped species distributions, but there was substantial variation between
species; (2) multiple characteristics of fire regimes influenced the distribution of forest species; (3) common
to vertebrates and plants was a strong influence of temperature and rainfall gradients, but contrary to pre-
dictions, inter-fire interval was the most influential component of the fire regime on both taxonomic
groups; (4) mixed support for the hypothesis that fire would be a stronger influence on species occurrence
at a smaller spatial extent; only for vertebrates did scale have an effect in the direction expected; (5) as pre-
dicted, vertebrates closely associated with direct measures of habitat structure were those most strongly
influenced by fire regimes; and (6) the modeled fire responses for birds were sensitive to the use of either
presence–absence or abundance data. These results underscore the important insights that can be gained
by modeling how fire regimes, not just fire events, influence biota in forests. Our work highlights the need
for management of fire regimes to be complemented by an understanding of the underlying environmental
gradients and key elements of habitat structure that influence resource availability for plants and animals.
We have demonstrated that there are general patterns in biotic responses to fire regimes and environmen-
tal gradients, but landscape management must continue to carefully consider species, scale, and the quality
of biodiversity data to achieve biodiversity conservation in fire-prone forests.

Key words: Australia; biodiversity; birds; boosted regression trees; climate; fire ecology; forest management;
mammals; rainfall; sampling design; species distribution models; temperature.
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INTRODUCTION

Fire is a global driver of ecosystem structure,
function, and change (Bowman et al. 2009, Archi-
bald et al. 2013) and is used in forest management
worldwide (Keeley et al. 2011, Moritz et al. 2014).
The increased likelihood of extreme fire weather
and the growing use of fire suppression and fuel
treatments, such as prescribed burning, create an
urgent need to understand plant and animal
responses to fire (Gill et al. 2013). Recent
advances in understanding of fire regimes have
contributed much to the knowledge of forest
ecosystems (Bradstock et al. 2012, Fernandes
et al. 2013, DellaSala and Hanson 2015), but sub-
stantial challenges remain in managing fire for
biodiversity conservation. These include limited
knowledge of how multiple taxonomic groups
within a given ecosystem respond to the spatial
and temporal arrangement of fires, how interac-
tions between fire and environmental gradients
influence biodiversity, and how the perceived fire
responses of species are affected by elements of
study design including spatial scale, choice of
environmental covariates, and data type.

The complexity of forest ecosystems presents a
challenge to understanding and predicting bio-
diversity responses to fire. Forest landscapes com-
prise numerous environmental gradients relating
to climate, disturbance, topography, and vegeta-
tion (Lindenmayer 2009, Romme et al. 2016).
Species distribution models (SDMs) that link
observations of a species occurrence or abundance
with environmental covariates can help to quan-
tify species responses to complex environmental
gradients (Elith and Leathwick 2009). Species dis-
tribution models are one of the main methods
available to predict animal and plant distributions
in relation to climate but disturbance variables
such as fire are rarely used as predictors (Franklin
2010, Austin and Van Niel 2011). Including fire,
together with environmental gradients such as
temperature, rainfall, and vegetation, may pro-
vide a more complete understanding of species
distributions in fire-prone forests. Both theoretical
(Austin 2002) and empirical (Tucker et al. 2012)

evidence suggest that combining disturbance and
environmental variables improves the perfor-
mance of SDMs. Here, we build on previous work
that has largely focused on single species or single
taxonomic groups. We use SDMs to model data
on birds, small mammals, and plants, systemati-
cally collected from a common region, to investi-
gate the relative responses of these multiple taxa
to fire. Because disturbance and climate are major
drivers of forest ecosystems, we predict that
including both fire and environmental gradients
in SDMs will improve model fit and performance.
Most studies model the effects of fire on plants

and animals by using a single measure of the fire
regime such as time since the most recent fire.
Although time since fire influences species distri-
butions, there is growing evidence that quantify-
ing the combined effects of recurrent fires and
multiple components of fire regimes is needed to
better understand plant and animal responses to
fire. For example, inter-fire interval (e.g., Morrison
et al. 1995, Aponte et al. 2014, Fairman et al.
2016), fire severity (e.g., Nappi and Drapeau 2011,
Fontaine and Kennedy 2012), and the spatial pat-
terns of fires (e.g., Sitters et al. 2014a, Sollmann
et al. 2016), in addition to time since fire, are
known to strongly influence forest plants and ani-
mals, but are rarely modeled in combination.
Here, we compare sets of SDMs with a single
measure of fire (time since fire) to those that
include multiple measures of the fire regime. We
hypothesize that models that include several fire
regime variables will outperform univariate mod-
els because biota must contend with and recover
from the combined effects of recurrent fires and
their characteristics, not just a single fire event.
Fire regimes have been linked to population

changes in species of birds, small mammals, and
plants in forests worldwide (DellaSala and Han-
son 2015). However, the relationship between
fire regimes and biodiversity can vary between
different species, taxa, and ecosystems (Clarke
2008). For more mobile groups, such as birds and
mammals, time since the last fire often strongly
influences species distributions (Catling et al.
2001, Lindenmayer et al. 2011). For less mobile
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groups, such as plants, inter-fire interval usually
is a strong influence (Gill and McCarthy 1998,
Enright et al. 2015). We test the hypothesis that
the relative influence of fire regime characteris-
tics on forest species will vary between plants
and vertebrates. We predict that plants will be
more sensitive to inter-fire intervals because they
generally need to recover on site from stored
seedbanks or vegetative buds. Furthermore, we
predict that birds and mammals will be more
strongly influenced by measures of the last fire
event, including time since fire and fire severity,
because they often are forced from burnt sites
and are relatively mobile and more likely to find
alternative habitat that has recovered sufficiently
from the last disturbance.

In addition to taxonomic group and choice of
environmental covariates, sampling design influ-
ences the inferences drawn from SDMs (Guisan
et al. 2007). One important influence is spatial
scale (Merow et al. 2014). Changing the spatial
extent, for example, can change the environmental
gradients sampled and the factors controlling fire
regimes (Parisien and Moritz 2009). Consequently,
species can respond differently to fire in different
geographic locations, particularly where climate
interacts with vegetation dynamics (Nimmo et al.
2014). Determining how spatial extent influences
model performance is important because it can
help forest managers determine which data and
models will most effectively inform fire planning.
To date, few studies have examined the consis-
tency of plant and animal responses to fire at dif-
ferent spatial extents. In this study, we investigate
the effect of sampling design on species–fire rela-
tionships at two spatial scales: a large spatial
extent encompassing multiple regions and a smal-
ler extent encompassing a single region. We pre-
dict that fire will have a stronger influence on
species at a smaller spatial extent (a single region)
than at a larger spatial extent (multiple regions)
where greater variation in environmental gradi-
ents and community assembly could mask or
change associations with fire regimes.

A second important influence of sampling is the
type of data collected. Species distribution model-
ing studies in forest ecosystems commonly use
occurrence data (presence–absence) and derive
estimates of probability of occurrence (Swan et al.
2015). This approach is useful because many spe-
cies occur at low prevalence and, when species

occur at few sites, variation in occurrence and
abundance data is similar (Cushman and McGari-
gal 2004). However, different ecological processes
can drive occurrence and abundance (Howard
et al. 2014). The increasing availability of remotely
sensed fire data, and large databases of species
occurrence records, means that it is now more
important than ever to understand how different
data types influence model outcomes. Few empiri-
cal tests exist on how the choice of response vari-
able influences modeled species–fire relationships.
Here, we compare SDMs built by using occurrence
vs. abundance data, for a subset of bird species.
We predict that the strength and shape of species
responses to fire regimes and environmental
gradients will be sensitive to the use of presence–
absence data or abundance data. Abundance data
contain more information and we expect that it is
more closely related to population dynamics than
presence–absence data.
Fires have both direct and indirect effects on

plants and animals (Whelan et al. 2002). Fires can
directly cause emigration and mortality in ani-
mals, and also indirectly influence animal popula-
tions by changing habitat resources associated
with vegetation structure and floristic composi-
tion. For example, Fox et al. (2003) showed that
small mammal species entered the post-fire suc-
cession only when vegetation structure became
suitable. The utility of fire regime variables as pre-
dictors of the distribution of animal species
depends on how closely vegetation structure and
composition are related to fire (Converse et al.
2006, Di Stefano et al. 2011). Recent studies have
shown that habitat variables, measured on-site,
can provide greater accuracy and predictive
power than relying on fire variables alone
(Nimmo et al. 2014, Sitters et al. 2014b). Several
studies have tested a priori predictions about spe-
cies responses to fire, based on species traits and
descriptions of habitat use, but have found limited
support for predicting post-fire responses using
qualitative information (Smith et al. 2013). Here,
we explore an alternative approach for developing
generalizations about which forest species are
most affected by fire regimes. We investigate the
potential for field-based measures of habitat struc-
ture to predict the distribution of forest birds, and
directly compare such habitat models with models
built using fire regime variables for the same spe-
cies. We predict that vertebrates with distributions
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strongly linked to direct measures of habitat struc-
ture will also be those most influenced by fire,
particularly when those measures of habitat struc-
ture are associated with fire regimes.

In this study, we quantify the relationships
between species, fire regimes, and environmental
gradients in dry eucalypt forests of southeastern
Australia. Fire is a major natural disturbance in
“foothill forests” that cover approximately 7.5
million ha in the State of Victoria. Foothill forests
are a unique combination of hilly terrain and
dense forest, often bordering towns and city
edges. They are a priority for fire management in
southeastern Australia, containing high levels of
biodiversity and posing risks of fires to people
and property. We bring together data from six
major studies to provide a more complete picture
of biodiversity responses to interactions between
fire regimes and environmental gradients in foot-
hill forests. We seek to advance this field by
quantifying species responses to recurrent fires,
by modeling species responses to a greater range
of fire and environmental gradients, by compar-
ing species–environment relationships between
multiple taxonomic groups in one ecosystem,
and by compiling an extensive data set (>600 bio-
diversity survey sites) that allows greater explo-
ration of the role of sampling design.

We examine the overarching question of how
fire and environmental gradients influence spe-
cies distributions in forest ecosystems, by using

data on birds, small mammals, and vascular
plants collected for the purpose of understanding
fire responses. We test six primary hypotheses
relating to the role of fire in determining species
distributions (Tables 1 and 2).
(H1) Disturbance hypothesis: the fit and per-

formance of species distribution models will be
improved by including predictor variables relat-
ing to fire, a major disturbance in eucalypt for-
ests, in addition to variables representing climate
and vegetation type.
(H2) Fire regime hypothesis: the fit and perfor-

mance of species distribution models will be
higher when using variables that represent mul-
tiple components of fire regimes rather than a
single component.
(H3) Taxonomic group hypothesis: the relative

influence of fire regime characteristics will vary
between plants (less mobile species) and verte-
brates (more mobile species).
(H4) Spatial-scale hypothesis: species–fire rela-

tionships will be stronger at a smaller spatial
extent, for which other environmental gradients
are more muted.
(H5) Data-type hypothesis: the magnitude and

shape of a species–fire response is sensitive to the
use of either presence–absence data or abun-
dance data.
(H6) Habitat hypothesis: vertebrate species

with distributions strongly linked to habitat
structure will be those most influenced by fire.

Table 1. Hypotheses tested (H1–6), predictions arising from each hypothesis, and corresponding model sets
(M1–6) and comparisons.

Hypothesis Comparison

H1, Disturbance. If species distributions are strongly influenced by fire, in addition to climate and vegetation
variables, M3 should have higher explanatory power and predictive ability than M1.

M1 vs. M3

H2, Fire regime. If species distributions are more strongly shaped by multiple components of the fire regime,
than by a single measure (time since fire), M3 should have higher explanatory power and predictive ability
than M2.

M2 vs. M3

H3, Taxonomic group. If the occurrences of vascular plants and vertebrates are determined by different
measures of the fire regime, the relative contribution of fire regime variables within M3 should show marked
differences when grouped by taxa.

M3 subsets

H4, Spatial scale. If the processes that shape species distributions are sensitive to the spatial extent of the data
set, the relative contributions of fire, climate, and vegetation variables should differ between M3 and M4.

M3 vs. M4

H5, Data type. If species responses to environmental variables are sensitive to the type of response data
modeled (occurrence vs. abundance), the magnitude and contribution of fire, climate, and vegetation
variables should differ between M3 and M5.

M3 vs. M5

H6, Habitat. If vertebrate–fire relationships are largely determined by changes in habitat structure, a model
that uses direct measures of habitat structure (M6) should have higher explanatory power and predictive
ability than a model that uses fire regime variables (M3). There should also be a positive correlation between
species influenced by habitat structure and species influenced by fire.

M3 vs. M6

Note: Model sets are described in Table 2.
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We address each of these hypotheses by fitting
SDMs for data sets of birds, mammals, and vas-
cular plants, which differ in the environmental
variables used, the spatial extent of the data, or
the type of response data (Table 2).

METHODS

Study area and background
Foothill forests (~75,000 km2) in Victoria, south-

eastern Australia, contain large tracts of vegeta-
tion characterized by rough-barked eucalypts
including messmate Eucalyptus obliqua, brown
stringybark Eucalyptus baxteri, narrow-leaved pep-
permint Eucalyptus radiata, and broad-leaved pep-
permint Eucalyptus dives (Figs. 1 and 2a). Foothill
forests occur on hilly terrain; slopes and ridges
support drier, more open forest, whereas moister
gullies support denser vegetation and include
smooth-barked trees including mountain gray
gum Eucalyptus cypellocarpa, blue gum Eucalyptus
globulus, and manna gum Eucalyptus viminalis.
Common midstory species include blackwood
Acacia melanoxylon and silver wattle Acacia deal-
bata. The understory in drier vegetation types
largely comprises a mix of sclerophyllous shrubs,
perennial grasses (Poa spp.), and herbs and ferns
including Austral bracken Pteridium esculentum. In
wetter vegetation types, an understory dominated
by rough tree fern Cyathea australis, Australian tree
fern Dicksonia antarctica, and soft bracken Calo-
chleana dubia is more common. Importantly, in
foothill forests, most individuals of the dominant

eucalypt species survive fire events and regenerate
from epicormic buds and basal shoots (Gill 2012,
see Fig. 1). Fires also trigger recruitment of euca-
lypt seedlings. Thus, most stands of foothill forest
comprise multi-aged cohorts of resprouting euca-
lypts. Average annual rainfall ranges from 700 to
1600 mm (http://www.bom.gov.au/).
Much of the study area consists of state-owned

reserves that are managed for biodiversity conser-
vation, recreation, water, and timber harvesting.
Most forest vegetation has experienced either
clear-felling or selective logging in the past 150 yr
(DELWP 2014). Fire management on public land
has dual objectives of protecting human life and
property within and adjacent to reserves, and
maintaining or improving ecosystem resilience
(DELWP 2012). The occurrence of hot summer
days (>35°C) and long periods of drought pro-
mote large, intense fires. Major wildfires occurred
in the study area in 1939, 1962, 1983, 2003, 2006,
and 2009 (Teague et al. 2010). Between 2000 and
2013, approximately 42% of foothill forests were
burnt, mostly during large wildfires >10,000 ha.
Prescribed burning is widespread and undertaken
primarily to reduce fuels and, in some cases, to
achieve ecological objectives (Gill 2012). Pre-
scribed burns are commonly of lower intensity
than wildfires, often being patchy burns that do
not reach canopy strata (Cheal 2010).

Bird, small mammal, and plant data
We combined biodiversity data from six large-

scale studies that systematically surveyed plant

Table 2. Model set descriptions (data type and spatial extent in parentheses) with corresponding hypotheses,
taxa, and environmental variables.

Model sets Hypotheses Taxa Environmental variables†

M1: climate and vegetation (p/a, all regions) H1 B, M, P Temperature, Rainfall, Vegetation
M2: single measure of fire (p/a, all regions) H2 B, M, P Temperature, Rainfall, Vegetation

Time since fire
M3: multiple measures of fire (p/a, all regions) H1–H5 B, M, P Temperature, Rainfall, Vegetation

Time since fire, Area burnt, Inter-fire interval, Fire type
M4: multiple measures of fire
(p/a, Otway Ranges region)

H4 B, M, P Temperature, Rainfall, Vegetation
Time since fire, Area burnt, Inter-fire interval, Fire type

M5: multiple measures of fire
(abundance, all regions)

H5 B Temperature, Rainfall, Vegetation
Time since fire, Area burnt, Inter-fire interval, Fire type

M6: habitat structure (p/a, Otway Ranges
and East Central regions)

H6 B Temperature, Rainfall, Vegetation
Litter, Midstory, Upperstory, Tree diameter

Note: B = Birds; M = Mammals; P = Plants.
† All models for birds and plants also include additional variables to account for spatial and temporal survey effort; all

models for mammals include a variable to account for temporal survey effort.
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and vertebrate distributions along post-fire gra-
dients: the Faunal Refuges Project; Fire Effects
Study Areas; Gippsland Retrospective and Haw-
kEye; the Otways Fire, Landscape Pattern and
Biodiversity Project; Otways HawkEye; and Pre-
and Post-fire Flora Monitoring (Appendix S1).
Different studies were undertaken in different
geographic regions across the study area
(Fig. 2a). We use data from sites arrayed along a
chronosequence of 0–70 yr post-fire. Each study
was undertaken within large continuous blocks
of forest, and most sites were selected to avoid
recent (<30 yr) logging activity.

Data on birds were collected in five of the
studies by using either timed point counts or
timed area searches (Robinson et al. 2014, Sitters
et al. 2014a, b, Loyn and McNabb 2015, Muir
et al. 2015). Data on small mammals were col-
lected in three of the studies by using aluminum
Elliott box traps (e.g., Swan et al. 2015, Chia
2016). The presence of vascular plant species was
recorded in five studies via quadrat and transect
searches at sites (e.g., Bassett et al. 2015, Cohn

et al. 2015). Further information about the num-
ber of sample sites from each project, field sam-
pling methods, and the timing of data collection
is included in Appendix S1.
In total, the combined data used in the present

study consisted of records of 112 bird species
from surveys at 493 sites, seven small mammal
species from 175 sites, and 233 vascular plant
species from 615 sites.

Environmental data
The fire history of sites was obtained from map-

ping undertaken by the Victorian government
landmanagement agency, the Department of Envi-
ronment, Land, Water and Planning (DELWP).
Major fires were mapped from 1903 onward, with
the accuracy and resolution of mapping increasing
over time with the availability of satellite imagery
from the 1970s (DELWP 2014; Fig. 2b). We calcu-
lated four fire regime variables for statistical analy-
sis. Time since fire was calculated as the number
of years from the most recent fire to the year of the
plant or vertebrate survey. The type of the most

Fig. 1. (left) Foothill forest vegetation 15 months after a large wildfire in the Central Highlands, Victoria; the
dominant tree species, messmate and broad-leaved peppermint, can be seen resprouting from epicormic buds;
Australian tree fern and Austral bracken are common in the understory; (right upper) flame robin; (right lower)
eastern yellow robin. Photo credits: S. Leonard (left) and R. Clarke (right).
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Fig. 2. (Top) Extent of foothill forest vegetation in Victoria and (bottom) fire history of foothill forest. Different
colors represent foothill vegetation, and surrounding areas, last burnt in each decade since fire mapping started
in 1903. Pale gray depicts foothill forests for which no fire has been mapped over this period.
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recent fire (wildfire or prescribed burn) was used
as a surrogate for fire severity because mapping
of fire intensity and severity is not available
across the period of fires included in this study.
Although they vary in severity (Leonard et al.
2014), wildfires usually are more intense than
prescribed fires. Mean inter-fire interval was
calculated as the average number of years
between successive fires at each site (excluding
time since the last fire). For example, the mean
inter-fire interval at a site burnt in 2010, 2000,
and 1980 would be 15 yr, and the mean inter-fire
interval at a site burnt in 2009 and 2008 would be
one year. Mean inter-fire interval was highly
correlated with minimum inter-fire interval
(Pearson’s correlation coefficient = 0.93) and by
definition is closely related to fire frequency. To
avoid collinearity, we selected only mean inter-
fire interval for inclusion in SDMs (hereafter
referred to as “inter-fire interval”). Area burnt
was calculated as the amount of recently burnt
vegetation (≤3 yr since the last fire) in a circle
with a 1 km radius (314 ha) centered on each
site. Time since fire and area burnt were corre-
lated (r = �0.74) but we retained both variables
in the final model set because we were interested
in exploring interactions between the two. Miss-
ing fire records were estimated as part of the spe-
cies distribution modeling procedure described
below.

We derived two climatic gradient variables rep-
resenting the marked variation in temperature and
rainfall across the study area (Liu et al. 2013). Mean
maximum temperature in January (mid-summer)
and mean rainfall in July (mid-winter) were deri-
ved from the software package ANUCLIM (Houl-
der et al. 2003) and applied to a 30-m Shuttle Radar
TopographyMissionDigital ElevationModel. Tem-
perature and rainfall were represented at a pixel
resolution of 75 9 75 m. We classified each site
according to local vegetation type by using existing
vegetationmaps produced byDELWP (2014). Foot-
hill forests comprise local vegetation types that dif-
fer in structure and species composition. Here, the
broad classification of foothill forest was divided
into five categories on the basis of structural simi-
larities and soil type: Foothill Forest, Forby Forest,
Grassy/Heathy Forest,Moist Forest, and TallMixed
Forest (followingCheal 2010).

We also calculated four fine-scale measures
of habitat structure representing features we

predicted would provide important resources for
birds: litter (mean litter depth, mm), midstory
(percentage of vegetation cover 1–2 m), upper-
story (percentage of vegetation cover ≥4 m), and
tree diameter (mean diameter at breast height
[cm] of live eucalypts). These habitat variables
are empirical data collected at 344 sites, in con-
junction with plant and animal surveys. Further
details of field measurement methods are pro-
vided in Appendix S1. The mean and range for
each environmental variable are shown in
Appendix S2, and correlations between all envi-
ronmental variables are shown in Appendix S3.

Hypothesis testing and model sets
We built six sets of regression models to address

the six hypotheses and their predictions (Table 1).
Each hypothesis was tested by comparing models
that differed in either the species and taxonomic
group included in the analysis (plants or verte-
brates), the environmental predictors included
(climate/vegetation variables only, climate/vegeta-
tion plus time since fire, or climate/vegetation plus
multiple measures of the fire regime), the spatial
extent of the data (a single region or multiple
regions), or the type of response data (presence–
absence or abundance) (Table 2).
The first three sets of models were built using

presence–absence data for individual plant and
vertebrate species. Model Set 1 represented a
baseline model of climate and vegetation and
included temperature, rainfall, and vegetation
type as environmental predictor variables. Model
Set 2 included the baseline environmental vari-
ables and time since fire, and Model Set 3
included the baseline environmental variables
and four fire variables representing the fire
regime (area burnt, inter-fire interval, fire type,
and time since fire; Tables 1 and 2).
Model Set 4 included the same set of climate

and fire regime models as Model Set 3 but used
data from only a single focal region: the Otway
Ranges. The data from this region span an east–
west gradient of ~50 km, compared with a length
of ~500 km for multiple regions (Fig. 2). Model
Set 5 used the same predictor variables and spatial
extent as Model Set 3 but the response variable
was the total number of records of each bird spe-
cies at each site (hereafter “relative abundance”).
This allowed comparison with presence–absence
models for the same taxa. Model Set 6 included
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four local habitat variables in addition to tempera-
ture, rainfall, and vegetation type. This allowed
comparison with models for birds that included
fire regime variables (Tables 1 and 2). Model Set 6
was built using data from two regions (Otway
Ranges and Central Victoria) where habitat struc-
ture was measured in the field using comparable
methods. Model Set 6 was compared to a version
of Model Set 3 (baseline and fire regime variables)
built from the same two regions (so model out-
puts were comparable).

Species distribution modeling
We used boosted regression trees (BRTs) to

determine plant and vertebrate responses to fire
regimes and to compare model sets relating to
our hypotheses. BRTs provide a flexible frame-
work to model non-linear relationships and to
quantify interactions between variables (Elith
et al. 2008, Leathwick et al. 2008). Boosted regres-
sion trees generally outperform other regression
modeling techniques when used to model species
distributions (Elith et al. 2006), and have the
advantage of imputing missing predictor data as
part of the model-fitting procedure (Elith et al.
2008). Data on inter-fire interval were imputed for
126 of 494 bird sites, 180 of 612 plant sites, and 28
of 75 mammal sites using the “surrogate split”
method. This method uses information from other
predictor variables in the model, such as vegeta-
tion type, rainfall, and temperature, to impute
missing data (approach summarized in Tierney
et al. 2015). We used imputation, rather than
restricting analyses to a smaller data set, to make
best use of the information available. Follow-up
analysis with only “complete cases” showed that
ranking of the importance of the predictor vari-
ables was similar to results from imputed data.

We modeled the response variable as either the
occurrence (binomial distribution) or abundance
(Poisson distribution) of a species at a site. The
response and environmental variables varied
depending on the model set (Table 2). For birds
and small mammals, we modeled the response
variable as the detected presence–absence (or
total number of individuals) of a species at a site,
for data pooled over multiple surveys. For
plants, we modeled the response variable as the
detected presence–absence of a species at a site.

Additional predictor variables relating to sur-
vey effort that were specific to each taxonomic

group were included in BRTs to account for
spatial and temporal variation in sampling
(Appendix S2: Tables S1 and S2). For birds,
spatial survey effort was modeled as log(area of
survey plot) and temporal survey effort was
modeled as log(total survey time). For small
mammals, temporal survey effort was modeled
as log(number of trap nights). For plants, spa-
tial survey effort was modeled as log(area of
survey plot) and temporal survey effort was
modeled as the total number of site visits.
Where fires occurred between successive biodi-
versity surveys at sites, we selected only one
survey period for inclusion in further modeling
to ensure that fire history data matched the field
survey data.
We modeled bird, small mammal, and plant

species that occurred at ≥10% of sites across the
study area and, to ensure appropriate spatial cov-
erage, that were present in at least the two geo-
graphic regions that encompassed the most
survey sites (Otway Ranges and Central Victoria).
We assessed the fit of each model by calculating
the proportion of deviance explained (% Dev;
Zuur et al. 2009). The ability of models to accu-
rately discriminate between a species’ presence
and absence was assessed by using the area under
the curve (AUC) of a receiver-operating character-
istic plot. Models with AUC values of <0.7, 0.7–
0.9, and >0.9 were interpreted as offering poor,
useful, and very good discrimination, respectively
(Pearce and Ferrier 2000). We used 10-fold cross-
validation to determine AUC values. We also
assessed the correlation coefficient between pre-
dicted probabilities and observation of species
presence–absence (point-biserial correlation) but
the results were similar to AUC and we do not
report them here. We assessed the contribution of
variables, within each model, by calculating the
proportion of deviance explained attributable to
each variable (percentage deviance explained/per-
centage contribution of variable).
Exploration of boosted regression tree model

specifications showed that a tree complexity of 3,
learning rate of 0.001, and bag fraction of 0.75
achieved minimum predictive error for most spe-
cies. Learning rate was reduced for some species
to achieve model convergence. BRTs were run in
R-Studio using R statistical software (http://www.
r-project.org/) using the package dismo (Hijmans
et al. 2015). To ensure the results were robust to
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choice of regression modeling technique, we also
ran comparable generalized linear models (GLMs)
and generalized additive models (GAMs) for
Model Set 3, for all bird species. Visual compar-
ison of species–environment relationships showed
that GLM and GAM results were similar to BRTs
and we do not report them here.

Analyses were summarized by careful integra-
tion of statistical modeling and descriptive statis-
tics. We used box plots and descriptive statistics
to summarize how the explanatory power (%
Dev), predictive discrimination AUC, and
strength of species–environment relationships
differed between and within model sets (Appen-
dices S4 and S5). Further insight into the magni-
tude, direction, shape, and uncertainty of
individual species responses to environmental
gradients was gained by plotting model predic-
tions and interactions (Appendices S6 and S7).

RESULTS

We built SDMs for a total of 77 plant and 35
vertebrate species. Regression modeling showed
that the distributions of vascular plants and ver-
tebrates were associated with fire regimes and
environmental gradients (Fig. 3a, b). The median
explanatory power of binomial models across
both taxa, using fire, climate, and vegetation data
from multiple regions, was 34% (deviance
explained; Appendix S4). Model discrimination
between species presence and absence was useful
for most species of plants and vertebrates (AUC
values ≥0.7; Fig. 3c, d).

Species–environment relationships for two
exemplar species, characteristic of foothill forests,
are shown for binomial models including explana-
tory variables for fire, climate, and vegetation type
(Figs. 4 and 5). Messmate E. obliqua was detected
at higher probability of occurrence at longer
inter-fire intervals (>20 yr) and was associated with
lower maximum temperatures in January (20–
23°C; Fig. 4). Explanatory power of the model was
high (% Dev = 44.5%) and predictive discrimina-
tion was useful (AUC = 0.86). Probability of occur-
rence of the eastern yellow robin Eopsaltria australis
showed a small increase with time since fire (peak-
ing between 50 and 70 yr) and at longer inter-fire
intervals (>15 yr; Fig. 5). Explanatory power of the
model was moderate (% Dev = 15.3%) but predic-
tive discrimination was low (AUC = 0.66).

(H1) The Disturbance hypothesis
Prediction: Adding fire to environmental models

will improve model fit.—Models including fire vari-
ables (M2 and M3 in Table 2) had higher
explanatory power (% Dev) than models includ-
ing only climate and vegetation type (Fig. 3a, b).
For plants, median deviance explained increased
by 5.5 with the inclusion of fire regime variables
(Fig. 3a), a percentage increase of 18.4%. For ver-
tebrates, median deviance explained increased
by 2.7 with the inclusion of variables represent-
ing fire regimes (Fig. 3b), a percentage increase
of 10.7%. Further insight into the relative influ-
ence of environmental variables was gained by
examining results within the model set that
included all fire-, climate-, and vegetation-type
predictors (M3). Within this set, the sum of the
median model explanatory power attributable to
rainfall and temperature gradients for all plant
and vertebrate species combined was 13.4%, and
the median amounts attributable to fire variables
and vegetation type across all species were 9.8%
and 3.7%, respectively (Fig. 6; Appendix S5).
There was considerable variation between spe-
cies (Fig. 3a, b; Appendices S4–S6).
Interactions between fire, climate, and vegeta-

tion type helped explain the distributions of
plants and animals (Table 3). Within M3, the
interaction between temperature and rainfall had
the highest non-additive influence on species dis-
tributions (Table 3). Strong pairwise interactions
were also evident between inter-fire interval and
rainfall, and time since fire and temperature, for
plants and vertebrates (Table 3). Such interac-
tions sometimes resulted in marked variation in
the response of species to fire along climatic gra-
dients. For example, the narrow-leaved wattle
Acacia mucronata showed a pronounced peak of
occurrence at sites with lower maximum temper-
atures in January and longer times since fire
(Fig. 7a), and the Australian king-parrot Alisterus
scapularis showed a clear relationship with time
since fire only at sites with lower maximum tem-
peratures in January (Fig. 7b).
Interactions between fire and vegetation were

not as pronounced as fire–climate interactions. The
responses of messmate and eastern yellow robin
to inter-fire interval in different vegetation types
highlight a common pattern found for many spe-
cies: The direction and shape of species responses
were relatively consistent in different vegetation
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types but with differences in mean probability of
occurrence in each vegetation type (Fig. 7c, d).

The increase in model explanatory power with
fire variables did not translate into an overall

increase in the predictive discrimination of mod-
els with fire variables (as measured by AUC). For
both plants and vertebrates, predictive discrimi-
nation AUC was similar for models including

Fig. 3. Performance of regression models for vascular plants (a, c) and vertebrates (b, d) using occurrence data
from all regions. Results are shown for three model sets: climate and vegetation variables only, climate and vege-
tation plus time since fire, and climate and vegetation plus multiple fire regime variables. Within each model set,
points represent deviance explained (%) or area under the curve (AUC) of the model for a single species. Box
plots highlight the median, upper quartile, and lower quartile of explanatory or predictive power.
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climate and vegetation variables only, compared
to models also including fire variables (Fig. 3c, d).
However, the addition of fire regime variables
did increase predictive discrimination for some
individual species when compared with models

including only rainfall, temperature, and vegeta-
tion type: Models including fire regime variables
increased AUC values, by 0.2 or more, for 20
(26.0%) of 77 plants and 14 (40.0%) of 35 verte-
brates (Appendix S4).

Fig. 4. Response of messmate Eucalyptus obliqua to predictor variables using occurrence data from all regions.
Solid black lines are predictions of the probability of occurrence from a boosted regression tree model. Solid gray
lines are bootstrapped 95% confidence intervals. The distribution of study sites across each continuous variable is
shown on the x-axis in deciles.

 ❖ www.esajournals.org 12 April 2017 ❖ Volume 8(4) ❖ Article e01781

KELLY ET AL.



(H2) The Fire regime hypothesis
Prediction: Multiple fire regime variables will

outperform a single measure of fire.—Models includ-
ing multiple measures of the fire regime (area
burnt, fire type, inter-fire interval, and time since
fire) had marginally higher explanatory power

than models including time since fire (Fig. 3a, b).
For plants, median deviance explained increased
by 2.7 with the inclusion of multiple fire regime
variables, a percentage increase of 8.4% (Fig. 3a).
For vertebrates, median deviance explained
increased by 1.1 with the inclusion of several

Fig. 5. Response of eastern yellow robin Eopsaltria australis to predictor variables using occurrence data from
all regions. Solid black lines are predictions of the probability of occurrence from a boosted regression tree model.
Solid gray lines are bootstrapped 95% confidence intervals. The distribution of study sites across each continuous
variable is shown on the x-axis in deciles.
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Fig. 6. Influence of predictor variables on vascular plants (a) and vertebrates (b) from a model including cli-
mate, vegetation, and fire regime variables and using occurrence data from all regions. Within each predictor
variable, points represent the response of a single species to a predictor variable. Deviance explained attributable
to each variable (%) represents the influence of each variable from a boosted regression tree model including all
variables. A higher amount represents a stronger effect of that variable. Box plots highlight the median, upper
quartile, and lower quartile of species responses to each predictor variable.

Table 3. The five pairwise interactions between environmental variables with the highest median contributions
to boosted regression tree models relating the distributions of vascular plants and vertebrates to fire, climate,
and vegetation type.

Vascular plants Value Vertebrates Value

Rainfall & temperature 6.04 Rainfall & temperature 2.18
Temperature & vegetation 4.76 Inter-fire interval & rainfall 0.92
Rainfall & vegetation 2.89 Inter-fire interval & temperature 0.85
Inter-fire interval & rainfall 1.43 Temperature & time since fire 0.66
Temperature & time since fire 1.28 Temperature & vegetation 0.54

Note: Each value is the median across all species in each taxonomic group and indicates the relative degree of departure
from a purely additive effect, with a value of zero indicating that no interaction is present.
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variables representing fire regimes, a percentage
increase of 4.1% (Fig. 3b).

The direction, shape, and strength of fire
responses varied markedly between species. For
example, birds including eastern yellow robin,
rose robin Petroica rosea, silvereye Zosterops lateralis,
superb fairy-wren Malurus cyaneus, and white-
browed scrubwren Sericornis frontalis showed
higher probabilities of occurrence at longer inter-
fire intervals or time since fire (Appendix S6),

whereas the occurrence of the buff-rumped thorn-
bill Acanthiza reguloides and flame robin Petroica
phoenicea was associated with shorter fire intervals
or recently burnt vegetation (Appendix S6). Plants
including messmate and prickly currant bush
Coprosma quadrifida were associated with longer
fire intervals. Hare’s tail Echinopogon ovatus and
small St. John’s wort Hypericum gramineum were
associated with shorter intervals (Appendices S5
and S6). The probability of occurrence of mammals

Fig. 7. Influence of interactions between environmental variables on species distributions. The interactions
between a categorical variable, vegetation type, and a continuous variable, inter-fire interval, for (a) messmate
Eucalyptus obliqua and (b) eastern yellow robin Eopsaltria australis. The interactions between two continuous vari-
ables, mean maximum temperature in January and time since fire, for (c) narrow-leaved wattle Acacia mucronata
and (d) Australian king-parrot Alisterus scapularis. Lines are predictions of the probability of occurrence from a
boosted regression tree model.
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showed a more muted relationship with fire vari-
ables (Appendices S5 and S6). The bush rat Rattus
fuscipes was the only mammal species that was
correlated with fire, occurring slightly more fre-
quently in areas with longer inter-fire intervals
(Appendices S5 and S6).

The increase in model explanatory power with
addition of multiple fire variables did not translate
into an increase in median model predictive abil-
ity when compared with models including a sin-
gle fire predictor (M2 vs. M3), when the data were
summarized by taxonomic group (Fig. 3c, d).
Models including fire regime variables (cf single
fire predictor) increased AUC by small amounts
(0.01–0.02) for 21 (27.3%) of 77 plant species and
15 (42.9%) of 35 vertebrates (Appendix S4).

(H3) The Taxonomic group hypothesis
Prediction: Vertebrates and plants will respond

differently to fire and environmental gradients.—The
strongest influences on the occurrence of both
plants and vertebrates were rainfall and tempera-
ture gradients (Fig. 6). Of variables representing
fire regimes, inter-fire interval was the strongest
influence on species occurrence for plants and ver-
tebrates, with time since fire also an important dri-
ver of some species (Fig. 6). Area burnt had a
greater influence on the distribution of plants than
vertebrates but graphical exploration of species
responses to this measure indicated that, on its
own, this variable had little influence on changes
in probability of occurrence of plants or vertebrates
(Appendix S6). Fire type (wildfire vs. prescribed
fire) had a negligible effect on the distribution of
plants and vertebrates (Fig. 6). The explanatory
power of regression models was generally higher
for plants (median deviance explained = 35.2%)
than for vertebrates (28.0%; Fig. 3a, b).

Many species were closely associated with high
rainfall, including silver wattle A. dealbata, com-
mon woodruff Aspercula conferta, Tasman flax lilly
Dianella tasmanica, blue gum E. globulus, flax-
leafed rice flower Pimelea linifolia; and the birds,
striated pardalote Pardalotus striatus and yellow-
faced honeyeater Lichenostomus chrysops. Species
more common in lower rainfall areas included
small grass tree Xanthorrhoea australis, blue bottle
daisy Lagenophora stipitata, and the birds superb
fairy-wren Malurus cyaneus and white-eared hon-
eyeater Lichenostomus leucotis (Appendices S5 and
S6). Species associated with lower maximum

temperature in January included mountain gray
gum E. cypellocarpa, prickly currant bush, toothed
clematis Clematis aristata, and the birds crescent
honeyeater Phylidonyris pyrrhopterus and striated
pardalote. Species more common in areas with
higher maximum temperature included Aus-
tralian blue-bell Wahlenbergia stricta, wattle mat
rush Lomandra filiformis, common hovea Hovea
heterophylla, and the birds rufous whistler Pachy-
cephala rufiventris and spotted pardalote Pardalotus
punctatus.

(H4) The Spatial-scale hypothesis
Prediction: Fire will be a stronger influence at a

smaller spatial extent.—Fire regime variables
improved model fit for plants and vertebrates,
both across multiple regions and within a single
focal region (the Otway Ranges; Figs. 3 and 8).
For vertebrates, fire was a stronger relative influ-
ence within a focal region than at a spatial extent
spanning multiple regions. Median deviance
explained increased by 7.2 with the inclusion of
variables representing fire regimes within the focal
region (Fig. 8b), compared to an increase of 2.7 for
the same measure across all regions (Fig. 3b). The
relative influence of fire variables was similar at
both spatial extents for vertebrates; inter-fire inter-
val was influential, with some explanatory power
attributable to time since fire and area burnt (com-
pare explanatory power in Figs. 6 and 9).
For plants, the relative influence of inter-fire

interval, compared to climatic gradients, was
higher within the single focal region compared to
the larger extent (compare Figs. 6a and 9a).
However, this did not translate into an overall
stronger influence of fire on plants at the smaller
spatial extent. Median deviance explained
increased by 3.2 with the addition of fire regime
variables (to environmental variables) in the focal
region, but there was a larger increase across
multiple regions (5.5; Figs. 3a and 8a). This can
be explained by a decline in the relative influence
of other fire variables (time since fire, area burnt)
within the focal region (Fig. 9).
In summary, fire correlated more strongly with

vertebrates at the smaller spatial extent (Fig. 3b
vs. Fig. 8b). For plants, there was a stronger rela-
tive influence of fire interval at smaller spatial
extents, but fire did not have a greater effect on
plants in the focal region than across multiple
regions (Fig. 3a vs. Fig. 8a). For both taxonomic
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groups, there was considerable variation between
species in the spatial extent that produced the
strongest responses to fire (Appendix S4: Tables
S1–S4).

(H5) The Data-type hypothesis
Prediction: Fire responses will be sensitive to

presence–absence data vs. abundance data.—We com-
pared regression models using presence–absence

Fig. 8. Performance of regression models for vascular plants (a, c) and vertebrates (b, d) using occurrence data
from the focal region, the Otway Ranges. Results are shown for three model sets: climate and vegetation variables
only, climate and vegetation plus time since fire, and climate and vegetation plus multiple fire regime variables.
Within each model set, points represent deviance explained (%) or area under the curve (AUC) of the model for a
single species. Box plots highlight the median, upper quartile, and lower quartile of explanatory or predictive power.
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data (M3, binomial models) or abundance data
(M5, Poisson models) for 32 bird species (Fig. 10).
Fire was a moderate driver of both bird occurrence
and abundance; however, data type influenced the
strength and shape of species–fire relationships
(Fig. 10; Appendices S6 and S7). Time since fire
was a stronger influence on bird species abun-
dance than occurrence, while fire interval was a
relatively stronger driver on bird species occur-
rence (Fig. 10). Several species that did not show a
clear response to measures of the fire regime when
presence–absence data were modeled showed a
response to fire when abundance data were mod-
eled: These included fan-tailed cuckoo Cacomantis
flabelliformis, golden whistler Pachycephala pectoralis,
black-faced cuckoo-shrike Coracina novaehollandiae,

yellow-faced honeyeater, and white-naped hon-
eyeater Melithreptus lunatus. Two species showed a
clear response to fire only when using presence–
absence data: buff-rumped thornbill and superb
fairy-wren (Appendices S6 and S7).
Further exploration of models for individual

bird species indicated that differences between
data types could be explained, in part, by differ-
ences in species prevalence. For species occurring
at relatively few sites (10–20% of sites), modeling
the data as either presence–absence or abun-
dance yielded similar species–environment rela-
tionships (Appendices S5–S7). For example, the
distribution of the flame robin (present at 14% of
sites) was associated with recently burnt vegeta-
tion in models using presence–absence and

Fig. 9. Influence of predictor variables on vascular plants (a) and vertebrates (b) from a model including cli-
mate, vegetation, and fire regime variables and using occurrence data from the focal region, the Otway Ranges.
Within each predictor variable, points represent the response of a single species to that variable. Deviance
explained attributable to each variable (%) represents the influence of each variable from a boosted regression
tree model including all variables. A higher amount represents a stronger effect of that variable. Box plots high-
light the median, upper quartile, and lower quartile of species responses to each predictor variable.
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abundance data (Fig. 11a, b). For several species
occurring at a large number of sites (>70% of
sites), abundance data yielded stronger species–
environment relationships. For example, the
abundance of the yellow-faced honeyeater (pre-
sent at 81% of sites) was higher with increasing
time since fire, but probability of occurrence
remained high across all time since fire ages
(Fig. 11c, d).

(H6) The Habitat hypothesis
Prediction: Response to habitat structure will be

correlated with response to fire.—We compared
presence–absence models for 32 bird species that
included either four predictor variables repre-
senting fire attributes or four predictor variables

representing habitat structure (M3 vs. M6, with
M3 re-modeled using data from only the two
regions with field-measured habitat data). Mod-
els including habitat structure had a moderately
higher model fit, and a small increase in predic-
tive ability, than those using fire regime variables
(Fig. 12). Tree diameter and leaf litter were stron-
ger drivers of the occurrence of birds than other
local habitat variables (Fig. 13). We used linear
regression to quantify the relationship between
deviance explained attributable to fire variables
(y) and deviance explained attributable to habitat
structure (x). There was a positive correlation
between the effect of fire regime variables and
the effect of habitat structure variables on birds
(y = 0.56x + 9.12, R2 = 15%; Fig. 14).

Fig. 10. Influence of predictor variables on birds from a model including climate, vegetation, and fire regime
variables and using occurrence (a) or abundance (b) data from all regions. Within each predictor variable, points
represent the response of a single species to a predictor variable. Deviance explained attributable to each variable
(%) represents the influence of each variable from a boosted regression tree model including all variables. A
higher amount represents a stronger effect of that variable. Box plots highlight the median, upper quartile, and
lower quartile of species responses to each predictor variable.
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DISCUSSION

This study provides new insights into plant
and animal distributions in fire-prone forests and
how to model them. We have shown that inter-
acting fire regimes and environmental gradients
influence the distribution of birds, small mam-
mals, and plants; multiple components of the fire
regime drive the distributions of plants and ver-
tebrates; inter-fire interval is a strong influence

on both taxa in the forests of southeastern Aus-
tralia (but with substantial variation between
species); the spatial extent and type of response
data influence the detection and strength of
species–environment relationships in fire-prone
forests; and vertebrate species with distributions
closely linked to habitat structure are those most
likely to show strong responses to fire regimes.
We discuss these findings below in relation to the
six major hypotheses tested.

Fig. 11. Responses of flame robin Petroica phoenicea (a, b) and yellow-faced honeyeater Lichenostomus chrysops
(c, d) to time since fire using occurrence data or abundance from multiple regions (M4 and M5). Solid black lines
are predictions of the probability of occurrence from a boosted regression tree model. Solid gray lines are boot-
strapped 95% confidence intervals. The distribution of study sites across each continuous variable is shown on
the x-axis in deciles.
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Environmental gradients and fire regimes interact
and drive species distributions

Foothill forests in southeastern Australia
encompass broad-scale gradients of temperature,
rainfall, and vegetation type. Along these gradi-
ents, fires create mosaics of vegetation with dif-
ferent disturbance histories relating to time since
fire, inter-fire interval, fire type, and spatial pat-
tern in the landscape. Our analysis supported the
disturbance hypothesis: Models that included
fire variables, in combination with other predic-
tors, generally had higher explanatory power
than models including only temperature, rainfall,
and vegetation type. For example, models of the
occurrence of messmate and eastern yellow robin
were a better fit to empirical data when measures
of fire regimes were included. Fires influence
biota directly through mortality and emigration,
and indirectly by changing resource availability
and by biotic interactions. Immediate resource
changes following fires in foothill forests that are
likely to influence biota include an increase in

open ground and reductions in leaf litter depth,
coarse woody debris and, depending on flame
height, percentage canopy cover (Aponte et al.
2014, Haslem et al. 2016), followed by a rapid
increase in shrub cover and reduced open
ground in subsequent years (Loyn 1997, 2012).
An increase in the explanatory power of models

when including fire regime variables was also
reported by Tucker et al. (2012): Fire variables, in
addition to climate and soil variables, improved
the fit of SDMs for Proteaceae species in the Cape
Floristic Region of South Africa. Other work has
shown that SDMs can capture the responses of
birds and small mammals to fire regimes (Kelly
et al. 2011, Regos et al. 2015), and recent work in
our study area has demonstrated that fire influ-
ences the occurrence of birds (Robinson et al.
2014, Sitters et al. 2014a, Loyn and McNabb 2015)
and, to a lesser extent, mammals (Chia et al. 2015,
Swan et al. 2015) and plants (Cohn et al. 2015).
However, predictive discrimination between a
species’ presence and absence remains difficult

Fig. 12. Performance of regression models for birds using occurrence data from the Otway Ranges and Central
Victoria (M6). Results are shown for two model sets: climate and vegetation plus fire regime variables and cli-
mate and vegetation plus habitat variables. Within each model set, points represent deviance explained (%) (a) or
area under the curve (AUC) (b) of the model for a single species. Box plots highlight the median, upper quartile,
and lower quartile of explanatory or predictive power.
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(see also Crimmins et al. 2014). In this study,
improvements in model fit did not necessarily
lead to better model predictive performance.
Options for improving the predictive accuracy of
models are discussed in more detail below (see
What next for understanding and predicting species
distributions in fire-prone forests?).

Although fire regimes influenced a suite of spe-
cies, environmental gradients were a stronger
influence for most birds, mammals, and plants.

Our data set encompassed wide gradients in
mean maximum temperature in mid-summer
(~20–30°C) and mean rainfall in mid-winter (~40–
220 mm). Environmental gradients are important
in dry eucalypt forests: Cork and Catling (1996)
showed that broad-scale gradients in nutrients,
associated with vegetation type, influenced
mammal distributions, and in our study area,
smaller-scale gradients in rainfall influence spe-
cies richness of birds and plants (Sitters et al.
2014a, Cohn et al. 2015). Here, we built on previ-
ous work by showing that interactions between
fire, climate, and vegetation type influence the
distributions of plants and animals: Species can
have different responses to fire along broad rain-
fall and temperature gradients (e.g., narrow-
leaved wattle and Australian king-parrot).
Environmental gradients are important drivers

in other forest ecosystems. Temperature and rain-
fall gradients affect plants and vertebrates directly
by influencing growth, reproduction, and mortal-
ity (Austin 2002). In subalpine forests in the USA,
Romme et al. (2016) found that gradients of sub-
strate, temperature, and rainfall were consistently
important drivers of plant distributions. Two

Fig. 13. Influence of predictor variables on birds
from a model including climate, vegetation, and habi-
tat variables and using occurrence data from the
Otway Ranges and Central Victoria. Within each pre-
dictor variable, points represent the response of a sin-
gle species to a predictor variable. Deviance explained
attributable to each variable (%) represents the influ-
ence of each variable from a boosted regression tree
model including all variables. A higher amount repre-
sents a stronger effect of that variable. Box plots high-
light the median, upper quartile, and lower quartile of
species responses to each predictor variable.

Fig. 14. Linear regression of deviance explained
attributable to fire variables and deviance explained
attributable to habitat variables. Data are from boosted
regression trees of birds using occurrence data from
the Otway Ranges and Central Victoria. Solid black
lines are predictions of model fit from linear regres-
sion. Solid gray lines are 95% confidence intervals.
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mechanisms could explain why species respond
differentially to fire along such environmental
gradients. As the composition of plant and animal
communities changes along environmental gradi-
ents, so too will biotic interactions (e.g., competi-
tion, facilitation, predation). This can lead to
differential post-fire vegetation dynamics, which
in turn influence critical resources and the
strength, direction, and shape of biotic responses
to fire. Additionally, different environmental con-
ditions along gradients of climate and geology
will shape fuel moisture, flammability, and local
fire regimes, with fires occurring at different inter-
vals and spatial configurations across the gradi-
ent, thereby influencing plant and animal
occurrence. Keeley et al. (2011) argued that plant
and animal distributions in Mediterranean forests
worldwide cannot be understood without consid-
ering an environmental template comprising cli-
mate, fire, and geology.

Multiple characteristics of fire regimes influence
the distribution of forest species

Most studies model the effects of fire on plants
and animals by using time since the most recent
fire. There is growing evidence that to under-
stand plant and animal distributions, the com-
bined effects of multiple fires need to be
quantified (Bradstock et al. 2005). Our results
provide moderate support for the fire regime
hypothesis: Models representing fire regimes
generally fitted empirical data better than models
using a single measure of fire, but there was sub-
stantial variation between species.

Inter-fire interval was the most important fire
variable for plants and animals when data were
pooled across each taxonomic group. Mean inter-
fire intervals in our data set ranged from 1 to
72 yr. For plants, the occurrence of species such as
messmate and prickly currant bush was associated
with longer fire intervals. The interval between
fires can influence plant populations in a variety of
ways, such as by influencing the likelihood of
mortality of standing plants and seeds; influencing
seed production, seed release, germination, and
establishment; and interrupting plant growth
(Keith 1996). Fire intervals that are too short (fires
occur before individual plants reach reproductive
maturity) and too long (individual plants and their
seeds reach senescence) will have a particularly
strong influence on site occupancy (Morrison et al.

1995). The occurrence of some bird species, includ-
ing eastern yellow robin, silvereye, and white-
browed scrubwren, also increased with longer fire
intervals. In Eucalyptus forests, recurrent fires
influence important habitat elements for birds
including the quantity of coarse woody debris
(Aponte et al. 2014, Bassett et al. 2015), the density
of live stems (Prior et al. 2016), and hollow-bear-
ing stems (Lindenmayer et al. 2011).
Time since fire influenced vertebrates, particu-

larly bird abundance, more than plants. Of spe-
cies that responded to time since fire, most were
associated with older fire ages (e.g., rose robin,
golden whistler, yellow-faced honeyeater). The
flame robin was one of few vertebrate species
that peaked in probability of occurrence in early-
successional vegetation. It has previously been
reported at higher frequencies following several
large fires in southeastern Australia (Loyn 1997,
Lindenmayer et al. 2014, Loyn and McNabb
2015). In foothill eucalypt forests, time since fire
influences ground strata and canopy vegetation
(Haslem et al. 2016) and thereby habitat
resources for vertebrates. Although time since
fire was important for a suite of species, most
species showed either a muted or null response
to this measure on its own (see also Sitters et al.
2014b, Chia et al. 2015, Swan et al. 2015). For
plant species, graphical exploration showed that
the probability of occurrence of few species was
associated with time since fire when this variable
was considered on its own. Time since fire had a
stronger influence on plants via interactions with
temperature and rainfall gradients.
The role of the amount of recently burnt vege-

tation was difficult to disentangle from that of
time since fire because recently burnt sites often
were associated with larger amounts of recently
burnt vegetation in the surrounding landscape
(within a 1 km radius). Graphical exploration of
species responses to amount of recently burnt
vegetation in the landscape, and interactions
between this and other fire variables, showed no
clear influence of area recently burnt on plants
and vertebrates when multiple fire variables
were included in the same model. Additional
exploration of the data showed that this result
was robust to the measurement of area burnt at
smaller (500 m) and larger (2 km) radii.
Fire type, a surrogate for fire severity, had a

relatively minor influence at the long temporal
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scales and large spatial scales of this study. An
important feature of foothill forests is the ability
of individuals of the dominant Eucalyptus species
to survive fire events and regenerate from epi-
cormic buds and basal shoots (Gill 2012). Rapid
recovery of vegetation after both prescribed fire
and wildfire is one reason that fire severity may
not have affected plants, birds, and mammals in
the present study (i.e., the influence of severity
quickly dissipates). By contrast, in forests that
recover more slowly from fire, or are dominated
by obligate seeders, fire severity is often a more
important influence on plants and animals
(Smucker et al. 2005, Nappi and Drapeau 2011,
Fontaine and Kennedy 2012, Bowman et al. 2014).

Although our surrogate for fire severity (wild-
fire vs. prescribed fire) was coarse, recent work
in the study area using the same measure
showed that wildfires affected canopy cover
more severely than prescribed fires (Haslem
et al. 2016). Previous work in this system showed
an influence of fire severity on bird community
composition in early post-fire succession (<3 yr)
when finer-scale measurements of severity were
used (Robinson et al. 2014). Severe fire (crown
burns) had a stronger effect on bird communities
than other fire severity classes (unburnt, crown
scorch and ground burnt; Robinson et al. 2014).
Better classification of sites in the future will pro-
vide further insight into the role of fire severity
at large spatial extents.

Relative influence of fire variables and
environmental gradients is similar for plants and
vertebrates, but species matter

We found consistency in the relative importance
of fire variables, and climate gradients, when sum-
marized by taxa. Rainfall and temperature gradi-
ents were the most important influences on both
taxonomic groups. Among fire variables, inter-fire
interval was the strongest influence on plants and
animals. We correctly predicted that plants would
be sensitive to inter-fire intervals because they
generally need to recover on site from stored seed-
banks or vegetative buds. However, the greater
influence of inter-fire interval vs. time since fire on
the occurrence of birds was surprising. Although
the most recent fire is a strong influence on habitat
structure in foothill forests (Haslem et al. 2016),
the importance of inter-fire interval suggests that
recurrent fires produce some different ecological

conditions, such as altered species composition
and vegetation structure, rather than simply reset-
ting the successional clock. This is also the case in
other forest ecosystems. For example, Fontaine
et al. (2009) showed that the response of birds to
repeat fires was different to their response to sin-
gle fires in conifer-dominated forests in the USA.
Overall, however, results suggest the species we
examined generally are relatively resilient to the
effects of fire regimes within the range of variation
encompassed by the data.
For each taxonomic group, there was consider-

able variation between species, in the variables to
which they responded, and the direction and
shape of those responses. For example, a suite of
species was closely associated with high rainfall
(e.g., silver wattle, Tasman flax lily, yellow-faced
honeyeater), whereas others were associated with
low rainfall (e.g., small grass tree, white-eared
honeyeater). We expect that species traits and life
history characteristics will be associated with cli-
mate and fire gradients (Guisan et al. 2007, Kee-
ley et al. 2011). In turn, these traits can influence
fire regimes across large areas (Rogers et al. 2015).
A productive area for future research would be to
compare species–fire responses among species
that represent different growth strategies (e.g.,
resprouters vs. obligate seeders) and feeding
guilds (e.g., nectarivores vs. insectivores).

Sampling design influences the detection and
strength of species–fire relationships
Sampling design influences the inferences

drawn from SDMs (Guisan et al. 2007, Merow
et al. 2014). One important influence is spatial
scale. We predicted a stronger influence of fire on
species distributions at a smaller spatial extent,
encompassing a single region, than at a larger
spatial extent that encompasses more marked
gradients in temperature and rainfall. There was
mixed support for this hypothesis. Spatial extent
modified the influence of fire and climate gradi-
ents for both plants and vertebrates, but only for
vertebrates was it in the direction expected.
For vertebrates, fire was a stronger relative

influence within a focal region than at a spatial
extent spanning multiple regions. The relative
influence of the different fire variables was similar
at both spatial extents; inter-fire interval and time
since fire were influential for vertebrates. For
plants, there was a stronger relative influence of
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inter-fire interval at a smaller spatial extent, but
overall, fire variables did not have a greater effect
on plants in the focal region than across multiple
regions. For both taxonomic groups, there was
considerable variation between species in the spa-
tial extent that resulted in the strongest responses
to fire. Our comparison of two spatial extents for
plants and vertebrates suggests that responses to
scale are species and data specific. We recom-
mend that fire scientists ask two key questions
when modeling fire history data: (1) “Does the
spatial extent of the data encompass the range of
fire regimes and environmental variables of inter-
est?” and (2) “Is the spatial extent of the observed
data appropriate for the species and management
decisions that the data will inform?” An impor-
tant topic for future work is how spatial grain, the
spatial properties of the data such as plot or grid
cell size (Elith and Leathwick 2009), influences
models of species–fire relationships.

To test the data-type hypothesis, we compared
SDMs built using either occurrence or abundance
data for a subset of bird species. The relative
influence of fire regime and climate gradients was
sensitive to data type, but there was consistency
in responses across data types where species’
occurrence and abundance data were correlated
(for species at low prevalence). The additional
information associated with abundance data can
lead to new insights, including identifying fire
responses that would not be possible if presence–
absence data were examined in isolation. For
example, it was only by modeling abundance
data that fire responses of fan-tailed cuckoo,
golden whistler, black-faced cuckoo-shrike, yel-
low-faced honeyeater, and white-naped honeyea-
ter were observed. Nonetheless, two species
showed a clear response to fires only when using
presence–absence data: buff-rumped thornbill
and superb fairy-wren. Thus, although occurrence
data are useful for environmental decision mak-
ing (Guisan et al. 2013), it can be insensitive to
demographic changes in plant and animal popu-
lations (Bradstock et al. 1997, Thuiller et al. 2014).
Effective detection of species responses to fire is
critical for managing fire. Forest scientists and
managers faced with the task of deciding which
data to use will need to assess the trade-offs of
different types of data (see Joseph et al. 2006).
Abundance data contain more information but
presence–absence data are easier to collect.

Species closely associated with habitat structure
are those mostly likely to be influenced by fires
The habitat hypothesis predicted that verte-

brate species with distributions strongly linked
to direct measures of habitat structure will also
be those most influenced by fire. We identified a
positive correlation between the effect of habitat
structure and the effect of fire regimes on birds.
Models including habitat structure had a mod-

erately higher model fit and predictive ability
than those using fire regime variables. Tree diam-
eter and leaf litter were particularly strong drivers
of the occurrence of birds when data were
assessed across 32 species. For example, rose
robin was more likely to occur at sites with larger
trees and greater canopy cover (Appendix S5:
Table S6). It is likely that these habitat changes,
along with associated resources provided by large
eucalypts and Acacia spp., drive this species’ posi-
tive association with time since fire. This general
result is consistent with recent studies showing
that habitat variables, especially when measured
on-site, can provide greater accuracy and predic-
tive power than relying only on proximate fire
variables (Di Stefano et al. 2011, Nimmo et al.
2014, Sitters et al. 2014b, Swan et al. 2015). It is
also consistent with forest studies that have inter-
preted species–fire responses in relation to
changes in habitat structure. For example, in both
spruce- and mixed conifer-dominated forests,
black-backed woodpeckers Picoides arcticus are
associated with recently burnt vegetation because
they forage on deadwood in these landscapes
(Nappi and Drapeau 2011, Hutto et al. 2016). Our
results extend previous work by directly model-
ing the association between species responses to
multiple aspects of the fire regime and to multiple
habitat elements. Our work suggests that mod-
eled habitat associations will better predict verte-
brate responses to fire than qualitative measures
(e.g., descriptions of species’ habitat requirements
from field guides).

What next for understanding and predicting
species distributions in fire-prone forests?
There are several ways in which our modeling

approach of incorporating fire regime variables
together with environmental variables in SDMs
could be extended. Continued improvement in
mapping fire intensity and fire severity (Leonard
et al. 2014) means that as new fires are mapped,
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more detailed information on these and other
measures will be gained. This new information,
coupled with targeted biodiversity surveys,
could then be incorporated into SDMs. We
focused here on four measures of fire regimes
that we hypothesized would have the strongest
influence on plants and vertebrates. Other
aspects of the fire regime may also be modeled,
including fire season and additional measures of
spatial configuration. Another improvement
would be to incorporate into SDMs predictor
variables that represent additional ecological
processes. This could include measures of
dynamic processes, linked to the timing of biodi-
versity surveys, such as antecedent rainfall, pre-
dation, and competition. Finer-scale mapping of
key habitat features, such as large trees, is also
likely to improve predictive accuracy of models
for vertebrates.

Our approach has several caveats. We mod-
eled the distributions of 112 species but modeling
of additional rare species was restricted by low
numbers of records. Combining this approach
with alternative SDM techniques that use pres-
ence-only data, such as maximum entropy mod-
els (MaxEnt: Merow et al. 2013), will allow more
species to be modeled in the future. We expect
that stronger responses to fire regimes may be
detected for rarer species with potentially nar-
rower tolerances of fire regime attributes and
smaller range sizes (e.g., serotinous obligate
seeders). We employed correlative species distri-
bution modeling because it is one of the most
useful methods of estimating plant and animal
responses to environmental gradients (Elith and
Leathwick 2009, Guisan et al. 2013). An impor-
tant caveat of this correlative approach is that
modeled distributions do not necessarily reflect
responses to fire, per se, but to environmental
factors that correlate with fire occurrence (and
mean inter-fire interval, for example). A useful
next step would be to directly measure and
model species’ population dynamics. This could
include detailed field studies of species’ popula-
tion dynamics and reproductive success (e.g.,
Wiebe 2014), and building process-based models
for selected species. Population dynamics could
be modeled for a large number of plant and ver-
tebrate species by coupling SDMs with stochastic
population models that incorporate information
on species’ vital rates (Keith et al. 2008).

New insights for biodiversity conservation in forest
landscapes
Managing fire for biodiversity conservation is

becoming increasingly important in forests
worldwide (Gill et al. 2013, Moritz 2014, Hessburg
et al. 2016). Problems that are common to fire
ecologists and forest managers include a limited
knowledge of how multiple taxonomic groups
within a given ecosystem respond to fire regimes,
how interactions between fire and environmental
gradients influence biodiversity, and how conclu-
sions about fire responses are affected by
sampling design. Our results from the foothill for-
est ecosystem in southeastern Australia usefully
illustrate how to address such knowledge gaps:
These extensive forests have high biodiversity,
flammable vegetation, and are experiencing grow-
ing use of prescribed burning.
First, our results show that understanding fire

regimes, not just fire events, is important for
managing plants and vertebrates in forests. The
particular components of the regime that will be
most important will vary among ecosystems and
among taxa (Keeley et al. 2009). In the foothill
forest ecosystem, the interval between recurrent
fires was an important influence on biodiversity,
with long-unburnt areas being particularly
important for birds (some of which reached
higher probabilities of occurrence or abundance
when fire intervals were long). Nevertheless, not
all species respond in this way and several spe-
cies of birds were more likely to occur in recently
burnt vegetation and at sites with short fire inter-
vals. We recommend that forest managers go
beyond simple measures of fire events and set
biodiversity objectives for plants and animals
based on fire regimes. This concept is starting to
be accepted by fire scientists and managers, but
to achieve such sophisticated management
requires a commitment to systematic recording
and mapping of fire attributes over time (includ-
ing historical reconstruction) so that the regime
arising from multiple fires can be reliably quanti-
fied across space.
Second, although common patterns can be rec-

ognized, differences between species in response
to fire regimes are important. For example, fire
regimes that benefit species that are common after
short fire intervals will need to be balanced with
the requirements of species more likely to occur
following longer fire intervals. Fire intervals that
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occur within the primarily juvenile period of
plants can threaten some species, particularly obli-
gate seeders (Bowman et al. 2014, Fairman et al.
2016). Foothill forests are dominated by trees that
rapidly recover from wildfires and, on the whole,
our results show that common plant species in
foothill forests are likely to be tolerant of wide
variation in fire regimes. However, although many
plants and animals in these forests are resilient to
variation in current fire regimes, the potential for
large wildfires at shorter intervals, associated with
a warmer and more extreme climate, warrants
attention from both scientists and land managers
(Mok et al. 2012, Enright et al. 2015).

Third, fire regimes in forests need to be under-
stood and managed in the context of environ-
mental gradients, even within a single forest
type. Fire, climate, and geology form the envi-
ronmental template that drives plant and animal
distributions. Variation along environmental gra-
dients (e.g., vegetation) influences management
options and the effectiveness of fire suppression
and prescribed burning (Price et al. 2015). Spe-
cies distribution models could be used to map
the occurrence and abundance of species along
environmental gradients, as well as the factors
that control fire regimes (Parisien and Moritz
2009), and these outputs used to inform when
and where to conduct planned burning and fire
suppression in forest landscapes.

Fourth, it is necessary to complement manage-
ment of fire regimes with understanding of the
key elements of habitat structure that influence
resource availability for plants and animals. Spe-
cies relationships with fire regimes may be easier
to translate into management plans, but this
approach risks missing key habitat components
on which taxa depend. Knowledge of species’
relationships with structural habitat components,
and of how fire affects those components (e.g.,
Haslem et al. 2011), will ensure a more nuanced
approach to fire management, particularly to the
use of prescribed burning to achieve ecological
outcomes.

Finally, our results suggest the need to carefully
assess the type of biodiversity data used to deter-
mine conservation objectives. Models of species
occurrence will be sufficient in some cases, but
some fire management decisions will require more
detailed data on population abundance, demo-
graphics, and persistence. In particular, there is a

need for data and analytical approaches that can
provide guidance on the fire responses of rarer or
more cryptic species, often those of greatest con-
servation concern. Most studies, including this
one, draw conclusions based on the responses of
relatively common species, and may overlook rare
species that may be vulnerable to fire.
In conclusion, we have demonstrated that

there are general patterns in biotic responses to
fire and environmental gradients, but landscape
management must continue to carefully consider
species, scale, and the quality of biodiversity data
to achieve biodiversity conservation in fire-prone
forests.
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Foreword 
 

The vegetation, topography and climate of south-eastern Australia combine to make the 
region one of the most wildfire-prone areas on Earth.  Over tens of thousands of years, 
naturally occurring fires have been highly significant in shaping the distribution and 
composition of much of the region's native flora and fauna.  The arrival of humans here is 
also considered to have had a more recent influence on these evolutionary processes.  
Paradoxically, it has been estimated that, in the last one hundred years, two-thirds of all 
human deaths related to bushfires in Australia and more than half of all significant related 
property losses have occurred in Victoria. 

The severity of a bushfire depends on topography, weather and fuel conditions.  Fuel is the 
only factor over which a land manager can exert some control.  The strategic use of 
prescribed fire (under specified environmental and fire behaviour prescriptions), generally in 
spring or autumn, is the only practical method of reducing fuels over significant areas and 
has been a key component of park and forest management in Victoria since the late 1950s – 
early 1960s. 

The threat posed by fire to life and property and the relationship between fire regimes and 
biodiversity are arguably the key on-going issues confronting the managers of Victoria's 
parks and forests. 

In 1984, a multidisciplinary study was established in the Wombat State Forest, 80 km north-
west of Melbourne (Victoria), to investigate the effects of repeated low-intensity prescribed 
burning in mixed eucalypt foothill forest.  The study—the Wombat Fire Effects Study—is 
quantitative and statistically based and includes various aspects of fauna, flora, soils, tree 
growth, fuel management and fire behaviour.   

On the same permanent plots, various methodologies are used to investigate the ecological 
impacts of fire on understorey flora, invertebrates, birds, bats, reptiles, terrestrial mammals, 
soil chemistry and the growth, bark thickness and defect development in trees.  Local 
climate and weather, fuel dynamics and fire behaviour are also studied, along with their 
interactions.  Numerous published papers and reports have been produced as a result of the 
work.  Fire Management Research Reports comprising the current (2003) series are: 

No. Title 

57. Ecological effects of repeated low-intensity fire in a mixed eucalypt foothill forest in 
south-eastern Australia - Summary report (1984–1999) - Department of Sustainability 
and Environment 

58. Effects of repeated low-intensity fire on the understorey of a mixed eucalypt foothill 
forest in south-eastern Australia - K.G. Tolhurst 

59. Effects of repeated low-intensity fire on fuel dynamics in a mixed eucalypt foothill 
forest in south-eastern Australia - K.G. Tolhurst & N. Kelly 

60. Effects of repeated low-intensity fire on carbon, nitrogen and phosphorus in the soils 
of a mixed eucalypt foothill forest in south-eastern Australia - P. Hopmans 

61. Effects of repeated low-intensity fire on the invertebrates of a mixed eucalypt foothill 
forest in south-eastern Australia - N. Collett & F. Neumann 

62. Effects of repeated low-intensity fire on bird abundance in a mixed eucalypt foothill 
forest in south-eastern Australia - R. Loyn, R. Cunningham & C. Donnelly 

63. Effects of repeated low-intensity fire on terrestrial mammal populations of a mixed 
eucalypt foothill forest in south-eastern Australia - M. Irvin, M. Westbrooke & M. Gibson 

64. Effects of repeated low-intensity fire on insectivorous bat populations of a mixed 
eucalypt foothill forest in south-eastern Australia - M. Irvin, P. Prevett & M. Westbrooke 
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65. Effects of repeated low-intensity fire on reptile populations of a mixed eucalypt foothill 
forest in south-eastern Australia - M. Irvin, M. Westbrooke & M. Gibson 

66. Effects of repeated low-intensity fire on tree growth and bark in a mixed eucalypt 
foothill forest in south-eastern Australia - K. Chatto, T. Bell & J. Kellas 

 

The foreword to the summary report (Fire Management Research Report No. 57) sets out 
more fully the background to the research, the impact it has had on fire management in the 
State and the future of the program.   

I would like to acknowledge the very considerable efforts of the scientists and technical 
officers who have contributed to this specific report and more generally to this most 
significant project.   

 

 

 

Gary Morgan AFSM 

CHIEF FIRE OFFICER 
Department of Sustainability and Environment 

2003 
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Summary 
 

Bird communities were assessed in 1992–94 in the Wombat State Forest on 25 areas that had 
been subject to one of five experimental low-intensity burning treatments (frequent or 
infrequent burning in spring or autumn, or no burning—control), as part of a 
multidisciplinary study established in 1984.  The 1992–94 assessments were made at least a 
year after the most recent burn.  The frequently burnt areas had all been burned at least 
twice since experiments began in 1985 and the infrequently burnt areas just once, six to 
eight years previously.  Data on bird abundance and species per count were analysed with 
respect to burning treatment by analysis of variance.  Time, habitat data and pre-treatment 
data were also considered in supplementary analyses. 

Insectivorous birds that forage from open ground increased in abundance on burnt areas 
compared with controls, especially on areas burned frequently in autumn.  Nectarivores 
showed complex patterns, apparently responding to fire positively or negatively at different 
times.  Other changes were subtle, but birds that feed in shrub layers tended to be less 
common on burnt areas than controls, especially on areas burned frequently in spring.  
Overall, burning season had no significant effect on any group except as an interaction with 
frequency.  Frequent burns served to maintain early successional stages that benefited some 
species and may have disfavoured others. 

Habitat variables added little to this picture, except that hollow-nesting birds responded 
strongly and positively to hollow density indices for each area.  Inclusion of pre-treatment 
data as covariates did not improve the models produced, though the data were helpful in 
describing qualitative changes and stability in bird communities. 

Fuel reduction burning in patches of less than 40 ha appears to have minor effects on bird 
communities in this forest (compared with not burning), and may benefit some species that 
forage from open ground.  Autumn burns are marginally preferable to spring burns.  Greater 
effects would be expected in forests with different shrub structures.  Effects of broadscale 
burning would depend on the mosaic of burnt and unburnt areas produced.  Long-term 
vegetation changes should be avoided.  All effects should be evaluated with regard to effects 
of wildfire and any influence of fuel reduction burning on wildlife behaviour. 
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Introduction 
 

Fire is one of the major agents of successional disturbance in many forests, and especially so 
in the highly flammable eucalypt forests that grow in Mediterranean climates of temperate 
southern Australia (Gill 1981 et al. 1981; Attiwill 1994; Woinarski & Recher 1997).  
Occasional severe wildfires can cause immense damage to human property and compromise 
safety (e.g. Cheney 1976; Noble 1977; Rawson et al. 1983), and have earned a fearsome 
reputation in the psyche of recent human settlers.  Much effort is expended to reduce the 
extent and severity of wildfires and to protect public and private property and the natural 
resources of eucalypt forests (timber, flora and fauna, water supply, etc.).  One of the main 
tools used is fuel reduction burning, in which fires are deliberately lit when weather 
conditions are mild, and the fires burn within control lines at relatively low intensities, to 
reduce fuel (litter, understorey and external bark) with minimal damage to trees or adjacent 
property.  However, increasing attention is now being paid to the role that such fuel may 
play in the ecological processes of the forests. 

In Victoria, south-eastern Australia, fuel reduction burning is practiced annually on up to 
477 000 ha of the 7.2 million ha public forest estate, with an average of 136 000 ha having 
been treated each year from 1982 to 2001 (Department of Natural Resources and 
Environment annual reports).  No other type of active land management affects such a broad 
area of the State each year.  The practice is governed by a Code of Practice for Fire 
Management (CNR 1995), which sets objectives and standards for a range of associated 
activities, including environmental care.  Ecological effects are not well known in Victoria or 
elsewhere, however, and the need for more information is widely acknowledged (Ealey 1984; 
Woinarski & Recher 1997).  Whereas effects of wildfire can only be studied opportunistically 
or retrospectively (Loyn 1997), a more systematic experimental approach is possible for fuel 
reduction burning.  Several specific management questions need to be addressed, including 
the relative costs and benefits of burning at different frequencies or seasons.  Fuel reduction 
burning in central Victoria is normally conducted in spring or autumn, when vegetation is 
dry enough to burn and weather is mild enough for control to be maintained.  Spring burns 
tend to be patchy because more rain falls in spring and the vegetation contains more 
residual moisture than it does in autumn after a hot dry summer.  Spring burns coincide 
with the main breeding season for many forest birds and small mammals (Blakers et al. 
1984; Loyn 1985; Menkhorst 1995). 

This study was part of a multidisciplinary project (Tolhurst et al. 1992) that was designed to 
address some of these questions in a systematic experimental fashion for a region of central 
Victoria where fuel reduction burning is practised widely in the mixed eucalypt foothill 
forests on the Great Dividing Range. Other studies in the project have dealt with vegetation, 
fuel loads, soil chemistry, invertebrates, mammals and reptiles (e.g. Neumann & Tolhurst 
1991; Tomkins et al. 1991; Tolhurst et al. 1992; Collett et al. 1993; Humphries 1994; 
Neumann et al. 1995; Tolhurst 1996a, b, c; Collett 1998).  The present study deals with 
diurnal birds.  Birds are often an instructive subject for study because they include a wide 
range of species that respond in different ways to environmental change.  They are 
conspicuous (especially by call) and more easily studied than other groups of vertebrate or 
invertebrate animals. 

   



2 Effects of low-intensity fire on birds – Loyn, Cunningham & Donnelly (2003)

Study area 

The study was conducted in the Wombat State Forest, 80 km north-west of Melbourne.  The 
forest straddles the south-western end of the Great Dividing Range, at altitudes of 500 to 
800 m above sea level.  Climate is temperate, with warm to hot summers (daily temperatures 
may exceed 40 ºC) and cool to cold winters (daily temperatures sometimes falling to –6 ºC).  
Most rain falls in winter and spring (70%), with about 160 wet days each year (Tolhurst et al. 
1992).  Snow falls in many years but rarely settles. 

The forest contains a mixture of eucalypt species, usually growing as uneven-aged stands.  
The dominant species are Messmate Stringybark (Eucalyptus obliqua), Narrow-leaved 
Peppermint (E. radiata) and Candlebark (E. rubida).  The understorey comprises a range of 
mostly sclerophyllous species with scattered shrubs and a dense ground layer including 
Austral Bracken (Pteridium esculentum) and a wide range of forbs and grasses.  Forest Wire-
grass (Tetrarrhena juncea) is common but less dominant than in the wetter forests further 
east.  Orchids are common, often growing in areas of bare ground with dry litter from the 
tree canopy.  Gullies contain a different range of understorey plants, including Tall Sword-
sedge (Gahnia clarkei) and Prickly Tea-tree (Leptospermum juniperinum) (Tolhurst et al. 
1992).  The vegetation is currently classified as Shrubby Dry Forest or Herb-rich Foothill 
Forest with Damp Forest in the gullies, using the current Victorian system of Ecological 
Vegetation Classes (Woodgate et al. 1994). 

Bird populations are typical of many of the drier foothill forests of Victoria (Loyn 1985; 
Emison et al. 1987).  Small numbers of species characteristic of drier box–ironbark forests 
occur locally, and a few species typical of the wet forests of eastern Victoria occur in the 
wetter gullies.  However, these two groups form a small component of the bird fauna, and 
some species are notable by their absence (e.g. Superb Lyrebird, Menura novaehollandiae). 

Five broad Fire Effects Study Areas (FESAs) were selected in 1984, in parts of the forest that 
had not been burned for long periods of time.  One was on the northern slopes of the Divide 
and the other four were on the generally wetter southern slopes.  Details are shown in 
Table 1. 

Table 1  Details of the Fire Effects Study Areas in the Wombat State Forest 

Fire Effects Study 
Area 

Location 

(latitude / 
longitude) 

Mean 
elevation 

(m asl) 

North or south 

of Great Divide 

Annual rainfall 

1986–90 

(mm/year) 

Hollow 
density index 

Barkstead 37  29  S 

144  05  E 

640 South 926 4.0 

Blakeville 37  31  S 

144  10  E 

600 South 898 46.4 

Burnt Bridge 37  25  S 

144  20  E 

730 South 895 10.6 

Kangaroo Creek 37  19  S 

144  18  E 

660 North 779 113.4 

Musk Creek 37  28  S 

144  10  E 

645 South 920 98.6 
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Methods 
 

The five FESAs were each divided into five areas, and a treatment assigned to each area at 
random.  The five fire treatments are: 

 frequent fires (approximately every three years) in spring—short-rotation spring, S3 

 frequent fires (approximately every three years) in autumn—short-rotation autumn, A3 

 infrequent fires (approximately every 10 years) in spring—long-rotation spring, S10 

 infrequent fires (approximately every 10 years) in autumn—long-rotation autumn, A10 

 fire exclusion (unburnt for more that 20 years)—long-unburnt control, C.   

Burning treatments were first applied in spring 1985, and continued according to the 
schedule shown in Table 2. 

Table 2 Dates of pre-treatment fires and experimental fuel reduction burns in each Fire Effects Study 
Area in the Wombat State Forest 

Fire Effects 
Study Area 

Burn 
treat’t 

Location 

grid ref.1
Elevation 

(m asl) 
Area 
(ha) 

Last fire 
pre-treat’t 

Dates of treatment burns 

       

Barkstead C 423471 630 4.4 1931  

 A3 421469 625 3.3 1931 27/4/87, 11/4/91 

 A10 423470 630 4.2 1931 27/4/87 

 S3 421471 625 3.8 1931 13/11/85, 28/10/88, 15/10/91  

 S10 422472 635 3.0 1931 13/11/85 

       

Blakeville C 503448 605 15.3 1935  

 A3 508448 610 18.2 1935 8/4/87, 24/3/92 

 A10 509446 615 14.8 1935 8/4/87 

 S3 502451 610 16.0 1935 15/10/85, 3/11/88, 23/10/91 

 S10 512444 610 16.2 1935 15/10/85 

       

Burnt Bridge C 644545 715 17.3 1953  

 A3 641552 725 11.5 1953 27/3/87, 10/4/91 

 A10 644547 710 9.9 1953 27/3/87 

 S3 646541 710 15.1 1953 30/9/86, 11/11/88, 18/11/91 

 S10 641548 720 7.8 1953 30/9/86 

       

Kangaroo Ck C 602673 595 17.8 1944  

 A3 603658 600 24.2 1944 24/3/87, 20/3/92 

 A10 606658 625 30.5 1944 24/3/87 

 S3 604669 585 35.0 1944 1/10/85, 10/11/88, 14/11/91 

 S10 606658 625 20.2 1944 1/10/85 

       

Musk Creek C 498503 640 15.0 1974  

 A3 496507 650 13.8 1974 26/3/87, 7/5/91 

 A10 499504 670 17.8 1974 26/3/87 

 S3 494506 640 10.3 1974 10/11/86, 3/11/88, 23/10/91 

 S10 496505 655 20.6 1974 10/11/86 

1.  Locations are six-figure map references from the Australian Map Grid, 1;100,000 mapsheet 7722 (Blakeville) and 
7723 (other FESAs). 
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Birds were studied on the 25 treatment areas in autumn 1985 (before burning) and at 
intervals subsequently (Loyn et al. 1992).  Data were collected from all 25 treatment areas in 
four periods during 1992–94 (spring and autumn 1992–93 and 1993–94); these data sets are 
the main subject of this paper.  When the 1992–94 assessments were made, each of the 
A3/S3 areas had been burned two or three times and the A10/S10 areas had been burned 
once, less recently. 

Bird abundance was assessed by an area-search technique (Loyn 1986) in which areas of 3 ha 
were searched on foot for 20 minutes.  Smaller areas (2 ha) were used at one of the five 
FESAs (Barkstead) to fit smaller treatment areas.  All birds seen or heard were identified and 
numbers recorded.  Any significant observations of feeding or breeding behaviour were 
noted.  Birds observed outside the FESA were recorded separately and not included in 
further analysis.  Raptors and aerial insectivores were only included as on-site if they were 
seen hunting or foraging directly in or over the respective area.  Swifts (White-throated 
Needletail, Hirundapus caudacutus) were excluded from analysis because flocks fly rapidly 
over large distances and were rarely associated with specific study areas. 

Data on individual birds per count and species per count were used as measures of total bird 
abundance and diversity respectively.  Bird species were also grouped for statistical analysis 
according to their usual feeding behaviour, requirements for small or large nest-hollows, 
migratory pattern or abundance in Victoria (Table 3).  Grouping data ensures that 
distributional assumptions underlying statistical analysis are more likely to be met than if 
data were analysed by species.  Groups were only analysed formally if there were zero 
counts at fewer than ten of the 25 treatment areas. 
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Table 3  Bird species and their groupings (nesting, feeding, migration and Victorian status),   Wombat 
State Forest, 1992–94 

Common name Scientific name Nest Feed Mgrtn Status % all 

birds 

       
Brown Goshawk Accipiter fasciatus  Ve   0.02 

Wedge-tailed Eagle Aquila audax  Ve   0.02 

Square-tailed Kite Lophoictinia isura  Ve  U 0.02 

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus LH SE   0.03 

Gang-gang Cockatoo Callocephalon fimbriatum LH SE   0.23 

Sulphur-crested Cockatoo Cacatua galerita LH SE   1.14 

Crimson Rosella Platycercus elegans LH SE   3.94 

Blue-winged Parrot Neophema chrysostoma LH SG  U 0.01 

Laughing Kookaburra Dacelo novaeguineae LH Ve   1.43 

Sacred Kingfisher Todiramphus sanctus SH Ve S  0.20 

Fan-tailed Cuckoo Cacomantis flabelliformis BP Sb S  0.22 

Shining Bronze-Cuckoo Chrysococcyx lucidus BP Ca S  0.31 

Welcome Swallow Hirundo neoxena  A   0.08 

Tree Martin Hirundo nigricans SH A S  0.58 

Grey Fantail Rhipidura fuliginosa  Ca   7.54 

Rufous Fantail Rhipidura rufifrons  Sb S  0.09 

Satin Flycatcher Myiagra cyanoleuca  Ca   0.75 

Scarlet Robin Petroica multicolor  OG   0.98 

Flame Robin Petroica phoenicea  OG S  0.46 

Eastern Yellow Robin Eopsaltria australis  DG   1.37 

Golden Whistler Pachycephala pectoralis  Sb   1.93 

Rufous Whistler Pachycephala rufiventris  Ca S  2.93 

Olive Whistler Pachycephala olivacea  LU  U 0.02 

Grey Shrike-thrush Colluricincla harmonica  Ca   4.44 

Crested Shrike-tit Falcunculus frontatus  Ba   0.18 

Black-faced Cuckoo-shrike Coracina novaehollandiae  Ca S  0.57 

Spotted Quail-thrush Cinclosoma punctatum  OG  U 0.04 

Striated Thornbill Acanthiza lineata  Ca   11.32 

Brown Thornbill Acanthiza pusilla  Sb   8.13 

Buff-rumped Thornbill Acanthiza reguloides  OG   1.19 

White-browed Scrubwren Sericornis frontalis  LU   6.62 

Superb Fairy-wren Malurus cyaneus  OG   5.14 

Dusky Woodswallow Artamus cyanopterus  A S  0.13 

Varied Sittella Daphoenositta chrysoptera  Ba   0.93 

White-throated Treecreeper Cormobates leucophaeus SH Ba   7.65 

Red-browed Treecreeper Climacteris erythrops SH Ba  U 1.27 

Mistletoebird Dicaeum hirundinaceum  Fr   0.02 

Spotted Pardalote Pardalotus punctatus  Ca   7.66 

Striated Pardalote Pardalotus striatus SH Ca   4.42 

Silvereye Zosterops lateralis  Fr   0.08 

White-naped Honeyeater Melithreptus lunatus  Ne   8.61 

Brown-headed Honeyeater Melithreptus brevirostris  Ne/Ba   0.44 

Eastern Spinebill Acanthorhynchus tenuirostris  Ne   0.33 

Yellow-faced Honeyeater Lichenostomus chrysops  Ne   1.77 

White-eared Honeyeater Lichenostomus leucotis  Ne/Ba   0.99 

Yellow-tufted Honeyeater Lichenostomus melanops  Ne   0.02 

Red Wattlebird Anthochaera carunculata  Ne   0.25 

Red-browed Finch Neochmia temporalis  SG   0.03 

White-winged Chough Corcorax melanorhamphos  OG   1.52 
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Common name Scientific name Nest Feed Mgrtn Status % all 

birds 

Pied Currawong Strepera graculina  Ve   0.51 

Grey Currawong Strepera versicolor  Ve/DG   0.79 

Australian Magpie Gymnorhina tibicen  OG   0.49 

Australian Raven Corvus coronoides  Ve   0.05 

Bassian Thrush Zoothera lunulata  DG   0.05 

Common Blackbird Turdus merula  DG/Fr  I 0.07 

       
Bird abundance (birds/count)      100.00 

       

Groups       

Brood parasites BP   (cuckoos, laying eggs in active nests of other species) 0.54 

Large hollow-nesters LH   (mainly parrots and Laughing Kookaburra) 6.81 

Small hollow-nesters SH   (mainly treecreepers and Striated Pardalote) 14.11 

All hollow-nesters AH   (sum of LH and SH, nesting in tree hollows) 20.98 

Bark foragers Ba     (treecreepers, sittellas, shriketit and two honeyeaters) 11.45 

Low seed-eaters SG    (taking seeds from ground or low vegetation) 0.04 

Large seed-eaters SE    (mainly parrots, taking seeds, galls, etc. from all levels) 5.35 

Frugivores Fr     (taking soft berries or mistletoe drupes) 0.17 

Aerial insectivores  A     (taking insects, often above the canopy) 0.49 

Open-ground foragers OG  (taking invertebrates mainly from dry open ground) 9.82 

Damp-ground foragers DG  (taking invertebrates mainly from damp leaf litter below trees 

or shrubs) 

2.31 

Low-understorey foragers LU   (taking invertebrates from dense understorey or damp ground 

below) 

6.64 

Shrub foragers Sb   (taking invertebrates from shrubs and wattle trees) 10.41 

Canopy foragers Ca   (taking invertebrates from eucalypt canopy) 39.94 

Nectarivores Ne   (taking nectar mainly from eucalypts, also invertebrates) 12.43 

Carnivores Ve   (taking vertebrates, sometimes also large invertebrates) 3.02 

Summer migrants S     (absent from forests or rare for period each winter) 6.30 

Uncommon species U    (fewer than 850 records in Emison et al. 1987) 1.35 

Introduced species I      (introduced to Australia) 0.04 

   

Notes: 

1. Some of these groups were represented on these assessments by few or single species (e.g. introduced birds, low 
seed-eaters and low-understorey foragers): compare percentages of total records for each group and its 
constituent species.   

2. Species assigned to two feeding groups were scored as half in each.   

3. Birds classed as ‘foragers’ have diets consisting mainly of insects and other invertebrates. 
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For the main analysis, the five FESAs and four assessment periods over 1992–94 were 
considered as contributing random effects.  Planned comparisons were made between birds 
on controls versus burning treatments; birds on areas burned in spring versus autumn; and 
birds on areas burned frequently versus infrequently (but recognising that frequently burned 
areas had been burned more recently than others).  The interaction between season and 
frequency of burning was also examined.  Another level of analysis examined the effects of 
assessment period and their interactions with treatments and FESAs. 

A range of habitat data were available for each area and they were included as covariates in 
subsequent analysis to help determine factors that may have influenced bird abundance or 
contributed to treatment effects.  The habitat data included annual measurements of cover 
for mineral earth and key plant species or groups, made along transects at each treatment 
area (Tolhurst & Kelly 2003).  Plant species and groups considered in this analysis were all 
understorey plants (total cover), Austral Bracken, Forest Wire-grass, herbs, legumes, rushes, 
small shrubs and all shrubs.  Habitat data also included estimates of the distribution of 
hollow-bearing trees, assessed before treatment in 1985.  Forest on each treatment area was 
assessed as having one of four density classes of hollow-bearing trees (0 = none to 3 = many), 
and the area of each class was estimated for each of the 25 treatment areas.  For the present 
analysis, a hollow density index was calculated for each area by multiplying the area of each 
class by its class value (0–3), summing across classes, dividing by the area assessed and 
multiplying by 100.  The range of variation between FESAs is indicated by the mean values 
(each of five areas) as shown in Table 1. 

Models were constructed using appropriate variables for each group of birds.  Hollow 
density indices were considered in modelling for small and large hollow-nesters (and a 
combined group of all hollow-nesters) and for bark foragers (which are dominated by two 
species of hollow-nesting treecreepers).  The other variables were considered in modelling 
for open-ground foragers, low-understorey foragers and shrub foragers.  No variables were 
considered suitable for other groups of bird species. 

An argument could be made for considering assessment period as a fixed effect, in view of 
known seasonal changes (Loyn et al. 1992) and likely changes in bird abundance over time 
since fire.  This approach was used as a supplementary analysis, to distinguish effects of 
year of assessment on bird abundance and treatment effects, for each season of assessment 
separately.  It was thought that this could give some indication of whether any apparent 
effects of burning frequency were in fact due to time since fire rather than frequency per se. 

A further analysis was conducted, including corresponding pre-treatment data from 1985 as 
covariables.  This involved unbalanced mixed model analysis (REML) for the spring 
assessments, as data from spring 1985 were collected at only 16 of the 25 treatment areas 
and complete pre-treatment data were only obtained in autumn 1985. 

In these analyses, main effects and first- or second-order interactions were considered 
worthy of discussion when p values were up to about 0.12, though they were only described 
as significant if p < 0.05.  This approach reduces the chances of type 2 errors (failing to 
report an effect when there is one) compared with the traditional use of p < 0.05.  This was 
considered appropriate as effects were expected to be small, and even small effects can be 
important biologically.  However, the chances of type 1 errors (reporting effects when there 
are none) are correspondingly high when p values exceed 0.05. 
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Results 
 

Mean values for total bird abundance were slightly higher in controls and A3 treatments 
than in the other burning treatments (Table 4): they ranged from 29.5 in A10 to 34.2 in A3.  
Species per count were slightly higher in the control areas than in any of the burning 
treatments (Table 4): mean values ranged from 12.0 in A10 to 13.6 in C.  Hence there were 
no large effects of treatment at this level of analysis.  Most common species were widespread 
across treatment areas (Table 4) and FESAs (Table 5).  Mean values for total bird abundance 
ranged from 25.9 at the Barkstead FESA to 39.2 at Kangaroo Creek (a greater range than for 
burning treatments), and species per count followed the same pattern (Table 5). 

Table 4 Mean bird abundances (birds per count) for each burning treatment, Wombat State Forest, 
1992–94 (averaged across the five Fire Effects Study Areas and four assessment periods).  
C=control, A3=frequent autumn burns, A10=infrequent autumn burns, S3=frequent spring 
burns, S10=infrequent spring burns 

Scientific name Common name Treatment 

  C A3 A10 S3 S10 

       
Brown Goshawk Accipiter fasciatus 0.00 0.00 0.00 0.03 0.00 

Wedge-tailed Eagle Aquila audax 0.03 0.00 0.00 0.00 0.00 

Square-tailed Kite Lophoictinia isura 0.03 0.00 0.00 0.00 0.00 

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus 0.00 0.00 0.00 0.05 0.00 

Gang-gang Cockatoo Callocephalon fimbriatum 0.05 0.07 0.14 0.03 0.08 

Sulphur-crested Cockatoo Cacatua galerita 0.46 0.35 0.33 0.48 0.23 

Crimson Rosella Platycercus elegans 1.38 1.78 0.95 1.23 1.01 

Blue-winged Parrot Neophema chrysostoma 0.00 0.02 0.00 0.00 0.00 

Laughing Kookaburra Dacelo novaeguineae 0.37 0.54 0.51 0.48 0.40 

Sacred Kingfisher Todiramphus sanctus 0.07 0.13 0.03 0.07 0.03 

Fan-tailed Cuckoo Cacomantis flabelliformis 0.03 0.08 0.08 0.11 0.07 

Shining Bronze-Cuckoo Chrysococcyx lucidus 0.18 0.08 0.13 0.07 0.05 

Welcome Swallow Hirundo neoxena 0.03 0.00 0.10 0.00 0.00 

Tree Martin Hirundo nigricans 0.35 0.04 0.18 0.22 0.15 

Grey Fantail Rhipidura fuliginosa 2.56 2.14 2.55 2.44 2.43 

Rufous Fantail Rhipidura rufifrons 0.05 0.08 0.00 0.03 0.00 

Satin Flycatcher Myiagra cyanoleuca 0.18 0.38 0.00 0.48 0.18 

Scarlet Robin Petroica multicolor 0.18 0.48 0.23 0.30 0.38 

Flame Robin Petroica phoenicea 0.02 0.15 0.19 0.13 0.27 

Eastern Yellow Robin Eopsaltria australis 0.48 0.60 0.34 0.35 0.44 

Golden Whistler Pachycephala pectoralis 0.78 0.57 0.60 0.67 0.49 

Rufous Whistler Pachycephala rufiventris 0.91 1.06 1.00 0.62 1.12 

Olive Whistler Pachycephala olivacea 0.00 0.00 0.00 0.00 0.03 

Grey Shrike-thrush Colluricincla harmonica 1.38 1.66 1.59 1.39 1.13 

Crested Shrike-tit Falcunculus frontatus 0.05 0.03 0.03 0.14 0.05 

Black-faced Cuckoo-shrike Coracina novaehollandiae 0.12 0.38 0.13 0.19 0.10 

Spotted Quail-thrush Cinclosoma punctatum 0.00 0.03 0.00 0.02 0.03 

Striated Thornbill Acanthiza lineata 4.03 3.69 3.35 2.93 4.18 

Brown Thornbill Acanthiza pusilla 2.81 2.38 2.84 1.89 3.15 

Buff-rumped Thornbill Acanthiza reguloides 0.48 0.61 0.16 0.33 0.33 

White-browed Scrubwren Sericornis frontalis 2.08 2.41 2.17 1.63 2.35 

Superb Fairy-wren Malurus cyaneus 1.47 2.07 1.61 1.59 1.53 

Dusky Woodswallow Artamus cyanopterus 0.05 0.06 0.01 0.03 0.06 

Varied Sittella Daphoenositta chrysoptera 0.10 0.32 0.67 0.31 0.10 
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Scientific name Common name Treatment 

  C A3 A10 S3 S10 

White-throated Treecreeper Cormobates leucophaeus 2.61 2.38 2.44 2.21 2.66 

Red-browed Treecreeper Climacteris erythrops 0.62 0.34 0.18 0.57 0.35 

Mistletoebird Dicaeum hirundinaceum 0.03 0.00 0.00 0.00 0.00 

Spotted Pardalote Pardalotus punctatus 2.94 2.28 2.16 2.38 2.57 

Striated Pardalote Pardalotus striatus 1.31 1.34 1.28 1.84 1.34 

Silvereye Zosterops lateralis 0.08 0.03 0.00 0.00 0.03 

White-naped Honeyeater Melithreptus lunatus 3.23 2.56 2.29 3.62 2.15 

Brown-headed Honeyeater Melithreptus brevirostris 0.13 0.15 0.18 0.13 0.13 

Eastern Spinebill Acanthorhynchus tenuirostris 0.14 0.00 0.10 0.10 0.18 

Yellow-faced Honeyeater Lichenostomus chrysops 0.82 0.58 0.34 0.53 0.58 

White-eared Honeyeater Lichenostomus leucotis 0.23 0.27 0.28 0.43 0.39 

Yellow-tufted Honeyeater Lichenostomus melanops 0.03 0.00 0.00 0.00 0.00 

Red Wattlebird Anthochaera carunculata 0.13 0.09 0.05 0.10 0.03 

Red-browed Finch Neochmia temporalis 0.00 0.05 0.00 0.00 0.00 

White-winged Chough Corcorax melanorhamphos 0.13 1.27 0.05 0.78 0.22 

Pied Currawong Strepera graculina 0.22 0.15 0.12 0.18 0.15 

Grey Currawong Strepera versicolor 0.24 0.39 0.15 0.20 0.29 

Australian Magpie Gymnorhina tibicen 0.09 0.21 0.03 0.19 0.28 

Australian Raven Corvus coronoides 0.03 0.00 0.03 0.03 0.00 

Bassian Thrush Zoothera lunulata 0.03 0.00 0.00 0.02 0.03 

Common Blackbird Turdus merula 0.05 0.00 0.00 0.02 0.05 

       
Bird abundance (birds/count)  33.73 34.22 29.54 31.52 31.75 

Bird species per count  13.64 13.29 12.01 13.18 12.87 

       

Groups (birds per count)       

Brood parasites  0.22 0.16 0.20 0.18 0.12 

Large hollow-nesters  2.25 2.75 1.95 2.26 1.73 

Small hollow-nesters  4.95 4.22 4.09 4.90 4.52 

All hollow-nesters  7.22 6.97 6.07 7.17 6.29 

Bark foragers  3.72 3.47 3.77 3.77 3.67 

Seed-eaters (low to ground)  0.00 0.07 0.00 0.00 0.00 

Large seed-eaters (all levels)  1.89 2.19 1.42 1.79 1.32 

Frugivores  0.15 0.03 0.00 0.02 0.08 

Open-ground foragers  2.37 4.81 2.26 3.34 3.02 

Damp-ground foragers  0.80 0.99 0.51 0.59 0.82 

Low-understorey foragers  2.08 2.41 2.17 1.63 2.38 

Shrub foragers  3.67 3.10 3.58 2.69 3.71 

Canopy foragers  13.59 12.99 12.18 12.34 13.10 

Nectarivores  4.70 3.65 3.25 4.92 3.47 

Carnivores  0.99 1.21 0.83 0.97 0.87 

Summer migrants  1.96 2.46 1.74 1.94 2.02 

Uncommon species  0.64 0.36 0.18 0.58 0.41 
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Table 5  Mean bird abundances (birds per count) in the five Fire Effects Study Areas, Wombat State 
Forest, 1992–94 (averaged across five treatments and four assessment periods) 

Common name Scientific name Fire Effects Study Area 

  Barkstead Blakeville Burnt 
Bridge 

Kangaroo 
Creek 

Musk 
Creek 

       
Brown Goshawk Accipiter fasciatus 0.00 0.00 0.00 0.03 0.00 

Wedge-tailed Eagle Aquila audax 0.00 0.00 0.00 0.00 0.03 

Square-tailed Kite Lophoictinia isura 0.00 0.00 0.00 0.03 0.00 

Yellow-tailed Black-Cockatoo Calyptorhynchus funereus 0.00 0.00 0.00 0.00 0.05 

Gang-gang Cockatoo Callocephalon fimbriatum 0.00 0.02 0.08 0.05 0.22 

Sulphur-crested Cockatoo Cacatua galerita 0.00 0.68 0.07 0.97 0.11 

Crimson Rosella Platycercus elegans 1.28 1.32 1.48 1.10 1.15 

Blue-winged Parrot Neophema chrysostoma 0.00 0.02 0.00 0.00 0.00 

Laughing Kookaburra Dacelo novaeguineae 0.10 1.03 0.39 0.33 0.44 

Sacred Kingfisher Todiramphus sanctus 0.00 0.05 0.00 0.23 0.03 

Fan-tailed Cuckoo Cacomantis flabelliformis 0.00 0.05 0.13 0.14 0.03 

Shining Bronze-Cuckoo Chrysococcyx lucidus 0.15 0.05 0.12 0.12 0.07 

Welcome Swallow Hirundo neoxena 0.13 0.00 0.00 0.00 0.00 

Tree Martin Hirundo nigricans 0.43 0.08 0.00 0.40 0.03 

Grey Fantail Rhipidura fuliginosa 2.23 1.54 2.80 3.01 2.53 

Rufous Fantail Rhipidura rufifrons 0.00 0.00 0.05 0.10 0.00 

Satin Flycatcher Myiagra cyanoleuca 0.00 0.05 0.07 0.59 0.50 

Scarlet Robin Petroica multicolor 0.14 0.70 0.12 0.29 0.32 

Flame Robin Petroica phoenicea 0.05 0.02 0.38 0.13 0.16 

Eastern Yellow Robin Eopsaltria australis 0.39 0.37 0.49 0.84 0.11 

Golden Whistler Pachycephala pectoralis 0.50 0.20 0.97 1.10 0.33 

Rufous Whistler Pachycephala rufiventris 0.70 0.71 0.73 2.02 0.56 

Olive Whistler Pachycephala olivacea 0.00 0.00 0.03 0.00 0.00 

Grey Shrike-thrush Colluricincla harmonica 1.04 1.47 1.40 2.10 1.13 

Crested Shrike-tit Falcunculus frontatus 0.05 0.00 0.08 0.17 0.00 

Black-faced Cuckoo-shrike Coracina novaehollandiae 0.10 0.28 0.23 0.11 0.20 

Spotted Quail-thrush Cinclosoma punctatum 0.00 0.04 0.00 0.00 0.03 

Striated Thornbill Acanthiza lineata 3.66 4.16 4.13 1.83 4.42 

Brown Thornbill Acanthiza pusilla 3.48 1.83 4.04 2.07 1.65 

Buff-rumped Thornbill Acanthiza reguloides 0.00 1.46 0.00 0.00 0.45 

White-browed Scrubwren Sericornis frontalis 3.38 0.74 3.26 2.43 0.83 

Superb Fairy-wren Malurus cyaneus 1.57 1.36 3.25 1.56 0.53 

Dusky Woodswallow Artamus cyanopterus 0.00 0.03 0.03 0.13 0.03 

Varied Sittella Daphoenositta chrysoptera 0.00 0.23 0.38 0.66 0.23 

White-throated Treecreeper Cormobates leucophaeus 1.36 2.92 2.26 2.83 2.93 

Red-browed Treecreeper Climacteris erythrops 0.05 0.38 0.36 0.98 0.28 

Mistletoebird Dicaeum hirundinaceum 0.00 0.03 0.00 0.00 0.00 

Spotted Pardalote Pardalotus punctatus 2.48 2.49 2.30 2.40 2.65 

Striated Pardalote Pardalotus striatus 0.05 2.68 0.66 1.74 1.98 

Silvereye Zosterops lateralis 0.00 0.06 0.05 0.03 0.00 

White-naped Honeyeater Melithreptus lunatus 0.75 1.28 2.60 7.51 1.71 

Brown-headed Honeyeater Melithreptus brevirostris 0.13 0.33 0.10 0.00 0.14 

Eastern Spinebill Acanthorhynchus 

tenuirostris 

0.10 0.23 0.05 0.00 0.14 

Yellow-faced Honeyeater Lichenostomus chrysops 0.99 0.40 0.65 0.13 0.68 

White-eared Honeyeater Lichenostomus leucotis 0.38 0.45 0.48 0.08 0.22 

Yellow-tufted Honeyeater Lichenostomus melanops 0.00 0.00 0.00 0.03 0.00 
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Common name Scientific name Fire Effects Study Area 

  Barkstead Blakeville Burnt 
Bridge 

Kangaroo 
Creek 

Musk 
Creek 

Red Wattlebird Anthochaera carunculata 0.00 0.10 0.00 0.10 0.20 

Red-browed Finch Neochmia temporalis 0.00 0.00 0.00 0.05 0.00 

White-winged Chough Corcorax melanorhamphos 0.00 0.93 0.73 0.25 0.53 

Pied Currawong Strepera graculina 0.03 0.35 0.28 0.04 0.13 

Grey Currawong Strepera versicolor 0.23 0.27 0.37 0.18 0.23 

Australian Magpie Gymnorhina tibicen 0.00 0.15 0.04 0.25 0.35 

Australian Raven Corvus coronoides 0.00 0.06 0.00 0.03 0.00 

Bassian Thrush Zoothera lunulata 0.00 0.03 0.03 0.02 0.00 

Common Blackbird Turdus merula 0.00 0.00 0.05 0.07 0.00 

   
25.90 

 
31.62 

 
35.65 

 
39.23 

 
28.35 Bird abundance (birds/count)  

Bird species per count  11.42 13.52 13.48 14.94 11.63 

       

Groups (birds per count)       

Brood parasites  0.15 0.10 0.25 0.26 0.10 

Large hollow-nesters  1.39 3.12 2.01 2.45 1.98 

Small hollow-nesters  1.88 6.09 3.28 6.18 5.26 

All hollow nesters  3.28 9.26 5.30 8.64 7.24 

Bark foragers  1.95 4.31 3.64 4.71 3.79 

Low seed-eaters  0.00 0.02 0.00 0.05 0.00 

Large seed-eaters  1.28 2.02 1.64 2.13 1.54 

Frugivores  0.00 0.08 0.10 0.09 0.00 

Open-ground foragers  1.75 4.66 4.52 2.48 2.37 

Damp-ground foragers  0.62 0.69 0.95 1.11 0.34 

Low-understorey foragers  3.38 0.74 3.28 2.43 0.83 

Shrub foragers  3.98 2.15 5.19 3.42 2.01 

Canopy foragers  10.41 13.42 12.42 13.92 14.04 

Nectarivores  2.36 2.80 3.88 7.85 3.09 

Carnivores  0.35 1.76 1.03 0.85 0.87 

Summer migrants  1.40 1.37 1.74 3.98 1.63 

Uncommon species  0.05 0.43 0.38 1.01 0.31 

       
 

The most abundant feeding guild was the insectivorous canopy foragers, followed by the 
nectarivores, bark foragers, shrub foragers and open-ground foragers (Table 3).  Frugivores 
and low seed-eaters were remarkably scarce.  Most groups were represented by several 
species (Table 3), but the group of low-understorey foragers was dominated by one species 
(White-browed Scrubwren) with a second species (Olive Whistler) on a single area: hence the 
group is effectively synonymous with White-browed Scrubwrens.  The group of low seed-
eaters comprised two uncommon species (Red-browed Finch and Blue-winged Parrot).  
Sulphur-crested Cockatoos were not included in the group because they mainly fed on leaf 
galls in the canopy, or left the forest to feed in nearby farmland.  Other local members of the 
group such as Common Bronzewing Phaps chalcoptera and the introduced European 
Goldfinch Carduelis carduelis were not observed on these assessments.  The only introduced 
species observed on these assessments was Common Blackbird (Table 3). 

Effects of treatments and interactions 

Little difference was found between control and burnt treatment areas for any group except 
open-ground foragers, which were more abundant on burnt areas than controls (p = 0.105, 
Table 6, Figure 1). 

   



12 Effects of low-intensity fire on birds – Loyn, Cunningham & Donnelly (2003)

 

 

0
2

4
6

B
ir

d
s 

p
er

 C
o

u
n

t 
(#

)

C A3 A10 S3 S10

Burning Treatment

C

A3

A10

S3

S10

Figure 1  Mean abundances of open-ground foragers (birds per count) for each burning treatment, 
Wombat State Forest, 1992–94 (averaged across the five Fire Effects Study Areas and four 
assessment periods).  C = control, A3 = frequent autumn burns, A10 = infrequent autumn 
burns, S3 = frequent spring burns, S10 = infrequent spring burns.  These species were 
favoured by frequent burning (p = 0.013) especially when done in autumn. 
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Figure 2  Mean abundances of large hollow-nesters (birds per count) for each burning treatment, 
Wombat State Forest, 1992–94 (averaged across the five Fire Effects Study Areas and four 
assessment periods).  C = control, A3 = frequent autumn burns, A10 = infrequent autumn 
burns, S3 = frequent spring burns, S10 = infrequent spring burns.  These species were 
favoured by frequent burning (p = 0.013) especially when done in autumn. 
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Table 6  Significance of differences between treatments for bird groups analysed, Wombat State 
Forest, 1992–94 (p values) 

Bird group Control vs  Burn Burning   

season 

Burning 

frequency 

Season x 

frequency 

Bird abundance (birds/count) .262 .989 .291 .080# 

Bird species per count .181 .473 .144 .357 

Large hollow-nesters .857 .385 .109# .739 

Small hollow-nesters .315 .228 .574 .783 

Bark foragers .858 .684 .706 .452 

Open-ground foragers .105# .495 .013* .045* 

Damp-ground foragers .667 .752 .438 .031* 

Low-understorey foragers .838 .306 .362 .088# 

Shrub foragers .452 .767 .123# .570 

Canopy foragers .407 .892 .981 .440 

Nectarivores .369 .395 .293 .543 

* = p < 0.05 

# = p > 0.05 but some evidence that there may be an effect (p up to .125). 

 

Burning season had no effect on any group, and the minimum p value found was 0.228 
(Table 6).  Burning frequency affected abundance of open-ground foragers (p = 0.013) and 
possibly large hollow-nesters (p = 0.109), both groups being more abundant on frequently 
(recently) burnt areas (Figures 1 and 2).  There was weak evidence that shrub foragers were 
less numerous on frequently burnt areas than on controls or infrequently burnt areas 
(Figure 3, p = 0.123). 

0

0.5

1

1.5

2

2.5

3

3.5

4

B
ir

d
s 

p
er

 C
o

u
n

t 
(#

)

C A3 A10 S3 S10

Burning Treatments

C

A3

A10

S3

S10

Figure 3  Mean abundances of shrub foragers (birds per count) for each burning treatment, Wombat 
State Forest, 1992–94 (averaged across the five Fire Effects Study Areas and four assessment 
periods).  C = control, A3 = frequent autumn burns, A10 = infrequent autumn burns, 
S3 = frequent spring burns, S10 = infrequent spring burns.  These species showed a trend to 
be disadvantaged by frequent burning (p = 0.123). 
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Four groups showed interactions between burning season and frequency (Table 6).  Total 
bird abundance was higher in A3 than A10 treatments, but burning frequency made little 
difference to areas burned in spring, which supported intermediate levels of bird abundance 
(Table 4, p = 0.080 for interaction).  Open-ground foragers were substantially more 
numerous in A3 than other treatments, and least numerous in A10 treatments: hence they 
favoured frequently or recently burnt areas when burning was done in autumn, but burning 
frequency made little difference to areas burned in spring (Figure 1, p = 0.065 for 
interaction).  The pattern for this group accounts for most of the differences noted above for 
total bird abundance.  Damp-ground foragers were more numerous in the A3 and S10 
treatments (and controls) than in S3 or A10: they were adversely affected by infrequent 
burns when burning was done in autumn, and by frequent or recent burns when burning was 
done in spring (Figure 4, p = 0.031 for interaction).  Low-understorey foragers were less 
numerous in the S3 than other treatments: frequent or recent burning reduced numbers of 
these birds when done in spring but made little difference when done in autumn (Figure 5, 
p = 0.088 for interaction).  No other group showed any sign of interaction between burning 
season and frequency (Table 6). 
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Figure 4  Mean abundances of damp-ground foragers (birds per count) for each burning treatment, 
Wombat State Forest, 1992–94 (averaged across the five Fire Effects Study Areas and four 
assessment periods).  C = control, A3 = frequent autumn burns, A10 = infrequent autumn 
burns, S3 = frequent spring burns, S10 = infrequent spring burns.  These species appeared 
to be disadvantaged by frequent spring burning or infrequent autumn burning (p = 0.03). 
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Figure 5  Mean abundances of low-understorey foragers (birds per count) for each burning treatment, 
Wombat State Forest, 1992–94 (averaged across the five Fire Effects Study Areas and four 
assessment periods).  C = control, A3 = frequent autumn burns, A10 = infrequent autumn 
burns, S3 = frequent spring burns, S10 = infrequent spring burns.  This group (dominated by 
White-browed Scrubwren) was disadvantaged by frequent spring burning (p = 0.09). 

 

Effects of habitat covariables 

Abundance of small and large hollow-nesters related strongly and positively to abundance of 
hollow-bearing trees (hollow density indices) assessed before treatment in 1985 (p = 0.004 
and p = 0.023 respectively).  These effects were lost when FESAs and burning treatments 
were included in the models.  With large hollow-nesters the apparent effect of burning 
treatment was lost when hollows were included in the model: it seems that apparent effects 
of hollow-bearing trees or burning treatment supersede each other in this case.  When small 
and large hollow-nesters were combined, both hollow-bearing trees (p = 0.0003) and burning 
treatments (p = 0.0017) contributed to a combined model. 

Open-ground foragers showed a significant interaction between burning treatments and herb 
cover (p = 0.019).  Herb cover generally exerted a negative effect on this group of birds, but 
herb growth was favoured by some of the burning treatments and site factors that opened 
up the stands, favouring these birds.  Surprisingly, total plant cover and mineral earth did 
not contribute to these models. 

Models for low-understorey foragers and shrub foragers were not improved by including 
habitat covariables, though there was some indication that legumes exerted a positive effect 
on the former group (p = 0.052). 

Effects of assessment period and year of assessment at each season 

In the main analysis, significant effects of assessment period were found for total bird 
abundance, species per count and abundance of open-ground foragers, bark foragers, canopy 
foragers, small hollow-nesters and large hollow-nesters (p < 0.05).  Birds were generally more 
abundant in the second year (1993–94) than the first year (1992–93) (Table 7).  A significant 
interaction between effects of assessment period and treatment was found for total bird 
abundance (p < 0.05) and no other group.  This was mainly due to high bird abundance 
(especially nectarivores) on controls in spring and autumn 1993–94. 
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Changes between assessment periods were examined further by considering years as fixed 
effects for each season of assessment (Table 7).  Two groups were found to be significantly 
more common in spring 1993–94 than in the previous spring (canopy foragers, p = 0.054, 
and small hollow-nesters, p = 0.007).  Large hollow-nesters were more common in spring 
1992–93 than in the following spring (p = 0.025), and two groups were significantly more 
common in autumn 1993–94 than in the previous autumn (damp-ground foragers, p = 0.035 
and nectarivores, p < 0.001).  Total bird abundance and species per count were higher in 
autumn 1993–94 than in the previous autumn (Table 7, p < 0.001), mainly because of the 
increased abundance of nectarivores. 

Interactions between year and treatment were found only for autumn assessments (Table 7).  
Two groups were more common on controls in 1993–94 than in the previous year, but 
showed little change over time on the burnt areas where abundances remained similar to 
those on the controls in 1992–93.  These two groups were nectarivores (Table 7, p = 0.048 
for interaction) and small hollow-nesters (Table 7, p = 0.016 for interaction).  The group of 
all hollow-nesters showed the same pattern (p = 0.035) and this was mainly due to the 
contribution made by the small species.  This group showed a further interaction with 
burning season (p = 0.028): their abundances increased between the two years on areas 
burned previously in autumn (though less than on controls) and decreased over the same 
period on areas burned previously in spring (Table 8). 

Two groups changed in abundance on burnt areas between autumn 1992–93 and autumn 
1993–94, with little change on the controls over the same period.  These two groups were 
damp-ground foragers (Table 7, p = 0.076 for interaction) and low-understorey foragers 
(Table 7, p = 0.075 for interaction).  Damp-ground foragers were much less common on 
burnt areas than controls in 1992–93 (1–2 years after fire) but had recovered by the 
following year (Table 7).  Low-understorey foragers were more common on burnt areas than 
controls in 1992–93 and decreased in the following year (Table 7). 

Table 7   Mean abundances of bird groups in autumn 1993 and autumn 1994 in control areas (mean 
of 5) and burnt areas (mean of 20), Wombat State Forest, and significance levels of 
differences between years and interactions between year and control versus burn (only 
shown where p < 0.1). 

Autumn assessments 

1993 1994 Significance (p) 
 

Bird group Control Burnt Control Burnt Year Year x 
(control vs 

burnt) 

Bird abundance (birds/count) 29.00 27.73 37.30 31.07 <0.001 0.060 

Bird species per count 11.36 10.24 14.80 13.25 <0.001 NS 

Hollow-nesters 5.88 5.64 8.40 5.52 NS 0.035 

Large hollow-nesters 1.62 1.63 2.32 1.55 NS NS 

Small hollow-nesters 4.25 4.00 6.10 3.90 NS 0.016 

Bark foragers 3.79 4.15 5.21 4.18 NS NS 

Open-ground foragers 2.30 2.66 2.30 3.70 NS NS 

Damp-ground foragers 0.91 0.38 0.71 0.81 0.035 0.076 

Low-understorey foragers 1.67 2.77 2.20 1.67 NS 0.075 

Canopy foragers 11.34 10.40 14.27 10.75 NS NS 

Nectarivores 3.04 2.96 6.64 4.32 <0.001 0.048 

NS = Not significant (p > 0.05). 
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Table 8  Mean abundances of hollow-nesters in autumn 1993 and autumn 1994 in control areas 
(C, mean of 5), areas burned in autumn (A, mean of 10) and areas burned in spring 
(S, mean of 10), Wombat State Forest.  This group showed a significant interaction for 
autumn assessments between years, control versus burn and burning season (p = 0.028).  
Hollow-nesters increased between years on controls and to a lesser extent on areas burned 
in spring, but not on areas burned in autumn. 

Autumn assessments Season of burn 

 C A S 

Autumn 1993 5.88 6.31 4.98 

Autumn 1994 8.42 4.86 6.08 

 

 
Open-ground foragers showed a significant interaction between year, control versus burning, 
burning frequency and burning season (p = 0.043).  These birds were more numerous in A3 
and S10 treatment areas in 1993–94 than the previous year, with little change between years 
elsewhere (Table 9).  Some non-significant interactions were observed for four other groups 
(p ~ 0.1) but are unlikely to have biological meaning. 

 

Table 9 Mean abundances of open-ground foragers in autumn 1993 and autumn 1994 for each 
burning treatment, Wombat State Forest, 1992–94 (averaged across the five Fire Effects 
Study Areas). C = control, A3 = frequent autumn burns, A10 = infrequent autumn burns, 
S3 = frequent spring burns, S10 = infrequent spring burns.  This group showed a significant 
interaction for autumn assessments between years, control vs burn, burning season and 
burning frequency (p = 0.043). This group increased between years on A3 areas (where 
numbers were already high in 1993) and to a lesser extent on S10 areas, but showed little 
change on other areas.  Numbers on A10 areas remained depressed compared with 
controls. 

Autumn assessments Treatment 

 C A3 A10 S3 S10 

Autumn 1993 2.30 4.09 1.71 2.93 2.75 

Autumn 1994 2.30 7.20 1.60 2.41 3.60 

 

 

Table 10  Mean numbers of bird species per count in autumn 1993 and autumn 1994 in control areas 
(C, mean of 5), areas burned frequently (3, mean of 10) and areas burned infrequently 
(10, mean of 10), Wombat State Forest.  This group showed a significant interaction for 
autumn assessments between years, control versus burn and burning frequency (p = 0.021).  
Species per count increased between years on controls and to a lesser extent on infrequently 
burnt areas, but not on frequently-burnt areas. 

Autumn assessments Treatment 

 C 3 10 

Autumn 1993 11.40 12.23 12.24 

Autumn 1994 14.84 12.93 13.55 
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Total bird abundance showed an interaction (p = 0.060) between years and burning vs 
controls (Table 7), mainly because of the greater increase of nectarivores on controls than on 
burnt areas in the second autumn.  Species per count showed a significant interaction 
between years, burning versus controls and burning frequency (p = 0.021).  This measure 
increased between the two years on the controls and to a lesser extent on infrequently burnt 
areas, but not on frequently burnt areas. 

Models using pre-treatment data as covariables 

Models of treatment effects were not improved by including pre-treatment data as 
covariables.  Pre-treatment abundances made significant contributions to models for low-
understorey foragers (p < 0.05 for spring and autumn assessments), canopy foragers 
(p < 0.05 for autumn assessments only), nectarivores (p = 0.005 for autumn assessments, 
p < 0.05 for spring assessments), small hollow-nesters (p = 0.002 for autumn assessments, 
p < 0.05 for spring assessments) and all hollow-nesters (p < 0.01 for autumn assessments 
only). 

There was substantial variation in bird abundances and species compositions between the 
five FESAs, but these remained stable over time.  The large variance components associated 
with broad study areas explained most of the variance due to inherent site factors.  This left 
little scope for further variance to be explained by using pre-treatment data as covariates. 

Responses of minor groups (not formally analysed) 

Inspection of data (Table 4) shows that seed-eaters low to the ground were only recorded on 
areas burned frequently in autumn, as discussed below for the two constituent species (Blue-
winged Parrot and Red-browed Finch).  Carnivores and summer migrants also tended to be 
least uncommon on these areas, the former mainly because of increased abundance of 
Laughing Kookaburras. 

Brood parasites, frugivores and uncommon species were recorded in low and variable 
numbers, with maximum values in unburnt controls (Table 4).  Frugivores were particularly 
scarce on burnt areas but the other groups showed no distinct pattern. 

Responses of individual species 

Responses of individual common species followed similar patterns to those described for 
groups (Table 4).  Inspection of data suggests that some are favoured by a range of burning 
treatments (Scarlet Robin, Flame Robin, Australian Magpie and Varied Sittella) or by more 
specific burning treatments (e.g. Laughing Kookaburra by autumn burns; Satin Flycatcher 
and White-winged Chough by frequent or recent burns; White-eared Honeyeater by 
infrequent burns).  Several species appeared to be favoured by frequent autumn burns 
(e.g. Eastern Yellow Robin, Buff-rumped Thornbill, Superb Fairy-wren, Grey Currawong), 
though Buff-rumped Thornbills were also common on the controls.  Other species appeared 
to be disadvantaged by burning and most common on the controls (e.g. Shining Bronze-
Cuckoo, Tree Martin, Golden Whistler, Spotted Pardalote) or the controls and one of the 
burning treatments (e.g. Sulphur-crested Cockatoo, Red-browed Treecreeper, Pied 
Currawong, with frequent spring burning being the favoured burning treatment in each of 
these cases).  Brown Thornbills were common across all treatments but appeared to be 
disfavoured by frequent burns. 

Several wide-ranging species were only observed on rare occasions (e.g. Square-tailed Kite, 
Yellow-tailed Black-Cockatoo), and were making incidental use of the study areas within 
large home ranges.  However, observations showed that four uncommon species made 
specific use of the study areas.  A male Blue-winged Parrot was defending a probable nest-
site in a large living Messmate on the A3 area at Blakeville in spring 1993, where plentiful 
seed was available on grasses and low herbs following a burn 18 months previously. This 
was the only record of the species during the study.  Small numbers of Red-browed Finches 
were observed occasionally on the S3 area at Kangaroo Creek, taking seeds from grasses and 
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low vegetation near the creek: scattered populations appeared to be resident along creeks 
nearby.  Spotted Quail-thrush were observed occasionally on three of the burning treatments 
(A3, S3 and S10) at two of the FESAs (Blakeville and Musk Creek).  There were previous 
records from these FESAs and Kangaroo Creek.  A small colony of Yellow-tufted Honeyeaters 
was resident in Manna Gums in a gully at Kangaroo Creek, occasionally visiting nearby 
experimental areas.  During formal counts on these assessments they were only observed on 
the control.  This species is common in box–ironbark forests in drier areas further north, but 
scarce in the immediate vicinity. 

Altogether, four species were observed only on the controls during these assessments 
(Wedge-tailed Eagle, Square-tailed Kite, Mistletoebird and Yellow-tufted Honeyeater), and six 
were observed only on burnt areas during these assessments (Brown Goshawk, Yellow-tailed 
Black-Cockatoo, Blue-winged Parrot, Spotted Quail-thrush, Olive Whistler and Red-browed 
Finch—Table 4).  Note that there were four times as many burnt areas as controls.  The 
remaining 45 species were observed both on the controls and burnt areas.  No species was 
observed on areas before burning treatments and not subsequently. 

Feeding behaviour 

Observations showed that most bird species continued to forage in expected ways in burnt 
areas, as in controls.  Four exceptions are summarised below along with an observation on 
bird response to the experimental fire front.  These qualitative observations arise from 
multiple visits to the study areas between 1985 and 1994. 

Crimson Rosellas often took seeds from low shrubs such as Fireweed Senecio sp. a year or 
two after burning treatments.  During an intense flowering episode in autumn 1987, flocks 
of Crimson Rosellas were seen feeding on eucalypt blossom in the canopy, along with Musk 
Lorikeets Glossopsitta concinna and Little Lorikeets G. pusilla which were rare visitors to 
these forests.  These flocks were concentrated in recently burnt areas (2–30 weeks earlier), 
despite widespread flowering at the time. 

White-browed Scrubwrens were seen feeding along high eucalypt branches on burnt sites 
when the fire was still smouldering, in contrast to their normal behaviour of foraging close 
to the ground.  When the fire cooled they were also seen along with other insectivorous birds 
foraging among the ash.  In subsequent years the species persisted wherever dense cover 
remained, including burnt shrubs, rushes or fallen branches, patches of unburnt vegetation 
and regenerating thickets of shrubs, rushes or bracken.  They continued to make occasional 
use of higher branches for foraging; this was not observed on unburnt areas. 

A Brown Goshawk was watched as it hunted for reptiles on foot in a recently burnt site, 
running over the open ground and peering under charred logs.  This contrasts with its more 
common behaviour of pursuing large birds in flight below the canopy.  

Eastern Yellow Robins persisted in recently burnt sites, perching sideways on tree-trunks 
and pouncing on invertebrate prey on the ground.  This is normal behaviour for the species, 
but usually they remain close to cover. 

During one of the experimental burns, a flock of Striated Thornbills was watched feeding 
among eucalypt foliage, only 30 m from the fire front that was burning quietly with flames 
reaching to similar heights to the thornbills. 
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Discussion 
 

Few studies of fuel reduction burning have used a replicated experimental approach to 
examine effects of burning season and frequency on birds as in this study.  Hence the results 
are new, even though they may provide few surprises.  The general pattern is similar to that 
observed after the first round of burning (Loyn et al. 1992), with a high degree of stability in 
terms of total bird abundance, species per count and species composition. The main 
responses in the earlier work were a temporary increase in open-ground foragers and seed-
eaters close to the ground on burnt areas; a small decrease in shrub or low-understorey 
foragers, and an influx of nectarivores to some recently burnt sites. The present work 
confirmed that open-ground foragers increase in number after fuel reduction burning, and 
this increase is particularly pronounced when burning is done in autumn.  High numbers of 
this group continued to be recorded up to three years after experimental burns and, indeed, 
appeared to increase on autumn assessments between two and three years after fire 
(Table 9).  However, their numbers were depressed on infrequently burnt areas, suggesting 
that the increases would be temporary.  Similar patterns have been observed after wildfire 
(Loyn 1997), with some species increasing and then declining soon after the fire (e.g. Scarlet 
Robin) and one continuing to increase over a longer time (Superb Fairy-wren, which was the 
commonest bird in the group in both studies).  The present study also showed a small influx 
to burnt sites of birds that take seeds close to the ground (Table 4), although the group was 
too scarce to warrant formal analysis.  Similar influxes have been observed after wildfire 
elsewhere (e.g. Wooller & Calver 1988; Hewish 1983; Reilly 1991a,b), and may be much larger 
than in this study, especially in northern Australia (Woinarski 1990; Woinarski & Recher 
1997). 

Some evidence was found for decreases in the various groups of birds that used shrub 
layers, although decreases were generally small and were not significant, or occurred only in 
particular treatments.  Frequent autumn burning appeared to be the most beneficial 
treatment for open-ground foragers, and frequent spring burning to be the most detrimental 
for species that use the shrub layers.  Autumn burns are generally more intense than spring 
burns, as litter and vegetation have dried out over summer.  This may produce greater 
benefits for species that forage from open ground.  Usually the burns were not hot enough 
to destroy the shrub structure, even though many shrubs were killed.  Spring burns may 
impact on shrub and understorey foragers by burning nests or nest-sites, though the impact 
on the population appears to be small and temporary.  The differences involved significant 
season by frequency interactions in some cases but were not large, and do not suggest that 
fuel reduction burning should always be carried out at a particular season.  Except as an 
interaction, burning season had no effect on any group. 

Nectarivores behaved differently from the earlier years of the study, showing great variation 
with time and place.  They are discussed further under temporal changes, below.  As in 
earlier assessments, canopy foragers and bark foragers showed little response to treatment.  
These results contrast with effects of wildfire (Recher et al. 1975; Christensen et al. 1985; 
Christensen & Abbott 1989; Reilly 1991a, b; Loyn 1997; Woinarski & Recher 1997).  Wildfire 
reduces canopy foragers and nectarivores greatly when the canopy burns.  Bark foragers and 
understorey foragers appear to be relatively resilient to the effects of both fuel reduction 
burning and wildfire.  This has also been shown with respect to fuel reduction burning by 
previous work in Wombat State Forest, in which there was a high survival rate of banded 
birds after single fires (Cowley 1974), and by work in Western Australia (Kimber 1974; 
Christensen & Kimber 1975; Rowley & Brooker 1987; Brooker & Rowley 1991).  However, 
recent work in Western Australia has suggested that birds inhabiting shrub layers may be 
adversely affected by fire regimes involving frequent burning (Russell & Rowley 1993). 

Several factors may contribute to the general stability of the bird fauna on the set of 
treatment areas in this study.  Firstly, most bird species are insectivorous, and work on these 
areas has shown surprising stability among active ground-layer invertebrates (Neumann & 
Tolhurst 1991; Collett et al. 1993; Neumann et al. 1995; Collett 1998).  Invertebrate prey will 
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continue to be available for insectivorous birds with any of the burning regimes examined, 
despite some changes in abundance.  Work in Western Australia has also shown that many 
invertebrate groups are highly resilient to fires, despite marked changes in abundance of 
some species (Friend & Williams 1996). 

Secondly, the forest has an open structure with a mosaic of shrubs and open ground 
regardless of recent burning history.  The proportions of shrubs and open ground are 
changed by burning (Tolhurst 1996 a, b) but these changes are quantitative and do not 
generally result in complete loss or gain of structural features on any site.  Hence habitat 
remains for most species regardless of management.  Some exceptions are the species that 
need extensive areas of open ground for foraging (e.g. White-winged Chough) or rely on 
ephemeral food sources such as flushes of grass seeds that may be produced after fire 
(e.g. Red-browed Finch, Blue-winged Parrot).  These species are likely to suffer if fire is 
excluded from large areas for long periods of time.  They were not observed on the 
treatment areas before the experimental burning. 

Thirdly, the experimental areas were small (3–35 ha) and surrounded by forest with a mosaic 
of fire histories.  We do not know how species would respond if broadscale burning was 
conducted at an intensity great enough to eliminate patches of unburnt vegetation from 
large areas.  Present conclusions may apply to broadscale burns only if those burns are 
patchy and leave substantial areas of forest unburned.  Fortunately, this is typically the case 
where broadscale fuel reduction is undertaken. 

Finally, the forest structure means that the commonest species are those that inhabit the 
canopy layers, and hence are separated spatially from the main physical effects of fuel 
reduction burning.  More marked effects might be expected in shrubbier forests where 
higher proportions of the bird community inhabit substrates directly affected by fuel 
reduction burning. 

Responses of individual species 

Responses of individual species were not analysed formally, but many of the patterns 
observed (Table 4) accord with experience from elsewhere, even when they relate to species 
that were recorded in low numbers.  For example, Blue-winged Parrots and Red-browed 
Finches have been found to occupy wet forest sites after recent logging and burning (Loyn 
1985).  Canopy-foraging Satin Flycatchers were particularly common three years after 
wildfire in East Gippsland (Loyn 1997), as in this study.  White-eared Honeyeaters favour 
regrowth aged 5–12 years (Loyn 1985) and this may explain their apparent preference for 
infrequently burnt sites, as assessed in this study 6–8 years after burning. 

Temporal changes 

Several groups of birds increased in abundance between the two years of assessment (across 
all treatments, either in spring or autumn) and it seems that the second year was the more 
productive, perhaps reflecting recovery from low-rainfall years of the early 1990s.  
Interactions between year and treatment related solely to changes in autumn abundance 
between the two years, suggesting that bird abundances were more stable from year to year 
in spring (when birds were confined to finite systems of breeding territories) than in autumn 
(when birds were more mobile, and when numbers were boosted to varying extents by 
production of young in the previous breeding season).  The interactions involved changes in 
abundance on burnt areas for two groups that usually feed in moist situations close to the 
ground (damp-ground foragers increasing and low-understorey foragers decreasing), and 
increases on controls for two groups that feed mainly in the canopy (nectarivores and small 
hollow-nesters).  It seems that birds feeding mainly in the canopy were better able to 
respond to a good year on controls than burnt areas.  Birds that feed in moist situations 
close to the ground may have been responding to successional changes after fires, with 
density of low vegetation reaching its maximum 2–3 years after fire. 
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Nectarivores may be particularly sensitive to changes in fire management, and respond in 
complex ways.  If tree canopies are burned by wildfire, there may be a dramatic exodus of 
nectarivores following loss of food resources in the area affected (Loyn 1997).  However, 
drought and fire can also stimulate flowering and lead to influxes of nectarivores (Smith 1989).  
During an intense flowering episode in a previous assessment of this study, nectarivores 
were found to be more abundant on recently burnt areas than controls (Loyn et al. 1992), in 
contrast to the current results.  Pending further work, a tentative conclusion is that numbers 
of nectarivores can be influenced by local factors including fuel reduction burning, at the 
local stand scale, but this influence may be positive or negative at different times.   

If treatment effects were strongly influenced by time since fire, it would be expected that 
most year-by-treatment interactions would relate to temporal changes on the burnt areas 
rather than the controls, whereas in fact they were equally divided.  This gives some 
confidence that results reflect the intended treatments (including burning frequency) 
without undue influence from time since fire, which is necessarily linked with burning 
frequency.  However, it is likely that all of the differences between frequently and 
infrequently burnt areas reported in this study could be related to time since fire rather than 
any cumulative effects of multiple fires. 

Implications for management 

The study shows that effects of fuel reduction burning are far milder than those of severe 
wildfire (Recher et al. 1985; Woinarski 1990; Reilly 1991a,b; Loyn 1997; Woinarski & Recher 
1997), especially on nectarivores and canopy-foraging insectivores.  Hence, if fuel reduction 
burning is effective in reducing the extent or severity of wildfire, these groups may benefit 
from that protection.  Further work is needed to quantify the effectiveness of fuel reduction 
burning strategies in different forest types.  The work in Wombat State Forest has helped do 
this for one forest type, and indicated ways in which this management can be improved 
(Tolhurst et al. 1992; Tolhurst 1996a).  However, any benefits of this sort could be lost if 
there are long-term changes in vegetation.  The risks of such changes are greatest under 
regimes of frequent burning (Woinarski & Recher 1997).  The present study suggests that the 
greatest short-term benefits of fuel reduction to birds arise with frequent burns, but it is 
important to note that this is because the greatest responses occur in early successional 
stages, not because of any inherent advantage in frequent burns. 

The study suggests that effects of burning in spring or autumn are quite similar (on 
subsequent bird abundance, compared with unburnt controls) and there is no clear case for 
burning at one season and not the other.  However, the beneficial effects of fire appear to be 
somewhat greater with autumn burns (probably because they are more intense) and the 
detrimental effects somewhat greater with spring burns (probably because birds are nesting 
then).  It may be prudent to conduct fewer spring burns than autumn burns, but to maintain 
diversity by continuing to conduct some burns at both seasons. 

A policy of extensive fire exclusion would seem undesirable, as some birds respond 
positively to fire, and some species may depend on it in this forest type (e.g. White-winged 
Chough, Spotted Quail-thrush, Blue-winged Parrot and Red-browed Finch).  Fuel reduction 
burning serves to provide patches of habitat at suitable successional stages on an annual 
basis.  This may add to the stability of habitat at the landscape scale, although it does not 
mimic the patterns expected under a regime of occasional extensive wildfires. 

A policy of extensive broadscale burning would be highly undesirable, as birds may need 
access to unburnt vegetation within their home-ranges, especially in the immediate 
aftermath of the fire as noted for mammals by Newsome et al. (1975), Catling and Newsome 
(1981), Humphries (1994), Tolhurst (1996c) and Friend (1993).  The present study provides 
no information on the ability of birds to persist in areas subject to such treatment.  The 
precautionary approach is to ensure that any broadscale burning is done patchily, to 
produce a mosaic of burnt and unburnt vegetation with many large unburnt areas.  At a 
national level, many threatened species depend on habitats that remain unburned for long 
periods (Woinarski & Recher 1997), and identification and protection of such habitats should 
be an important management goal. 
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Chapter 6. Understanding and managing habitats of key threatened species 

 

When faced with conflicting demands for different management actions, land managers often 

find it helpful to focus on the needs of particular species. These may be species that are 

highly valued by the local community (e.g. Superb Lyrebirds Menura novaehollandiae in 

Sherbrooke Forest) or species for which the manager has a high degree of responsibility (e.g. 

species endemic to that parcel of land). Threatened species clearly deserve high priority in 

this respect. Various legislative instruments (e.g. the Victorian Flora and Fauna Guarantee 

Act 1988, and the Commonwealth Environment Protection and Biodiversity Conservation Act 

1999) impose obligations to conserve listed threatened species. Action plans have been 

prepared to help conserve threatened birds throughout Australia (Garnett and Crowley 2000; 

Garnett et al. 2011; Woinarski et al. 2014). 

 

This chapter presents two distinct sets of studies on threatened species. One deals with a 

critically endangered bird species, the Orange-bellied Parrot Neophema chrysogaster, 

which breeds in the remote wilderness of south-western Tasmania (in patches of eucalypt 

forest among button-grass plains) and migrates north to spend the winter in saltmarsh and 

adjacent open habitats, mainly along the coasts of Victoria and South Australia. I became 

involved in helping to conserve this species in 1978 when I was invited by a private firm to 

help prepare an Environmental Effects Statement for a proposed industrial development at 

Point Wilson, next to what proved to be one of the main winter habitats used by this species 

(Loyn et al. 1986). This paper provided the basic ecological information on habitats and food 

used by the parrot while it is in mainland Australia during the winter months. 

 

By harnessing the energy of hundreds of amateur birders, we were able to show for the first 

time just how rare this parrot was (Loyn 1979a, 1979b; Loyn et al. 1981; Starks et al. 1992), 

and this interest helped launch Australia’s first coordinated national recovery program for a 

threatened species (Brown and Wilson 1984). The recovery effort has continued, and I have 

remained on the Recovery Team, albeit as a minor part of my activities in recent years. The 

Team has had numerous successes in reserving key habitats and in establishing a successful 

captive breeding program and a multilocus captive population for insurance purposes. 

Released captive-bred birds were used to attempt to re-establish a breeding colony at Birch’s 

Inlet in Tasmania, where the species had not bred for many years, but after initial success this 

failed to thrive. Six captive-bred birds were released on the mainland in 2004, and three of 

them were reported to have migrated successfully to Tasmania (Loyn et al. 2005), although 

those individuals were not seen again after a single sighting on the west coast of Tasmania. 

 

The recovery team has worked well in many respects, and it has been hailed as an 

outstanding example of cooperation between States and the Commonwealth Government. 

Unfortunately, it has not succeeded in preventing a decline in the wild population to an 

extremely precarious level, or in identifying key causes of the decline that might be addressed 

through management. We initially believed that the midwinter food supply was likely to be a 

limiting factor, but no longer believe that this is the main issue. The wild breeding population 

contracted to one small area in the south-west Tasmanian wilderness, next to a now-disused 

tin mine operated by an extraordinary man (Deny King) till 1991. There the birds received 

supplementary food and nest boxes, and they had access to a range of different-aged 

vegetation as a result of historic disturbance and mosaic burning by Deny King. It has been 

clear for many years that the species benefits from small-scale control burns in its breeding 

territories, and this has been listed among the actions needed in successive Recovery Plans. 

High priority needs to be given to restoring such a program, despite the political and logistic 



difficulties of doing this in a World Heritage area with no resident Parks staff. The recovery 

team has learned some lessons about the need to analyse and share data on a regular basis, 

and new issues have arisen in recent years, relating both to interstate politics and to the 

management of a parrot disease: Psittacine Beak and Feather Disease. Renewed efforts are 

being made to analyse current data and try novel management solutions (Holdsworth et al. 

2011; Stojanovic et al. 2017).  

 

The second set of studies deals with large forest owls (Powerful Owl Ninox strenua, Barking 

Owl Ninox connivens, Sooty Owl Tyto tenebricosa and Masked Owl Tyto novaehollandiae) 

and their use as ‘umbrella’ species in forest management (explained below). The special 

needs of this group have been recognised for many years, and I made a personal contribution 

to raising their profile in the 1980s and 90s. These owls require large hollow-bearing trees for 

nesting (though the two Tyto species occasionally nest in caves), and their prey includes 

varying proportions of arboreal mammals, which in turn need hollow-bearing trees and 

varying amounts of old forest (Kavanagh 1997, 2002; Hollands 1991; Loyn et al. 2001, 2002, 

2004). Large owls have large home ranges and hence may be difficult to conserve in 

managed forests. However, if one can conserve large forest owls, there is a good chance that 

many other less-demanding species will be conserved at the same time. This is the classic 

‘umbrella species’ approach, and I believe our work has led to one of the most influential and 

successful applications of this concept over a broad scale in Victorian forests. The Victorian 

and Commonwealth Governments adopted this approach in establishing the Regional Forest 

Agreements (RFAs) in the 1990s. 

 

Three of the papers included here deal with our work to conserve large forest owls and 

associated fauna as part of the RFA process. The work includes the most extensive surveys of 

large forest owls undertaken in Victoria, with playback surveys conducted at over 2000 sites. 

The availability of mapped data on Geographic Information Systems enabled us to stratify the 

survey sites for efficient sampling and then to model the occurrence of owls by logistic 

regression, to extrapolate the models and to produce maps of predicted probabilities of 

occurrence. My part in these studies was to conceive and advocate the use of this approach, 

assemble the teams of field staff, and plan and coordinate the work. I also played a direct role 

in selecting sites, compiling data and working with a statistician to analyse the data on owls 

and arboreal mammals, and took the lead in writing papers. Our team then worked closely 

with forest planners to select Special Protection Zones for the owls, as described below.  

 

The work on large forest owls was exciting because we started with a blank canvas (knowing 

very little about the fine-scale distribution of forest owls in the state) and ended up by helping 

design over 700 Special Protection Zones (each of ~500 ha) for these birds and associated 

fauna. Hence, our work culminated in the protection of ~350,000 of forest specially selected 

as valuable for large forest owls and the ecosystems on which they depend. About half of this 

area was in Parks or Reserves and half was in State Forest; much of the latter would 

otherwise have been available for logging. The RFA process allowed us to provide this extra 

protection at the same time as providing greater certainty for the logging industry elsewhere. 

I believe this may be one of the most successful cases of using umbrella species (large forest 

owls) to conserve elements of biodiversity that depend on old forest over large areas of land. 

 

The three papers have similar titles, but deal with our work over progressively greater areas 

of the state, with new models developed in each case. The first paper (Loyn et al. 2001) 

describes our work in north-east Victoria, the second (Loyn et al. 2002) also includes our 

work south of the Divide in Gippsland, and the third (Loyn et al. 2004) completes the picture 



by including our work in western Victoria. The last paper also includes a model of Masked 

Owl distribution, in addition to the two species modelled in the fist two papers (Powerful and 

Sooty Owls). 

 

The chapter also includes two short papers on the diet of Sooty Owls in East Gippsland and 

Powerful Owls in Melbourne (based on pellet analysis) and two co-authored papers dealing 

with population viability analysis and the ecology of Powerful Owls in box–ironbark forests. 

 

I have also worked on the conservation of many other threatened birds and mammals, and I 

served on the Recovery Team for Long-footed Potoroos Potorous longipes. I played a leading 

role in initiating and supervising projects on species at the centre of controversy, such as 

Leadbeater’s Possum Gymnobelideus leadbeateri, and these projects have led to a series of 

influential papers by other authors. Two short notes on Leadbeater’s Possum are included as 

supplementary papers in this chapter. One of them (Macfarlane and Loyn 1994) responds to a 

paper by a former colleague that criticised our management of an endangered mammal 

species, the Leadbeater’s Possum Gymnobelideus leadbeateri (Lindenmayer and Norton 

1993). Their paper disappointingly failed to note or support our efforts to reserve stands of 

old forest or old trees within coupes, and it is my view that greater cooperation at the time 

could have led to a better outcome for the Leadbeater’s Possum, in line with the multi-scaled 

approach subsequently advocated by Lindenmayer and Franklin (2002). I was happy to 

defend the work we had done in reserving stands of suitable forest for this species, which was 

clearly a step forward that would benefit the Leadbeater’s Possum and other fauna species 

(Macfarlane and Seebeck 1991). At the same time, I was well aware that the research data 

showed the value of mixed-age forest as prime habitat for the Leadbeater’s Possum (Smith 

and Lindenmayer 1988, 1992; Lindenmayer et al. 1991, 2000), an observation that has 

sometimes been downplayed. I realised that more needed to be done to expand the area of 

suitable mixed-age habitat and that this would involve retaining trees alive on harvested 

coupes at higher densities than was currently being done, or it would involve adding artificial 

hollows to regrowth stands. This matter is very topical, with the Leadbeater’s Possum being 

recently classed as Critically Endangered (Woinarski et al. 2014) and proposals being made 

for an expanded National Park in the Central Highlands of Victoria. I am pleased to say that 

more is being done now in supplying artificial hollows (nest boxes, or better still hollows cut 

in existing large trees) in the regrowth or mixed-age forests favoured by this species, and 

improved survey methods are providing new data on the distribution of the species (Nelson et 

al. 2017). 
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SUMMARY 

LOYN, R.H., LANE, B.A., CHANDLER, C. and CARR, G.W. 1986. Ecology of Orange-bellied Parrots Neophema 
chrysogaster at their main remnant wintering site. Emu 86: 195-206. 
Orange-bellied Parrots were studied near Point Wilson from 1978 to 1980. About half of the world's known population, 
from 50 to 70, wintered there each year. Numbers were highest in July. The Parrots roosted in tall shrubs of 
Sclerostegia arbuscula and probably drank once per day. They ate seeds, mainly of Chenopodiaceae, from plants in 
saltmarsh and sewage filtration paddocks. Food appeared to be scarce in July and August 1978 and 1979, when they 
fed mostly in filtration paddocks. In 1980 they used saltmarsh more, partly because some food plants had regenerated 
well after sheep had been removed. Other species of native and introduced birds used the same food, but mainly when 
it was abundant. 

The Orange-bellied Parrot has probably become rare because its specialized coastal habitats have been reduced 
by clearing, grazing, and construction of salt-works. The Point Wilson area is important as it offers habitats that pro- 
vide food throughout the winter period, in natural dry saltmarsh and artificial sewage filtration paddocks. 

INTRODUCTION 

The Orange-bellied Parrot is one of the rarest birds in 
Australia. The known population is only about 100-140 
birds (Brown & Wilson 1982; Loyn 1982), over 50 of 
which regularly winter near Point Wilson on the western 
shore of Port Phillip Bay, Victoria. 

Jarman (1965) summarized information on the species 
but was uncertain about many aspects of its status and 
ecology. The main breeding area was unknown, although 
the few early records were from Tasmania. Milledge 
(1972) found summering birds in the south-west of 
Tasmania, while recent studies have confirmed that 
Orange-bellied Parrots breed there (Brown & Wilson 
1980, 1984) and spend the winter on  the coasts of Vic- 
toria and South Australia (Forshaw & Cooper 1981). 

A study of the species near Point Wilson began in 
June 1978 on behalf of ICI Australia after the Company 
put forward a proposal (since shelved) to  build a petro- 
chemical complex close to the area used by the Parrots. 
This paper reports results of that study, spanning three 
winters, 1978 to 1980. Some observations from other 
wintering areas are included to give a fuller account of 
the ecology of this small endangered Parrot outside the 
breeding season. 

STUDY SITE 

Point Wilson lies 50 km south-west of Melbourne on the western 
shore of Port Phillip Bay (Fig. I), at 38'05'S, 144"301E. The 
area used by the Parrots includes natural saltmarsh, improved 
pasture, and filtration paddocks and artificial lagoons on the 
southern edge of the vast sewage farm (10 800 ha) managed by 
the Melbourne and Metropolitan Board of Works (MMBW). 
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Coastal features include a muddy tidal lagoon backed by 
saltmarsh and sheltered by two mobile sandy spits (North and 
South Spits), which support dune and saltmarsh vegetation. The 
hinterland is a flat coastal plain, with basalt flows outcropping 
in parts. Mean annual rainfall is 470 mm (Kinhill 1982) and 
during the study 590 mm, 361 mm and 355 mm fell from March 
to November 1978, 1979 and 1980 (Bureau of Meteorology). 

0 1 2 
I I 

Kilometres 

BASS STRAIT 

MMBW Farm 

Port  

Phillip 

Bay 

Figure 1. Study area at Point Wilson 

Apart from the Spits and saltmarsh, the area has been 
altered grossly since European settlement and the natural 
vegetation severely depleted. The Commonwealth property at 
Point Wilson is used for storing explosives; this and the ICI site 
are grazed by sheep. Introduced mammals and birds are pro- 
lific. Aircraft from Avalon Airfield to the north-west make low 
manoeuvres overhead on training flights. Saltmarsh that used 
to exist to the west near Avalon has been converted to lagoons 
for extraction of salt. Basalt is quarried from the southern part 
of the ICI site (under long-term lease) and there is a danger that 
associated water pumping may influence groundwater seepage 
into the remaining saltmarsh (Kinhill 1982). 

A major overall change has been the creation of artificial 
wetlands on the formerly dry MMBW sewage farm. The farm 
is now famous for its large population of waders, waterfowl, 
and raptors (e.g. Smith 1967; Corrick 1982; Baker-Gabb 1984). 
The farm also provides important habitat for Orange-bellied 
Parrots, though significant natural saltmarsh habitat was 
destroyed by construction of the sewage lagoons. 

Areas used by Orange-bellied Parrots 

Taxonomic nomenclature for vascular plants follows Willis 
(1970, 1973) and Wilson (1980). Plants and animals introduced 
to Australia are marked with an asterisk (*) throughout. 

Saltmarsh The largest intact saltmarsh was bisected by a road 
with four culverts in the 1950s. On the landward side (Fig. 1, 
A), fresh water gathers from local rain or seepage and tidal 
flooding occurs only after spring tides. It is a shallow claypan, 
surrounded on three sides by basalt flows. The vegetation is 
unusually varied and appeared similar but more extensive in 
aerial photographs taken in 1947 (Kinhill 1982); it was des- 
cribed and mapped by Carr & Kinhill Planners (1982). On the 
dry outer edge procumbent Grey Glasswort Halosarcia haloc- 
nemoides grows with Sea Heath Frankenia pauciflora and 
Pigface Disphyma clavellatum. Below this, closed herbfield 
dominated by Beaded Glasswort Sarcocornia quinqueflora is 
interspersed with patches of bare clay where hypersaline water 
collects. At about the line of maximum inundation is a narrow 
band of luxuriant open-herbfield dominated by S. quinqueflora. 
In the wetter, lower areas there is a closed shrubland of H. 
pergranulata and Shrubby Glasswort Sclerostegia arbuscula. 
On the least flooded landward edges the native grass Distichlis 
distichophylla forms extensive swards along with S. quin- 
queflora. The stands of H. pergranulata and H, halocnemoides 
are probably the largest and among the least disturbed in 
coastal Victoria (Carr & Kinhill Planners 1979; Yugovic 1984). 
The saltmarsh is the best remaining example of the dry type of 
saltmarsh, which in Victoria is confined to the western shores 
of Port Phillip Bay, Corio Bay and the Bellarine Peninsula to 
Barwon Heads (Carr & Kinhill Planners 1979; Barson & Calder 
1982). 

On the coastal side of the road (B) most of the saltmarsh 
is flooded by the sea at high tide and water ebbs and flows 
through a series of dendritic creeks. Vegetation there consists 
of Sclerostegia arbuscula, which forms closed shrubland to 3 
m high with or without an understorey of Sea-blite Suaeda 
australis and S. quinqueflora. On the drier outer edge Frankenia 
pauciflora grows with procumbent Halosarcia halocnemoides 
(formerly thought to be a dwarf form of H. pergranulata 
[Wilson 19801) and associated halophytes as in area A. Some 
slightly elevated relict beach spits exist within the marsh, 
parallel to the lagoon shore, and these support dense swards of 
S. quinqueflora and Suaeda australis. The marsh is bounded 
on two sides by basalt flows. 

Commonwealth Explosives Area (Department of Transport) 
This area (C)  contains a narrow strip of saltmarsh on the east 
coast, backed by ephemeral lagoons. Most of the reserve and 
the adjacent ICI site is sheep pasture dominated by introduced 
grasses and weeds with some native species (e.g. Wood Sorrel 
Oxalis corniculata sensu lato). Fire-breaks are ploughed annually 
round explosives bunkers and they support prolific growth of 
the introduced annual *Capeweed Arctotheca calendula. 

Filtration paddocks These paddocks ( F )  on the MMBW farm 
have been planted with Italian Rye-grass Lolium perenne, 
which is grazed by cattle in summer and then irrigated with 
sewage effluent from April to October as part of the treatment 
process (grass filtration); cattle are then excluded and the grass 
is allowed to grow long. Run-off collects in muddy-shored 
depressions, which are often surrounded by a cover of pro- 
strate chenopods typical of sub-saline conditions, mainly 
Glaucous Goosefoot Chenopodium glaucum. The same plants 
grow in patches within the paddocks and on elevated check 
banks, along with *Hastate Orache Atriplex hastata, *Wild 
Turnip Rapistrum rugosum, *Curled Dock Rumex crispus and 
the salt-tolerant *Buck's-horn Plantain Plantago coronopus, 
which is abundant on many dry sites in the region. 
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South Spit and North Spit The form and vegetation of these 
mobile barriers of sand and shellgrit (sometimes called The 
Sand Hummocks) changes frequently (I. Yurkowski unpubl.). 
At present the South Spit supports a low closed shrubland 
of Suaeda australis, with Sarcocornia quinqueflora beside 
regularly flooded depressions. On drier parts, Disphyma 
clavellatum forms a dense cover. Taller shrubs of Grey Salt- 
bush Atriplex cinerea and Sclerostegia arbuscula are frequent 
emergents, growing to 2 m high. A few plants of Sea-rocket 
*Cakile maritima or *C. edentula grow on the seaward edge. 
Vegetation of the North Spit is similar but with extensive 
stands of Frankenia pauciflora and less abundant Suaeda 
australis. 

Other areas (used occasionally, as indicated). The remnant 
woodland (E) consists of introduced and native grasses and 
herbs, grazed only by *rabbits Oryctolagus cunniculus, and 
scattered shrubs and trees of Gold-dust Wattle Acacia acinacea 
and Golden Wattle A. pycnantha. There the Parrots fed occa- 
sionally on seeds of various introduced and native grasses and 
herbs. 

Further away, a few Orange-bellied Parrots were seen near 
Lake Borrie (8.5 km NE, on the MMBW farm), feeding on 
Hastate Orache in a depression (similar to those in area F) 
where run-off had collected. There have been occasional 
records elsewhere on the western shores of Port Phillip Bay, 
but no other areas appear to be used regularly except on the 
Bellarine Peninsula and Mud Islands, which now support much 
lower numbers than Point Wilson. 

METHODS 

An observer was resident at Point Wilson from June to 
November 1978 (CC), from March to November 1979 (BAL), 
and from March to November 1980 (CC). Other observers 
made frequent irregular visits. Numbers of birds using dif- 
ferent areas and vegetation were recorded throughout the 
season. Counts of Orange-bellied Parrots were made during 
regular observations, by counting birds leaving the communal 
roost at dawn and by simultaneous counts at known feeding 
areas with teams of voluntary observers. Counts thought to be 
incomplete were excluded from analysis. Late in the season 
birds fed in the roosting area among tall shrubs and could only 
be counted when the whole flock was flushed by Marsh Harriers 
Circus aeruginosus or aircraft. 

We specially noted the location of feeding, drinking and 
roosting sites, and the types of food eaten. When possible, the 
rate of feeding was measured with a stop-watch, and the sex 
ratio and numbers of adults to juveniles recorded. Disturbance 
by us during observations was kept to a minimum. 

All natural and induced movements of the Parrots were 
recorded. Notes were made on the flowering or fruiting of 
potential food-plants. Numbers of seeding spikes of one im- 
portant food-plant (Sarcocornia quinqueflora) were estimated 
on 0.16 m2 quadrats in saltmarsh A (Fig. I), during 1979 and 
1980. Some parrot faeces were collected, though most data on 
food came from direct observation. Other birds taking the 
same food as Orange-bellied Parrots, or feeding in the same 
areas, were recorded. Similar observations were recorded on 
Blue-winged Parrots Neophema chrysostoma whenever observed. 
Historical records were collected from the literature and from 
unpublished notes provided by various observers. 

Observational data were collated and analysed. As a first 
step in estimating the impact of the Parrots on their environ- 
ment, numbers of bird-days per month were calculated for 
Orange-bellied Parrots as the area under the graph for each 

month in Figure 2. A few minor adjustments were made first; 
for example it was assumed that the peak number of 70 + was 
reached on only one day. The proportion of time spent by the 
Parrots in each month feeding in different areas and on dif- 
ferent major food sources was estimated directly from observa- 
tional data; for example if 50 birds remained for a 30 day 
month, 10 of them feeding consistently on food 1 and 40 
spending equal time on food sources 2 and 3, there would be 
1500 bird-days: 20% on food 1, 40% each on 2 and 3.  No 
allowance was made for time spent feeding on minor food 
sources. Multiplication of these figures would give an estimate 
of the impact of the Parrots on a food source each month. Fur- 
ther multiplication by measured feeding rates and times per day 
spent feeding would give an estimate of the amount of food 
eaten, which could be related to the capacity of the environ- 
ment to supply this amount. These last steps have not been 
taken as several inaccuracies would be involved, including 
uncertainty about the success rate of observed pecks, and the 
difficulty of measuring densities of suitably ripe seeds. 

RESULTS 

Numbers of Orange-bellied Parrots 

Numbers counted a t  Point Wilson followed a remarkably 
consistent pattern in the three years (Fig. 2), building u p  
gradually from March t o  July and then declining f rom 
August t o  early November. This suggests a gradual 
movement of birds t o  Point Wilson as food supplies 
elsewhere diminished, followed by a gradual movement 
away as conditions become suitable elsewhere. Birds 
clearly d o  not all migrate t o  o r  f rom Point Wilson a t  one 
time in response t o  a single seasonal cue. Nevertheless, 
the dates of arrival of  the first birds, and departure of 
the  last ones, were very similar f rom year t o  year. In  
1980, departure appeared more  synchronous, and most 
birds left i n  mid-October; this could have happened in 
other years but birds were hard  t o  count at  this time. 
T h e  population built u p  t o  50-55 birds in  each year, 
with just a single observation of  70 + in July 1980. The 
latter could represent a temporary influx of  birds from 
the Bellarine Peninsula; some interchange between these 
areas was suggested by Loyn & Chandler (1978). Nowhere 

Figure 2. Numbers of Orange-bellied Parrots counted at Point 
Wilson in 1978 (. . . . . . . . . . . . . ), 1979 (- ) and 
1980 (-----). 
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else is known to support as many Orange-bellied Parrots, 
or  to  support any for such a long period each winter. 

U p  to six immatures were distinguished in 1979, and 
13-15 in 1980. Adults were evenly divided between 
brightly coloured males and the slightly less bright 
females. 

Daily routine 

The Parrots left their communal roost in small groups 
from about 40 minutes before dawn to a few minutes 
after dawn. They usually gathered to feed in larger 
groups in one or more areas. During the day they fed 
almost continuously, pausing only when disturbed, to 
drink, bathe or preen, or  to  change feeding areas. These 
latter activities occupied less than half an hour in mid- 
winter but more when the weather was warmer in autumn 
and spring. In spring the Parrots used a greater range of 
calls and some formed pairs (sensu lato), which were oc- 
casionally seen chasing each other, but no other courtship 
was observed. 

Flights to  new feeding areas usually followed distur- 
bance or else occurred within two hours of midday. 
When birds flew to a specific drinking site, they did so 
in mid-morning or early afternoon or immediately after 
leaving the roost in the morning. Feeding flocks returned 
to  the roost from 40 minutes before sunset to  10 minutes 
after sunset. These flocks were usually larger than those 
that left in the morning. Times of arrival and departure 
from the roost (in relation to sunset and sunrise) did not 
vary noticeably with weather or season. 

Roosting 

From March to September Orange-bellied Parrots 
always roosted in the extensive shrublands of Sclerostegia 
arbuscula (1-3 m tall) in saltmarsh B, which was within 
3 km of all main feeding areas. No calls were heard after 
dark except once when Parrots were disturbed by us. 

In October 1979 some Parrots were suspected of 
roosting in Sclerostegia arbuscula shrubs that fringe the 
Commonwealth Explosives Reserve C where they were 
feeding, but when they fed there in October they regularly 
returned to the usual roost 2.5 km away. Once in 1978 
a single Orange-bellied Parrot roosted with Blue-winged 
Parrots in low Halosarcia pergranulata shrubs in salt- 
marsh A. No other roost sites were suspected, although 
Blue-winged Parrots were found roosting in plantations 
of Moonah Melaleuca lanceolata on the MMBW farm. 
There were occasional records of Orange-bellied Parrots 
feeding further away (e.g. near Lake Borrie, 8.5 km) 
and it is not known where these birds roosted. On the 
Bellarine Peninsula, Orange-bellied Parrots have been 
seen flying to roost in Sclerostegia arbuscula and in 

clumps of *Boxthorn Lyciurn ferocissirnurn (J. Pratt 
pers, comm.). 

Drinking 

Flights to and from drinking sites were observed only 
occasionally in 1978 (a wet year), daily in 1979 (a dry 
year) and on most days in 1980 (a dry year). Observa- 
tions at the sole drinking site used in September 1979 
showed that the number of Parrots that visited it during 
one day was equal to  the number of Parrots in the area, 
suggesting that each Parrot drank once per day. In 
periods when no drinking was observed, Parrots may 
have been obtaining moisture from succulent salty leaves 
or stems of saltmarsh plants, or more likely from chan- 
nels and puddles of fresh water or effluent within the 
feeding areas. Orange-bellied Parrots were seen sipping 
dew from long grass at one of the regular drinking sites 
in 1979 and 1980. 

The main drinking sites are marked D in Figure 1. 
Sites included puddles of rainwater (among rocks or in 
ploughed firebreaks round explosives bunkers), run-off 
channels of the MMBW farm (in places where banks 
were shallow and muddy), the shallow rocky edge of a 
sewage pond on the MMBW farm, and a roadside rain- 
water drain. Parrots were observed bathing in a deeper 
run-off channel and in a large rainwater puddle in the 
remnant woodland E. The drinking site selected usually 
appeared to be the closest suitable, and was up to 
1.6 km from the feeding area in use at the time. 

The Parrots flew to drink in groups of two to ten 
birds, and would sit for up to ten minutes before ap- 
proaching the water. Unless there were several puddles 
in one site, birds usually drank one at a time, as des- 
cribed for wild Budgerigars Melopsittacus undulatus by 
Wyndham (1980). 

Feeding 

Orange-bellied Parrots fed mainly by biting on ripe or 
developing seeds or fruits from low herbs and shrubs, 
mostly in the family Chenopodiaceae (Table I). They 
usually discarded the succulent salty tissue that sur- 
rounds the seeds of many of these plants. The birds fed 
from the ground when plants were low enough, but 
when tall Sclerostegia arbuscula shrubs flowered in late 
August and September they climbed expertly among the 
branches to eat flowers or developing seeds. Fallen seeds 
or fruits were taken from the ground only when other 
sources of food were scarce. A Parrot would normally 
take as many seeds as possible from one spot before 
walking or flying low to another spot within about 5 m. 
Feeding rates varied from 24 pecks per minute when the 
birds were feeding on Sclerostegia arbuscula to  37 pecks 
per minute when feeding on Suaeda australis (Table 11); 
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TABLE I 

Plants used by Orange-bellied Parrots in Victoria. Scientific names are those used by 
Wilson (1980), with those of Willis (1970, 19'73) in brackets where different. 

Family and species Growth habit Location at Use by Parrots 
Point Wilson 

Chenopodiaceae: 
Sea-blite 

Beaded Glasswort 

Hastate Orache 
Glaucous Goosefoot 

Grey Glasswort 

Perennial herb 

Perennial herb 

Annual 
Annual 

Shrub to 1 m 

Saltmarsh, especially 
on Spits 
Saltmarsh 

Filtration paddocks 
Filtration paddocks 

Saltmarsh, especially A 

Food (buds and 
seeds) 
Food (seeds) 

Suaeda australis 

Sarcocornia quinqueflora 
(Salicornia quinqueflora) 
*Atriplex hastata 
Chenopodium glaucum 
var. ambiguum 
Halosarcia pergranulata 
(Arthrocnemum halocnemoides 
var. pergranulata) 
H. halocnemoides 
(A. halocnemoides 
var. pergranulata, 
procumbent form) 
Sclerostegia arbuscula 
(Arthrocnemum arbusculum) 

Food (seeds) 
Food (seeds) 

Perching only 

Shrub, procumbent Saltmarsh, especially A Food (seeds) Grey Glasswort 

Shrubby Glasswort Shrub to 3 m Saltmarsh (seaward 
tidal parts) 

Food (developing 
seeds), perching, 
roosting 
Perching only Grey Saltbush 

Frankeniaceae: 
Southern Sea-heath 

Plantaginaceae: 
Bucks-horn Plantain 

Atriplex cinerea Shrub to 3 m 

Perennial herb 

Perennial herb 

Coast 

Frankenia pauciflora Saltmarsh (drier fringe) Food (seeds) 

Food (seeds) *Plantago coronopus Roadsides, filtration 
paddocks, dry saltmarsh 

Asteraceae: 
Capeweed 
Aster Weed 

*Arctotheca calendula 
*Aster subulatus 

Annual herb 
Perennial herb 

Grazed pasture 
Filtration paddocks, 
woodland 
Woodland 

Food (seeds) 
Perching, food 
(seeds, used rarely) 
Food (seeds, used 
rarely) 

Heraldic Thistle *Onopordum acanthium Annual or biennial 
herb 

Brassicaceae: 
Sea-rocket Annual or perennial 

herb 
Beach (Spits) Food (seeds, in 

western Vic. but 
not at Point Wilson 

*Cakile maritima or 
*C. edulenta 

Poaceae: 
Winter Grass Annual grass 

Annual grass 

Pasture, roadsides 

Woodland 

Food (seeds), but 
not at Point Wilson 
Food (seeds, used 
rarely) 

*Pea annua 

Annual Beard-grass *Polypogon monspeliensis 

Geraniaceae: 
Big Heron's-bill *Erodium botrys Annual herb Pasture Food (seeds, used 

rarely) 

Polygonaceae: 
Curled Dock *Rumex crispus Perennial herb Filtration paddocks Perching, food 

(seeds, used rarely) 

Oxalidaceae: 
Wood Sorrel Food (flower buds) Oxalis corniculatus 

sensu lato 
Annual herb Pasture 

*Species introduced to Australia. 
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TABLE I1 

Use of food plants by Orange-bellied Parrots at Point Wilson, 1979 and 1980. 

Total bird-days Observed feedmg rate 
feedmg on (pecks/mm, mean) 

Species Phenologyt and % bird-days on each food source per month plant species and total seeds eaten 
in each year (thousands) 

M A M  J J A S O N  

Suaeda australrs Phenologyt FS S S S 37 pecks/m~n 
1979 0 21 13 5 0 0 0 0 0 268 4 760 
1980 57 17 1 0 0 0 0 0 0 78 693 

Sarcocornra qurnqueflora Phenologyt S S S S S X F 30 pecks/mm 
1979 0 29 53 42 45 30 0 0 0 2145 15 444 
1980 43 49 37 41 12 0 0 0 0 1281 9 223 

{ *Atriplex hastata Phenologyt FS FS S S S X 

{~henopodiumglaucum Phenologyt FS FS S S S 26 pecks/mm 
1979 0 45 0 24 36 11 0 0 0 1235 7 706 
1980 0 18 42 33 21 9 0 0 0 1350 8 424 

Halosarcra halocnemoides Phenologyt FS S S S S S S S S 30 pecks/mm 
1979 0 5 35 24 10 25 0 0 0 1075 7 740 
1980 0 17 20 21 28 7 0 0 0 1 060 7 632 

Frankenra pauctflora Phenologyt FS FS S S S S F F 31 pecks/min 
1979 0 0 0 - - - 0 0 0 -  - 

1980 0 0 0 5 32 57 0 0 0 1365 10 156 

*Plantagocoronopus Phenologyt FS FS FS FS FS FS FS FS FS - 
1979 0 0 0 4 8 11 0 0 0 325 - 2 000 
1980 0 0 0  0 0 0 0 0 0  0 0 

Sclerostegra arbuscula Phenologyt F F F FS FS FS S S 24 pecks/min 
1979 0 0 0 0 0 25 100 45 0 1 420 8 180 
1980 0 0 0 0 7 27 88 0 0 1 5 1 5  8 726 

*Arctotheca calendula Phenologyt F F FS FS 
1979 0 0 0 0 0 0 0 5 5 1 0 0  335 - 2 000 
1980 0 0 0 0 0 0 9 80 100 725 4 350 

Oxahs cornrculata Phenologyt FS F F F F S  - 
sensu lato and other 1979 100 0 0 0 0 0 0 0 0 60 3 60 
pasture plants 1980 0 0 0 0 0 0 3 20 0 190 1 140 

Total bird-days 1979 60 540 795 1 120 1500 1420 825 540 40 6 840 48 190 
1980 14 360 865 1 465 1 520 1 400 1 265 750 25 7 564 50 344 

F = plants flowering, S = plants carrying seed (in either year), X = seed still available on a few plants, on dead plants or 
on the ground. 

# Thousands of seeds taken each year were estimated by assuming that birds fed for 8 h each day and that seeds were swallowed 
at half the observed pecking rate. A pecking rate of 25 per min was assumed for plant species where few measurements were made. 

- Not measured. In 1979, birds feeding on Halosarc~a halocnemordes could have been taking some intermixed Frankenrapaucrflora. 

* Species introduced to Australia. 

hence an abundant food source was needed. Higher 
feeding rates were observed elsewhere, e.g. up to 55 
pecks per minute when they were feeding on *Winter 
Grass Pos annua on French Islands and the Bellarine 
Peninsula. 

Seasonal availability and use of food varied according 
to when plants flowered and fruited (Table 11) and when 
they were submerged by rainfall, spring tides or sewage 
irrigation. The consequent use of different areas and 

food plants is shown in Table 111. Approximate relative 
amounts of each food eaten each month are given in 
Table 11. 

Most food plants flowered in late summer and carried 
seed in the early winter months (e.g. Sarcocornia guin- 
gueflora and Suaeda australis), while a few others 
flowered in winter or spring and provided food from 
August to  November (e.g. Sclerostegia arbuscula and 
*Arctotheca calendula). Hence it appears that food 
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Mid-June - mid-July 

Mid-July - mid-August 60-40 

Mid-August - 
mid-September 

 id-~e~ternber - 
early November 

TABLE 111 

Use of areas and food plants by Orange-bellied Parrots at  Point Wilson. 

Period Number of Orange- Areas (and main food plants) used, and other comments 
bellied Parrots 

Summer One only, 1978-79 S. Spit (probably various foods) and pasture south of saltmarsh A 
(Oxalis corniculatus sensu lato). 

Late March - early April 0-15 S. Spit (Suaeda australis in 1979 and 1980, but in 1980 mainly Sar- 
cocornia quinqueflora, which had flowered earlier on S. Spit than 
elsewhere). Occasionally saltmarsh A (S. quinqueflora). 

April 10-20 Saltmarsh A (S. quinqueflom) and filtration paddocks F (Chenopodium 
glaucum and some *Atriplex hastata), flocks also visiting S. Spit. In 
1979 mainly saltmarsh, in 1980 mainly filtration paddocks. 

May - early June 20-45 Saltmarsh A (S. quinqueflora), flocks also visiting S. Spit (Suaeda 
australis and in late May 1979 also Halosarcia halocnemoides). Filtra- 
tion paddocks were flooded but in 1980 Parrots quickly reverted to 
feeding in them as water receded (Chenopodiurn glaucum), mainly 
along elevated banks. 

Saltmarsh A (S. quinqueflora dry seeds, mainly in luxuriant open- 
herbfield stand and later H. halocnemoides, which retains its seed 
for longer) and filtration paddocks F (Chenopodium glaucum and 
occasionally dry seeds of *Atriplex hastata). 

A wide variety of food, with much annual variation. 
1978: Filtration paddock F1 (probably flowers of *Rapistrum 

ragosum and seeds of *Rumex crispus, but probably also other 
species). 

1979: Saltmarsh A (S. quinqueflora, including fallen seeds from the 
ground, and in August an increasing proportion of seeds from 
dry spikes of H. halocnemoides), and in filtration paddocks F 
(*Atriplex hasta) including fallen seeds from muddy ground; 
some Chenopodium glaucum, which now retained few seeds; 
and *Plantago coronopus along roadsides). 

1980: Southern edge of saltmarsh B and to a lesser extent saltmarsh 
A (Frankeniapauciflora, H. halocnemoides and occasionally 
Sclerostegia arbuscula). Filtration paddocks F occasionally 
(*Atriplex hastata, not using abundant *Plantago coronopus). 

A dramatic change to use of saltmarsh B (flowers and developing seeds 
of Sclerostegia arbuscula). This food source was first used in late July 
each year and became the main food source from 19,22 and 9 August 
in respective years. Also western borders of Spit Lagoon (Sclerostegia 
arbuscula) and occasionally woodland E (various grasses and herbs) 
and grazed pasture G. 

Saltmarsh B and borders of Spit Lagoon (Sclerostegia arbuscula) until 
6 October (1978), 2 October (1979) or 28 September (1980), then Ex- 
plosives Reserve C (*Arctotheca calendula on ploughed firebreaks) 
despite continued abundance of developing seed of Sclerostegia ar- 
buscula, and occasionally pasture on ICI site (probably *Erodium 
botrys and *Arctotheca calendula). In 1978, fed occasionally on 
southern edge of saltmarsh A before 6 October (*Arctotheca calendula 
in herbfield mosaic). In 1979, the move to Explosives Reserve on 2 
October was abrupt, and in 1980 Parrots fed mainly in Explosives 
Reserve from 17 September, but fed occasionally in saltmarsh to 
28 September. 

* Species introduced to Australia. 

became progressively scarcer through the winter, before of Parrots at Point Wilson were highest (suggesting 
substantial crops of Sclerostegia arbuscula became food supplies elsewhere were even more limited) and 
available in mid-August. In July and early August the when most use was made of the artificial filtration pad- 
Parrots fed on a wide range of species with much varia- docks. In 1980 there was a specially good crop of seeds 
tion from year to year. This was the period when numbers in the saltmarsh, partly because sheep had been removed 
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from the ICI site in late 1979 and there was a good 
regeneration of Frankenia pauclflora and Halosarcia 
halocnemoides, but probably also for climatic reasons: 
these species also produced increased crops on the nor- 
thern edge of the saltmarsh, which had never been grazed 
by sheep. In that year the Parrots fed mainly in the 
saltmarsh (Table 111), suggesting that the species there 
were preferred to those in the filtration paddocks. In 
particular, an abundant crop of *Plantago coronopus 
was ignored in 1980 (though it was used elsewhere in 
Port Phillip Bay) but it had been an important food 
source in 1979. July to August 1979 was the only 
period when Parrots were seen taking fallen seeds of 
Sarcocornia quinqueflora and *Atriplex hastata from 
the ground, reinforcing the idea that food was scarce at 
the time. 

When more than one plant species was available, the 
choice presumably depended partly on the density of 
seeds at the correct stage of ripeness and partly on in- 
herent preferenceb f o ~  particular plant species. Variety 
of food plants was needed to provide food throughout 
the season, but did not seem to be important from day 
to day. Often Parrots fed for several weeks on one species, 
and in 1978 an identifiable group of three (including a 
tailless adult male) fed consistently on Sarcocornia 
quinqueflora in one small area, even when most other 
Parrots were taking food in the filtration paddocks. 
Juveniles fed more in filtration paddocks than adults. 

Early in the winter unflooded Sarcocornia quinqueflora 
was used wherever there was a sufficient density of 
seeds, in preference to chenopods in the filtration pad- 
docks or to Halosarcia halocnemoides. The South Spit 
was an important early-season feeding area as Sarcocor- 
nia quinqueflora flowered earlier there, presumably 
because of different topography, and another food 
plant (Suaeda australis) was abundant. In the saltmarsh 
luxuriant open herbfield stands of Sarcocornia quin- 
queflora were preferred, and in 1980 it was noticed that 
Parrots began feeding in two particular stands of this 
type when about 830 spikes per sq m had reached the 
desired stage of ripeness, abandoning a less luxuriant 
stand with 1600 spikes per sq m. Numbers of seeds per 
spike were not measured. 

Among the chenopods in the filtration paddocks, 
Chenopodium glaucum was often taken in preference to 
*Atriplex hastata, although the latter was more wide- 
spread and abundant on the MMBW farm. *Plantago 
coronopus was ignored when other food was available, as 
discussed above. %triplex hastata and *Plantago coro- 
nopus assumed their importance when Chenopodium 
glaucum was submerged or had lost its seeds. Similarly 
in the saltmarsh Halosarcia halocnemoides and Frankenia 
pauciflorn retained their seed longer than Sarcocornia 
quinqueflora, and grew in drier parts that escaped 

inundation; hence they became important during floods 
and in the critical July-August period. 

Sclerostegia arbuscula begins to produce seed late in 
the winter and was used almost exclusively for about six 
weeks in each year, when little other food was available. 
It was abandoned each October in favour of %rctotheca 
calendula and the apparent abundance of suitable seed 
in Sclerostegia arbuscula at the time suggests that Arc- 
totheca was preferred. It is not known what native 
species would have been used in October before European 
settlement, though natural woodland would probably 
have contained a diverse flora of spring-flowering 
shrubs and herbs. 

Potential competitors 

The main species that ate similar foods to Orange-bellied 
Parrots at Point Wilson were Blue-winged Parrot, 
European Goldfinch *Carduelis carduelis and House 
Sparrow *Passer domesticus. 

Numbers of Blue-winged Parrots are shown in Figure 
3. The marked difference in pattern between years reflects 
the opportunism of this species and the great range of 
habitats available to Blue-winged Parrots inland as well 
as on the coast. In 1980 numbers declined dramatically 
in July in Westernport Bay as well as at Point Wilson, 
suggesting that alternative foods became available else- 
where. In 1978 most Blue-winged Parrots seen were roost- 
ing in Sclerostegia arbuscula and Halosarcia pergranulata 
in saltmarsh A, and feeding in short grazed pasture 
more than 3 km away, in areas not used by Orange- 
bellied Parrots. In 1979 Blue-winged Parrots roosted 
along with Orange-bellied Parrots in Sclerostegia ar- 
buscula in saltmarsh B, but fed mainly in pasture or in 
parts of the MMBW farm not used by Orange-bellied 

Figure 3.  Numbers of Blue-winged Parrots counted at Point 
Wilson in 1978 (............. ), 1979 (- ) and 
1980 (-- --). Some were feeding far from the 
study area, specially in 1978 and 1979, and a few low 
counts in all years are not shown. 
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Parrots. They were seen feeding infrequently in saltmarsh 
A, mainly in mixed stands of Halosarcia halocnemoides 
and Frankenia paucifora, which were not generally 
used by Orange-bellied Parrots in that year. 

In 1980 the two parrot species shared the same food 
more often, though flocks usually remained separate. 
Some Blue-winged Parrots roosted in Melaleuca lan- 
ceolata plantations on the MMBW farm, and a flock of 
varying size roosted in saltmarsh B and fed on seeds of 
Sarcocornia quinqueflora in saltmarsh A, along with 
Orange-bellied Parrots. The latter favoured the more 
luxuriant stands of Sarcocornia quinqueflora in shrubland- 
herbfield mosaic, while Blue-winged Parrots fed in drier 
closed-herbfield containing Frankeniapauciflora and the 
native grass Distichlis distichophylla. The species only 
mingled on two occasions when inundation forced the 
Orange-bellied Parrots to higher ground. Food appeared 
t o  be abundant in 1980, though Sarcocornia quin- 
queflora was abandoned as a food source earlier than 
1979, perhaps because of the extra consumption of 
seeds by Blue-winged Parrots. 

Numbers of Blue-winged Parrots declined sharply in 
early July 1980 and the remaining ten birds fed as a flock 
on Frankenia pauciflora north of saltmarsh A. The 
Orange-bellied Parrots fed on the same plant in similar 
habitat on the south side of saltmarsh A. A single male 
Elegant Parrot Neophema elegans fed consistently with 
the Blue-winged Parrots on Sarcocornia quinqueflora 
and Frankenia pauciflora from June to August. 

Blue-winged Parrots rarely visited the filtration pad- 
docks and were not seen feeding on Chenopodium 
glaucum. In September both Blue-winged Parrots and 
Orange-bellied Parrots began feeding in Sclerostegia ar- 
buscula, still in separate flocks. The seeds of this plant 
cannot be reached from the ground and we had not 
previously seen Blue-winged Parrots feeding except on 
the ground. They appeared clumsy as they clambered 
among the branches but feeding rates of the two species 
were identical at about 24 pecks per minute. 

Since European settlement numbers of Blue-winged 
Parrots have probably increased, as they can feed in 
pasture and breed in partly cleared forest. However, 
Blue-winged Parrots were numerous at Point Wilson 
only when food was more abundant there than at other 
available habitats, so they probably had a small impact 
on Orange-bellied Parrots. 

Small flocks of introduced European Goldfinch and 
House Sparrow visited the saltmarsh to feed on seeds of 
Sarcocornia quinqueflora, Suaeda australis, Halosarcia 
halocnemoides, Frankenia pauciflora and Sclerostegia 
arbuscula when these plants were used by Orange- 
bellied Parrots. In saltmarsh A and B there were up to 

70 Goldfinches in 1978, and 50 in 1979 and 1980, though 
average numbers were much lower. House Sparrows 
were less frequent there and visited saltmarsh A mainly 
from June to August 1980, in a mixed flock with 50 
Goldfinches. A few of both species fed in Sclerostegia 
arbuscula and %rctotheca calendula in September and 
October each year. They roosted mainly in exotic shrubs 
and were widespread elsewhere on the MMBW farm. 
These birds rarely fed on chenopods in the filtration 
paddocks, which were used almost exclusively by 
Orange-bellied Parrots except where they were grazed 
by Black Swans Cygnus atratus. 

Up to 25 European Greenfinches *Carduelis chloris 
wintered along the beaches on North and South Spits, 
sometimes in mixed flocks with European Goldfinches, 
feeding on seeds of *Cakile sp. Elsewhere in Victoria 
flocks of hundreds of Greenfinches and Goldfinches 
gather to feed on this introduced plant, which is a 
favoured food source for Orange-bellied Parrots in 
South Australia (Brown & Wilson 1982) and was 
formerly used more in western Victoria, though ap- 
parently not at Point Wilson (Loyn 1982). On the MMBW 
farm Greenfinches occurred mainly in exotic shrubs 
away from areas used by the Parrots. 

A few introduced Skylarks *Alauda arvensis in- 
habited low saltmarsh but, although they include fallen 
seeds in their diet (pers. obs.), they rarely pluck seeds 
from standing plants. They were far more abundant in 
nearby pasture, and in the filtration paddocks among 
long grass rather than chenopods. All other common 
small birds in areas used by the Parrots were primarily 
insectivorous. 

Up to 1100 Black Swans were counted in the filtration 
paddocks F (in July 1979) when they were flooded. They 
cropped and trampled the rank grass, and may have 
played a role in determining distribution of chenopods 
as water receded. They also fed on Chenopodium 
glaucum and *Atriplex hastata, and in 1979 the gizzard of 
a freshly dead Swan was full of seeds of 94. hastata. The 
specific sites used by the Parrots had not been grazed ex- 
tensively by Swans. Black Swans also fed on the Spit 
Lagoon, on sewage ponds, on the sea and in small 
numbers on the saltmarsh when it was flooded. 

The southern edge of the saltmarsh joins pasture that 
has been grazed by sheep for several decades. The sheep 
fed extensively on saltmarsh plants along this edge until 
fences were erected by ICI in 1979. Since then there has 
been a substantial regeneration of saltmarsh plants, 
especially Frankenia pauciflora. The effect of sheep was 
illustrated in May 1979 when a flock fed in part of the 
saltmarsh containing six 0.16 sq m marked plots, and 
reduced the number of Sarcocornia quinqueflora spikes 
from 1460 to 0 per sq m. Comparisons between grazed 
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saltmarsh and ungrazed road reserve or explosives 
bunker enclosures show a striking effect of long-term 
grazing, with the biomass of saltmarsh plants several 
orders of magnitude greater on ungrazed sites. 

Rabbits *Oryctolagus cunniculus were common in 
saltmarsh and adjacent grasslands, and numbers have 
fluctuated over the years. They were observed grazing 
on saltmarsh plants, and nibbling the bases of Sarcocornia 
quinqueflora, leaving succulent stems lying on the 
ground. Their impact must be profound although it ap- 
pears less severe than that of sheep. Quantitative research 
is needed on effects of grazing, using exclosure ex- 
periments. Introduced House Mice *Mus musculus were 
common in filtration paddocks but their diet is likely to 
consist of insects and fallen seeds. Domestic Cattle *Bos 
taurus grazed in the filtration paddocks in summer and 
reduced grass cover, with unknown effects on growth of 
chenopods. Aggressive interactions between parrots and 
other animals were rare, though on a single occasion 
Orange-bellied Parrots were seen chased by a Skylark 
and a Common Starling *Sturnus vulgaris, the latter 
displacing a Parrot perched on a wire. 

Predation 

Point Wilson supports an abundance of raptors (16 
species recorded) with the commonest being Marsh 
Harrier, Brown Falcon Falco berigora, Brown Goshawk 
Accipiter fasciatus, Black-shouldered Kite Elanus 
notatus and Whistling Kite Haliastur sphenurus. These 
birds prey on introduced Rabbits and House Mice and 
on the abundant waterfowl that use the sewage lagoons, 
especially Eurasian Coot Fulica atra, and also Field 
Crickets Teleogryllus cornmodus (Baker-Gabb 1984), so 
presumably their numbers have increased since European 
settlement. Introduced Foxes *Vulpes vulpes were com- 
mon and feral Cats *Felix catus were observed rarely. 

Orange-bellied Parrots were often flushed by raptors, 
especially Marsh Harriers which consistently hunted 
over saltmarsh. However, they were rarely seen to be 
selected for attack. Once a Marsh Harrier dropped into 
a filtration paddock, flushing a distressed Orange-bellied 
Parrot, and once an Australian Hobby Falco longipennis 
chased an Orange-bellied Parrot and made several un- 
successful passes before pursuing a Skylark, also 
unsuccessfully. 

In July a Spotted Harrier Circus assimilis regularly 
hunted in the filtration paddock where the Parrots were 
feeding, and often flushed them but showed little interest 
and was obviously hunting for other prey. At least two 
individual Orange-bellied Parrots have been seen 
without tails, suggesting attempted predation. Preda- 
tion may be more of a risk in filtration paddocks than 
in saltmarsh where tall shrubs provide refuge. In north- 

west Tasmania, Brown & Wilson (1980) found remains 
of Orange-bellied and Blue-winged Parrots in the nest 
of a Peregrine Falcon Falco peregrinus. 

Disturbance 

On arriving at a new area, one or more Parrots would 
usually perch for several minutes on a tall shrub or 
Dock stem Rumex sp. before feeding. Parrots stopped 
feeding and became alert or took flight in response to 
raptors, sudden noises, motor vehicles, people, grazing 
stock and alarm calls of other birds. Noisy vehicles 
disturbed feeding Parrots at ranges up to 400 m (65 dB) 
whereas cars at that distance were ignored and Parrots 
even fed within 30 to 50 m of light car traffic. Training 
aircraft of all sizes were ignored when passing overhead 
at their usual height of 300 to 400 m but flushed the 
Parrots at 150 m. Sudden loud noises caused most alarm, 
and Parrots were observed to flush in response to blasts 
from taxiing jets 2 to 3 km away (106 dB), or leave an 
area for almost an hour after shot-gun blasts at 600 to 
850 m, or quarry blasting at 1 km. 

On 49 documented occasions, Parrots were flushed 
by people up to 80 m away, but the mean distance was 
24 m and on 34 of these occasions the flushing distance 
was between 15 and 30 m (most often 15 to 20 m). 
Careful observers could approach more closely. Fre- 
quent disturbance (as happened at one area in May 
1980) made Parrots more wary, tending to leave an area 
when flushed instead of settling nearby or returning 
quickly. 

Historical changes at Point Wilson 

Historical records were summarized by Jarman (1965) 
and Loyn & Kinhill Planners (1980). Near Point Wilson 
the species was first recorded in 1932 (at Werribee, 
Mack 1932) though there is no reason to suppose it had 
not occurred previously. Flocks of up to 80 were found 
at Point Wilson by Reed (1940) and by Jack Jones 
(Sharland 1946), and it was soon realised that this was 
a regular wintering area. Subsequent numbers have oc- 
casionally reached 100 but never more, with no clear 
trends (Loyn & Kinhill Planners 1980). Some favoured 
saltmarsh south of F2 was converted to sewage lagoons 
in the 1950s (H. Jarman pers. comm.) and North Spit 
was a favoured feeding area in the 1960s (F.T.H. Smith 
et al. pers. comm.) but not during the study. The latter_ 
change was presumably related to natural successions of 
vegetation. 

DISCUSSION 

The future of the Orange-bellied Parrot depends on cor- 
rect conservation and management of its habitat. Point 
Wilson is the major known wintering area, at times sup- 
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porting more than half of the known population. A 
reserve (Murtcaim Wildlife Area) has been declared 
covering most of the areas used at Point Wilson. It will be 
managed by a committee of local landholders (MMBW, 
ICI Australia, Fisheries and Wildlife Service, Geelong 
Regional Commission and the Geelong Region of the 
Dept of Conservation, Forests and Lands) to enhance 
its value for this rare bird. Monitoring and research 
must continue. Some practical measures have already 
been taken during the study, and the regeneration of 
food plants following removal of sheep from saltmarsh 
o n  the ICI site is encouraging. Positive management of 
filtration paddocks offers further hope of extending 
suitable habitat. A Recovery Plan has been produced 
for the species (Brown & Wilson 1984) and the three 
states involved (Tasmania, South Australia and Vic- 
toria) have begun to implement its recommendations. 

Reasons for the rarity of the Orange-bellied Parrot 
have been discussed by Brown & Wilson (1980, 1981, 
1982, 1984), Loyn (1982) and Loyn & Kinhill Planners 
(1980). Historical evidence shows that a substantial 
decline has occurred since last century, but does not in- 
dicate whether this was sudden or gradual, or when it 
occurred. Breeding habitat in Tasmania appears to be 
plentiful and little modified by Europeans, although 
management may be needed to ensure that this situation 
continues. The main reduction in habitat has been on 
the coasts of northern Tasmania, which are used during 
migration, and in wintering areas on the coasts of Vic- 
toria and South Australia. Habitats used in some of 
these areas were different from Point Wilson and 
habitats still in use may or may not be optimal for the 
species. In western Victoria and South Australia saltmarsh 
plants are less important than at Point Wilson, while 
Sea-rocket *Cakile sp. plays a much greater role (G.M. 
Bowker pers. comm.; Brown & Wilson 1981). On the 
Bellarine Peninsula near Geelong food sources, in addi- 
tion to saltmarsh plants, include seeds of the introduced 
grass *Poa annua and introduced *Chickweed Stellaria 
media, both growing on fairways of a golf-course 
(V. Dedman et al. pers. comm.). On Mud Islands in Port 
Phillip Bay special factors have been involved in a sharp 
decline since the 1960s. Nesting Silver Gulls Larus 
novaehollandiae increased from 50 pairs in 1968 to 30 000 
pairs by 1978 (D.R. Venn pers. comm.), with adverse ef- 
fects on vegetation. Rabbits there have almost been 
eradicated, but perversely one traditional Parrot habitat 
has become overgrown with Australian Hollyhock 
Lavatera plebeia. 

The importance of Point Wilson lies in its combination 
of habitats, which provide food throughout the winter. 
The main foods from March to June (Sarcocornia 
quinqueflora) and from mid-August to late September 
(Sclerostegia arbuscula ) are abundant at Point Wilson 
and elsewhere in Victoria, although the favoured luxu- 

riant open-herbfield mosaic of Sarcocornia quinqueflora 
is more restricted. The wide range of plants used in July 
and early August includes one that is largely confined 
in coastal Victoria to the low-rainfall region between 
Melbourne and Swan Island (Halosarcia halocnemoides) 
and a few species that grow in the artificial environ- 
ment of the filtration paddocks. It is significant that 
numbers of Parrots at Point Wilson were greatest in this 
period, suggesting that suitable areas elsewhere were 
limited at that time. The historical range of Orange- 
bellied Parrots may have been closely linked with the 
distribution of coastal dry saltmarsh including mid- 
winter food sources such as Frankenia pauciflora and 
Halosarcia halocnemoides. This combination of 
habitats is rare in coastal Victoria (Carr & Kinhill Plan- 
ners 1979; Barson & Calder 1982) and has been reduced 
by grazing, clearing, industrialization and construction 
of salt-works. The best remaining example is at Point 
Wilson, including the largest stand of Halosarcia 
halocnemoides (Yugovic 1984). 

Introduced birds and native Blue-winged Parrots may 
compete with Orange-bellied Parrots for food at Point 
Wilson, but tend to move away when food becomes 
scarce. In contrast, numbers of Orange-bellied Parrots 
were more stable within years and more consistent from 
year to year during the study, showing their attachment 
to this area and suggesting that they can hold their own 
in habitats used at present. An impact of competing 
birds would be felt when food was scarce; this may have 
been the case in July and August 1978 and 1979, when 
numbers of Parrots were high and they resorted to 
feeding on fallen seeds or less favoured species (e.g. 
*Plantago coronopus). Numbers of potentially com- 
peting birds were lower in those years than in winter 
1980, when food on the saltmarsh appeared plentiful. 
Chenopods in the filtration paddocks fortuitously pro- 
vide an artificial food source rarely used by small birds 
other than Orange-bellied Parrots. 

Orange-bellied Parrots are clearly specialists at feeding 
in coastal saltmarsh and adjacent plant communities, 
but these must be floristically diverse to provide food 
throughout the winter period, hence the importance of 
the dry type of saltmarsh. The Parrots have adapted to 
some artificial environments and this should be seen as 
a challenge for us to provide them with new habitats to 
replace those that we have unwittingly destroyed. Pro- 
tection of remaining habitats must be the first priority. 
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WE welcome the opportunity to 
respond to Lindenmayer and Norton 
(1993) on behalf of those involved in 
management of the endangered Lead
beater's Possum, We agree that much 
can be learned from overseas experi
ence, including work on the Northern 
Spotted Owl in USA. However, we do 
not share those authors' jaundiced and 
negative views about our developing 
management strategies and believe that 
comparisons with proposed conserva
tion measures for the Northern Spotted 
Owl, as presented, are misleading. 
Their paper is particularly disappoint
ing in view of the substantial achieve
ments made towards conserving 
Leadbeater's Possum during the past 
two years. These have been: 

l. to produce a set of management 
strategies that have been accepted 
by the forest management 
authorities and implemented in the 
forest; 

2. to ensure that all ash forest older 
than 120 years is excluded from 
logging within the range of Lead
beater's Possum, and that no living 
trees older than 120 years are 
logged; 

3. to establish a zoning system which 
identifies and protects the best 
current habitat for the possum at any 
given time (i.e., forest with high 
densities of old hollow-bearing trees, 
and forest with intermediate levels 
of old trees and abundant wattles); 

4. to support and conduct high
q'Jality research programmes, and 
assist workers including Dr Linden
mayer to obtain federal funds for 
projects such as Metapopulation 
Viability Analysis (MVA); 

5. to implement a range of programmes 
to determine the current distribution 
of habitat resources, by interpreta
tion of air photos (completed for 
50 per cent of the ash forest, mapping 

individual old stands and trees, alive 
or dead), supplemented with ground 
and helicopter surveys of resources 
such as hollow-bearing trees below 
the forest canopy; 

6. to transfer this information to a 
Geographical Information System 
(GIS), which will be used to predict 
the distribution of habitat over time 
under various scenarios of manage
ment and stochastic events, and to 
modify strategies accordingly; 

7. to begin addressing the paramount 
question of developing new habitat 
by a range of measures including 
allowing strips of forest to grow to 
maturity around groups of logging 
coupes, and developing new silvi
cultural systems with overwood 
retention; and 

8. to establish a Leadbeater's Possum 
Management Team, to ensure that 
management is indeed adaptive and 
responsive to new information. 

We are proud of these achievements 
and look forward to taking the next 
steps to ensure a secure future for this 
special marsupial. Some of the most 
important next steps are to complete 
the resource assessment, continue the 
GIS analysis and combine this with 
results of research and MV A to work 
out spatial strategies for reserves and 
areas where new habitat will be 
developed. The option presented by 
Tanton and Norton (1991) is just one of 
many possibilities and a simplistic one 
that omits some important existing and 
potential habitat. The relative merits of 
developing new habitat by regrowing 
strips, large stands or scattered trees 
remains an open question that requires 
further research. Existing data suggest 
that the most effective strategy may be 
to retain and regrow a scattering of old 
trees among regrowth as this provides 
the ideal mix of resources needed by 
the possum (old trees for hollows and 

nest material, wattles for winter food, 
eucalypts for other food and dense 
vegetation for mobility; Smith 1982; 
Smith et al. 1985). Dr Lindenmayer has 
undertaken to provide some of his data 
that will help resolve these questions. 
Of course we are also using general 
management principles such as the five 
espoused by Thomas et al. (1990), but 
with caution because one of the main 
lessons of biogeography is surely that it 
is dangerous to generalize without con
sidering knowledge of the organisms 
and ecosystems in question, and the 
scale artd pattern of existing habitat 
(e.g., Bennett 1987). 

We accept that current habitat is 
declining more quickly than new habitat 
can be made in the short term, mainly 
because of the collapse of dead hollow
bearing trees (stags) in regrowth forest, 
the time-lag to replace them, and 
logging in about 1 per cent of the forest 
each year. That is why the species is 
considered endangered. Hence we must 
move quickly to ensure that new habitat 
is developed in the right places, and 
that logging does not fragment future 
habitat or close off important options 
for future management., These aspects 
are being addressed as a crucial part of 
our adaptive management. They were 
not discussed in detail in the draft 
management strategies (Macfarlane 
and Seebeck 1991), partly because 
resource assessment data were 
incomplete and some research results 
were unavailable. 

The paper by Lindenmayer and 
Norton tabulates some "key aspects" of 
the issues involving both species. One 
difference in particular should be high
lighted, i.e., the home range of the 
Leadbeater's Possum (1-3 ha) com
pared with that of the Northern Spotted 
Owl (1 200-3 000 ha), In view of this 
large difference. it would be surprising 
if the ,;ame scale of management werr 



appropriate for each species. Also, it 
should be noted that diet and social 
structure are dissimilar. 

Two other differences were not dis
cussed, but are very relevant to the 
management of the two species. One 
concerns the nature of the forests, and 
the other concerns the habitat prefer
ences of the animals. The coniferous 
forests inhabited by Spotted Owls are 
largely old-growth except where they 
have been logged, and most logging is 
in old-growth forest. The eucalypt 
("montane ash") forests inhabited 
by Leadbeater's Possums have been 
subject to more frequent severe fires, 
and now consist mainly of regrowth 
with varying densities of older trees 
(dead or alive), and patches of old 
forest of varying size and shape. The 
regenerating trees grow rapidly after 
disturbance and stands regenerating 
from wildfires in the first half of this 
century (including 1939 when 75% of 
the ash forests burned) are now suitable 
for logging. Extensive areas of old
growth occur in the water catchments 
(patches up to 3 000 ha) but most other 
patches are smaller than 100 ha. Old 
ash forests are important as a relatively 
stable habitat for Leadbeater's Possum 
and for a range of other fauna including 
the threatened Sooty Owl. One of our 
first actions was to reserve all areas of 
ash forest older than 120 years, but 
these areas do not fall neatly into the 
sort of ideal configuration of reserve 
advocated by Lindenmayer and 
Norton. We were limited b\.' reality, in 
terms of the distribution and extent of 
old growth. The mean density of 
Leadbeater"s Possum in old ash forest 
has been estimated as one animal per 
3 ha (Lindenmayer et al. 1993). so 
already habii at has !)een retained fm 
substantial llc;'nbers of anima;" far in 
excess of the 2()() estimated as a 
minimum viable population in stable 
habitat by Lindellmayer el al. (1993). 

The other important difference con
cerns the ecology of the animals. 
Northern Spotted Owls depend on old
growth, but although Leadbeater's 
Possums need old hollow trees, thev 
also benefit from elements of th~ 
regrowth forest such as wattles and 
dense vegetation. Their highest 
densities occur in regrowth forest with 
high densities of wattles and remaining 
old trees (Smith and Lindenmayer 
1992). Although it is more expensive 
to retain and regrow old trees among 

regrowth than in mature stands, the 
benefits to Leadbeater's Possum will be 
greater and trials are in progress to 
develop silvicultural systems that 
produce this desired structure of forest. 
A major multi-disciplinary research 
project is in progress to examine the 
costs and benefits of a range of silvicul
tural systems for many purposes (Squire 
1990); Dr Lindenmayer participated in 
this project while he was employed by 
us from 1990 to 1992. A closer parallel 
with Spotted Owl is provided by the 
Sooty Owl which shows a preference for 
old ash forests (Milledge et at. 1991), 
but it also inhabits a wide range of wet 
forests in eastern Australia. It will 
benefit from our reservations of old ash 
forest as part of Leadbeater's Possum 
management. 

Some negative comments in the 
paper by Lindenmayer and Norton 
require response, although we prefer to 
focus on the future. The strategies were 
released in 1991 after four years of work 
in developing them in co-operation with 
scientists (including Dr Lindenmayer) 
and land managers - not after a "delay 
of several years". The success of this 
process is indicated by the fact that 
the strategies received sufficient accept
ance for immediate implementation 
(apparently in contrast to the Spotted 
Owl recommendations). We are 
accused of not using all available 
information, but much of this was not 
available when the management 
strategies were drafted and some, which 
we have requested, has not yet been 
supplied to us. The public comments 
received have been useful in planning 
changes to management but the time 
for major review will be when resource 
assessment is complete and results of 
previous research and Metapopulation 
Viability Analysis are available. 

Dr Lindenmayer has made an 
important contribution to our under
standing of Leadbeater"s Possum 
ecology, building on the pioneering 
work of Dr Andrew Smith. He and 
others, including Dr Norton, have 
helped to raise the profile of the issue 
through multiple publications in Aust
ralian and international journals. How
ever, their suggested resolutions have 
failed to recognize that our challenge is 
to conserve Leadbeater's Possum in 
all forests regardless of land-use. 
They have not offered realistic and 
practical prescriptions for conserving 
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Leadbeater's Possum in parts of the 
forest where timber production is per
mitted. No matter how "scientifically 
valid" conservation strategies may be, 
they will be of no benefit to the species 
if they cannot be applied on the ground. 
Nevertheless, we will continue to invite 
biological and ecological experts, 
such as Dr Lindenmayer, to work co
operatively with us in exploring future 
directions for the management of 
Leadbeater's Possum. 
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Summary 
Orange-bellied Parrots Neophema chrysogaster were counted annually in late July from 1979 to 

1990 in southern Victoria and south-eastern South Australia. The minimum total winter population 
averaged 83.9 birds (range 67-126), with no significant change in numbers over the 12 years. The 
main wintering areas were Point Wilson, Lake Connewarre and Swan Island in Victoria, and Carpenter 
Rocks in South Australia. The counts were made possible only by the dedication of teams of volunteers. 

Introduction 
In recent years, the status of the critically endangered Orange-bellied Parrot 

Neophema chrysogaster has been the subject of much attention in Australia. More 
than 70 years ago, Mathews (1917) was concerned for the plight of the species, but 
50 years passed before Jarman (1965) comprehensively summarised its status and 
established just how rare it was. In 1978, the first positive steps to conserve the species 
were taken. In that year studies were initiated by ICI (Australia) who had acquired 
land and proposed to build a petrochemical complex at Point Wilson adjacent to one 
of the bird's major overwintering locations. Plans for this complex have since been 
shelved. The results of these studies were published in a series of reports and have 
been summarised in Loyn et aL (1986). Included in the ICI study was a survey of 
saltmarsh in Victoria which produced maps of saltmarsh communities (Carr & Kinhill 
Planners 1979). The ecology of the parrot at Point Wilson was described by Loyn 
et aL (1986) . 

In 1979, a two-year study of the species was funded by World Wildlife Fund 
(Australia) - its first project. Reports were published on this work (Brown & Wilson 
1980, 1981) and in 1984 a plan to conserve the species was produced (Brown & Wilson 
1984). This was the first substantial management plan for an Australian endangered 
species. The plan continues to be implemented by the three States in which the parrot 
occurs (Menkhorst et aL 1990). The continued support of the Australian National 
Parks and Wildlife Service, the State Governments of South Australia, Tasmania and 
Victoria, the Royal Australasian Ornithologists Union (RAOU), the Bird Observers 
Club of Australia and the International Council for Bird Preservation has been vitaL 
Research programs and management initiatives are reviewed by the Orange-bellied 
Parrot Recovery Team, which meets annually . This paper summarises some of the 
information obtained, and presents results of counts from 1979 to 1990. 

Habits and habitat 
Orange-bellied Parrots breed in south-west Tasmania along a coastal strip of 
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sedgeland and forest patches between South West Cape and Macquarie Harbour 
(Brown & Wilson 1980). They arrive at their breeding grounds in October and egg 
laying begins in mid November. The young fledge in January and February and 
congregate in flocks on the sedgelands, remaining in the area until mid-late March. 
Adults depart in late February to early March. The parrots migrate up the west coast 
of Tasmania, through the western Bass Strait islands and across to the mainland. The 
last juveniles do not leave Tasmania until about the third week in April. The majority 
of parrots probably migrate through King Island. Some birds may remain on King 
Island until late May. 

Orange-bellied Parrots are very mobile and capable of flying long distances. Flocks 
in excess of 70 birds have been recorded occasionally but the birds are often well 
dispersed as small groups of fewer than 30 birds and usually fewer than 10. Flocks 
usually remain separate from those of other species, but individuals or small groups 
will sometimes feed with Blue-winged Parrots Neophema chrysostoma, or occasionally 
other seed-eating birds such as European Goldfinch Carduelis carduelis and House 
Sparrow Passer domesticus. 

During winter the birds are usually found within 3 km of the coast but occasionally 
farther inland in saltmarshes bordering large lakes or on islands in estuaries and drains. 
In Victoria, the most regular feeding habitat is saltmarsh where the seeds of Beaded 
Glasswort Sarcocornia quinqueflora, Shrubby Glasswort Sclerostegia arbuscula and 
several other associated saltmarsh plants are eaten (Loyn et al. 1986). The three main 
wintering sites in Victoria are Point Wilson, Lake Connewarre and Swan Island. In 
South Australia, the birds are often found in coastal dune vegetation where they eat 
the seeds of Sea Rocket Cakile maritima and Bidgee-widgee Acaena novaezelandiae, 
but also feed on saltmarshes similar to those in Victoria. 

Orange-bellied Parrots spend most of the day foraging on the ground or in low 
shrubs, and they are readily disturbed. They usually take off when the observer is 
about 20-50 metres away, emitting a very distinctive, harsh buzzing alarm call which 
is rapidly repeated 10 or more times as they rise. In normal flight the call is a single 
sharp tzit given every 2 or 3 seconds. The musical tinkling alarm call of the Blue
winged Parrot is quite different, and the flight call has two or three syllables. 

Favoured habitats have a number of common features in addition to availability 
of food plants. They often contain islands or spits with a varied topography which 
may provide protection from predators. The parrots are often found in luxuriant stands 
of saltmarsh that remain dry within a flooded area and they avoid feeding in flooded 
saltmarsh. Fresh water is often available in the form of channels, lake shores or 
rainwater pools, though the parrots also take dew from vegetation (Loyn et al. 1Q86; 
Hewish & Starks 1988). Saltmarsh vegetation appears to provide a larger crop of 
seed when young than old (G. Carr pers. comm.), and the parrots may favour stands 
that have regenerated recently after disturbance. Excessive disturbance (e.g. 
overgrazing) can lead to denudation and obvious habitat loss. At Lake Connewarre, 
the most favoured stands appear to be those that have established recently as the delta 
islands expand by sedimentation (Hewish & Starks 1988). 

Counting 
It is important to know the size of the population and where it occurs. Annual 

counts of the whole population of Orange-bellied Parrots are the best available measure 
to record the effectiveness of actions taken to conserve the species. Counts in the 
breeding season are not practical as the population is widely dispersed and difficult 
to locate in the rugged terrain. The most reliable method is to conduct simultaneous 
counts in winter when the birds congregate on beach-fronts and coastal saltmarshes. 
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An enormous area of potentially suitable habitat is searched annually , from the 
Gippsland Lakes in eastern Victoria to Lake Alexandrina in South Australia. 

Annual winter counts and searches have been carried out since 1978. To search 
all the potential habitat within their winter range on a single weekend, hundreds of 
kilometres of beaches and many square kilometres of saltmarsh need to be visited. 
The counts have involved hundreds of dedicated volunteers, without whom satisfactory 
results could not have been achieved. Intrepid observers have often had to cope with 
very swampy ground, thick mud and foul weather with no available shelter. The 
extensive saltmarshes are often fairly devoid of birds, though the list of incidental 
sightings is impressive, including Lewin's Rail Rallus pectoralis, Ground Parrot 
Pezoporus wallicus, and even White Goshawk Accipiter novaehollandiae. Grateful 
thanks are due to all those helpers who persevered. 

The early counts, co-ordinated by Richard Loyn and Brett Lane (1978-1982), were 
funded by ICI Australia and the results published in a series of ICI reports (Loyn 
& Kinhill Planners 1979a,b; Lane et a!. 1980) . Since 1983, the counts have been 
financed by the Wildlife Branch, Department of Conservation and Environment, 
Victoria. Since 1984, the counts have been co-ordinated by the RAOU under contract 
to the Wildlife Branch. Organisers have been Peter Menkhorst (1983), Tim Reid 
(1984), Angela Jessop (1985) and Jonathan Starks (1986-present). Reports of the results 
have been produced (Menkhorst 1984; Jessop & Reid 1986; Starks 1988, 1992). 

During the first year of surveys in Victoria (1978) , searches were made at various 
times during the winter in Western Port (including French Island) , the west side of 
Port Phillip Bay (Altona to Pt Cook, Pt Wilson, Pt Henry, Mud Islands and the 
Bellarine Peninsula) and along the coast near Port Fairy. Parts of south-eastern South 
Australia were visited in September, including Beachport, Robe and parts of the 
Coorong. King Island was also searched in September. 

In 1979, further efforts were made to co-ordinate simultaneous counts. A team 
of observers was organised to search all potentially suitable habitat throughout Victoria, 
South Australia and parts of Tasmania. Counts were made on 3 June and 12 August 
and people were also encouraged to search for Orange-bellied Parrots at any time 
between March and October. 

By 1980, the third or fourth weekend in July (between 22 and 29 July) had been 
chosen as the most suitable weekend to conduct simultaneous annual counts as the 
birds were thought to be less mobile than at other times during the winter. In order 
to determine if the birds moved between sites, counts were also made in the last week 
of May and the first week in September from 1983 to 1987. After 1987, these counts 
were discontinued as birds proved too difficult to locate, particularly in September, 
and the results did not justify the amount of effort put into the searches. The mid
winter (July) counts have been continued and it is planned that they will continue 
while active management of the species is being undertaken. 

The results of each national count are shown in Table 1. During the co-ordinated 
count weekends, observers were asked to record details of the area searched, date, 
time and weather. All Orange-bellied Parrots observed were noted, together with 
descriptions of the birds seen, their behaviour, age and sex, flock details and 
movements. A brief habitat description was required along with details of any feeding 
observations. A record was also kept of all Blue-winged Parrots encountered during 
the weekend. 

Apart from the July counts, special surveys have been undertaken in parts of all 
states at various times during the winter. These surveys were undertaken by Peter 



Table 1: Minimum numbers of Orange-bellied Parrots recorded during national winter counts from 1979 to 1990. w 
0 

State/location 1979 1980 1981 1982 1983 1984 
00 

1985 1986 1987 1988 1989 1990 

Victoria 
Glenelg River 5 
Warrnambool 3 IZl 

>-3 
Breamlea 2 >-
Lake Connewarre 20 5 ::0 

:;>::: 
Freshwater Lake 16 .IZl 

Swan Island 14 11 30 4 35 15 16 24 14 16 27 17 to 
Swan Bay 2 8 4 ::0 
Mud Islands 1 0 

~ Point Wilson 50 50 38 36 64 50 57 23 54 27 42 28 z 
Altona I 4 
French Island l' 

0 
Corner Inlet 3 >-< 
Jack Smith Lake 3 z 
Other sites 2 R> 
Vic. Totals 65 82 68 43 100 67 73 71 76 52 80 49 ~ 

trl 

South Australia z 
:;>::: 

Tolderol 2 3 3 :r: 
Woods Well 4 0 
Salt Creek 5 ::0 

IZl 

Cantara >-l 

Kingston SE Beach 7 13 5 3 3 
Butchers Gap 2 
Little Dip 10 
Lake Bonney to 
Whale Rocks 6 3 ;;;>-
Carpenter Rocks 7 II 16 10 28 15 tic:: 
Piccaninnie Ponds 18 ~!Zl 

;:p.>-l 
S.A. Totals 7 7 4 27 22 18 13 8 0 18 28 18 >-3::0 n> 
Overall Totals 72 903 82b 70 122 85 86 79 76 70 108 67 :r:t:: 

m> 
bincludes four seen on King Island. 

::oz 
3Includes one seen on King Island. 
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Brown, Philip Gibbons, Angela Jessop, Ian May, Tim Reid , Charles Silveira, Jonathan 
Starks and Roland Wilson. 

The saltmarsh vegetation maps produced as a result of the ICI surveys have been 
of great assistance to survey organisers and searchers in identifying saltmarshes and 
other coastal habitats where Orange-bellied Parrots might be found. 

Searches were also made of a number of inland saltmarsh areas , especially those 
in Western Victoria, e.g. Lake Corangamite. 

Count results 

Arrival in south-eastern Australia 

In most years the first Orange-bellied Parrots recorded on mainland Australia were 
adults seen during the last week in March. Single birds were recorded at Point Wilson 
on 23 March 1979 (Lane & Kinhill Planners 1979) and 22 March 1980 (Chandler 
eta!. 1981). In other years (1983-90), sightings have been reported from French Island 
as early as 2 March and from Tyabb on 7 April (Starks 1988). This suggests that 
the first birds to reach the mainland may fly diagonally across Bass Strait from north
western Tasmania. Most of the early arrivals in Victoria were single birds or very 
small groups and only from early April onwards were groups of 10 or more recorded 
(Loyn & Kinhill Planners 1979a, b; Chandler et al. 1981; Starks 1992). The largest 
groups recorded in April have been found at Lake Connewarre, where 27 birds were 
recorded on 2 April1989 and 73 birds were recorded on 24 April1988 (Starks 1992). 

No Orange-bellied Parrots have been recorded west of the Bellarine Peninsula or 
in South Australia in March. The earliest South Australian records are from the 
Kingston SE area, with one bird on 4 April 1983 and two birds at Blackford' s Drain 
on 10 April 1988 (P. Brown; Starks 1992). 

Winter dispersal 

Despite the extreme mobility of Orange-bellied Parrots , groups of similar size 
appear to occupy the same locations year after year. There were three sites in south
eastern Australia where Orange-bellied Parrots occurred regularly : Point Wilson and 
Swan Island in Victoria and Carpenter Rocks in South Australia. Elsewhere the parrots 
are recorded less regularly and in lower numbers, e.g . Jack Smith Lake in Victoria 
and Nora Creina and Butchers Gap in South Australia . Between 67% and 75% of 
the wintering population occurs in Victoria and between 25% and 33% in South 
Australia. Most Victorian birds overwinter in the Port Phillip Bay/Bellarine Peninsula 
area at two or three main sites . In South Australia birds are much more dispersed 
but are generally recorded in the south-east between Port MacDonnell and the southern 
half of the Coorong. 

Victoria 

Point Wilson is the only site in Victoria where Orange-bellied Parrots occurred 
throughout the wintering period. Numbers slowly increased from when the parrots 
arrived to a maximum in late July to mid August. An average of 46 birds has been 
counted during the July counts there over the last 12 years, with totals ranging from 
27 to 64 (Table 1). 

Orange-bellied Parrots were also reported on Swan Island each year. Although 
occasional birds were found there in April, parrots usually arrived in late June and 
numbers increased to a maximum in August/September. An average of 25 birds has 
been counted there over the last 12 years, with totals ranging from 11 to 43. In the 
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early 1980s, Orange-bellied Parrots were often found on Sand Island, next to Swan 
Island. In 1981, a maximum of21 birds was counted on Swan Island and a maximum 
of 30 on Sand Island. There have been no sightings of Orange-bellied Parrots on Sand 
Island since 1985. 

In 1985, a thorough search of Lake Connewarre near Geelong revealed 14 birds 
in an area which had previously proved difficult to cover (Jessop & Reid 1986). In 
1986, 32 birds were recorded there on 22 June and a follow-up visit one week later 
found 19 birds. Subsequent visits indicated that numbers increased rapidly during 
April to a peak in May and June, then declined to zero between mid July and mid 
August (Hewish & Starks 1988). Counts from 1987 to 1990 have shown that Lake 
Connewarre supported between 50% and 67 % of the total wintering population 
between April and July. 

Other areas in Victoria where Orange-bellied Parrots were located at least once 
are: Jack Smith Lake in Gippsland, a small unnamed island in western Corner Inlet, 
French Island, Freshwater Lake, Lake Victoria and Mud Islands (Table 1). Only small 
numbers were observed, although larger flocks have occurred on Mud Islands in 
previous years (Jarman 1965; Loyn et al. 1980). These locations contain extensive 
areas of saltmarsh and parrots may occur there more often than our records show. 

South Australia 

Locating Orange-bellied Parrots in South Australia is even more difficult than in 
Victoria. About 70% of all records are of birds feeding on beach-fronts or dune systems 
where Cakile maritima grows. The parrots are apparently very mobile as they move 
along the coast exploiting available food supplies. Most records of birds feeding on 
saltmarsh come from Blackford's Drain and the Coorong. Flocks of up to 27 birds 
have been recorded feeding on saltmarsh in the Coorong, mostly from the northern 
end. Similar numbers were reported from the Coorong in the 1960s and 1970s, 
especially from the Salt Creek area and even as far north as Port Adelaide. 

Orange-bellied Parrots were recorded at Carpenter Rocks in most years. They 
usually arrived in mid July and departed in late August or early September. Up to 
28 birds have been found feeding on Cakile at this site, making it the most important 
site in South Australia. 

Orange-bellied Parrots were regularly recorded along the beach north of Kingston 
SE in the early 1980s, but few have been seen there in recent years. They were 
regularly found in small numbers (up to 8) at Blackford's Drain, feeding on 
Sarcocomia along· the edge of the drain, and on islands in it. 

Elsewhere in South Australia, birds have been recorded at Lake Alexandrina, 
Cantara Homestead, Robe, Canunda National Park, Lake Bonney, Nora Creina, 
Butchers Gap and Piccaninnie Ponds. Between 1981 and 1985, up to 600 Neophema 
parrots of four species (Orange-bellied Parrot, Blue-winged Parrot, Rock Parrot N. 
petrophila, Elegant Parrot N. elegans) fed on the seeds of sunflower crops near 
Tolderol, Lake Alexandrina. Up to eight Orange-bellied Parrots were seen utilising 
this substantial food source (Eckert 1990). 

Tasmania 

Very few Orange-bellied Parrots remain in Tasmania over the winter. Two birds 
were observed in Port Davey in June and July 1985 and there was an unconfirmed 
report of one or two birds near Queenstown in mid-western Tasmania in 1978 (Brown 
& Wilson 1984). The largest numbers recorded on King Island have always been 
in April when birds stop to feed on passage. Some remain into May and a few were 
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recorded in June, July and August in 1981, 1982 and 1983, suggesting that small 
numbers overwintered there in those years. In 1959, 75 Orange-bellied Parrots were 
recorded on King Island in winter by M. McGarvie, in a year when the species did 
not appear at its usual Victorian sites (Loyn & Kinhill Planners 1980). 

Mid-winter counts 

Table 1 shows the minimum numbers of Orange-bellied Parrots counted during 
the national counts in late July from 1979 to 1990. In some years larger numbers 
of birds were counted before or after the July counts. Counts were either made 
simultaneously, or they were from sites far enough apart to be considered discrete 
populations during that weekend. The average total for July counts from 1979 to 1990 
is 83.9 ± 16.5, with totals ranging from 67 to 126. 

Each year except 1986 and 1990, there were over 35 birds at Point Wilson. The 
highest count there on a July count weekend was 64 in 1983 (Table 1). Peak numbers 
at Point Wilson are usually recorded between mid June and late July. 

Despite the large number of birds at Swan Island during the July count in some 
years, it is usually not until well into August and even September that numbers peak 
here, when the seeding of Sclerostegia is most prolific. 

In 1983, the July count was particularly high for not only did Point Wilson and 
Swan Island have large numbers of birds but there were also large numbers of birds 
recorded from four sites in South Australia, giving an unprecedented July count total 
of 126 birds. Since then the July count totals have been considerably lower, between 
67 and 86 birds, except in 1989 when 108 birds were counted. The winter surveys 
in 1987 and 1988 revealed maximum numbers of Orange-bellied Parrots before the 
July counts. In 1987, a total of 127 birds was recorded in mid June; in 1988, a total 
of 111 birds was recorded in late May. The July counts were considerably lower than 
these maxima, suggesting that some of the birds had dispersed. 

Orange-bellied Parrots have been recorded at both Point Wilson and Swan Island 
in every year of the counts, whereas in South Australia at the most frequently used 
site (Carpenter Rocks) birds were found in only six years. Food availability may be 
less predictable on the beaches than in saltmarsh, necessitating greater mobility for 
birds feeding there. 

Trends 
To test whether there has been a trend in the winter population between 1979 and 

1990, the Spearman Rank Correlation Coefficient can be applied. The test showed 
that there had been no significant trend (r= -0 .208, P) 0.05) in the winter count 
totals. Similarly, there was no significant trend (r= -0.382, P) 0.05) in the population 
at Point Wilson between 1979 and 1990. However, the counts from Swan Island show 
that there has been a significant, although slight, increase (r= 0.545, P< 0.05) in 
the population between 1979 and 1990. 

The winter surveys suggest that the population has remained stable over the last 
12 years. The main aim of the recovery effort is to enable the population to increase 
to more than 500 wild individuals. Further monitoring is necessary to determine 
population trends as well as the efficacy of the habitat protection and management 
which has been undertaken in Tasmania, South Australia and Victoria since the early 
1980s (Menkhorst et al. 1990). It is only by utilising the enthusiasm and goodwill 
of large numbers of volunteers that these population counts can be achieved. 
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Abstract

A landscape approach was taken to modelling distributions of large forest owls and conserving habitat for them in 1.2 million ha

of forest on the Great Dividing Range in north-east Victoria, south-eastern Australia. Owls were surveyed using call playback at
472 sites, selected by strati®ed random sampling from geographical information system (GIS) data. Habitat data were collected at
each site and at four spatial scales from GIS data. Six owl species were recorded in or near the study region. Data on powerful owls

(Ninox strenua) and sooty owls (Tyto tenebricosa) were modelled using logistic regression, and predicted probabilities of occurrence
were mapped using GIS. Mapped variables explained more variation than habitat variables assessed at survey sites. Powerful owls
were most likely to be observed at sites with mature dry forest, many live hollow-bearing trees, diverse habitats within 2 km, and

not much pure regrowth within 5 km. Sooty owls were most likely to be observed at sites with wetter more senescent forest asso-
ciated with tree-ferns (Cyathea australis and Dicksonia antarctica), blanket-leaf (Bedfordia arborescens) and silver wattles (Acacia
dealbata), diverse habitats within 500 m and much senescent forest within 5 km. The models were ®eld-tested and found to dis-
criminate well between high and low probability sites. Actual records and then models were used to help select 225 protected areas

for large owls, each of approximately 500 ha. # 2000 Elsevier Science Ltd. All rights reserved.

Keywords: Landscape ecology; Models; Owls; Forest management; Umbrella species

1. Introduction

Large forest owls pose special challenges to forest
managers because they are top predators, with large
home ranges and complex habitat requirements. Some
owl species may need extensive areas of old forest within
their home range, as reported for sooty owls (Tyto
tenebricosa) in Australia (Milledge et al., 1991) and
northern spotted owls (Strix occidentalis caurina) in
North America (Bart and Forsman, 1992; Marcot and
Thomas, 1997). In Australia, all large forest owls need
tree hollows for nesting and some species also need
them for roosting (Schodde and Mason, 1980; Hol-
lands, 1991; Higgins, 1999). Arboreal mammals form a
high percentage of their prey (Higgins, 1999), and most
of those mammals depend on tree hollows for daytime

shelter (Strahan, 1983; Menkhorst, 1995). Large hollows
suitable for these species do not form until trees are very
old (hundreds of years; Ambrose, 1982; Mawson and
Long, 1994). Large trees tend to contain many more
hollows than small trees (Bennett et al., 1991; Soder-
quist, 1999).
Commercially attractive rotations for timber produc-

tion are usually shorter than the time needed to develop
hollows. Three primary strategies are available to con-
serve hollow-dependent fauna in forests used for wood
production (Loyn, 1985a), of which selected stand
retention (and replacement over time) is the most pop-
ular and generally the most e�ective. The other primary
strategies are extended rotations or tree retention on
coupes, with minimum levels of tree retention speci®ed
under a Code of Forest Practices (Department of Natural
Resources & Environment, 1996). The stand retention
strategy is particularly e�ective if stands are selected on
the basis of their value for hollow-dependent fauna such
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as large forest owls. To this end, a programme was
initiated in Victoria to help select valuable habitat for
large forest owls and reserve it in a system of reserves
and Special Protection Zones (SPZs). This was done as
part of forest planning processes and establishment of
Regional Forest Agreements between state and com-
monwealth governments (Victorian RFA Steering
Committee, 1998), following a national forest policy
initiative (Commonwealth of Australia, 1992). All four
large owl species in Victoria are listed as endangered
(barking owl, Ninox connivens; powerful owl, Ninox stre-
nua; and masked owl, Tyto novaehollandiae) or vulnerable
(sooty owl, T. tenebricosa) in the state of Victoria
(Department of Natural Resources & Environment,
1999a).
This work was conducted in north-east Victoria,

south-eastern Australia (Fig. 1). The region contains 1.2
million ha of forest on the inland (northern) slopes of
the Great Dividing Range, in the upper catchment of
the Murray River. It includes the highest mountain in
Victoria (Mt. Bogong, 1986 m above sea level) and
mountainous ranges falling to plains 30 m above sea
level. Rainfall varies from about 500 mm in the low-
lands to over 1500 mm in the mountains. Climate is
generally temperate and strongly seasonal, with warm
to hot summers and cool to cold winters. The lowlands
have been extensively cleared for agriculture including
high-value fruit and wine production. High mountains
are popular for skiing in the winter. Forests form a
continuous belt between the high Alps and mainly

cleared valleys below, including much remote and rugged
country. Timber production is economically important,
especially from tall forests with high rainfall. The forests
provide essential habitat for wildlife including owls.
Wildlife studies have been undertaken on a broad

scale in the 1970s and 1980s (Bennett et al., 1991) and
more locally at other times, but usually did not involve
targeted surveys for owls. Generally, previous wildlife
information is biased towards the more accessible
country near the edge of cleared land (Emison et al.,
1987; Menkhorst, 1995; Traill et al., 1996). Owls pose
challenges for research and survey, because they are
nocturnal and sparsely distributed in the forest land-
scape. Recent technical advances in systems of call
playback have opened up new opportunities to improve
this knowledge (Kavanagh and Peake, 1993; Debus,
1995).

2. Field methods

Field teams were assembled with a charter to focus on
nocturnal ®eldwork. Surveys were conducted at 472
sites in north-east Victoria from April to June 1996,
using call playback and standard spotlighting as the
main methods (see below). Two other methods were
used as subsets of these sites: dusk-watch at 72 sites and
a period of quiet initial listening before playback at 459
sites. Observers worked independently (each with a
4WD vehicle) but pairs of observers worked in the same

Fig. 1. Distribution of state forests and parks in Victoria, and location of study region.
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general area and maintained regular radio contact
for safety purposes. Simultaneous surveys were also
conducted south of the Great Divide in the Gippsland
region (unpublished data).

2.1. Site selection

Preselected sites were chosen by a strati®ed random
sampling approach based on geographical areas (eight
standard 1:100,000 map-sheets) and Ecological Vegeta-
tion Classes (EVCs). EVCs are groupings of vegetation
communities based on ¯oristic quadrats (vascular spe-
cies in understorey and overstorey) and extrapolated
using combinations of ground survey and aerial photo
interpretation. EVC maps were produced from the
Natural Resources & Environment (NRE) Geo-
graphical Information System corporate library, based
on recent ¯ora surveys. Maps were printed to include
information on roads, tracks and rivers. For each map-
sheet, at least one site with track access was selected in
each EVC. More sites were selected for the common
EVCs, in approximate proportion to the area of each
EVC on the map-sheet. Some of the preselected sites
proved impractical to access, and nearby alternatives
were sampled where practical in these cases. The initial
selection includedmore sites than needed to allow for such
redundancy. Additional sites were selected at random in
the ®eld (using dice), mainly to make sensible use of
®eld time when long distances had to be travelled
between preselected sites. Altogether 401 of the 472 sites
were selected at random. The remaining 71 sites were
selected for various speci®ed reasons, including a few
which looked good for owls. Each site was at least 2 km
from any other site, as broadcast tapes were audible to
human observers for up to 2 km.

2.2. Dusk-watch

A standard period of 20±30 min was spent at dusk at
selected sites, watching and listening quietly for unsoli-
cited calls or movements of animals in adjacent forest.
A 55-watt hand-held spotlight was used occasionally to
check identity of animals seen, but this was done spar-
ingly to avoid disturbance. All animals seen or heard
were recorded. The method was used at a subset of sites
because each observer could only do a dusk-watch at
one site per night.

2.3. Initial quiet listening

A standard period of 10 min was spent on arrival at
each site, watching and listening quietly for unsolicited
calls or movements of animals in adjacent forest. A
longer period (20 min) was used for the ®rst sites sur-
veyed, but few animals were observed and the period
was reduced to 10 min to make better use of ®eld time.

2.4. Call playback

A standard call playback tape was constructed with
the following sequence:
powerful owl, 2 min; listening period, 2 min; southern

boobook, 2 min; listening period, 2 min; barking owl, 2
min; listening period, 2 min; sooty owl, four screams
over 2 min; listening period 1 min; sooty owl trilling, 1
min; listening period 1 min; masked owl, ®ve shrieks
over 2 mins. The sequence was planned to give max-
imum time for powerful owls to respond to their own
calls, as delayed responses are common in this species.
Masked owl was included at the end of the sequence
because they sometimes respond with just a single call,
which could be obscured by other taped calls.
This tape was broadcast at selected sites using a 10-

watt megaphone, at a volume of about 120% of the
owls' natural level. Playback surveys were only con-
ducted on calm nights with little or no rain, as wind and
rain noise reduce the e�ectiveness of this survey method
(Kavanagh and Peake, 1993; Debus, 1995). While tapes
were running the observer remained several metres away
to avoid distraction from tape noise. All owls and other
wildlife seen or heard were recorded, along with basic
information on wind, temperature and other weather
conditions. Exploratory observations were made on
responses of captive owls at Healesville Sanctuary to
call playback at varying distances.

2.5. Spotlighting

At the completion of playback a 10-min spotlighting
session was conducted to check for any owls which may
have ¯own in silently, and to survey arboreal mammals
or other nocturnal wildlife. During this session, the
observer walked for about 100 m in each direction along
the track, searching adjacent forest by listening and
using a hand-held spotlight. All animals seen or heard
were recorded.

2.6. Habitat descriptions

Notes were made at each site on landform, topo-
graphy and aspect as well as a range of vegetation and
habitat features (Appendix). The observations referred to
forest within 100 m of a central point. Detailed ¯oristic
surveys (ground-truthing mapped EVC data) were not
practical as many sites were visited only at night.

3. Analysis

3.1. Mapped variables

Geographical Information Systems (GIS) were used
to assign characteristics to each site, from mapped

R.H. Loyn et al. / Biological Conservation 0 (2000) 1±16 3
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information held in the NRE corporate database. The
principal characteristics considered were EVC (see
above) and forest growth-stage determined by a current
Statewide Forest Resource Inventory (Department of
Natural Resources & Environment, 1999b). Because
forest owls have large home ranges, these characteristics
were also considered within selected areas around each
survey site. Radii of 500 m, 2 and 5 km were used for
this purpose, representing areas of about 80, 1250 and
7850 ha, respectively. The 2-km radius corresponds
most closely with the usual range of playback broadcast
and also with current views of home ranges for large
forest owls (Higgins, 1999;, and radio-tracking studies
by Kavanagh and Murray, 1996; Kavanagh and Jack-
son, 1997). The number of EVCs within each of the
radii was calculated as a measure of vegetation hetero-
geneity or diversity at each of these landscape scales.
Classi®cations of EVCs and growth-stages at each of

these scales were condensed into four groups (Riparian,
Damp, Wet or Drier forest) to avoid excessive numbers
of variables for analysis (Appendix). A lesser degree of
condensation was also used to reduce the range of EVCs
considered at each site, with the three most common
EVCs retained as discrete categories (Appendix). This
introduced groupings of dry forest (Grassy or Heathy
Dry Forest EVCs), moist forest (Wet, Damp, Riparian
or Montane Damp Forest EVCs), and drier forest (a
miscellaneous collection of forest, mostly dry, rocky,
open, disturbed or low in stature, e.g. Subalpine
Woodland or Granitic Hills Woodland EVCs). The
three most common EVCs were Herbrich Foothill Forest,
Shrubby Dry Forest and Montane Dry Woodland.
These groupings were made from previous knowledge
of the vegetation communities and likely responses of
owls (which may be particularly sensitive to ®ne habitat
di�erences between the moist forest EVCs, at the land-
scape scale), without reference to the ®eld data.

3.2. Dependent variables for analysis

Occurrence of owls was considered as a categorical
variable (each species either recorded or not recorded at
a site). Records of owls from all four methods were used
for analysis, to ensure the most comprehensive set of
positive records. In practice, most records were supplied
or con®rmed by the two main methods (playback and
spotlighting) employed at all sites. Hence there was little
di�erence in e�ective e�ort employed at each site, in
terms of potential to record owls.

3.3. Independent variables for analysis

A list of categorical and numerical variables con-
sidered is given in the Appendix. Most variables were
obtained directly from mapped information or ®eld
data. Further manipulations were conducted with the

mapped variables, to reduce the number of categories as
described above. A variable was also calculated for
``preferred prey'' of powerful owls, as the combined
number of three arboreal mammal species (common
ringtail, greater glider and sugar glider) observed during
playback and standard spotlighting surveys. Bivariate
correlation coe�cients were calculated for the matrix of
dependent and independent variables as a guide to further
analysis. Barking owls were included in these calculations
but further modelling was not justi®ed in view of the
small number of records and their localised distribution:
the species was con®ned to dry forests in northern low-
lands.

3.4. Linear modelling

The probability of occurrence of two large owl species
(powerful owl and sooty owl) was examined in relation
to mapped and ®eld habitat data using logistic regres-
sion. This was done in three stages for each species.
Firstly, a set of models was prepared using only mapped
variables, and the best one (in terms of parsimony and
variance explained) selected for further development
and transfer to GIS. Secondly, a set of models was pre-
pared using only habitat variables collected in the ®eld.
The best one was selected for combination with the ®rst
model. Thirdly, the best models from the ®rst two stages
were combined to produce a ®nal set of models con-
taining mapped and ®eld variables.
At each of the stages, the development of a preferred

set of models involved a series of iterations. Pairs of
independent variables correlated with r values greater
than 0.70 were not included together in any model, and
nor were variables that were logically related to each
other (e.g. EVC or growth-stage within one radius, and
the same EVC or growth-stage within another radius).
Variables were then included in models on the basis of
bivariate comparisons, inspection of data and knowl-
edge of the owls' biology. Automated step-functions
and manual constraints were employed to help reduce
numbers of variables and produce parsimonious and
signi®cant models. The signi®cance of each model was
determined by comparing deviance explained with
deviance of a ``null model''. Its predictive power was
assessed by examining the number of correct and incor-
rect predictions made for the current data set, using
cuto� values of 0.2 for powerful owl and 0.1 for sooty
owl (i.e. presence ``predicted'' if probability assessed
greater than those values). These values were chosen in
view of the sparse distribution of large owls, and the
recording rates obtained in this study.

3.5. Missing data

Mapped variables were available for all survey sites,
but some ®eld data were missing from particular sites.

4 R.H. Loyn et al. / Biological Conservation 0 (2000) 1±16
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This happened (for example) when sites were only vis-
ited in the dark and some measurements could not be
made, or when there was uncertainty about presence of
a particular plant species, or when varied topography
made aspect di�cult to de®ne. Sites with missing data
for any variables included in a model were not used in
constructing the model. But when the number of vari-
ables had been reduced by iterations as described above,
it became possible to include a larger number of sites
and revise the model accordingly. This was done, and
the model based on the larger data set was taken as the
more reliable even if it explained less variance. This was
only done for the third-stage combined models, and did
not apply to the ®rst-stage models where there were no
missing data.

3.6. Maps of predicted probabilities of occurrence

GIS maps were produced with ARC-INFO for pow-
erful owl and sooty owl predicted distributions, using
the ®rst-stage models described above. Probabilities
were displayed in six bands: 0, <5, <10, <20, <40
and >40%. The maps also showed survey records for
each species, and previous records from the Atlas of
Victorian Wildlife. Patterns of predicted probabilities
were examined in relation to these records and other
information about the land in question. If unrealistic
patterns arose (e.g. unnatural circles of high or low
probability), causes were identi®ed and alternative
models generated to overcome the problem. The process
was repeated until a plausible model was found. A single
iteration of this sort was used for powerful owl, and
none was needed for sooty owl.

3.7. Tests for realism and sensitivity of models

The realism of the models was examined partly by
inspecting the maps produced as described above. As a
further test, predicted probabilities of occurrence were
determined for previous records from the Atlas of Vic-
torian Wildlife, in terms of the six bands mapped. The
expected distribution of records was determined from
the area of each band (directly from GIS) and a one-
tailed chi-squared test was used to determine whether
the previous records were at sites with signi®cantly
higher predicted probabilities than expected by chance
alone. This approach was only possible for powerful
owl, as there were few previous records of sooty owl in
the region. The value of the approach was expected to
be reduced by the bias in previous records towards
accessible lowland sites.
To examine robustness, a new ®rst-stage model was

generated for each species from a reduced data set, with
50 of the 472 records arbitrarily removed. The models
were constrained to be of the same form as the original
models (i.e. with the same variables) and were compared

with original models in terms of parameter values and
their signi®cance.

3.8. Field testing

Using the models developed from this analysis, sites
were selected from GIS to include at least 30 ``PO sites''
where probability of recording powerful owl was pre-
dicted to be high (>40%) and probability of recording
sooty owl was predicted to be low (<10%), and at least
30 ``SO sites'' where probability of recording sooty owl
was predicted to be high (>40%) and probability of
recording powerful owl was predicted to be low
(<10%). A total of 73 sites were selected in this way,
allowing for some redundancy. All sites were selected to
be on mapped tracks. Field teams were given map
coordinates but no details of test design or expectations
at a site, so that it was a blind test. No sites had been
included in previous playback/spotlighting surveys. The
expectation (stated before surveys began) was that if six
owls of a species were observed in high probability sites,
and two in low probability sites, that would provide
reasonable support for the model (based on reporting
rates in the main survey). An alternative design for the
test was considered initially but proved impractical.
This would have involved 15 PO sites and 15 SO sites as
described, as well as 15 where predicted probability of
both species was high and 15 where predicted prob-
ability of both species was low. However, it emerged
that very few sites had high predicted probability of
both species occurring together.
Eight of the 73 sites proved inaccessible, one was on

private farmland and 64 sites were surveyed. These
included 33 PO sites and 31 SO sites. Standard playback
and spotlighting surveys were conducted, and all species
observed were recorded.
Results from the ®eld surveys and models were used

to establish agreed numbers of reserved areas or SPZs
for large forest owls in the forests of north-east Victoria
(125 for powerful owl and 100 for sooty owl).

4. Results

Six owl species and 21 nocturnal mammal species
were recorded during the ®eld survey. Modelling
focused on two large owl species which proved to be
widely though sparsely distributed in the region. Pow-
erful owl and sooty owl were recorded at 65 and 18 sites
respectively. Barking owls (N. connivens) and masked
owls (T. novaehollandiae) were rare and con®ned to dis-
tinct parts of the region (barking owls at 12 sites in dry
forest or woodland in the northern lowlands; masked
owls south of the Great Divide, at 11 sites outside the
current study region). Southern boobooks (Ninox
novaeseelandiae) were common (245 sites), and barn
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owls (Tyto alba) were found only in cleared land outside
the forest (three records). Powerful owls were recorded
at the same sites as sooty, masked or barking owls on
one occasion each. Southern boobooks (the smallest of
the six species) were often found at the same sites as one
or other of the large owl species.
Large owls (powerful, barking, sooty or masked) were

recorded during 13.0% of playback surveys and 12.1%
of subsequent spotlighting sessions, compared with
0.3% of dusk-watches and 3.0% of initial quiet listening
periods (Table 1). Similar results were found for all owls
(including southern boobooks; Table 1). Observations
at Healesville Sanctuary showed that captive owls did
not respond to tapes played more than 1 km away, on
the nights when tests were made.
Inspection of data showed that few large owls were

observed when wind strength was listed as moderate
(category 2), but there was little di�erence between
categories 0 and 1 (calm or light breeze). No surveys
were done when wind was strong (category 3). Other
weather variables such as temperature and night light
appeared to have little e�ect. Mode of site selection
(preselected, random, etc.) had little e�ect on prob-
ability of observing owls. Powerful and sooty owls were
marginally more likely to be observed at the few sites
selected because they looked good for owls than at
other sites.
Bivariate comparisons showed strong correlations

with various habitat features assessed at the site of
playback (Table 2). Some of these habitat variables were
inter-correlated and discarded from subsequent model-
ling, or superseded by related variables.

4.1. Linear models: powerful owl

Using mapped variables only, a signi®cant logistic
regression model was developed with nine independent
variables (Table 3). Three of these were non-signi®cant
(P>0.05) and two of them (for area of drier forest in 5
km, and presence of mixed mature/regrowth growth-
stage at the site) were removed automatically by step-
wise deletion (Table 3). The third variable in question
was the area of wet forest within a 2 km radius. It made
biological sense because powerful owls are known to

avoid wet forest such as mountain ash (Eucalyptus
regnans) (Loyn, 1985b; Milledge et al., 1991). However,
its inclusion led to gross distortions when predicted
probabilities of occurrence were mapped, with large
circular patches (several kilometres in radius) of low
probability that were clearly unrealistic. Hence the
decision was made to drop this term from the model
(Table 3). The model remained remarkably similar in
other respects to the ®rst two and performed slightly
better in predicting either presence or absence of pow-
erful owls at survey sites, with 84.1% of predictions
being correct (vs.. 83.0 or 82.6% with the ®rst two
models). It produced a plausible pattern when plotted
on a map using GIS (Fig. 2), and was selected as the
preferred model.
The ®nal model contained six terms (Table 3). It sug-

gested that the probability of observing a powerful owl
at a site would increase if the site was in Shrubby Dry
Forest, there were many EVCs within 2 km (i.e. a

Table 1

Detection rates for owls by di�erent survey methods in north-east

Victoria, 1996

Surveys Large owls

(four species)

All owls

(inc. smaller

Boobook)

Dusk-watch 72 0.3% 6.9%

Initial listening 459 3.0% 7.0%

Call playback 472 13.0% 38.2%

Subsequent spotlighting 472 12.1% 35.3%

Table 2

Bivariate correlation coe�cients between presence of three large owl

species (barking, powerful and sooty owl) and selected habitat vari-

ables in north-east Victoria

Habitat variable Barking

owl

Powerful

owl

Sooty

owl

Sites recorded (out of 472) 12 65 18

1. Mapped site variables

EVCa=Wet, Damp or Riparian Forest ÿ0.046 0.003 0.016

EVC=Herbrich Foothill Forest ÿ0.032 0.001 0.109b

EVC=Shrubby Dry Forest ÿ0.023 0.174b 0.038

EVC=Drier Forest 0.037 ÿ0.082 ÿ0.044

2. Mapped landscape variables

Number of EVCs in 5 km ÿ0.132b 0.041 0.113b

Ha Wet Forest in 2 km ÿ0.040 ÿ0.096b 0.188b

Ha Damp Forest in 5 km ÿ0.106b ÿ0.074 0.161b

Ha Wet Forest in 5 km ÿ0.050 ÿ0.112b 0.181b

Ha Drier Forest in 5 km 0.096b 0.076 ÿ0.182b

Ha Mature Forest in 2 km ÿ0.167b 0.094b 0.115b

Ha Senescent Forest in 2 km ÿ0.091 ÿ0.109b 0.075b

Ha pure Regrowth Forest in 2 km ÿ0.058 ÿ0.111b 0.054

3. Field habitat variables

Altitude ÿ0.131 ÿ0.035 0.055

Wind ÿ0.080 ÿ0.104b ÿ0.107b
Live hollow-bearing trees ÿ0.013 0.146b 0.008b

Dead hollow-bearing trees ÿ0.030 0.095b 0.009c

Peppermint eucalypts ÿ0.143b 0.089 ÿ0.010
Tree diameter at breast height ÿ0.042 0.067 0.126b

Tree-ferns ÿ0.014 ÿ0.036 0.122b

Blanket-leaf ÿ0.024 ÿ0.060 0.140b

a EVC, Ecological Vegetation Class.
b Variables believed to be of biological and numerical signi®cance.
c Dead hollow-bearing trees contributed positively to models for

sooty owl, in combination with other variables, but did not correlate

in a bivariate way as many sites with numerous dead hollow-bearing

trees were in dry forest not suitable for sooty owls.
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diversity of habitats), or there was a large area of
mature forest within 5 km (i.e. forest classed as Mixed
Regrowth/Mature, Mature or Mixed Mature/Senes-
cent). The probability would decrease if there was a
large area of riparian forest within 2 km, or large areas
of senescent forest or pure regrowth forest within 5 km
of the site. The negative term for riparian forest may
arise because much riparian forest in the region is adja-
cent to cleared land.

Using ®eld habitat variables only, a signi®cant model
was developed with three independent variables (Table 4).
It suggested that the probability of observing a powerful
owl would increase if topography was steep or moderate,
there were box eucalypts at the site, or there were live
hollow-bearing trees at the site. The greatest increase in
probability occurred when the number of live hollow-
bearing trees was recorded as high (rather than low or
zero) and that term was highly signi®cant (P< 0.001).

Table 3

Logistic regression models for powerful owl using only mapped variablesa

Independent variable Value (1) Value (2) Value (3) Standard error (3) t-Value (3)

Intercept ÿ8.537 ÿ5. 683 ÿ4.779 0.947 ÿ5.046
EVC=Shrubby Dry Forest 1.1777 1.198 1.226 0.355 3.45*

No. EVCs in 2 km 0.393 0.394 0.287 0.115 2.50*

Ha Riparian forest in 2 km ÿ0.0132 ÿ0.0135 ÿ0.0128 0.0074 ÿ1.72
Ha Wet forest in 2 km 0.302 ÿ0.316
Ha Drier forest in 5 km 0.00035

Growth-stage=Mature/Regrowth ÿ0.418
Ha senescent forest in 5 km ÿ0.0014 ÿ0.0014 ÿ0.0016 0.00054 ÿ3.04*
Ha mature forest in 5 km 0.00038 0.00032 0.00027 0.000118 2.32*

Ha pure regrowth in 5 km ÿ0.0227 ÿ0.0233 ÿ0.0249 0.0122 ÿ2.05*

Null variance explained (%) 17.33% 16.90% 13.13%

Predictive power (% correct at P=0.2) 83% 82.6% 84.1%

a Values are shown for a starting model (1) and derived models with two terms removed by step function (2) and a third non-signi®cant term (for

wet forest) removed as discussed in text (3). Standard errors and t-values are given for the third model. Models take the form logit PO=Inter-

cept+sum (independent variable�value) where PO is the observed presence of powerful owls, logit PO=log(P/(1ÿP) and P is the probability that

PO=1 (65/472 sites).

*Variables make signi®cant contributions to the third model (P<.05)

Fig. 2. Predicted distribution of powerful owls in north-east Victoria, using model 3 from Table 3.
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A combined model was constructed with seven map-
ped variables (as in the second model; Table 3), and
three ®eld habitat variables as in Table 4. There was
little redundancy or correlation between these two sets
of variables (i.e. they did not supersede each other), and
®ve of them made signi®cant contributions to the com-
bined model (Table 5).

4.2. Linear models: sooty owl

Using mapped variables only, a signi®cant logistic
regression model was developed with seven independent
variables (Table 6). Five of the variables were non-sig-
ni®cant (P>0.05), but they made sense biologically and
contributed to the overall strength of the model. They

Table 4

Logistic regression model for powerful owl using only ®eld habitat variablesa

Value Standard error t Value

Logit PO =ÿ2.478 0.288 ÿ8.59
Logit PO =ÿ0.112 If topography is ¯at 0.190 ÿ0.59
Logit PO =ÿ0.178 If topography is moderate 0.157 ÿ1.14
Logit PO =+ 0.298 If box eucalypts are present at playback site 0.192 1.55

Logit PO =+ 0.603 If there are few live hollow-bearing trees (vs. none) 0.377 1.60

Logit PO =+ 0.548 If there are many live hollow-bearing trees (vs. none) 0.153 3.59*

a PO is the observed presence of powerful owls, logit PO=log(P/(1ÿP) and P is the probability that PO=1. This model was based on data from

409 sites, as some relevant data were missing from the other 63 sites.

*Signi®cant.

Table 6

Logistic regression model for sooty owl using only mapped variablesa

Value Standard error t Value

Logit SO =ÿ12.96 4.94 ÿ2.62
Logit SO =+ 1.31 If EVC is Herbrich Foothill Forest 0.677 1.93

Logit SO =ÿ1.56 If EVC is Montane Dry Woodland 1.21 ÿ1.29
Logit SO =ÿ2.37 If EVC is Grassy or Heathy Dry Forest 1.26 ÿ1.87
Logit SO =+ 0.426 (number of EVCs in 500 m) 0.277 1.54

Logit SO =ÿ0.0772 (ha ``drier forest'' in 500 m) 0.0214 ÿ3.61*
Logit SO =ÿ1.44 If growth-stage=MR [mixed regrowth/mature] 0.898 ÿ1.61
Logit SO =+ 3.76 If growth-stage=SM [mixed senescent/mature] 1.43 2.64*

Logit SO =+ 0.167 (ha ``mature forest'' in 500 m) 0.0574 2.90*

Logit SO =+ 0.00180 (ha ``senescent forest'' in 5 km) 0.000629 2.86*

a SO is the observed presence of sooty owls, logit SO=log(P/(1ÿP) and P is the probability that SO=1 (18/472 sites).

*Signi®cant.

Table 5

Logistic regression model for powerful owl using habitat and mapped variablesa

Value Standard error t Value

Logit PO =ÿ6.60 1.406 ÿ4.69
Logit PO =ÿ0.222 If topography is ¯at 0.216 ÿ1.03
Logit PO =ÿ0.274 If topography is moderate 0.175 ÿ1.57
Logit PO =+ 0.237 If box eucalypts are present at playback site 0.227 1.04

Logit PO =+ 0.462 If there are few live hollow-bearing trees 0.396 1.17

Logit PO =+ 0.474 If there are many live hollow-bearing trees 0.167 2.84*

Logit PO =+ 1.068 If EVC is Shrubby Dry Forest 0.423 2.53*

Logit PO =+ 0.385 (number of EVCs in 2 km) 0.145 2.65*

Logit PO =ÿ0.0235 (ha ``riparian forest'' in 2 km) 0.011 ÿ*
Logit PO =ÿ0.193 (ha ``wet forest'' in 2 km) 0.199 ÿ0.97
Logit PO =ÿ0.774 If growthÿstage is Mixed Regrowth/Mature at playback site 0.664 ÿ1.17
Logit PO =ÿ0.00142 (ha ``senescent forest'' in 5 km) 0.000582 ÿ2.44*
Logit PO =+ 0.000473 (ha ``mature forest'' in 5 km) 0.000162 2.92*

Logit PO =ÿ0.02506 (ha ``pure regrowth forest'' in 5 km) 0.01321 ÿ1.90
a PO is the observed presence of powerful owls, logit PO=log(P/(1ÿP)) and P is the probability that PO=1 (39/409 sites).

*Signi®cant.

8 R.H. Loyn et al. / Biological Conservation 0 (2000) 1±16



U
nc
or
re
ct
ed

P
ro
of

did not lead to inconsistencies when the model was
mapped (Fig. 3). The model suggested that the prob-
ability of observing a sooty owl at a site would increase
if the site was in Herbrich Foothill Forest, or if there
were many EVCs within 500 m (i.e. a diversity of habitats),
or if the forest growth-stage at the site was classed as
Mixed Mature/Senescent (the most senescent of the
common growth-stages), or if there was a large area of
mature forest within 500 m of the site (i.e. forest classed
as Mixed Regrowth/Mature, Mature or Mixed Mature/
Senescent), or if there was a large area of senescent forest
within 5 km of the site (i.e. forest classed as Mixed
Mature/Senescent or other mixtures including >10%
senescent trees). The probability would decrease if the
site was in Montane Dry Woodland, or Grassy or
Heathy Dry Forest, or if there was a large area of ``drier
forest'' within 500 m of the site.

Using ®eld habitat variables only, a signi®cant model
was developed with ®ve independent variables (Table 7).
It suggested that the probability of observing a sooty
owl at a site would increase with mean diameter of
eucalypt trees and the abundance of dead hollow-bearing
trees at the site, or if silver wattles were present at the
site. Strong positive correlations were observed with
presence of tree-ferns and blanket-leaf, but they were
themselves correlated with silver wattles. The prob-
ability would decrease if peppermint or stringybark-type
eucalypts were present at the site. The latter terms were
not signi®cant by themselves, but they contributed to
the signi®cant model (P<0.05).
A combined model was developed with four mapped

and two habitat variables (Table 8). All six terms made
signi®cant contributions (Table 8). Mapped variables
for EVCs within 500 m and area of ``drier forest'' were

Fig. 3. Predicted distribution of sooty owls in north-east Victoria, using model from Table 6.

Table 7

Logistic regression model for sooty owl using only ®eld habitat variablesa

Value Standard error t Value

Logit SO =ÿ7.77 9.34 ÿ0.831
Logit SO =ÿ0.367 If peppermints are present at playback site 0.341 ÿ1.08
Logit SO =ÿ4.09 If stringybarks are present at playback site 9.32 ÿ0.439
Logit SO =+ 0.0161 If mean diameter of eucalypts is high 0.0134 1.21

Logit SO =+ 0.414 If there are many dead hollow-bearing trees 0.347 1.20

Logit SO =+ 0.520 If silver wattles are present at playback site 0.340 1.53

a SO is the observed presence of sooty owls, logit SO=log(P/(1ÿP) and P is the probability that SO=1. This model was based on data from 415

sites, as some relevant data were missing from the other 57 sites.
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superseded to some extent by the ®eld habitat variables
for mean tree diameter (positive) and presence of pep-
permint eucalypts (negative) (Table 8).

4.3. Realism and sensitivity of models

The Atlas of Victorian Wildlife contained 36 point
records of powerful owl from previous observations in
the region. As expected, they were concentrated close to
human settlements where amateur observers have been
most active. There were few previous records in the less
accessible forest interior where our models predicted the
highest probabilities of occurrence (P). This observer
bias severely limits the value of previous observations
for testing the models, especially at the higher levels of
predicted probability. Nevertheless, only three of the 36
Atlas records were from areas where PO=0, although
such areas constituted 31% of the land area. All three
records were close to patches of higher predicted values.
As a test of robustness or sensitivity, new models

based on mapped variables were prepared with 50 of the
472 records arbitrarily removed. No regression coe�-
cients changed in sign, and numerical changes were
generally small. In the new model for powerful owl one
coe�cient increased by 33%, and other numerical
changes were less than 25%. In the new model for sooty
owl, one coe�cient increased by 15%, the intercept
decreased by 12%, and other numerical changes were
less than 10%. This suggests that the models are rea-
sonably robust with respect to varying amounts of data.
When compared with null models, the models reduced

residual variance by up to 24% (powerful owl) and 34%
(sooty owl) when mapped variables were included.
Equivalent ®gures for models based on habitat data
alone were much lower (7 and 13%, respectively)

4.4. Field testing

Eight powerful owls were observed during ®eld tests,
seven of them at high probability (PO) sites and one at a
low probability site. Four sooty owls were observed,

three at high probability (SO) sites and one at a low
probability site. Hence powerful owls were observed at
21% of high probability (PO) sites compared with 3%
of low probability sites (and 11% of random sites on the
initial surveys). Sooty owls were observed at 10% of
high probability (SO) sites compared with 3% of low
probability sites and 3% of random sites on the initial
surveys. This result exceeded initial expectations and
provided a degree of support for using the models to
locate sites where each large owl is likely to occur.
Overall success rates during ®eld tests (12% for pow-

erful owl and 6% for sooty owl) were quite similar to
those on the initial survey (11% for powerful owl and
3% for sooty owl).

4.5. Use of models

The models were used along with other information
to select 125 areas to be protected for powerful owls and
100 areas for sooty owls in State Forest and National or
State Parks in north-east Victoria, as part of a strategy
to protect 500 such areas for each species in the State.
Those that fell in Parks or reserves were assumed to be
adequately protected, and those in State Forest were
formally designated as SPZs. Actual records of owls
were given ®rst priority in this process, including pre-
vious records and new records from the survey and ®eld
tests. However, there were not enough actual records to
satisfy agreed targets for conservation and models were
used to select additional areas to be protected. In these
cases, the models were used to assist in locating addi-
tional areas where predicted probability of occurrence
was high. Each SPZ covered at least 500 ha, bounded by
recognisable features such as roads or ridgelines: groups
of minor catchments were seen as making ideal SPZs.
Each SPZ was designed to include as much quality
habitat as possible and as little poor habitat as possible,
based partly on the models but also on mapped EVCs
and growth-stages or other habitats likely to be used.
Creek headwaters were routinely included as they are
known to provide important feeding and nesting habitat

Table 8

Logistic regression models for sooty owl using habitat and mapped variablesa

Model (2) Value Standard error t Value

Logit SO =ÿ14.91 3.80 ÿ3.93
Logit SO =ÿ0.432 If peppermints are present at playback site 0.331 ÿ1.30
Logit SO =+ 0.0312 If mean diameter of eucalypts is high 0.0110 2.84*

Logit SO =+ 1.60 If EVC is Herbrich Foothill Forest 0.648 2.46*

Logit SO =+ 4.11 If growth-stage is=SM at playback site 1.34 3.07*

Logit SO =+ 0.127 (ha ``mature forest'' in 500 m) 0.0479 2.65*

Logit SO =+ 0.000782 (ha ``senescent forest'' in 5 km) 0.000481 1.63

a The ®rst model (1) is based on 338 sites and the second model (2) re-includes 77 further sites (which were initially removed for lacking some

habitat data): hence the second model is preferred. SO is the observed presence of sooty owls, logit SO=log(P/(ÿP) and P is the probability that

SO=1 (15/415 sites).

*Signi®cant.

10 R.H. Loyn et al. / Biological Conservation 0 (2000) 1±16



U
nc
or
re
ct
ed

P
ro
of

from radio-tracking studies in New South Wales
(Kavanagh, personal communication). Local knowledge
was used when available but that was rare. Each zone
was con®ned within a radius of 3.5 km so that it included
a diversity of habitats and conformed to plausible fora-
ging range for owls (i.e. it was not a long narrow strip
along a creek). This restriction was rarely invoked as
most SPZs were designed to be relatively compact. The
strategy will be reviewed after further research.

5. Discussion

5.1. Limitations and strengths of the study

With sets of complex data, it is often possible to
develop many di�erent models with varying degrees of
realism. Hence, we should not expect predictions to be
perfect representations of reality but this should not
deter us from developing simple models to solve speci®c
problems (Star®eld, 1997). In this study the issue was to
identify, locate and conserve high-quality habitat for
large forest owls. Field testing showed that the models
discriminated between sites of high and low probability
for large owls, though high levels of probability sug-
gested for some sites were not con®rmed. The models
could undoubtedly be improved by conducting surveys
at more sites, or conducting repeat surveys in a range of
seasons. The season selected for this work (autumn±win-
ter) coincides with the peak calling season for powerful
owl, and sooty owls appear to be similarly vocal
through the year (personal observation; Kavanagh,
1997). The surveys were deliberately undertaken only
once at each site, to maximise the number of sites cov-
ered with available resources.
Selection of habitat by real owls is sure to depend on

a more complex set of subtle cues than indicated by the
models: the model variables may be surrogates for such
cues. Further ®eld research is needed to improve our
understanding of the needs of owls in a range of habitats.
Despite these reservations, the models have been useful
in identifying areas likely to be of high value for large
owls, in a way that has not been possible previously. It
is planned to revise the models using a larger data-set
from a broader area of Victoria, and use new models
along with other information to re®ne management
strategies when forest plans are reviewed. This may
include assessment of the value of habitat reservation in
comparison with other strategies.
At the start of the study, sooty owls were considered

rare in north-east Victoria (Emison et al., 1987) and little
was known about the detailed distribution of any large
owl species. The study highlights the rarity of barking
and masked owls in forests of north-east Victoria.
Barking owls are rarer still south of the Great Divide
(Emison et al., 1987), though common in northern

Australia (Higgins, 1999). Work in south-eastern New
South Wales has also shown barking owls to be scarce
and generally con®ned to woodland habitats, many of
which are on private land (Kavanagh et al., 1995b).
Further work is needed to develop conservation strategies
for these species.
The work has provided forest managers with an

extensive new set of data, and predictive models for
powerful and sooty owls that stood up to basic ®eld
tests. The work was done in co-operation with forest
managers, who have used the data and models to de®ne
SPZs as described (Department of Natural Resources &
Environment, 1999b). These are signi®cant achieve-
ments. A co-operative approach to conservation and
forest management was developed in Victoria through
its integrated Department of Natural Resources &
Environment, and encouraged through strategic forest
planning projects and by the process of developing
Regional Forest Agreements between State and Com-
monwealth governments (Victorian RFA Steering
Committee, 1998).

5.2. Comments on methods

Dusk-watches and quiet listening periods were much
less successful methods for detecting owls than playback
and subsequent spotlighting (Table 1). Preliminary trials
with longer periods of initial listening gave little extra
success. Similar results were found for arboreal mammals,
especially yellow-bellied gliders (Petaurus australis)
which responded vocally to owl tapes (McNabb, 1996).
This highlights the value of using taped calls for these
species.
GIS technology played an essential role in the study

for two reasons. Firstly, it provided information at
appropriate scales for wide-ranging owls, as discussed
below. Secondly, it allowed models to be fed back onto
maps, tested visually for realism and used to predict
areas of high or low value for owls. This sort of appli-
cation is relatively new but promises to be a valuable
tool for managing wildlife in many parts of the world
(e.g. Perera and Tateishi, 1995; Fuller et al., 1998).

5.3. Owls as umbrella species

Forest planners have focused on large owls for special
consideration in zoning Victorian forests (Lugg et al.,
1993; Department of Conservation and Natural
Resources, 1995, 1996) because of their large home
ranges and known needs for elements of old forest to
provide nest sites in large hollow-bearing trees and sup-
port high densities of arboreal mammal prey (Loyn et
al., 1980; Milledge et al., 1991; Kavanagh and Bamkin,
1995). The implication is that they are the species with
the most demanding requirements, and if they are con-
served many other species will be well-conserved also.
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This ®ts the concept of large owls as umbrella species
(Simberlo�, 1998).

5.4. Field habitat data

The owl models were used to predict and conserve
areas of forest that have high value for owls, as descri-
bed. Another use of models is to help understand fac-
tors that in¯uence owl distribution and abundance, so
that those factors can be understood or managed.
Models including ®eld habitat data became useful for
this purpose, even though the variables could not easily
be mapped or used to predict distribution. They suggest
that the two owl species have quite di�erent require-
ments and rarely co-occur, despite a broad overlap in
distribution. Sooty owls favour the wetter sites with
understorey and middle storey plants such as silver
wattle, blanket-leaf and tree-ferns. Powerful owls favour
the more open forest sites and broad gullies with plants
such as blackwood wattle (which they often use as day-
time roosts). This accords with previous descriptions of
their habitats (Emison et al., 1987; Hollands, 1991;
Higgins, 1999), and the known aversion of powerful
owls for the wettest forest types (Loyn, 1985b; Milledge et
al., 1991). However, sooty owls are clearly not con®ned to
the wettest forests or deep gullies. Both powerful and
sooty owls showed positive associations with Herbrich
Foothill Forest, which is often found on damp lower
slopes. In south-eastern New South Wales, Kavanagh
and Bamkin (1995) found that sooty owls were most
common at low altitude near the coast, where patches of
rainforest were a frequent component of the landscape.
The species was not recorded from the drier inland
slopes of the Great Divide in New South Wales (Kava-
nagh and Stanton, 1998). The present study found sooty
owls mainly above 600 m above sea level in north-east
Victoria. This reversal of altitude preference re¯ects low
rainfall of dry forest on the lower inland slopes of the
Great Dividing Range.
No owl species showed a close relationship with

abundance of arboreal mammals in north-east Victoria,
although positive relationships were found when data
from north-east Victoria were combined with those from
adjacent parts of Gippsland. Kavanagh (1988) showed
that powerful owls may select areas with abundant
arboreal mammals but then serially reduce populations of
prey species within di�erent parts of their large home
range. Many arboreal mammals respond positively to
densities of old hollow-bearing trees (e.g. Smith and
Lindenmayer, 1988, 1992; Lindenmayer et al., 1990;
Nelson et al., 1996), as well as to a range of factors such
as stand age (Macfarlane, 1988) and foliar nutrient
levels (Braithwaite et al., 1984). Arboreal mammals are
an important component of the diet of powerful and
sooty owls (Fleay, 1968; Seebeck, 1976; Tilley, 1982;
McNabb, 1996; Higgins, 1999), and this relationship

may help drive the observed association of owls with
old forest. Measures to conserve arboreal mammals at
reasonably high population levels are also likely to
bene®t large owls, and vice versa.
Terms for live hollow-bearing trees contributed to

models for powerful owl, and terms for presence of dead
hollow-bearing trees contributed to models for sooty
owl (though not signi®cantly). Dead hollow-bearing
trees may be an important resource for arboreal mammal
prey, rather than for the sooty owls themselves which
tend to use hollows in large living trees for nesting and
roosting (Hollands, 1991; Higgins, 1999).

5.5. Landscape variables

Large owls have large home ranges and it is not sur-
prising that they respond more closely to landscape
variables than to ®eld habitat data collected close to the
point of call playback. Similar results were found by
Kavanagh and Bamkin (1995), who calculated land-
scape data from areas of 707 ha around their survey
sites, in accord with approximate home ranges of the
owls. In contrast, work in the Central Highlands of
Victoria showed that most arboreal mammals have
small home ranges and respond more to site-based data
than to broader landscape variables: the widest ranging
species (yellow-bellied glider) was the only exception (Lin-
denmayer et al., 1998). The present results highlight the
importance of landscape features for wide-ranging owls.
The two owl species appeared to favour di�erent

growth stages and respond to landscape variables at
di�erent spatial scales. Maps of predicted distribution
showed ®ner-scale patterns for sooty owl (generally fol-
lowing streams and gullies; Fig. 3) than for powerful
owl (Fig. 2). The models for powerful owl included
positive terms for area of mature forest within 2 km,
and negative terms for area of regrowth or senescent
forest. The models for sooty owl included positive terms
for area of mature and sensescent forest within 500 m.
Previous work in ash forests has shown that sooty owls
favour large areas of old forest (Milledge et al., 1991).
The models could suggest a pattern of successional
replacement with powerful owls tending to occupy for-
est in the mature growth-stages with live hollow-bearing
trees and sooty owls favouring the older more senescent
growth-stages with dead hollow-bearing trees. However,
this pattern may be partly an artefact of the wetter for-
ests favoured by sooty owl. Senescent growth-stages are
more likely to be identi®ed where eucalypts su�er high
mortality in infrequent intense ®res, and veteran trees
with crown dieback contribute to an aerial picture of
senescent crowns. These ®re regimes are common in wet
forests such as mountain ash (Ashton, 1976). There may
be some forests where sooty owls replace powerful owls
over time, but we do not expect this to be a common
phenomenon.
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The models contained negative terms for regrowth
forest within 5 km, suggesting a negative impact of log-
ging at that landscape scale. The data do not distinguish
whether such an impact occurs incrementally or at a
threshold level. Powerful and sooty owls were both
recorded in landscapes containing regrowth patches and
mixed stands of mature and regrowth forest. Work in
New South Wales has shown that these owls are simi-
larly widespread in mature forest or in mosaics of
regrowth and mature forest (Kavanagh and Bamkin,
1995; Kavanagh et al., 1995a), and it can be di�cult to
disentangle e�ects of inter-related variables. The present
data support the view that powerful and sooty owls
need patches of old forest, and deserve special manage-
ment in forests where logging occurs.

5.6. SPZs

The SPZs selected from this study (500 ha each) were
smaller than the likely home ranges of large owls, but
should provide valuable cores of good habitat from
which the birds can range as they need. Data from
mosaics of logged and unlogged forest (Kavanagh and
Bamkin, 1995; present data) suggest there may be no
need to exclude logging from all parts of their large
home range. Indeed, few continuous areas of mature
forest are large enough to support pairs of large owls.
The distribution of retained habitat can have impor-

tant implications for its long-term value and the viabi-
lity of target species. This matter has caused much
controversy in North America in relation to the north-
ern spotted owl, which shows high mortality while dis-
persing and therefore bene®ts from clumped
distributions of reserves (Wilcove and Murphy, 1991;
Bart and Forsman, 1992; Murphy and Noon, 1992;
Marcot and Thomas, 1997; Miller et al., 1997). In our
work, the distribution of SPZs was determined mainly
by the distribution of existing habitat, as indicated by
records of owls and model predictions. Most of the
forest in north-east Victoria is contiguous and isolation
of small populations is unlikely to be an issue. A meta-
population viability analysis (McCarthy et al., 2000 and
unpublished data) showed little practical di�erence
between various con®gurations of SPZs and other
reserved areas in the forest landscape, though the models
were sensitive to assumptions about mortality which had to
be made in the absence of hard data. Our focus on existing
habitat gives us a bet each way, as some SPZs were
clumped and others ``isolated'' within the forest matrix.
This was seen as a conservative approach, rather than
foregoing the opportunity to conserve single territories.
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Appendix. Independent variables used in analysis of owl
data for north-east Victoria, 1996, including: A, some
of the ®eld habitat features measured at survey sites and (B)
mapped variables derived from GIS for the site and its
landscape context (numerical variables are marked #)

A. Field habitat variables measured on-site during surveys

Numbers of common ringtails (Pseudocheirus pere-
grinus), greater gliders (Petauroides volans) and sugar
gliders (Petaurus breviceps) observed during standard
playback and spotlighting. #
Total preferred prey (= sum of three above). #
Number of yellow-bellied gliders (Petaurus australis)
observed during standard playback and spotlighting. #
Altitude (m).#
Wind velocity during survey (0=calm, 1=light
breeze, 2=moderate wind, 3=strong wind but no
playback surveys were conducted when wind=3 and
few when wind=2)
Landform (gully; midslope, ridge or saddle)
Topography (¯at-undulating, moderate [5±20�], steep
[>20�]).
Presence of ash eucalypts (E. regnans, E.delega-
tensis), etc.), box (E.polyanthemos, E. goniocalyx,

R.H. Loyn et al. / Biological Conservation 0 (2000) 1±16 13



U
nc
or
re
ct
ed

P
ro
of

etc.), gum (E. cypellocarpa, E. viminalis, etc.), iron-
bark (E. tricarpa), peppermint (E. radiata, E. dives) or
stringybark eucalypts (E.obliqua, E. baxteri, E. mac-
rohyncha, etc.).
Mean tree diameter (cm) estimated from proportions
of trees in four size classes.
Number of live hollow-bearing trees (none, few or
many).
Number of dead hollow-bearing trees (none, few or
many).
Presence of blackwood (Acacia melanoxylon), silver
wattle (Acacia dealbata), blanket-leaf (Bedfordia
arborescens) or tree-ferns (Cyathea australis and
Dicksonia antarctica).
[Other dominant species were also recorded.]
Middle storey height (m).#
Density of low shrubs (absent, sparse, medium or
dense).

B. Mapped variables (1) for the site and (2) for its
landscape context.

1. Site.
Ecological Vegetation Class at the site (25 EVCs,
Table A1), grouped for analysis as follows:
EVC=Herbrich Foothill Forest
EVC=Shrubby Dry Forest
EVC=Montane Dry Woodland
EVC=Dry (Grassy or Heathy Dry Forest)
EVC=Moist (Wet, Damp, Riparian or Montane
Damp Forest
EVC=Other (any other EVC, including unclassi®ed
or disturbed)
Forest growth-stage at the site (assessed by API)
Growth-stage=R ( young regrowth with no older
trees)
Growth-stage=R (S/M) (young regrowth with scat-
tered older trees)
Growth-stage=MR (mixed regrowth/mature, >10%
of each)
Growth-stage=M (mature, 10% of any other age
class)
Growth-stage=SMR, SR (mixed senescent/regrowth,
+/- mature)
Growth-stage=SM (mixed senescent/mature, 10% of
each).

2. Landscape context.
Number of EVCs in 500 m, 2 or 5 km radius from
site.#
Hectares of Riparian Forest in 500 m, 2 or 5 km
radius from site.#
Hectares of Damp Forest in 500 m, 2 or 5 km radius
from site.#
Hectares of Wet Forest in 500 m, 2 or 5 km radius
from site.#

Hectares of Drier Forest in 500 m, 2 or 5 km radius
from site.#
Hectares of senescent forest in 500 m, 2 or 5 km
radius (SMR, SR or SM).#
Hectares of mature forest in 500 m, 2 km or 5 km
radius (MR, M, SMR or SM) #
Hectares of regrowth forest in 500 m, 2 or 5 km
radius (R, R(S/M)).#
Hectares of pure regrowth forest in 500m, 2 km or 5
km radius (R).#

Note that no sites were classed as S (pure senescent).
Most sites were classed as MR (79 sites) or M (308
sites), with SM the next most common class (22 sites). A
full list of EVCs in north-east Victoria is in below
(Table A1).

Table A1

Ecological Vegetation Classes (EVCs) in north-east Victoria, with

areas and numbers of owl survey sites

EVCa Area

(ha)

Number of owl

survey sites in the

North East FMA

Herb-rich Foothill Forest 342,881 96

Shrubby Dry Forest 258,834 82

Montane Dry Woodland 136,260 65

Grassy Dry Forest 96,869 42

Heathy Dry Forest 73,457 35

Damp Forest ## 46,207 16

Montane Damp Forest ## 38,267 8

Subalpine Woodland 35,030 10

Treeless Subalpine Complex 20,458 1

Granitic Hills Woodland 16,069 5

Riparian Forest # 9,974 11

Wet Forest 6,052 1

Rocky Outcrop Shrub/ herbland Mosaic 5,616 3

Valley Grassy Forest 4,221 14

Box-ironbark Forest 3,220 3

Riparian Mosaic NE # 2,234 4

Swampy Riparian Woodland # 1,483 5

Montane Riparian Thicket # 1,086 2

Riparian Shrubland 712 0

Rainshadow Woodland 486 0

Alluvial Terraces Herb-rich Woodland 240 0

Floodplain Riparian Woodland 228 0

Plains Grassy Woodland 72 0

Springsoak Herbland 43 0

Creekline Grassy Woodland 24 0

Clay Heathland 16 0

Cleared/Severely Disturbed ÿ 25

Unknown ÿ 24

Private Land ÿ 16

Conifer Plantation ÿ 4

Total 1,100,021 472

a EVCs marked # were considered together as Riparian Forest in

subsequent analysis, and EVCs marked ## were considered together

as Damp Forest.
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Large	owls	are	top	predators	in	Australian	forests,	and	have	large	home	ranges.	They
and	some	of	their	prey	need	old	hollow-bearing	trees.	Hence,	selected	forest	stands
need	 to	 be	 retained	 to	 conserve	 large	 owls	 in	managed	 forests,	 using	 a	 landscape
approach.	To	help	 select	 such	stands,	owls	were	 surveyed	at	1,306	sites	 in	eastern

Victoria,	 using	 call	 playback	 and	 spotlighting.	Results	were	modelled	by	 logistic	 regression
with	respect	 to	habitat	and	 landscape	variables.	Mapped	variables	explained	more	variation
than	habitat	variables	assessed	at	survey	sites.	Powerful	Owls	Ninox	strenua	 favoured	drier
forest	 types	 with	 many	 live	 hollow-bearing	 trees,	 Blackwood	 Wattle	 trees	 Acacia
melanoxylon,	diverse	habitats	and	extensive	mature	forest	within	2	to	5	km.	Sooty	Owls	Tyto
tenebricosa	favoured	wetter	senescent	forest,	with	abundant	tree-ferns,	Blanket-leaf	Bedfordia
arborescens	and	Silver	Wattle	Acacia	dealbata,	diverse	habitats	and	extensive	mature	 forest
within	0.5	to	2	km.	Barking	Owls	Ninox	connivens	and	Masked	Owls	Tyto	novaehollandiae
were	rare.	The	models	were	field-tested	and	found	to	discriminate	well	between	high	and	low
probability	sites.	Actual	records	and	then	models	were	used	to	help	select	and	conserve	487
protected	areas	for	large	owls,	each	of	approximately	500	ha.

INTRODUCTION
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Large	forest	owls	pose	special	challenges	 to	forest	managers	because	 they	are	 top	predators
with	large	home	ranges	and	complex,	demanding	habitat	requirements.	They	may	be	considered
to	act	as	‘umbrella	species’	(Simberloff	1998),	in	the	sense	that,	if	large	owls	are	conserved,
many	other	species	will	also	be	well	conserved.	In	Australia,	all	large	forest	owls	need	tree
hollows	for	nesting	and	some	species	also	need	 them	for	 roosting	(Schodde	&	Mason	1980;
Hollands	1991;	Higgins	1999).	Arboreal	mammals	form	a	high	percentage	of	their	prey	(Fleay
1968;	Seebeck	1976;	Tilley	1982;	McNabb	1996;	Higgins	1999),	and	most	of	these	mammals
depend	on	 tree	hollows	 for	daytime	shelter	 (Strahan	1983;	Menkhorst	1995).	 Large	 hollows
suitable	for	these	species	may	not	form	until	trees	are	hundreds	of	years	old	(Ambrose	1982;
Mawson	&	Long	1994)	 and	 large	 trees	 tend	 to	 contain	many	more	hollows	 than	 small	 trees
(Bennett	et	al.	1991;	Soderquist	1999a).
Commercially	 attractive	 rotations	 for	 timber	 production	 are	 usually	 shorter	 than	 the	 time

needed	 to	 develop	 hollows.	 Three	 primary	 strategies	 are	 available	 to	 conserve	 hollow-
dependent	 fauna	 in	 forests	used	 for	wood	production	 (Loyn	1985a),	 of	which	 selected	 stand
retention	is	the	most	popular	and	generally	the	most	effective.	The	other	primary	strategies	are
extended	 rotations	 or	 tree	 retention	 on	 coupes.	 The	 two	 retention	 strategies	 need	 to	 include
provision	 to	 regrow	 further	 old	 stands	 or	 trees	 to	 replace	 those	 that	 are	 lost	 over	 time	 to
stochastic	 events	 such	 as	 wildfire.	 The	 stand	 retention	 strategy	 is	 particularly	 effective	 if
stands	are	selected	on	the	basis	of	their	value	for	hollow-dependent	fauna	such	as	large	forest
owls.	To	 this	end,	a	program	was	 initiated	 in	Victoria,	southeastern	Australia,	 to	help	select
and	conserve	valuable	habitat	for	large	forest	owls.	This	was	done	as	part	of	forest	planning
processes	and	establishment	of	Regional	Forest	Agreements	between	state	and	commonwealth
governments	 (Victorian	 RFA	 Steering	 Committee	 1998),	 following	 a	 national	 forest	 policy
initiative	(Commonwealth	of	Australia	1992).
Surveys	 in	 northeast	Victoria	 (Loyn	 et	 al.	 2001)	 have	 now	 been	 extended	 throughout	 the

forested	parts	of	southern	and	eastern	Victoria.	Data	have	been	analysed	for	3.5	million	ha	of
forest	 along	 the	Great	Dividing	Range	 in	 eastern	Victoria	 (from	 the	Gippsland	 coast	 to	 the
upper	catchment	of	the	Murray	River),	and	form	the	basis	for	the	case	study	discussed	in	this
paper.	Altitudes	range	from	0	to	1986	m	above	sea	level.	Rainfall	varies	from	about	500	mm	in
the	lowlands	to	over	1500	mm	in	the	mountains.	Climate	 is	generally	 temperate	and	strongly
seasonal,	 with	 warm	 to	 hot	 summers	 and	 cool	 to	 cold	 winters.	 The	 lowlands	 have	 been
extensively	cleared	for	agriculture.	Forests	form	a	continuous	belt	between	the	high	Alps	and
mainly	cleared	valleys	below,	including	much	remote	and	rugged	country.	Timber	production	is
economically	important,	especially	from	tall	forests	in	high	rainfall	areas.	The	forests	provide
essential	habitat	for	wildlife	including	owls.	Four	large	forest	owls	occur	in	Victoria	where	all
are	listed	as	threatened	(Department	of	Natural	Resources	and	Environment	1999a),	and	all	are
endemic	to	Australia	and	New	Guinea	(Higgins	1999).

METHODS
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Site	selection
Sites	 were	 chosen	 by	 stratified	 random	 sampling	 based	 on	 geographical	 areas,	 Ecological
Vegetation	Classes	 (EVCs)	 and	 climatic	 and	 lithographic	 information,	 all	 available	 on	GIS.
EVCs	are	groupings	of	vegetation	communities	based	on	floristic	quadrats	(vascular	species	in
understorey	and	overstorey)	and	extrapolated	using	combinations	of	ground	survey	and	aerial
photo	 interpretation.	 Sites	 were	 selected	 with	 no	 regard	 to	 land	 tenure	 (State	 Forest	 or
National	Park).	All	sites	were	chosen	to	be	on	mapped	tracks,	and	extra	sites	were	selected	to
allow	 some	 redundancy	 for	 sites	 where	 access	 proved	 impractical.	 Additional	 sites	 were
selected	at	 random	in	 the	 field	 (using	dice),	mainly	 to	make	sensible	use	of	 field	 time	when
long	distances	had	to	be	travelled	between	pre-selected	sites.	Each	site	was	at	least	2	km	from
any	other	site,	as	broadcast	tapes	were	audible	to	human	observers	for	up	to	2	km.	Trials	with
captive	owls	showed	no	response	when	tapes	were	played	at	distances	of	1	km.

Field	methods

Field	 teams	were	 assembled	with	 the	 skills	 to	 focus	 on	 nocturnal	 fieldwork.	 Surveys	were
conducted	at	1,306	 sites	 (472	 sites	 in	northeast	Victoria	 and	834	 sites	 in	Gippsland	and	 the
Central	 Highlands)	 from	 April	 1996	 to	 June	 1998,	 using	 call	 playback	 and	 standard
spotlighting	 as	 the	 main	 methods.	 Observers	 worked	 independently	 (each	 with	 a	 4WD
vehicle),	but	pairs	of	observers	worked	in	the	same	general	area	and	maintained	regular	radio
contact	for	safety	purposes.
A	standard	call	playback	tape	was	constructed	with	calls	of	all	four	large	forest	owl	species

and	 the	 smaller	 Southern	 Boobook	 Ninox	 novaeseelandiae,	 each	 followed	 by	 a	 2-minute
listening	period.	The	tape	ran	for	25	minutes	and	began	with	repeated	calls	from	Powerful	Owl
Ninox	strenua	(2	minutes),	Southern	Boobook	(2	minutes)	and	Barking	Owl	Ninox	connivens
(2	minutes).	It	continued	with	four	screams	from	Sooty	Owl	Tyto	tenebricosa	over	2	minutes
and	then	a	minute	of	its	trilling	calls	after	a	minute’s	wait,	and	five	shrieks	from	Masked	Owl
Tyto	novaehollandiae	over	2	minutes,	followed	by	its	chattering	call	after	a	minute’s	wait.	The
tape	was	broadcast	at	selected	sites	using	a	10	watt	megaphone,	at	a	volume	of	about	120%	of
the	owls’	natural	level.	Playback	surveys	were	only	conducted	on	calm	nights	with	little	or	no
rain,	because	wind	and	rain	noise	reduce	the	effectiveness	of	this	survey	method	(Kavanagh	&
Peake	1993;	Debus	1995).	While	 tapes	were	 running,	 the	observer	 remained	 several	metres
away	 to	 avoid	 distraction	 from	 tape	 noise.	All	 owls	 and	 other	wildlife	 seen	 or	 heard	were
recorded,	along	with	details	of	wind,	temperature	and	other	weather	conditions.
At	the	completion	of	playback,	a	10	minute	spotlighting	session	was	conducted	to	search	for

any	 owls	 which	 may	 have	 flown	 in	 silently,	 and	 any	 arboreal	 mammals	 or	 other	 nocturnal
wildlife.	During	this	session,	the	observer	walked	for	about	100m	along	the	track,	listening	and
using	a	hand-held	spotlight.	All	animals	seen	or	heard	were	recorded.	Incidental	observations
of	 birds	 nearby	 were	 recorded	 separately.	 Notes	 were	 made	 at	 each	 site	 on	 landform,
topography	 and	 aspect,	 as	 well	 as	 on	 a	 range	 of	 vegetation	 and	 habitat	 features.	 The	 notes
referred	to	forest	within	100	m	of	a	central	point.
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Analysis

Occurrence	of	owls	was	considered	as	a	categorical	dependent	variable	(each	species	either
recorded	 or	 not	 recorded	 at	 a	 site).	 Geographical	 Information	 Systems	 (GIS)	were	 used	 to
assign	 characteristics	 to	 each	 site,	 from	 mapped	 information	 held	 in	 the	 NRE	 corporate
database.	 The	 principal	 characteristics	 considered	 were	 EVC	 and	 forest	 growth-stage
(Department	 of	 Natural	 Resources	&	 Environment	 1999b).	 These	 characteristics	 were	 also
considered	within	radii	of	500m,	2	km	and	5	km	of	each	site,	representing	areas	of	about	80	ha,
1,250	ha	and	7,850	ha	respectively	(Table	1).	The	2	km	radius	corresponds	most	closely	with
current	views	of	home	range	areas	for	large	forest	owls	(Hollands	1991;	Traill	1993;	McNabb
1996;	Kavanagh	&	Murray	1996;	Kavanagh	&	Jackson	1997;	Higgins	1999),	and	also	with	the
usual	range	of	playback	broadcast.	Larger	home	ranges	may	be	used	in	fragmented	dry	forests
such	as	Box-Ironbark	(Soderquist	1999b).	The	number	of	EVCs	within	each	of	 the	radii	was
calculated	as	a	measure	of	habitat	diversity	at	each	of	these	landscape	scales.	Classifications
of	 EVCs	 and	 growth-stages	 at	 each	 of	 these	 scales	 were	 condensed	 into	 groups	 (e.g.	 wet,
riparian,	damp	or	dry	forest)	to	avoid	excessive	numbers	of	variables	for	analysis.
Table	1.			Variables	used	for	modelling	distributions	of	Powerful	and	Sooty	Owls	in	northeast	Victoria	(NE),	Gippsland	(G)	and

the	Central	Highlands	(CH),	Victoria,	Australia,	1996–99

C	=	categorical,	N	=	numerical,	M	=	mapped,	O	=	on-site

Variable Type	of
variable Unit	or	number	of	categories

Ecological	Vegetation	Class	(EVC) C,	M 25	in	NE	(6	groups),	35	in	G&CH	(10	groups)

Area	of	EVC	group	in	radius	of	0.5	km,
2	km	or	5	km N,	M ha	(considered	as	4	groups	in	NE,	10	groups	in

G&CH)

Number	of	EVCs	in	radii	as	above N,	M number	(reflecting	local	diversity	of	vegetation
types)

Forest	growth-stage C,	M

6	(mainly	senescent/mature,	mixed
senescent/mature/regrowth,	mainly	mature,
mixed	mature/regrowth,	regrowth	with	scattered
older	trees,	pure	regrowth)

Area	of	forest	dominated	by	each
group	of	forest	growth-stages
radii	as	above

N,	M
ha	(considered	as	4	groups:	mainly	senescent,
in	mainly	mature,	regrowth	with	scattered	older
trees,	pure	regrowth)

Arboreal	mammals N,	O Numbers	of	each	species	observed	in	10	minute
transect	and	during	playback

Wind	velocity C,	O 3	(scale	0–3)

Landform C,	O 4	(gully,	ridge,	slope	or	saddle)

Topography C,	O 3	(flat,	moderate,	steep)

Presence	of	particular	plant	species C,	O
2	(present/absent)	for	each	of	6	eucalypt	groups,
2	wattle	species,	Blanket-leaf	(Bedfordia
arborescens)	or	tree-ferns

Mean	tree	diameter C,	O 3	(low,	medium	or	high,	estimated	from	proportions
of	size-classes)

Live	hollow-bearing	trees C,	O 3	(none,	few	or	many	within	50	m)

Dead	hollow-bearing	trees C,	O 3	(none,	few	or	many	within	50	m)

Middle	storey	height N,	O m

Density	of	low	shrubs C,	O 4	(absent,	sparse,	medium,	dense)

	

Ecology and Conservation of Owls, edited by Ian Newton, et al., CSIRO PUBLISHING, 2002. ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/latrobe/detail.action?docID=433327.
Created from latrobe on 2018-01-16 22:24:26.

C
op

yr
ig

ht
 ©

 2
00

2.
 C

S
IR

O
 P

U
B

LI
S

H
IN

G
. A

ll 
rig

ht
s 

re
se

rv
ed

.



Field	data	on	presence	of	key	plant	species	(e.g.	Silver	Wattle	Acacia	dealbata,	Blackwood
Acacia	melanoxylon	 or	 tree-ferns),	 densities	 of	 hollow-bearing	 trees	 (many,	 few	 or	 none),
landform	(gully,	mid-slope,	saddle	or	ridge)	and	steepness	of	terrain	(flat,	moderate	or	steep)
were	considered	as	categorical	variables	(Table	1).	Data	on	numbers	of	arboreal	mammals	of
each	species	(observed	during	playback	and	standard	spotlighting	surveys)	were	considered	as
numerical	variables.	A	variable	was	also	calculated	for	‘preferred	prey’	of	Powerful	Owls,	as
the	 combined	 number	 of	 three	 arboreal	 mammal	 species	 (Common	 Ringtail	Pseudocheirus
peregrinus,	Greater	Glider	Petauroides	volans	and	Sugar	Glider	Petaurus	breviceps).
Bivariate	 correlation	 coefficients	 were	 calculated	 for	 the	 matrix	 of	 dependent	 and

independent	 variables	 as	 a	 guide	 to	 further	 analysis.	 Linear	 models	 were	 developed	 for
Powerful	 and	 Sooty	 Owl	 (the	 two	 most	 widespread	 large	 owl	 species)	 for	 each	 region
(northeast	Victoria;	Gippsland	and	the	Central	Highlands,	i.e.	eastern	Victoria	north	and	south
of	 the	Great	Divide	 respectively).	Their	probability	of	occurrence	was	modelled	by	 logistic
regression	 using	 only	mapped	 variables,	 only	 field	 habitat	 data,	 and	 a	 combination	 of	 both.
Pairs	of	 independent	variables	 correlated	with	 r	 values	greater	 than	0.70	were	not	 included
together	 in	any	model,	and	nor	were	variables	 that	were	 logically	 related	 to	each	other.	For
Gippsland	 and	 the	 Central	 Highlands,	 models	 have	 only	 been	 developed	 using	 mapped
variables	at	this	stage.
Following	 experience	 in	 northeast	 Victoria,	 two	 additional	 constraints	 were	 applied	 in

modelling	 data	 for	 Gippsland	 and	 the	 Central	 Highlands.	 Firstly,	 GIS	 landscape	 variables
(over	 radii	of	500+	m)	were	used	 in	preference	 to	site-based	GIS	data,	as	 the	playback	site
formed	 only	 a	 small	 part	 of	 the	 expected	 home	 range	 of	 each	 owl.	 Secondly,	when	 several
landscape	variables	were	included	in	one	model,	they	were	considered	over	the	same	radius
when	possible	(i.e.	500	m,	2	km	or	5	km,	but	not	a	mixture).

Maps	of	predicted	probabilities	of	occurrence

GIS	maps	were	produced	for	predicted	distributions	of	Powerful	Owl	and	Sooty	Owl,	using
models	 based	 solely	 on	mapped	 variables.	 The	maps	 also	 showed	 survey	 records	 for	 each
species,	 and	 previous	 records	 from	 the	 Atlas	 of	 Victorian	 Wildlife.	 Patterns	 of	 predicted
probabilities	were	examined	in	relation	to	these	records	and	other	information	about	the	land
in	 question.	 If	 unrealistic	 patterns	 arose	 (e.g.	 unnatural	 circles	 of	 high	 or	 low	 probability),
causes	 were	 identified	 and	 alternative	 models	 generated	 to	 overcome	 the	 problem.	 The
process	was	repeated	until	a	plausible	model	was	found.	This	model	was	then	fed	back	onto
GIS	maps	and	used	in	forest	planning	as	described	below.

Field	testing

Using	the	models,	test	sites	were	selected	from	GIS	on	mapped	tracks	and	surveyed	as	above.
The	sites	were	selected	to	include	equal	numbers	of	‘PO	sites’	(where	probability	of	recording
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Powerful	Owl	was	predicted	to	be	high,	>~25%,	and	probability	of	recording	Sooty	Owl	was
predicted	 to	 be	 low,	 <~10%)	 and	 ‘SO	 sites’	 (vice	 versa).	 Field	 teams	 were	 given	 map
coordinates	but	no	details	of	test	design	or	expectations	at	a	site,	so	that	the	procedure	was	run
as	a	blind	test.	An	alternative	design	for	the	test	was	considered	initially,	including	sites	where
both	Powerful	and	Sooty	Owls	were	likely	to	occur,	but	few	such	sites	proved	to	be	available.
In	Gippsland,	 a	 good	geographic	 spread	of	SO	 sites	 could	be	obtained	only	by	 relaxing	 the
requirement	 that	 the	 probability	 of	 recording	 Powerful	 Owl	 should	 be	 low.	 Hence,	 little
difference	was	expected	in	occurrence	of	Powerful	Owls	between	SO	sites	and	random	sites
in	Gippsland.	Altogether	76	PO	sites	 (33	 in	northeast	Victoria	 and	43	 in	Gippsland	and	 the
Central	Highlands)	and	71	SO	sites	(31	and	40)	were	surveyed	in	field	testing.

Use	in	forest	planning

Results	from	the	field	surveys	and	models	were	used	to	establish	agreed	numbers	of	reserved
areas	or	Special	Protection	Zones	(SPS)	for	large	forest	owls,	as	part	of	the	Regional	Forest
Agreement	 and	Forest	Management	Planning	processes.	Those	 that	 fell	 in	Parks	 or	 reserves
were	assumed	to	be	adequately	protected,	and	those	in	State	Forest	were	formally	designated
as	Special	Protection	Zones	 (SPZs).	Actual	 records	of	owls	were	given	 first	priority	 in	 this
process,	including	previous	records	and	new	records	from	the	survey	and	field	tests.	However,
there	were	 not	 enough	 actual	 records	 to	 satisfy	 agreed	 targets	 for	 conservation,	 and	models
were	 used	 to	 select	 additional	 areas	 to	 be	 protected,	 where	 predicted	 probability	 of
occurrence	was	high.
Each	SPZ	covered	at	least	500	ha,	bounded	by	recognisable	features	such	as	ridgelines	or

roads.	Each	SPZ	was	designed	to	include	as	much	quality	habitat	as	possible	and	as	little	poor
habitat	as	possible,	based	partly	on	the	models,	but	also	on	mapped	EVCs	and	growth	stages	or
other	habitats	likely	to	be	used.	Creek	headwaters	were	routinely	included	as	they	are	known
from	radio-tracking	studies	in	NSW	(Kavanagh	1997)	to	provide	important	feeding	and	nesting
habitat.	Local	knowledge	was	used	on	 the	 rare	occasions	when	 it	was	available.	Each	zone
was	confined	within	a	radius	of	3.5	km	so	that	it	included	a	diversity	of	habitats	and	conformed
to	a	plausible	foraging	range	for	owls	(i.e.	it	was	not	a	long	narrow	strip	along	a	creek).

RESULTS

Six	 owl	 species	 and	 21	 nocturnal	 mammal	 species	 were	 recorded	 during	 the	 field	 survey.
Owls	and	some	arboreal	mammals	(e.g.	Yellow-bellied	Glider	Petaurus	australis)	were	much
more	often	observed	during	or	after	playback	than	during	initial	quiet	listening	periods.
Powerful	Owls	and	Sooty	Owls	were	recorded	at	65	and	18	sites	respectively	in	northeast

Victoria,	and	at	115	and	90	sites	in	Gippsland	and	the	Central	Highlands.	They	ranged	from	the
coast	 across	 the	Great	Dividing	Range,	 but	 Sooty	Owls	were	 not	 recorded	 from	 the	 lower
slopes	 on	 the	 dry	 inland	 side	 of	 the	 range.	Barking	Owls	 and	Masked	Owls	were	 rare	 and
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confined	to	distinct	parts	of	the	region	(Barking	Owls	at	twelve	sites	in	dry	forest	or	woodland
in	 the	 northern	 lowlands;	 Masked	 Owls	 at	 eleven	 sites	 mainly	 in	 the	 southern	 lowlands).
Southern	Boobooks	were	common	(743	sites),	and	Barn	Owls	Tyto	alba	were	found	only	 in
cleared	land	outside	the	forest	(three	records).
Few	large	owls	were	observed	when	wind	strength	was	listed	as	moderate	(category	2),	but

there	was	little	difference	between	categories	0	and	1	(calm	or	light	breeze).	No	surveys	were
done	when	wind	was	 strong	 (category	 3).	Other	weather	 variables	 such	 as	 temperature	 and
night-light	 appeared	 to	 have	 little	 effect	 on	 response	 to	 playback	 calls.	 Powerful	 and	Sooty
Owls	were	slightly	more	likely	to	be	observed	at	the	few	sites	selected	because	they	looked
good	for	owls	than	at	other	sites.

Linear	models,	field	testing	and	habitat	relationships

Modelling	 focused	 on	 two	 large	 owl	 species	 that	 proved	 to	 be	 widely	 though	 sparsely
distributed	 in	 the	 region.	Preferred	 significant	models	 for	Powerful	 and	Sooty	Owls	 in	each
region	are	shown	in	Table	2,	based	only	on	mapped	variables.	They	 indicated	 that	Powerful
Owls	 favoured	 mature	 forest	 mainly	 of	 the	 drier	 types	 best	 represented	 in	 lowlands	 and
foothills,	although	the	species	occurred	sparsely	at	most	altitudes.	A	significant	negative	term
for	wet	forest	was	dropped	from	the	model	for	northeast	Victoria	because	 it	exaggerated	 the
known	aversion	of	this	species	for	wet	forest	and	produced	unrealistically	large	circles	of	low
probability	of	occurrence	when	fed	back	onto	GIS	maps.	This	problem	did	not	arise	with	the
equivalent	term	for	Gippsland	and	the	Central	Highlands.	A	negative	term	for	Riparian	Forest
was	retained	although	the	species	is	known	to	use	this	habitat:	the	relationship	probably	arose
because	Riparian	Forest	in	northeast	Victoria	is	often	surrounded	by	unsuitable	cleared	land.
Table	2.	 	 	 Logistic	 regression	models	 for	 Powerful	Owl	 and	 Sooty	Owl	 in	Victoria,	Australia,	 1996–99,	 using	 only	mapped

variables.

To	assist	comparison	between	the	two	regions,	terms	for	similar	groups	of	habitats	are	arranged	horizontally.
Northeast	Victoria Gippsland	&	Central	Highlands

Powerful	Owl	(65/472	sites) Powerful	Owl	(115/834	sites)

logit	P	=	–	4.779 logit	P	=	1.775

+0.287	number	of	EVCs	in	2	km 	

+1.226	if	EVC	=	Shrubby	Dry	Forest +0.00119	ha	Lowland	Forest	in	2	km

	 +0.00191	ha	Shrubby	Damp	Forest	or	Tableland
Damp	Forest	in	2	km

	 +0.00044	ha	Grassy	Forest	in	2	km

+0.00027	ha	mature	forest	in	5	km 	

-0.0016	ha	senescent	forest	in	5	km 	

-0.0249	ha	pure	regrowth	in	5	km 	

	 -0.00049	ha	Wet	or	Montane	Forest	in	2	km

-0.0128	ha	Riparian	Forest	in	2	km -0.00104	ha	Damp	Forest	in	2	km

Sooty	Owl	(18/472	sites) Sooty	Owl	(90/834	sites)

logit 	P	=	–	12.96 logit	P	=	–	3.480

+	0.426	number	of	EVCs	in	500	m 	

+	1.31	if	EVC	is	Herbrich	Foothill	Forest +	0.00139	ha	Damp	Forest	in	2	km

	 +	0.00428	ha	Rainforest	or	Riparian	Forest	in	2	km
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+	0.00180	ha	senescent	forest	in	5	km +	0.00086	ha	senescent	forest	in	2	km

+	0.167	ha	mature	forest	in	500	m +	0.00118	ha	mature	forest	in	2	km

+	3.76	if	growth-stage	=	SM	[mixed	senescent/
mature] 	

-	1.44	if	growth-stage	=	MR	[mixed	regrowth/
mature] 	

-	1.56	if	EVC	is	Montane	Dry	Woodland -0.00204	ha	Subalpine	Forest	in	2	km

-	2.37	if	EVC	is	Grassy	or	Heathy	Dry	Forest -	0.00182	ha	Grassy	Forest	in	2	km

-	0.0772	ha	Drier	Forest	in	500	m 	

	
Sooty	 Owls	 favoured	 wet	 forest	 and	 gullies,	 although	 some	 were	 recorded	 in	 drier

environments.	They	tended	to	be	associated	with	senescent	forest	(i.e.	forest	with	many	dead-
topped	 trees	 visible	 from	 aerial	 photographs).	 In	 selecting	 models	 for	 northeast	 Victoria,
Powerful	Owls	 responded	 best	 to	 different	 variables	 at	 radii	 of	 2	 or	 5	 km,	whereas	 Sooty
Owls	 responded	 best	 at	 radii	 of	 0.5	 or	 2	 km.	 For	 Gippsland	 and	 the	 Central	 Highlands,
landscape	variables	were	most	useful	for	both	species	at	the	2	km	radius,	according	well	with
current	 views	 of	 home	 range	 size	 in	 forest	 environments.	 Both	 owl	 species	 responded	 to
similar	 sets	 of	 variables	 in	 each	 region	 (Table	 2),	 although	 terms	 for	 habitat	 diversity	 and
forest	growth-stage	were	more	prominent	in	models	for	northeast	Victoria	than	for	Gippsland
and	the	Central	Highlands.
Field	tests	showed	that	both	owl	species	were	more	likely	to	be	found	at	high	probability

sites	for	that	species	than	at	low	probability	sites	or	random	sites	on	the	original	survey.	Sooty
Owls	were	found	at	15.5%	of	SO	sites	(11/71)	compared	with	3.9%	of	PO	sites	(3/76)	and
8.3%	of	random	sites	on	the	original	survey	(108/1306).	Powerful	Owls	were	found	at	27.6%
of	PO	sites	(21/76)	compared	with	15.5%	of	SO	sites	(11/71)	and	13.8%	of	random	sites	on
the	original	survey	(180/1306).	For	northeast	Victoria	alone	(where	SO	sites	were	expected	to
have	low	probabilities	for	Powerful	Owl),	Powerful	Owls	were	found	at	21.2%	of	PO	sites
(7/472)	 compared	with	 3.2%	of	SO	 sites	 (1/31)	 and	13.8%	of	 random	 sites	 on	 the	 original
survey	(65/472).
Models	 based	 on	 on-site	 habitat	 variables	 (assessed	 near	 the	 playback	 site)	 were	 much

weaker	 than	 the	 landscape	models	 presented	 in	 Table	 2,	 and	 residual	 variances	 were	 only
~10%	 less	 than	 null	models.	 Bivariate	 correlations	 for	 northeast	 Victoria	 showed	 that	 both
species	 responded	 positively	 to	 numbers	 of	 hollow-bearing	 trees,	 with	 Powerful	 Owls
apparently	 responding	 to	 live	 hollow-bearing	 trees	 and	Sooty	Owls	 to	 dead	hollow-bearing
trees	 (consistent	 with	 their	 observed	 associations	 with	 mature	 and	 senescent	 forest
respectively,	Table	2).	Powerful	Owls	also	showed	positive	associations	with	the	presence	of
‘box’	eucalypts	(e.g.	Red	Box	Eucalyptus	polyanthemos	and	But-but	E.	bridgesiana,	although
such	species	were	only	present	at	a	 few	sites)	and	Blackwood	Wattles	 that	are	known	 to	be
favoured	 as	 roost	 trees	 (McNabb	 1996).	 Sooty	 Owls	 were	 associated	 with	 Silver	Wattles,
Blanket-leaf	and	tree-ferns,	which	commonly	grow	together	in	wet	forest	gullies	favoured	by
this	owl.	Sooty	Owls	roost	mainly	in	hollows	but	sometimes	in	tree-ferns	(Hollands	1991).
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Use	of	models

The	models	were	 used	 along	with	 other	 information	 to	 select	 125	 areas	 to	 be	 protected	 for
Powerful	Owls	and	100	areas	for	Sooty	Owls	in	State	Forest	and	National	or	State	Parks	in
northeast	 Victoria.	 In	 Gippsland	 and	 the	 Central	 Highlands,	 132	 areas	 were	 selected	 for
Powerful	Owls	and	130	for	Sooty	Owls,	with	emphasis	on	State	Forests	and	sites	where	there
were	actual	records	of	owls.	These	targets	were	reached	as	part	of	a	strategy	to	protect	areas
for	500	pairs	of	each	species	in	the	State.

DISCUSSION

Limitations	and	strengths	of	the	study
Selection	 of	 habitat	 by	 owls	 is	 likely	 to	 depend	 on	 a	more	 complex	 set	 of	 subtle	 cues	 than
indicated	by	the	models:	the	model	variables	may	be	surrogates	for	such	cues	(Starfield	1997).
Nevertheless,	the	models	have	been	useful	in	identifying	areas	likely	to	be	of	value	for	large
owls,	in	a	way	that	has	not	been	possible	previously.	It	is	planned	to	revise	the	models	using	a
larger	data-set	and	refine	management	strategies	when	forest	plans	are	reviewed.	The	models
are	based	on	single	visits	 to	each	site	 (deliberately,	 to	maximise	numbers	of	 sites	covered),
with	no	seasonal	replication.	Although	Powerful	Owls	make	more	unelicited	calls	 in	autumn
than	 at	 other	 times	 (R.	Kavanagh,	 pers.	 comm.),	we	 observed	 no	major	 seasonal	 pattern	 in
response	 rates	 for	 large	 owls	 (in	 contrast	 to	 Southern	 Boobooks,	 which	 responded	 most
strongly	 in	 spring).	 Kavanagh	 and	 his	 co-workers	 also	 found	 that	 playback	 was	 similarly
effective	at	all	seasons.
At	the	start	of	the	study,	Sooty	Owls	were	considered	rare	in	northeast	Victoria	and	central

Gippsland	(Emison	et	al.	1987),	 and	 little	was	known	about	 the	detailed	distribution	of	 any
large	owl	species.	The	study	highlights	 the	 rarity	of	Barking	and	Masked	Owls	 in	 forests	of
eastern	Victoria,	 as	 in	 southeastern	New	South	Wales	 (Kavanagh	et	al.	 1995b;	Kavanagh	&
Bamkin	1995;	Kavanagh	&	 Stanton	 1998).	 Further	work	 is	 needed	 to	 develop	 conservation
strategies	for	these	two	rare	species.
A	modelling	approach	was	also	used	to	predict	habitat	for	large	forest	owls	in	New	South

Wales	(Kavanagh	1997)	and	for	Masked	Owls	in	Tasmania	(Bell	et	al.	1996).	These	studies
provided	valuable	insights	into	some	of	the	factors	that	may	determine	use	of	habitat	by	owls,
and	the	present	study	drew	on	the	New	South	Wales	experience.	An	important	decision	was	to
generate	discrete	models	using	only	mapped	data	(EVCs	and	forest	growth-stages)	 that	were
available	 on	 a	 State-wide	 basis	 on	 GIS.	 This	 allowed	 production	 of	 GIS	 maps	 showing
predicted	probabilities	of	occurrence,	 for	use	 in	 forest	planning.	The	work	was	done	 in	co-
operation	with	forest	managers,	who	have	used	the	data	and	models	as	described	(Department
of	Natural	Resources	&	Environment	 1999b).	A	 co-operative	 approach	 to	 conservation	 and
forest	 management	 was	 developed	 in	 Victoria	 through	 its	 integrated	 Department	 of	 Natural

Ecology and Conservation of Owls, edited by Ian Newton, et al., CSIRO PUBLISHING, 2002. ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/latrobe/detail.action?docID=433327.
Created from latrobe on 2018-01-16 22:24:26.

C
op

yr
ig

ht
 ©

 2
00

2.
 C

S
IR

O
 P

U
B

LI
S

H
IN

G
. A

ll 
rig

ht
s 

re
se

rv
ed

.



Resources	&	Environment,	 and	 encouraged	 through	 strategic	 forest	 planning	projects	 and	by
the	 process	 of	 developing	 Regional	 Forest	 Agreements	 between	 State	 and	 Commonwealth
governments	(Victorian	RFA	Steering	Committee	1998).
GIS	 technology	played	 an	 essential	 role	 in	 the	 study	 for	 two	 reasons.	 Firstly,	 it	 provided

information	at	 appropriate	 scales	 for	wide-ranging	owls.	Secondly,	 it	 allowed	models	 to	be
fed	back	onto	maps,	tested	visually	for	realism	and	used	to	predict	areas	of	high	or	low	value
for	 owls.	 This	 sort	 of	 application	 is	 relatively	 new	 but	 promises	 to	 be	 a	 valuable	 tool	 for
managing	wildlife	in	many	parts	of	the	world	(e.g.	Perera	&	Tateishi	1995;	Fuller	et	al.	1998).

Habitat	requirements

Models	including	field	habitat	data	suggest	that	Powerful	and	Sooty	Owls	have	quite	different
requirements,	despite	a	broad	overlap	in	distribution.	Sooty	Owls	favour	the	wetter	sites	with
understorey	 and	 middle	 storey	 plants	 such	 as	 Silver	 Wattle,	 Blanket-leaf	 and	 tree-ferns.
Powerful	 Owls	 favour	 the	 more	 open	 forest	 sites	 and	 broad	 gullies,	 with	 plants	 such	 as
Blackwood	Wattle	(which	they	often	use	as	day-time	roosts,	McNabb	1996).	This	accords	with
previous	descriptions	of	 their	habitats	 (Emison	et	al.	1987;	Hollands	1991;	Kavanagh	1997;
Higgins	1999),	and	 the	known	aversion	of	Powerful	Owls	 for	 the	wettest	 forest	 types	 (Loyn
1985b;	Milledge	et	al.	1991).	Sooty	Owls	are	known	to	favour	wet	gullies	and	rainforest	 in
much	of	 their	 range.	However,	Sooty	Owls	are	clearly	not	confined	 to	 the	wettest	 forests	or
deep	 gullies.	 Both	 Powerful	 and	 Sooty	Owls	 showed	 positive	 associations	with	 a	 range	 of
forest	 types	 associated	 with	 damp	 lower	 slopes	 (e.g.	 Herbrich	 Foothill	 Forest).	 Further
refinements	to	the	models	could	provide	new	insights	about	their	habitat	needs.	Similar	results
were	 found	 in	 New	 South	 Wales	 by	 Kavanagh	 (1997),	 using	 a	 decision-tree	 modelling
approach.	 He	 found	 that	 Sooty	 Owls	 were	 most	 likely	 to	 be	 found	 at	 lowland	 sites	 on
sedimentary	shales	with	rough	terrain	and	high	proportions	of	rainforest,	wet	forest	and	logged
forest	 in	 the	 landscape.	 Powerful	Owls	 favoured	 lowland	 or	 upland	 sites	with	 sedimentary
geology	and	more	gentle	topography,	and	were	more	sensitive	to	logging	than	Sooty	Owls	and
less	 strongly	associated	with	 rainforest	 (Kavanagh	1997).	The	 two	approaches	appear	 to	be
opening	 different	windows	 on	 a	 common	 set	 of	 habitat	 responses	 in	 each	 State,	with	 Sooty
Owls	favouring	the	wetter	forests	and	a	degree	of	overlap	that	varies	between	regions.
Kavanagh	 (1988)	 showed	 that	 Powerful	 Owls	 may	 select	 areas	 with	 abundant	 arboreal

mammals,	but	 then	serially	 reduce	populations	of	prey	species	within	different	parts	of	 their
large	 home	 range.	 Many	 arboreal	 mammals	 respond	 positively	 to	 densities	 of	 old	 hollow-
bearing	trees	(e.g.	Smith	&	Lindenmayer	1988,	1992;	Lindenmayer	et	al.	1990;	Nelson	et	al.
1996),	as	well	as	to	stand	age	(Macfarlane	1988)	and	foliar	nutrient	levels	(Braithwaite	et	al.
1984;	Kavanagh	&	Lambert	1990).	This	relationship	may	help	drive	the	observed	association
of	owls	with	old	forest	and	numerous	hollow-bearing	trees.
Large	owls	have	large	home	ranges	and	it	 is	not	surprising	that	 they	respond	to	 landscape

variables	and	show	less	association	with	field	habitat	data	collected	close	to	the	point	of	call
playback	 (Kavanagh	 &	 Peake	 1993;	 Kavanagh	 &	 Bamkin	 1995;	 Loyn	 et	 al.	 2001).	 The
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positive	associations	with	mature	or	senescent	forest	support	the	view	that	Powerful	and	Sooty
Owls	 need	 patches	 of	 old	 forest,	 and	 deserve	 special	management	 in	 forests	where	 logging
occurs.	 Data	 from	 mosaics	 of	 logged	 and	 unlogged	 forest	 (Kavanagh	 &	 Bamkin	 1995;
Kavanagh	 et	 al.	 1995a;	 present	 data)	 show	 that	 large	 owls	 can	 survive	 at	 reasonable
population	density	 in	 such	mosaics,	 and	 radio-tracking	data	 show	 that	 they	 include	 regrowth
and	cores	of	mature	forest	in	their	home	ranges	(Kavanagh	1997).	The	SPZs	selected	from	this
study	(500	ha	each)	were	smaller	than	the	likely	home	ranges	of	large	owls,	but	should	provide
valuable	cores	of	good	habitat	from	which	the	birds	can	range	as	they	need.
In	our	work,	the	distribution	of	SPZs	was	determined	mainly	by	the	distribution	of	existing

habitat,	as	indicated	by	records	of	owls	and	model	predictions.	Over	200,000	ha	of	forest	has
been	 selected	 for	 special	 protection	 on	 this	 basis,	 with	 about	 half	 in	 State	 Forest	 and	 the
remainder	 in	 existing	 reserves.	 Most	 of	 the	 forest	 in	 eastern	 Victoria	 is	 contiguous	 and
isolation	of	small	populations	is	unlikely	to	be	an	issue:	population	viability	analysis	suggests
that	connected	populations	of	over	100	pairs	are	likely	to	persist	(Kavanagh	1997;	McCarthy
et	al.	1999).	This	contrasts	with	the	situation	in	North	America	where	fragmentation	of	mature
forest	 is	 a	 controversial	 issue	with	 respect	 to	 the	Northern	 Spotted	Owl	 Strix	 occidentalis
caurina	(Wilcove	&	Murphy	1991;	Bart	&	Forsman	1992;	Murphy	&	Noon	1992;	Marcot	&
Thomas	1997;	Miller	et	al.	1997).	Some	of	our	protected	areas	were	clumped	and	others	more
widely	 dispersed	 in	 the	 forest	 matrix.	 Further	 work	 is	 needed	 to	 examine	 the	 population
responses	 of	 owls,	 and	 the	 success	 of	 these	 measures	 in	 the	 broader	 context	 of	 managing
forests	over	time.
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9
HABITAT	QUALITY	IN	POWERFUL	OWL	(NINOX 

STRENUA)
TERRITORIES	IN	THE	BOX–IRONBARK	FOREST	OF	

VICTORIA,
AUSTRALIA

T.	R.	SODERQUIST1,2,	K.W.	LOWE3,	R.	H.	LOYN1	&	R.	PRICE4
1	Arthur	Rylah	Institute,	Department	of	Natural	Resources	and	Environment,	123	Brown	St,	

Heidelberg,	Victoria,	Australia	3084.

2Current	address:	Threatened	Species	Unit,	NSW	National	Parks	and	Wildlife	Service,	PO	
Box

2111	Dubbo,	New	South	Wales	2830

3Parks,	Flora	and	Fauna	Division,	NRE,	PO	Box	500,	East	Melbourne,	Victoria	3002

4Flora	and	Fauna,	NW	Region,	NRE,	PO	Box	3100,	Bendigo,	Victoria	3554

Box–Ironbark	 forests	 in	 central	Victoria	 have	 been	 extensively	 cleared,	 fragmented
and	 subjected	 to	 intensive	 timber	 harvesting.	 The	 remnant	 population	 of	 Powerful
Owls	Ninox	strenua	 is	 this	 region	 is	widely	 distributed	 but	 at	 very	 low	 densities.
Comparative	 habitat	 analyses	 between	 areas	 occupied	 by	 breeding	 pairs	 and	 the

forest	at	large	suggest	that	owls	select	areas	with	more	large	old	trees	and	more	hollows	than
are	 available	 on	 average	 in	 the	 forest.	 These	 two	 environmental	 attributes	 have	 been
demonstrated	 previously	 to	 correlate	 with	 densities	 of	 the	 owl’s	 preferred	 prey,	 hollow-
dependent	 arboreal	 mammals.	 Conservation	 of	 the	 Powerful	 Owl	 in	 this	 region	 requires
protection	and	enhancement	of	currently	occupied	territories,	and	expansion	of	the	population
through	sympathetic	management	of	the	wider	forest	to	return	it	to	a	more	natural	state.

INTRODUCTION

Large	 owls	 may	 act	 as	 ‘umbrella	 species’	 (Simberloff	 1997)	 because,	 as	 high-order
carnivores,	their	population	density	and	stability	reflect	the	abundance	and	viability	of	a	suite
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of	 prey	 species,	 and	 thus	 of	 numerous	 habitat	 parameters.	 The	 largest	 Australian	 owl,	 the
Powerful	 Owl	Ninox	 strenua,	 is	 widespread	 but	 rare	 in	 the	 eucalyptus	 forests	 of	 eastern
Australia	 (Higgins	&	Davies	1999).	Recent	assessment	of	 its	 conservation	 status	 in	Victoria
has	identified	habitat	clearing	and	degradation	as	the	primary	causes	of	the	species’	population
decline	(NRE	2000),	leading	to	its	listing	as	an	Endangered	species	(NRE	1998a).	Within	its
current	 range,	 breeding	 pairs	 are	 particularly	 sparse	 in	 the	 dry	 eucalyptus	 forests	 of	 central
Victoria.
Until	 recently,	 the	 Powerful	 Owl	 in	 Victoria	 was	 assumed	 to	 be	 associated	 solely	 with

wetter	 forests	 south	of	 the	Great	Dividing	Range	 (e.g.	Fleay	1968).	During	 the	past	 decade,
growing	awareness	of	the	species	in	dry	eucalyptus	forests	has	promoted	a	re-evaluation	of	its
habitat	 requirements	 (Traill	 1993).	 About	 85%	 of	 potential	 Powerful	 Owl	 habitat	 has	 been
cleared	in	the	Box–Ironbark	region	of	central	Victoria,	with	forests	and	woodlands	on	the	most
fertile	 soils	 removed	 first	 (ECC	 1997).	 The	 remaining	 forest	 is	 fragmented	 and	 has	 been
intensively	harvested.	Only	one	small	patch	of	old	growth	exists	in	over	300,000	ha	of	public
land	 (ECC	 1997),	 and	 less	 than	 7%	 of	 the	 remaining	 Box–Ironbark	 forest	 currently	 has	 a
density	 of	 large,	 old	 trees	 that	 approaches	 levels	 present	 before	 European	 settlement
(Soderquist	&	Rowley	1995,	Holland	&	Cheers	1999).	 The	 loss	 of	 large	 trees	 has	meant	 a
decline	in	tree	hollows	(Soderquist	1999a),	and	a	concomitant	decline	in	the	main	prey	of	the
Powerful	 Owl,	 hollow-dependent	 arboreal	 marsupials	 (Traill	 1991).	 These	 factors	 may
explain	the	current	low	densities	of	Powerful	Owls	in	the	region.	They	further	suggest	that	the
Box–Ironbark	 forest	was	 formerly	much	better	habitat	 for	 the	 species	 than	now,	 and	 that	 the
declining	regional	populations	should	not	be	dismissed	as	marginal	or	unrepresentative.	This
project	was	designed	to	identify	aspects	of	 the	habitat	requirements	of	Powerful	Owls	in	the
Box–Ironbark	forest	of	central	Victoria,	and	to	guide	land	management	protocols.

METHODS

The	Box–Ironbark	region

Soils	of	the	Box–Ironbark	region	are	predominantly	shallow,	infertile	clays,	and	the	landscape
is	mostly	undulating	with	widely	scattered	hills.	Precipitation	increases	from	west	to	east,	with
400–700	mm	of	rain	per	year	falling	mostly	during	winter.	Temperatures	exceeding	35°C	are
common	during	summer	and	frosts	are	frequent	in	winter.
Grey	Box	Eucalyptus	microcarpa	and	Red	Ironbark	E.	tricarpa	are	the	most	common	tree

species,	followed	by	Yellow	Gum	E.	leucoxylon.	Red	Box	E.	polyanthemos,	Red	Stringybark
E. macrorhyncha	and	Long-leaved	Box	E.	goniocalyx	are	also	common,	and	predominate	on
the	 low	 ridges.	 Yellow	 Box	 E.	 melliodora	 has	 been	 conserved	 for	 many	 decades	 as	 an
important	 source	 of	 nectar	 for	 commercial	 bee	 keepers,	 and	 is	 therefore	 disproportionately
well	 represented	among	 the	 large	remnant	 trees	of	 the	region	(Soderquist	1999a).	Other	 less
common	species	include	River	Red	Gum	E.	camaldulensis,	White	Box	E.	albens,	and	Green
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Mallee	E.	viridis.

Study	sites

The	study	area	was	approximately	defined	by	the	towns	of	Murchison	(145°10’	E,	36°40’	S),
Tooborac	 (144°50’	 E,	 37°00’	 S),	 Dunolly	 (143°40’	 E,	 36°50’	 S)	 and	 Logan	 (143°30’	 E,
36°40’	S).	Only	owls	occupying	the	Box–Ironbark	Broad	Vegetation	Class	(ECC	1997)	were
considered	for	analysis.	Fifteen	sites	were	chosen	for	study	where	there	were	recent	records	of
owls	 (Gibbons	 1995,	 Soderquist	 1999b).	 Because	 the	 eastern	 sections	 of	 the	Box–Ironbark
forest	are	more	degraded	than	the	western	(NRE	1998b),	due	primarily	to	the	closer	proximity
of	higher-density	human	settlements	in	the	east	and	the	resulting	more	intensive	exploitation	of
the	 forest,	 the	 sites	 were	 divided	 into	 two	 geographical	 groups	 lying	 east	 or	 west	 of	 the
Loddon	River.
Table	1.			Habitat	attributes	of	15	Powerful	Owl	home	ranges	measured	for	the	density	of	large	old	trees	(LOT).

Sites	are	designated	as	those	E	and	W	of	the	Loddon	River.

General	 locality	names	of	each	owl	 territory	are	provided	in	Table	1.	Powerful	Owls	are
highly	 susceptible	 to	 human	 disturbance,	 so	 the	 exact	 locations	 of	 these	 territories	 are	 not
disclosed	here.	Records	of	the	study	sites	are	on	file	with	the	Victorian	Department	of	Natural
Resources	and	Environment,	and	are	available	for	scientific	or	management	purposes.

Playback	survey

The	 continued	 residency	 of	 Powerful	 Owls	 at	 these	 Box–Ironbark	 sites	 was	 verified	 using
playback	 survey	 (e.g.	 Debus	 1995)	 conducted	 during	 autumn	 1998.	 The	 surveyor	 initially
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listened	at	a	site	for	at	least	10	min	in	order	to	detect	‘voluntary’	calling	of	the	resident	birds.
A	 tape	 was	 then	 played	 of	 both	 male	 and	 female	 calls	 for	 5	 min,	 followed	 by	 15	 min	 of
listening,	 5	min	 of	 further	 tape	 playing,	 then	 spotlighting	within	 50	m	whilst	 listening	 for	 a
distant	response.	In	some	instances,	the	period	of	listening	was	extended	1–2	h	after	the	second
tape	playing,	which	on	several	occasions	revealed	reticent	birds.
Playback	surveys	were	also	used	in	an	attempt	to	define	the	core	home	range	of	each	pair	as

an	improvement	upon	single-point	records	more	commonly	used	in	management	of	this	species.
New	 survey	 points	 were	 chosen	 so	 as	 to	 expand	 upon	 previously	 identified	 owl	 locations.
While	 this	 technique	 enhanced	 single-point	 records	 for	 the	 purposes	 of	 habitat	 analysis,
subsequent	 radio-tracking	 of	 owls	 demonstrated	 that	 playback	 survey	 was	 not	 a	 precise
technique	 in	defining	home	range	(Soderquist	1999b),	and	 it	would	have	 required	extensive,
long-term	 effort	 to	 gradually	 define	 the	 extent	 of	 an	 owl	 pair’s	 home	 range	 (Fleay	 1968,
McNabb	1996).

Home	range	definition

Four	 breeding	 adult	 owls	 (two	 males	 and	 two	 females),	 occupying	 four	 geographically
separate	 territories	 in	 the	 Box–Ironbark	 forest,	 were	 trapped	 and	 radio-tagged	 as	 part	 of	 a
broader	 study.	 Based	 on	 minimum	 convex	 polygon	 mapping	 (Soderquist	 1999b),	 the	 home
ranges	of	 these	 four	 owls	were	1380,	 1770,	 2900	 and	4770	ha	 (radio-tracking	data	will	 be
fully	 presented	 elsewhere).	 Flight	 patterns	 and	 activity	 of	 these	 birds	 indicated	 that	 their
hunting	 was	 best	 described	 as	 a	 continuous	 path	 of	 searching	 in	 the	 large	 home	 range.
Individual	 trees	 or	 sites	 were	 often	 investigated	 by	 the	 radio-tagged	 owl	when	 it	 was	 in	 a
particular	section	of	the	territory,	but	in	general	nearly	the	whole	area	was	used	regularly.
Because	 the	 territory	boundaries	of	non-radio-tagged	owls	were	uncertain,	a	conservative

estimate	 of	 foraging	 habitat	 was	made	 by	 delineating	 an	 area	 of	 approximately	 1000	 ha	 of
public	forest	around	the	multiple	points	where	owl	pairs	responded	to	playback	survey.	Given
the	 large	 home	 range	 demonstrated	 by	 radio-tagged	 owls,	 these	 hypothetically	 delineated
territories	were	likely	to	be	encompassed	by	the	resident	birds’	actual	home	range.

Habitat	analyses

As	 in	many	areas,	 the	main	prey	of	Powerful	Owls	 in	 the	Box–Ironbark	 forest	was	arboreal
marsupials,	 specifically	 the	 Common	 Ringtail	 Possum	Pseudocheirus	 peregrinus,	 Common
Brushtail	Possum	Trichosurus	vulpecula	and	Sugar	Glider	Petaurus	breviceps	 (e.g.	Seebeck
1976,	Lavazanian	et	al.	1994).	Large	birds	(including	hollow	nesters	such	as	Galahs	Cacatua
roseicapillus)	 were	 also	 taken,	 especially	 in	 areas	 where	 arboreal	 mammals	 were	 rare
(Soderquist	1999b).	The	density	of	arboreal	mammals	in	the	Box–Ironbark	forest	is	very	low
and	highly	variable	as	a	result	of	habitat	degradation	and	the	loss	of	trees	with	hollows	(e.g.
Meredith	1984,	Deacon	&	Mac	Nally	 1998).	Direct	 assessment	 of	 habitat	 quality	 based	 on
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prey	abundance	was	thus	extremely	difficult.	However,	 two	habitat	variables	have	proven	to
be	surrogate	measures	of	prey	density:	the	densities	of	large	old	trees	and	of	hollows.	Recent
studies	in	the	Box–Ironbark	forest	have	shown	these	surrogates	to	be	directly	correlated	with
the	 population	 density	 of	 arboreal	 mammals	 and	 hollow-nesting	 birds	 (e.g.	 Traill	 1991,
Soderquist	&	Mac	Nally	2000).	Although	other	factors	may	influence	the	selection	of	a	home
range	by	Powerful	Owls,	 these	 two	 attributes	 have	been	 repeatedly	 identified	 as	 potentially
important	from	both	a	biological	and	management	perspective	(Silveira	1997).	Large	hollows
are	 also	 important	 to	 the	 owls	 for	 nesting,	 but	 only	 one	 is	 needed	 for	 breeding	 each	 year
compared	to	the	many	that	are	needed	by	the	prey	populations.
Within	 each	delineated	 territory	 area	 of	 1000	ha,	 ten	 points	were	 randomly	 located,	 each

serving	as	the	initial	location	of	a	randomly	orientated	1	km	transect.	Consecutive	plots	of	0.5
ha	were	sampled	along	these	transects,	each	50	m	on	either	side	of	the	transect	and	50	m	along
its	length.	Thus	the	total	area	sampled	in	each	of	the	15	presumed	owl	core	areas	was	100	ha
in	200	plots.
Large	 old	 trees	 greater	 than	 60	 cm	 diameter	 at	 breast	 height	 over	 bark	 (DBH)	 were

enumerated,	and	any	tree	for	which	size	was	uncertain	was	measured	with	a	diameter	tape.	The
exact	distance	from	the	transect	line	was	measured	for	any	tree	that	was	debatably	within	the
50	m	boundary.	Dead	trees	were	not	counted,	and	any	of	doubtful	status	was	examined	for	live
branches	deriving	from	the	bole	more	than	1.3	m	above	ground.
At	 four	 points	 along	 each	 transect,	 hollow	 trees	 were	 recorded	 on	 a	 20	m	 radius	 circle

(0.125	ha).	Hollow	determination	followed	that	used	in	the	Box–Ironbark	Timber	Assessment
(BITA)	 (NRE	 1998b).	 Any	 hole	 greater	 than	 10	 cm	 in	 depth	 was	 classified	 by	 entrance
diameter	size	as	Small	(2–5	cm),	Medium	(5–10	cm),	Large	(10–20	cm)	and	Very	large	(>20
cm).	Holes	present	 in	dead	 trees	were	 recorded	 separately	 from	 those	 in	 live	 trees.	Habitat
values	in	the	Powerful	Owl	home	ranges	were	subsequently	compared	to	those	of	the	forest	at
large,	 based	 on	 data	 collected	 in	 the	 BITA	 (NRE	 1998b,	 Soderquist	 1999a).	 However,	 the
density	of	dead	trees,	and	hollows	within	them,	could	not	be	calculated	from	data	collected	in
the	BITA	(F.	Cumming,	pers.	comm.),	so	only	live	trees	were	used	for	comparison.	Plot	size	in
the	BITA	was	not	consistent	due	 to	 the	use	of	Variable	Probability	Sampling,	so	densities	of
habitat	attributes	were	calculated	using	a	standard	formula	(NRE	1998b)	before	comparison.
Extrapolation	of	the	mean	size	of	large	trees	measured	in	the	BITA	indicates	that	plots	were,	on
average,	equivalent	to	the	0.5	ha	plots	measured	in	the	owl	territories.	Thus,	although	the	two
methods	of	sampling	trees	differed	somewhat,	they	both	yielded	comparable	measurements	of
large	tree	density.

RESULTS

Based	 on	 the	 two	 surrogate	measures	 of	 prey	 density,	 the	 abundance	 of	 large	 old	 trees	 and
hollows,	Powerful	Owls	occupied	significantly	better	habitat	than	the	average	available	in	the
Box–Ironbark	 forest.	 The	 mean	 density	 of	 large	 old	 trees	 in	 owl	 territories	 was	 3.5	 ha–1
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compared	 to	 the	 regional	 average	 of	 2.1	 ha–1	 (NRE	 1998b).	 This	 difference	was	 consistent
when	owl	sites	are	divided	geographically	 (Table	1).	The	mean	density	of	 large	 trees	 in	 the
seven	western	sites	was	4.8	±	4.9	ha–1	(S.D.)	versus	the	forest	average	in	the	west	of	2.7	±	4.4
ha–1.	The	equivalent	eastern	values	were	about	half	of	the	western	ones:	2.3	±	3.3	ha–1	and	1.2
±	2.6	ha–1,	 respectively.	Owl	 territories	 had	 significantly	more	 large	 trees	 than	 the	 average
forest	 in	 both	 western	 and	 eastern	 areas	 (Mann–Whitney	 U	 =	 389866	 and	 424387,
respectively;	 both	P	 <	 0.0001).	 In	 addition,	 the	 percentage	 of	 plots	 lacking	 large	 trees	was
significantly	greater	(proportional	contingency	table,	Z	=	12.6	and	11.7,	both	P	<	0.001)	in	the
forest	at	large	than	in	sites	chosen	by	owls	(Fig.	1).
Hollows	were	also	significantly	more	common	in	areas	selected	by	owls.	The	mean	density

of	hollows	 in	 live	 trees	 in	 the	western	owl	 territories	was	32.3	±	47.7	ha–1	and	 in	 the	eight
eastern	sites	it	was	16.8	±	29.2	ha–1.	Comparative	average	values	for	the	whole	forest	were
11.1	±	24.8	ha–1	and	5.9	±	17.7	ha–1,	 respectively.	The	differences	were	significant	 (Mann–
Whitney	U	=	78083	and	80309	for	west	and	east,	respectively;	both	P	<	0.0001).

Fig.	1.		 		The	percentage	of	total	sample	plots	that	contained	any	large	old	trees	(LOT)	in	15	Powerful	Owl	territories	and	in
the	forest	at	large.	Geographical	divisions	are	west	and	east	of	the	Loddon	River.

Table	2.			Attributes	of	hollow	availability	in	15	Powerful	Owl	territories.

Large	hollows	are	>10	cm	diameter,	and	so	serve	as	shelter	for	several	of	the	larger	prey	species	and	as	nest	sites	for	the	owls
themselves.	Sites	are	designated	as	E	or	W	of	the	Loddon	River.

Ecology and Conservation of Owls, edited by Ian Newton, et al., CSIRO PUBLISHING, 2002. ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/latrobe/detail.action?docID=433327.
Created from latrobe on 2018-01-16 22:11:14.

C
op

yr
ig

ht
 ©

 2
00

2.
 C

S
IR

O
 P

U
B

LI
S

H
IN

G
. A

ll 
rig

ht
s 

re
se

rv
ed

.



Considering	Large	and	Very	large	hollows	only	–	which	serve	as	nests	for	both	the	owl	and
its	prey	–	the	western	owl	sites	averaged	12.0	±	20.4	ha–1,	and	the	eastern	sites	averaged	4.7	±
10.9.	 The	 forest	 average	 in	 the	 west	 was	 4.3	 (±9.9)	 and	 in	 the	 east	 1.6	 (±8.5).	 Again,
comparisons	 were	 significantly	 different	 (for	 west	 and	 east,	 Mann-Whiney	 U	 =	 92110	 and
94485;	P	<	0.0001).	Although	hollows	were	more	common	in	owl	territories	than	elsewhere
on	average,	the	density	was	still	often	low	even	there	(Table	2)	when	compared	to	areas	where
large	trees	were	present	at	more	natural	densities.

DISCUSSION

These	analyses	suggest	that	Powerful	Owls	select	areas	in	the	Box–Ironbark	forest	that	are
potentially	better	habitat	than	available	in	the	forest	at	large.	Owl	territories	had	significantly
more	 hollows	 and	 large	 old	 trees	 than	 the	 surrounding	 forest.	 These	 two	 attributes	may	 be
surrogate	 measures	 for	 the	 densities	 of	 arboreal	 mammals	 that	 are	 the	 preferred	 prey	 of
Powerful	Owls.	(It	should	be	noted	that	Ringtail	Possums,	significant	items	in	the	owls’	diet,
almost	 never	 build	 dreys	 in	 the	 Box–Ironbark	 forest,	 and	 are	 therefore	 hollow	 dependent,
Traill	1991.)
In	this	region,	large	trees	(>60	cm	DBH)	are	three	times	more	likely	to	be	hollow-bearing

than	 trees	which	are	40–60	cm	DBH	(Soderquist	1999a).	After	decades	of	 intensive	harvest
and	 ring-barking,	 these	 legacy	 trees	 currently	 exist	 at	 about	 one-tenth	 of	 their	 historical
densities	 (Soderquist	 1999a).	 Thus,	 populations	 of	 hollow-dependent	 prey	 have	 greatly
declined	in	the	past	century	due	not	just	to	the	clearing	of	most	of	their	habitat	(85%),	but	also
to	the	loss	of	nest	sites.	Powerful	Owl	densities	may	once	have	been	higher	in	this	region	but
are	now	critically	sparse.
Prior	 to	 this	 study,	 the	 assumed	 home	 range	 size	 of	 Powerful	 Owls	 was	 300–1000	 ha
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(Higgins	&	Davies	1999).	 In	 this	 study,	some	Powerful	Owls	used	over	 four	 times	 this	area
(1380–4770	ha,	N	=	4	radio-tracked	owls).	These	large	home	ranges	apparently	resulted	from
the	 low	 prey	 densities	 in	 this	 forest.	 Although	 hot	 spots	 for	 prey	 exist	 in	 the	Box–Ironbark
forest	 (Soderquist	&	Mac	Nally	 2000),	 they	 are	 limited	 in	 number	 and	 extent,	 and	may	 be
transitory	 owing	 to	 exploitation	 by	 the	 owls	 themselves	 (Kavanagh	 1988,	 Traill	 1993).
Although	owls	selected	 the	better	habitat	available	 in	 the	region,	even	 these	 territories	were
apparently	in	poor	condition	compared	to	the	natural	state,	with	fewer	large	trees	and	hollows.
As	 in	 the	 case	 of	 habitat	 previously	 occupied	 by	Barking	Owls	Ninox	 connivens	 (Debus

1997),	 forest	 clearing	 in	 Powerful	Owl	 habitat	 targeted	 areas	 of	 highest	 productivity	 (ECC
1997),	 where	 arboreal	 mammals	 were	 more	 abundant	 (Deacon	 and	 Mac	 Nally	 1998,
Soderquist	 and	Mac	 Nally	 2000).	 Subsequent	 harvesting	 has	 reduced	 habitat	 quality	 in	 the
remaining	 forest,	 and	 prey	 are	 currently	 scarce.	 These	 factors	 may	 be	 the	 cause	 of	 the
apparently	 low	 reproductive	 rate	 of	 Powerful	Owls	 in	 the	Box–Ironbark	 region	 of	Victoria
compared	 to	 elsewhere.	 Two	 studies	 in	 moist	 forests	 of	 New	 South	 Wales	 estimated	 that
Powerful	Owls	fledged	0.8–1.2	young	per	nesting	attempt	(Debus	and	Chafer	1994,	Kavanagh
1997).	In	southern	Victoria,	McNabb	reported	that	1.4	young	were	fledged	per	year	per	pair.
Conversely,	 Hollands	 (1991)	 summarised	 records	 indicating	 that	 Powerful	 Owl	 pairs	 in
central	Victoria	fledged	only	0.4–0.5	young	per	year.	This	disturbing	contrast	is	supported	by
the	early	findings	from	a	planned	long-term	program	designed	to	monitor	breeding	success	in
the	Box–Ironbark	area	(Soderquist	1999b).
Even	though	the	home	ranges	of	Powerful	Owls	 in	 the	Box–Ironbark	area	are	much	larger

than	 those	 reported	 elsewhere,	 presumably	 in	 response	 to	 low	 prey	 densities,	 these	 owls
apparently	raise	less	than	half	as	many	chicks	as	their	conspecifics	in	wetter	forests	elsewhere.
It	is	uncertain	at	what	threshold	of	habitat	degradation	reproduction	and	adult	survival	will	be
inadequate	 to	 sustain	 the	 population.	 Habitat	 selection	 by	 dispersing	 juveniles	 is	 probably
made	 on	 a	 local	 or	 perhaps	 regional	 basis.	Therefore,	 one	would	 expect	 the	Powerful	Owl
population	in	the	eastern	Box–Ironbark	forest	to	continue	inhabiting	the	best	available	habitat
locally	(even	though	apparently	better	habitat	exists	200	km	to	the	west).
The	goals	of	conservation	management	for	Powerful	Owls	in	the	Box–Ironbark	forest	should

include	 the	 improvement	 of	 sites	where	 owls	 reside,	 and	 an	 increase	 in	 population	 density
throughout	 the	 region.	 The	 selection	 by	 Powerful	 Owls	 of	 higher	 quality	 areas	 within	 the
remaining	 forest	 suggests	 that	 it	 is	 important	 to	 identify	 and	 protect	 those	 sites	 currently
occupied	 by	 owls.	This	 study	 supports	 the	management	 approach	 described	 in	 the	Powerful
Owl	Action	Statement	(NRE	2000)	in	which	emphasis	is	placed	on	conserving	remaining	pairs
of	 owls	 and	 their	 particular	 home	 ranges	 (Loyn	 et	 al.	 2001).	Delineation	 of	 Powerful	Owl
Management	Areas	(POMA)	around	known	owl	sites	should	be	based	on	the	biological	value
of	existing	habitat	in	maintaining	prey	populations.	If	each	POMA	were	1000	ha,	the	protected
site	would	serve	as	a	core	home	range	managed	to	improve	the	supply	of	prey	so	that	foraging
was	 successful	 even	 during	 environmentally	 stressful	 years,	 and	 reproduction	 was	 more
consistent.	Preliminary	observations	suggest	that	Powerful	Owls	which	rely	on	large	birds	for
the	 majority	 of	 their	 diet	 are	 less	 likely	 to	 breed	 successfully	 (Soderquist	 1999b),	 so	 that
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management	 for	 each	 POMA	 should	 aim	 to	 increase	 the	 densities	 of	 arboreal	 mammals.
Sensitive	 management	 of	 the	 adjacent	 areas	 would	 further	 improve	 the	 survival	 and
reproduction	of	owl	pairs.
The	ultimate	aim	of	Powerful	Owl	conservation	should	be	 to	 increase	 the	numbers	of	 this

species	 (NRE	 2000).	 The	 site-specific	 approach	 of	 POMA	 establishment	 differs	 from	 the
Habitat	Conservation	Area	(HCA)	model	adopted	for	Spotted	Owls	Strix	occidentalis	 (Doak
1989,	Thomas	et	al.	1990)	 in	North	America,	 and	 recently	 proposed	 for	 Powerful	Owls	 in
Victoria	 (Silveira	 1997).	 The	 HCA	 model	 emphasises	 large	 reserves	 managed	 to	 sustain
locally	 viable	 and	 interacting	 meta-populations.	 However,	 such	 large	 reserves	 are	 not
available	in	much	of	the	Box–Ironbark	forests	considered	in	this	paper.	If	habitat	quality	in	the
Box–Ironbark	forest	as	a	whole	 improves	significantly	during	 the	next	half-century,	allowing
for	the	establishment	of	new	owl	breeding	territories,	flexibility	in	reserve	design	may	permit
a	more	biologically	meaningful	emphasis	on	localised	population	foci,	as	in	the	HCA	model.
Consistent,	long-term	monitoring	of	Powerful	Owl	populations	in	this	region	will	provide	the
knowledge	needed	by	forest	managers	to	judge	the	benefit	of	habitat	improvements	or	propose
further	conservation	measures.
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Geographic Information Systems may be used to extend field surveys, and are 

especially valuable when a species is hard to find, yet needs conservation 

management. Large forest owls are wide-ranging top predators in Australian 

forests. They and some of their prey need old trees containing hollows, and selected 

old growth stands must be retained in managed forests. To help select such stands, 

surveys were made at about 2000 randomly stratified  sites, using call playback and 

spotlighting, extending previous work to all forested parts of the state of Victoria. 
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Data were modeled by logistic regression using habitat and landscape variables 

atfour spatial scales. The models were tested in the field and found to discriminate 

between high and low probability sites. Model predictions were mapped to show 

predicted probabilities of detection for each species. Actual records and mapped 

models were used to help select more than 600 sites of about 500 ha each for special 

protection. A monitoring system is being designed to help with management. Data 

derived from the GIS were used at all stages of the project (site selection, model 

development and testing, and forest zoning).

Key words: habitat selection, logistic predictive models, geospatial modelling, GIS, 

Owls, Australia.

Introduction

Geographic Information Systems (GIS) enable researchers and managers to 

undertake numerous complex tasks in ecology and resource management.  Many 

applications involve relating distributions of target flora or fauna species or 

communities to sets of spatial variables, such as vegetation types or forest structure, 

that are available in mapped form (Austin et al. 1984, Nicholls 1989, Ferrier 1991, 

Knick and Rotenberry 1995, Perera and Tateishi 1995, Fuller et al. 1998, Corsi et al. 

1999, Franklin et al. 2000). Resulting models may identify factors that could help 

determine the distribution or abundance of species. Various statistical and 

philosophical issues are involved in developing, selecting, and using such models 

for management purposes (Fielding and Bell 1997, Guisan and Zimmerman 2000, 

Burnham and Anderson 2001). Models provide data that can be applied to maps to 

predict distributions of target species at a distance from survey points, within a 

surveyed region, or (with less confidence) in nearby regions with similar 

characteristics. Variables can be geomorphic, topographic, biotic, or anthropogenic. 

A target subject is typically a rare or threatened species that requires conservation 

measures, but it can be any subject of interest to land managers, from charismatic 

megafauna (Corsi et al. 1999) to unwanted pests, or from a single species to a broad 

community (Guisan and Zimmerman 2000).

Large forest owls have been the subject of this approach in different states of 

south-eastern Australia (Kavanagh 1997, 2002, Loyn et al. 2001, 2002, Bell and 

Mooney 2002). They are charismatic top predators with large home ranges and 

complex, demanding habitat requirements. Tree hollows are the main nesting sites 

of all large forest owls in Australia, although masked owls Tyto novaehollandiae and 

sooty owls Tyto tenebricosa also use caves (Schodde and Mason 1980, Hollands 1991, 
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Higgins 1999). Arboreal mammals are important prey species for large owls (Fleay 

1968, Seebeck 1976, Tilley 1982, McNabb 1996, Higgins 1999), and these mammals 

mostly depend on tree hollows for daytime shelter (Strahan 1983, Menkhorst 1995).  

Large forest owls are considered “umbrella species” (Simberloff 1998), in the sense 

that if large owls are conserved, many other species will be conserved. Forest 

managers in Victoria, have accepted this idea, and resources have been allocated for 

surveys of large forest owls to help select and delimit protected habitats. The goal of 

this project was to identify and protect 500 sites for each large forest owl species, each 

area covering about 500 ha (Webster et al. 1999), as part of forest planning and 

regional forest agreements between the state of Victoria and the national 

government (Victorian RFA Steering Committee 1998) following a national forest 

policy initiative (Commonwealth of Australia 1992).

Surveys of forest owls in eastern Victoria (Loyn et al. 2001, 2002) have been 

expanded to cover all forested parts of the state. Areas covered since previous 

publications are mainly in southwestern Victoria, where forest cover was highly 

fragmented from agricultural clearing (Woodgate and Black 1988, Bennett 1990). A 

statewide logistic regression model, developed for the powerful owl Ninox strenua, is 

compared with regional models reported previously. Statewide models have been 

developed for other forest owl species, using habitat variables assessed at each site. 

This paper also discusses general applications of the approach and the issues that 

need to be addressed in developing monitoring programs for target species, such as 

large forest owls.

Study area

The study area covers three quarters of Victoria (Fig. 1), which includes 5 million ha 

of eucalyptus forests. Altitudes reach 2000 m above sea level, with the highest 

mountains in the Great Dividing Range in the east. Rainfall varies from 400 mm in 

the interior lowlands to 2400 mm in the mountains (Table 1). Climate is generally 

temperate and strongly seasonal. The lowlands, including much of southwest 

Victoria, have been cleared extensively for agriculture (Woodgate and Black 1988, 

Bennett 1990).

In the eastern part of the state, forests form a continuous belt from the valleys 

to the alpine peaks, with much remote and rugged country. The southeast part of the 

state is known as Gippsland.

In southwestern Victoria, the main expanses of forest are in five discrete 

areas. Mixed eucalypt forest occurs in the lowlands of the far southwest, the uplands 

of the Grampians Range, and the southwestern extremity of the Great Dividing 

Range. Dominant tree species include brown stringybark Eucalyptus baxteri, narrow-
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Based on standard 30-year climatology (1961 to 1990
      Copyright Commonwealth of Australia, Bureau of MeteorologyC

(b)

(d)

(c)

(a)

Fig. 1. Maps showing (a) annual rainfall in Victoria, with forest occurring mainly where rainfall 
exceeds 400mm, and along major rivers; (b) forest regions as described in text: SW=southwest; 
GF=Goldfields; NE=northeast; CH=Central Highlands; G=Gippsland; EG=East Gippsland; (c) 
location of Victoria within Australia; and (d) distribution of cleared land (black), native vegetation 

Predicting owl distributions through geospatial modelling



leaf peppermint E. radiata, messmate E. oblique, and manna gum E. viminalis, with 

river red gum E. camaldulensis along rivers and in flood-prone areas, and candlebark 

E. rubida in gullies at higher altitude. The Otway Range forms a high rainfall zone on 

the south coast, and supports mixed eucalypt forests on the lower slopes and stands 

of messmate and mountain ash E. regnans on the wetter upper slopes, with myrtle 

beech Nothofagus cunninghamii growing as cool temperate rainforest in wet gullies.

The drier inland parts of southwest and northeast Victoria support box-

ironbark forest, which becomes more prevalent farther north in the region known as 

the Goldfields (Fig. 1). Box-ironbark forest is dominated by eucalypt species such as 

grey box E. microcarpa, yellow box E. melliodora, and mugga ironbark E. muggae, with 

red box E. polyanthemos and red stringybark E. macrorhyncha growing on drier slopes 

and river red gum near watercourses. This forest has been fragmented and disturbed 

by activities such as grazing and gold mining (Silveira et al. 1997, Environment 

Conservation Council 2001).

All forest areas have been logged at various times, and timber production is 

economically important, especially from tall forests in high rainfall areas. Large 

areas of forest are reserved as national parks or state parks (Department of Natural 

Resources & Environment 1997).

Owl species

The forests provide essential habitat for wildlife, including owls. All four large forest 

owls in Victoria are listed as threatened (Department of Natural Resources and 

Environment 1999), and all are endemic to Australia and New Guinea (Higgins 

1999). The species are sooty owl Tyto tenebricosa, masked owl Tyto novaehollandiae, 

powerful owl and barking owl Ninox connivens. Sooty owls inhabit dense wet forest, 

where they take mammals on the ground and in trees, whereas masked owls 

frequent drier forests and forest edges where they prey mainly on mammals on the 

ground (Hollands 1991, Higgins 1999, Kavanagh 2002, Bell and Mooney 2002). 

Powerful owls eat mostly arboreal mammals and large birds in the trees, and barking 

owls hunt in dry forests and adjacent open country or wetlands for large birds and 

mammals on the ground or in trees (Hollands 1991, Higgins 1999, Kavanagh 2002, 

Soderquist et al. 2002, Taylor et al. 2002). Powerful and sooty owls are confined 

mainly to southeastern Australia (though Sooty Owls also occur in New Guinea), 

and barking and masked owls are more widely distributed.  Barking owls occupy a 

wider range of habitats in northern Australia than in the southern part of the 

continent (Higgins 1999).

Two smaller owl species also occur in the region, but are not classified as 

threatened. Data were collected on the southern boobook Ninox novaeseelandiae, 
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which is common in forests.  No useful data were collected on the barn owl Tyto alba, 

which mainly occupies farmland. 

Methods

Owls and arboreal mammals were surveyed at about 2000 sites throughout the 

forested parts of Victoria (Fig. 1). Our analyses are based on data from 1855 sites from 

four broad regions of the state (Table 1). Three parts of the state were excluded: the 

semi-arid northwest, lying mostly outside the ranges of large owls, and two areas 

where slightly different methods were used by other investigators. Those two areas 

were the Goldfields and Northern Plains (Victorian Riverina) and East Gippsland in 

the far southeast.

Site selection

Stratified random sampling was used to select study sites. Stratification was based 

on data available from GIS, including geographical area, ecological vegetation class 

(EVC), forest growth stage, climate, and rock type,  usually mapped at a 1:100,000 

scale. EVCs are groups of vegetation communities with common features in terms of 

the composition of vascular plants in canopy, shrub and ground layers.  EVCs have 

been mapped using a combination of ground survey and aerial photo interpretation 

(Woodgate et al. 1994). Sites were selected on mapped roads or tracks, with no regard 

to land management practices (state forests or national parks). Further details are 

given in previous publications (Loyn et al. 2001, 2002).

Field methods

Surveys of sites were conducted from April 1996 to March 2001, using recorded call 

playback and standard spotlighting as the main methods. Observers in 4WD 

vehicles worked independently, but pairs of observers worked in the same general 

area and maintained regular radio contact for safety.

A standard tape with calls of all four large forest owl species and the smaller 

southern boobook, was broadcast for 2-3 minutes and followed by a 2-minute 

listening period. The tape ran for 25 minutes (Loyn et al. 2001, 2002). Surveys were 

conducted only on calm nights with little or no rain because wind and rain noise 

reduces the effectiveness of this survey method (Kavanagh and Peake 1993, Debus 

1995). All owls and other wildlife seen or heard were recorded, along with 

meteorological details (wind, temperature, cloud cover, and precipitation).

After broadcasting for 25 minutes as described above, a 10-minute 

spotlighting session was conducted to search for any owls that might have flown in 
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silently, and for arboreal mammals or other nocturnal wildlife. During this session, 

the observer walked about 100 m along the road, listening and searching with a 

hand-held spotlight. A standard index of arboreal mammal abundance was 

calculated for three species known to be favored as prey by powerful owls, and to a 

lesser extent by other owl species. The three species were greater glider Petauroides 

volans, sugar glider Petaurus breviceps, and common ringtail possum Pseudocheirus 

peregrinus. The index was the sum of individuals observed during playback and the 

standard spotlight survey (or the mean if more than one spotlight survey was 

conducted).

Habitat data included indices of terrain steepness (0 for flat to 3 for steep) and 

abundance of living and dead hollow-bearing trees (0 for absent to 3 for very many) 

in the visible vicinity of the survey site (~1 ha). The proportion of trees in five size 

classes was estimated, and these data were later converted to an estimated mean tree 

size (diameter at breast height, m). Groups of tree species such as the smooth-barked 

“gum” eucalypts were scored as present or absent, with data on exact species where 

possible, and similar information was collected on midlevel and ground level 

vegetation, such as tree ferns and silver wattle Acacia dealbata trees.

Analysis

Occurrence of owls was considered as a binary dependent variable: each species was 

either recorded or not recorded at a site. Geographical Information Systems (GIS) 

were used to assign characteristics to each site, from mapped information held in the 

corporate database of the Victorian Department of Natural Resources & 

Environment (now known as the Department of Sustainability & Environment).  

The GIS system used was ARC/INFO version 8.0 (ESRI, Redlands, California, USA). 

The principal characteristics considered were EVC and forest growth stage at each 

site and within radii of 500 m, 2 km, and 5 km of each site, representing areas of about 

80, 1250, and 7850 ha, respectively (Table 1). The 2 km radius corresponds most 

closely with current views of home range for large forest owls (Hollands 1991, Traill 

1993, McNabb 1996, Kavanagh and Murray 1996, Kavanagh and Jackson 1997, 

Higgins 1999), and was used preferentially in developing a statewide model for 

powerful owl. Home ranges might be larger in fragmented dry forest, such as box-

ironbark (Soderquist 1999, Soderquist et al. 2002). The number of EVCs within each 

radius was calculated as a measure of habitat diversity. Classifications of EVC and 

growth-stage at each radius were condensed into groups (e.g. wet, riparian, moist or 

dry forest) to limit the number of variables for analysis.

Logistic regression models were developed for powerful and sooty owls, the 

two most widespread large owl species in northeast Victoria (Loyn et al. 2001), and in 
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Gippsland and the Central Highlands (Loyn et al. 2002).  Field tests showed that 

these models effectively discriminated sites of high and low probability of 

occurrence for each species. A statewide model was then produced for powerful owl 

by logistic regression, using only mapped variables. Pairs of independent variables 

with Pearson's correlations greater than 0.70 were not included together in any 

model, nor were pairs that were logically related. A model was selected from 

alternatives found from using stepwise deletion in the statistical software, S-plus 

(Insightful Corporation, Seattle, Washington, USA). This model was then fed back 

onto GIS maps for field-testing and used in forest planning. No statewide model was 

produced for sooty owl, which does not inhabit western Victoria (Emison et al. 1987). 

Data for the masked and barking owls were too sparse for use in models based on 

mapped variables.

Models were produced for all species, using habitat data collected at the 

survey sites. For barking owls, only sites from northeast and southwest Victoria 

were used because none were detected in the other regions. Similarly, models for 

sooty owls were based on all regions, except the southwest, and those for masked 

owls were based on all regions, except the northeast.

Field tests

An additional 112 sites from all regions were selected to test the statewide model for 

powerful owls. Half the sites had highly predictability of occurrence (>20%) and half 

had low or medium predictability (<14%). Field teams visited 67 of the sites, 

including 39 high-probability sites and 28 low-probability sites, between September 

and December 2002, and conducted surveys using the methods described above. 

Observers were not informed about the predicted probabilities for their sites.

Results

During the study, southern boobooks were recorded at 935 of 1855 sites, powerful 

owls at 302 sites, barking owls at 10 sites in the drier parts of the state, sooty owls at 

140 sites, and masked owls at 16 sites, mostly south of the Great Divide. Frequencies 

are shown by region in Table 1.

Univariate habitat relationships

Southern boobooks showed significant positive correlation with indices of live and 

dead trees with hollows, and powerful owls correlated with live trees with hollows.  

Barking owls correlated negatively with dead trees with hollows. 

Barking, masked, and powerful owls were negatively correlated with steep 
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Variable  Boobook Barking Powerful Sooty Masked 

Prey abundance # 0.027*** -1.09 (*) 0.098*** 0.122*** 0.078 

Tree size (dbh) -0.060 -0.98 -0.57 (*) 0.99*** -1.20 

Live hollow-bearing trees 0.22*** 0.35 0.08 0.23* 0.15 

Dead hollow-bearing trees 0.24*** -0.89* 0.037 0.12 0.29 

Steepness of terrain 0.04 (*) -0.76** -0.11* 0.25*** -0.46* 

 

Table 2. Effects of habitat variables on occurrence probability of owl species, estimated from 1855 sites across four 
regions of Victoria, Australia. Results are expressed as univariate logistic regression coefficients, with statistical 
significance denoted by (*) (P<0.1), * (P<0.05), ** (P<0.01) or *** (P<0.001).

# Number of arboreal mammals per standard survey effort, of three species that are preferred prey for powerful 
owls: common ringtail possum, sugar glider, and greater glider. These mammal species also feature in the diets of 
all the above  owl species, along with  ground-dwelling mammals, birds, and large insects.

 
Central 
Highlands 

Gippsland Northeast Southwest Total  

Sites surveyed 251 829 513 255 1855 

Rainfall range (mm) 570-1800 460-2370 500-2320 410-1910 410-2370 

Altitude range (m) 20-1565 0-1860 130-1980 0-1165 0-1980 

Land area (x1000 ha) 1,132 2,647 2,318 5,772 11,868 

Forest area (x1000 ha) 716 1,585 1,357 1,201 4,859 

Forested area (%) 63 60 59 21 41 

Forest connectivity High High High Low  

Terrain 
Urban 
fringe to 
mountains 

Coast to 
alps 

Alps to 
Murray 
River 
floodplain 

Coast, 
plains, and 
discrete 
ranges 

 

Abundances      

Arboreal prey1 132.7 109.5 54.6 91.4 94.5 

Southern boobook (%) 64.5 55.1 40.7 42.0 53.0 

Barking owl (%) 0.0 0.0 1.8 0.4 0.6 

Powerful owl (%) 16.3 15.1 10.7 31.8 17.1 

Masked owl (%) 1.6 1.2 0.0 0.8 0.9 

Sooty owl (%) 17.1 9.4 3.7 0.0 7.9 

 

Table 1. Landscape elements, abundance of arboreal mammal prey (individuals per 100 standard searches), and 
distributions of forest owls (% of sites at which each species was recorded) across four regions in Victoria, 
southeastern Australia, based on surveys using playback. 

1Arboreal mammal prey includes: common ringtail possums, sugar gliders, and greater gliders, preferred prey 
for powerful owls.
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terrain, while sooty owls appeared to favor steep terrain. Southern boobooks and 

powerful and sooty owls showed significant positive relationships with the index of 

arboreal mammal abundance. Barking owls showed a weak negative relationship 

with this index (Table 2).

Multivariate habitat relationships

Models, using variables in appropriate combinations, were developed for each owl 

species as shown in Tables 3 and 4. Data for Barking and Masked Owls proved 

insufficient to develop useful models at this stage.  Regional effects were apparent 

for the two most widespread species, southern boobook and powerful owl. The 

former was more common in the Central Highlands than elsewhere, and the latter 

Owl species Constant, parameters, and variables 
Significance 

(P) 

Southern boobook Logit P =0.305   

 -0.287 box eucalypts 0.023 

 +0.302 peppermint eucalypts 0.005 

 +0.255 stringybark eucalypts 0.016 

 +0.161 dead hollow-bearing trees 0.006 

 -0.455 Gippsland 0.010 

 -1.057 NE <0.001 

 -1.037 SW <0.001 

 +2.549 Central Highlands N/A 

Powerful owl Logit P = -1.758   

 +0.141 live hollow-bearing trees 0.069 

 -1.208 ash eucalypts <0.001 

 +0.069 arboreal mammal abundance 0.069 

 -0.069 Steepness index 0.291 

 -0.154 Gippsland 0.522 

 -0.508 NE 0.059 

 +0.810 SW 0.004 

 -0.148 Central Highlands N/A 

 

Table 3. Multivariate models (P<0.001) for two Ninox owl species in relation to habitat variables assessed at 
1855 survey sites in four regions of Victoria, Australia. P-values for effects of regions are expressed with 
reference to the Central Highlands.
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was most common in the southwest, and least common in the northeast. Abundance 

of live trees with hollows made positive contributions for the powerful and sooty 

owls, though the latter relationship was superseded by a stronger positive 

relationship with tree size. Abundance of dead trees with hollows contributed 

positively for southern boobook. The steepness index contributed positively for 

sooty owl, and negatively for powerful owl. Abundance of arboreal mammals 

contributed positively for powerful and sooty owls. Large trees contributed 

positively for sooty owl.

Presence of particular groups of tree or other plant species contributed to 

some of the models. Southern boobooks appeared to favor sites with stringybark or 

peppermint eucalypts, but were less common in sites with box eucalypts. Powerful 

owls avoided sites with ash eucalypts. Sooty owls favored sites with gum eucalypts 

and tree ferns.

Landscape variables (powerful owl)

Geospatial data at the scale of 2 km proved most useful for developing landscape 

models for powerful owl, as expected from its known home range. An efficient and 

plausible statewide model is shown in Table 5. It included positive terms for the 

areas of lowland forest, shrubby dry forest, and valley grassy forest, and a negative 

term for regrowth area with few retained old trees. It also included regional terms 

that were positive though not significant for the Central Highlands, and negative for 

Gippsland and the northeast, relative to the southwest in each case.

When plotted on GIS-derived maps (Fig. 2), the model gave plausible 

patterns within each region, but the regional terms distorted the relative prevalence 

of the species among regions, underestimating occurrence in Gippsland and 

overestimating in the Central Highlands.

Owl species Constant, parameters, and variables 
Significance 

(P) 

Sooty owl Logit P = -3.903   

 +0.956 tree size 0.045 

 +0.294 steepness index 0.002 

 +0.128 arboreal mammal abundance 0.025 

 +0.433 gum eucalypts 0.046 

 +1.257 tree ferns <0.001 

 

Table 4. Multivariate model (P<0.001) for sooty owl Tyto tenebricosa in relation to habitat variables assessed at 
1593 survey sites in eastern Victoria, Australia
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Table 5. Multivariate model (P<0.001) for powerful owl in relation to mapped landscape habitat 
variables at 1855 survey sites in four regions of Victoria, Australia. P-values for effects of regions are 
expressed with reference to southwest Victoria.

Constant, parameters and variables Significance (P) 

Logit P = -1.837   

+0.00145 Ha lowland forest or banksia woodland <0.001 

+0.00104 Ha shrubby dry forest 0.001 

+0.00378 Ha valley grassy forest or floodplain 0.001 

-0.00154 Ha regrowth with few retained old trees 0.022 

+0.2393 Central Highlands 0.119 

-0.4911 Gippsland <0.001 

-0.5939 NE <0.001 

+0.846 SW N/A 

 

High
Medium
Low

Fig. 2. Predicted probabilities of occurrence of powerful owl in three bands in Victoria, using the 
statewide model (dark = high = 20%; grey = medium = 5-20%, pale = low = 5%). Predictions of 
occurrence in the northwest of the state fall outside the known normal range of the species.
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The statewide model shared several features with previous regional models 

(Table 6). In particular, powerful owls were most likely to be found in extensive 

areas of shrubby dry forest or lowland forest, two of the typical EVCs of foothill 

forest, and least likely to be found in extensive areas of regrowth with few remaining 

old trees.

Field tests

Using the statewide model, powerful owls were predicted at 12 of the 39 high-

probability sites (31%) and 3 of the 28 low-probability sites (11%). This detection rate 

was higher than found in tests of previous regional models for northeastern Victoria 

Statewide Northeast Victoria 
Gippsland and 

Central Highlands 

Powerful owl (302/1855 
sites) logit P = -1.837 

Powerful owl (65/472 
sites) logit P = - 4.779 

Powerful owl (115/834 
sites) logit P = -1.775 

 +0.287 EVCs in 2 km  

+0.00145 ha lowland forest 
or banksia woodland in 2 
km 

 
+0.00119 ha lowland forest 
in 2 km 

+0.00104 ha shrubby dry 
forest in 2 km 

+1.226 shrubby dry forest 
+0.00191 ha shrubby damp 
forest or tableland damp 
forest in 2 km 

+0.00378 ha valley grassy 
forest or floodplain in 2 km 

 
+0.00044 ha grassy forest 
in 2 km 

  
-0.00049 ha wet or 
montane forest in 2 km 

 
-0.0128 ha riparian forest 
in 2 km 

-0.00104 ha damp forest in 
2 km 

 
+0.00027 ha mature forest 
in 5 km 

 
-0.0016 ha senescent forest 
in 5 km 

-0.00154 ha pure regrowth 
in 2 km 

-0.0249 ha pure regrowth 
in 5 km 

 

+0.2393 Central Highlands   

-0.4911 Gippsland   

-0.5939 NE   

+0.846 SW   

 

Table 6. Statewide logistic regression models for powerful owl in Victoria, compared with previous 
models for two regions of the state. Each line shows similar variables for each region. Where no term 
is shown, that variable was excluded from the final model for that region.
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and Gippsland.  All tests showed a similar degree of contrast between high and low 

probability sites, providing reassurance that the models have value in 

distinguishing sites where owls are likely to be found. Further analysis is planned to 

compare statewide and regional models for each region.

Use of models

Regional models were used along with other information to select 125 protected 

areas for powerful owls and 100 for sooty owls in state forests and national or state 

parks in northeast Victoria (Loyn et al. 2001). In Gippsland and the Central 

Highlands, 132 areas were selected for powerful owls, and 130 for sooty owls, with 

emphasis on state forests and sites with actual records of owls (Loyn et al. 2002). 

These targets were reached as part of a strategy to protect areas in the state for 500 

pairs of each species (Webster et al. 1999).

In the southwest, actual records of powerful owl proved adequate for selecting 

areas for special management. The records came from amateur naturalists (e.g. 

through the Atlas project run by Birds Australia, and the DSE Atlas of Victorian 

Wildlife) and from survey work described here. However, the statewide model 

proved useful in delimiting exact areas for protection on the basis of preferred EVCs 

and forest growth stages. The model will be useful in planning for future forest 

management.

Discussion

Implications of models

The habitat models are consistent with general experience about the needs of 

particular owl species, but they present the information in a more formalized way. 

For example, they confirm the known aversion of powerful owls for wet forests 

dominated by ash eucalypts (Loyn 1985, Hollands 1991, Milledge et al. 1991, Higgins 

1999), and the association of sooty owls with wet forests in steep country (Hollands 

1991, Kavanagh and Bamkin 1995, Higgins 1999). The association of barking owls 

and masked owls with flat country might help explain the rarity of these species in 

Victoria, where much of the flatter land has been cleared for agriculture (Woodgate 

and Black 1988). Positive relationships between abundance of powerful and sooty 

owls and those of selected arboreal mammals reflect the importance of those 

mammals in the diets of these owls, especially powerful owls. The relationships 

persist despite the ability of powerful owls to deplete populations of greater gliders 

(Kavanagh 1988). Positive relationships with hollow-bearing trees reflect the 

importance of such trees both for the owls and their arboreal mammal prey. 
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Numbers and distributions of hollow-bearing trees are subject to a degree of control 

through targeted management, and the models might serve in developing new 

approaches to providing habitat for these species in managed forests.

The prevalence of powerful owls in southwest Victoria was somewhat 

surprising, as the forests in that region are more fragmented than in the eastern part 

of the state.  Powerful owls may be sensitive to fragmentation because of their large 

home ranges.  In an earlier study in Gippsland, none were found in forest patches 

smaller than 800 ha  (Loyn 1987). In the north and west of the state, the powerful owl 

diet includes large birds, such as cockatoos (Soderquist et al. 2002), which feed in 

areas of farmland and have become common in southwestern Victoria (Emison et al. 

1987). The relatively low number of powerful owls in northeastern Victoria might 

reflect the low mean abundance of arboreal mammals in parts of that region.

The statewide model should prove useful in reviewing and refining the 

system of protected areas for powerful owls in southwestern Victoria, where no 

regional model was available. Visual comparisons of distributions predicted for 

other regions suggested that the regional models provided a finer-grained pattern of 

high or low probability of occurrence than the statewide model, with higher 

likelihood of accurate prediction. Hence, regional models may be more useful for 

detailed planning within the regions.

Value of geographical tools

Modern geographical tools, such as GIS, played an essential role at various stages of 

this study. GIS allowed a stratified random sampling strategy to be implemented 

with greater rigor than with traditional methods, and provided access to 

geographical data for survey sites at scales appropriate for the owl species 

concerned. GIS enabled model predictions to be displayed as maps, tested for 

fidelity by reference to known previous records and local landscape elements, and 

then refined as an iterative process. The GIS technology allowed sites to be selected 

for field-testing of regional models, and final models to be displayed as maps and 

used with various overlays in selecting areas for special protection as part of the 

forest planning process. In summary, GIS was an integral tool in the survey, 

modeling, and forest management processes. Such uses of GIS are becoming 

increasingly common (e.g. Ferrier 1991, Perera and Tateishi 1995, Kavanagh 1997, 

Fuller et al. 1998), and have great potential to improve the way wildlife is studied and 

managed. The cooperative involvement of diverse stakeholders is a key to the 

achievement of practical outcomes, such as habitat protection through forest 

management.

Painstaking field research, as in the survey described here, is paramount for 
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understanding species ecology more deeply. Models are simple attempts to describe 

complex systems, and do not represent reality perfectly (Starfield 1997). General 

information on Australian owls has been summarized by Fleay (1968), Schodde and 

Mason (1980), Hollands (1991), and Higgins (1999), and detailed studies have been 

conducted by various workers (e.g. Milledge et al. 1991, Debus 1995, McNabb 1996, 

Bell et al. 1996, Kavanagh 1997, Soderquist 1999, McCarthy et al. 1999, Newton et al. 

2002). Information from these sources has proven to be valuable in making decisions 

about numbers, spatial arrangements, and boundaries of protected areas. Many 

gaps in knowledge remain, and some of the main requirements for further work are 

discussed below.

Need for further research, monitoring, and adaptive management

When areas are selected for special protection, there is no guarantee that owls will 

use them as planned. The expectation is that many will be used as core areas by pairs 

of owls, which could range more widely and make use of adjacent regrowth forest, as 

found in New South Wales by Kavanagh and Bamkin (1995). However, it is 

important to determine the proportion of protected areas actually occupied by owl 

species, and how successful those areas are in conserving owls over time.

A monitoring program is being devised to provide this information. The 

program will also examine the occurrence and persistence of owls in groups of 

protected areas with different spatial characteristics, such as clumped or scattered, 

and to compare the data with that of forests with no protection. It is expected that 

models will be developed using new and existing data, and more sophisticated 

methods for selecting appropriate models from alternative models (Burnham and 

Anderson 2001).The monitoring program will be based mainly on occurrence of 

owls at multiple sites monitored over time. A rotating system will likely be used, 

with partial overlap of sites monitored each year. GIS will play a central role in 

selecting sites to be monitored and in storing data.  Adaptive management will be 

used to refine or revise the system accordingly. Attention will be given to national 

and overseas experience including North America, where the northern spotted owl 

Strix occidentalis caurina has become a controversial focus of forest management 

debate and sophisticated ecological research (e.g. Wilcove and Murphy 1991, Bart 

and Forsman 1992, Murphy and Noon 1992, Marcot and Thomas 1997, Miller et al. 

1997, Franklin et al. 2000).

Two complementary  areas of study would contribute to the management 

process. One would determine levels of response to the playback survey method, 

and is needed to quantify the probability of detecting an owl with varying levels of 

survey effort. A second need is for more detailed ecological studies to determine 
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home ranges and breeding success of selected pairs, genetic interchange across 

potential barriers, and ecological segregation between species in forest landscapes.  

This could also lead into studies of the role of owls in the broader ecology of the forest 

ecosystem, and their influence on populations of prey species and hence of 

ecosystem function. Work has commenced on some aspects of these issues.
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Summary 

The diet of a single Powerful Owl Ninox strenua that roosted for over six months in a botanical 
garden close to the centre of Melbourne, Victoria, was investigated by analysis of regurgitated 
pellets. Two arboreal marsupials that are abundant in Melbourne parks and gardens comprised 
52% of prey items: the Common Ringtail Possum Pseudocheirus peregrinus and Common Brush tail 
Possum Ti-ichosurus vulpecula. A further 31% of prey items were contributed by introduced rats, 
predominantly the scansorial Black Rat Rattus ratlus. A large camp of Grey-headed Flying-foxes 
Pteropus poliocephalus shared the garden with the Powerful Owl, but that species was not a 
favoured food item. The scarcity of eutherian mammals in previous dietary studies of the Powerful 
Owl, combined with the high incidence of introduced rats in the diet of this Owl, is further 
evidence that the Powerful Owl can be flexible in its dietary selection, favouring whatever suitably 
sized arborea l mammals are most available in its immediate environment. 

Introduction 

Many studies have used analysis of regurgitated pellets to investigate the diet 
of the Powerful Owl Ninox strenua in natural or semi-natural environments 
(Seebeck 1976; Tilley 1982; Chafer 1992; Traill1993; Lavazanian et al. 1994; Pavey 
et al. 1994; Pavey 1995; Cooke et al. 1997; Wallis et at. 1998; Kavanagh 2002). 
Despite the recent recognition that the Powerful Owl can inhabit suburban areas 
in major cities, including Brisbane, Qld (Pavey 1995), Melbourne, Vic. (Cooke et 
al. 2002), and Sydney, NSW (Kavanagh 2004), there has been little investigation 
of the diet of Powerful Owls in such environments. Pavey (1995) and Wallis et al. 
(1998), however, examined the diets of Powerful Owls living in forested or semi
rural environments close to suburbia. 

In this paper, we present the results of an analysis of the composition of pellets 
regurgitated by a single Powerful Owl that inhabited the Royal Botanic Gardens, 
Melbourne, between June 1989 and January 1990. 

Study area and methods 

Melbourne is a large city of 3.4 million people covering 4500 krn2 of coastal plain and adjacent 
foothills in central southern Victoria. The Royal Botanic Gardens cover 39 ha on the southern 
side of the Yarra River 1.5 krn from the Central Business District. They are situated within a 
larger area of parkland including Kings Domain and Government House. The Gardens were 
estab lished in 1857 and planted with a wide range of trees and shrubs, mostly exotic or non
indigenous Australian species. In contrast, the Yarra River is lined with remnant native forest of 
River Red Gum Eucalyptus camaldulensis of varying widths forming a winding natural corridor 
from forested ranges 30 km to the north-east. 

One feature of the Gardens is the fern-gully which is densely planted with rainforest trees 
from north-eastern Australia and tree-ferns Dicksonia spp. from local wet forests. From the late 
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1980s the fern gu lly was the site of a camp of up to 20 000 Grey-headed Flying-foxes Pteropus 
poliocephalus (Menkhorst 1996) until they were induced to move elsewhere in 2003 because they 
were damaging the trees. 

The first record of a Powerful Owl in the Gardens occurred in August 1964 (Cooper 1964) 
and there have been intermittent records of single birds ever since. Most birds have been found 
in the fern gully, a lthough most use several different roosting sites during their stay. Duration of 
stay varies but is usually several weeks and up to 7-8 months, as was the case with this individual. 
Most records are thought to be of immature birds that have dispersed into the Melbourne suburbs 
during autumn by follow ing the Yarra River downstream from the forested hills to the north
east. 

Pelle ts were collected by RB from beneath roost-trees every few days and stored in envelopes. 
Because samples were stored in envelopes for 12 years before analysis, it was not always possible 
to discern the number of separate pellets per sample. Therefore, the results are presented in 
terms of samples collected from beneath a particular roost on a given day. On some days, more 
than one sample was collected. 

Following his death in July 1999, Rex's widow, Lilla Buckingham, sought advice from PM 
about the value of the stored pellets. PM undertook to have them analysed, partly to ascertain 
whether the Owl had been eating the Grey-headed Flying-foxes that had a daytime roost in the 
fern gully at the same time as the Owl. 

Identification of hair and bones contained in the samples was undertaken by Barbara Triggs 
of Genoa, Victoria, using her reference collection and extensive experience in identification of 
bones and microscopic analysis of hair morphology (Brunner & Triggs 2002). 

Over a 31-week period between 18 June 1989 and 20 January 1990,73 samples were collected 
on 65 days. The mean time between collections was 3.05 days (Standard Error 3.29; range 1- 20) . 
Between 10 and 15 samples were collected each month except for June and September when 
only one sample was co llected: June (1 sample), July (10) , August (15), September (1), October 
(11), November (11), December (13) and Jan uary (11). 

Results 

Frequencies of prey items in samples are shown in Table 1. Arboreal marsupials 
were the most frequent prey item and these were composed entirely of the two 
species of possum that are widespread and locally abundant in Melbourne 
(Menkhorst 1996), the Common Ringtail Possum Pseudocheirus peregrinus and 
Common Brushtail Possum Trichosurus vulpecula. The Common Ringtail Possum 
was found in the samples in each month except the single September sample, 
whereas the Common Brushtail Possum was most frequent in August, October 
and November. 

The second most abundant prey animal was rats, and these occurred in all 
months. Where specific identification was possible (from fur), these were all Black 
Rat Rattus rattus, a scansorial species that readily climbs trees (Corbett & Southern 
1977). The only other mammalian prey was a single occurrence of Grey-headed 
Flying-fox in July. Remains of birds and insects were found in a small percentage 
of samples (Table 1). 

Discussion 

Previous studies indicate that the Powerful Owl eats predominantly medium
sized arboreal marsupials that weigh roughly 50- 100% of the Owl's adult body 
weight (males to 1700 g, females to 1600 g) (Kavanagh 2002). Roosting birds and 
large flying insects are also captured but usually comprise a small proportion of 
the diet (Higgins 1999). 

The preferred prey species tend to be the largest, readily available species 
within the Owl's home-range (Kavanagh 2002) and are taken roughly in proportion 
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Table 1 

Composition of 73 samples (see text) of Powerful Owl pellets from the Melbourne Royal 
Botanic Gardens, June 1989-January 1990. 

Dietmy item No. prey items % total prey items % samples containing 
(n = 91) prey item (n = 73) 

Common Ringtail Possum 31 34.1 42.5 
Pseudocheirus peregrinus 

Common Brushtail Possum 14 15.4 19.2 
Tiichosurus vulpecula 

Unident ified possuma 2 2.2 2.7 
Grey-headed Flying-fox 1 1.1 1.4 

Pteropus poliocephalus 

Black Rat Rattus rattus 12 13.2 16.4 
Unidentified rat 16 17.6 21.9 
Insect material 7 7.7 9.6 
Bird 5 5.5 6.8 
Unidentified bone 1 1.1 1.4 
Plant material 2 2.2 2.7 

Total 91 100 
Total arboreal marsupials 47 51.6 64.4 
Total rodents (Rattus spp.) 28 30.8 38.4 

" Bone fragments of one or other of the unidentified possums 

to their availability (Debus & Chafer 1994; Cooke et al. 1997). Thus, at any given 
site, Powerful Owls tend to specialise on one or two prey species (Kavanagh 2002). 

Most prey is captured in the forest canopy, with many studies finding that 
terrestrial species comprised less than 1%, and never more than 10%, of prey 
items. Terrestrial species eaten are mostly introduced mammals, including 
European Rabbit Oryctolagus cuniculus, Brown Hare L epus capensis and House 
Cat Felis catus (Debus & Chafer 1994; Higgins 1999; Kavanagh 2002). 

The finding that the Common Ringtail Possum and Common Brush tail Possum 
were the most frequent dietary items in the Gardens accords with previous studies: 
they are almost always the predominant prey in fragmented habitats in southern 
Victoria (Wallis et al. 1998). Presence of the Common Brushtail Possum in the 
diet usually peaks in spring when young animals are becoming independent (Van 
Dyck & Gibbons 1980; Traill 1993; Wallis et al. 1998), but the Powerful Owl is 
capable of preying on adult Common Brushtail Possums (Cooke et al. 1997). In 
continuous forest, Powerful Owls take a wider range of prey including Greater 
Glider Petauroides volans , Sugar Glider Petaurus breviceps and large birds, and 
the Common Brushtail Possum forms a low proportion of the diet (Kavanagh 
2002). 

Eutherian mammals have been reported as an important dietary component 
at only three sites. All were near Grey-headed Flying-fox camps: at one of 47 sites 
examined by Kavanagh (2002) flying-foxes accounted for 77% of prey items; a 
pair living near the flying-fox camp at Gordon in Sydney produced flying-fox 
remains in 26% of samples (Kavanagh 2004); and, at Mt Coot-tha near Brisbane, 
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Table 2 

Frequency of rodent remains, where present, in studies of Powerful Owl diet. 

Study Location Frequency (% of samples with rodent 
remains) and species where known 

This study Royal Botanic Gardens, 38.5, Black Rat Rattus rattus 
Melbourne 

Seebeck 1976 Western Victoria 2.2, Bush Rat R. fuscipes 
Tilley 1982 Southern Victoria 0.8, Rattus spp. 
Chafer 1992 Illawarra and 4.6, Black Rat 

Shoalhaven, NSW 0.7, Bush Rat 
Kavanagh 2002 Central Coast, NSW 0.3, Black Rat 

flying-foxes comprised 46% of total biomass consumed by one pair over two 
years (Pavey et al. 1994). This result led Pavey (1993) to suggest a link between 
the presence of Powerful Owls in suburban Brisbane and the presence of flying
foxes. However, examination of pellets from Powerful Owls elsewhere in Brisbane 
did not support such a link (Pavey 1995) because flying-foxes were not an important 
component of the diet of other urban pairs. Kavanagh (2004) also found no such 
link in Sydney; rather, predation on flying-foxes was opportunistic and occurred 
only when pairs roosted close to a flying-fox camp. 

A colony of the Grey-headed Flying-fox began to establish in the fern gully of 
the Botanic Gardens in Melbourne in 1980 (Menkhorst & Dixon 1985) and was 
well established and present year-round at the time that the present samples were 
collected (PM pers. obs.). Despite the presence of this potential food source in 
the immediate vicinity of the Owl's roosting sites, only one of 73 samples contained 
remains of a Flying-fox. This lack of Flying-foxes in the diet, despite the presence 
of a colony in the immediate vicinity of the Owl's roost-sites, strongly suggests 
that this individual Owl preferred possums and rats to Flying-foxes. 

Rodents feature more frequently than flying-foxes in Powerful Owl dietary 
studies, but have comprised only a small proportion of dietary items (Table 2). 
The finding of rodent remains in 38.5% of samples from the Gardens is an order 
of magnitude larger than previously reported. Three species of large rodent are 
known to occur in the Gardens: the introduced Black Rat and Sewer Rat Rattus 
n01vegicus, and the indigenous Water RatHydromys ch1ysogaster (Atlas of Victorian 
Wildlife data). No evidence of Water Rat was found in the samples. All hair samples 
were ascribed to the Black Rat and, given its arboreal habits, in contrast to the 
Sewer Rat (Corbett & Southern 1977), and its abundance in the Gardens (PM 
pers. obs.), it seems likely that this species was the predominant rodent eaten. 
Adult Black Rats weigh 95-300 g (Menkhorst & Knight 2004), which is smaller 
than the usual prey taken by Powerful Owls. However, at the Gardens the 
abundance of this species evidently made it an attractive food source. 

The high proportion of an introduced rat in the diet of this Powerful Owl, in a 
situation where arboreal rats were abundant, highlights that the species is 
adaptable, as noted by Higgins (1999) and Kavanagh (2002). The low incidence 
of Grey-headed Flying-fox in the samples, despite the presence of a colony that 
fluctuated between several hundred and several thousand individuals in the 
immediate vicinity, perhaps suggests that flying-foxes are not a favoured food 
item. 
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Chapter 7. Contributions to developing systems for monitoring forest wildlife: bird 

survey methods, and concepts of indicator species and focal species 

 

Any attempt to achieve a set of objectives in forest management needs to be accompanied by 

efforts to monitor how well those objectives are being met. In recent years, there has been 

much discussion about the need to monitor biodiversity. However, with some notable 

exceptions very few such programs have been implemented and maintained. Exceptions 

include the FORESTCHECK program in south-western Western Australia, which monitors 

changes in vegetation and selected fauna groups across 48 sites in the Jarrah Eucalyptus 

marginata forests (McCaw et al. 2011), and the Victorian Forest Monitoring Program 

(VFMP), which monitors vegetation structure and other metrics across 629 sites (DELWP 

2015). Birds and other fauna were considered for inclusion in the VFMP during the planning 

stages. In my view, the key elements of a successful monitoring program include the 

following features: 

 

• Field methods are simple, effective and can be applied by multiple observers with 

reasonable consistency. 

• Costs are modest in comparison with likely benefits; thus, agencies will accept the need 

for continuing support over many years. 

• The monitoring is well designed to include elements of research so that the results can be 

used to predict outcomes from particular management actions over long time-frames, 

even when those management actions vary and were not necessarily predicted at the start 

• The program is designed to reveal aspects of real interest that can be reported right from 

the start and throughout the process, recognising that geographical or seasonal variation 

will be the main subject of interest in early years and temporal variation (trends over 

yeas) will not be evident for many years. 

• The subjects monitored are of direct interest to the stakeholders, and any surrogates 

included in a program (e.g. habitat elements such as hollows) have clear links to the 

subjects of real interest (e.g. hollow-dependent birds or mammals). 

• Aspects of interest are reported regularly to maintain interest in the program and 

reinforce its relevance. 

• There is broad support and involvement from stakeholders and the broader community so 

that results are widely understood. 

• There are strong links between monitoring and management, so that management can be 

truly adaptive in the light of new information obtained from monitoring. 

 

My work has contributed to the development of monitoring tools and concepts in three main 

ways. First, I have contributed to the development of field survey methods for various groups 

of fauna, both through personal efforts (Loyn 1986; Hewish and Loyn 1989) and by 

encouraging members of my teams to develop innovative new methods for particular groups 

of fauna (e.g. bats, using ultrasonic detection and automated call analysis, and camera-

trapping). 

 

Second, I have played an active leading role in developing monitoring systems that can 

provide useful information over long time-frames. My initiatives include several for use with 

waterbirds in relation to Western Port (e.g. Loyn 1978; Dann et al. 1992; Hansen et al. 2015), 

the Western Treatment Plant (Loyn et al. 2014) and waterfowl over much of Victoria (Loyn 

1989, 1991; Murray et al. 2012): these are not included in the current compilation on forest 

wildlife. I also initiated interstate surveys of Orange-bellied Parrots from 1979 to the present 

(Loyn et al. 1986; Starks et al. 1992, Chapter 6) and a national scheme for monitoring bush-



birds in the 1990s (the Australian Bird Count, Clarke et al. 1999), which became absorbed in 

a more general process for collecting data of that sort (Barrett et al. 2003). And I have 

contributed in various supporting roles to the development of programs for monitoring 

changes in forest structure in Victoria (the Victorian Forest Monitoring Program) and the 

effects of fire on biodiversity (e.g. the Victorian Hawkeye program, which built on my 

retrospective studies, Chapter 5). 

 

Third, I have contributed to developing ideas on the use of indicator species or groups (and I 

always prefer to emphasise groups rather than single species) in various ways, including a 

collaborative project with colleagues in other states of eastern Australia (Kavanagh et al. 

2004). 

 

In this chapter, I present two papers on developing simple field methods for monitoring 

numbers of diurnal forest birds. These include a method (the timed area-search, Loyn 1986; 

Hewish and Loyn 1989) that has become a standard tool in biodiversity monitoring in 

Australia. I also present two papers dealing with aspects of the debate on indicator species or 

groups (Loyn and McAlpine 2001; Kavanagh et al. 2004), and list by title a co-authored 

report on a study tour to USA and Canada to learn some of their systems for monitoring and 

conserving forest biodiversity (Munks et al. 2010). 

 

Bird survey methods and monitoring systems 

Birds are more active and conspicuous by day than many other vertebrates in Australian 

forests, and they are particularly easy to detect by call. They are a conspicuous element of the 

fauna in most of the world’s ecosystems, and many systems have been devised to collect data 

on their relative or absolute abundance (e.g. Ralph and Scott 1981; Recher 1988; Buckland et 

al. 1993; Bibby et al. 2000). In most of the work described here, it is sufficient to obtain a 

measure of the relative abundance of bird species in one type of habitat compared with that of 

the same species in another type of habitat. I also attempted to obtain measures of absolute 

abundance by territory mapping in early studies. 

 

My early efforts with territory mapping (Chapter 1) showed that this method was very labour-

intensive and would not meet the need for obtaining easily reproduced data from multiple 

parcels of forest. The main characteristics of the bird fauna were readily discernible from a 

short visit, and a simpler approach to collecting quantitative data would allow more sites to 

be examined in a given amount of time. I tried a number of methods, including transects, 

distance-sampling and different types of timed area-searches. I modelled the distance-

sampling on an approach devised by David Morgan (University of Melbourne) and found that 

the results were highly variable, mainly because it was not easy to measure detection 

distances precisely, because most individual birds were heard and not seen. Distance-

sampling has subsequently been developed further (Buckland et al. 1993) and has become a 

widely used method of estimating absolute population densities, especially for large 

conspicuous animals. However, long transects are needed to obtain enough observations for 

accurate density estimation, and this precludes using the method in fine-grained habitats 

where we need to estimate relative densities in each of the habitats represented (e.g. forest 

stands of different age following fire or logging). 

 

Of all the methods I tried, the one that had most promise was the timed area-search, and 

specifically a 20-minute search of about 2 or 3 ha of forest. The act of searching a set area 

imposed a discipline that resulted in increased numbers of birds being found by sight or 

sound, even when weather conditions were less than optimal. The freedom to move around 



the area allowed inconspicuous individual birds to be found, and the area-search revealed 

more birds in a given time than methods where the observer was constrained to remain 

stationary or to walk along a fixed straight transect. When conditions were optimal, some 

birds might be very vocal, but would only be recorded as single individuals. When conditions 

were less than optimal, they would be harder to find, but the act of searching often resulted in 

these birds being recorded at least once during the search period. I tried the method in a 

number of studies and published it as a useful approach (Loyn 1986). 

 

Soon after this, I persuaded the Research Committee of the Royal Australasian 

Ornithologists’ Union (RAOU, now Birds Australia) to launch a new survey project, the 

Australian Bird Count, designed to monitor national changes in bird numbers over time 

(between seasons and years). We commissioned Peter Smith to undertake a literature review 

of survey methods worldwide as part of a developing project proposal (Smith 1986), and we 

held a workshop in Adelaide to discuss possible approaches. This provided an opportunity to 

involve amateur birders in testing several methods (Hewish and Loyn 1989). The timed area-

search method proved to be the most popular of the four methods, and the one best buffered 

against unwanted sources of environmental variation. The report broke new ground in 

considering aspects such as popularity, effectiveness (birds observed per unit time), detection 

of cryptic species and buffering against unwanted sources of environmental variation. These 

aspects may deserve further analysis and publication in peer-reviewed journals. 

 

The 20-minute area-search of 2 ha became the standard for the Australian Bird Count, 

although some observers preferred to extend the period to 30 minutes. My own preference 

has gone the other way, in favour of shorter time periods (10 minutes) and smaller search 

areas (1 ha), to allow examination of finer-scaled habitats (e.g. Loyn 1998). 

 

The method and some simple variations have become the standard in various studies, 

including prelogging surveys undertaken by the Victorian Government and other 

governments. The second national bird atlas (Barrett et al. 2003) used another variation, in 

which species were recorded as present or absent, with no attempt to record numbers. They 

maintained the standard 20-minute, 2 ha approach as in my original paper. 

 

Indicator species or groups 

As discussed in Chapter 6, land managers often find it useful to focus on the needs of 

particular species in helping to choose between different strategies for managing their land 

and resolving potential conflicts. Throughout the world, forest policies usually include broad 

statements about the need to conserve biodiversity, but biodiversity is so complex that it may 

not be at all obvious how to translate these sentiments into action. Hence, the concept of 

indicator species has been grasped as a tool for simplifying what are often regarded as overly 

complex tasks. Sets of criteria and indicators have been developed internationally for 

assessing aspects of sustainability in forest management through the Montreal Process. They 

are used in Australia (MIG & NFISC 2013) and many other countries for various purposes 

including forest reporting and certification. 

 

Not surprisingly, confusion has arisen about the strengths and limitations of indicator species 

in forest management (e.g. Landres et al. 1988; Raison et al. 2001). Different authors have 

their own perspective and concepts, and there is no single ‘indicator species concept’. Part of 

the problem lies in the definitions, and Simberloff (1998) made useful distinctions between 

‘flagship’, ‘umbrella’ and ‘keystone’ species. Flagship species are those of special interest to 

people, which can essentially carry the banner for a broader suite of species. Umbrella 



species are typically species that occupy high positions on the food chain, and hence depend 

on access to healthy populations of prey species and habitat features over broad areas of land: 

the expectation is that many species will benefit from efforts to conserve habitat for the 

umbrella species. Keystone species are species that produce resources that are used by a suite 

of other species: mistletoe is a classic example as these plants are a major source of nectar 

and fruit at times of the year when those resources are generally scarce, and also a useful 

source of nest sites for birds and nutrient-rich foliage for possums (Reid 1991; Watson 2001). 

Other problems run deeper, as when indicator species become the main focus of management 

efforts, disqualifying those species from acting as independent indicators of management 

success.  

 

Some authors have argued that indicator species need to reflect the responses of other species 

to different types of forest disturbance (e.g. Lindenmayer et al. 2000) and then rightly 

observe that no species will respond in the same way as any other species to all types of 

disturbance. I have argued further that this individuality of species response is a direct 

consequence of the principles of ecological segregation, and we should not expect exact 

parallels of this sort. But neither should we give up on the search for species or groups of 

animals that can be ‘indicators’ in the sense that people will listen to messages derived from 

monitoring them. 

 

The following papers make a small but hopefully useful contribution to the recent literature 

on this subject. Some important ideas that are often missed in the debate include the need to 

focus on species that are of direct interest to people, and the general efficiency of monitoring 

groups of species rather than single species. Groups of animals incorporating multiple species 

that can all be surveyed together are ideal for monitoring purposes, especially if many of the 

species meet other criteria (sensitive to management, of interest to people). I believe my work 

has helped some policy-makers and managers take more note of these points than they would 

have done otherwise. 
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Abstract 
 

Despite the variety of definitions, or perhaps because of it, ecologically sustainable forest 

management (ESFM) is now the dominant paradigm guiding resource use in forest landscapes.  

Stakeholders have diverse and changing expectations from forests which need to be addressed 

by forest managers and planners. A toolbox of indicators is available to help assess and monitor 

success in meeting these expectations sustainably, ranging from attributes of landscapes or 

habitats to distributions and abundances of indicator species. These indicators cannot be 

perfect or definitive, but it is important that they lead to a shared and ecologically sound 

understanding of what really happens in the forest. This paper focuses on indicators of spatial 

pattern and forest fragmentation, a major process impacting on biodiversity. It develops an 

understanding upon which key indicators can be developed, and considers alternative 

approaches to assessing and monitoring fragmentation and its biological effects at the 

landscape scale. 

 

Forest fragmentation and its effects are a complex problem. Currently, there are few tested and 

proven indicators for assessing and monitoring the forest fragmentation process. Scale is 

critical to the understanding the problem and developing meaningful indicators. When we as 

humans view forests at different scales, we view spatial patterns, and may use such patterns to 

describe or summarise what we see. Particular patterns (e.g. patch or edge distributions) have 

important implications for biodiversity conservation. The few empirical studies show that 

relationships vary according to scale, and the spatial and temporal context and species under 

consideration.  It is important that these relationships are studied, so that sustainable forest 

management can be improved adaptively, and fragmentation indicators developed and their 

limitations understood.  It is also clear that patterns need to be managed now at the landscape 

scale, with imperfect knowledge, to produce a diversity of structures and spatial patterns 

necessary to cope with the uncertainties in biodiversity conservation. 

 

Keywords: ESFM, indicators, landscapes, spatial pattern, biodiversity, disturbance 
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Key Points 

 

Forest fragmentation is one of several major processes threatening biodiversity worldwide. 

 

Forest ecosystems are far too complex for us ever to expect to understand more than a few 

components and their interactions.  Yet ESFM demands that we manage to sustain the whole 

ecosystem, and monitor appropriate subjects which indicate how well we are doing.  We have 

no choice but to use indicators. 

 

Spatial or species-based indicators should not be rejected because they are imperfect, or we 

will never progress to operational monitoring and adaptive management. 

 

No single spatial pattern can be identified in development of fragmentation indicators.  What 

constitutes a fragmented landscape depends on the degree of habitat alteration and how an 

organism perceives and utilises spatial and temporal heterogeneity. 

  

Landscape metrics can serve as spatial indicators for assessing whether critical components of 

landscape pattern are maintained. 

 

In selecting species-based indicators, it is important to consider groups of species with varying 

life histories and scales of movement. 

 

Ultimately, forest managers should aim for robust quantitative linkages between species 

assemblages and spatial indicators.  These will help identify causal links and critical 

thresholds. 

 

In developing and applying indicators for ESFM, managers need flexibility to select a mixture 

of strategies to provide sustainable solutions on a case by case basis.  Indicators should be 

selected to encourage this flexibility, maintaining biodiversity in the landscape but not 

necessarily on every forest stand. 

 

The value of monitoring programs will be greatly enhanced if they identify factors that may 

contribute directly to observed responses, especially if those factors can be managed. 
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Introduction 
 

People are an integral part of forest ecosystems.  Some people live in forests, and far more 

visit forests for work or recreation, or use forest products to sustain their lives in more open 

environments.  All have different needs and expectations from forests. However, increasing 

global demands for wood products, coupled with rapid population growth in developing 

countries, has resulted in fragmentation of forest landscapes and a decline in their capacity to 

maintain biodiversity, in temperate and tropical environments (Kohm and Franklin 1997; 

Laurance and Bierregaard 1997). The result is that most forest landscapes exist in various states 

of structural modification (see Fig. 1). 

 

Ecologically Sustainable Forest Management (ESFM) requires the balancing of these 

increasing human pressures with the capacity of forests to produce forest products and 

maintain biodiversity. Currently, there are few agreed, tested or proven indicators for assessing 

and monitoring the sustainability of forest management practices. However, relevant and 

ecologically sound criteria and indicators are increasingly necessary to guide the development 

and evaluation of adaptive approaches to forest management and planning in the twenty-first 

century (Kohm and Franklin 1997).  A number of international processes are endeavouring to 

develop such indicators (e.g. anon. 1995; Commonwealth of Australia 1997). 

 

This paper begins with some introductory comments about the purpose of indicators, 

establishing a few points that may be overlooked in recent literature on the subject. The paper 

emphasises the need to consider spatial pattern and context explicitly in developing indicators 

of ecological sustainability.  Its central aim is to discuss landscape scale patterns and 

processes and help formulate ecological principles for assessing and monitoring fragmentation 

of forest landscapes, and for understanding the varied potential responses of biological 

populations. Three possible approaches to assessing and monitoring fragmentation are 

presented, based on spatial indicators (key landscape attributes), “robust empirical indicators” 

and groups of indicator species.  The paper focuses on Australian experience, and is supported 

by examples from Australia's sub-tropical and temperate forests and woodlands. However, it is 

expected that many of the principles and concepts are applicable to other tropical, sub-tropical 

and temperate biomes. 

 

The Purpose of Indicators 

 

Despite the variety of definitions, or perhaps because of it, sustainable development and 

management is now the dominant paradigm guiding resource use at all scales (Ferguson 1996; 

Smith and McDonald 1998).  In sustainable forest management and planning, the main 

purpose of indicators is to assess and monitor whether forests are being managed sustainably, 

and to understand forest processes and their management. It is important that we select a set of 

indicators for formal use that are practical to measure with available resources, and help lead to 

shared understanding of what really happens in the forest or give early warning of 

environmental change.  We should not shirk the task of developing such a list, but neither 

should we expect it to be a definitive or comprehensive list of indicators that attracts universal 

acceptance.  This will be an ongoing process, where new indicators are proposed and tested to 

assess whether societies’ needs and expectations of forests are being met sustainably.   
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An important criterion in selecting sustainability indicators is that they should be relevant to 

stakeholders in forest management. Community participation is clearly needed, both in setting 

sustainable forest management and planning goals and in monitoring outcomes (e.g. Dargavel 

et al. 1988; Saunders 1990; Davie 1997; Dorricott et al. 1997). It is also essential to recognise 

the cultural diversity of people and their multiple use and expectations from forests.  For 

example, many traditional societies such as the Penan of Borneo and Australian aborigines live 

in tropical rainforests and open savannah woodlands, using them as a complete integrated 

habitat for food, shelter, medicine and spiritual fulfilment.  Other forests and woodlands are 

generally used by traditional societies in combination with other habitats such as wetlands and 

grasslands.  Often forests are used as an essential source of fuel, forage for domestic animals, 

meat (from hunting wild animals), food supplements (e.g. fruit and honey), clothing or 

adornment (skins, fur and feathers), building materials or medicinal plants.  In systems of 

shifting agriculture, forests are used as a source of new or nutritionally restored land to be 

cleared for temporary use in food production.  In the modern age, most of the world’s people 

use forests to varying degrees as a supplementary habitat, living in more open environments 

(often created by clearing forests) and using forests as a source of water, wood, livelihood, 

economic wealth, recreation or spiritual refreshment.  Even people who never visit a forest, 

expect the world’s forests to continue to supply these goods and services and to conserve 

biodiversity on a sustainable basis.  

 

Indicators have an important role in developing ecological understanding. Forest ecosystems 

are far too complex for us ever to expect to understand more than a few components and their 

interactions.  Yet ESFM demands that we manage to sustain the whole ecosystem, and 

monitor appropriate subjects which indicate how well we are doing.  This has led to calls for 

“ecosystem management” as an alternative to single-species management, though there are 

potential pitfalls in either approach (Simberloff 1998).  Either approach requires indicators to 

be monitored. There is no such thing as a perfect indicator (telling us everything we wish to 

know), but that should not deter us from seeking indicators that are informative, useful and 

efficient to monitor.   

 

Forest management may lead to fragmentation of some habitat elements (e.g. old forest) and 

not others, and understanding the differential effects on species is a complex issue. Data on the 

distribution or abundance of selected indicators may help determine the importance of 

fragmentation or other consequences of management on a range of biota.  Potential indicators 

include: elements of habitat known to be sensitive to management (e.g. old or hollow-bearing 

trees); metrics of spatial pattern or fragmentation (McGarigal and Marks 1994); and plant or 

animal species believed to act as keystone species, umbrella species, flagship species or 

indicators of key ecological processes (Landres et al. 1988; Noss 1990; Paine 1995; Power et 

al. 1996; Simberloff 1998).  Target species or assemblages of species may respond quite 

differently to forest fragmentation or spatial and temporal factors acting at a range of scales 

(see Fig. 1, also Faith and Walker 1996; Niemi et al. 1997; Oliver et al. 1998; Howard et al. 

1998).  Hence it is naive to expect that spatial or temporal changes in a single group will 

reflect general changes in biodiversity of all other groups, or that changes in abundance of one 

species will inform us precisely about changes in any other species.  Principles of ecological 

isolation (Grinnell 1917, 1924, quoted in Lack 1971) dictate that no co-existing species will 

behave in exactly the same way as each other, but this does not prevent us from looking for 

broad patterns of general response, and learning from them if they exist. Unfortunately, such 

patterns have often proved elusive (Niemi et al. 1998).  Ideally, we should seek to develop 

quantitative linkages between species assemblages and forest fragmentation or management. 

However, less rigorous spatial or species-based indicators should not be rejected because they 
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are imperfect, or we will never progress to operational monitoring and adaptive management. It 

is equally important that their limitations are recognised in making management decisions. 

 

Some final points deserve emphasis.  The purpose of indicators is that they should be easily 

measured and inform us about something more complex (the ecosystem), not vice versa. It is 

futile to measure complex biological systems merely to indicate the extent of human-induced 

disturbance, as the latter can usually be measured more directly. The prime purpose of 

measuring biological systems is to assess whether biodiversity goals are being met, and to 

assess biological effects of human management or disturbance so that thresholds can be 

identified and management decisions made accordingly. Management should focus on goals 

set by the community of stakeholders, and indicators should be used to help that community 

determine whether those goals are being met sustainably across the landscape.  Sets of 

indicators should include some that are not the main focus of management, or we will 

institutionalise too narrow a management focus. 

 

The best value will be obtained from monitoring programs if they are designed  to answer 

research questions about known disturbances amenable to management (e.g. logging, fire or 

clearing).  However, it is also important that the monitoring systems should be able to detect 

any incidental changes that arise from processes that have not been recognised a priori, as 

discussed under Species Groups (diurnal birds and ground dwelling mammals) later in this 

paper.  Many historical losses of vertebrate fauna from Australia and New Zealand have 

involved impacts of introduced mammals in combination with habitat change (Burbidge and 

McKenzie 1989; Diamond and Veitch 1981), and some current changes appear to relate to 

legacies from past management rather than obvious contemporary actions (Recher and Lim 

1990; Robinson 1993). 

 

 

Spatial Pattern, Fragmentation and Scale 
 

Forestry traditionally has concerned itself with individual stands and has been reluctant 

to deal with issues at larger spatial scales, even though some of these--such as the 

cumulative impact of fragmentation--are of overwhelming importance. ----Spatial 

patterns are important and foresters and resources are at risk when they ignore this 

principle. (Kohm and Franklin 1997, pp. 9) 

 

 

Forest landscapes and spatial pattern 

 

Forest landscapes have natural levels of spatial and temporal heterogeneity. These spatial and 

temporal patterns are driven by environmental resource variability and disturbance/recovery 

regimes such as fire and logging. Spatial patterns may be heterogenous or homogenous, 

depending on the scale of observation. Distinctive, relatively homogenous landscape elements 

or patches may be observed within a larger, more heterogenous landscape.  This hierarchy of 

patterns is the hallmark of landscapes (Urban et al. 1987), and is a consequence of complexity 

within ecological communities (Szaro 1996) and the footprint of human land use on the 

landscape. Human-induced disturbances tend to alter the 'natural' heterogeneity and spatial 

patterning of forest landscapes. (The term 'natural' is used to indicate lack of discernible impact  

from modern technological society). The result is that most forest landscapes exist in various 

states of structural modification (see Fig. 1). Within production forests, logging with 

regeneration produces a young forest, reducing and fragmenting old-growth or 
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late-successional habitats (Loyn 1985; Spies and Franklin 1996).  Outside production forests, 

clearing results in the spatial fragmentation of intact forest landscapes into increasingly 

isolated forest patches (Saunders et al. 1987; Bennett 1990a,b; Greenberg 1996; Laurance and 

Bierregaard 1997; Bennett et al. 1994, 1998). Both processes may fragment forest habitats into 

small or isolated patches, with important consequence for biodiversity.  

 

Spatial pattern is the physical layout of all patches in the landscape (Dunning et al. 1992). It is 

one of two components of landscape structure, the other being landscape composition or the 

relative amounts of each habitat type contained in the landscape. Landscape structure regulates 

landscape function or the flow and interaction of energy, materials, and species among the 

component ecosystems or patches (Forman and Godron 1986).  Hence, changes in both 

landscape composition and spatial pattern have important implications for flows and 

interactions which constitute landscape function. Breakdown in landscape function can  

produce dysfunctional landscapes, causing vital soil nutrient and water resources to be lost 

from the system (Tongway and Ludwig 1994), or biological populations to become spatially 

divided (Hanski and Gilpin  1997).  Fragmentation of populations is usually considered 

detrimental, as it may accelerate local extinctions and reduce the chance of subsequent 

repopulation.  However, there may be benefits, as isolated populations can escape effects of 

broadscale stresses such as effects of introduced animals or extensive wildfire.  These factors 

need to be considered on a case by case basis, and conservation strategies usually aim for a 

mixed approach and multiple reserves each above a minimum threshold in size. 

 

Fragmentation and spatial pattern 

 

In all forest biomes there are different forest types and various spatial-temporal patterns of 

human-induced change. Many forest landscapes are both 'naturally' fragmented and seasonally 

dynamic due to spatial and temporal variation in environmental resources and stresses. This 

provides the context upon which human-induced fragmentation and its effects on biological 

populations must be assessed. 

 

Fragmentation of spatial pattern involves a disruption of continuity (Lord and Norton 1990), 

the breaking up of habitats into small parcels (Forman 1995). As with spatial pattern, it is not 

restricted to a particular scale, or to the spatial domain as opposed to the temporal or functional 

domain (Lord and Norton 1990). It can be applied to any domain in which continuity is 

important in the functioning of ecosystems and landscapes. It affects both plants and animals, 

and the flows of water and nutrients across the landscape. However, what constitutes a 

fragmented forest landscape will depend on the nature of the forested landscape and the species 

or flows being examined (Tickle et al. 1998). Both factors must be given explicit consideration 

in developing meaningful indicators of forest fragmentation.  

 

There is no single fragmented landscape spatial pattern which can be identified and generically 

assessed in the development of fragmentation indicators (Tickle et. al 1998). Fragmentation 

affects spatial patterns in multiple ways.  It involves more than changes in the size and 

isolation of habitat patches. When a landscape is fragmented, habitats are replaced by other 

habitats, patch boundaries are often sharpened and patch context changed, and connectivity 

altered (Wiens 1997). The prevailing paradigm in landscape analysis assumes a mainly 

dichotomous distinction between focal habitat patch and a hostile surrounding matrix (Forman 

and Godron 1986). Corridors link focal habitat patches across the hostile matrix.  Under this 

model, a fragmented landscape consists of small patches of suitable habitat embedded in a 

matrix in which the habitat has been destroyed.  Remnant forest patches within an agricultural 
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landscape generally could be considered a patch-matrix model. This is because most of the 

surrounding non-forest matrix is unsuitable for the majority of forest-dwelling species (e.g. 

Diamond 1975; Howe 1984; Forman and Godron 1986; Loyn 1987; Saunders 1989; Bennett 

1990a,b; Saunders et al.1991; Barrett et al. 1994; Bennett et al. 1994, 1998; Catterall et al. 

1997). In this landscape type, the value of forest patches for fauna have been shown to be 

influenced by the amount of forest in the broader landscape (Bennett and Ford 1997) and linear 

corridors between remnant patches (Bennett 1990a).  

 

McIntyre and Hobbs (1998) argue that the patch-matrix-corridor model is too simplistic to 

capture the range of possible landscape configurations resulting from varying intensities of 

human modification (see Fig. 2). Many landscapes have more than two habitat types with 

varying levels of suitability. These landscapes are described as mosaic or variegated 

landscapes (McIntyre and Barrett 1992, McIntyre 1994, Wiens 1995, 1997). Here, the matrix 

can perform important habitat functions and function differently from truly fragmented 

landscapes with a hostile matrix.  The nature and quantity of habitat in the matrix can help 

determine the value of more extensive habitats within a variegated landscape (Laurance 1994; 

Bennett and Ford 1997). There is a need, therefore, to emphasise human impacts in production 

forest landscapes in the broadest sense, with fragmented and variegated or mosaic landscapes 

nodes on a continuum of habitat modification or loss (McIntyre and Hobbs 1998).  

 

In summary, forest landscapes may exist in a series of structural states ranging from uniform 

landscapes through variegated or mosaic landscapes to fragmented landscapes. What 

constitutes a fragmented landscape, therefore, depends of the degree of habitat alteration and 

on how an organism perceives and utilises the spatial heterogeneity of forest landscapes.  A 

landscape may be functionally fragmented for ants or interior-dwelling birds, and variegated 

for mobile bird species that make use of modified habitats in the matrix. 

 

Organism perspective  
 

The development of ecologically meaningful indicators of forest fragmentation requires an 

organism-based perspective (Pearson et. al. 1996). From an organism’s perspective, forest 

landscapes are defined as dynamic mosaics of habitat resources, which occupy some spatial 

scale intermediate between an animal’s ‘normal’ home range and its regional distribution 

(sensu Dunning et al. 1992).  This perspective is essential because the  response of biological 

populations to changes in spatial pattern is varied (see Fig. 1), compounded by the fact that 

species have different ecological tolerances to fragmentation according to their movement 

patterns and life history attributes (Hansen and Urban 1992).  For example, work in North 

America and Australia shows that bird species associated with forest interiors generally decline 

with fragmentation while those specialising in forest edges increase in abundance (Whitcomb 

et al. 1981, Howe 1984, Lynch and Wigham 1984, Loyn 1987, Merriam and Wegner 1992, 

Barrett et. al. 1994, Greenberg 1996). In North America, chipmunks made differential use of 

fencerow habitats according to their status as resident or transient animals (Bennett et al. 1994). 

Resident and migratory bird species respond differently to forest fragmentation in south-east 

Queensland (Catterall et al. 1997). The development of ecologically meaningful fragmentation 

indicators must take into account this multiplicity of biological responses (Tickle et al. 1998).  

The value of indicators of fragmentation lies not in their power to describe spatial patterns, but 

rather their ability to describe and help understand quantitative linkages between spatial 

patterns at different scales and the persistence of forest fauna and fauna populations. 

 

The concept of scale is fundamental to an organism-based perspective. When we as humans 
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view forests in the field, or from a plane, or on a satellite image, we view spatial patterns at 

different scales, and may use such patterns to describe or summarise what we see. Maps 

represent a simplified summary of such images.  Similarly, organisms perceive and respond to 

spatial patterns and structures in various ways, which may be quite different from a human 

perspective. Therefore, the importance of spatial pattern and fragmentation at different scales 

differs between species. 

 

An organism perspective can be built into methodologies for developing fragmentation 

indicators by explicitly defining the grain (smallest patch size recognised) and ecological 

extent (largest scale of heterogeneity to which an organism responds) (Kotliar and Wiens 

1990). Both must be defined from an organism’s perspective (McGarigal and Marks 1994). 

Specification of grain and scale are essential because they determine the context of the spatial 

pattern and fragmentation at a particular scale for different species or species assemblages. 

They also provide the framework based on scale in which comparisons can be made between 

species.  

 

The concept of a patch is also very much organism dependent.  Development of fragmentation 

indicators requires a functionally meaningful definition of patches of different levels of habitat 

suitability (Tickle et al. 1998). Critical patch attributes include their type, size, shape, and edge 

characteristics. In the development of fragmentation indicators, it is important that the focal 

patch must be defined in terms of spatial and temporal patterns of resource utilisation by the 

organism under investigation just as patch or grain size must match the scale at which the 

organism operates (Wiens 1989). 

 

 

Indicators of Forest Fragmentation 
 

Spatial  Indicators of Fragmentation 

 

As mentioned above, changes in spatial pattern, including habitat fragmentation, can alter the 

internal patterning of forest landscapes, with important consequences for the survival of 

biological populations. A toolbox of landscape pattern metrics is available for quantifying the 

spatial patterning and fragmentation of forest landscapes (e.g. O'Neill et al. 1988a,b; 

McGarigal and Marks 1994). A landscape metric is a spatial statistic which describes 

simultaneously both locational and attribute information; usually a single number in a 

theoretical or defined range which quantifies some aspect of the spatial distribution of the 

object of interest (Tickle et al. 1998). A large array of metrics is available for characterising 

spatial pattern and assessing fragmentation of forest landscapes. Detailed lists of landscape 

metrics, their interpretation and limitations, are provided by Haines-Young and Chopping 

(1996), McGarigal and Marks (1994) and Hargis et al. (1998).  Those considered capable of 

providing information on fragmentation in forested environments can be categorised as:  

 

i) Areal metrics - measures of landscape or patch size, interior or core area; 

ii) Linear metrics - measures of boundary length, width, shape at the patch level and 

connectivity at the landscape level; or  

iii) Topological metrics - measures of the spatial relationships between landscape elements 

in terms of dispersion, spatial association, interspersion, isolation and connectivity. 

 

It is critical that metrics be selected and applied in a way that is ecologically meaningful to the 

species or species assemblages under investigation. When applied correctly, metrics serve as 
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verifiers of changes in the areal extent of habitat types and fragmentation of spatial pattern in 

forest landscapes. 

 

Stork et al. (1997) and Boyle et al. (1998) provide a list of key verifiers to assess whether 

landscape pattern is maintained.  

 

i) Area verifiers 

ii) Patch structure verifiers 

iii) Connectivity verifiers 

iv) Edge feature verifiers 

 

Landscape metrics can be selected for each verifier to assess whether critical components  of 

landscape spatial pattern are maintained.  Metrics should be sensitive to both species 

assemblages living in target forest landscapes and also to the structural state of the landscape 

(see Fig. 2). For example, metrics serving as connectivity and edge feature verifiers account for 

differences in edge and matrix effects between variegated or mosaic landscapes and 

fragmented landscapes where the matrix is classed as hostile.  In mosaic landscapes, metrics 

must take into account the interspersion and juxtaposition of all habitat elements in the 

landscape, and the juxtaposition of  habitat patches of varying suitability (e.g. different ages of 

forest) with focal habitat patches (e.g. old-growth patches).  

 

Area verifiers are critical for species which require large areas of forest habitat or avoid edges. 

The area of each habitat type is basic information for fragmentation analysis. However, it is 

also an important indicator of fragmentation. As the quantity of focal habitat decreases below a 

critical threshold for different species (see With and Crist 1995), the spatial distribution of all 

habitat elements (Harrison and Fahrig 1995) as measured by patch structure, connectivity and 

edge feature verifiers become increasingly important.   

 

Patch structure verifiers provide information on the number, size, contagion (clumpiness), 

dominance and fractal dimension (perimeter-area ratio) of habitat elements in the landscape. 

Harrison and Fahrig (1995) argue that increasing patch size, for a given amount of total habitat, 

increases the probability of population survival, with the positive effects of increasing patch 

size outweighing the associated negative effects of increasing patch isolation. Fractal 

dimension is a measure of shape complexity, with natural areas tending to have a more 

complex shape than human-altered landscapes (Krummel et al. 1987).   

 

Connectivity verifiers measure the degree to which focal patches are arranged and the 

influence of the matrix on movement between focal patches. As a landscape becomes 

fragmented into smaller parcels of focal habitat, landscape connectivity may suddenly become 

disrupted, which may have important implications for the distribution and survival of 

biological populations within forest landscapes.  Corridors of similar habitat linked together 

are thought to enhance connectivity (Forman and Godron 1986), but dissimilar habitat 

elements in the matrix (e.g. mature forest patches) among which transition probabilities are 

high (e.g. due to low risk of predation) may also result in high connectivity. In a mosaic 

landscape, a patch of the same habitat type may be of different suitability, depending on the 

spatial heterogeneity of the surrounding landscape matrix with connectivity increasing or 

decreasing the likelihood of movement among specific patches. Edge verifiers are important 

for assessing spatial pattern for species that prefer or avoid certain types of eco-tones or are 

susceptible to predation (Stork et. al 1997). However, as with connectivity, edge verifiers must 

be sensitive to the matrix context (Wiens 1997) with edge contrast important in mosaic 
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landscapes (see McGarigal and Marks 1994). 

 

The advantage of using metrics as spatial indicators is that they can be relatively easy to apply 

and do not require expensive biological surveys and empirical studies. Many spatial patterns 

can readily be recorded by remote sensing, and temporal patterns can be determined by 

analysing series of remote-sensed images. Many vertebrate species respond to aspects of forest 

structure that can be measured remotely using air-borne photography (Coops and Catling 1997; 

Catling et al. 1998).  Work is in progress to evaluate these remote sensing methods to produce 

landscape level indicators of potential habitat distribution. The main challenge is to select 

indicators that summarise this information in ways that are useful for managing landscapes to 

conserve biodiversity. Metric values are influenced by data scale (resolution or pixel size, 

mapping extent), number of classes and the derivation of classes. The selected mapping scale 

and method (classification scheme) defines patches that landscape pattern metrics are 

calculated upon (Tickle et al. 1998). Since many forest landscapes vary continuously, 

classifications must be imposed on gradients of variability. Measures of spatial pattern and 

fragmentation, therefore, may be highly sensitive to the way in which forest landscapes have 

been classified. 

 

Robust Indicators of Fragmentation 

 

While landscape metrics can provide valuable synoptic information and verifiers of whether 

landscape spatial pattern is maintained, the identification of key landscape metrics and critical 

thresholds in these metrics depends on the development of robust indicators of fragmentation 

(Cale and Hobbs 1994; Tickle et al. 1998).  Such quantitative linkages are important because 

critical thresholds in key metrics indicate transition ranges across which small changes in 

spatial pattern produce abrupt shifts in a population response. However, the development of 

robust empirical indicators between landscape metrics and species occurrence and decline have 

only rarely been demonstrated (see McComb and McGarigal 1995, Cale and Hobbs 1994). 

 

Carefully designed experimental and observational studies at spatial scales relevant to species 

resource utilisation scales are required to provide statistically robust measures of the 

relationship between landscape metrics and species' response to forest fragmentation and 

landscape change (Tickle et al. 1998).  The purpose of such studies should be to identify 

causal linkages between species abundance, distribution and diversity and key landscape 

metrics. Factors influencing species distribution, diversity and abundance in forest landscapes 

are multi-causal, involving both direct and indirect influences (e.g. McAlpine 1997; McAlpine 

et al. 1998). Forest type, floristics, fire, topography and altitude, and competition between 

populations for often scarce habitat resources (e.g. tree hollows) are a few of the potential 

influences that must be considered in developing robust indicators of fragmentation.  

Correlative relationships do not demonstrate causality (Kenny 1979). Given the variability and 

complexity created by such a suite of processes, fragmentation metrics may provide only 

limited power to detect and then predict long-term trends in population dynamics.  In some 

cases, landscape metrics may be too insensitive to be effective "early-warning" measures of 

population declines.   

 

The development of robust indicators of fragmentation should aim to identify key landscape 

metrics and critical thresholds in habitat abundance and spatial distribution for a variety of 

organisms (Tickle et. al 1998).  For example, McAlpine (1997) found that forest cover was a 

significant factor influencing the abundance of Eastern Grey Kangaroos (Macropus giganteus) 

in mosaic rangeland landscapes of Queensland, Australia. Populations of edge-dependent 
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kangaroos were highest in mosaic landscapes with an even distribution of forest, woodland, 

shrub and open habitats. However, abundance declined steeply when the proportion of the 

landscape occupied by forest habitats dropped below 10 percent of the landscape. The 

identification of key metrics and critical thresholds depended upon separating direct and 

indirect influences at three spatial scales over a four-year period (McAlpine 1997; McAlpine et 

al. 1998). 

 

Long-term studies (10-30 years) may be required to establish critical thresholds in key 

landscape metrics (Tickle et al. 1998).  Such studies specifically addressing the relationship 

between metrics, population decline, landscape change and scale are necessary to understand 

the direction and magnitude of trends in the longer term spatial and functional impacts of forest 

fragmentation. Retrospective studies are useful, where different landscapes have been 

fragmented differentially over different time-scales.  Sometimes such studies have provided 

evidence for continuing loss of species from fragmented systems over time.  For example, 

models of bird diversity in fragmented forests of south-eastern Australia implied a continuing 

loss of about one species per decade from individual forest patches, in addition to the effect of 

patch size already recognised (Loyn 1987).  Short time scales may show enough spatial 

isolation of patches to cause local extinctions in particular patches but not show results of 

slower processes such as inter-patch genetic isolation. That process must be examined at the 

longer time and broader spatial scale at which a population operates (Merriam 1994).  
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Species Groups for Monitoring as Indicators 
 

In developing a program for monitoring fragmentation and its effects, it makes little sense to 

focus on single species because whole suites of species can usually be monitored at one time, 

and each one may tell us something unique about what is happening in the forest.  However, it 

does make sense to select groups that can be monitored by a common protocol, and to focus on 

particular subsets of species when attempting to interpret the results.  Some possible groups 

are considered below, with special reference to their likely response to changing spatial 

patterns and fragmentation in the landscape.  The main conclusions are summarised in Table 

3. 

 

Invertebrates as indicators? 

 

Invertebrates contribute by far the greatest component of biodiversity in terms of numbers of 

animal species (Yen 1987; Majer et al. 1997; Stork et al. 1997; Oliver et al. 1998), and need to 

be addressed in any serious attempt to study and conserve biodiversity. Unfortunately, there are 

so many species and individuals that species-level analysis is time-consuming and expensive, 

and usually only attempted for selected groups (e.g. beetles, ants or butterflies).  The main 

purpose of indicators is to help people make management decisions about whether their 

expectations are met sustainably, and these expectations rarely extend to conservation of 

invertebrates at the species level, except perhaps for charismatic groups such as butterflies.  

We suggest that invertebrates should be studied at a strategic level, and only included at the 

species level in selected monitoring programs. 

 

Invertebrates collectively play a fundamental role in ecosystem function, and clearly deserve 

further study at the functional level.  With so many species replacing each other spatially 

across regions (Recher et al. 1996; Friend and Williams 1996; Oliver et al. 1998) it seems 

likely that there may be a substantial degree of redundancy in function between species, though 

this concept is not easily tested. Invertebrates operate at all spatial scales, and may include 

sessile and migratory life-forms at different life-stages within a species (New 1995). However,  

in general they respond to habitat variables at smaller spatial scales than vertebrates, reflecting 

their small size and microhabitat requirements.  Much remains to be learned about responses 

of invertebrates to patch size and other aspects of forest fragmentation. 

 

Frogs as indicators? 
 

Global declines in certain species of frog have caused general concern, and often the causes 

remain unclear (Barinaga 1990; Wyman 1990; Richards et al. 1993; Blaustein et al. 1994; Lips 

1998).  It seems that the group is  sensitive to environmental stresses quite different from 

those which affect other animal groups.  Forest management has been shown to affect frog 

populations in North America (deMaynadier and Hunter 1995) though the group has often been 

neglected in studies of forest management.  Hence frogs need to be monitored and studied so 

that causes of declines can be identified and managed.  In some cases, this may help identify 

stresses that could affect other species groups.  For example, recent research on Spotted Tree 

Frogs Litoria spenceri, an endangered riverine frog in south-eastern Australia, has shown that 

the tadpoles are eaten by introduced trout Salmo spp. and avoided by native fish (Gillespie in 

review).  It also appears that several native fish are confined to streams where trout are absent 

(Jackson 1981).  Monitoring frogs may give useful information about particular habitats such 

as freshwater systems within forests. 
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Frogs can be conspicuous and easy to monitor when calling, but calling is often highly seasonal 

and weather-dependent.  Populations of riverine species may become functionally fragmented 

when rivers are affected by broadscale factors such as invasion by introduced fish in lower 

reaches (Gillespie in review).  Populations of many species may be adapted to natural 

fragmentation of aquatic habitats within forests.  Little is known about further effects of forest 

fragmentation. 

 

Owls and arboreal mammals as indicators? 

 

Indicator species or groups need to be sensitive to environmental change, and the most 

sensitive species may be top predators that have large home ranges and depend on complex 

ecosystems to sustain them (umbrella species).  Large forest owls are in this category, and also 

have a degree of public appeal that may qualify them as flagship species (sensu Simberloff 

1998).  In Australia, all forest owls depend mainly on tree hollows for nest sites and the larger 

species feed extensively on arboreal mammals which also need tree hollows (Schodde and 

Mason 1984).  Hence they have been subject to recent research in New South Wales 

(Kavanagh 1988; Kavanagh and Bamkin 1995; Kavanagh et al. 1995) and Victoria (Milledge 

et al. 1991; McNabb 1996; Loyn et al. in prep.; McCarthy et al. in prep.), as well as overseas 

(Marcot and Thomas 1997) to develop effective conservation strategies. 

 

In Victoria, surveys of owls using call playback have been conducted at over1500 sites since 

1996, and logistic regression models constructed using mapped habitat data.  The models were 

field-tested and fed back onto Geographical Information Systems to predict broader 

distributions and select Special Protection Zones.  If these strategies prove successful, it may 

be concluded that other parts of the ecosystem are also conserved.  To this extent, large forest 

owls can be useful indicators of sustainable forest management. However, it should also be 

noted that extensive areas of forest may not support large owls, and still need to be managed 

sustainably.  Large owls are expensive to monitor because of their nocturnal habits and sparse 

distribution, making it difficult to obtain adequate data for useful statistical analysis.  Arboreal 

mammals are commoner and relatively economical to monitor, and they are known to be 

sensitive to forest management (Tyndale-Biscoe and Calaby 1975; Macfarlane 1988; Henry 

and Craig 1984; Lindenmayer et al.1990; Nelson et al. 1996).  It may be prudent to design a 

monitoring program with arboreal mammals as the main subject, collecting information on 

forest owls in the course of fieldwork but not relying on it for statistical analysis. 

 

Diurnal native or introduced birds as indicators? 
 

Birds are generally conspicuous (by sound if not by sight) and active by day.  They are 

represented by manageable numbers of species, covering a diverse array of guilds which 

respond to different aspects of environmental change at a range of scales.  For example, 

changes in abundance of nectar-feeding birds or hollow-dependent birds over space or time 

may inform us usefully about corresponding changes in those resources (nectar or hollows) and 

enable us to relate those to causal factors and suggest appropriate management actions.  Some 

Australian woodland bird species have declined recently for unknown reasons (Recher and 

Lim 1990; Robinson 1993), perhaps giving us early warning of environmental change which 

may be unrelated to the more obvious management actions. 

 

The general conspicuousness of birds makes them relatively easy to monitor, compared with 

more cryptic vertebrate or invertebrate species.  Many professional and amateur biologists 

have a strong interest in the group, and monitoring programs can be devised to involve large 
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numbers of people at relatively little cost, especially when they focus on distribution rather 

than abundance (e.g. Blakers et al. 1984).  Quantitative information may vary greatly with 

factors such as time of day, weather and observer skill (e.g. Bell and Ferrier 1985; Recher 

1988; Er et al. 1995) and it is rarely practical to obtain absolute measures of abundance in forest 

habitats.  However, estimates of relative abundance between habitats may be sufficient in the 

context of indicators.  These can usually be obtained with less effort than for cryptic species 

by a range of methods.  Effects of observer variation can be reduced by involving more than 

one observer at each site (Cunningham et al. 1999).  Prescribed searching methods such as the 

timed area search are buffered to some extent against sources of random variation (Loyn 1986; 

Hewish and Loyn 1987). 

  

Experience in many parts of Australia suggests that percentages of introduced birds (individual 

introduced birds as % of all birds observed on sample counts) may provide a useful index of 

gross disturbance.  Values tend to be very low (<2%) in extensive ungrazed forest and rise to 

much greater levels after gross disturbance such as partial clearing or grazing, or subsequent 

weed invasion (Loyn 1987, 1998; Loyn and French 1991; Catterall et al. 1997).  However, 

such disturbance can be measured directly by remote sensing, as can other forms of disturbance 

(e.g. logging) which do not benefit introduced species.  As discussed earlier, it is futile to 

measure complex biological systems merely as indicators of human-induced disturbance  as 

the latter can usually be measured more directly.  However, the proportion of introduced birds 

is easily measured and only likely to be high where disturbance processes have had major 

impact on biological systems.  In New Zealand, introduced birds are common (and native 

birds scarce) in mainland forests which look pristine but have been grossly altered by 

introduced mammals (Diamond and Veitch 1981).  In this case, the disturbance process  is 

less visible and less easily measured than the indirect indicator.  Similarly, in some Australian 

environments it is possible that high proportions of introduced birds may be the most 

conspicuous indicator that any of a wide range of disturbance events may have occurred at 

some time in the recent past. 

 

 

Ground-dwelling native or introduced mammals as indicators? 

 

Ground-dwelling native mammals may be sensitive to forest management (Dickman 1991) and 

respond to changes in structure of understorey or shrub layers (Coops and Catling 1997; 

Catling et al. 1998).  They have been greatly affected by habitat loss and fragmentation (e.g. 

Bennett 1990a; Deacon and McNally 1998).  Predation pressures can limit their use of 

habitats with sparse ground cover. 

 

Introduced mammals have played a major destructive role in the forest ecosystems of 

Australia, New Zealand and oceanic islands (Burbidge and McKenzie 1989; Towns et al. 

1997).  In southern Australia, many medium-sized (critical weight range) mammal species 

have become rare or extinct for a range of reasons including predation from Red Foxes Vulpes 

vulpes (Burbidge and McKenzie 1989; Kinnear et al. 1998).  The role of foxes is underlined 

by comparing mammal faunas of Tasmania and offshore islands (where foxes are absent and 

native mammals abundant) with those of mainland states (where foxes are common and native 

species often confined to dense vegetation such as heathlands where they can escape 

predation).  A massive contribution to biodiversity conservation would be made if fox 

populations could be controlled effectively in mainland Australia.  The current abundance of 

introduced predators may be a strong indicator that biodiversity of native mammals is not well 

conserved in mainland Australia. 
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The appropriate response to this information is to devise and implement management actions 

that will reduce the impact of these predators.  Programs to do this are underway in several 

states.  Monitoring should generally focus on the native species of interest, rather than on the 

predators themselves.  Land management practices can influence numbers of introduced 

predators, e.g. by giving them easy access to new habitats through track construction, or by 

reducing their numbers through poison baiting programs.  However, the threat to biodiversity 

may apply regardless of land management practices, and the responsibility for dealing with it 

lies with land managers even if they did not contribute substantially to its cause. 

 

In the context of indicators, the important point is that we need a robust monitoring system that 

detects biological changes and links them to causal agents even if those agents are not the main 

focus of land management actions.  The fact that timber production reduces elements of old 

forest (as discussed above) behoves us to strive to understand and manage that process, and 

develop monitoring systems that will help us do that.  But we should always be aware that 

ecosystems are wonderfully complex, and unanticipated processes and events are always likely 

to enter the stage from unexpected quarters.  Our monitoring systems should be robust enough 

to detect such changes as they occur, so that we can respond appropriately.  In the case of 

introduced predators, such response will have to be at the broadest landscape scale, because of 

the large home ranges and mobility of the animals concerned. 

 

 

 

A landscape perspective on forest management 
 

Clearing, logging and fire are the main causes of structural disturbance in the forest landscape, 

and all can cause varying degrees of forest fragmentation (as with recent extensive fires in 

Sumatra, G. Baines pers. comm.).  Landscape patterns are a product of these disturbances, 

superimposed on more stable patterns determined by geology and climate.  Here we focus on 

fire and logging because they are dynamic and potentially amenable to management.  

Long-term forest clearing for farmland is not a sustainable form of forest management. 

 

Effects of disturbance need to be understood at a range of spatial scales, as illustrated for 

temperate Australian forests in Table 1 (stand level) and Table 2 (landscape level).  The main 

tension between timber production and biodiversity conservation relates to  elements of old 

forest which do not regenerate easily on logged areas in planned rotation times, of which 

hollow-bearing trees are a prime example. 

 

There are three strategies for conserving species dependent on those elements of old forest 

(Loyn 1985): retaining and regrowing adequate numbers of these elements on logged areas; 

extending rotations well beyond the age at which the elements have reformed; or retainining 

and regrowing selected stands of old forest.  Forest management planning has often focused 

on the stand retention strategy, and debate has centred on the areas, types and spatial 

distributions of retained forest needed in the landscape. 

 

In developing and applying indicators for ESFM, managers need flexibility to select a mixture 

of strategies to provide optimal solutions on a case by case basis.  In some forests, it may be 

best to segregate production and conservation objectives spatially through a stand retention 

strategy.  In others, it may be best to integrate them through retention of old elements on 

coupes.  Indicators should be selected to encourage this flexibility, and focus on maintaining 
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biodiversity in the landscape but not necessarily on every forest stand. 

 

What is the appropriate management scale? 
 

The management of spatial pattern and fragmentation requires management at the landscape 

scale rather than at the stand or mangement unit scale. However, forest management units 

differ widely between different parts of the world, from less than a hectare in some privately 

owned tropical forests (I. Murthy, pers. comm.) to many thousands of hectares in sparsely 

populated countries such as Australia.  The most pragmatic approach may be to define 

landscape units that are as small as practical for conserving biodiversity over time, without 

sacrificing flexibility to select optimum combinations of management strategies.   The 

tension between these two demands will set upper and lower limits for landscape scales to be 

considered for development of biodiversity indicators.  Landscape units in the order of 

1,000-10,000 ha may be appropriate for many Australian forests, though wildfires are 

sometimes much larger (>100,000 ha) (Rawson et al.1983; Friend 1993; Woinarski and Recher 

1997; Loyn 1997). However, this size may not be appropriate in intensively managed forests in 

Asia or Europe.  

 

Patch size and landscape context: some general management principles 
 

Generally large patches of habitat support more species than small patches (e.g. Diamond 

1975), and this has obvious implications for conservation and development of indicators. The 

most serious thresholds occur where abundances of animal groups (animals per unit area) begin 

to decline with decreasing patch size. Different animal groups may respond to patch size in 

different ways and at different scales (Oliver et al. 1998).  Often the response to patch size 

relates directly to habitat features that may be influenced by physical stresses across edges, 

with small patches more exposed to such stresses than large patches.  For example, in forests 

of Mountain Ash Eucalyptus regnans, an arboreal mammal species the Greater Glider 

Petauroides volans was found to be more numerous in patches of old forest far from edges of 

55-year fire regrowth than close to edges, and this pattern correlated with the numbers of old 

hollow-bearing trees which had been reduced by the extensive 1939 wildfires (Nelson et al. 

1996).  The fire boundary was diffuse and its influence had extended beyond the artificial 

edges we could discern in the field.  This is one factor which may contribute to high 

abundance of arboreal mammals in large patches of old ash forest (Milledge et al. 1991; Incoll 

et al. in press).  

 

The importance of landscape context is illustrated by studies of birds in forest patches in 

south-eastern Australia.  Small forest patches (<10-20 ha) in farmland were found to support 

low abundances of forest birds, especially when they were heavily grazed by stock (Howe 

1984; Loyn 1987; Barrett et al. 1994; Bennett et al. 1998).  Often they were  occupied  by an 

aggressive native honeyeater, the Noisy Miner Manorina melanocephala, which expels other 

birds and compounds the effects of habitat  degradation in reducing biodiversity (Loyn 1987).  

Noisy Miners sometimes feeds in pasture and behave as edge-dependent species in similar 

fashion to Cowbirds in North America, though their deleterious effect comes from interspecific 

territoriality not brood parasitism as with Cowbirds.  Recent removal experiments have shown 

that some of the biodiversity of these patches can be restored by removing Noisy Miners (Grey 

at al. 1997, 1998).  Any robust indicator of fragmentation would ideally need to distinguish 

between those forest patches which contained reasonably abundant forest birds, and those 

which did not.  Patch size is a reasonable surrogate as a first approximation, but not the whole 

story. 
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A quite different situation arises with patches of old-growth forest of Mountain Ash Eucalyptus 

regnans, fragmented in a matrix of younger forest (regrowth from 1939 wildfires) (Loyn 

1998).  Those patches contained no farmland birds or introduced species.  Forest birds were 

as abundant in small patches as large patches, although there were some trends for particular 

species and guilds (e.g. hollow-dependent treecreepers followed the same pattern described for 

Greater Glider).  Appropriate robust indicators of fragmentation in this context should differ 

markedly from those in the farmland context described above.  The fragmentation process 

involves quite different ecological processes in the two situations, and birds respond differently 

to patch size. 

 

The contrast in responses described above illustrates two points on a continuum of responses 

from fragmented to variegated or uniform landscapes (McIntyre and Barrett 1992, McIntyre 

1994, Wiens 1995, 1997).  The importance of context and process in interpreting effects of 

fragmentation has also been recognised in landscape studies of vertebrates in northern Victoria 

(Bennett and Ford 1997; Bennett et al. 1998), New South Wales (Goldney and Bowie 1990); 

tropical Queensland (Laurance 1994) and elsewhere.  Clearly spatial indicators must be 

devised to describe the full range of possibilities, and empirical research is needed to determine 

how biota respond to any particular situation.  Genetic analysis may be useful in assessing the 

degree to which particular species are genetically isolated in fragmented habitats.  Monitoring 

programs should aim to measure biological values on and off reserves and in various categories 

of modified vegetation in between.  The value of monitoring programs will be greatly 

enhanced if they identify factors that may contribute directly to observed responses, especially 

if those factors can be managed. 

 

Conclusion  
 

A main aim of this paper was to discuss principles for selecting useful sets of indicators, rather 

than to develop a definitive list.  Indeed, one of our main points is that no list should be 

considered definitive.  Nevertheless, some conclusions can be made about the sorts of 

indicators likely to be most useful in the context of spatial patterns and forest fragmentation.  

In general, metrics of spatial pattern are likely to be more economical to measure than 

distributions and abundance of organisms, because the former can be assessed remotely. 

 

The most fundamental indicator is the gross amount of habitat in the landscape, if possible 

compared with historical amount.  The distribution of habitat is also important, and may be 

viewed most easily on a map or satellite image.  However, this oversimplifies reality and it is 

also necessary to quantify  the landscape context containing the remaining habitat.  There is a 

need to define and classify the focal patch and surrounding landscape elements in a way that is 

relevant to the species assemblages under investigation.  Landscape metrics  need to be 

selected and interpreted in the biological context, to verify if landscape spatial pattern is 

maintained from the organism perspective. They should serve as area verifiers, patch structure 

verifiers, connectivity verifiers and edge feature verifiers.  Ideally, selection of key metrics 

should be supported by robust empirical studies to identify critical thresholds in metric values 

(e.g. patch size). It must be recognised that threshold values will vary with species, context and 

region.  When these thresholds are known, it may be possible to develop robust indicators of 

fragmentation that reflect the management needs of specified biota. Sustainable management 

should  ensure that these values are maintained above critical threshold levels. Research at a 

range of spatial and temporal scales is needed to determine these thresholds and compare 

management strategies in a framework of adaptive management and continuous improvement. 
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The most useful species groups to monitor as indicators are those that are easily monitored and 

contain a range of species which provide useful information about a range of environmental 

stresses, especially those related to management or forest fragmentation .  The most 

fundamental organisms in the ecosystem (micro-organisms, plants and invertebrates) tend to be 

too diverse and numerous to be monitored easily or usefully at the species level, and not 

enough is known about their specific responses to disturbance. At the other end of the scale, 

groups of species at the top of the food-chain (e.g. large owls) tend to be too sparse to be 

monitored efficiently or provide information at suitable scales of management.  They may 

warrant deliberate management as umbrella species (as done in Victoria), and be included in a 

broader set of indicator groups, but additional indicator species are needed that are not 

management targets. 

 

We suggest that the most useful vertebrate groups to monitor at the species level include 

diurnal birds, frogs, arboreal mammals and critical weight range mammals.  These groups 

include a range of species which respond in different ways to known disturbance (e.g. logging) 

but are also diverse enough to give some degree of warning about unexpected changes which 

can be confidently expected to occur, as part of the general uncertainty involved in managing 

biological systems (Burgman et al.1993).  We should always be alert to changes in any group 

of species, and assess their potential to indicate processes that may require management 

response. 
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Table 1. Habitat features of mature eucalypt forest and regrowth after logging, at 

scale of individual forest stands 

 
Mature forests Regrowth forest 

Many big old trees with hollows, 

deeply fissured bark and epiphytes; 

sparse eucalypt regeneration  

 

Fewer big old trees; dense stands of 

eucalypt regeneration 

Broad open spaces below canopy 

between widely spaced large trees 

Fine mosaic of small spaces, 

branches and foliage below canopy 

  

Scattered shrubs and open ground Dense stands of shrubs and wattles; 

little open ground except in first 

few years after disturbance (when 

lots), and in local areas such as old 

log landings and along tracks 

  

Steady supply of fallen wood of a 

range of size classes 

Pulsed supply of fallen wood, with 

much small material soon after 

logging and less subsequently 

  

Stands may include diverse 

eucalypt species (in mixed eucalypt 

forest) and few short-lived 

understorey species such as wattles 

Acacia spp. 

Stands may be dominated by 

short-lived species which seed 

prolifically, eg. Silvertop E.sieberi 

and wattles Acacia spp. 

  

Vegetative resprouters may be 

abundant in understorey, and may 

be many years older than the tree 

canopy 

Vegetative resprouters may be 

reduced in abundance by physical 

disturbance during logging 

  

Trees of several different ages Trees mostly of a single age (after 

clearfelling) or several ages (after 

selective logging) 

  

Resources relatively stable over 

time; fluctuations due to season, 

weather, fire and flowering patterns 

Pulses of abundance of particular 

resources (eg. open ground in first 

few years; shrubs subsequently; 

peeling bark from eucalypt 

regrowth), and seasonal 

fluctuations as for mature forest 
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Table 2. Features of eucalypt forest landscapes with or without   

 management for intensive timber production 

 

 Unmanaged forests Managed forests 

Main disturbance process Fire (variable frequency, 

intensity and extent; may be 

managed as in timber production 

forests) 

Logging; fire patterns usually 

modified to reduce frequency 

and extent of severe fires 

   

Habitat patterns Lots of mature forest especially 

where sheltered from severe 

wildfire 

Less mature forest, mainly on 

steep slopes, gullies and areas 

determined by management 

   

 Lots of uneven-aged forest, 

where fires promote 

regeneration without killing 

overstorey 

Lots of even-aged forest on 

regenerated logging coupes (if 

clearfelling is used) 

   

 Few large areas of young 

even-aged forest produced in 

some years 

Many small areas of young 

regrowth produced predictably 

each year 

   

 Coarse-grained mosaic of 

age-classes, varying over time 

Fine-grained mosaic of 

age-classes, changing 

progressively but gradually over 

time 

   

 Extensive areas of same-age 

regrowth after particular fires, 

with scattered older trees 

Many small areas of even-aged 

regrowth of many different ages, 

with scattered older trees 
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Table 3. Summary of values of animal species groups for monitoring as indicators 

 

Group Why this group? Recommendations Selected 

references  

Invertebrates  Greatest component of 

biodiversity 

 Fundamental role in 

ecosystem function 

 Should be studied at the 

strategic or functional level. 

 Include at species level in 

selected monitoring programs 

 

Recher et al. 1996 

Friend & 

Williams 1996 

Oliver et al. 1998 

Frogs  Sensitive to 

environmental change 

 Provide early warning 

of change, especially in 

(partly) aquatic 

systems 

 Deserves further study, 

especially for aquatic systems 

within forests 

 

Barinaga 1990 

Blaustein et al. 

1994 

deMaynadier & 

Hunter 1995 

Owls & 

arboreal 

mammals 

 Dependent on 

old-growth elements 

e.g. hollows 

 Some aspects of 

ecology are well 

documented 

 Owls have large home 

range; high trophic 

level 

 High priority in monitoring 

programs 

 Monitor at range of spatial and 

temporal scales according to  

scale of  species movement 

 Focus mainly on arboreal 

mammals for quantitative 

analysis, and monitor 

distributions of both groups 

Lindenmayer et 

al. 1990 

Milledge et al. 

1991 

Kavanagh et al. 

1995 

Nelson et al. 1996 

Marcot & Thomas 

1997 

 

Diurnal 

native and 

introduced 

birds 

 Bird species occupy 

broad spectrum of 

habitat 

 Introduced birds often 

most common in 

disturbed habitats 

 Conspicuous indicators 

 

 High priority in monitoring 

programs 

 Monitor a wide range of 

habitats 

 Consider proportions of 

introduced birds as one of 

many potential indicators 

 

Diamond & 

Veitch 1981 

Recher & Lim 

1990 

Catterall et al. 

1997 

Loyn 1998 

Ground-dwel

ling native 

and 

introduced 

mammals 

 Respond to structural 

complexity of low 

vegetation and impact 

of introduced predators 

 Patterns of habitat use 

and response differ 

from those of arboreal 

mammals  

 Medium to high priority in 

monitoring programs 

 Monitor at fine spatial scales 

Burbidge & 

McKenzie 1989 

Bennett 1990 

Lawrence 1994 

Coop & Catling 

1997 

Kinnear et al. 

1998 

Catling et al. 1998 
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Figure 1. Simple pressure-state-response model showing multiple species responses to 

human-induced change in forest landscapes. 
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Figure 2. Forest landscapes exhibit a continuum of spatial pattern ranging from intact or 

'natural' landscapes to highly-modified, fragmented landscapes where remnant patches of 

forest habitat exist with a hostile matrix. Mosaic or variegated landscapes fall along this 

continuum, having intermediate levels of modification. In this landscape type, the matrix is not 

a hostile environment, but consists of vegetation in varying states of modification, and with 

varying levels of habitat suitability (Modified from McIntyre and Hobbs 1998). 
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Introduction
The Montreal Process is an international agreement 
about developing standards for national reporting of the 
sustainability of forest management for environmental 
and socio-economic values. Following a meeting in 
1993 in Montreal, Canada, in which the concept was 
outlined, the Santiago Declaration of 1995 was signed by 
12 countries, including Australia, and it became known 
as the Montreal Process Agreement. Seven criteria, 
representing a range of societal values associated with 
forests, were proposed for measurement using a set of 67 
indicators. These were subsequently adapted for use at the 
regional (sub-national) level in Australia (Anon. 1998). 
Criterion 1: “Conservation of biological diversity”, has 
been proposed for assessment at three levels; ecosystem 
diversity, species diversity and genetic diversity, using 
nine indicators. These include remotely-sensed and 
mapped changes in the area of each forest type by growth 
(successional) stages and by land tenure, and lists of the 
numbers of threatened and forest-dwelling species. Most 
of these indicators are sufficiently straightforward to 
implement now, but others require further research or 
development prior to implementation. In Australia, the 
second “State of the Forests” report uses many of these 
indicators (Anon. 2003).

The conservation of forest biodiversity in Australia is 
currently approached through a) the reservation of 
representative areas, in national parks and other reserves, 
and b) through the retention of nominated habitat 
elements, such as riparian strips and old hollow-bearing 
trees, in other managed forests (e.g. Anon 1999a, 1999b). 
However, forest managers and conservation biologists 
need to monitor both of these actions in terms of their 
achievement of stated objectives. This is best done by 
assessing directly the abundance of key (representative) 
species, or species groups, rather than by relying on 
indirect or potentially spurious assessments using habitat 
surrogates. The focus on populations, in addition to 
habitat surrogates, is needed because managers require 
confirmation that their actions are having the desired 
effect. Further, habitat requirements are poorly known 
for many species, and factors (e.g. introduced predators) 
other than habitat availability may interact to account for 
variations in the abundance (or presence) of species.

A key aim of our study was to provide the forest industry 
and forest management agencies with a list of species, or 
species groups, that are sensitive to logging in eastern 
Australia and which should be the subject of long-term 
monitoring because of their potential to indicate major 
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This paper summarises the key findings of a study that investigated the feasibility of developing a 
practical, sensitive and cost-effective approach to the implementation of Montreal Process Indicator 
1.2c for monitoring populations of representative species for forest management.  Representative 
species include those for which a significant change in population levels have a high likelihood of 
indicating a significant change in populations of other species.  This focus on populations of individual 
species, in addition to habitat surrogates, is needed because managers require confirmation that their 
actions are having the desired effect and because factors other than habitat availability may interact to 
account for the size of populations.  The study produced 13 collaborative reports and research papers.  
These included literature reviews identifying species (vertebrates, invertebrates and vascular plants) 
known to be, or potentially, sensitive to logging in south-eastern Australia, and reviews of the potential 
for species and functional groups to serve as bio-indicators in monitoring programmes.  The study 
also categorised plant and animal species in terms of their known or suspected sensitivity to logging.  
Using large retrospective (space-for-time) datasets from Queensland, New South Wales, Victoria 
and Tasmania, the study analysed correlations between species across a wide range of taxa, and the 
frequencies of occurrence or abundance of species in relation to logging intensity or time since 
logging.  Principles for consideration in the design of monitoring programmes were proposed and 
discussed, and a new method (videography) for remotely-sensing habitat (forest structure) attributes 
important for ground-dwelling mammals (and potentially other fauna) was demonstrated.
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environmental change. These sensitive species are likely 
to form the main component of Indicator 1.2c of the 
Montreal Process, which seeks to monitor “Population 
levels of representative species from diverse habitats 
(monitored) across their range”. This component will 
provide an important indicator of sustainable forest 
management. Representative species are defined as 
including those for which a significant change in 
population level has a high likelihood of indicating a 
significant change in population levels of other species 
(Anon. 1998). We approached this task in several ways: 
by a review of species with potentially sensitive attributes; 
by a review of species known or suspected to be sensitive 
to logging; and by an analysis of existing large corporate 
fauna and flora data sets held by agencies in each State.

The Australian Government Wood and Paper Industry 
Strategy (WAPIS 1995) and forest industry provided 
funding for this project, and other research projects, to 
assess the value and applicability in Australian forests 
of particular indicators arising from the Montreal 
Process. The Forest and Wood Products Research and 
Development Corporation (FWPRDC) managed these 
projects and the key outputs were reports to the FWPRDC 
from 1999 to 2003, when all projects were concluded (see 
www.fwprdc.org.au; current at July 2004). This paper 
summarises the key findings of reports and research papers 
addressing Indicator 1.2c of the Montreal Process. It was 
a collaborative effort involving researchers from five State 
and Commonwealth agencies.

A national approach
The research team identified appropriate datasets and 
considered a range of approaches to the issue. We were 
aware of the potential and the shortcomings of the indicator 
species concept and the disagreements surrounding its 
acceptability and use (e.g. Landres et al. 1988, Noss 1990, 
Kavanagh 1991, Milledge et al. 1991, Lambeck 1997, 
Niemi et al. 1997, Oliver et al. 1998, Caro and O’Doherty 
1999, Simberloff 1998, Lindenmayer 1999, Noss 1999, 
Lindenmayer et al. 2000, Loyn and McAlpine 2001, 
Loyn and Turner 2002). Much of the confusion stems 
from disagreements about what indicators are supposed 
to indicate, and how well they actually relate to the 
requirements and population status of other species. We 
saw an opportunity in this study to examine some aspects 
of the utility of the indicator species concept using several 
existing large corporate datasets. In particular, there was an 
opportunity to consider whether there was any consistent 
listing of species from a broad taxonomic and geographic 
range that was apparently sensitive to logging, and whether 
these species consistently formed parts of any recognisable 
assemblages of other forest-dwelling species.

We reviewed the literature to identify species (vertebrates, 
invertebrates and vascular plants) known to be, or were 
potentially, sensitive to logging in south-eastern Australia. 
Reviews were also undertaken of the potential for 
species and functional groups to serve as bio-indicators 
in monitoring programmes. Based on these reviews, 
and on our own knowledge and data, we categorised 
plant and animal species in terms of their known or 

suspected sensitivity to logging. We used a series of large, 
retrospective (space-for-time) studies in Queensland, 
New South Wales, Victoria and Tasmania. The aim was to 
search for correlations between species (within vertebrate, 
invertebrate and vascular plant groups) in terms of their 
occurrence or abundance with logging intensity or time 
since logging, as well as their associations with each other. 
This enabled us to identify some broad principles for the 
design of forest monitoring programmes. We also took 
the opportunity to demonstrate the application of a new 
method (videography) for the remote sensing of habitat 
(forest structure) attributes important for ground-dwelling 
mammals (and potentially for other fauna).

Results

Review of species sensitivity to 
logging
A total of 13 reports and research papers was prepared for 
the Commonwealth Department of Agriculture, Fisheries 
and Forestry and the Montreal Implementation Group 
(through FWPRDC; see website www.fwprdc.org.au). 
The review of the literature revealed a lack of clarity 
about which category (e.g. flagship, umbrella) of indicator 
species was being used in many studies (Turner et al. 
2000). Collecting data on single species is most relevant 
when the particular species concerned is rare, threatened 
or sensitive to management practices. These species 
are of interest in their own right and not because they 
are surrogates for other species, although they could 
also potentially serve this purpose. Functional groups, 
such as guilds, life-forms, and species with similar vital 
attributes or regenerative strategies, help us to focus on 
the ecological attributes that may predispose a species to 
be sensitive to logging. Such groups may provide useful 
ecological summaries of complex successional scenarios, 
allowing streamlined evaluation of the significance of 
community change following disturbance. Environmental 
monitoring programmes undertaken by vertebrate 
biologists have a history of focusing on indicator species. 
Similar programmes of invertebrate and plant ecologists 
typically use functional groups.

The sensitive species review collected evidence for species 
sensitivity to logging in New South Wales, Victoria and 
Tasmania. Little has been published on species sensitivity 
to logging in eucalypt forests in Queensland where the 
primary means of harvest has been selective logging. Instead, 
Queensland studies have focussed on identifying species 
potentially sensitive to logging due to their requirements for 
old hollow trees for nesting or denning (e.g. most arboreal 
marsupials, bats, and many forest birds), species which may 
be sensitive to depleted food resources (e.g. fruits and flowers 
affecting populations of lorikeets and pigeons) and habitat 
fragmentation (Innis 1989, Eyre and Smith 1997, Lamb et 
al. 1998, Smith and Lees 1998, Duncan et al. 1999). Other 
studies have assessed impacts on rainforest species (e.g. 
Kikkawa 1982, Barry 1984, Shields et al. 1985, Crome and 
Moore 1989, Burnett 1992), but logging in this vegetation 
type no longer occurs in Australia. The review revealed 
that large discrepancies exist between the States in terms 
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of the accessibility of scientific knowledge for assessing the 
responses of species to forestry practices. In general, studies 
on the impacts of logging on flora are far less prevalent 
and are also less accessible in the mainstream literature 
than those relating to fauna. Our preliminary review (up 
to 1999) identified 31 mammal, 60 bird, 16 reptile and 
13 amphibian species that may be potentially sensitive to 
logging (Turner et al. 2000). Twenty nine percent of the 
mammals, 12% of the birds and 31% of the amphibians 
were listed by the IUCN as rare or threatened. The project 
considered both legislated threatened and non-threatened 
species as candidates for long-term monitoring. Sensitive 
fauna typically possessed one or more of the following 
attributes: naturally low population densities; specialised 
habitat or dietary requirements; trophic position at the top 
of the food chain; or a social population structure (Turner et 
al. 2000). Victorian and Tasmanian studies on the impacts 
of harvesting on flora suggest that some understorey plant 
species, characteristic of mature or old-growth stands, may 
be prevented from achieving their pre-harvest abundance 
levels during standard harvest rotation times for managed 

forests and under current management practices. Tree-
ferns, ground ferns, epiphytes, bryophytes, nitrogen fixers, 
resprouters and those species that are targeted in selective 
logging programmes deserve attention in future analyses 
(Hickey 1994, Ough and Murphy 1996, Turner et al. 2000).

Indices of sensitivity to logging
Two indices of sensitivity to logging were developed over 
a single rotation for plants and animals: a numerical index 
of population response; and a set of categories reflecting 
perceived sensitivity at the coupe (i.e. logging area) or 
landscape scale (Table 1). Expert judgement by the team was 
then used to rank groups and habitat elements according to 
the sensitivity categories (Table 2). Knowledge and data 
on temporal responses to logging were then used to assign 
species to a series of ten response curves (grouped A-D) after 
logging, as a first step in calculating numerical sensitivity 
indices (Figs 1a-d, Tables 3-8). Functions labelled A refer to 
species that increase initially after logging. Functions labelled 
B refer to species that decrease initially and recover to 
varying extents over time (after a long time-lag in the case 

Ecological sustainability indicators

Category Dependence on sensitive 
habitat features

Likely response to logging (as determined from empirical studies or 
indirect evidence)

0 No Likely to benefit from logging
1 No Likely to benefit from logging in some forests but not others.

2 Yes May benefit from logging, despite being dependent on sensitive habitat features; 
these features may not be limiting.

3 No Populations likely to be reduced by logging, but regrowth continues to provide 
habitat.

4 Yes
Populations likely to be reduced by logging, but species remains common 
in regrowth under prescriptions for maintaining habitat elements such as 
hollow-bearing trees.

5 Yes

Needs elements of young forest (e.g. wattles) and old forest (e.g. hollow-
bearing trees); may benefit from measures to produce mixed-age stands, 
or to intermix young and old stands spatially in the landscape; populations 
may be reduced or increased by logging depending on which factors are 
limiting; special prescriptions may be needed.

6 Yes

Populations likely to be substantially reduced by logging; persistence in 
regrowth depends on maintaining elements of old forest such as hollow-
bearing trees; persistence in forest estate is likely to depend on retention 
of whole stands rather than individual trees, at least in terms of habitat 
for breeding (birds), roosting (bats) and recruitment of selectively logged 
plant species. Specific species may benefit from future prescriptions such 
as retention of understorey islands or implementation of ecological 
burning regimes.

7
Yes (but are provided 
under current general 

prescriptions)

Populations likely to become essentially confined to areas where 
intensive logging has not occurred at least in terms of maintaining areas 
of high diversity of epiphytic ferns and non-vascular plants and habitat 
for breeding (birds), roosting (bats) or specialized food resources (e.g. 
mycophagous mammals)

8
Yes (and need to be 

provided through special 
prescriptions)

Populations may be vulnerable to regional declines in retained parts 
of the forest as well as those that are subject to logging; management 
targeted at these species is likely to be required; these taxa may be 
sensitive to exposure (plants), have large home ranges, or depend on 
species that are sensitive to logging (as substrates, prey, etc.); or they may 
have exhibited documented historical declines in forests.

Table 1. A suggested framework for assigning species to categories of sensitivity to logging (from 0 = least sensitive to 
8 = most sensitive).
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Species Group Sensitivity Category Threatened Taxa
Plants
Epiphytes on tree-ferns 7 yes
Non-vascular species (e.g. bryophytes) 7
Truffle-like fungi 7
Mistletoes on eucalypts 6
Rainforest species 5 yes
Ground ferns 5 yes
Tree-ferns 4 yes
Resprouters 3
Vertebrates
Birds
Large forest owls 7 yes
Birds that feed extensively on mistletoe fruit or nectar 6 yes
Large hollow-dependent forest birds 5 yes
Lorikeets 5 
Small forest owls (Southern Boobook) 5 
Honeyeaters 4 yes
Fruit-eating birds 4 yes
Small to medium-sized hollow-dependent forest birds 4 yes
Birds that feed from open ground 3 yes
Diurnal forest birds of prey 3
Birds inhabiting forest streams (Azure Kingfisher) 3
Mammals
Large hollow-dependent arboreal marsupials 7 yes
Large carnivorous marsupials 6 yes
Mycophagous mammals 5 yes
Small to medium-sized arboreal mammals 5 yes
Hollow-dependent microbats 5 yes
Small carnivorous marsupials 4 yes
Native mice 3 yes
Mammals that feed from open ground 3 yes
Aquatic mammals 3
Reptiles, Frogs and Fish
Large hollow-using reptiles (Lace Monitor) 4
Arboreal geckoes 4
Frogs that breed in forest streams 4 yes
Other forest frogs 4 yes
Fish inhabiting forest streams 4 yes
Reptiles inhabiting forest streams (Water Dragons) 3
Habitat elements
Large aerial space below canopy 7
Old understorey 7
Large old living trees 6
Abundant tall tree-ferns 6
Large hollow logs on ground 5
Hollow-bearing trees 5
Dead old trees 5
Deeply fissured bark 5
Deep leaf litter 5

Table 2. Selected species groups, and habitat elements, and their likely sensitivity to logging (ranked from 0 = least 
sensitive to 8 = most sensitive to logging; see Table 1).
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Figure 1. Response functions (curves A-D) describing a range of possible responses to logging assessed in terms of 
changes in the abundance of animal and plant species at the forest stand level over the duration of a logging rotation. 
The role of the surrounding landscape mosaic as an ameliorating factor has not been considered, except for hollow-
dependent fauna where some continuing access to hollows is assumed.

Table 3. Predicted generalised responses of selected mammal species to logging in south-eastern Australian forests (see 
Fig. 1). For species that often use tree hollows (indicated #), the curves assume that some hollow-bearing trees remain 
available through the rotation, albeit in greatly reduced numbers. Exposure to logging is indicated on a scale from 0 
(habitat not subject to commercial logging) to 10 (all of habitat is potentially subject to commercial logging). Ranges are 
given where the species’ exposure is believed to vary betweeen states or regions within states. Areas not subject to 
commercial logging are indicated under Other habitats. Vulnerability indicates for south-eastern Australia whether each 
species is classed as extinct (X) in the mainland states, threatened (Th) if it is listed as endangered or vulnerable in at 
least one state, rare (R) if it is uncommon or occurs in naturally low numbers in a substantial part of its SE Australian 
range, local (L) if it is has a small range in the south-eastern states, and whether there is evidence of a substantial local 
decline in numbers (D).

Family 
Scientific name Common name Response 

curve
Exposure to 

logging Other habitats Vulnerability

Ornithorhynchidae
Ornithorhynchus anatinus Platypus A3 1 creeks
Tachyglossidae
Tachyglossus aculeatus Short-beaked Echidna A3 5 woodland
Dasyuridae
Dasyurus maculatus Spotted-tailed Quoll # B3, B4 7 gullies, rocks Th
Dasyurus viverrinus Eastern Quoll A1 2 woodland X
Antechinus minimus Swamp Antechinus B2 3 heath R
Antechinus swainsonii Dusky Antechinus B2 7 gullies
Antechinus stuartii Brown Antechinus # B2 5 to 7
Antechinus agilis Agile Antechinus # B2 5 to 7
Antechinus flavipes Yellow-footed Antechinus # B2 4 to 7 woodland
Phascogale tapoatafa Brush-tailed Phascogale # B3, B4 4 woodland Th
Sminthopsis leucopus White-footed Dunnart A1, A2 5 to 7 Th
Sminthopsis murina Common Dunnart A1, A2 5 R

Ecological sustainability indicators
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Family 
Scientific name Common name Response 

curve
Exposure to 

logging Other habitats Vulnerability

Peramelidae
Isoodon obesulus Southern Brown Bandicoot B1, B2 5 heath Th
Isoodon macrourus Northern Brown Bandicoot A2-A3 3
Perameles nasuta Long-nosed Bandicoot A2, B1, B2 7 heath, gullies D
Phascolarctidae
Phascolarctos cinereus Koala B1-B3 4 to 8 woodland Th
Vombatidae
Vombatus ursinus Common Wombat A3 4 to 8 farmland
Burramyidae
Cercartetus lepidus Little Pygmy-Possum # B1-B4 2 woodland L
Cercartetus nanus Eastern Pygmy-Possum # B1-B4 4 to 6 heath, woodland Th
Petauridae
Gymnobelideus leadbeateri Leadbeater’s Possum # B1-B3 7 swamp forest Th
Petaurus australis Yellow-bellied Glider # B3, D1, D2 7 gullies Th
Petaurus breviceps Sugar Glider # B1 6, 7
Petaurus norfolcensis Squirrel Glider # B3, D1, D2 4 woodland Th
Pseudocheiridae
Petauroides volans Greater Glider # B4, D1, D2 7, 8 gullies D
Pseudocheirus peregrinus Common Ringtail Possum # B1, 6, 7 gullies, suburbs
Acrobatidae
Acrobates pygmaeus Feathertail Glider # B1-B4 6 gullies, woodland R
Phalangeridae
Trichosurus caninus Mountain Brushtail Possum # B3, D1 7 gullies D

Trichosurus vulpecula Common Brushtail Possum # B2, B3, D1 2 suburbs, farmland, 
riverine D

Potoroidae
Potorous longipes Long-footed Potoroo B1, B2 7 to 9 gullies Th
Potorous tridactylus Long-nosed Potoroo B2 4, 5 heath Th
Aepyprymnus rufescens Rufous Bettong A2, C1 4 to 7 Th
Bettongia gaimardi Tasmanian Bettong B3 4 grassy forests X
Macropodidae

Macropus giganteus Eastern Grey Kangaroo A2, C1 3 woodland, 
farmland

Macropus robustus Common Wallaroo A2, C1 2, 3 rocks
Macropus rufogriseus Red-necked Wallaby A1, C1, C2 6, 7 D
Macropus dorsalis Black-striped Wallaby B3 5, 6 Th
Macropus parryi Whiptail Wallaby A2-A3 4
Macropus parma Parma Wallaby B3 7 Th
Wallabia bicolor Swamp Wallaby A2 7 gullies, heath
Petrogale penicillata Brush-tailed Rock-wallaby C2 1, 2 rocks Th
Thylogale stigmatica Red-legged Pademelon B1-B3 1 rainforest Th
Thylogale thetis Red-necked Pademelon A2, B1-B3 4 rainforest
Thylogale billardierii Tasmanian Pademelon A2 5 X
Muridae
Hydromys chrysogaster Water Rat A3 1 wetlands, coast

Melomys cervinipes Fawn-footed Melomys B2 3 rainforest, 
mangroves

Mastacomys fuscus Broad-toothed Rat B3 1 to 3 heath, gullies, 
subalpine Th

Kavanagh et al.
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Pseudomys fumeus Smoky Mouse B2-B3 6 heathy forest Th
Pseudomys higginsi Long-tailed Mouse 4 rocky areas
Pseudomys novaehollandiae New Holland Mouse A1 2 heath Th
Pseudomys oralis Hastings River Mouse A1, A2, C1 6 swamp forest Th
Pseudomys gracilicaudatus Eastern Chestnut Mouse A1, A2, C1 4 to 6
Rattus fuscipes Bush Rat B2 7 gullies
Rattus lutreolus Swamp Rat B2 4 heath
Pteropodidae

Pteropus alecto Black Flying-fox B3 2 swamp forest, 
rainforest Th

Pteropus poliocephalus Grey-headed Flying-fox B3 6 swamp forest, 
rainforest Th

Pteropus scapulatus Little Red Flying-fox B3 2 woodland
Syconycteris australis Common Blossom-bat B3 2 rainforest, heath Th
Nyctimene robinsoni Eastern Tube-nosed Bat A3 2 rainforest Th
Rhinolophidae
Rhinolophus megaphyllus Eastern Horseshoe-bat B3 7 woodland
Emballonuridae
Saccolaimus flaviventris Yellow-bellied Sheathtail-bat # A2, C1 6 woodland Th
Molossidae
Mormopterus beccarii Beccari’s Freetail-bat # A2, C1 4 woodland Th
Mormopterus norfolkensis Eastern Freetail-bat # A2, C1 6 trees on farms Th
Mormopterus planiceps Southern Freetail-bat # A2, C1 4 woodland
Mormopterus sp. 2 Freetail-bat # A2, C1 6 trees on farms
Tadarida australis White-striped Freetail-bat # A2 5 woodland
Vespertilionidae
Kerivoula papuensis Golden-tipped Bat # B2 8 rainforest, gullies Th
Miniopterus australis Little Bentwing-bat A2, C1 5 trees on farms Th
Miniopterus schreibersii Common Bentwing-bat A2, C1 5 trees on farms Th
Nyctophilus bifax Eastern Long-eared Bat # B2 3 rainforest Th
Nyctophilus geoffroyi Lesser Long-eared Bat # B1, B2 6 trees on farms
Nyctophilus gouldi # Gould’s Long-eared Bat # B2 8
Nyctophilus timoriensis Greater Long-eared Bat # B1, B2 8 Th
Chalinolobus dwyeri Large-eared Pied Bat A2, C1 6 woodland, heath Th
Chalinolobus gouldii Gould’s Wattled Bat # A2, C1 5 trees on farms
Chalinolobus morio Chocolate Wattled Bat # B3 7 trees on farms
Chalinolobus nigrogriseus Hoary Wattled Bat # A2, C1 6 woodland, heath Th

Chalinolobus picatus Little Pied Bat # ? 2 woodland, 
shrubland Th

Falsistrellus tasmaniensis Eastern False Pipistrelle # A2, C1, C2 7 Th
Myotis macropus Large-footed Myotis A3 5 waterways Th
Scoteanax rueppellii Greater Broad-nosed Bat # A2, C1, C2 7 trees on farms Th
Scotorepens balstoni Inland Broad-nosed Bat # A2, C1, C2 6 trees on farms
Scotorepens greyii Little Broad-nosed Bat # B3 6 woodland
Scotorepens orion Eastern Broad-nosed Bat # A2, C1, C2 7
Scotorepens sp. Broad-nosed Bat # A2, C1, C2 6 trees on farms
Vespadelus darlingtoni Large Forest Bat # B3 7 trees on farms
Vespadelus pumilus Large Forest Bat # B3 7 trees on farms
Vespadelus regulus Southern Forest Bat # B3 7
Vespadelus troughtoni Eastern Cave Bat A2, C2 5 trees on farms Th
Vespadelus vulturnus Little Forest Bat # B3 6 trees on farms
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Table 4. Predicted generalised responses of selected bird species to logging in south-eastern Australian forests (see Fig. 
1). For species that often use tree hollows (indicated #), the curves assume that some hollow-bearing trees remain 
available through the rotation, albeit in greatly reduced numbers. Exposure to logging is indicated on a scale from 0 
(habitat not subject to commercial logging) to 10 (all of habitat is potentially subject to commercial logging). Ranges are 
given where the species’ exposure is believed to vary betweeen states or regions within states. Areas not subject to 
commercial logging are indicated under Other habitats; “dry” refers to dry sclerophyll forest or woodland. Vulnerability 
indicates for south-eastern Australia whether each species is classed as extinct (X) in the mainland states, threatened 
(Th) if it is listed as endangered or vulnerable in at least one state, rare (R) if it is uncommon or occurs in naturally low 
numbers in a substantial part of its SE Australian range, local (L) if it is has a small range in the south-eastern states, and 
whether there is evidence of a substantial local decline in numbers (D).

Family 
Scientific name Common name Response 

curve
Exposure 
to logging Other habitats Vulnerability

Casuaridae
Dromaius novaehollandiae Emu C1 2 dry, alpine, heath D
Accipitridae
Pandion haliaetus Osprey 1 to 4 coastal Th
Aviceda subcristata Pacific Baza B1 3 to 5 rainforest L
Lophoictinia isura Square-tailed Kite B1? 4, 5 dry, gullies Th
Haliastur sphenurus Whistling Kite 1 wetlands D
Haliastur indus Brahminy Kite 1, 2 coastal
Haliaeetus leucogaster White-bellied Sea-Eagle 1 coastal, riverine Th
Accipiter novaehollandiae Grey Goshawk 6 rainforest Th
Accipiter fasciatus Brown Goshawk 4 varied
Accipiter cirrocephalus Collared Sparrowhawk 1 to 4 dry
Erythrotriorchis radiatus Red Goshawk 2 rainforest Th
Aquila audax Wedge-tailed Eagle 4 various Th (Tas)
Hieraaetus morphnoides Little Eagle 3, 4 woodland
Falconidae
Falco cenchroides Nankeen Kestrel A1 1, 2 farmland
Falco berigora Brown Falcon A1 1 farmland, dry
Falco subniger Black Falcon 0, 1 R
Falco longipennis Australian Hobby 1, 2 dry, suburbs
Falco peregrinus Peregrine Falcon 3 various Th
Megapodiidae
Alectura lathami Australian Brush-turkey 4 rainforest
Phasianidae
Coturnix pectoralis Stubble Quail A1 0, 1 farmland
Coturnix ypsilophora Brown Quail A1, A2 4 to 6 heath, riverine R
Coturnix chinensis King Quail 0 heath Th
Turnicidae
Turnix melanogaster Black-breasted Button-quail 2 rainforest Th
Turnix varia Painted Button-quail A1, A2, C1 3, 4 dry
Scolopacidae
Burhinus grallarius Bush Stone-curlew C2 0 to 3 dry Th
Columbidae
Columba leucomela White-headed Pigeon A2 2, 3 rainforest
Macropygia amboinensis Brown Cuckoo-Dove A2 3 rainforest
Chalcophaps indica Emerald Dove A2 3 rainforest
Phaps chalcoptera Common Bronzewing A2 5 dry
Phaps elegans Brush Bronzewing B1 5, 6 dry, coastal
Ocyphaps lophotes Crested Pigeon 0 dry, farmland
Geophaps scripta Squatter Pigeon 3 dry subtropical Th
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Family 
Scientific name Common name Response 

curve
Exposure 
to logging Other habitats Vulnerability

Geopelia placida Peaceful Dove 3, 4 riverine

Geopelia humeralis Bar-shouldered Dove 3, 4 coastal, various 
subtropical

Leucosarcia melanoleuca Wonga Pigeon B3, D1 5 dry, rainforest
Ptilinopus magnificus Wompoo Fruit-Dove 2, 3 rainforest Th
Ptilinopus superbus Superb Fruit-Dove 2, 3 rainforest Th
Ptilinopus regina Rose-crowned Fruit-Dove 2 rainforest Th
Lopholaimus antarcticus Topknot Pigeon B3? 3 rainforest
Cacatuidae

Calyptorhynchus funereus Yellow-tailed Black-Cockatoo # B1-B4, C2 6 pine plantations, 
gullies, heathy forest

Calyptorhynchus banksii Red-tailed Black-Cockatoo # D2? 2 dry R/Th 
Calyptorhynchus lathami Glossy Black-Cockatoo # B2, D2 4 to 6 dry, gullies Th
Callocephalon fimbriatum Gang-gang Cockatoo # C2, D2 5 to 8 gullies, heathy forest
Eolophus roseicapillus Galah # 1 farmland
Cacatua galerita Sulphur-crested Cockatoo # C2 3 farmland, rainforest
Cacatua tenuirostris Long-billed Corella # 1 farmland
Psittacidae
Cyclopsitta diophthalma Double-eyed Fig-Parrot # 1 rainforest Th
Alisterus scapularis Australian King-Parrot # B1, D2 7 gullies
Polytelis swainsonii Superb Parrot # C2, D2 4 riverine Th
Platycercus caledonicus Green Rosella # B3, B4 7
Platycercus elegans Crimson Rosella # B3, B4 7
Platycercus adscitus adscitus Pale-headed Rosella # 2 dry, farmland
Platycercus adscitus eximius Eastern Rosella # 2 dry, farmland
Psephotus haematonotus Red-rumped Parrot # 1 dry, farmland
Neophema chrysostoma Blue-winged Parrot # A1 4 heathy woodland
Neophema chrysogaster Orange-bellied Parrot # 0 coastal habitats Th
Neophema pulchella Turquoise Parrot # C2, B3, B4 1 to 4 dry Th
Lathamus discolor Swift Parrot # 4 Th
Pezoporus wallicus Ground Parrot 0 treeless heath Th
Trichoglossus haematodus Rainbow Lorikeet # 1 to 3 suburbs, coastal
Trichoglossus chlorolepidotus Scaly-breasted Lorikeet # 3, 4
Glossopsitta concinna Musk Lorikeet # B4? 5
Glossopsitta pusilla Little Lorikeet # 4, 5
Glossopsitta porphyrocephala Purple-crowned Lorikeet # 1 dry Th
Cuculidae
Cuculus saturatus Oriental Cuckoo 0 dry
Cuculus pallidus Pallid Cuckoo A2 1, 2 dry, farmland
Cacomantis variolosus Brush Cuckoo B2, D2 6, 7 rainforest, gullies
Cacomantis flabelliformis Fan-tailed Cuckoo B1-B3 7 gullies
Chalcites minutillus Little Bronze-Cuckoo 2 mangroves, rainforest
Chalcites lucidus Shining Bronze-Cuckoo B3 6
Chalcites basalis Horsfield’s Bronze-Cuckoo B2 3 dry, heath
Chalcites osculans Black-eared Cuckoo 1 dry R
Eudynamys scolopacea Australian Koel 3 rainforest
Scythrops novaehollandiae Channel-billed Cuckoo 2, 3 dry subtropical
Centropodidae
Centropus phasianinus Pheasant Coucal 2, 3 farmland, wetlands
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Family 
Scientific name Common name Response 

curve
Exposure 
to logging Other habitats Vulnerability

Tytonidae
Tyto tenebricosa Sooty Owl # B2, D1 5 rainforest, gullies Th
Tyto novaehollandiae Masked Owl # B3, D2 4, 5 dry, heath, rainforest Th
Tyto novaehollandiae castanops Tasmanian Masked Owl # D2 5 dry, rainforest Th
Tyto alba Barn Owl # 0 farmland
Tyto capensis Eastern Grass Owl 0 heath, farmland Th
Strigidae
Ninox strenua Powerful Owl # B2, B4, D1 7, 8 Th
Ninox connivens Barking Owl # D1 2 dry Th
Ninox novaeseelandiae Southern Boobook # B4, D1 4 various
Podargidae
Podargus strigoides Tawny Frogmouth B2, B3? 3 dry, suburbs
Podargus ocellatus Marbled Frogmouth 1 rainforest Th
Aegothelidae
Aegotheles cristatus Australian Owlet-nightjar # B2, B3 4 dry, gullies
Eurostopodus mystacalis White-throated Nightjar B2, B3 7 dry, heath margins R
Apodidae
Hirundapus caudacutus White-throated Needletail 1 to 6 air
Apus pacificus Fork-tailed Swift 1 air
Alcedinidae
Alcedo azurea Azure Kingfisher 6 streams D
Dacelo novaeguineae Laughing Kookaburra # A2 5 various
Dacelo leachii Blue-winged Kookaburra # 4, 5 various
Todiramphus macleayii Forest Kingfisher # 4 various
Todiramphus chloris Collared Kingfisher # 0 mangroves Th
Todiramphus sanctus Sacred Kingfisher # B4?, D1 3 dry, riverine
Meropidae
Merops ornatus Rainbow Bee-eater 1 dry
Coraciidae
Eurystomus orientalis Dollarbird # B4? 2, 3 dry, riverine
Pittidae 
Pitta versicolor Noisy Pitta 3 rainforest
Climacteridae
Cormobates leucophaeus White-throated Treecreeper # B4 7, 8
Climacteris erythrops Red-browed Treecreeper # D1, D2 8
Climacteris picumnus Brown Treecreeper # B4? 4 dry, riverine D/Th
Menuridae
Menura alberti Albert’s Lyrebird B1 2 rainforest and margins Th
Menura novaehollandiae Superb Lyrebird B1 7 gullies
Atrichornithidae
Atrichornis rufescens Rufous Scrub-bird B2 2 rainforest Th
Ptilonorhynchidae
Ailuroedus crassirostris Green Catbird B3 5 rainforest
Sericulus chrysocephalus Regent Bowerbird B3 5 rainforest
Ptilonorhynchus violaceus Satin Bowerbird B3 5
Maluridae
Malurus melanocephalus Red-backed Fairy-wren 3 to 5 heath, various
Malurus cyaneus Superb Fairy-wren A1, A2, C1 4 to 6 various
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Scientific name Common name Response 

curve
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to logging Other habitats Vulnerability

Malurus lamberti Variegated Fairy-wren 4 dry
Stipiturus malachurus Southern Emu-wren A1 2 heath
Pardalotidae
Pardalotus punctatus Spotted Pardalote B2, B3 6
Pardalotus quadragintus Forty-spotted Pardalote # B4? 1 SE Tasmania Th
Pardalotus striatus Striated Pardalote # B4, C1 5, 6
Dasyornis brachypterus Eastern Bristlebird 1 to 3 heath Th
Dasyornis broadbenti Rufous Bristlebird B1, B2 4 gullies, coastal Th
Pycnoptilus floccosus Pilotbird B2 6 gullies
Origma solitaria Rockwarbler 1 escarpments L
Sericornis citreogularis Yellow-throated Scrubwren B2 5 rainforest
Sericornis frontalis White-browed Scrubwren B1, B2 5 to 8 gullies
Sericornis frontalis humilis Tasmanian Scrubwren B1 5 gullies
Sericornis magnirostris Large-billed Scrubwren B3, B4 4 rainforest, gullies
Acanthornis magnus Scrubtit B4 4 rainforest, gullies
Pyrrholaemus sagittatus Speckled Warbler C2 2, 3 dry D/Th

Calamanthus fuliginosus Striated Fieldwren 0 treeless heath, 
saltmarsh

Calamanthus pyrrhopygius Chestnut-rumped Heathwren A1 4 treed heath R
Acanthiza reguloides Buff-rumped Thornbill A1, A2, C1 6 dry
Acanthiza pusilla Brown Thornbill B1, B2 5 various
Acanthiza ewingii Tasmanian Thornbill B1 5 various
Acanthiza chrysorrhoa Yellow-rumped Thornbill A1 0, 1 farmland
Acanthiza uropygialis Chestnut-rumped Thornbill # 0 dry D
Acanthiza nana Yellow Thornbill B1, B2 2 dry
Acanthiza lineata Striated Thornbill B3 8
Smicrornis brevirostris Weebill B1-B3 2, 3 dry
Gerygone olivacea White-throated Gerygone B3 2 dry
Gerygone mouki Brown Gerygone B2 2 to 5 rainforest
Gerygone levigaster Mangrove Gerygone 0, 1 Mangroves
Aphelocephala leucopsis Southern Whiteface 0 farmland edges D
Meliphagidae
Lichmera indistincta Brown Honeyeater B2 3 various, mangroves
Myzomela obscura Dusky Honeyeater 3 rainforest, mangroves
Myzomela sanguinolenta Scarlet Honeyeater B3 4 rainforest, various
Meliphaga lewinii Lewin’s Honeyeater B2 4 rainforest, gullies
Lichenostomus chrysops Yellow-faced Honeyeater A2, B2, B3 5 to 7
Lichenostomus fasciogularis Mangrove Honeyeater 0 mangroves
Lichenostomus virescens Singing Honeyeater 0 dry, coastal
Lichenostomus leucotis White-eared Honeyeater B2 6 various
Lichenostomus flavicollis Yellow-throated Honeyeater B2 6 various
Lichenostomus melanops Yellow-tufted Honeyeater B2-B4 2 to 4 dry
Lichenostomus melanops 
cassidix [Helmeted Honeyeater] 0 swamp forest 

(all reserved) Th

Lichenostomus fuscus Fuscous Honeyeater B3 2 dry

Lichenostomus penicillatus White-plumed Honeyeater 1 riverine, suburbs, 
farmland

Melithreptus lunatus White-naped Honeyeater B4 7 gullies
Melithreptus affinis Black-headed Honeyeater B4 7 gullies
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Melithreptus albogularis White-throated Honeyeater B3, B4? 6, 7 riverine
Melithreptus gularis gularis Black-chinned Honeyeater B3, B4 2 to 4 dry Th
Melithreptus validirostris Strong-billed Honeyeater B3, B4 4
Melithreptus brevirostris Brown-headed Honeyeater B3, B4 6 dry
Philemon citreogularis Little Friarbird B2-B4 1, 2 riverine
Philemon corniculatus Noisy Friarbird B2-B4 2, 3 various
Phylidonyris pyrrhoptera Crescent Honeyeater B1, B2 4, 5 gullies, heath
Phylidonyris novaehollandiae New Holland Honeyeater B1 2 heath, coastal
Phylidonyris nigra White-cheeked Honeyeater B1 1, 2 heath, coastal
Gliciphila melanops Tawny-crowned Honeyeater 0 treeless heath L
Grantiella picta Painted Honeyeater D1, D2 1, 2 dry R/Th
Xanthomyza phrygia Regent Honeyeater D1, D2 2 dry Th
Acanthorhynchus tenuirostris Eastern Spinebill B3 5, 6
Entomyzon cyanotis Blue-faced Honeyeater 1, 2 riverine D
Manorina melanophrys Bell Miner B2, B3 4 to 7 gullies
Manorina melanocephala Noisy Miner B1 0, 1 farmland, dry
Acanthagenys rufogularis Spiny-cheeked Honeyeater 0, 1 dry
Anthochaera chrysoptera Little Wattlebird 0, 1 coastal, suburbs
Anthochaera carunculata Red Wattlebird B4 5 various, suburbs
Anthochaera paradoxa Yellow Wattlebird B4 6
Petroicidae
Microeca fascinans Jacky Winter A1 2 treed farmland, dry
Petroica multicolor Scarlet Robin A2, B4, C1 6 dry
Petroica goodenovii Red-capped Robin C2 1 to 3 dry D

Petroica phoenicea Flame Robin A1, A2 5 subalpine (breeding), 
farmland (winter)

Petroica rosea Rose Robin B1 5 gullies, rainforest

Petroica rodinogaster Pink Robin B4 3 cool temperate 
rainforest (breeding) R/Th

Melanodryas cucullata Hooded Robin C2 1 dry D/Th
Melanodryas vittata Dusky Robin B3 4
Tregellasia capito Pale-yellow Robin 3 rainforest
Eopsaltria australis Eastern Yellow Robin B3 5 to 7 various
Neosittidae
Daphoenositta chrysoptera Varied Sittella B4, D2 6, 7 various, dry
Pachycephalidae
Falcunculus frontatus Crested Shrike-tit B3, B4, D2 5 to 7 various, riverine
Oreoica gutturalis Crested Bellbird 1 dry D
Pachycephala olivacea Olive Whistler B1 5 to 7 subalpine, gullies Th
Pachycephala pectoralis Golden Whistler B2 5 to 7
Pachycephala rufiventris Rufous Whistler B3 6, 7 dry
Colluricincla megarhyncha Little Shrike-thrush B2 2 rainforest
Colluricincla harmonica Grey Shrike-thrush B4 5 to 7 various
Orthonychidae
Orthonyx temminckii Logrunner 1 rainforest L
Pomatostomidae
Pomatostomus temporalis Grey-crowned Babbler C2 1, 2 dry, wooded farmland Th
Pomatostomus superciliosus White-browed Babbler C2 1, 2 dry
Cinclosomatidae
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Psophodes olivaceus Eastern Whipbird B2, B3 5 gullies
Cinclosoma punctatum Spotted Quail-thrush C2 7, 8 R
Corcoracidae
Corcorax melanorhamphos White-winged Chough C2, D1 6 dry
Dicruridae
Rhipidura leucophrys Willie Wagtail A1 0, 1 farmland
Rhipidura rufiventris Northern Fantail 5
Rhipidura albiscapa Grey Fantail B3 6, 7 various
Rhipidura rufifrons Rufous Fantail B2 5 gullies, rainforest
Monarcha melanopsis Black-faced Monarch B2, B3 5 gullies, rainforest
Monarcha leucotis White-eared Monarch 2 rainforest, coastal R/Th
Monarcha trivirgatus Spectacled Monarch B2 3, 4 rainforest
Myiagra rubecula Leaden Flycatcher B3, B4 5 to 7 dry
Myiagra ruficollis Broad-billed Flycatcher 0 mangroves
Myiagra cyanoleuca Satin Flycatcher B4 7
Myiagra inquieta Restless Flycatcher A1 1 dry
Machaerirhynchus flaviventer Yellow-breasted Boatbill 3 rainforest
Dicrurus bracteatus Spangled Drongo 4 various, rainforest
Corvidae
Corvus orru Torresian Crow A1 2 to 4 various
Corvus coronoides Australian Raven A1 2 to 4 various
Corvus mellori Little Raven A1 1 farmland
Corvus tasmanicus Forest Raven A2, A3? 4 heath, coastal, pines
Paradisaeidae
Ptiloris paradiseus Paradise Riflebird 3 rainforest
Artamidae
Artamus leucorynchus White-breasted Woodswallow A1 1 riverine, coastal
Artamus personatus Masked Woodswallow A1 1, 2 dry
Artamus superciliosus White-browed Woodswallow A1 1, 2 dry
Artamus cyanopterus Dusky Woodswallow A2 5 dry, various
Artamus minor Little Woodswallow 0, 1 dry subtropical
Cracticus torquatus Grey Butcherbird A2 2, 3 farmland, suburbs
Cracticus nigrogularis Pied Butcherbird 2 farmland, suburbs
Cracticus quoyi Black Butcherbird 2 rainforest
Gymnorhina tibicen Australian Magpie A1 1, 2 farmland, suburbs
Strepera graculina Pied Currawong A3?, B4 7 various
Strepera fuliginosa Black Currawong A3?, B4 7 various
Strepera versicolor Grey Currawong A3?, B3 5
Dicruridae
Grallina cyanoleuca Magpie-lark 0 farmland
Oriolidae
Oriolus sagittatus Olive-backed Oriole B1 7
Sphecotheres viridis Figbird 1 to 3 rainforest, suburbs
Campephagidae
Coracina novaehollandiae Black-faced Cuckoo-shrike A3?, B1 4, 5 various
Coracina lineata Barred Cuckoo-shrike 3 rainforest Th
Coracina papuensis White-bellied Cuckoo-shrike B3 4 dry

Coracina tenuirostris Cicadabird B3, D2 6, 7 gullies, rainforest, 
various
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Lalage tricolor White-winged Triller B4 2 to 4 dry, heath
Lalage leucomela Varied Triller B3 3 to 5 rainforest
Muscicapidae
Zoothera lunulata Bassian Thrush B3 5 gullies, rainforest
Zoothera heinei Russet-tailed Thrush B3 5 gullies, rainforest L
Turdus merula Common Blackbird B2 1 suburbs
Hirundinidae
Hirundo neoxena Welcome Swallow 1 farmland, riverine

Petrochelidon nigricans Tree Martin # A1, D2 6 riverine, some 
suburbs 

Zosteropidae
Zosterops lateralis Silvereye B1 3, 4 suburbs, coastal
Sylvidae
Megalurus timoriensis Tawny Grassbird 0, 1 tall grassland margins
Megalurus gramineus Little Grassbird 0 wetlands
Cincloramphus mathewsi Rufous Songlark 1 riverine
Passeridae
Stagonopleura bella Beautiful Firetail A3?, B2 1, 2 heath, gullies R
Stagonopleura guttata Diamond Firetail C1 1, 2 dry D
Neochmia temporalis Red-browed Finch A1, A2 5 gullies, riverine
Taeniopygia bichenovii Double-barred Finch A1 2 dry, farmland
Motacillidae
Anthus australis Australasian Pipit A1 1 farmland, alpine
Dicaeidae
Dicaeum hirundinaceum Mistletoebird B4, D2 3 various
Nectarinidae
Nectarinia jugularis Yellow-bellied Sunbird 3 rainforest
Fringillidae
Carduelis carduelis European Goldfinch A1 1 farmland

Table 5. Predicted generalised responses of selected reptile species to logging in south-eastern Australian forests (see Fig. 
1). Exposure to logging is indicated on a scale from 0 (habitat not subject to commercial logging) to 10 (all of habitat is 
potentially subject to commercial logging). Ranges are given where the species’ exposure is believed to vary betweeen 
states or regions within states. Forest type indicates the range of vegetation types where species occurs.

Family 
Scientific name Response curve Exposure to logging Forest type

Gekkonidae
Christinus marmoratus 5 IDS, NF
Diplodactylus intermedius B3, B4 5 IDS, CYP
Diplodactylus steindachneri A3, B3, B4 5 IDS, CDS, NF
Diplodactylus taenicauda A3, B3, B4 6 to 7 IDS, CYP
Diplodactylus tessellatus A3, B3 2 to 4 IDS, CYP
Diplodactylus vittatus A3, B3 8 IDS, CDS
Diplodactylus williamsi A3, B3, B4 5 IDS, CDS
Gehyra catenata B3, B4 5 IDS, DW
Gehyra dubia A3, B3, B4 8 IDS, CDS, DW
Gehyra variegata A3, B3, B4 8 IDS, CDS
Heteronotia binoei A3, B3 8 IDS, CDS, DW
Nactus cheverti 0-1
Nactus eboracensis 0-1

Kavanagh et al.
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Oedura lesueurii A3, B3, B4 2 to 4 IDS, DW
Oedura marmorata A3, B3, B4 2 to 4 IDS, DW
Oedura monilis B3, B4 5 IDS, CYP, DVT
Oedura robusta B3, B4 5 IDS, DW
Oedura tryoni B3, B4 5 IDS, DW
Phyllurus caudannulatus B4, D1 5 RFS, WS, DVT
Phyllurus platurus A3 2 to 4 WS, DS, NF
Phyllurus salebrosus A3, B3 5 IDS, CDS, RF, NF
Saltuarius swaini B4, D1 2 to 4 RFS, WS
Saltuarius wyberba A3 0-1 IDS
Underwoodisaurus milii A3, B3 5 IDS, DW, NF
Underwoodisaurus sphyrurus A3, B3 5 IDS, DW
Pygodidae
Delma impar ? 2 to 4 OF, W
Delma inornata A2, B2, B1 2 to 4 OF, W, NF
Delma plebeia A2, B2, B1 5 WS, DS, DW, NF
Delma tincta A2, B2, B1 5 IDS, DW, NF
Delma torquata A2, B2, B1 6 to 7 CDS, IDS, DW
Lialis burtonis A2, B2, B1 8
Paradelma orientalis A2, B2, B1 8 CDS, IDS, DW
Pygopus lepidopodus A2, B2, B1 6 to 7 WS, DS, DW, NF
Pygopus nigriceps A2, B2, B1 6 to 7 CDS, IDS, DW, NF
Agamidae
Amphibolurus muricatus A1,A2 8 CDS, IDS
Amphibolurus nobbi A3, B3 8 CDS, IDS, NF
Chlamydosaurus kingii B3, B4 6 to 7 CDS, IDS, DW, NFNF
Diporiphora australis A3, B3 8 CDS, IDS, NF
Hypsilurus spinipes B3, B4 5 RFST, WS
Lophognathus gilberti A3, B3 2 to 4 DS, W
Physignathus lesueurii A3, B3 8 WS, DS, W
Pogona barbata A3, B3, B4 8 WS, DS, W
Pogona vitticeps A3, B3, B4 5 DS, DW, CYP, NF
Tympanocryptis diemensis C1 5 DS, NF
Tympanocryptis lineata 2 to 4 DW, NF
Varanidae
Varanus gouldii A1, A2 8 DS, WS, W, NF
Varanus rosenbergi A3, C2 6 WS, DS, W, NF
Varanus tristis B3, C2 8 DS, W
Varanus varius C1 8 WS, DS, W
Scincidae
Anomalopus leuckartii A3, B3, B4 6 to 7 DS, DW, CYP
Anomalopus mackayi A3, B3, B4 5 DS, DW, CYP, NF
Anomalopus swansoni A3, B3, B4 2 to 4 DS, NF
Anomalopus verreauxii A3, B3, B4 6 to 7 RFST, WS, DS, W
Bassiana duperreyi C1 8 OF, W, NF
Bassiana platynota A2, C1 6 to 7 DS, W, NF
Calyptotis lepidorostrum B1, B3 2 to 4 RFST, WS, NF
Calyptotis ruficauda B1, B3 ? 6 to 7 RFST, WS
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Calyptotis scutirostrum B1, B3 8 RF, WS, W, NF
Carlia munda A1, A2 6 to 7 DW, DS, NF
Carlia pectoralis A1, A2 8 WS, DS, W, NF
Carlia schmeltzii A1, A2 8 WS, DS, DW
Carlia tetradactyla A1, A2 8 DS, W, CYP, NF
Carlia vivax A1, A2 8 WS, DS, W, NF
Cautula zia 0-1 RF
Coeranoscincus reticulatus A3, B3 2 to 4 RF, WS
Cryptoblepharus carnabyi A3, B3 5 DS, W, NF
Cryptoblepharus virgatus A3, B3 8 WS, DS, W, NF
Ctenotus allotropis A1, A3, C1 5 DS, W, CYP, NF
Ctenotus arcanus A1, A2, C1 6 to 7 WS, DS, W, NF
Ctenotus eurydice A1, A2, C1 5 WS, DS, W, NF
Ctenotus ingrami A1, A2, C1 5 IDS, W
Ctenotus robustus A1, A2, C1 8 WS, DS, W, NF
Ctenotus strauchii A1, A2, C1 5 W, NF
Ctenotus taeniolatus A1, A2, C1 8 WS, DS, W, CYP, NF
Cyclodomorphhus casuarinae A2,C1 5 OF, W, NF
Cyclodomorphhus michaeli 5 OF, W, NF
Egernia cunninghami 8 WS, DS, W
Egernis frerei 6 to 7 WS, DS, NF
Egernia major 6 to 7 RF, WS
Egernia mcpheei 6 to 7 WS, DS
Egernia modesta 6 to 7 DS, W, CYP
Egernia rugosa 6 to 7 DS, W, CYP
Egernia saxatilis A1, A2 5 DS, W, NF
Egernia striolata B3, B4, D1 5 DS, W, NF
Egernia whitii C1 5 DS, W, NF
Eroticoscincus graciloides B3, B4 6 to 7 RF, WS
Eulamprus brachysoma B1, B3 6 to 7 RF, WS, DS, W, NF
Eulamprus heatwolei A2,C1,A3,B3 8 WS, DS, NF
Eulamprus kosciuskoi 6 to 7? OF, W, NF
Eulamprus leuraensis 0-1 OF, NF
Eulamprus martini A1, A2, C1 8 DVT, WS, DS, W, NF
Eulamprus murrayi B3, B4 6 to 7 RF, WS
Eulamprus quoyii A2, C1, A3 8 RF, WS, DS, W, NF
Eulamprus sokosoma B1, B3 6 to 7 DVT, WS, DS, W
Eulamprus tenuis A1, A2, C1 8 RF, WS, DS, W, NF
Eulamprus tryoni 0-1 RF, WS
Eulamprus tympanum A2,C1 8 WS, DS
Glaphromorphus punctulatus A3? 6 to 7 WS, DS, W, NF
Hemiergis decresiensis 6 to 7? WS, DS
Hemisphaeriodon gerraldii B3, B4 8 RF, WS, DS
Lampropholis adonis B2 8 RF, DVT, WS, DS
Lampropholis amicula A1, A2, C1 8 OF, NF
Lampropholis caligula ? WS, W, NF
Lampropholis colossus 0-1 RF
Lampropholis couperi B2, B3 2 to 4 RF-WS

Kavanagh et al.
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Lampropholis delicata C2,A2,C1 8 WS, DS, DVT, W, NF

Lampropholis elongata ? OF, NF

Lampropholis guichenoti D1,B3,C2,A2,C1 8 WS, DS, W, NF

Lerista bougainvilii 6 to 7 DS, W, NF

Lerista fragilis A3 8 DS, W

Lerista muelleri A3 5 DS, W, NF

Lerista punctatovittata A3 6 to 7 DS, W, CYP, NF

Lygisaurus foliorum A2, C1 8 WS, DS, W, CYP, NF

Menetia greyii A2, C1 8 DS, W, NF

Menetia timlowi A2, C1 8 DS, W

Morethia boulengeri A2, C1 8 DS, W, NF

Morethia obscura A2, C1 2 to 4? W, NF

Morethia taeniopleura A2, C1 8 OF, W, NF

Nangura spinosa 0-1 DVT

Nannoscincus maccoyi A3 8 RF, WS

Niveoscincus coventryi A3,B1 8 WS, DS

Niveoscincus metallicus B2,B3,B4 8 WS, DS, W, NF

Niveoscincus ocellata C2,B3 5? OF, W, NF

Niveoscincus orocrypta 2 to 4? W, NF

Niveoscincus pretiosus D1,B3 8 WS, DS, W

Ophioscincus cooloolensis A3 2 to 4 RF, WS

Ophioscincus ophioscincus A3 2 to 4 RF, WS

Ophioscincus truncatus A3 2 to 4 RF, WS, DS, NF

Pseudemoia cryodroma 0-1 W, NF

Pseudemoia entrecasteauxii A2, C1 6 to 7 OF, DS, W

Pseudemoia pagenstecheri A2, C1 2 to 4? W, NF

Pseudemoia spenceri A2,C1 8 WS, DS, W

Saiphos equalis A3, C2 6 to 7 RF, WS, DS, NF

Saproscincus challengeri B3, B1 5 RF, WS

Saproscincus mustelinus D2,B4,B2,B1 8 RF, WS, DS, NF

Saproscincus oriarus 2 to 4? RF, WS

Saproscincus rosei B3, B1 6 to 7 RF, WS

Tiliqua nigrolutea A1, A2,C1 6 to 7 WS, DS, W, NF

Tiliqua scincoides A1, A2,C1 6 to 7 WS, DS, W, NF

Trachydosaurus rugosus A1, A2,C1 6 to 7 DS, W, NF

Typhlopidae

Ramphotyphlops affinis 5? ?

Ramphotyphlops australis 0-1 ?

Ramphotyphlops bituberculatus ?

Ramphothyphlops broomi ?

Ramphotyphlops ligatus 2 to 4? DS, W, OTHER?

Ramphotyphlops nigrescens 6 to 7 RF, WS, DS, WS, NF

Ramphotyphlops proximus 5 RF, WS, other ?

Ramphotyphlops sylvia 2 to 4? RF,WS,NF

Ramphotyphlops unguirostris ?

Ramphotyphlops wiedii ?
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Boidae
Antaresia maculosa C2, B3, B4 6 to 7 WS, DS, W, NF
Morelia spilota C2, B3, B4 8 RF, WS, DS, W, NF
Colubridae
Boiga irregularis B2,B3,B4 8 RF, WS, DS, W, NF
Dendrelaphis punctulata B2,B3,B4 8 RF, WS, DS, W, NF
Tropidonophis mairii A3, A2 5 RF, OF, W, NF
Elapidae
Acanthophis antarcticus B3, B4 8 RF, OF, W, NF
Austrelaps ramsayi A2, A3 2 to 4? OF, NF
Austrelaps superbus A2, A3 2 to 4? OF, NF
Cacophis harriettae B3, B4 6 to 7 RF, WS, DS, W, NF
Cacophis krefftii B3, B4 6 to 7 RF, WS, NF
Cacophis squamulosus B3, B4 6 to 7 RF, WS, DS, W, NF
Demansia atra A1, A2 5 DS, W
Demansia psammophis A1, A2 8 RF, WS, DS, W, NF
Demansia torquata A1, A2 6 to 7? OF, W, NF
Denisonia devisi A3, C2 5 DS, W, NF
Drysdalia coronoides A2, A3 5? WS, OF, NF
Drysdalia rhodogaster A2, A3 2 to 4 DS, NF
Furina diadema B2, B3 5 DS, W, CYP, NF
Furina dunmalli B3, B4, D1 5 DS, W, CYP
Hemiaspis damelii B3, B4 5 DS, W, CYP, NF
Hemiaspis signata A2 8 RF, WS, DS, NF
Hoplocephalus bitorquatus B3, B4 6 to 7 DS, W, CYP, NF
Hoplocephalus bungaroides B3, B4 0-1? OF
Hoplocephalus stephensii B3, B4 6 to 7 RF, WS, DS
Notechis ater A2, A3 8 RF, OF, NF
Notechis scutatus A2, A3 8 RF, WS, OF, NF
Oxyuranus scutellatus A2, C1 5 WS, DS, W, NF
Pseudechis australis B3, B4 6 to 7 OF, W, NF
Pseudechis guttatus B3, B4 5 DS, W, CYP, NF
Pseudechis porphyriacus B1, B3 8 RF, WS, DS, NF
Pseudonaja nuchalis A3, B3 5 OF, DS, W, NF
Pseudonaja textilis A3, B3 8 OF, DS, W, NF
Rhinoplocephalus boschmai B3, B4 5 W
Rhinoplocephalus nigrescens A2, A3 8 RF, WS, DS, W, NF
Rhinoplocephalus nigrostriatus 5? WS, DS, W
Simoselaps australis A3, B3, B4 5 DS, W, NF
Simoselaps semifasciatus A3, B3, B4 2 to 4? W, other ?
Simoselaps warro A3, B3, B4 5? OF, W
Suta dwyeri B2, B3 5 DS, W
Suta flagellum 2 to 4? W, NF
Suta suta A3, B3 5 DS, W, NF
Tropidechis carinatus A2, B2, B1 8 RF, WS
Vermicella annulata A3, B3 6 to 7 RF, WS, DS, W, NF

Forest type codes: CDS - coastal dry sclerophyll, DS - dry sclerophyll, DVT - dry vine thicket, DW - dry woodland, 
IDS - inland dry sclerophyll, MAN - mangroves, MF - monsoon forest, MS - monsoon scrub, NF - non-forest vegetation 
types, OF - open forest, RF - rain forest (unspecified), RFST - subtropical rainforest, RFT tropical rainforest, TW - tropical 
woodland, W - woodland (unspecified), WS - wet sclerophyll
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Table 6 Predicted generalised responses of selected frogs to logging in south-eastern Australian forests (see Fig. 1). 
Exposure to logging is indicated on a scale from 0 (habitat not subject to commercial logging) to 10 (all of habitat is 
potentially subject to commercial logging). Ranges are given where the species’ exposure is believed to vary betweeen 
states or regions within states. Areas not subject to commercial logging are indicated under Other habitats. Vulnerability 
indicates for south-eastern Australia whether each species is classed as extinct (X) in the mainland states, threatened 
(Th) if it is listed as endangered or vulnerable in at least one state, rare (R) if it is uncommon or occurs in naturally low 
numbers in a substantial part of its SE Australian range, local (L) if it is has a small range in the south-eastern states, and 
whether there is evidence of a substantial local decline in numbers (D).

Family 
Scientific name Response curve Exposure to logging Other Habitats Vulnerability

Hylidae
Litoria aurea A2 2 swamp forest, heath Th
Litoria booroolongensis B3 6 Th
Litoria brevipalmata B3 8 swamp forest Th
Litoria chloris B3 7 rainforest
Litoria citropa B3 5
Litoria dentata B4 6
Litoria ewingii A3 3 open lands
Litoria fallax A3 4
Litoria freycineti B3 3 heath R
Litoria gracilenta B3 4 rainforest
Litoria latopalmata A3 4 open lands
Litoria lesueuri B3 6
Litoria nasuta B3 4
Litoria pearsoniana B3 8
Litoria peroni B4 4
Litoria phyllochroa B3 7
Litoria revelata B4 8 R
Litoria spenceri B4 9 Th
Litoria subglandulosa B3 5 Th
Litoria tyleri B3 5
Litoria verreauxi A3 3 open lands
Myobatrachidae
Adelotus brevis B3 7 rainforest Th
Assa darlingtoni A3/B3 3 rainforest Th
Crinia signifera A3 2 open lands
Geocrinia laevis B3 4
Geocrinia victoriana B3 4
Heleioporus australiacus B3 6 heath Th
Lechriodus fletcheri B4 4 rainforest
Limnodynastes dumerili A3 4 open lands
Limnodynastes peroni A3 3 open lands
Limnodynastes tasmaniensis A3 2 open lands
Mixophyes balbus B3 9 gullies Th/X
Mixophyes fasciolatus B3 6
Mixophyes fleayi B4 2 rainforest Th
Mixophyes iteratus B3 6 rainforest Th/X
Paracrinia haswelli B3 4 heath
Philoria frosti B3 5 Th/X
Philoria kundagungan B3 3 rainforest Th
Philoria loveridgei B3 3 rainforest Th
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of B5). Functions labelled C refer to species that may 
increase initially, but decline as regrowth becomes dense. 
Functions labelled D refer to species that decline with 
little or no subsequent recovery during the time span of a 
logging rotation. Alternative response curves were given 
for many species, reflecting our uncertainty and also the 
likelihood (or knowledge) that species’ responses vary 
between forest types and regions.

Species with response curves designated B4, B5, C or D 
were considered to be the most sensitive to logging (Loyn 
et al. 2001). In later reports (Loyn et al. 2003a, 2003b) 
we applied real data to the calculation of sensitivity 
indices for plant and animal species in particular forest 
types and regions. We defined the numerical index of 
sensitivity as the ratio of mean abundance of a species 
in mature forest, to the mean abundance of that species 
in logging regrowth from years 0 to n of an n-year 
rotation. Our estimates of likely exposure to logging 
and vulnerability to regional extinction were listed along 
with the response curves for species of mammals, birds, 
reptiles, frogs, carabid beetles and plants that inhabit 
south-east Australian forests and woodlands.

In the review of terrestrial invertebrates as indicators of 
ecological sustainability in managed forests, we found 
that the microhabitats of soil and litter, foliage and 
canopy, bark and branch, dead standing trees and coarse 
woody debris were relevant in the context of determining 
the impacts of forest management and for selecting 
representative species (Taylor and Doran 2001). It 
was argued that a selection of those species from each 
of the key microhabitats that are restricted to later 
stages of succession should be monitored. This could 
be complemented by a selection of easily monitored 
species from a range of functional groups as a means of 
endeavouring to pick up adverse impacts not foreseen 
on the basis of present knowledge. In the longer term, 
habitat indices (developed from predictive models of 
fauna habitat) should be used to monitor the occurrence 
of indicator species across the broader landscape, rather 
than at specific sites where monitoring of species takes 
place. Most States would be in a position to select 
indicator species and commence monitoring for some 
key microhabitats (e.g. soil and litter). However, further 
research is needed in many regions before indicator 
species can be selected for other key microhabitats (e.g. 
coarse woody debris).

Correlations between species and 
logging
A series of seven research papers (Catling 2003, Coy 
et al. 2003, Goodall et al. 2003a, 2003b, Kavanagh and 
Stanton 2003b, Loyn et al. 2003a, 2003b) analysed and 
reported the correlations observed between species from 
a broad range of different taxonomic groups (vertebrate, 
invertebrate and vascular plants) and the occurrences or 
abundance of these species with logging intensity or time 
since logging from a series of large retrospective studies in 
Queensland, New South Wales, Victoria and Tasmania.

Data for reptiles in south-east Queensland showed that 
species richness declined in a non-significant trend toward 
lower diversity in forests 11-20 years after harvesting, but 
recovered 40-50 years after harvest (Goodall et al. 2003a, 
see also Goodall et al. 2004). Reptiles overall, and a subset 
of common reptiles, were significantly less abundant 11-
40 years after harvest compared to the period 0-10 years 
after harvest. Abundance of reptiles was non-significantly 
higher in older forests (i.e. 41-50 years since harvest and 
>50 years or virgin sites) than in forests within the 11-40 
years since harvest period. These results were explained 
largely by the greater shrub density in the 11-20 year 
‘time since harvest’ category. Shrub density may affect 
the availability of basking sites for reptiles (and/or the 
effectiveness of sampling by observers). Similar patterns 
have been shown in successional studies of reptiles in 
other states (e.g. Lunney et al. 1991, Brown and Nelson 
1993, Webb 1995, Goldingay et al. 1996, Kavanagh and 
Webb 1998). The common “bark, log and rock dwelling” 
skinks, Lampropholis spp. and Carlia spp., demonstrated 
the traits of “indicator” species. They were sensitive to 
environmental change (i.e. they responded to the effects 
of a harvesting disturbance regime) and they appeared to 
act as surrogates for the presence-absence of other species 
(Goodall et al. 2003a).

Data for birds in south-east Queensland showed that 
the species richness and abundance of all recorded bird 
species and common bird species were similar across five 
successional stages of forest regeneration (Goodall et al. 
2003b). Several generalist species (Brown Honeyeater 
Lichmera indistincta, Noisy Miner Manorina melanocephala, 
Yellow-faced Honeyeater Lichenostomus chrysops, White-
throated Honeyeater Melithreptus albogularis, Rainbow 
Lorikeet Trichoglossus haematodus, Australian Owlet-

Family 
Scientific name Response curve Exposure to logging Other Habitats Vulnerability

Philoria sphagnicola B3 3 rainforest Th
Pseudophryne australis B3 2 woodlands and rocky areas Th
Pseudophryne bibronii B3 4 open lands
Pseudophryne coriacea A3 6
Pseudophryne dendyi B3 4
Pseudophryne pengilleyi B3 4 Th
Pseudophryne semimarmorata B3 4 open lands
Uperoleia fusca A3 5
Uperoleia laevigata A3 4
Uperoliea martini A3 4 heath
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Ecological sustainability indicators

Table 7. Abundance of carabid beetles in different ages of silvicultural regrowth and old-growth, and their sensitivity to 
logging, in the southern forests in Tasmania (after Taylor, Michaels and Bashford 2000).
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nightjar Aegotheles cristatus and Pied Currawong Strepera 
graculina) appeared to be sensitive to timber harvesting, 
although other factors such as seasonal movements and 
food resources probably also influenced species responses. 
The mean abundance of obligate hollow-dwelling species 
was highest within 50+ regrowth forest and old or virgin 
forest and lowest in 21-40 year old regrowth. This project 
found that hollow-dependent bird species are worthy 
of consideration and further examination as potential 
indicator species for the sustainable management of forested 
ecosystems. Successional studies of birds in other states have 
also shown that many species recover within 20 years after 
intensive logging, but that hollow-nesting species are slow 
to recover (Loyn 1980, 1985, 1998, Kavanagh et al. 1985, 
Smith 1985, Taylor 1991, Taylor and Haseler 1995, Taylor et 
al. 1997, Kavanagh and Stanton 2003a).

In north-eastern New South Wales, a total of 40 vertebrate 
species appeared to be significantly disadvantaged by 
logging, another 40 species appeared to be significantly 
favoured by logging, while the remainder (147 species) 
showed no obvious response and appeared to be relatively 

unaffected (Kavanagh and Stanton 2003b). Most species 
were widely distributed throughout both logged and 
unlogged landscapes, albeit at possibly quite different 
densities. This may be due to the fine-scale complexity 
of the habitat mosaic for many species resulting in the 
continued availability of essential resources within or near 
logged areas, or the lack of sufficient sensitivity in the 
analysis due to the need to use presence–absence data. 
A further 121 species were recorded so rarely in the study 
(based on 619 sites) that it was not possible to make any 
assessments of their sensitivity to logging.

Species disadvantaged by logging were often either 
dependent on large old trees or tree hollows for nesting, 
roosting and foraging, such as the Common Brushtail 
Possum Trichosurus vulpecula, Red-browed Treecreeper 
Climacteris erythrops, Satin Flycatcher Myiagra cyanoleuca 
and Crimson Rosella Platycercus elegans, or they were 
species that inhabit open forests and woodland, such as 
the Rufous Bettong Aepyprymnus rufescens, Buff-rumped 
Thornbill Acanthiza reguloides, White-throated Gerygone 
Gerygone olivacea, White’s Skink Egernia whitii and Nobbi 
Amphibolurus nobbi, that were probably disadvantaged by 
the increase in stem density and understorey and mid-
canopy cover that usually follows logging (Kavanagh and 
Stanton 2003b). In contrast, species favoured by logging, 
such as the Eastern Whipbird Psophodes olivaceus, Brown 
Gerygone Gerygone mouki, Lewin’s Honeyeater Meliphaga 
lewinii, Wonga Pigeon Leucosarcia melanoleuca and Land 
Mullet Egernia major, were often those species preferring 
wetter forest environments, particularly those with multi-
layered foliage and a forest structure that includes fallen logs 
and a dense ground cover. Mammals were more likely to 
be disadvantaged by logging than birds, but reptiles in this 
study contained the largest proportion of species sensitive 
to logging (39%). Frogs were inadequately sampled in 
this study; only nine species were recorded. While each 
taxonomic group had some species that were apparently 
sensitive to logging, the time frame to population recovery 
following logging disturbance may differ widely between 
groups depending on their habitat requirements. Fire history 
was also strongly correlated with the occurrences of many 
species, indicating the need to quantify species sensitivity to 
regular, fuel-reduction burning.

Three main assemblages of species were identified. One 
consisted of rainforest or wet forest specialists, another 
comprised open-forest generalists, including a number 
of open-country and woodland species, and a third was 
made up of tall, eucalypt forest generalists, including all 
of the large forest owls and marsupial gliders (Kavanagh 
and Stanton 2003b). Each broad assemblage, and most of 
their sub-groups, were found to have at least one species 
that was apparently sensitive to logging. Large forest owls 
and arboreal marsupials have previously been identified 
as groups including a number of species that are sensitive 
to logging (Lunney 1987, Macfarlane 1988, Milledge et 
al. 1991, Kavanagh 1991, Kavanagh and Bamkin 1995, 
Kavanagh et al. 1995, Goldingay and Daly 1997). The 
study was unable to test whether these sensitive species 
can function effectively as indicators of the changing 
status of other species within each assemblage because 
sampling was undertaken only once at each site. Qualified 

Table 8 Predicted generalised responses of selected 
plant species to logging in south-eastern Australian 
forests (see Fig. 1).

Life Form Species Response 
Curve

Tree Ferns Cyathea australis B5, D1, D2
Dicksonia antarctica B5, D1, D2

Ground Ferns Blechnum spp. B4, B5
Lastreopsida hispida B4, B5
Polystichum proliferum B4, B5

Epiphytic Ferns Hymenophyllum spp. B5, D2
Polyphlebium venosum B5, D2
Tsmesipteris spp. B5, D2

Monocots Gahnia sieberiana A4
Dianella tasmanica B3, B4
Lepidosperma spp. B3, B4
Tetrarrhena juncea A2

Trees and Shrubs Acacia dealbata A2, C1
Acacia melanoxylon A2
Atherosperma moschatum D3
Banksia spp. B5, D2
Bedfordia arborescens B3, B4
Cassinia trinerva D2
Coprosma quadrifida B3
Hedycarya angustifolia B4, B5
Nothofagus cunninghamii B4, B5
Lomatia fraseri B4, B5
Olearia argophylla B4, B5
Olearia phlogopappa A2, C1
Persoonia arborea A4, B5, D2
Pittosporum bicolor B5
Tasmannia lanceolata B5

Kavanagh et al.
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support for the indicator species concept was shown, 
based on the identification of a set of species apparently 
sensitive to logging and their representation across a range 
of species assemblages.

CSIRO data sets for arboreal and ground-dwelling 
mammals from northern and southern NSW showed 
that, in both regions, the Greater Glider Petauroides volans 
and the Common Ringtail Possum Pseudocheirus peregrinus 
displayed a significant negative linear relationship with 
increased disturbance due to logging (Catling 2003). The 
Greater Glider is well known as a species that is sensitive 
to logging but the Common Ringtail Possum can also 
be common in regrowth forest (e.g. Macfarlane 1988, 
Kavanagh and Bamkin 1995). The Sugar Glider Petaurus 
breviceps displayed a significant positive relationship with 
logging in southern NSW (Catling 2003). Elsewhere, 
this species has been found to display different responses 
(positive and negative) to logging, depending on a range 
of factors (Lunney 1987, Kavanagh and Bamkin 1995, 
Kavanagh et al. 1995, Kavanagh and Webb 1998). Sand 
plot data (i.e. the number of footprints counted for 
species in sand plots placed across forest roads and tracks) 
indicated that the Spotted-tailed (Tiger) Quoll Dasyurus 
maculatus and the Common Brushtail Possum were 
adversely affected by logging in northern NSW, but “large 
wallabies” were more common in logged areas (Catling 
2003). In contrast, large wallabies (and the wombat) were 
recorded less frequently in areas that had been logged 
more intensively in southern NSW. The Dingo (or wild 
dog) Canis familiaris and Fox Vulpes vulpes displayed a 
significant positive association with logging disturbance 
in southern NSW, a result that could have negative 
consequences for other native wildlife. The Brown 
Antechinus Antechinus stuartii, Yellow-footed Antechinus 
Antechinus flavipes, Fawn-footed Melomys Melomys 
cervinipes and Bush Rat Rattus fuscipes were associated 
negatively with logging disturbance in northern NSW, 
while the House Mouse Mus musculus was positively 
associated with logging in southern NSW. Other studies 
have reported the Bush Rat and the Agile Antechinus 
A. agilis to display only a short-term adverse response to 
logging (Loyn et al. 1980, Recher et al. 1980, Braithwaite 
et al. 1984, Lunney et al. 1987, Lunney and Ashby 1987, 
Kavanagh and Webb 1998). The Superb Lyrebird Menura 
novaehollandiae was negatively associated with logging 
disturbance in southern NSW (Catling 2003).

In north-eastern Victoria, data from rapid fauna surveys 
were analysed to assess patterns of fauna distribution in 
relation to environmental variables (Loyn et al. 2003a). 
Non metric multidimensional scaling was used to ordinate 
sites for four taxonomic-functional groups (mammals, 
reptiles, diurnal birds and ants) with respect to abundance 
or presence-absence of species (morphospecies for ants). 
Significant concordance was found between patterns 
shown by all groups. The patterns related mainly to a 
geographical gradient (from cool wet uplands to warm 
dry lowlands) but disturbance contributed to patterns 
for birds and ants, with birds showing different responses 
in the upland (subject to logging) and lowlands (where 
adjacent agriculture was the main disturbance). Costs of 
field surveys were estimated for these and other fauna 

groups. The least expensive groups to monitor were 
those where identification could be completed in the 
field during rapid surveys (diurnal birds, reptiles, owls and 
arboreal marsupials).

Data from selected studies in Victoria and Tasmania 
showed that all taxonomic groups of flora and vertebrate 
fauna displayed a broad range of sensitivities to logging 
(defined as ratios of abundance for each species in 
mature forest and regrowth) (Loyn et al. 2003b). Some 
relationships were found between species sensitivities 
to logging and basic life-history attributes. For example, 
epiphytic plants (ferns and one higher plant species, 
Fieldia australis) tended to be sensitive to logging, along 
with tall forbs and tall woody shrubs that relied mainly 
on vegetative reproduction after disturbance. Introduced 
mammals, carnivorous birds, and birds that forage from 
bark or take seeds and galls at all levels in the forest, 
all tended to be sensitive to logging. However, these 
relationships were often weak and included a number of 
exceptions to these trends.

One study focussed specifically on the sensitivity to 
logging (time since logging) of ants in the three broad 
forest types (lowland, damp, wet) of East Gippsland, 
Victoria (Coy et al. 2003). A total of 17,578 individual 
ants was collected, including 88 morphospecies in 41 
genera. The composition of the ant fauna was found to 
be strongly related to the forest type. Species richness 
and numbers of individuals differed significantly in the 
progression from lowland to damp to wet forests. The 
composition of the ant faunas in the three forest types 
were significantly different, with a major distinction being 
found between lowland and wet forests. Damp forests 
formed an intermediate group that overlapped the other 
two forest types. Many ant species were characteristic of 
lowland forests and few were characteristic of wet forests. 
With forest age, generally more ant species and individuals 
were found in older age classes (17-29 and 80-150 years), 
but the differences were not as marked or significant as 
differences between forest types. There were very few ant 
species characteristic of younger (2-10 year) forests, but 
more species characteristic of older (17-29 and 80-150 
year) forests. It is likely that the environmental changes 
associated with logging within each forest type are only 
reflected in the ant fauna in the very early regrowth stages, 
and that once the forest reaches a certain age (somewhere 
around 5-10 years), the forest type becomes the main 
determinant of ant composition (Coy et al. 2003).

Identifying broad principles for design 
of monitoring programmes
Considering all studies, the choice of candidate species for 
monitoring is dependent on the integration of results from 
other experimental and retrospective studies, and will be 
specific to each region depending on the composition of 
species assemblages and the goals of management (Catling 
2003, Coy et al. 2003, Goodall et al. 2003a, 2003b, 
Kavanagh and Stanton 2003b, Loyn et al. 2003a, 2003b). 
Useful criteria in selecting groups to monitor include the 
relative abundance of species, the cost-effectiveness of 
monitoring methods, the number of species that can be 

Ecological sustainability indicators
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monitored simultaneously, their beta-diversity between 
sites, and their intrinsic interest to public stakeholders 
(Oliver et al. 1998, Loyn et al. 2003b). The design of 
monitoring programmes was identified as being the most 
important factor in ensuring that such programmes give 
effective early warning of major environmental change 
due to logging. The first signs of undesirable change would 
be detected on logged sites and on unlogged sites close to 
logged areas. A design protocol was proposed, based on 
three types of site location (logged areas, unlogged sites 
close to logged areas, and more remote parks and reserves 
as control sites). The choice of groups to monitor was 
seen as being less important, but our suggested candidates 
include vascular plants, selected groups of invertebrates, 
diurnal birds, owls and arboreal marsupials. Use of 
broadscale resource inventory and remotely sensed data 
would be a valuable adjunct to such a design.

Finally, Catling and Coops (2000) (see also Catling and 
Coops 2004) reported on the efficacy of videography (and 
other high spatial resolution imagery) for habitat mapping. 
While this approach uses habitat surrogates to provide 
an indirect assessment of species population status, it 
represents a significant new advance in our capacity 
to routinely map (using remote-sensing technologies), 
and thus quantify changes to, the extent of habitat 
for many species. Airborne videography was shown to 
offer considerable potential for mapping changes in the 
distribution and quality of habitat for species, such as 
ground-dwelling mammals, that have a close association 
with structural characteristics (e.g. the levels of ground 
and shrub cover) of the forest. Previously, another remote-
sensing method, interpretation of aerial photographs, has 
been useful in mapping potential habitat for some tree-
canopy dwelling species (e.g. Braithwaite et al. 1988).

Discussion
Species that are sensitive to logging (and to other forest 
practices) are among the key species that should be 
considered as candidates for monitoring (Kavanagh 1991). 
This study found that there are relatively short lists of species 
(in particular, vertebrates) that are either clearly advantaged 
or clearly disadvantaged by logging in east coast forests, on 
the basis of the datasets examined. However, these lists of 
species differ across regions depending on logging intensity, 
time since logging, broad forest type and a host of other 
environmental factors, including those which limit the 
distribution of each species.

Species groups with a large representation of species 
sensitive to logging include arboreal marsupials and 
medium-sized ground mammals, hollow-nesting birds 
and understorey or ground-frequenting birds, reptiles, and 
epiphytic plants. Freshwater species were not considered in 
this study. Lack of knowledge about taxonomy and ecology 
limits approaches to conserving forest invertebrates, such 
that, at present, the most useful approach for these species 
is managing forest structural attributes that are associated 
with older-aged forests.

In our analyses of vertebrate fauna, a large number of 
species appeared to show few obvious effects of logging. 
However, another very large number of species were 

encountered too infrequently for analysis of logging 
impacts. Frogs were sampled inadequately, or not at all, 
in this study and thus few correlations could be made 
between the occurrences of these species and logging 
history. Other studies have reported that few species 
of frogs show clear sensitivity to logging (Kavanagh 
and Webb 1998, Lemckert 1999, Lemckert and Brassil 
2000), although weather (rainfall) has a profound effect 
on species detectability. Many bats utilise tree hollows 
for roosting and breeding but also forage extensively in 
fragmented forest landscapes (Law et al. 1999, Lumsden 
et al. 2002). Recent studies have shown that openings 
provided by tracks and riparian zones enable bat species 
intolerant of structural mid-storey “clutter” to forage in 
logged areas (Law and Chidel 2001, 2002). Other groups, 
such as invertebrates, herbs and bryophytes, are generally 
poorly known and species within these groups require 
additional assessment.

Several projects found some unexpected results. Some 
species, identified previously as sensitive to logging, did 
not always show up as such in the results while other 
species, thought to be tolerant of logging, were sometimes 
identified as sensitive. These results reflect the limitations 
inherent in most retrospective studies, where inadequate 
knowledge is available about species distributions and 
abundance prior to treatment, and the difficulties involved 
in untangling confounding environmental (habitat) and 
historical co-variates. Our ability to find statistically 
significant differences between logging treatments was 
sometimes limited by other factors, including the need to 
use presence-absence data in comparisons across a wide 
range of taxa. Also, the extent of spatial heterogeneity in 
disturbance (i.e. surrounding landscape effects) could not 
be characterised adequately.

All projects (States/regions) identified assemblages of 
commonly co-occurring species, many of which included 
one or more species that were sensitive to logging. A 
wide range of species was also categorised according to 
broad functional groups based on their predominant diet, 
degree of arboreality, and body size. These results provide 
a significant advance in our knowledge about the utility 
of indicator species approaches to forest management. 
Population monitoring for relatively few sensitive species, 
spread across a range of functional and taxonomic 
groups, is likely to provide an important indicator and 
an independent assessment of biological diversity to 
that provided by remotely-sensed, or ground-truthed, 
assessments of habitat surrogates. However, further work 
is needed to test whether these sensitive species can 
function effectively as indicators of the changing status of 
other species within each assemblage.

Candidate species for monitoring will be specific to 
each region depending on the composition of species 
assemblages (or functional groups) and the goals of 
management. These species need to be determined 
after integrating and synthesising results from all States 
for species sensitivity to logging (bearing in mind 
regional differences), and from other retrospective and 
experimental studies. A short-list of selected vertebrates 
that should be considered for assessment in regional 
monitoring programmes in south-eastern Australian 
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forests is provided in Table 9. These species are all known, 
or likely to be, sensitive to logging and they include a 
range of taxa representative of many functional groups. 
Some of these species, and others not included, may be 
difficult to monitor due to low population density or to 
certain sampling constraints and, as such, their inclusion 
would depend on the resources available for monitoring. 
Species sensitivity to other common forest disturbances, 
such as roading, regular fuel reduction burning, and biotic 
factors, such as predation from introduced carnivores, also 
needs to be determined and incorporated.

Table 9. Selected species which should be considered for 
assessment in regional monitoring programmes. All are 
likely or known to be sensitive to logging in south-eastern 
Australia. * indicates species may be difficult to monitor 
due to low population density, weather or other seasonal 
constraints on sampling.

Species
Mammals
Dasyurus maculatus * Spotted-tailed Quoll
Phascogale tapoatafa * Brush-tailed Phascogale
Isoodon obesulus Southern Brown Bandicoot
Gymnobelideus leadbeateri Leadbeater’s Possum
Petaurus australis Yellow-bellied Glider
Petaurus norfolcensis Squirrel Glider
Petauroides volans Greater Glider
Trichosurus caninus Mountain Brushtail Possum
Trichosurus vulpecula Common Brushtail Possum
Potorous longipes Long-footed Potoroo
Potorous tridactylus Long-nosed Potoroo
Aepyprymnus rufescens Rufous Bettong
Macropus rufogriseus Red-necked Wallaby
Nyctophilus gouldi * Gould’s Long-eared Bat
Falsistrellus tasmaniensi * Eastern False Pipistrelle
Scoteanax rueppellii * Greater Broad-nosed Bat

Scotorepens orion * Eastern Broad-nosed Bat
Birds
Burhinus grallarius * Bush Stone-curlew
Leucosarcia melanoleuca Wonga Pigeon
Calyptorhynchus funereus Yellow-tailed Black-Cockatoo
Calyptorhynchus banksii * Red-tailed Black-Cockatoo
Calyptorhynchus lathami Glossy Black-Cockatoo
Callocephalon fimbriatum Gang-gang Cockatoo
Alisterus scapularis Australian King-Parrot
Polytelis swainsonii Superb Parrot
Platycercus caledonicus Green Rosella
Platycercus elegans Crimson Rosella
Lathamus discolor * Swift Parrot
Glossopsitta concinna Musk Lorikeet
Glossopsitta pusilla Little Lorikeet
Tyto tenebricosa Sooty Owl
Tyto novaehollandiae Masked Owl

Tyto novaehollandiae castanops Tasmanian Masked Owl
Ninox strenua Powerful Owl
Ninox connivens Barking Owl
Ninox novaeseelandiae Southern Boobook
Eurostopodus mystacalis * White-throated Nightjar
Alcedo azurea Azure Kingfisher
Cormobates leucophaeus White-throated Treecreeper
Climacteris erythrops Red-browed Treecreeper
Climacteris picumnus Brown Treecreeper
Pardalotus striatus Striated Pardalote
Pyrrholaemus sagittatus * Speckled Warbler
Acanthiza reguloides Buff-rumped Thornbill
Melithreptus lunatus White-naped Honeyeater
Melithreptus affinis Black-headed Honeyeater
Melithreptus validirostris Strong-billed Honeyeater
Melithreptus brevirostris Brown-headed Honeyeater
Grantiella picta Painted Honeyeater

Xanthomyza phrygia * Regent Honeyeater

Petroica multicolor Scarlet Robin

Petroica goodenovii Red-capped Robin

Melanodryas cucullata Hooded Robin

Daphoenositta chrysoptera Varied Sittella

Falcunculus frontatus Crested Shrike-tit

Pomatostomus temporalis Grey-crowned Babbler

Pomatostomus superciliosus White-browed Babbler

Cinclosoma punctatum Spotted Quail-thrush

Myiagra rubecula Leaden Flycatcher

Myiagra cyanoleuca Satin Flycatcher

Oriolus sagittatus Olive-backed Oriole

Coracina tenuirostris Cicadabird

Petrochelidon nigricans Tree Martin

Dicaeum hirundinaceum Mistletoebird
Reptiles
Varanus varius * Lace Monitor

Carlia pectoralis Skink

Egernia striolata Tree Skink

Egernia whitii White’s Skink

Eulamprus heatwolei Yellow-bellied Water Skink

Eulamprus martini Martin’s Bar-sided Skink

Ligisaurus foliorum Litter Skink

Morethia taeniopleura Fire-tailed Skink

Niveoscincus coventryi Coventry’s Skink

Pseudemoia spenceri Spencer’s Skink

Saproscincus challengeri Challenger Skink

Saproscincus mustelinus Weasel Skink

Saproscincus rosei Rose’s Skink
Frogs
Mixophyes fasciolatus * Great Barred Frog
Mixophyes iteratus * Giant Barred Frog
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Monitoring designs should include species that are 
sensitive to management regimes, species that are relatively 
common and widespread, species that are representative 
of different assemblages and functional groups, and those 
most strongly correlated with forest attributes typical 
of older-aged forests (e.g. tree hollows, large logs, some 
old trees). Cost-effectiveness is also an important issue, 
and efficiencies can be obtained by adopting sampling 
methods that record the abundance of multiple species. 
Most species groups have particular weather or seasonal 
constraints to effective sampling, requiring that monitoring 
programmes be dispersed temporally, as well as spatially. 
Some species groups are difficult to sample routinely and 
reliably using any method, and as such are unsuitable for 
broad-scale, systematic, monitoring purposes.

The team also recognised that multiple species can usually 
be monitored by common methods, providing additional 
information at little or no extra cost. It is more efficient 
to monitor groups of species than single species, where all 
members of the group can be surveyed using a common 
sampling method. Hence it is sensible to choose groups to 
monitor, especially when those groups are rich in species, 
and include many that are sensitive to the disturbance 
under consideration.

The task now is for regional managers to meet with 
conservation biologists and other stakeholders, and guided 
by the results of our studies and those of other retrospective 
and experimental studies, to determine a set of key species 
or groups to monitor, and where this monitoring should take 
place, over the longer term in each region.

However, there remain many other significant issues that 
need to be addressed in monitoring programmes than 
simply the choice of species to monitor. Survey design 
is paramount, including levels of replication and the 
type of stratification. We emphasise the need to monitor 
populations on at least three groups of sites: sites subject 

to expected and continuing disturbances, sites remote 
from such disturbances (e.g. in national parks and nature 
reserves) and sites located in small reserves embedded 
within a matrix of disturbed areas. The latter group of sites 
is expected to give the best early warning of impending 
change on the landscape scale.

Other crucial issues that need to be tackled include 
species detectability, survey effort and the statistical 
power of monitoring designs. The survey effort required 
is strongly linked to the detectability of species using 
standard sampling methods; accordingly, the levels of 
false-negative results in surveys need to be determined 
for many species (Wintle et al. in press). Agreements also 
need to be made about what constitutes a biologically 
significant effect. This information is needed to determine 
when an upward or downward trend in species abundance 
becomes a matter for concern, and as such it will greatly 
affect the design of monitoring programmes because of 
the requirement to obtain sufficient statistical power to 
detect trends.

It is important to realise that monitoring cannot, and 
should not, be expected to provide all the answers. It may 
provide important early warning signals about habitat 
change for a wide range of species, but it is not a substitute 
for careful research. Research may be needed to elucidate 
specific causes and effects for observed trends, and for 
assessing the responses of other species that are too rare or 
too difficult to survey using agreed monitoring protocols.

Finally, we should make a start now on developing and 
implementing systematic regional monitoring programmes, 
and be prepared to refine them according to experience 
and changing needs. Western Australia has provided a 
good lead with Forestcheck (Abbott and Burrows 2004) 
and we urge other states to develop their own monitoring 
programmes, using whatever systems and designs that are 
most appropriate to their own needs.
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SUMMARY

Four survey methods were compared by 26.volunteers from many parts of
Australia. The Area Search anil Transi:ct (each of 20 minutes) weie the most
popular. fither would be acceptable to paiticiparts for regulai use in a long-
term monitoTn-g pl^oje{. The Rolling Bird Survey (10 statiionary counts eaih of 5
minutes), and the 20 minute Stationary Count weie'less popular.

Th_e.Stationary Count was the least effective method; it was inefficient in terms
of birds detected, especially cryptic and inconspicuous species. and poorlv
buffered against environmentdfvariation. The Rolling birC Sirrvey was fiso
inefficient for crypt-ic and inconspicuous species, and floorly buffer'ed, but
e[lcrent m terfirs ot total species (compared with sets of 3 of other survevs). The
fobile surveys (Area Search and Tranlect) were better for detecting ca{rtic and
inconspicuousspecies, qnd slmilar to each bther in many ways. Mori in<iiviOuat
birds and species were found with *1g fsenssct than tne area Search, but results
were more variable and more biased towards conspicuous species. The Area
Search was better buffered against environmental variation^than the other
methods.

Suggestions are made for a national scheme to monitor populations and
movements of land birds, using the Area Search as the pieierred method.



Two methods in partiarlar were favoured by workshop and discussion group
members; tne nlrlt$gBird-Suwey metlo{ (Cutten, ,1930) and the At.i Seirchmembers; the Rolling Bird Survey method (Cullen, 19
method (toyq 1986); but there was a divisibn of opinimethod (toyq 1986); but there was a division of opinion on which of these
methods best met the project requirements. Therefore, following a suggestifg{oryrng.a suggestion by

INTRODUCTION

During the RAOU workshop on monitoring the populations and movements of
Australian birds (Smith, 1987), there was cdnsiderable discussion on the choice
of a survey method suitable for monitorine land bird populations over time
(spe_cifically, for a five year project). Ther? was geneial^agreement that the
preferred method should be as simple as possible, for ease of learning and
implementatior! by large numbers of voluhteers, and attractive and pGasurable
for project participants, the majority of whom would be amateurs. [t was seen as
important that the project should attract and maintain the marimum possible
level of participati<in. A further requirement was that the method should be'robust', so th,at sulvey results would be minimally affected by environmental
factors (weather, timti of day, season) and observer variation'.

R. Ioyn and M. qr!"tr, itwas agreed that potential Bird Monitoiing Scheme
participants should be asked to conduct a limited trial of these and iome other
simple survey methods, to assess their popularity and effectiveness under a
variety of coiditions. ihis trial was orlanized bi R. I-oyq M. Cullen and M.
Hewish.

This report presents results of the trial, .and suggestions are made for a national
scheme to monitor bird populations and movements.

METHODS

1. Bird surrey methods tested

The Rolling BirdSurvey- 4{e" Search, Transecl and Stationary Count methods
were chosen for the trial. These methods are described briefllbelow, and in
detail in the instruction sheet for participants, Appendix 1. The Arearsearch is a
20 minute countwithin a limited area (suegested 3 ha.), with the route flexible
within that area Birds observed outsi<ie iEe area ('ofPj can also be recorded.
For the- Try*".t, an observer moving along a straigbt foute for 20 minutes
counts birds out to an unlimited distirce. During i Stationary coun! a
stationary observer counts birds for 20 minutes, olut to an unlimited distance.
Duri-ng a Rolling Bird Survey, a stationary observer records the presence of
species during five minutes at each of tensurvey points. Birds aie recorded out
to an unlimited distance from each survey poinl 

-

2. Recruiting participants

Publicity and promotion for the trial were necessarily limited. At the Bird
Monitoring $cheme worlshopand the subsequent RAou congress, the
objectives of the trial were oullined, and assistiance soliciteO. eiiditi6nat
Puttj"ip+ts were-recnrited from among individuals and organizations contacted
by.the trial clt-ordinators, workshop and congress participa-nts, and other trial
volunteers. Several people tested ihe survey-methods as'an exercise durins a
course at Rotamah Islan:d Bird observatory ('Birds, Beach and stars,, Decl19g6:
tutors Marityn and Dean Hewish, Isobel Ciaurford).



Participants in the tri?t *q risted in the Acknowredgements section. Theyincluded both orod;i";i;;d ;#qdiffiildffi mainry the latter.-Information on tr,"iil"u;l';;-#iii" ii rllrtia!"niiHb,ion bysight and carr,and in survev methods, *^;;;il:ghr riffi.,."iffi: who vorunteered suchinformation-or who ilr" fi;"dl"ir,i t iJ."-iioi"!itrs, ranged rrominexperienc6d to very experienced in these skills.

3. Instructions to participants

A set of instructions was compiled (Appendix 1), and approximately 40 copiescirculated with sampl" *aii';["rJruifro.*i t6't r;ii5lunt".rs. Vorunte^erswere invited to ,*^g: rd."t;"itriat""d"i" ri& ;t conditions, rank themin order of prefeienge, and fi;;Ji;lqF;iiffi#ffients on the methods.where vol'irteers'time-was"lir"it"o, it.*ils suggested that they compare theRolline Bird Survey gtd At"; $;?h,.the meffiod;il; ravoured durine theRAo^u-^worr$t op.' rr,ey;;"";fi?k"d ;; di;"#eference for eii-her time
$ffif iT,f; Sjirvevs,oidistance(rransect*Jti'"1ii#a;;;;ri;ioi"tar""

4. Criteria for assessing effectiveness

ItllH*ll*" 
most effective survev methods will have the forowing

1.

2-

3.

4.

I-arge numbers of species and individuars will be detected in the giventime' (This win ars6 qqi;oi" iiiJl"[t"rt of observers.)rhe mix of species.*q i"lii"ia;Jriliib;#ru,r;;tiaseo. Anymethod is lilierv to be biasidffirir?*.d;;iZ#;i*o.r, species,but if this bias is mindizeq, dr;;;fiF may approximate tne true mix ofspecies and individ"utr i" ti"-.pffilrioo- A,ir'"trroa *tich maximizes the9,t".S9l.of incorupi*g"s,pfiis ir;ore likety to give statistica'yFgntncant results for those sfeciei, than a method which does not., The

##s3iffijrg#rui;mr#*:*txi:l;,:r**"Kesults will not be highly variable.

5. Analysis of effectiveness

Data were tabulated and-paired comparisons made between sets of surveys donebv different methods r" aril;#i#",-oili-" i"*"iir"*"r, and usually atsimilar times of day and$dd#'rfuri,e'atte, coi-Jiii6"r. If more than 6neconsecutive survey was a""i Ui*i-"tr,oJ, d;il^il, were raken.
A full set of 10 x 5 miauteRolling Bird s-urvey points was taken as equivalent toiiitffi:";"",:r"?r,*i*ik#,fi;'fi'"iii#frrul '-,
the first four 5 dtlrr" r"*"v pti"G, ga g,ilrii ffi;5 

"nT,ute survev points, andtaking the mean of these tuo i'aru"s] "r-r-aiti-a"?'r;'"J,i i,liling Bird srirvevs referto number of registrations, as iro'i"i?""r birds were not counted.
For Area searches, initiar taburation did not incrude birq "gff: the are4 as someobservers did not counr tt"--.-Ho;;r:%.,, rr;;;;i-bj"1;rncrude such birds in theanalysis. on 43 r"a oiarJ*'slliJriJr.*here numbers of birds 'off,wererecorded, it was found thd t#ilil;io" ir.ri*Ji"rrr"#un'bers of species by a
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factor of \-?, pd lhe numbers of individuals by a factor of 1.30. These factors
y^T-:l_l in adjusting the totars from paiieo i# of Area searctres;il-companson Mth other methods. Unadjusted totals, referring soGiyio Uirds oneach survey are4 were also presented. 

'

The bias towards^conslicuous species and individuals wqs tested by defining allspecieslseitherconspicuousoiincoffi ;;G;;J;;ffi ;il;h?;;;ruonso f co nsp i cuous spe ci e's or individ u 
"d;'p;;;;;i"# ; ;;i;il ff ;; Jd ;il;"y.Species defined as conspiarous *erJ eiif,ei i-e""un'd 

"asilv 
seen (;.;- 

--
currawonss. ros e r:r as ) o r ha_d_ I ou d calls giv_err frE qu e ntly 1e.-g. whi te_ fhroate dTre.e cre ei'e r, whi te-'eirea Ho niy"-utiiyT ;'6o;ffi ffi ind ivi d uars,, me ansindividuals of conspicuous ipi&dr. 

-

The unwanted sensitjvity of diffcrent methods to environmental variables(wgther and time of day) was inveiiig;ia. ti;;;;ri"g s"G or o"t io-rfuct"o
H th" s-ame observer under different ionditi6ns, us'ing-o." than one method.Time of dav was scored on a scare oi ii;it p9"dlJG,!'iloi"i'ng? rur"
*'-":|!g),?i 

g,{qigo"v;;.rrtidernoon;. weatherwas scored on a scare of L
\uut'., tu t+ (roulr- rne sEustlc comDared was the ratio of species or individualsfound in about ln h.our (9.ne noiing ei.d s".*i;ti,-;; ,iruofocti"-oii,",
:iT,"{r]_gger good conhitions, to t"rror"-tou"d-i,ih lt 

" 
,"*" efforr under lessgooo condrtrons.

RESULTS

1. Responses from participants

l!yeogt2 (including the authors) conducted bird survels; 13 tried all four of thesuggested methods,-four tried three *gih;$,,i* di;,i rit6 *"tnioq;d thr""tried one method- of the A^l p""ptl *ttJiti"iin"o ot--ore surveys, two did notgive us their preferences. zl'peoiie trieo trrl Coui"i iliiiis,i",Jf)'r*ri"t ruArea search; 17 tried tne rrinsllq il18 ;iiJtr,iisltiooary counr Four
:9gtP..gg99ql9.were unable to..ioau.t i"*"yr, boie*" us their commentsano oprnions on thg-.-"eqds and the project i*tro;"ts were asked tocompare single Rolling Bird Survevs *ittr'iJts 

"f 
tfii"I 

"f 
Ju.r, of tnJltir""r,r1p",ot survev. comolete sets of data using 

"ftJr;rtqdr 
*"r! aaiiuure aoilo-*y on"

11",(-I"y vg"g!, *"rt of Miiffi;;-"M. H'*irh)r Tir"r", sets of s'rvevs weremade twice in the morning g,icg at midduy;q"Af*i;;- h-;h;;#;;il;;different davs in Jangav ftqT:H;d set c<insisteo of tniee Area searches. threeTransects,tf, reestatioo,iarycor"r";;d"fu irfi;-Bi; j5if,,;i.i;Jr*.ffi 
"r"sets of dara were received'fro* *iny paru of Afis;"f;

2. Popularity of suney methods

2'l Relative poputarity of the four selected methods

Lrlj:nfl nrgferences are grven in Tabre 1. For each survey method,rankrngs were accepted only.fr--om.participants *trorraJused tli,aiill;h (either

$?11,fir'H9""!!ff"$i'llir,f#if i"",,'*-a;A;tin:llx*ir
*l*lflt.:rlt#'f"'-{iTjir,l--1i"ryi;,r,i]Rolling Bird survey itrose ii as1h"; dtrt p.;"f";i;;g:'il" second, third, andtourth prgference scores are given roi eaciimiiffi;'brt, as some participants didnot try all four methods, thesE resurts are difficu 

--'t;;;r;^i"r[#,,,1ffi0,



are considered in Paire, their relative popularity is not influenced bv the numberof survey methods'tried by each partiriipi*!. T;bl" t;h;;;",tli"rh3'" "
participantq who tried the Area Search'anoiti-iiirtlA f*iiii;-.Gilout othermethods), the ryajo-nrv (l).pref.erred the lre; s;;;, ii-il*iv ir" rr-""*s"-.r,was more pooular than eitlier the Statiofary Count or ttri notiitigbiio Survey.Bv the same lrirerioq thJi;"*;J was rJJpd;&"tt,il"r#A;E#.Lit, uu,more popular than the Starionary count andttie noning gird-s";;"%:iil"
Rolling Bird Survey-was-lesg popular than theAri" s"*.tt and the itansecg butmore popular thanthe statioiraiv count. rte stationary e;;;; d;;;ird;than any of the other three methbds.

{n suqmary, lhj methods can be risted in order of popurarity thus:Area Search (first choice from 48vo ofparticipantrl 
"itd'-oi" i"i"r* than anyof the other three methods):

Transect(firs1chor-ce from33Vo of participants, and more popular than 2 of theother 3 methods):
RollingBird Su^rv.ey (risi ctroice frgT 21,vo of participants, and more popular
_ than 1 of the dther 3 methods);
Stationary.Co.t+t (first choice from 7'io ot participants, and less popular than anyof the other methods).

2.2 Comments by participants

comments on the r.nethods are given ilAppendix 2, and have been acceptedfroT all correspondents, irresp"-"tiu" orwir6ttrei-ttrZv conducted survevs. Thenumberof peobte.lo"kiigs*.h.o.-cn;-ilt;Iia-ili"a".Hi:tiJilirr,*
been made'to dse the..pariicipantt o*" words, uut interp.etati;;;'"" "
condensation were oftbn gecbssary. commiits n"" u6"" group"o *nere theauthors have felt them to be or a iimitJorr;iat;d nitiit". There were occasionswhere a comment dl""t.-d for or against 

"* ilini.iiiimetnoa *as app-ricaur"to other methods. occasionally it #as diffic,tlito?"-ria" 
"ra"i-*irl.n'oiJrroa 

ucomment should be listed. Suih comm""a n"uJU""o tirteo unaeitle parfocular
!,"":9j$_yed by the particip""t i" trri .ou"ring i"it"r, fri-,iuid"-iffi#;
e$ewhere.

Area Search

The Area search attractejl qgny favourable comments. A common theme was
$e p1gfer9nce. for ro}lg flexibility. n ori *rro *ol'u*"rtain of their bird

,t3".1$''l.*:Uffi:fl yH"f*n:itt*:l,'Ar#*,tff::,r"-",x,.,ax
because I can't lea-ve the track'; 'Watirrgti*'d;I. ii'oot as go6d,r-*naoo,
t3ltingl) Ta nguqg Bird Survey 1r couTan;t i"CtE;e a call which was
l#T,351?"_b: interpreted as points in favour of-the Area Search, which isthe only survey *".tho4 among the four tested, il *hi;h the countiouie ii--qqrpt":..gthei-points i"E;ffir;itn-"" et.u sdarch *"-a direct consequence ofthis flexibility-- Ii observ-ers are frielo seet out birdr, th"y will naturally seemore rather than hear thenr- Inexperien"ea p"opie i,iili;"iil;;i'#fr0"-n-t u"olearn faster with more oppornrnitilJio rior.-"'arr'to' rigitings. Comments on thesimilaritv of the Arg" serarch to noi*urliii;i.:ild'*"r" made; one personimplied ltris uy stating a-"qi1;hifi;;; r#sfirfd;' ci,"rjri*id;;;u,
.upilitv to.movl to iae"ntiry uiidrh th; more natural *a irit#ffi#il""1';birdwatchef. Two ngop6 preririJiqrvqy.s with observer movement, andanother liked being attgwq{ to r"ur.hiorgrarlir iriJiJiti"-i1ffi til;i;;;ferredactive rather than iassive uiro*aihiqg. -The freedom to seek out birds, toexpforg, llq-p i"ubsiigaie callr iJffiri"a in iti woiJ:searctr', and arises fromroute flexibility.
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There were several favourable comments on the productiveness of the Area
Search. Comments included 'find good numbers of birds', 'don't think I missed
much', -'for rarer 9r mgre crj?tic sfecies the Area Search'method is the way to
go', and a suggestion that a methodical search is 'particularlv imoortant if the
birds are subdued'. One participant noted that the whole of. aZd minute unit was
productive of records; 'several times, the20 minute alarm took me bv sumrise
because I was busy, and I didn't really want to stop'. Another suggesfed tliat 20
minutes was not e.noug! time in each are4 * stt"'V*t.d to watch behaviour
sometimes'. This is perhaps an indication that the Area Search was providing
interesting birding experiehces, which she wished to extend. 

I

Four parti_cipalts expressed satisfaction with the results they obtained bv this
method: 'I had more confidence in my results'; 'gogd resul-ts in both qrfes of
hab+at'; an'effort... to arrive at absoiute numbeis'; 'a more accurate ;stimate
of what was around'. .one of these people.det-qlbq.i the Area Search 

"Ai"it;'methodically' sealching an area, wfttr the implication of that ttrJ ottriimetnbOs
were less systematic and thorough. Participants' feelings about the effectiveness
o,r tne survey.methods.may or may not be borne out by analysis of the results.
tslowever, as.rFese feelings may contribute substantially to s-atisfaction (,I am
doing a go99 job') or othErwise during surveys, they ari: legitimaie iuUi!"t rot
comment- Unfavoqrable comments on the Area Sdarch wire consisteritlv
directed ag3inst a few aspgcts of the method. The route fl&bitiM;difr ** *
attractron tor many pa1$9rnant , ulrg proved to be the major proliiem. Because
the route was not fixed, thiee participbne felt that the Area S'earctr;"s'haphazard'and 

lhe 
'least scie^ntific' bttne methods. rn"r" p*pl" *Je

beginners-in bird countin& and rather uncertain of their stcills. 
^perhaoi 

a
l$gt"r"o rgqte, iwol1ins fgwer decisions during the survey, is b"tt;ii;a
qe.grnneF- It is interesting that on9 o.f these participants feft'that surveying by
this method would be easier after he became'famiiLiwith lirezuri'; #.f rn"
other major complaints were related to the limitid -""Gtf,i" *hii{ tfrJIitot
Y,:1.?:911111.99.4: separate. recording of birds outside that area Two people
Itsl{e.d 9e{8'restricted'to a limited area for moving and countine. Another
*ltlfl9eling at first, but found a simple s_ofution; 6fter a little eiperi-ince, I
loJljjlut'tbr me, Sir *^ p sulq sign lhat I had made my search aiea too small.r relt more comtortable ... after I increased the area to -4ha'. One particioant
suggested- tha,t a 'ot!ob"t of the species "Off' the 

"reJ... 
*"t" pioLubru i"ilo""tor using that habitat'. This was tiken to be a prot"riugui*i1["l""trifuLr? 

"rnot usinq these records; an_assumption p_erhafs;istini? u/iii-i"gg.iiiri^tr,ut'the unfhired area or tirJ rransi& 
""0'si"tio"-".y-Corrt solved this'.
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{jjry"quence of counting within a limited area was that two people had
quqqyry w-or$ng out where the boundaries were from inside the irea att,{i4*trr*.orkingout wheie the uounaaries *"r" f.;ftid;rfri"ir"" iia
9:,gltT.q yh:!:;pirds weri o" o-r on Another rouno countirs;ofiti;ai too
:::11ff,::-.-"9::l!:y,:l",Jw_as quite.busy enoust'-*j ,r rried"... but fett ihat my
l"#H5: *,:g:tl*t:.^:.:li::Xtr31s9igin-e;Afu"."ii1,s"d,tt"rti;p",,autHli+*i*4.1pl]:":ilr'ryui{e,ffi[t?i#fi 

't'"ifr ?Jfi,eTff"ff"ft l,
::ti:.::lTo,.p:gple suggelted.that tr," erii s";;;fr miy;;t u" r"iiuur"-ro,use in some habitaa. onJlarticipuni r"p."ssed the strorfrrriirriil;iil';*'quite 

impossible in such a^habital' (forest with a dense shnrh tqwar\ nrcrpr-i,,r:*::13:::iPl: jl_'Tl:'puiiu7(iti"il;ihil;;;;ilbr"rE+i;'rJ-i"s. I rv ^r' rswrr 4'4L^1d'r rrurcll wlur a uerNe snruD rayer), prel(
lS oY! modification of the Transeci method in this siruition. rrr" ijther;ittlt ll. I' llg \rl'confidence 

in coverage woulo oeplno on habitat, was rather milder.

Transect

The Tlansect method also attracted several favourable comments. It was mores^tJgltgly favoured rhan the Area Search by thosi;il;r;?;;A;;;y;;ti,
observer movement. Tlit probably refleits the more ionstunt movement, thegreater distance covered, and the larger at"a satnpl"dl; u,triight;"iil.--rrri,



method appeals to those who enjoy active bird-watching. A tellins comment in
thrs regard w$ made by one participant, who liked 'to feel exciterient at
pursuing the birds'. T[is des-cribes an experience quite different fromih" rnor"
careful 'searching for birds' of the Area Sbarch.

A further source of excitement was the goodlumle-r of birds recorded during
Transects, -eYel at times when birds are-usually subdued; 'Pleasanilv *-rir,jh 

"thow many_birds seen at midday'. This was on6 of the *6tttoo's-siioinl.i-
teatures. Related comments indicated that the Transect was productlve for the
entire 20 minutes 

"l:ffr 
qqt ('Iwas o.ccasionally surprised 

"ho*""i"dt), 
G

20 minute sien{'} and tlrat it was good.for seein! cr1rptic species. 
-lmfticiirn

rnese remarKs N rne preterelce tor having plenty to see and do, so that
participants'atter.rtion is held and they arE bccupied for the whole time of the
survey. One p-articipant noted particrilarly that h pleasing proportion of tn"
recoros was ot brds seen rather than heard. The preference for siehtines is
g;{tans a widespread fge.ling; as most favourable bomments oo ttl-prifi"oi"iry
ot'lransects mentioned tfat.a good number of birds were .'seen'. Ode participant
likened the Tran.ssct method to the kind of bird-watching he tilr"s to O'o, 

--

describing tle 'feeling of going for a walk'. This same pinon, however.'oualified
this, admitting to some'frustration at not being able tostop'.'This is re'miniscent
g,tjl," 

":,Fllaint 
concernTg tle Area search, ihat !0 minirtes was not enough.'me' as 'l wanted to watch behaviour sometimes'. It is a feature of the surveys

involving observer m- ovemenf tlat they discourage prolonged riopi, -a tnu,
remove themselves by.o.ng step from slnplg bir{ffi.*ngi ,I *aritia to *ut"f,
which is what one wo-uld do ifbne was juit birding in the 6raioarr*"v.'- ror tn"
Area Search, it was gugffsted th.a1 20 riinutes sholld be regardCi as-'i-inim"m
o$y ilno time limit.-The participant who objected to the"co*t*t *o,r"*.ttt
of the Transect suggested Q'ut, if nbcessary, exira time could Ue-aOAea at the end
ot a survey, to compensate for time spent in stopping.

A less $act3ple problem concerned the other restriction on observers, the
*:9frty.of $:eping to the fixe-d route. Because of this limitation, one observer
Ielt that the'liansect was not like normal bird-watching: it'limilsd your ability
to move to identiff birds in the more natural and intere"sting wiyoi;-- 

--

birdwatcher'. another felt ttrat uirdi were not beine recorded because he
couldn't leave the route: 'heaps of birds crash unseEn through nearby bushes
(without calting) and go unidehtified because I can't i"t* tfffidc.'iel-
anot{el silnPll_exPressed a preference for a random walk over a transecl Two
peoPle nad dilhculty wth the straight route. One had difficulty plannine a
:Irght roJte; thg.gther keeping.to it ('I have a shocking sense oT direction ). In
me exPenenc,e ot tlese people, the relatively large distance covered ina20'
mrnute stralgbt walk was 'likely to include a-perplexing variety of habitat'.

Two people found.it hard to count while moving. one of theq who described
hrs survey area qrs 'our jungle', found it difficult i-o negotiate obs-tacles and
concentrate on finding birils at the same time.. Hq eiprgssed himself in strong
terms: 'I dislike *qlkig through thickets of tripwireiwtriie ioo*reloibiids ro0f,q:J uQgu: my head'.. Tf,p pgrbn" surveying in'a a"^" t uUii"t,-[uE ;i*;- 

-
ormculty m penetratlng the bush during the Area Search, as he said that even
one trecare was hard to cover in 20 minutes. Despite this. he stronslv preferred
S:!:g !"*.1 (first preference) to.the Transeci'1+ttr pi.ir"i"o"ii.-iriii ir i"
mterestrng contrast to another participant's opiniori (diicussed in ihe Area
search sectron), that a modification of the Trinsect rirethod was best for dense
habltats' and the Area Search was impossible. This seeminglv striking difference
,"^f-":iry91_._"_lt9jirue on wherher thire is a reason;bfilfi il-p;til?f uoiquut"
prytq lhr.gugh the,foresg to simpli$ access for the Trarnect."Otfii""iii, i]ohe is
torced to 'tal(e to the bush', the Area Search may be the lesser evil.



rt

Stationary Count

Opinion,was divided on whether sitqing quietly in one place for 20 minutes was
plrygaglly ggu"gFl, or'excruciatingly bohng'. Five pebpte enjoyed sitting stili
ano lerung rne Dlros come by. Although none of them favoured this more
passive appr.oach st{ongly eriough to rank the stationary count as firJi 

- -

pl:1"t"-l::,, t{r_e1sltt enjoyed it, or at least found it accdptable. No orher aspect
ot the statlonary count was mentioned as strongly favoured.

Five people used the words 'boring', 'dull', 'frustrating' or'irritating' to describe
the Stationary Count or aspects oflt. One conceded Ttrat trrJ StitiSnarvtount
was 'good in.a good placg in the morning', but continued 'I think fiij .6utd U"
very dlll and ftustrating inother conditibns'. One participant found that there
we{e. disadvantages to *aiting for,the birds to comi to hiri: :iiG irrit"iing when
no brros teel lrke paylnga visit'. Another felt that 20 minutes was too lon-g,
perlgls indicating th4.the acrion was slow towards the eno.th" pu.ti"ipufrrt
could not be classified into two gro1rps. (active vs. passive pi.ionuiitiolf Uy it 

"itreaction to rhe statiopry counL of ttrb five peoptJ;ho;;i&;o t"ttir'nit 
"birds come to thern, fourchose one of ttre mobilis,r*"y.Litr'"4; td;dearch

1t:1T,:9_T_*l !t* preferenfe. Two of them conimented thit ttrey-en;oyea
moung dunng surveys' inctuding the observer who liked to pursue birds. Tliij
o.Dserver P..erhaps c3p$gd q general feeling, when she saidihat she 'liked either
sEylng sull or.movrng'., Each.seems to have iA particular pleasures. It is true
nevertheless that initial reactions to sritionary cbuntingwi,re pofarizeO L-fo, no
oqel surveyrneFod. It is difficult to imagin6 how suifi strone differences ofopuuon'' arising ftom the nature of the survey, can be reconcii"ed

Another source of dissatisfaction with the Statioaa_ry_C-oun! and perhaps one keytg thg complainrs of boredonr, was its upp"r""t-i""t*i;;il1 Tir;5J;"fiJ not"othat the stationary g*nJ oet6cteo trr" l'oililil;b;;I;i;;;ii t-o"ivi'iuur.,and it was described as the 'least effective' ;"ah.d. il;Eit ;h;ithtri"irroa
yas gspegally poor for de-tecting localized coloniei ol small birdi and 

".6ti.specles. roor coverage. o.f the. area and the habitat was seen as a problem^.fnemEgriry oJo-tFg.t:glfl+"" (see AppenOtx Zfcam" Ao* ooe p"iti"ip""t,*lroparticularly disliked sfationar! counirng.

Rolling Bird Suntq

The Rolling Bird Survey's.best- feature for nvo people was its repeatability('eaqily r9p.p-1te d' : .like f th; il;;r,i id th;#;J ;; t,t il";ii-L;"#i'h"results of ilifferent surveys comparablet."oth"""iii trr.r" was no feature whichdrew favourable cornment from more ttiuo-o"" p"rc.i.t'rrrere were severalaspects of the Rolling Bird Survey which partiaiiaity irritateo participa"tslanoseveral used the woriis 'tedious',- tboring',''notiil;""tid,; 
-;; 

,ffi;i;;'tiffi"
describe the method. Inparti*tqi, ffi6i"."pt"_{*r!iir,?t it was slow-m-ovinge_spgc$lly at midday alrdi" trre altlrnooln', 5rlii.- ;h";; are no birds in the
TT: Threg peopli who found the Rolling Bitd sirii;"v u".d; rnJ;;ffi];,comments about the Stationary Count, indTcating a disl'ike foiTtationa.y co""ti"gof either sort. Howevg! rwo o'r trri-ii-nr"i"ifiT9il ffi;;,,"d;d;;il;rj#rs orthe..stationary count lttie ottrii i*6 oio not tfu-g. cjir:i on" person equated the
loJl' ng B i rd iiu rvey. wi th a-' mor; ;;' ri; ;; ; ;;";'ri ;, i' uiu.i'ir "f #;'h;';r J t h es eor stmrlar terms to describe the Statio.{rarf 

^count. 'perh?ps 
it 

" 
pi.*ri.r- o}sittingquietly were spoite-oin itr" noiri"!'nirt-ir*E ui,1," shorter time spentat each suryev ooint and the effort of movrng every r,"" -i]lui"r]^ 3; ;;;h i"^

lmpligo by o{9- parti"ip"lit 'l*"a_"itt er.staying dtill or moving. Not acombination likb the Rolling gird- Survey'. rtti."" p;61. felt that the route was
P-o^lgg, or that the observe"r'had to go'rnu"tt iltf,;;;iietd'with this method.'lwo people recognized that the great"er route tengih *; necessary to minimize
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l:::r$llg-individual birds at more than one survey point. In effect, the routelength,r.s a cgmpromise between achieving the beit bossiblJ ri;rt;;; 
..

expendlng the least effort. As a consequence of the length orit eio"ii, orr"participant found it difficult to stay in the ru-" t iufitl Two p"oor"1.|itnut
rnere were too m.any survey points. A reduction in the numbei ofiurvev Dointswould certainlv shoiten th6 ioute a$ pleary tt os" *iro ;;;;;;"llr'itir"iiirr.one of these peopre.descTbed_tle n"fii"fnir.djil;y ;bd6;;Jtinf', a'awould certainly bb pleased to finish more qulctdy.

Twopeople remarked that this metlod relied too heavily on call identification,unsubstantiated by sightings. This arso tea to anoth;;pdrtiAfii b";;;;gfr ustrate d when she'Ioul d-n' t investi gat" i *n *rtifi-d"; ;#;ii iii. "lT ir,i,
i:try$,ltemethodwasconsidered[rsuitableforinapd;-";;A-#o-*ui.rt"tt
!1rfgpl?: 3r$'-99_or fol.learning (3 peopl.e).. Two pegple 

""d;r;aio* 
lack ofcoruloence ln tner results: one becausg s,he lvas relyirig on 6alls a lot,; the otherbecause she knew she was 'recg$ing (th"l i"-" uirdrlt oir"tent survev ooints,.

f :,H T T g-""0 th e probab ili w 6f n"dri-r,g th ; ;;; 
-bfi 

; .uft fi 
';,*! 

r"
9T:=_ry:f poin!, arid went .niuch turth;?.fi;tdi; prevent it. bne--
l^Tgpg11ealryed thaf as.a consequence of this problelrn, he was o"ii-
Ncordmg conspianous species : .I was annoyed wfren one very noiw pied
_Luqawong got recorcled as often as several-zillion Brown Thornbills'. The
lSf,topfnt who wrote that his results'did not indicate the abundanci ofiacUspeqes in any mealingfuI way', seemed to feel that pt"s"ocy'-"Ui*.L iiJot6ngwas a Door wav to measure population levels. Two ieople c6mmented that the"Rouin-g Bird S-urveywas p_o6r f"i i"tl"ti"e 

-".yp-d;rt;#gs: 
t;:6j"i!il ?"ir"a ,oqi:!rpthel-ewin'5.n"it,'ip"i"-r"-s"ip"orBrownO"uii*i"iifilriur*ff",

other.species'; and in refer6nce to the?aintea buitoirqu"il r on"o'ni]rr"agood birds o_n mywalks between surv_ey poi"tr, ;d tho" nras no sim or sound ofthem when I wari at survey points . d"i{ th;'n61iii-biro s;;"r;J.ilr""*"r"viewed with some rynjcicinpy.si* peopre.rn-e p-;-o?;?ffiilffi; n":ni"i"r, **that usetut information was being *a"6J a-ffig R;fii"g-B-ir['ffi#;-";r"observations made outside surve! ti*"i aoo G?*"I" ff*"v pomts were notrecord-ed" and birds were not counted. Foui 6pi;ifiillit6-,ili,i"ui"ir?tio*made between surv:y poina: trserut inrormaruori i, oJ r".oraJa'; ;ti-"'*r,
**g_:tt",{i'!.ofted observed the-most ilter;sdntuiras iost as in" nu""mrnxtes ended, after havins sDent the last three -i.iutes of'the r"*Ly 

"AOi"g19g1lg. gis probrem is iiei,itable when 
"r-;il;;;;h^r4; ililJ"iiluuEningDetween survev ooints, as in doine the surveying. when p"opt".*;'dttrrung

lhat the route is^too long;d th"Ttrr"t" are too many survev Dornrs. rt rsimportant that they fe-eithat tt" -a*imom-pJs"stbl" tG;,ijif.riiiiiii"lis beinggathered from their efforts: 'when r".tr G'"ntin. p,6i;* may be viewJdbysome amateurs as too much hard worlg such grounds ior criticism may be 
-

significant'.

f^p^:::.",l preference for countins rather than presence/absence recording wasfrequentlv expressed. In addition inottrCr partiiiJi"i-n.it"o that counts wireuseful information that was;;G;;A #t fiiffiil *ay ue frustraring to
l*::q gF; - No p articip.ants i naicate a bi ;;;;ffi ir, ut ir, iy p r"i"rr" d" 

-'
Presence/absence recording. Th.9 four plrticipants who rank!,i it"nottine Bird
l:ry"v^* their first,prefereice, aia nbthai;;t'"lir;t'iii"ii 

"r,"i.r*-^ 
u*"f o" u

IF"g for presence/ibsenc" r"iotai"g. d faA-;;inli*t"a that he wourd haveliked the method even more if counc'were made.

There were susserlig^ uy yg participans that'many peopre are frightened ofcounting birdsla oresen6e/absence ri;h"d;ili;ii;ffi much more appear tomost bir-d *atcireri io Auiti"iiu;h;; ; cqgn! method,, 
""j:il#^dffiiJJri?raarea counl.s) could perhaps be used by a limitid,r*6"i 

"rt;pF. 

-Tlr;; 
t"opeople indicated nri personal prefereici f;i6;;;"7;sence or counts. The

I
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Sssumption that presence/absence recording would be preferred by the 'average'
bird-watcher has not been borne out by thisltudv. One participanf who
preferred counting, conceded that 'jusf recordind presente or absence as in A
(Rolling Bird Sunrey) is certainly easier, but see-ms less satisfying'. It is
noteworthy thatZpeople entered counts on their Rolline Birit S"urvev result
forms, although they were instructed that presence/abse-nce w:rs sufficient. Thus,
it cannot be assumed that particip-ants'qr6,terences will necessarily be directed to
the method they see iN eaiiest of least dhallenging.

2.3 Participants'problems in ranking methods

lo* people.orperienced.diffigulty in ranking the methods. In general, they felt
that each method had applications, depending on the area and tie habitat t6 be
zune-yed, and that none *as entirely satisfact6ry under all conditions.-a nomber
of soluuons were suggeste_d. Two people suggelted that each observer should be
free to choose the metlo4 *g4 a.6 refative,Ether than absolute, abundance
mqNures were adequale for the project's requirements. One peison suqgested
that a different method should be us'ed: othirs proposed varidtions ;;-*
combinations of the suggested methods. 

r r

2.4 Other methods suggested by participants

Ing...o{.frgquently suggested alternative methods were modifications of the
5,?l*q_!119 S_"ly:I._One parricipant preferred a combination of the Rolting
IJtrcI Surv€y and the'flenssgt This suggestion would perhaps be most popular
y^t| T:, I"_T_t l{dryts wh o felt thaiSbse rvations mlaa e de n^re 

" 
o iu.i"f poi"ts

::1"^_"."llqYTP9. l,o|11 people expressed ? pgsggal preference 1or ssunting
ratner man pre-se:nfelabsence recording in tha Roiline-Bird Survev. and one dftnese guggestecl tlu formally as an alternative method'. Yet another wished torecord counts in the $o$og Bird Survey, and to combine it with the Transect
and Area Search methods.-

Other methods sugge-stgd included a modification of the Transect method. used
:::P* Eon3rrafu$na{rL and afree survey within tsil br"E ;;;aiispreselfe/absence rather than counts (essentially the Atllas method). It sho"uld benoted that the aims.of the proposed pioject are bistinctly different iiom-thbse of
the A.tlas,-wit! emphpsis oir clianges in;;p"I"6;;i-;irticular sites rather thanbroad-scale distribution.

2.5. Comments on survey times, areas and distances.

For the Area Search method, seven participants felt that it was acceDtable tovary either the survey time oi area t6 suit pirticui* triuit"rc. Ttt;;;';;'io ctearconsensus amqng these people on which p^arameter should be standardi";4,rour prererred that,suryery should be time-liryited, with one suggesting howeverthat recommended lindp stloua be provide{ fqr argaj tht"" feii"that fi" i.r*"yarea should be starlrdardized. one p^erson feit ttt"^itG r"*"yii*" ,6;rd;"
*luk'with 20 minutes n tht;irffiur! so that the observer was not restricted.)ne oftered no opinion on whether the survey area should be standaro oi:flexible. Three ousewers reti-ttrii ror.o*p'r,riut" riiuirc, both survey times andareas should be standardized. on6, howev&, suggested tr,lii"o?r"iir;i16*
:lglld be off-ered, to cater for afd';"rticipants. Onfv onelb;;;;#th;
9{ln_tl_T"y,times and areas sho[ld ue oettirmin"o uy'inli"iouii oui"*"r ciroice.rile panlcular trme recommended for an Area Searih unit (20 minutes) was
rt-':hlo..v- for one p"tt*fit,-ilffit iong ;;"rgh f;two others. onesuggested that the time should.be flexible frth a Zb minute minimum, *t if"another preferred surveys of nvo 3Gminute units.
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For the Transectmethgd, 
9js!t pgople felt that either survey time or distancecould be varied to suit particular trabitats- rtrii;;; a clear oreference for adistance- (six people) rlithe.r.tfran a timJ (trv;, i,;;d") ffir;frJ;^5',i'"'i!iron feltthatboth par-amdters shourd be stand"io'ir"o,"*'d';;illiiui uJr, if,o-uro u"tlexble. 'lhe susgestion was raised in the Rotamah Island ail;r;i"r gtoup lt utthe distance set 6r ttr" iru*L"t ai"ucttiii"-ril;rJu! tr,ut covered by theobserver in approximately 20 minutes. e consiitent Tr*r""t speed would thusensure a survey time of rou+nJvz0 minutes for each unit. It *ai felt ttrai if a

Iglt" w:rs surveJed blt r.nore than one person, a standard distail;ftuiO-ieAuceobserver variation. Only oneperson iommented directlv oo tniiu*"u-ti-" fotthe stationary count, stiggestfng trrat zo minutes ii-t#6il:" 
rsrvvr ur

*:,*."-L*[e-9ita survev' one participant felt ttrat the time spent at each
:H"J.tt:.'{should be increased io ejcni io tin r"i"tlr, ana ariothlimJrigntuat rrve mrnutes was not long enoughlo record timid uiios. y;i;;th;;-
preferred that the survey timE shouii UJ ni*iUG. 

*- "

2-6 Conclusions

4 qhit studn the Area Search and Transect methods were the most popular.Either one *ourd-gry.baurv ui acceptiure i;;;&;;" t" "i; iiililfiif,iriq r",
legu.lar use in a long+errnmonitoring proleci rtre'nottire Bir'.i$;Li?d theS tatio nary 9*t wEre less popurar. "ri, J iir-u; ; ;-d-u#: .i ;i ;;#i,;comments about them indicate that, in their prese"iio.t", tii"i*iif'oo*t.6"interesting and pleasurabre for -ori purri"ipfidilh; long-tenn.

3. Elfectiveness of suney methods

The complete set of data from the yollqgr issummarised in Table 3, andother resirlts in Table -4.-Insp;ct6n of the data showed that all methods qave
very similar pictures about the relative numbersof diff";fi r#;;"-"pirri*tu,areas - 4n encouragng-sigr that small differences in techniq";;;t;tiG*r"thegeneral.nauern-Yo-{?surprisingtyrilgl;rh"d;g;;;};l;t;##;;;;g"
vatues for the m,il statistics compariiiF"bdi& Ai. 

-Tili"fr?ilf *'"'
correlation between sites has not^been tlst"O. 

- - - '''

Tests of the four features listed as desirable gave the following results:

3.1 Numbers of species and individuals

F l9,Try-qf sp^ecies per !0 minute unit and species per hour, the rankins w:rs
#flt:g:r:d sg"v > Transect > Area seaich > stationary qounifiiuie +y.lne pattern of records in RBS often indicated a change in h:abitit U"tuii" tfi"
!f'.t q$ last poilts, and this w;;;;;;;;;;;ffi;?by observers (sectionz-l).- ragArip search including ioffi records was simii#to the T;ad;.i-uutwithout them it was closer to thE siatiorg.y-cd;;. 

^fi;r;d;i"gffiiffiar 
witrrthe subset of data from the you yangs trdure g), i*."pt tt"tit? nGnG *mberof species per hour w_as found on tt 

"Trl*;;l 
ffiJ iil'Ai"u s"ur.r,"pioiu."atheiowest number of ip;.i;li;oiF-r".ords were excruded.

In terms of individuals-pjr houl the ranking was Transect > Area search >stationarv count > RBS. The row value fo? igsli ;--.i-nr"qu"n.e of recordingpnly pt"rince/absence; the **i*u. number of registrations is 10. Moreindividuals were forJnd'on the ar"isiarcr,;il th;Hffi;; b;d;;;; when"off'birds were excluded. This strows-tr,at seai;din-g;;?'rnor" efficient way offindins individual birds than t;;;ili;g stationary. 
-Th" 

i#;;#i"l l#.i.,foundbn Area Searches (exci"ffi; 
"hl;;;ftJiis ffiabry due to the samprebeing more habitat-specific, whii""^ rp".io iroir-fri;[], u*uy courd be
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recorded on Stationary Counl!, More birds were detected on Transects than onanv other methods, though with some sets of data there *as fittfe aiefe[nce AomAi e a searches inctirding-bi r1|s "off i* cteit; ;;;"'6 i 
"il 

*" b;'id;d'fi wau.i n sthan remaining stag:nary.-The-ranking foi individr"t bfdr-;;-rh"';;"'i;*,ti3
You Yangs subset (Table 3) as for the farger sampte lraut; a)t

3.2 Conspicuous birds

In terms of conspicuorry species qvzgltotal, the ranking was Stationary count> RBs > Transbct > ArEa searcn. witt 
"o*pi;;;i&i"ia"-as*u!-Fo'ottorar,the differences were more marked and the orO6i *as RBS ;-statifruritourrt ,Transect > Area Search. The ranking.w.as simitarwitrr tn" vJ,i-iiiil'r,rir"t(Table 3)' grcept that conspicuous infividutJ6r"r;ii ;;;;;;i";ffh.;

ryr::-{ 91 Transects than bn s tationary cfi ;. Tl,; ii,;'"irfi-d;if ffJ}o,conspicuous species and individuals p ile3r,ly grlatgsi io tte t*o il"ti;;"rypetligds (RBS and Statio""ty d;Q and leasl in the Area Search. The AreaSearch wds the least b.iasea t6r"atoJdonspi*".iJlp"les ana individuals, even if"off" records were included. However, ilterrns oi'.o*pi*oui6;;;A;re waslittle difference between the Area searcn inciuadg;"if ;Jfi;'ii"i;#1ruUt"
?]r_T_1g"rceltQf gonspiorousindividuul;;;-;;;'"d"rowbecausemore
inconspicuous individuals were found i" it".o-uis" or;*;hilt

One observer (M Schulz) comp-ared the effectiveness of three of the methods for
1".t:1gg gtvptiq spe.qes.(es tiitr *o r"ipi)-i" r-,iiiriJlrr habitar He detectedtbese species onlvwith theArea search, d"ri noi*itti si"tiir"ryb.il;;
Fottryg Bird Sumey (Transe- not tti"Al-Si*ii*ty,l;",ite you yanss, M Hewishfound more cornm-ori Eronzewings -a p"i"i"a gliirr*i"ar*i"^ffffii# *oArea Searches than with stationaff metnoal. 

-

33 Buffering

The ratio of species or individuals observed under good conditions, to thoseobserved undir less poodi"rdidd;.hdld b; agio*unity for a weg bufferedmethod' and hieher for a methoo-selsitiu" to-un;;;ei en,iron nental variation.In terrns of soedes,-mean ratioi;toG t9 u"ity *"r" ll-o"o for the Area search(with or without "oif recoidr),;aitigi"; _#; ;iJf,i"r" found for an othermethods (Table 3). Hence td; A'"ulr%*;[ ;il;;;l" the method bestbufferedisainstunwanted""ir"rnJtit"r-r"H.5ti-Jn*aJpreaictedwhenthe

f:g_od wa; oeyfg:o trryq rsa?i.-ri;;;;t;;:;i"tio did not exceed r .s5tor any method (Tabl-e 5).

Buffering against obsewer variation has not been tested adequately.
3.4 Variability

Y*:"ur"*flt.djgrr:ps 
.."q examined using the subset of data from the you

{$ru!fi !i'#ii,,{'y'f,'::,.;:tT,Tr:'ix*ganffiffii:.
f:3_l 1g.h .guu." i6nsid e rib tlar ;#uii o " G ii" J"'ru-*"u. an rr r h e A rc af :r^:g lri"1 -bqnveen lgrve.ys anJ i1i Areal";51g::"^g;,.,1T,;,'il-il"iiili"Jft -l,?gJjlg:?;bTil'"Ht,li,""?
marginally 6etter.
individualsPerhour,b'a;;ii"i;'"ii'"r"'il".i"$",fi #',i,T"?:",f, ]i$*"ctwasmarginallv 6etter-

sources of this variatio-l include weather and time of day, which were consideredunder Buffering a, *"tt * u,*iJtyliilJJ-T;;r;;',

1 1



3.5 Conclusions

The only method which can be clearly rejected as inferior in terms of the
parameters tested is the 20 minute Stationary Count which is inefficient in terms
of birds detected, especially cryptic and incoirspicuous species. and poorly
buffered agFnst environmental variation. The Rolling bird suwey^is als-o
inefficient for cry.ptic and inconspicuous species, and foorly buffer'ed, but
efficient in terms of total species. Howevi:r, the hieh num6ers of species
recorded on the Rolling Bird Survey and Transectlnay reflect inclusion of a
greater number.of habit4s, which could be undesirabfe and add an unnecessary
source of variation- The Transect and Area Search are really very similar. in thit
a long thin Area becomes a Transect. Distance limitations (with birds "off'
recorded separately) could be imposed on any method if deiired. More
individual birds and species can be found with the TransecL especiallv under
good conditions, but rbsults are more variable and more bidsed towards
conspicuous species thanwith the Area Search.

At this stage, it seems that any of the three methods (Rolline Bird Survev. Area
Search or Transect) could be useful, and that a method coul-d be devised 

-

gs6liling the advantages of the last two. The effectiveness of a national scheme
involving *ny of tFese methods, -would depend largely on its popularity and the
number of participants attracted to take part.

SUGGESTIONS FOR NATIONAL SCHEME

As a result of the worlshop in Adelaide (December 1986). various zuesestions
were made about development of a national scheme for rtonitorins o;Dulations
and movements of Austrllian birds (Smith 198D. It was concluded'ttraltn"
minimrrm number of surveys per site should be two in the breeding season and
two in the non-breeding season, and that numbers of birds should-be recorded
regularly at.chosen sites (not just species lists as in the Attas). It was also
concluded that calls should be used as well as siehtines. and that methods
involving measurement of detection distances w-ould-be unsuitable as too few
observers would be attracted to take part. It was recosnised that most
information would come from settled parts of Australia, Uut that the scheme
should be national from the start.

The choice of methods was thought to require further testins. althoueh most
peoplg w.ere r+ fayour of an Area Search (Smittr L987). The-iests rep"orted here
were designed to help make this choice.

Results presented in this report confirm that the Area Search would be a suitable
qethod, and probably the most suitable if a single standard had to be chosen.
However, we emphasise the similarity of the Tr-ansect (the method, and its
popularity and effectiveness), and thr! general similarit| of results 6btained by all
methods.

Observers expect guidance about methods to be used and on the basis of these
resultsrve.suggest a 20 minute Area Search as the preferred one. Records "on"
and "off'the area should be recorded separately, t6 allow analysis to be done
either with the habi,talspgcific data from the aiCa iretl or with the larger
sample of all records. Bbth analyses could be useful; for example, mariy
passerines are surlmer visitors t6 wet forest but not io sliehtlv brii:r forest. and
such differences would be detected most clearly with habitatjspecific counts, but
other birds such as raplo{s and currawongs are-wide-ranging oi scarce, and iarger
samples would be neeaed to detect chang-es in numbers.'
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The first aim of a monitoring program is to follow changes in bird populations
through time at particular locations, and not to compare populationsbetween
Iocations. Hence it is possible for variations on a mi:thod tci Ue used at different
locations, as long as the method remained constant at each location. If results
iue expressed in common units (numbers of birds), changes over time can be
compared between locations and analysed statistically to-determine whether
trends are national, local or related to habitat.

The appropriale area to cover could be much larger on a eibber olain
than in a forest and.the approxi-mate area chosen should be estifiatea fiO
stated. Time is much.moreeasily-measured than area. However, variations on a
method could be used to suit local conditions and observer prefeie"""i. tutu"/ 

-

obs-erver:s may-like to do counts in discrete areas such as a doodlor s"id"r, o,
park and use that area as their standard unit. They should be askei"to iecord tfre
time taken to cover it.e.ach- time, and to ensure that this only variedwithin
narrow.limits, preferably close to 20 minutes. It may even ti" posiut" foi
ursnrunons sucn as Dlrd observatories to submit composite counts based on
observations fromperiods such as whole days. For glneral pr.por"iit 

"-advantage of 20 mfnu,"r 15 ttrat it gives time for sear"ctrine-i;iih'ori *riin""f
orstracnons trom a stopwatch), but is short enough to a[6* habitat-specific
information to be collicted from a discrete *"u."Fi.ti"ip;il;;;inlloip"no
l^ongel time periods should be encouraged to d;;;;;fto *iil;^&;;
)earcnes.

A potential problem concerns the turnover of participants,; it may be quite rarefor lo?g-terq d?ra to be coilected at u puni*rlir;;ii;" Dy one ooserver. Arecord must be kept of the exact methdd ur"o ii ;;;hi;"udon to per-ii 
-

continuitv, or repel.t work after a nu*uir of t;;. ittu ;i;;;;[-it""iautu u"coll ecte d on o bsbrver variatio n ; p re fe rab ly #4;.[ _"] ouserv;; ;;uf, i rriuto u e
Tlanggd so that this could be miasur"ddir;;it H;;;"er, rr rs recogmsed thatthis wiII often not be possible, and coverag; o*;;;-rit"s may lapse while othershave to be considered as new'sitei blcausE orunteiiea;;fiil]il 

"bJ;:rr.Hence, it mav be necessary to carcurate indices oia;g";li;rffi;,;ilbased solelv 6n sit_es whicli*;;;;;;,j!T';;;;13;e ;;#6ll rff,i, 
i,

*"4v the proced"t" Jitr," ri"ili'ig nli;d su,i#;i?various studies overseas(eg. Common Bird Census in UKj.--

lhe vafue of information from such a scheme will depend mainry on the numbergf participants; hence it strouto ui*uo" * p;ilil;Adffii;t"dfirT;.Greatchaneeshav.eoccurredineustiir-i;5tri-6ililio;rl;ih"iii"""#u.y,
and althouel aist'iuutio;"r rh;;s;;;;;;;;"r5."Jrffi (Brakers et al 1e84),there has bien almost no monitoiing of quantitative changes. euantitative
l$e::^* fr g i gnar trr e siart o r iii" iJ mdrni"l?i rriiu"iii?J .h;fr;; ;"ii r" i trs too late to take appropriate action.

we consider that a simple scheme to monitor populations and movements ofAustralian birds can b"'ir"pi;;;"i no*; ttral ii*iit bi popu.la-r among RAoumembers and ex-Atru*"*i und th;i lft lr'fi;;" ;;J"grcar mrormatron notobtainable in other wavs.
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Table 1. Rankings of suney methods forpopularity

Method Number of participants selecting each method as Total

Lst choice 2nd choice 3rd choice 4th choice

Area Search 10 5 2

Transect 5 5 2

Rolling Bird Survey 4 8 5

StationaryCount 1 3 8

Area Sch.: Transect

Area Sch.: Stat. Ct.

Area Sch.: RBS

Transec[ Stat. Ct.

Transect RBS

Stat" Ct.: RBS

4 2r,

3 1 5

2 ! 9

3 1 5

Table 2. Popularify of survey methods considered in pairs

Method combination Number of participants preferring: Total

Stat.
Transect Ct. RBS

6 15

15

19

13

t4

13

Area
Sch.

9

9

1 1 8

6

8

J10

8

15



Table 3- Effectiveness of suney methods from you yangs (dry forest).

RBS Stat Area Area
+ off

Trans

Species in20 min unit (mean)

CoefEcient of variatio n(Vo)

Species in t hr (mean)

Coeffi cient of variatio n(Vo)

Individuals per hour (mean)

Coeffi cient of yariatio t(Vo)

Conspicuous species as Zo
(on t hour basis)

Conspicuous individuals as Zo

r4.2 9.8

- 209

L9.7 19.1

n.8 26.r

72.6 85.2

31.8 30.7

40.0 425

47.7 36.0

r2.5 13.2

- 15.2

t9.7 21..3

- tL.4

146.7 2t45

- 193

38.0 39.7

29.2 36.8

8.9

9.4

14.8

15.0

115.6

13.0

32.2

23.7

- -- not calculated

:

16



I
E

l
c

t
t

4
|

 
=

€
t

'
=

>
l

E
.

i

I
 

H
E.

H

o
9

E
C

€
ff

d
-

F
K

E
:

-
k

6
9

-
(

)
!

.
!

w

!
o

o

*
.;

d
,

E
E

d
'

-

s
€

v
Q

r

f 
g 

E
E

J
 E

a
t

:
'

:?
-o

 
b

:9
 €

:
d

 
&

;E
 F

3
(

)
x

e
.E

 !
E

S
 F

E
#

 n
=

E
 

&

E
! :

- ;.S
 

q
,

d
 

(
)

q
 

o

: 
E

9
 

"i
;e

 ga
9

E
I3

E
 E

..'F
E

 
R

:
!e

;i 
i

ii e
:

 g

3
€

g
 

g
$

E
: g

 8
€

b
 E

'
T

; g
E

i.S
;E

E
"{ E;

l!
 

-
:

-
O

 
a

t
 0

)

t€
 5

€
 s€

€
€

 
g

 2
p

 
2

€
E

€
E

H
;

'6
.E

 .;6
 I 

x

.i'r€
€

 qt
E

 d
 F

 E
 F

Z
'n

t 
I5

 
H

'ts
5

 3
 F

E
E

 r
:

 
U

 E
 ?

o
r

E
5

s
s

3
:S

i
q

H

r- 
f-

i
F

l

.<
r 

(f)
c.l 

N

v?c-ca

v?\!+oi
fO!f\?\nrfrnt--
rO

qtf

Trt(f

09\osal
@ro

t.) 
o

q
 

o
o

<
i

\
o

-
i

H
d

F
{

F
t

oq 
v.] 

c.!
N

a
,

.
;

H
(

\
t

$
F

{
q

c
"

.
t

v
,

l

o
q

q
o

\
co 

c.i 
I

r_t 
..r 

R

q 
d'! 

r{
t

Q
-

i
v

i
d

c
.

t
o

i

i
c

r
c

r
H

q
o

q
\

o
n

F
v

i
F

-
O

\

.
l

n
(

'
r

q
\

o
F

r
F

F
{

5

n
n

r
l

o
t

a
e

i
F

 
C

! 
tri

F
R

H
t: 

\t 
o\

tq 
o\ 

q(t
-t'? 

n 
ol

F
N

H
i

;
R

!
Q

o
\

(
\

 
H

-
-

r
n

'q 
E

i 
F

r
F

 
c.l 

iO

H
*

D
H

q
>

*
-

>
6

'
=

-
.

<
E

r
:

o
h

a
€

9
c-l 

F
{ 

*

d
a

e
.

=
(

l
'

.
q

8
€

R
'

6
'

S
Uu

)
d

E

t*l
r!:

.qs

n
n

r
r

=
5

R

\
:

t
o

\
O

l 
F

i
H

N
E

N
g

r
i

R
\

n
o

<
?

r
-

r
r

;
F

F
{

=

\
€

o
l

.
;

$
!

f
,

\O
 

f- 
t\

F
t

o
q

*
(r) 

ri
.

+
v

a
q

+
g

q
o

!
\

o
N

F
i

F
i

F
 

C
.l 

O
\

F

n 
c.r

F
i

\r.1ltr

qrotf

C
- 

t-.
C

.l 
c.l

ootri.;t

E
R

q\osxOo\a

7
 

'E
,7

oL)

r.i
r+

rt)
Aa

^
o

\
P

O

13 ar
.

=
k

o 
{.)

'ta_ 
o 

-6
E

>
o

-
2

:
F

Y
A

(
J

L
i

q
d

r-i 
O

v
v

*
J

*

1
7

g
b

t
1

1
q

:
o

+
q

€
v

9
.;

<
.8akFt4at
FHC

A

!+
r

3
E

tii
*

-€P
.

;
<

.s(n

c
'X

{
)

v

i
b

I
r

E
'

c
O

9
.;

<
.E ta6(!

FU
'

&

.l'C
I

6E
"

'a&a
-

3oaqvaE
I

8sgatI'ttE
I

cta€t'qt
'tE

I
'Ect6.g(,t)o.
ooo_8t:ttrtrctC
)

E6o.2
9

_
c

,
=

>
(g 

f.

a
o

.e
b

,
a

?
T

'6

6
g

trp
F

c
g

P
g

:
E

-
6

O

6
q

;
o

a
0

.E
s

i5
.o

E
.

;
A

E

9
:=

o
,: .S



Table 5- Susceptibility of suney methods to environmental variation.

RBS Stat Area Area Trans
+ off

Mean Ratio 130 r.07 1.06 1.13 7.24

135

1 1

(Species under poorer conditions)

Mean Ratio flndividuals under good conditions) 126 1.26 1.11 1.10(Individuals under poorer conditionsf 
- -

1 1

t

18



; 

·ans 

1.24 

1.35 · 

9 

,.: 

-r· r 

.t Appendix 1: Instructions to participants

WH!CH COUNT METHOD DO YOU LIKE? 

· In preparation for a 5-year project, monitoring the populations and
movements of Australian birds, the RAOU is conducting a small study to
test the popularity and effectiveness of various bird survey methods.

You. and other bird-watchers throughout Australia, have volunteered to
try some of the methods, and to give us your opinions.

We hope that this sheet of instructions will help you to help us, and we
thank you for your generosity.

THE METHODS 

A. Rolling 8 ird
Survey

8. Area�rch

C. F 85t transect

D. Stationary count

Number 
of units 

10 

different 

3 

different 

3 

different 

3 

different 

Any other method ? 

that you think could 
be useful? 

Duration Distance of Observer Counting 
of unit of recording movement 
( mins) for each unit 

20 

unlimited stationary 

defined aree, mobile 
approx 3ha 

presence/ 
absence 

count 

20 unlimited keep moving count 

20 unlimited stationary count 

? ? ? ? 

Each set of surveys takes just over an hour (allowing for movement between uni ts). 

For each survey, record your name. location, date, time, weather, 
habitat (simply eg. forest, woodland, grassland, suburb, swamp). 

The units should all be in the same general habitat. You should choose 
Y?ur 3 different unit sites far enough apart, so that you are counting 
d1fferent birds in each unit (ie. at least I 00 metres). 

19 



THE OUFSTIONS

The main question is:

which of these methods wourd you most rike to use regurarry?Remember that, during the RAOu proiect, observens wiil be asked torepeat surveys several times ove,. a period of years.
Please rank the methods in order of pneference. you may glve y0urneas'ns, rf you wrsh, and h'w strongry you feer ab'ut them.

Other questions, nelating particurar-ry to the area searcn and transectmethods:

Do you think we shourd specify a standard time for eachsurvey?
0r'
woultl you prefer a stantlard slze of survey area (area search), astandard survey distance (transect)?
0r
Do you think each observer shourd be free to choose?

Please arso encrose your resurts, so that we can judge theeffectiveness of ffre riifferent metnods.
Send them to Rrchar! Loyn, Hrke cuilen, and marrtyn Hewrsh,c/o RAOU, 2 | 6ladstone St-,

l loonee ponds, VlC. J0fg

lf you have time to !o onry one of each type of survey, prease do themunder similar conditions (time of day and weather) and at the samelocation. we berieve that the Rorting airo survey imeth.d A) and thearea search (B) are most ilkery to be usefur. Do tnese in preference r0the others, if you are short of time.

lf you have more time, one 0r m0re methods courd be repeated (inexactly the same way, at the same sites) at a different t ime of day, orin different weather conditions, or by another observer.eg. do methods A,B o_ne day, and then change the order to g,A on anotherday, or A,B,C, then B,C,A, then C,A,B.
In thls way, we can see how suscegilble the differ.ent methods are toenvinonmental factors and observer variation.

2 0



THE }IETHODS IN DETAIL

A The Roll ing Bird Survey

choose l0 sites (survey points) along a survey route. The points
shouldbe at least 100 metres apart, so that you are less i ikely to
record the same individual birds at different survey points. The route
may be clrcular, if you wish. lf you wish t0 repeat this method, you
shoulrf make a note of the locations of youn survey points, so that you
can use the same ones, in the same onder, next time.

on a survey, stop for 5 minutes at each survey point, and note down
each bird species observed (seen on heard), out to an unlimited
distance from your point. Numbers of bir"ds are not important. lf you
wish, record whether each species is seen (s), heard (H), or ootn (b).

A sample result form is enclosed, and a blank form for your- results.

B. Area search

choose a search area of approximatery i ha. (200x r50 m). you do not
need to mark it out, and it does not have to be regular in shape.
However, you should keep in mind where the bouniaries are (use natural
features, tracks etc.). In some habitats, a larger or smaller area maybe mone appropriate. prease then note down a[pnoximatery the size ofthe area you have chosen.

0n a survey, walk at random anound your anea for- 20 minutes, stoppinoor moving to investigate sightings or- calls, when you like. Recordnumbers of birds of each s-pecie-s seen or heard in your area during thist ime.

For birds neard ca.lling, you may have to guess whether they are insideyour area or not- lf you wish, you can note birds seen 0r heard outsideyour area in a column labelled ,0f f'.

You should tny to keep a mental
already counted, so that you are
more than once.

picture of locations of binds you have
less l ikely to count the same birds

A sample result form is enclosed.

C. Fast transec!

a roughly straight path through your area, for 2O
transect' means that you don.tlush and you don,t

0n a survey, walk
minutes .  A ' fas t

Z L



dawdle. You can stop brlef ly to Investlgate slghtlngs and calls, but
don't move away from your predetermined route.

Record numbers of blrdS of each specles seen 0r heard, out to an
unlimited distance from your route.

As wlth the area search, you should keep locations of birds (especially
calllng ones) ln your mlnd, so that you don't count the same birds more
than once.

A result sheet is similar to that for the area search, except that there
will be no'Off' records.

D. Statlonarv count

Choose a place to stand (or slt) for 20 mlnutes. Note numbers of
blrds of each specles, that you see 0r hear out to an unllmlted dlstance
from your survey point.

Agaln, keep a mental ptcture of lhe locations of birds you have already
counted, so that you are less likely to count the same birds more than
once. A result sheet is simllar to that for the area search, but there
are no'0ff' records.

*
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Appendix 2. Participants' reasons for preferences

AREA SEARCH

&t

Similar to normal bird-watching walk, a ramble in the bush

Appealing, interesting, enjoyed it

Liked flexibility
Uked being able to move to identiff calls

More birds seen rather than heard

Good for inexperienced people
Good for learning

Liked surveys with observer movement
Liked searching for birds

Find lots of birds
Don't miss manv birds
gqqa yay to find cryptic species
Ijetter tor rarer species
Productive for wliole 20 minutes
20 minutes not long enough

Had confidence in results
Good results in 2 different habitats
Better results than other methods when birds subdued
A search more methodical
More accurate population estimate
An attempt to find absolute numbers

Able to relate results to habitat

Satisfting to become familiar with area and its birds
)urveys easier after familiar with area

Against

Not like ordinary birding, as can't stop to watch birds

Difficult decisions; on vs. off ?
ulttlcult decisions; have birds been counted before?

am I retracing my steps?

Recording'Off birds too hard

Method haphazard, less scientific, as route not fixed

Feltrestricted, confined to one area for counting and
F9y,ng, preferred unlimited distance ,e.orOins " 

----
relt restncted at first, but not after increasingiearch area

f_mRgssible in dense habitats
Lontldence in coverage would depend on habitat

2 people

a
J

J

5

1

J

2

2
1

1
1
2
1
1
1

1
L

1
1
1
1

1

1
2

1

2
1
1

1

3

3
1

1
I
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TRANSECT

Eqr

Similar to rhe kind of bird-watching he likes to do,going for a walk

Uked it, interesting

l.iF"{ surveys with observer movement
rll(ect excitement of pursuing birds

Observe good numbers of birds
see more cryptic birds
Productive for whole 20 minutes
More birds seen rather than hlarO

Uked a structured route

Uked unlimited distance recording

Against

Not like normal bird-watching because can,t move toidentif birds

Many.birds unidentified, even nearby, because observercan't leave route
Transect not ns good as random walk

Not good for inexperienced people
flard to count while movins-
Wanted to be able to stopfiong the route

Hard to plan and keep to a straight route in the bush

Couldn't keep to same habitat

Tiring, too far to go for 3 transects

1

3

4
1

5
1
I
1

1

1

1
1

1
2
1

2

2

1
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STATIONARY COUNT

Ear
Liked methods that were gentle, peaceful. not assressive
Uked sitting still, letting b-irds coine to them, noi"bored

Quiet method better for seeing timid birds

Liked observing in comfort
Good for those who can't walk far

Good in a good place in the morning

Asainst

Boring
*rll,.frustrating, irritating, if not many birds, bad time of day
/u mrnutes too long

Felt confined, restricted in one place
Too limited, too inflexible

Not like normal bird-watching because can't move to identifu birds

Method inefficient (fewer species and individuals detected)
Colonies of small biids misieO
loor for seeing cryptic birds
Poor coverage of area and habitat

Method relies too heavily on calls
Too many birds heard, r6ther than seen

Not good for learning

Results not good if birds subdued
Not confident of results
Sg1l to remember-locations of birds already recorded
Difficult to maintain .orr."rr1rati";-

Stationary counters vulnerable to mosquitoes

1
5

1

1
1

1

J

2
1

1
1

1

J

1
1
2

I
1

1

1
1
1
1

I
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'-- l. ROLLING BIRD SURVEY

tu
Uked it

Like normal bird-watching

Uked gentle methods
Gentle methods better for seeing timid birds

Uked repeatabiliry

Better coverage than stationary count

Able to be done from a car

Other people will prefer presence/absence to count

1

1

1
1

2

1

1

2

Against

Tedious, bq.ittg 6
sstf"+ of.5 minutes nor interesting unproductive Itsrustrating if few birds aroun4 bad Emebf day z
Didn't mind either moving or staying still, not combination method 1

Route too long 1Route must be-long to.a1o1d recording same birds at > 1 survey point 2
$-a1d_to keep in sai'e habitat j.
loo many survey points z
Relies too heavily on calls zWanted to investigate unfamiliar calls 1

fiol Sood {or inexperienced people zNot good for learning 3
Not guilg confident of results zOne individual can be recorded at > L survey point z
S?Tp^t_"gous. species too heavity i.pr"i"oi"J'irii.iurt I
f::r"T_d9n't.represent true speciei, abundance 1roor tor cqptic species z
Observations between survey points wasted 4

,P:ptltYprefer collt to presence/absence 4
$?lli?yglpresence/absence easier) 1userut mtormation lost if count noi done 1
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Summary

1. Expert knowledge is used routinely to inform listing decisions under the IUCNRed List criteria.

Differences in opinion arise between experts in the presence of epistemic uncertainty, as a result of

different interpretations of incomplete information and differences in individual beliefs, values and

experiences. Structured expert elicitation aims to anticipate and account for such differences to

increase the accuracy of final estimates.

2. A diverse panel of 16 experts independently evaluated up to 125 parameters per taxon to assess

the IUCN Red List category of extinction risk for nine Australian bird taxa. Each panellist was

provided with the same baseline data. Additional judgments and advice were sought from taxon

specialists outside the panel. One question set elicited lowest and highest plausible estimates, best

estimates and probabilities that the true values were contained within the upper and lower bounds.

A second question set elicited yes ⁄no answers and a degree of credibility in the answer provided.
3. Once initial estimates were obtained, all panellists were shown each others’ values. They discussed

differences and reassessed their original values.Most communication was carried out by email.

4. The process took nearly 6 months overall to complete, and required an average of 1 h and up to

13 h per taxon for a panellist to complete the initial assessment.

5. Panellists were mostly in agreement with one another about IUCN categorisations for each

taxon. Where they differed, there was some evidence of convergence in the second round of assess-

ments, although there was persistent non-overlap for about 2% of estimates. The method exposed

evidence of common subjective biases including overconfidence, anchoring to available data, defini-

tional ambiguity and the conceptual difficulty of estimating percentages rather than natural numbers.

6. This study demonstrates the value of structured elicitation techniques to identify and to reduce

potential sources of bias and error among experts. The formal nature of the process meant that the

consensus position reached carried greater weight in subsequent deliberations on status. The struc-

tured process is worthwhile for high profile or contentious taxa, but may be too time intensive for

less divisive cases.

Key-words: cognitive bias, consensus, Delphi process, expert elicitation, expert panel, IUCN

Red List, subjective knowledge, virtual teams, 4-point estimation method
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Introduction

Conservation managers and practitioners frequently

operate with short timelines and limited resources. Partic-

ularly in contexts where empirical information is sparse or

unobtainable, they may rely on experts as a useful,

alternative source of knowledge for decision-making

(Sutherland 2006; Martin et al. 2012). Experts have

acquired learning and experience that allows them to pro-

vide valuable insight into the behaviour of environmental

systems (e.g. Fazey et al. 2006), and they may estimate

‘facts’ such as population sizes, rates of change or life-his-

tory parameters, consolidate and synthesise existing

knowledge, determine problem framing and solution meth-

ods, and offer predictions about the future (Kuhnert,

Martin & Griffiths 2010; Perera, Johnson & Drew 2011;

Martin et al. 2012).

However, experts may be subject to cognitive and moti-

vational biases that impair their abilities to accurately

report their true beliefs. Expert judgments of facts may be

influenced by values and conflicts of interest (Krinitzsky

1993; Shrader-Frechette 1996; O’Brien 2000) and are sensi-

tive to a host of psychological idiosyncrasies and subjective

biases (Table 1), including framing, overconfidence, anchor-

ing, halo effects, availability bias and dominance (Fisch-

hoff, Slovic & Lichtenstein 1982; Kahneman & Tversky

1982; Slovic 1999; Gilovich, Griffin & Kahneman 2002).

Structured protocols for elicitation have been developed

that attempt to counter these biases. These protocols

employ formal, documented and systematic procedures for

elicitation, and encourage experts to cross-examine evi-

dence, resolve unclear or ambiguous language, think about

where their own estimates may be at fault or superior to

those of others and generate more carefully constructed

uncertainty bounds. A substantial body of evidence sup-

ports the assertion that structured elicitation methods pro-

duce more reliable and better-calibrated estimates of facts

than do unstructured or naı̈ve questions (e.g. Spetzler &

Stael von Holstein 1975; Keeney & Von Winterfeldt 1991;

Stewart 2001; O’Hagan 2006).

Within ecology, the uptake of structured methods has been

gaining traction (see Choy, O’Leary & Mengersen 2009;

Kuhnert,Martin&Griffiths 2010; Burgman et al. 2011a;Mar-

tin et al. 2012 for recent reviews). It is generally agreed that

face-to-face interviews and workshop-based methods are the

most likely to elicit high-quality responses (e.g. Morgan &

Henrion 1990; Clemen & Reilly 2001; O’Hagan 2006; Choy,

O’Leary & Mengersen 2009; O’Leary et al. 2009; Kuhnert

2011). However, it is not always desirable or feasible to assem-

ble experts together, and a role also exists within ecological

applications for methods that facilitate elicitation and interac-

tion among members that are spatially and temporarily dis-

tributed (e.g. Donlan et al. 2010; Teck et al. 2010; Eycott,

Marzano&Watts 2011).

In ecology, the elicitation of opinions via remote means

is typically conducted with email or postal mail via a tra-

ditional, single iteration questionnaire (e.g. White et al.

2005) or an iterative Delphi-style process (e.g. Kuhnert,

Martin & Griffiths 2010). In the classical Delphi process

(Dalkey & Helmer 1963; Linstone & Turoff 1975; Rowe

& Wright 2001), experts make an initial estimate, are pro-

vided with anonymous feedback about the estimates of

the other group members and then make a second,

revised estimate, with the estimate and feedback rounds

continuing for some set number of rounds or until a

pre-specified level of agreement is reached. The Delphi

process is well-established in ecology (e.g. Crance 1987;

MacMillan & Marshall 2006; O’Neill et al. 2008; Eycott,

Marzano & Watts 2011), and it has the advantage when

compared with single iteration e-questionnaires and

unstructured groups, of allowing judges to revise their

judgments in the light of others in the group while allevi-

ating some of the most pervasive social pressures that

emerge in unstructured discussion settings (e.g. Kerr &

Tindale 2004, 2011; Table 1) through its use of structured

interaction and maintenance of participant anonymity.

However, recent reviews and research on the Delphi

process suggest that to achieve improvements in accuracy

from round to round, experts must be provided with

rationales to accompany the feedback they receive about

the responses from other group members, and that in the

absence of these rationales, their responses will tend to

converge only towards a majority position (Rowe &

Wright 1999; Rowe, Wright & McColl 2005; Bolger et al.

2011; Dalal et al. 2011). Incorporation of discussion into

the feedback stage of the elicitation is one natural and

effective means for providing rationales. Burgman et al.

(2011b) provide one such example where incorporating a

Delphi-based ‘talk-estimate-talk’ approach into a face-to-

face expert workshop resulted in revisions that did indeed

contribute to improvements in overall response accuracy.

Such structured discussion–based methods are typically

incorporated into elicitation as part of workshops (e.g.

Delbecq, Van de Ven & Gustafson 1975), but could feasi-

bly be adapted for use in remote elicitation to improve

on the standard Delphi methodology (e.g. Turoff 1972;

Linstone & Turoff 2011).

The purpose of this paper is to adapt a modified Del-

phi approach that incorporates facilitator-assisted discus-

sion for use via electronic mail. We apply this method to

an assessment of threatened Australian birds. We aimed

to test the feasibility of applying such an approach via

email and demonstrate the value of structured elicitation

techniques for identifying and reducing potential sources

of bias and error among experts. Our procedure facilitates

the interaction and aggregation of opinions from multiple,

distributed experts, and is, we believe, accessible to practi-

tioners and suitable for elicitation in a wide variety of

applied ecological settings. The outcomes provide both a

motivation for the use of structured procedures and a

roadmap to guide future elicitors in the process of con-

ducting structured elicitation successfully.

2 M. F. McBride et al.
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Table 1. Subjective biases commonly encountered in expert elicitation. Adapted from Supplementary Information Table S3 in Martin et al.

(2012)

Bias Description Illustration

Suggested

reading

Individual biases

Anchoring Final estimates are

influenced by an initial

salient estimate, either

generated by the individual

or supplied by the environment

People give a higher estimate

of the length of the Mississippi

River if asked whether it is

longer or shorter than 5000 miles,

than if asked whether it is longer

or shorter than 200 miles

Jacowitz & Kahneman (1995);

Mussweiler & Strack (2000)

Anchoring

and

adjustment

Insufficient adjustment of

judgments from an initial

anchor, known to be incorrect

but closely related to the true

value

People’s estimates of the boiling

point of vodka are biased towards

the self-generated

anchor of the boiling point of water

Tversky & Kahneman (1974);

Epley & Gilovich (2005, 2006)

Availability

bias

People’s judgments are

influenced more heavily

by the experiences or evidence

that most easily come to mind

Tornadoes are judged as

more frequent killers than

asthma, even though the

latter is 20 times more likely

Tversky & Kahneman (1973);

Lichtenstein et al. (1978); Schwarz &

Vaughn (2002)

Confirmation

bias

People search for or interpret

information (consciously or

unconsciously) in a way that

accords with their prior beliefs

Scientists may judge research

reports that agree with their

prior beliefs to be of higher

quality than those that disagree

Lord, Ross & Lepper (1979);

Koehler (1993);

Framing Individuals draw different

conclusions from the same

information, depending on

how that information

is presented

Presenting probabilities as natural

frequencies (e.g. 6 subpopulations

out of 10) helps people reason

with probabilities and reduce

biases such as overconfidence

Gigerenzer & Hoffrage (1995); Levin,

Schneider & Gaeth (1998)

Overconfidence The tendency for people to

have greater confidence in their

judgments than is warranted

by their level of knowledge

People frequently provide 90%

confidence intervals that

contain the truth on average

only 50% of the time

Lichtenstein, Fischhoff & Phillips (1982);

Soll & Klayman (2004); Moore &

Healy (2008)

Group biases

Dominance Social pressures induce group

members to conform to the beliefs

of a senior or forceful member

of the group

Groups spend more of their

time addressing the ideas

of high-status members than

they do exploring ideas

put forward by lower-status

members

Maier & Hoffman (1960)

Egocentrism Individuals tend to give more

weight to their own opinions

than to the opinions of others

than is warranted

Individuals attribute weights

of on average 20–30% to advisor

opinions in revising their

judgments, when higher

weights would have been optimal

Yaniv & Kleinberger (2000);

Yaniv (2004)

Groupthink When groups become more

concerned with achieving

concurrence among their members

than in arriving at carefully

considered decisions

The invasion of North Korea

and the Bay of Pigs invasion

have been attributed to decision

makers becoming more concerned

with retaining group approval

than making good decisions

Janis (1972)

Halo effects When the perception of an attribute

for an individual or object is influenced

by the perception of another attribute

or attributes

Attractive people are ascribed

more intelligence than those who

are less attractive

Nisbett & Wilson (1977);

Cooper (1981);

Murphy, Jako & Anhalt (1993)

Polarisation The group position following discussion

is more extreme than the initial

stance of any individual

group members

Punitive damages awarded by

juries tend to be higher than the

median award decided on by

members prior to deliberation

Myers & Lamm (1976);

Isenberg (1986);

Sunstein (2000)
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Materials and methods

CASE STUDY

This study was undertaken as part of the assessment of the IUCN

Red List status of all species and subspecies of Australian birds. This

is the third time this exercise has been undertaken in the last two dec-

ades. In 1990 (Garnett 1992) and 2000 (Garnett & Crowley 2000),

individual experts were contacted and the information they provided

was assessed against the prevailing IUCN criteria with uncertainties

adjudicated by the authors. However, as the significance of the IUCN

Red List has grown (e.g. Butchart et al. 2010; United Nations 2011),

and as more money has been invested in threatened species conserva-

tion, there has been a requirement to develop a more formal process

to evaluate the IUCN Red List status of taxa about which there is

uncertainty.

The IUCN Red Listing process

The assessment of the conservation status of species worldwide is

most frequently carried out using the IUCN Red List protocols

(IUCN 2001; IUCN Standards and Petitions Subcommittee

2010). The IUCN system consists of a set of criteria with quanti-

tative thresholds for each category of extinction risk (ranging

from Least Concern through to Critically Endangered and

Extinct). Species are classified at the highest category for which

they meet the thresholds under any one of five rule sets. Classifi-

cation requires quantitative estimates for numerous parameters in

relation to these thresholds (Table 2). Expert judgments form an

essential part of the listing process, because direct data on the

parameters for listing are often outdated, incomplete, approxi-

mate, uncertain or unavailable (e.g. Newton & Oldfield 2008; Lu-

key, Crawford & Gillis 2010). Previous studies have examined the

effects of expert assessors on the listing process and observed high

levels of operator error and variation in listing decisions among

experts (e.g. Keith et al. 2004; Regan et al. 2005). However, while

expert judgment is a valid method for assessing IUCN Red List

status, the IUCN guidelines provide minimal guidance on how best

to elicit expert opinion.

CHOICE OF EXPERTS

Two groups of experts took part in the elicitation: a group of

16 panel members who completed the full elicitation process

and provided assessments for multiple species, and a second

group of 12 taxon specialists who provided assessments for their

specialty taxon. The expert panel (panellists) comprised 16 orni-

thologists identified by their track record, experience, knowledge

of the birds of particular regions or specialist skills (taxonomy,

IUCN Red Listing, particular bird taxa). Most of the panellists

had previously worked together on the assessment of IUCN sta-

tus for Australian birds. All panellists had published extensively

on Australian birds and were selected from what we believe to

be a relatively small (<100) pool of people with similarly high

levels of experience.

Nine of the authors (AB, SB, LC, GD, HF, SG, RL, JS,

DW) were members of this expert panel. All panellists involved

have had a long-standing commitment to the conservation of

Australian birds, although they also demonstrated a desire that

the determination of their status be well grounded in science.

Not all panellists assessed all taxa. Time restrictions prevented

some panellists from assessing all taxa, and some panellists

omitted taxa for which they felt they possessed inadequate

knowledge. Ten of the panellists assessed all nine taxa, two

assessed eight, one assessed four and three assessed three.

A second group of 12 taxon specialists was invited to inform the

expert panel of their views on the parameters, one of whomwas also a

panel member. Taxon specialists were identified by their association

with interest groups and scientific societies, or by their relevant publi-

cations. Invitations were made to all researchers known to have

undertaken research and published on each taxon in the last decade,

although not all invitations were accepted and not all taxa had been

the subject of research.

BACKGROUND INFORMATION

All experts (panellists and taxon specialists) were provided with back-

ground information derived from an account of the status of the

taxon published a decade earlier (Garnett & Crowley 2000), subse-

quent literature published on the taxon, government assessments of

the taxon’s status and submissions by taxon specialists. Background

information varied greatly in quantity and quality between taxa.

STRUCTURED ELIC ITATION PROTOCOL

We used a structured procedure (Fig. 1) for questioning experts,

adapted from the workshop-based procedure used in Burgman et al.

(2011b) for implementation via email. The key novel elements inte-

grated into this procedure are:

(i) A four-point question format (Speirs-Bridge et al. 2010) for

eliciting quantities to mitigate the overconfidence effects typically

observed in expert estimates of uncertainty (e.g. Lichtenstein, Fisch-

hoff & Phillips 1982; Russo & Schoemaker 1992; Soll & Klayman

2004). This approach has been applied so far only in Burgman et al.

(2011b). It draws on research from psychology on the effects of ques-

tion formats, and while structurally similar, differs from existing

methods that have been applied for eliciting quantitative estimates of

uncertainty in ecology (e.g. O’Neill et al. 2008; Murray et al. 2009;

O’Leary et al. 2009; Rothlisberger et al. 2010) which typically involve

the use of greater numbers of questions per parameter andmore stati-

cally complex concepts.

(ii) The structured interaction of experts via email discussion,

based on increasing evidence that suggests that providing rea-

soning behind the estimates from other group members is

required in order to enable the revisions made during Delphi

process iterations to improve accuracy (Bolger et al. 2011).

While the Delphi process and modified variants including expert

discussion at face-to-face workshops are commonplace in ecol-

ogy (e.g. MacMillan & Marshall 2006), the inclusion of facili-

tated email discussion between experts at the feedback stage has

not previously been explored. While anonymity is usually main-

tained in Delphi processes, in this study participants could elect

to waive anonymity (though it would be possible to also con-

duct email discussions anonymously if necessary).

PROCEDURE

The procedure for the elicitation was as follows:

Pre-elicitation

Both panellists and taxon specialists were contacted via email by the

organisers (one of us, SG), who described the process and expected

4 M. F. McBride et al.
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outcomes, including the objective to reach consensus assessments for

nine taxa over which there was disagreement concerning conservation

status.

A telephone meeting between panellists and another of us

(MB) was used to outline the structure and details of the elicita-

tion process and to answer technical questions. Further commu-

nication with the group, including all discussion between

experts, was thereafter by email, although some individual pan-

ellists were telephoned to elicit missing information or to resolve

inconsistent responses.

Elicitation

Stage 1: estimation – round one. Experts were emailed a

spreadsheet containing sets of up to 125 questions required for assess-

ment of the IUCN categorisation parameters for each of the taxa (up

to nine) to be assessed (Table 2).

The questions requested estimates of quantities and percentages

using a four-point procedure (Speirs-Bridge et al. 2010; Burgman

et al. 2011b) in the following format:

1. What is the lowest the value could be? (a)
2. What is the highest the value could be? (b)
3. What is your best estimate? (themost likely value)? (c)
4. How confident are you that the interval you provided contains the

truth (provide an answer in the range of 50–100%)? (q)
Participants were asked to interpret this as a frequency of repeated

events, such that their judgments over many questions should be

accurate with the prescribed frequency. For example, if they provided

10 intervals in response to 10 questions and specified 50% certainty

for each interval, then the truth should fall within their intervals, five

times out of 10.

The questions for binary (yes ⁄ no) questions used a two-step proce-

dure:

1. Is the statement true or false? (l)

2. How sure are you that your answer is correct (provide an answer

in the range of 50–100%)? (p)

Participants were asked to interpret this as a bet. That is, state the

probability which reflected the odds they would accept in a gamble on

the outcome of the judgment (true or false).

Experts completed each question in the spreadsheet, resulting in an

initial, private estimate of each parameter, for each taxon. Experts

answered up to 125 questions per taxon, including 16 quantitative

questions (each of which had four parts) and 33 binary questions

(28 with two parts). These were required to determine IUCN Red

List categories (Table 2; the number of questions varied because

some answers precluded the need to answer contingent questions).

They also recorded the time taken to complete each taxon assess-

ment. Experts were allowed 2 weeks to complete the task. Some

experts chose not to answer some questions on some taxa and left

their responses blank.

Stage 2: feedback. The full set of individual estimates was compiled

by one of us (JS). Estimates for quantities and percentages were stan-

dardised to fit 80% credible bounds around each individual’s best esti-

Table 2. Summary of the parameters elicited from experts for each taxon for assessment against the IUCN Red List criteria. Experts provided

assessments for up to 16 quantitative parameters and up to 33 categorical parameters.

Quantitative parameters Categorical parameters

Generation time Fluctuations and fragmentation

Age at first breeding Are there extreme fluctuations (more than 10-fold) in any of EOO,

AOO, number of locations or number of subpopulations

Oldest bird in the wild Are there extreme fluctuations (more than 10-fold) in number of

mature individuals

Percentage of adults surviving from one year to the next Is the population extremely fragmented (>50% of AOO in isolated

patches too small for long term persistence)

Population size In the last 10 years ⁄ 3 generations

Total population size (number of mature individuals) (i) Has there been a decline in EOO?

If there has been a decline, is it (ii) continuing, (iii) reversible,

(iv) understood, or (v) ceased?

(i) Has there been a decline in AOO?

If there has been a decline, is it (ii) continuing, (iii) reversible,

(iv) understood, or (v) ceased?

(i) Has there been a decline in habitat area ⁄ extent ⁄ quality?
If there has been a decline, is it (ii) continuing, (iii) reversible,

(iv) understood, or (v) ceased?

(i) Has there been a decline in number of locations ⁄ subpopulations?
If there has been a decline, is it (ii) continuing, (iii) reversible,

(iv) understood, or (v) ceased?

(i) Has there been a decline in the number of mature individuals?

If there has been a decline, is it (ii) continuing, (iii) reversible,

(iv) understood, or (v) ceased?

Number of subpopulations

Number of mature individuals in largest subpopulation

Trends in mature individuals

Population size

(i) 1 generation ⁄ 3 years ago

(ii) 2 generations ⁄ 5 years ago

(iii) 3 generations ⁄ 10 years ago

Population size in

(i) 1 generation ⁄ 3 years

(ii) 2 generations ⁄ 5 years

(iii) 3 generations 10 years

Biggest change in any period of 3 generations ⁄ 10 years

(% change)

Geographic parameters

Extent of occurrence (EOO) (km2)

Area of occupancy (AOO) (number of km2 grid cells

occupied)

Has any change in the number of mature individuals been

(i) Observed, (ii) Estimated, (iii) Projected, (iv) Suspected, or

(v) Inferred*Number of locations (distinct areas that could be engulfed

rapidly by a single threat)

*Each of these terms is specifically defined under the IUCN criteria.
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mate using linear extrapolation (Bedford & Cooke 2001; see

‘characterisation of uncertainty’ section for details). The results were

displayed in graphs in a spreadsheet and then distributed back to the

panellists so that they could compare their estimates with others. A

facilitator (SG) drew attention to major differences between panellists,

particularly where these had an impact on the IUCN Red List cate-

gory, some of which were then discussed by group email. Any new

information from taxon specialists or other sources was distributed.

Panellists were given the opportunity to resolve ambiguities over the

meanings of terms, specify context and introduce and cross-examine

relevant information.

Stage 3: estimation – round two. At the end of 3 weeks, all pan-

ellists completed a second set of final confidential assessments for each

of the questions assessed in round 1, in which they were asked to recon-

sider their previous assessments in the light of the discussion. These

revised assessments were then used in the final determination of status.

Post-elicitation

Panellist responses were used to generate individual expert IUCN list-

ings for each taxon. The final (second round) responses and listings

were circulated to participants for comment and final approval. A set

of aggregate estimates was calculated using the mean of panellist

assessments for each parameter. These were used to determine a

group ‘consensus’ IUCN listing for each taxa. These, along with the

individual IUCN listings generated from each individual experts’

responses, were circulated to panellists for comment and approval.

An additional post-elicitation discussion, separate from the formal

structured elicitation process, took place among participants about

the validity of the listing outcomes for three of the nine taxa.

CHARACTERISATION OF UNCERTAINTY

A framework has been developed for incorporating uncertainty

into the IUCN listing process using fuzzy numbers (Akçakaya

et al. 2000; Mace et al. 2008), which we adopt here. However,

our elicitation methodology is also suitable for the elicitation of

probabilities and probability distributions. Fuzzy numbers (Kauf-

mann & Gupta 1985; Zimmermann 2001) are a non-probabilistic

approach to representing uncertainty that avoids the need to

represent uncertainty via a statistical distribution (Akçakaya

et al. 2000). Using fuzzy numbers, the expert-assigned estimates

of uncertainty (q for quantitative questions and p for categorical

questions) are interpreted as possibility measures, a measure of

the degree of plausibility of a statement or reliability of the evi-

dence associated with it. Quantitative and categorical parameter

estimates from experts were used to construct fuzzy triangular

measures, with parameters [a,b,c] defining the minimum (a), most

likely (b) and maximum (c) values (Fig. 2). Constructed fuzzy

numbers were inputted into the RAMAS Red List software (Ak-

çakaya & Ferson 2007), which propagates uncertainty through

the listing process to determine the range of possible final IUCN

categorisations.

Quantitative estimates elicited using the four-point estimation

method were normalised using linear extrapolation (Bedford &

Cooke 2001) to absolute lower (aabs) and upper (babs) bounds within
which 100%of all estimates might be expected to fall, such that

aabs = c ) (c ) a)(c ⁄ q)

babs = c + (b ) c)(c ⁄ q)

where c is the required possibility level (100%) and q is the

experts’ stated confidence. These 100% interval bounds were used

as the minimum (a) and maximum (c) values for the triangular

fuzzy numbers, and the best estimate (c) was taken as the most

likely value (b) (Fig. 2a). The same approach, taking c as 80%,

generated the standardised 80% intervals for experts to view and

compare each other’s responses at the feedback stage of the elici-

tation. Categorical estimates were represented as triangular distri-

butions with parameters [p,p,1] for ‘yes’ responses, for (p) the

expert-assigned level of confidence and as [0,p,p] for ‘no’

responses (Fig. 2b,c).

AGGREGATION OF OPINIONS

Even with multiple deliberation and reassessment stages, it is

rarely possible to arrive at a complete agreement between

experts on parameter values. However, combining disparate

opinions raises several methodological difficulties, principally

because there is no objective basis for combining multiple expert

opinions (Keith 1996; Clemen & Winkler 1999). For the IUCN

Red List assessments, experts’ estimates for each parameter are

not independent, but conditional on their mental models about

the taxon’s ecology and status. Experts’ estimates of the range

of uncertainty about current and future population sizes, for

example, may be contingent on beliefs about the severity of

impact of a given threat. To account for this, we focused first

on evaluating listings individually for each panellist’s set of

responses (e.g. Titus & Narayanan 1996). This provided a set of

possible listing classifications under the panellists’ different men-
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tal models (Table 3) and allowed us to focus on understanding

and resolving the differences in parameter estimates that lead to

conflicting classifications. However, as a final listing was still

required, we also determined a group IUCN Red List assess-

ment for each taxon using the mean of the normalised

responses (that is, the mean of the group’s best estimates and

the means of the normalised upper and lower bounds), the stan-

dard approach in Delphi-style elicitation exercises.

RESPONSE ANALYSIS AND FOLLOW-UP

Following completion of the elicitation, the expert responses were

reviewed for evidence of bias (e.g. Table 1). Instances of possible bias

were documented and, where possible, followed up by further discus-

sion with panellists about the reasoning behind their responses.

Additional analyses were undertaken to characterise some instances

of bias for inclusion in this manuscript.

To characterise the effects of the discussion stage on responses, we

examined changes in:

(i) Levels of confidence in responses, tabulated for each taxon

across all questions and experts;

(ii) Patterns of agreement and disagreement between expert

responses, measured in terms of the ‘proportion of non-overlap’, the

proportion of all possible expert-to-expert pairings for each question

for which their intervals (once normalised to 100% intervals) were

non-overlapping, totalled across quantitative questions, and the aver-

age coefficient of variation (CV) between panellist responses for each

question, which is defined as:

CVquestion i = ri ⁄ li
where li and ri are the mean and standard deviation of panellist

responses for question i. For quantitative questions, CVs were calcu-

lated separately for each of the lower, upper and best estimate

responses. For categorical questions, the centre of mass of the trian-

gular fuzzy numbers was used to translate the fuzzy numbers into sin-

gle, crisp values, a standard approach for ‘defuzzification’ (e.g. Yager

& Filev 1993; Van Leekwijck&Kerre 1999).

Experts provided comments on the process and the results in a

follow-up email questionnaire. They were also offered the chance to

revise for a second time their responses for the three most contentious

taxa.

Results

PROCESS

The process, from the initial invitation to the final assembly of

results following the submission of second-round estimates

took 10 weeks, and the subsequent additional post-elicitation

discussion took a further month. Discussion after the first

round centred on a fewmajor differences between estimates by

the panellists and taxon specialists, but there was no attempt to

reach consensus.Amore active discussion took place following

the elicitation when the final responses were condensed into a

recommendation for an IUCN Red List category for each

taxon. At this stage, panellists discussed the apparent appro-

priateness of the category, rather than the underlying parame-

ter estimates. Rapid consensus of opinion occurred among

panellists on six taxa during the discussion stage of the elicita-

tion, during which minor differences were clarified and an

agreed position reached. Of the remaining three, one was dis-

Table 3. Disagreement in final taxa classifications among panellists.

Table values indicate the percentage of panellists arriving at each

categorisation level for each taxon based on final round assessments

Taxon n C E V NT LC DD

A 13 15 77 8

B 13 38 23 31 8

C 11 27 73

D 12 17 33 25 8 17

E 16 13 19 19 44 6

F 12 17 8 75

G 15 19 50 25 6

H 12 42 8 50

I 15 50 21 29

n, number of expert assessments for the taxon; C, critically

endangered; E, endangered; V, vulnerable; NT, near threatened;

DD, data deficient.
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cussed at length in the post-elicitation discussion. This could

be largely attributed to strong advocacy from individuals out-

side the group with some responsibility for the conservation

andmanagement of the species. These discussionswere eventu-

ally terminated by the facilitator to meet pre-determined time-

tables for evaluation of taxon status.

EMAIL FORMAT

A notable feature of this deliberative elicitation process was

that it was conducted by email. Email groups are highly flex-

ible and allow individuals to participate at their convenience

with ready access to outside resources and without the

requirement that members be assembled simultaneously

(Martins, Gilson & Maynard 2004). Feedback about the

process from panellists was largely favourable. Panellists

cited the written format as providing time to digest the infor-

mation and opinions provided by others before making a

reply, and allowing ‘more time to spend pondering the issues

and considering comments and responses than would have

occurred during a workshop’ [feedback comment from pan-

ellist]. The automatic documentation of all communication

was also seen as an advantage, as it allowed panellists to

revisit the evidence and differing opinions at any stage and

encouraged them to provide what appeared to be ‘more con-

sidered and reasoned responses in what they knew would be

a permanent record of their information or views’.

The time involved in compiling responses and the protracted

period of consultation and discussion were seen as the key

drawbacks. Electronic groups tend to require more time than a

face-to-face group to complete tasks (e.g. Hiltz, Johnson &

Turoff 1986; Hollingshead 1996; Baltes et al. 2002), and most

panellists commented on the large amount of work involved

(e.g. the amount of reading, becoming familiar with the

approach, multiple rounds of assessments etc.). Panellists took

3Æ8–13Æ5 h to complete assessments in the round 1 assessment

process alone (not including reading time), with an average of

60 min (±14Æ8 min SD) taken by panellists and taxon special-

ists to assess each taxon (Fig. 3). The same process would usu-

ally be achieved in a 2- to 3-day workshop in a group setting.

Panellists also regretted the lack of the opportunity that a

group setting provides to discuss issues in person, particularly

for the more contentious issues for which the ability to give

and receive behavioural cues might assist in reducing misun-

derstandings and conveying greater nuance (e.g. Hinds & Bai-

ley 2003; Maruping & Agarwal 2004). Despite this, the general

consensus appeared to be that there was an adequate level of

discussion and debate, that the email format ‘reduce[s] domi-

nance and gives less confident and articulate people a better

opportunity to contribute meaningfully’ and that ‘no one voice

or view dominated, and frank and balanced discussion were

achieved’.

BIAS AMELIORATION

The elicitation procedure was designed to offset a range of pre-

dictable biases to which experts are prone when considering

uncertainty. The expected biases emerged andwere remediated

with varying levels of success.

Anchoring

Anchoring occurs when an expert uses a published estimate or

the estimate of a colleague as a reference point for their own

judgment. This is apparent when, for example, a number of

experts use published values to construct their intervals of

uncertainty. For the IUCN Red List assessment, anchoring

could take one of two forms: adherence to published values, or

estimates that reflect quantities associated with thresholds in

the IUCN Red List criteria. Both types of anchoring were

observed in this study.

Example 1. The only published estimate of the population

size for taxon H is 6500 birds, although this estimate was

considered to be of low reliability and accuracy. Eight of

12 panellists initially stated that their best estimate was

between 6000 and 7000 mature individuals (Fig. 4), even

for those who also believed that substantial declines have

been occurring since 2001 when the estimate of 6500 was

published. The published figures were accompanied by a

description of the ways in which the data were collected,
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which were essentially guesses. Information was available

that would have led to other conclusions but which was

not associated with precise figures. Thus, the figures on

which people appear to have anchored were far less certain

than would appear from the estimates made. A published

analysis of additional data was circulated subsequently and

led to agreement by the group that the population is likely

to be well in excess of 10 000 mature individuals.

Example 2. One panellist consistently estimated values of

population sizes such that they were one individual below

threshold values for the taxon to be considered at a lower

level of extinction risk. For example, the upper bound of

their estimate of mature population size for a poorly

known bird was estimated at 2499, and the threshold for

classification as Vulnerable is <2500. While time and the

number of questions precluded this, a more in depth

questioning procedure forcing the expert to reconsider

and justify their reasoning may have encouraged the

expert to revise their estimates and remove the influence

of the listing threshold on their responses.

Dominance

Dominance effects arise when a senior or forceful individual in

a group setting makes pronouncements about facts, leading

others to gravitate to their position. The use of email to con-

duct all interactions reduced many of the potential effects of

dominance (e.g. Turoff&Hiltz 1982; Hollingshead 1996;Mar-

tins, Gilson & Maynard 2004). There was no face-to-face

group setting and limited opportunity for any individual to use

non-written communication to exert dominance. When a

forcefully expressed external submission came to the commit-

tee, there was discussion of the ideas it included, but the tone of

the submissionwas assessed by the group as inappropriate.

One panellist suggested that dominance could potentially be

exerted by use of an aggressive tone in emails, and that there

can be a reluctance to be the first person to disagree with the

dominant proponent as it could lead to confrontation. In a

group context, an aggressive approach can be mitigated by

group dynamics or by the facilitator, while unintended aggres-

sion or misinterpretation of statements can more readily be

corrected if there are visual cues (Martins, Gilson &Maynard

2004; Maruping & Agarwal 2004). Such actions are more diffi-

cult via email. In this study, no aggression was exhibited by

any of the panellists.

Overconfidence

Overconfidence in interval estimation is the tendency for

experts to assign unrealistic reliability to their intervals. Ideally,

expert intervals will be well-calibrated, and stated levels of con-

fidence will correspond to the frequency with which intervals

contain the observed or ‘true’ value (Lichtenstein, Fischhoff &

Phillips 1982). For example, a set of 90% intervals from a well-

calibrated expert should contain the correct value on average

90% of the time. In practice, both expert and non-expert esti-

mates frequently exhibit overconfidence (Lin & Bier 2008),

although the effects tend to be mitigated by question format

(Wilson 1994; Soll & Klayman 2004; Jenkinson 2005). The

methods employed in this elicitation process were designed to

reduce expert overconfidence, although theywould not entirely

remove it (Speirs-Bridge et al. 2010).

In this study, it was not possible to test directly for overcon-

fidence as the answers to the IUCN classification questions are

unknown. A comparison of 100% confidence bounds from

panellists for each taxon revealed that many confidence

intervals did not overlap or did so only partially (Table 4).

This suggests that at least some of the panellists must have

been overconfident in their estimates of uncertainty. High

levels of inter- vs. intra-expert variability are common (e.g.

O’Neill et al. 2008; Czembor & Vesk 2009), and eliciting

judgments from just one or a few experts might have

masked the true level of uncertainty. The extent of overcon-

fidence in the estimates of population size for taxon H was

suggested when alternative data relating to population size

were discovered, resulting in revised estimates for the

panellists that were considerably larger than the original

estimates.

Framing effects

Trend estimates are more likely to be accurate when made

using natural numbers from which percentage changes can be

calculated, rather than from direct estimates of percentage

change (Gigerenzer & Hoffrage 1995). In the assessment pro-

cess, experts estimated past and future percentage population

declines over three generations using natural frequencies and

made estimates directly of the greatest percentage change

expected in any three-generation period encompassing the

present. In 13%of cases, the percentage decline estimated from

natural numbers for the entire six-generation period was

greater than the greatest decline for any three-generation per-
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iod, implying that current declines are less than in the past, the

future or both. Similarly, 27% of the panellists’ estimates for

past population reduction and 23% of the panellists’ estimates

for future population reduction in the next three generations

calculated from natural numbers were greater than the respec-

tive panellist’s estimate of the maximum three-generation per-

iod decline when estimated directly as a percentage. While it is

possible that the panellists believed that rates during themiddle

period were faster or slower than at the beginning or end, we

judge that this is less likely than the possibility that the panel-

lists failed to appreciate the internal inconsistency in their esti-

mates. These inconsistencies were spread among panellists:

each panellist provided at least one example of such inconsis-

tency (we omitted one panellist who saw the potential inconsis-

tency and simply calculated the percentages using the

maximum for any three-generation period, estimated from

natural numbers).

Availability bias

Availability bias refers to the phenomenon where experts’

judgments are conditioned on the basis of recent or high-pro-

file events, weighting them more heavily than is warranted by

the data. While the procedures outlined previously provide the

opportunity for panellists to cross-examine and reflect on the

relative importance of data, availability bias may emerge nev-

ertheless. For example, one submission from taxon specialists

advocated that a taxon be classified as threatened (i.e. in one of

the categories of Vulnerable, Endangered or Critically Endan-

gered) when the committee had concluded it was of Least Con-

cern. The submission emphasised the political implications of

de-listing (failing to appreciate that these are excluded from the

IUCN Red List system), but the only new information pre-

sented was a personal communication that the birds had

declined in a particular forest: ‘evidence suggests that the sub-

population in [name omitted] National Park has declined in

recent years’. Count data subsequently became available

which did not corroborate this opinion and indicated popula-

tion stability at this site over the last 18 years. However, fol-

lowing the submission but before the count data became

available, three panellists revised their assessments of rates of

decline and four urged a more precautionary approach to the

data, although it is unclear to what extent they were influenced

by the submission, by their re-evaluation of the original data

(we note this might also be an example of dominance effects),

or by the political implications of a wrong decision. This can

also be interpreted as an example of initial overconfidence,

which was then shaken when challenged, even without sub-

stantial new data.

Language-based misunderstanding

Linguistic uncertainties are pervasive in language-based delib-

erations and qualitative risk assessments (Regan, Colyvan &

Burgman 2002). Vagueness is when categories associated with

words have borderline cases, and an entitymay belong tomore

than one category. Ambiguity occurs when words have more

than one meaning, and it is not clear which is intended. Con-

text dependence refers to situations in which the meanings of

words depend on the contexts in which they are meant to be

understood, and this context is not clear or consistent. Under-

specificity occurs when information critical for understanding

what is meant by words has not been provided. In most situa-

tions, linguistic uncertainties may be resolved with careful,

facilitated discussion.

Language-based misunderstandings arise when experts mis-

interpret technical terms used in the IUCN Red List system,

despite definitions being provided (IUCN 2001), along with

detailed guidelines for their interpretation (IUCN Standards

and Petitions Subcommittee 2010). For example, according to

the IUCN guidelines, the term ‘location’ defines a geographi-

cally or ecologically distinct area within which a single threat-

ening event can rapidly affect all individuals of the taxon

(IUCN 2001). The term is often confused with ‘subpopula-

tion’, which is defined as distinct groups in the population

between which there is little demographic or genetic exchange

(IUCN2001).

In this study, the frequency distributions of the estimates

for number of locations for widespread taxa were dichoto-

mous, with some panellists stating simply that there were

more than 10 locations (a threshold for listing as Vulnerable)

and other panellists estimating that there were very few (one

and five locations are the thresholds for Critically Endan-

gered and Endangered respectively). For four of the panel-

lists, it was possible to detect a positive correlation between

the number of subpopulations and the number of locations

estimated across the nine taxa (Pearson’s r = 0Æ36–1Æ0),
regardless of whether distributions were continuous or frag-

mented, where it might be expected. When panellists were

asked to name the locations explicitly as well as the threats

used to define them, there was considerable variation in how

panellists had chosen to interpret ‘location’ in determining

their estimates, and some panellists had failed to interpret

Table 4. Degree of overlap of intervals before and after discussion

(pairwise) for each of the nine assessed taxa

Taxon

Proportion of

non-overlap

% reduction in

non-overlap

Before

discussion (n)

After

discussion (n)

A 6Æ4 2Æ5 60

B 5Æ5 2Æ8 48

C 22Æ8 12Æ9 43

D 9Æ9 6Æ7 32

E 8Æ8 4Æ5 49

F 25Æ0 14Æ5 42

G 34Æ2 11Æ1 68

H 8Æ2 3Æ7 55

The proportion of non-overlap is calculated as the proportion of

all possible expert-to-expert pairings for each question for which

their intervals (once normalised to 100% intervals) were non-

overlapping, totalled across the 16 quantitative questions

answered by experts for each taxa.
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the term correctly. One panellist withdrew all their estimates

of location because they felt that they did not understand

the term sufficiently well.

Variability among experts

Experts’ responses may include evidence of systematic bias,

with experts sometimes producing systematically optimistic

or pessimistic responses, or systematically larger or smaller

estimates of uncertainty compared with other members of

the group (e.g. Cooke 1991; Meyer & Booker 1991). For

example, a multiple comparisons test across panellists for

differences in estimated future declines over three generations

for each taxon found that one panellist gave consistently

higher estimates of population declines, and two panellists

gave consistently lower estimates of population declines

(Fig. 5). When discussing their responses, some panellists sta-

ted that they had taken an optimistic or conservative stance

to uncertainty when specifying their responses. For example,

one panellist noted that ‘several of my ‘‘upper limits’’ were

higher than others, and that’s partly because I’m a natural

optimist, but also because I think we sometimes kid our-

selves about [i.e. exaggerate] our ability to find most of the

birds in a population’. Another stated that in specifying their

uncertainty bounds, ‘[given the high levels of uncertainty] the

exact estimates then seem to come down to how precaution-

ary we wish to be’.

Convergence

A key feature of the protocol is that people typically respond

to the results of other panellists andmove towards a consensus

range of values that is more likely to include the correct

response than any expert is likely to reach alone (the so-called

‘theory of errors’, see Dalkey 1975). In this exercise, we had

two exemplars of this. The coefficient of variation (CV) for par-

ticipants’ upper bounds wasmore likely to be reduced after dis-

cussion, creating tighter bounds for estimates from which to

judge taxon status (Fig. 6a). The levels of overlap between

panellist estimates were also higher in the second round

(Table 4); outlying estimates, in particular, tended to move

towards the group average.

However, in many cases, considerable variation between

expert parameter estimates persisted even after the second

round of assessments. There was no appreciable convergence

among questions requiring a yes ⁄no response (Fig. 6b) and

estimates of confidence around numbers changed little

(Fig. 7). The IUCN categories determined based on individual

second-round assessments also revealed significant levels of

inter-expert variation (Table 3).

Discussion

This study demonstrates the successful implementation of a

structured elicitation process conducted via email for assisting

in reducing predictable judgmental biases and pooling knowl-

edge acrossmultiple, dispersed experts. The efficacy of the elici-

tation process can be considered separately from the medium

throughwhich it was undertaken.

ELICITATION PROCESS

The elicitation process clarified the parameters and evi-

dence critical to listing and encouraged the panellists to make

considered assessments of every parameter required for Red

List assessment, instead of making quick assessments of only

those parameters considered critical for each taxon. At least

four of the nine taxa are likely to have been assessed differently

had a less formal process been followed or had the elicitation

process been reduced to a single step. Despite the evidence of

bias, non-overlap of some values and high levels of uncer-

tainty, the panel and most of the taxon specialists considered

the final recommendations on the IUCN Red List categories

to be closer to the truth than had the assessment been carried

out by a single individual. An evaluation of the efficacy of the

IUCN listing process by Keith et al. (2004) found that the

median of assessed IUCN ranks across experts resulted in a

higher proportion of correct assessments than any individual

expert assessor, suggesting that such a belief even in the face of

the high levels of disagreement observed,may be well founded.

It is possible that the group converged in line with shared

perceptions that were untrue (Kahan 2010). We speculate that

where panellists did revise their initial responses, they did so

because they (i) had no knowledge of the parameter them-

selves, (ii) aligned responses to those of a notable taxon special-

ist, or (iii) were swayed by a particular line of reasoning during

the discussion. Assessing and enhancing the degree to which

estimate revisions lead to improved accuracy represents an

important goal in future applications (e.g. Rowe, Wright &

McColl 2005). In the majority of elicitation contexts it will be

impossible to assess the accuracy of responses. However, it is

possible to test levels of accuracy and calibration using test

(‘seed’) questions, domain relevant questions for which there is
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Fig. 5. Results of a multiple comparisons test for panellist average

estimates of ‘percentage change in population size over the next three

generations’ across the nine taxa assessed. Bars show 95% confidence

intervals after Bonferroni correction for multiple comparisons. One

panellist was found to be consistently more pessimistic about future

population changes (dotted line), and two panellists to be consistently

more optimistic about future changes (dashed lines).
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a determinable ‘truth’, which the facilitators know but the

experts do not (Cooke 1991; Aspinall 2010). However, finding

relevant context-specific seed questions on which to base

assessments can be challenging. In this study, we omitted seed

questions partly because the number of IUCN categorisation

questions already requiring assessment was prohibitively large,

and partly because of the difficulty in finding appropriately rel-

evant questions for which answers were not already known to

at least one of the panellists.

DEBIASING TECHNIQUES

Our procedure demonstrated that the same sources of bias

apparent among other professional groups are present in judg-

ments from environmental scientists. The transparency of our

approach allowed biases to be identified, and it is likely that

they are equally present in listings made using non-structured

approaches, if not equally observable. A good protocol

will aim to reduce the effects of biases, and our method

provided practical examples of how biases can be identified

and resolved. However, it is impossible to anticipate all biases

and corrective measures do not always fully correct unwanted

effects (Fischhoff 1982; O’Hagan 2006).

The successful debiasing of judgments requires adequate

vigilance and interrogation (Larrick 2004): in most cases,

interrogating the experts about their beliefs can help (e.g.

Fischhoff 1982; Arkes et al. 1987; Morgan & Henrion 1990).

Other commonly employed strategies include discussion of

potential bias at the pre-elicitation phase (Morgan & Henrion

1990), as happened here, and rapid analysis of results for

evidence of bias to allow for feeding back to experts and

informing of their subsequent judgmental revisions. The

majority of debiasing techniques are achieved by expending

greater effort and time in the elicitation, and this fact highlights

the presence of a time-accuracy trade-off in elicitation (e.g.

Murray et al. 2009; Kuhnert, Martin & Griffiths 2010;

Tulloch, Possingham & Wilson 2011). While for the IUCN

application the procedure implemented here represents a

more comprehensive assessment process than is typically

undertaken, the biases observed suggest that still more inten-

sive proceduresmay further improve the quality of responses.

EFFECT OF THE COMMUNICATION MEDIUM

Email discussions have a number of advantages over face-to-

face workshops or telephone conferences. Removing

restrictions on both number and location of experts through

the use of email is an important factor when assessing the taxa

on continental or larger scales.While the email format entailed

a substantial commitment in computer time from panellists, it

was probably far less than if everyone had travelled to meet

together: the minimum combined travel distance for the Aus-

tralian panellists alone to a consolidated meeting would have

been more than 20 000 km, a further three panellists were in
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Europe at the time. It certainly cost much less to use email.

That said, panellists may have struggled to achieve the same

levels of motivation and focus that is possible in a workshop

setting (e.g. Rhoads 2010).

The group emails also made discussions transparent.

Experts were aware of each other’s identities during the discus-

sion, and the high level of transparency was only possible

because of trust among panellists. Trust between panellists

allowed greater space to express uncertainty, something

encouraged by the process, and to be able to make, admit and

correct mistakes without recrimination. It is recognised as a

critical factor for the operation of successful electronic groups

(e.g. Lipnack & Stamps 1997; Jarvenpaa & Leidner 1999). The

panellists had a particular advantage having worked together

via email for some years before this exercise was initiated, and

trust-building exercises may be beneficial where this is not the

case (e.g. Alge, Wiethoff &Klein 2003; Aubert & Kelsey 2003;

Thompson&Coovert 2003).

Reduced levels of discussion appear to have been the

key drawback to use of email. Levels of communication

are often lower in electronic groups than in face-to-face

settings (e.g. Hiltz, Johnson & Turoff 1986; Hollingshead

1996; Straus 1996), and panellist discussion tended to be

stilted, intermittent owing to time delays between answers,

and narrowly focused because only a small number of

issues can be dealt with in any single email. Facilitation

was difficult. Panellists were often left to compare their

own answers with those of others, and judge for them-

selves whether they should adjust their responses. Thus,

group workshops may be superior where interactive dis-

cussion is required on a large number of issues. We sug-

gest that facilitated group workshops employing similar

techniques for structured elicitation should remain the tool

of choice for assessments in geographically confined areas

where panellists can gather without the excessive costs of

long-distance travel.

As technology continues to develop, methods such as live

chat and videoconferencing that avoid some of the drawbacks

of email represent increasingly viable alternatives (e.g.

Kirkman & Mathieu 2005; Ferran & Watts 2008; Rhoads

2010;Mesmer-Magnus et al. 2011). Hybrid approaches, which

incorporatemultiplemediums for communication, are another

promising avenue, allowing elicitors to overcome the limita-

tions of the individual formats (e.g. Dennis & Valacich 1999;

Martins, Gilson & Maynard 2004; Han et al. 2011). Such an

approach might incorporate an initial face-to-face or video-

conference meeting followed by email correspondence. There

are significant benefits to remote elicitation methods that

induce minimal process-related loss over face-to-face interac-

tion (e.g. Donlan et al. 2010; Teck et al. 2010), and it is likely

that such ‘virtually facilitated’ elicitations (e.g. Turoff 1972;

Gordon & Pease 2006; Linstone & Turoff 2011) will play an

increasing role in expert elicitation in the future.

Resources and software available for conducting a struc-

tured elicitation are available at the website of the Australian

Centre of Excellence for Risk Analysis: http://www.

acera.unimelb.edu.au/materials/.
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M., Tyrrell, T.D., Vié, J.-C. &Watson, R. (2010)Global biodiversity: indica-

tors of recent declines. Science, 328, 1164–1168.

Choy, S.L., O’Leary, R. & Mengersen, K. (2009) Elicitation by design in ecol-

ogy: using expert opinion to inform priors for Bayesian statistical models.

Ecology, 90, 265–277.

Clemen, R.T. & Reilly, T. (2001) Making Hard Decisions with Decision Tools.

Duxbury Press, PacificGrove.

Clemen, R.T. & Winkler, R.L. (1999) Combining probability distributions

from experts in risk analysis.Risk Analysis, 19, 187–203.

Cooke, R.M. (1991) Experts in Uncertainty: Opinion and Subjective Probability

in Science. OxfordUniversity Press, NewYork, NewYork.

Cooper,W.H. (1981)Ubiquitous halo.Psychological Bulletin, 90, 218–244.

Crance, J.H.B.R. (1987) Guidelines for using the Delphi technique to develop

habitat suitability index curves. Biol. Rep., pp. 21. U. S. Fish &Wildlife Ser-

vice.

Czembor, C.A. & Vesk, P.A. (2009) Incorporating between-expert uncertainty

into state-and-transition simulation models for forest restoration. Forest

Ecology andManagement, 259, 165–175.

Dalal, S., Khodyakov,D., Srinivasan, R., Straus, S. &Adams, J. (2011) Expert-

Lens: a system for eliciting opinions from a large pool of non-collocated

experts with diverse knowledge. Technological Forecasting and Social

Change, 78, 1426–1444.

Structured elicitation of expert judgments 13

� 2012 The Authors. Methods in Ecology and Evolution � 2012 British Ecological Society, Methods in Ecology and Evolution



Dalkey, N.C. (1975) Towards a theory of group estimation. The Delphi

Method: Techniques and Applications (eds H. Linstone & M. Turoff), pp.

231–256. Addison-Wesley, London.

Dalkey, N. & Helmer, O. (1963) An experimental application of the Delphi

method to the use of experts.Management Science, 9, 458–467.

Delbecq, A.L., Van de Ven, A.H. & Gustafson, D.H. (1975) Group Techniques

for Program Planning: A Guide to Nominal Group and Delphi Processes.

Scott, Foresman andCompany,Glenview, Illinois.

Dennis, A.R. & Valacich, J.S. (1999) Rethinkingmedia richness: towards a the-

ory of media synchronicity. Proceedings of the 32nd Hawaii international

Conferenvce on System Sciences- 1999, 10 IEEE, 10 pp.

Donlan, C.J.,Wingfield,D.K., Crowder, L.B.&Wilcox, C. (2010)Using expert

opinion surveys to rank threats to endangered species: a case study with sea

turtles.Conservation Biology, 24, 1586–1595.

Epley, N. & Gilovich, T. (2005) When effortful thinking influences judgmental

anchoring. Journal of Behavioral DecisionMaking, 18, 199–212.

Epley, N. & Gilovich, T. (2006) The anchoring-and-adjustment heuristic. Psy-

chological Science, 17, 311–318.

Eycott, A.E., Marzano, M. & Watts, K. (2011) Filling evidence gaps with

expert opinion: the use of Delphi analysis in least-cost modelling of func-

tional connectivity.Landscape and Urban Planning, 013, 400–409.

Fazey, I., Fazey, J.A., Salisbury, J.G., Lindenmayer, D.B. & Dovers, S. (2006)

The nature and role of experiential knowledge for environmental conserva-

tion.Environmental Conservation, 33, 1–10.

Ferran, C. & Watts, S. (2008) Videoconferencing in the field: a heuristic pro-

cessingmodel.Management Science, 54, 1565–1578.

Fischhoff, B. (1982) Debiasing. Judgment Under Uncertainty: Heuristics and

Biases (eds D. Kahneman, P. Slovic & A. Tversky), pp. 422–444. Cambridge

University Press, Cambridge.

Fischhoff, B., Slovic, P. & Lichtenstein, S. (1982) Lay foibles and expert fables

in judgments about risk.American Statistician, 36, 240–255.

Garnett, S.T. (1992) The Action Plan for Australian Birds. ANPWS, Canberra,

ACT.

Garnett, S.T. & Crowley, G.M. (2000) The Action Plan for Australian Birds.

EnvironmentAustralia, Canberra, ACT.

Gigerenzer, G. & Hoffrage, U. (1995) How to improve Bayesian reason-

ing without instruction: frequency formats. Psychological Review, 102,

684–704.

Gilovich, T., Griffin, D. & Kahneman, D. (2002) Heuristics and Biases: The

Psychology of Intuitive Judgement. CambridgeUniversity Press, Cambridge.

Gordon, T.J. & Pease, A. (2006) RT Delphi: an efficient, ‘‘round-less’’, almost

real time Delphi method. Technological Forecasting and Social Change, 73,

321–333.

Han, H.J., Hiltz, S.R., Fjermestad, J. &Wang, Y. (2011) Does mediummatter?

A comparison of initial meeting modes for virtual teams. IEEE Transactions

on Professional Communication, 54, 376–391.

Hiltz, S.R., Johnson, K. & Turoff, M. (1986) Experiments in group deci-

sion-making: communication process and outcome in face-to-face versus

computerized conferences. Human Communication Research, 13, 225–

252.

Hinds, P.J. & Bailey, D.E. (2003) Out of sight, out of sync: understanding con-

flict in distributed teams.Organization Science, 14, 615–632.

Hollingshead, A.B. (1996) Information suppression and status persistence

in group decision making. Human Communication Research, 23, 193–

219.

Isenberg, D.J. (1986) Group polarization: a critical review and meta-analysis.

Journal of Personality and Social Psychology, 50, 1141–1151.

IUCN (2001) IUCN Red List categories and criteria. Version 3.1. IUCN Spe-

cies Survival Commission, Gland, Switzerland and Cambridge, United

Kingdom. ii+ 30 pp.

IUCN Standards and Petitions Subcommittee (2010) Guidelines for using the

IUCN Red List categories and criteria. Version 8.1 Prepared by the Stan-

dards and Petitions Subcommittee inMarch 2010.

Jacowitz, K.E. & Kahneman, D. (1995) Measures of anchoring in estimation

tasks.Personality and Social Psychology Bulletin, 21, 1161.

Janis, I.L. (1972)Groupthink.Psychology Today, 5, 43–???.

Jarvenpaa, S.L. & Leidner, D.E. (1999) Communication and trust in global vir-

tual teams.Organization Science, 10, 791–815.

Jenkinson, D. (2005) The elicitation of probabilities: a review of the statistical

literature.Technical Report. University of Sheffield, Sheffield.

Kahan, D. (2010) Fixing the communications failure.Nature, 463, 296–297.

Kahneman, D. & Tversky, A. (1982) Judgment Under Uncertainty: Heuristics

and Biases. CambridgeUniversity Press, Cambridge.

Kaufmann, A. &Gupta,M.M. (1985) Introduction to Fuzzy Arithmetic: Theory

and Applications. VanNostrand Reinhold,NewYork,NewYork.

Keeney, R.L. & Von Winterfeldt, D. (1991) Eliciting probabilites from experts

in complex technical problems. IEEE Transactions on Engineering Manage-

ment, 38, 191–201.

Keith, D.W. (1996) When is it appropriate to combine expert judgments? Cli-

matic Change, 33, 139–143.

Keith, D.A., McCarthy, M.A., Regan, H., Regan, T., Bowles, C., Drill,

C., Craig, C., Pellow, B., Burgman, M.A., Master, L.L., Ruckelshaus,

M., Mackenzie, B., Andelman, S.J. & Wade, P.R. (2004) Protocols for

listing threatened species can forecast extinction. Ecology Letters, 7,

1101–1108.

Kerr, N.L. & Tindale, R.S. (2004) Group performance and decision making.

Annual Review of Psychology, 55, 623–655.

Kerr, N.L. & Tindale, R.S. (2011) Group-based forecasting?: a social psycho-

logical analysis. International Journal of Forecasting, 27, 14–40.

Kirkman, B.L. &Mathieu, J.E. (2005) The dimensions and antecedents of team

virtuality. Journal ofManagement, 31, 700–718.

Koehler, J.J. (1993) The influence of prior beliefs on scientific judgments of evi-

dence quality. Organizational Behavior and Human Decision Processes, 56,

28–55.

Krinitzsky, E.L. (1993) Earthquake probability in engineering – part 1: the use

andmisuse of expert opinion.Engineering Geology, 33, 257–288.

Kuhnert, P.M. (2011) Four case studies in using expert opinion to inform

priors.Environmetrics, 22, 662–674.

Kuhnert, P.M., Martin, T.G. & Griffiths, S.P. (2010) A guide to eliciting and

using expert knowledge in Bayesian ecological models. Ecology Letters, 13,

900–914.

Larrick, R.P. (2004) Debiasing. Blackwell Handbook of Judgment and Decision

Making (eds D. J. Koehler & N. J. Harvey), pp. 316–338. Wiley-Blackwell,

Oxford.

Levin, I.P., Schneider, S.L. & Gaeth, G.J. (1998) All frames are not created

equal: a typology and critical analysis of framing effects. Organizational

Behavior andHumanDecision Processes, 76, 149–188.

Lichtenstein, S., Fischhoff, B. & Phillips, L.D. (1982) Calibration of probabili-

ties: the state of the art to 1980. Judgment Under Uncertainty: Heuristics and

Biases (eds D. Kahneman & A. Tversky), pp. 306–334. Cambridge Univer-

sity Press, Cambridge.

Lichtenstein, S., Slovic, P., Fischhoff, B., Layman, M. & Combs, B. (1978)

Judged frequency of lethal events. Journal of Experimental Psychology-

Human Learning andMemory, 4, 551–578.

Lin, S.W. & Bier, V.M. (2008) A study of expert overconfidence. Reliability

Engineering & System Safety, 93, 711–721.

Linstone, H.A. & Turoff, M. (1975) The Delphi Method: Techniques and Appli-

cations. Adison-Wesley, Reading.

Linstone, H.A. & Turoff, M. (2011) Delphi: a brief look backward and for-

ward.Technological Forecasting and Social Change, 78, 1712–1171.

Lipnack, J. & Stamps, J. (1997) Virtual Teams: Reaching Across Space, Time

and Organizations with Technology. Wiley, NewYork, NewYork.

Lord, C.G., Ross, L. & Lepper, M.R. (1979) Biased assimilation and

attitude polarization: effects of prior theories on subsequently

considered evidence. Journal of Personality and Social Psychology, 37,

2098–2109.

Lukey, J.R., Crawford, S.S. & Gillis, D. (2010) Effect of information availabil-

ity on assessment and designation of species at risk. Conservation Biology,

24, 1398–1406.

Mace, G.M., Collar, N.J., Gaston, K.J., Hilton-Taylor, C., Akcakaya, H.R.,

Leader-Williams, N., Milner-Gulland, E.J. & Stuart, S.N. (2008) Quantifica-

tion of extinction risk: IUCN’s system for classifying threatened species.

Conservation Biology, 22, 1424–1442.

MacMillan, D.C. & Marshall, K. (2006) The Delphi process: an expert-based

approach to ecological modelling in data-poor environments. Animal Con-

servation, 9, 11–19.

Maier, N.R.F. &Hoffman, L.R. (1960) Using trained developmental leaders to

improve further the quality of group decisions. Journal of Applied Psychol-

ogy, 44, 247–251.

Martin, T.G., Burgman, M.A., Fidler, F., Kuhnert, P.M., Low-Choy, S.,

McBride, M. & Mengersen, K. (2012) Eliciting expert knowledge in conser-

vation science.Conservation Biology, 26, 29–38.

Martins, L.L., Gilson, L.L. & Maynard, M.T. (2004) Virtual teams: what do

we know and where do we go from here? Journal of Management, 30, 805–

835.

Maruping, L.M. & Agarwal, R. (2004) Managing team interpersonal processes

through technology: a task-technology fit perspective. Journal of Applied

Psychology, 89, 975–990.

Mesmer-Magnus, J.R., DeChurch, L.A., Jimenez-Rodriguez, M., Wildman, J.

& Shuffler, M. (2011) A meta-analytic investigation of virtuality and

14 M. F. McBride et al.

� 2012 The Authors. Methods in Ecology and Evolution � 2012 British Ecological Society, Methods in Ecology and Evolution



information sharing in teams. Organizational Behavior and Human Decision

Processes, 115, 214–225.

Meyer, M. & Booker, J. (1991) Eliciting and Analyzing Expert Judgment:

A Practical Guide. Academic Press, NewYork, NewYork.

Moore, D.A. &Healy, P.J. (2008) The trouble with overconfidence.Psychologi-

cal Review, 115, 502–517.

Morgan, M.G. & Henrion, M. (1990) Uncertainty: A Guide to Dealing with

Uncertainty in Quantitative Risk and Policy Analysis. Cambridge University

Press, NewYork,NewYork.

Murphy, K.R., Jako, R.A. & Anhalt, R.L. (1993) Nature and conse-

quences of halo error: a critical analysis. Journal of Applied Psychology,

78, 218–225.

Murray, J.V., Goldizen, A.W., O’Leary, R.A., McAlpine, C.A., Possingham,

H.P. & Choy, S.L. (2009) How useful is expert opinion for predicting the dis-

tribution of a species within and beyond the region of expertise? A case study

using brush-tailed rock-wallabies Petrogale penicillata. Journal of Applied

Ecology, 46, 842–851.

Mussweiler, T. & Strack, F. (2000) Numeric judgments under uncertainty: the

role of knowledge in anchoring. Journal of Experimental Social Psychology,

36, 495–518.

Myers,D.G.&Lamm,H. (1976) The group polarization phenomenon.Psycho-

logical Bulletin, 83, 602–627.

Newton, A.C. & Oldfield, S. (2008) Red Listing the world’s tree species: a

review of recent progress.Endangered Species Research, 6, 137–147.

Nisbett, R.E. & Wilson, T.D. (1977) Halo effect: evidence for unconscious

alteration of judgments. Journal of Personality and Social Psychology, 35,

250–256.

O’Brien, M. (2000) Making Better Environmental Decisions: An Alternative to

Risk Assessment. MIT Press, Cambridge,Massachusetts.

O’Hagan, A. (2006)Uncertain Judgements: Eliciting Experts’ Probabilities. Wi-

ley, Chichester.

O’Leary, R.A., Choy, S.L., Murray, J.V., Kynn, M., Denham, R., Mar-

tin, T.G. & Mengersen, K. (2009) Comparison of three expert elicita-

tion methods for logistic regression on predicting the presence of the

threatened brush-tailed rock-wallaby Petrogale penicillata. Environmet-

rics, 20, 379–398.

O’Neill, S.J., Osborn, T.J., Hulme,M., Lorenzoni, I. &Watkinson, A.R. (2008)

Using expert knowledge to assess uncertainties in future polar bear popula-

tionsunder climate change.Journal ofAppliedEcology,45, 1649–1659.

Perera, A.J., Johnson, C.J. & Drew, C.A. (2011) Expert Knowledge and

Its Application in Landscape Ecology. Springer-Verlag, New York,

NewYork.

Regan, H.M., Colyvan, M. & Burgman, M.A. (2002) A taxonomy and treat-

ment of uncertainty for ecology and conservation biology. Ecological Appli-

cations, 12, 618–628.

Regan, T.J., Burgman, M.A., McCarthy, M.A., Master, L.L., Keith, D.A.,

Mace, G.M. &Andelman, S.J. (2005) The consistency of extinction risk clas-

sification protocols.Conservation Biology, 19, 1969–1977.

Rhoads,M. (2010) Face-to-face and computer-mediated communication: what

does theory tell us and what have we learned so far? Journal of Planning Lit-

erature, 25, 111–122.

Rothlisberger, J.D., Lodge, D.M., Cooke, R.M. & Finnoff, D.C. (2010) Future

declines of the binational Laurentian Great Lakes fisheries: the importance

of environmental and cultural change. Frontiers in Ecology and the Environ-

ment, 8, 239–244.

Rowe, G. & Wright, G. (1999) The Delphi technique as a forecasting tool:

issues and analysis. International Journal of Forecasting, 15, 353–375.

Rowe, G. & Wright, G. (2001) Expert opinions in forecasting: the role of the

Delphi technique. Principles of Forecasting: AHandbook for Researchers and

Practitioners (ed J.S. Armstrong), pp. 125–144. Kluwer Academic Publish-

ers, Norwell,Massachusetts.

Rowe, G., Wright, G. & McColl, A. (2005) Judgment change during Delphi-

like procedures: the role of majority influence, expertise, and confidence.

Technological Forecasting and Social Change, 72, 377–399.

Russo, J.E. & Schoemaker, P.J.H. (1992) Managing overconfidence. Sloan

Management Review, 33, 7–17.

Schwarz, N. & Vaughn, L.A. (2002) The availability heuristic revisted: ease of

recall and content of recall as distinct sources of information.Heuristics and

Biases: The Psychology of Intuitive Judgement (eds T. Gilovich, D. Griffin &

D.Kahneman), pp. 103–119. CambridgeUniversity Press, NewYork.

Shrader-Frechette, K. (1996) Value judgments in verifying and validating risk

assessmentmodels.Handbook for Environmental Risk DecisionMaking: Val-

ues, Perception and Ethics (ed. C.R. Cothern), pp. 291–309. CRCLewis Pub-

lishers, Boca Raton, Florida.

Slovic, P. (1999) Trust, emotion, sex, politics and science: surveying the risk-

assessment battlefield.Risk Analysis, 19, 689–701.

Soll, J.B. & Klayman, J. (2004) Overconfidence in interval estimates. Journal of

Experimental Psychology: Learning,Memory and Cognition, 30, 299–314.

Speirs-Bridge, A., Fidler, F., McBride, M., Flander, L., Cumming, G. & Burg-

man, M. (2010) Reducing overconfidence in the interval judgments of

experts.Risk Analysis, 30, 512–523.

Spetzler, C.S. & Stael von Holstein, C.A.S. (1975) Probability encoding in deci-

sion analysis.Management Science, 22, 340–358.

Stewart, R.T. (2001) Improving reliability of judgmental forecasts.Principles of

Forecasting: A Handbook for Researchers and Practitioners (ed. J.S. Arm-

strong), pp. 753–770. Kluwer Academic Publishers, Norwell,Massachusetts.

Straus, S.G. (1996) Getting a clue: the effects of communication media and

information distribution on participation and performance in computer-

mediated and face-to-face groups.Small Group Research, 27, 115–142.

Sunstein, C.R. (2000) Deliberative trouble? Why groups go to extremes. The

Yale Law Journal, 110, 71–119.

Sutherland, W.J. (2006) Predicting the ecological consequences of environmen-

tal change: a review of themethods. Journal of Applied Ecology, 43, 599–616.

Teck, S.J., Halpern, B.S., Kappel, C.V.,Micheli, F., Selkoe, K.A., Crain, C.M.,

Martone, R., Shearer, C., Arvai, J., Fischhoff, B., Murray, G., Neslo, R. &

Cooke, R. (2010) Using expert judgment to estimate marine ecosystem vul-

nerability in the California Current.Ecological Applications, 20, 1402–1416.

Thompson, L.F. & Coovert,M.D. (2003) Teamwork online: the effects of com-

puter conferencing on perceived confusion, satisfaction and postdiscussion

accuracy.GroupDynamics: Theory, Research, and Practice, 7, 135.

Titus, J.G. & Narayanan, V. (1996) The risk of sea level rise. Climatic Change,

33, 151–212.

Tulloch, A., Possingham,H.P. &Wilson, K. (2011)Wise selection of an indica-

tor for monitoring the success of management actions. Biological Conserva-

tion, 144, 141–154.

Turoff,M. (1972) Delphi conferencing: computer-based conferencing with ano-

nymity.Technological Forecasting and Social Change, 3, 159–204.

Turoff, M. & Hiltz, S. (1982) Computer support for group versus individual

decisions. IEEETransactions on Professional Communication, 30, 82–91.

Tversky, A. & Kahneman, D. (1973) Availability: a heuristic for judging fre-

quency and probability.Cognitive Psychology, 5, 207–232.

Tversky, A. & Kahneman, D. (1974) Judgment under uncertainty: heuristics

and biases. Science, 185, 1124–1131.

United Nations (2011) Millennium Development Goals 2011 Report. United

Nations, NewYork, NewYork.

Van Leekwijck,W. &Kerre, E.E. (1999) Defuzzification: criteria and classifica-

tion.Fuzzy Sets and Systems, 108, 159–178.

White, P.C.L., Jennings, N.V., Renwick, A.R. & Barker, N.H.L. (2005) Ques-

tionnaires in ecology: a review of past use and recommendations for best

practice. Journal of Applied Ecology, 42, 421–430.

Wilson, A.G. (1994) Cognitive factors affecting subjective probability assess-

ment. ISDS Discussion Paper Institute of Statistics and Decision Sciences,

DukeUniversity.

Yager, R.R. & Filev, D. (1993) On the issue of defuzzification and selection

based on a fuzzy set. Fuzzy Sets and Systems, 55, 255–271.

Yaniv, I. (2004) Receiving other people’s advice: influence and benefit.Organi-

zational Behavior andHumanDecision Processes, 93, 1–13.

Yaniv, I. &Kleinberger, E. (2000) Advice taking in decisionmaking: egocentric

discounting and reputation formation. Organizational Behavior and Human

Decision Processes, 83, 260–281.

Zimmermann, H.J. (2001) Fuzzy Set Theory – and Its Applications, 4th edn.

Kluwer Academic Publishers, Norwell,Massachusetts.

Received 9 August 2011; accepted 17April 2012

Handling Editor: Daniel Faith

Structured elicitation of expert judgments 15

� 2012 The Authors. Methods in Ecology and Evolution � 2012 British Ecological Society, Methods in Ecology and Evolution



Chapter 8. Habitat use by Victorian birds and mammals 

 

1. Bird communities 

 

In our efforts to conserve and manage wildlife communities, the most fundamental need is to 

understand the habitats used by the various animals that form those communities. For 

vertebrate wildlife species, the expectation is that we will develop such an understanding at 

the species level, and that this will help us manage land and vegetation to cater for the needs 

of particular species within the context of the broader ecosystem. In terms of practical 

applications, it is especially important to understand the extent to which the main habitats 

used by those particular species overlap with areas where conflicting land uses are likely to 

be applied. In the forestry context, we need to know which species depend most heavily on 

the sorts of forests that are potentially suitable for timber production, frequent burning or 

other disruptive use. Disruptive uses can then be managed to ensure that the needs of the 

relevant wildlife species can continue to be met, using strategies as outlined in Chapter 1. 

 

Much of our knowledge about habitats used by birds comes from amateur naturalists and is 

well summarised in modern field guides (notably Menkhorst et al. 2017; Pizzey and Knight 

1997) and other texts, including the first Atlas of Australian Birds (Blakers et al. 1984) and 

the monumental Handbook of the Birds of Australia, New Zealand and Antarctica 

(HANZAB: Marchant and Higgins 1990, 1993; Higgins and Davies 1996; Higgins 1999; 

Higgins et al. 2001; Higgins and Peter 2002, and Higgins et al. 2006). 

  

I helped compile existing knowledge by writing or reviewing habitat sections for various 

species in HANZAB (serving on its steering committee) and by writing text for many species 

of bush birds, waders and terns for the Atlas of Victorian Birds (Emison et al. 1987), of 

which I am a co-author. 

 

I have made original contributions to our collective knowledge of bird habitats as indicated in 

the following papers, especially with respect to Victorian forest birds where published 

information was sparse and common knowledge often very vague. 

 

Most of the papers in this chapter are essentially reviews and original interpretations of 

disparate sources of data, including my own observations. Many papers in other chapters also 

contribute new information about habitats used by birds in particular environments. Several 

of the papers include annotated lists of bird species, designed to give accurate and 

parsimonious verbal models of the habitats used by birds in specific forest types or 

geographical regions. 

 

The main papers in this chapter deal mainly with habitats used by forest birds in Victoria. 

One provides a broad overview of the use of forest habitats across the state (Loyn 1985c): it 

broke new ground in presenting such an overview and was based on my own data and field 

experience. The paper shows that most forest bird species occupy a wide range of forest 

habitats, despite a range of specific individual needs.  Nebvertheless, the paper highlights the 

rich and distinctive bird communities of River Red Gum (Eucalyptus camaldulensis) and 

box–ironbark forests in the dry lowlands (mainly in northern Victoria). It also highlights the 

distinctive bird communities of gullies, compared with those of the drier slopes and ridges in 

foothill forests, as discussed in Chapter 1.  

 



Subalpine woodland supports a different subset again. Here, we find a high proportion of the 

breeding population of Flame Robins Petroica phoenicea, but that species also breeds (albeit 

more sparsely) in a wide range of forest types at lower elevations. Similar observations could 

be made for Pilotbird Pycnoptilus floccosus and Olive Whistler Pachycephala olivacea. 

Australasian Pipits Anthus novaeseelandiae are common summer visitors to alpine grasslands 

and grassy openings in subalpine woodland, but are otherwise rare in forest habitats, 

occurring only in large temporary clearings after logging or wildfire. However, they are also 

common in sparse grasslands in the lowlands, especially in the arid interior of Australia, and 

are one of the most widespread species in Australia (Blakers et al. 1984; Barrett et al. 2003). 

Hence, no species is exclusively a montane species: Pink Robin and Flame Robin have the 

closest claims to that status. 

 

Another paper (Loyn 2002a) synthesises some of my knowledge of bird habitat use and 

distribution in Australia (from both personal experience and the literature) and discusses 

possible mechanisms that might allow similar species (congeners) to coexist at various spatial 

scales. The paper was an invited contribution to a new journal (published in Japan). I used the 

opportunity to explore some of the ideas about species coexistence as propounded by David 

Lack many years ago (Lack 1971) in the light of what is now much more detailed knowledge 

of the habitats of south-eastern Australian birds. The paper shows that Lack’s principles 

apply just as much in Australia as they do in Europe, where Lack developed his ideas. Our 

bird fauna provides some outstanding examples of ecological segregation by forest stratum 

(e.g. Brown Thornbills Acanthiza pusilla in the understorey and Striated Thornbills Acanthiza 

lineata in the eucalypt canopy) and habitat (with dividing lines typically based on wet–dry 

gradients and correlating with density of trees or other vegetation). Of all the 209 species 

pairs I examined, only one pair (White-browed Woodswallow Artamus superciliosus and 

Masked Woodswallow Artamus personatus) failed to show a clear ecological difference. That 

paper also highlighted the role of aggressive honeyeaters (especially miners, Manorina spp.) 

in shaping Australian bird communities through interspecific territorial defence (as discussed 

in Chapter 4). This behaviour appears more prominent in Australia than has been noted in 

other continents (Low 2016), though I suspect more examples will be found around the world 

following the interest that our work has generated. 

 

One paper examines the bird fauna of a very distinctive forest type, the River Red Gum 

forests along the Murray River (Loyn et al. 2002). Intermittent seasonal flooding plays a key 

role in the ecology of these forests (Dexter et al. 1986; MDBA 2011), and our study made 

some important new observations about the short-term effects of floods on bush birds and 

waterbirds, and about the effects of grazing domestic stock (Chesterfield et al. 1984; Loyn et 

al. 2002). A more recent report (Loyn et al. 2015) examined the effects of flooding in a 

different forest type, Black Box Eucalyptus largiflorens woodlands, which usually grow at 

slightly higher levels than River Red Gum forests, and so flood less frequently. Both studies 

present snapshot views of complex issues, and we recognise the need for further studies to be 

conducted over many years, as many factors can influence the effects of flood events on the 

productivity of the forest and on the response of bird species. As with fire, our focus should 

ultimately be on the effects of flood regimes, rather than on the impact of an individual flood 

event. 

 

I have made a lesser contribution to a paper on the fauna of another distinctive forest type, the 

box–ironbark forests (Silveira et al. 1997), highlighting the distinctiveness of these forests. It 

is not possible to describe the distinctiveness of any forest type, unless comparable data are 

available from a range of other forest types: this simple principle is sometimes forgotten. The 



client reports mentioned above (Chesterfield et al. 1984: Silveira et al. 1997; Loyn and 

Dutson 2015) are listed here by title only. 

 

Two short papers deal with migration of forest birds. One of them (Clarke et al. 1999) is 

based on data from the Australian Bird Count, a Birds Australia (now BirdLife Australia) 

project that I played a leading role in initiating in the early 1990s. The data were analysed 

more fully in combination with Atlas data by Griffioen and Clarke (2002). The other paper 

(Loyn 2002b) summarises some of my personal observations on migrating bush birds for the 

benefit of a non-technical audience. Many people still do not appreciate the extent and 

regularity of bird migration in temperate Australian eucalypt forests, a characteristic that has 

obvious implications for conservation—migratory species need habitat at both ends of their 

migratory journey and, in many cases, at stepping stones along their migration routes. 

Climate change poses a particular challenge to the conservation of migratory species because 

it can affect the timing of migration and the quality of habitat encountered by migrant birds 

when they arrive at their seasonal destinations. 

 

Two papers describe historical changes in communities of birds and mammals, respectively, 

in the area of Greater Melbourne (Loyn and Menkhorst 2011; Menkhorst and Loyn 2011). 

These publications are based on qualitative comparisons between the writings of Keartland 

(1900) and our own recent observations and knowledge. We began a more quantitative 

investigation of temporal change using data from the Atlas of Victorian Wildlife, and this 

informed some of our conclusions (e.g. about hollow-dependent bird species, as discussed 

below in relation to introduced birds). However, we found that the variable nature of the data 

limited the value of that approach. The sum of our own observations (and knowledge from 

talking to colleagues) processed in our own minds (using programs that we admittedly cannot 

reference!) proved to give what we believe to be a more realistic picture of the changes that 

have actually happened. We encourage the collection of systematic data to allow more robust 

comparisons over time in the future. 

 

We strongly believe in the importance of documenting historical changes of this sort, because 

they demonstrate the dynamic nature of wildlife populations, and their resilience to change in 

some cases or their vulnerability to change in other cases. Conservation cannot be about 

maintaining static states, but it must allow for movements and fluctuations in populations 

over time. We must also recognise that some species are more resilient than others to various 

types of change in habitat or climate. There are often simple things that we can do in our 

planning for habitat management to make life easier for those species and to maintain the 

high biodiversity that still remains, even in huge conurbations such as Greater Melbourne. 

Melbourne has gained many bird species in recent decades and lost rather few, but species 

that have declined or been lost include three that are now listed as Endangered or Critically 

Endangered nationally and globally (Swift Parrot Lathamus discolor, Orange-bellied Parrot 

and Regent Honeyeater). The species gained have all come from the north (mostly from arid 

country north of the Divide, but some also from the humid eastern seaboard), as might be 

expected with the warming and drying of the landscape through urbanisation and climate 

change. However, we urge caution in taking this at face value, and note that there are 

negligible opportunities for colonisation from the south (Tasmania). Two of the threatened 

species mentioned above (Swift Parrot and Orange-bellied Parrot) are migrants that breed in 

Tasmania. 

 

Wildlife managers need insights into many aspects of the ecology of the ecosystems and 

species that they manage. Often useful insights can come from brief or unstructured 



observations. Hence, I believe it is important to record observations that seem to be of 

potential interest, and to share them with others. I have published several short notes of this 

sort (Appendix 1), but I have not otherwise included them here. There are also many other 

observations that I have shared through informal media or publications such as Victorian Bird 

Reports. My publications have been widely cited in national compilations such as the first 

Atlas of Australian Birds (Blakers et al. 1984) and HANZAB, as a source of general 

information on habitat use. 

 

2. Effects of introduced animals and plants 

 

Introduced plants and animals have had major impacts on native fauna in many parts of the 

world, and are among the main causes of extinction, especially on small islands (e.g. 

Burbidge and McKenzie 1989; Garnett et al. 2011; Geyle et al. in review). I have often 

argued for the need to reduce these threats in developing management programs, and 

included them in research programs, but have not done significant personal research in these 

areas. I mention them here in the interest of completeness, and include three relevant 

publications (one on foxes and two on weeds) to show that I have engaged with these 

subjects, albeit at a modest level. I also provide a more detailed synthesis of my observations 

on introduced birds, as I have collected a lot of relevant information as a byproduct of other 

studies. 

 

In Australia, Red Foxes Vulpes vulpes have decimated populations of many medium-sized 

mammals and ground-nesting birds, and feral House Cats Felis catus have also had profound 

impacts (Dickman 1996; Johnson et al. 2007; Garnett et al. 2011; Woinarski et al. 2014). 

Many of the medium weight–range mammals have been lost from mainland southern 

Australia (or been greatly reduced in number) (Burbidge and Mckenzie 1989), but they 

continue to thrive in Tasmania (where there were no foxes until a recent potentially disastrous 

introduction, which hopefully has been elimated). 

 

The paper by Friend et al. (2001) recognises that introduced predatory mammals (and 

especially the Red Fox) have had a major impact on native wildlife (especially medium-sized 

ground-dwelling mammals). Effective control of introduced predators (especially foxes) 

could yield many biodiversity benefits. The paper contributed in a small way to Victorian 

Government initiatives to expand fox control programs in East Gippsland, south-west 

Victoria and elsewhere, under banners such as ‘Southern Ark’ and ‘Glenelg Ark’. 

 

Domestic stock (sheep and cattle) and several introduced mammals (including rabbits, hares, 

pigs, goats and deer) have had profound negative effects on habitat in many parts of 

Australia. Introduced rodents (rats and mice) have become common in towns and farmland, 

providing food for various native birds of prey, but having poorly known negative impacts on 

other wildlife (Banks and Hughes 2012). Rodents have had major deleterious effects on small 

islands (Burbidge and Manly 2002; Blackburn et al. 2004), and Black Rats Rattus rattus led 

directly to the extinction of several bird taxa on Lord Howe Island and Norfolk Island early in 

the 20th century (Hutton 1990; Garnett et al. 2011). Introduced Cane Toads Rhinella marina 

have had massive impacts on predatory mammals and reptiles in northern Australia because 

they contain poison glands that may kill predators when consumed. However, no introduced 

amphibians or reptiles have become widely established in Victoria. Frogs from Queensland 

occasionally arrive in boxes of fruit, and small populations of exotic newts and aquatic 

tortoises have become established near Melbourne as a result of escapes from the pet trade, 

but their impacts are believed to be currently small. Introduced fish, (especially European 



Carp Cyprinus carpio, Mosquito Fish Gambusia affinis and Brown Trout Salmo trutta, have 

decimated native fish and river-breeding frogs (Gillespie and Hero 1999; Koehn 2004), and 

altered aquatic habitats for waterbirds (Kingsford and Norman 2002). 

 

Introduced birds have tended to occupy heavily modified habitats in Australia, in marked 

contrast to the situation in New Zealand, where many species are now widely distributed in 

forests on the mainland, and native forest birds are scarce. Diamond and Veitch (1981) 

noticed that this situation did not prevail on small islands of New Zealand, where the forest 

had not been modified by introduced mammals such as deer from the Northern Hemisphere 

and Common Brushtail Possums Trichosurus vulpecula from Australia. This was very 

obvious to me when I visited Little Barrier Island in 1990 and found that native forest birds 

were common in the forest and introduced birds were confined to the cleared land on the edge 

of the island, much as they are in Australia. 

 

I have contributed to discussions about the role of introduced birds in Australia with respect 

to their ecological roles as competitors with native species (e.g. Orange-bellied Parrots, Loyn 

et al. 1986), habitat preferences (Emison et al. 1987) and their numerical impact as 

proportions of bird communities. The papers in this thesis show that introduced birds rarely 

constitute more than ~3% of bird communities in extensive forest or woodland habitats, 

where only one species (Common Blackbird Turdus merula) can be considered well 

established, albeit in very low numbers and mainly in wet forests. The proportion is not 

affected greatly by logging history (Chapter 1), though recently logged areas may attract very 

small numbers of an additional introduced species (European Goldfinch Carduelis carduelis). 

 

The situation is quite different in the built environment, where introduced birds tend to be 

numerically dominant (typically 10–100% of the community), and in farmland in high-

rainfall areas, where European Goldfinches, Common Starlings Sturnus vulgaris and 

Common Skylarks Alauda arvensis are often among the commonest species (Loyn and 

Middleton 1981; unpubl. data). Small patches of forest in farmland often provide nesting and 

roosting habitat for a range of introduced bird species that feed in farmland, but those species 

rarely constitute more than 10% of the community. Introduced birds do not feature 

prominently in eucalypt plantations (usually 0–10%), except in narrow plantations 

established as windbreaks in open farmland, where the proportion has been found to be as 

high as 16% in some cases (Loyn et al. 2009a). Pine plantations sometimes attract two 

introduced species (Common Blackbird in the shady ground layers and European Goldfinch 

taking both pine seeds as they ripen in the canopy and weed seeds in recently logged or 

planted areas), but the proportions are generally low (5–15%), and the seeds are also a 

favoured food source for native birds such as Yellow-tailed Black Cockatoos 

Calyptorhynchus funereus (Loyn et al. 2009b). 

 

Introduced birds often get blamed for reducing numbers of native birds through competition. 

Special vehemence is often directed at Common Mynas Acridotheres tristis, which are 

visibly bold and pugnacious as they strut along the road verges and suburban gardens that 

form their main habitat. There is no doubt that they sometimes attack small native birds or 

drive them out of nest sites in tree hollows. (Mynas nest in hollows in buildings or trees.) 

Campaigns to trap and kill Mynas in Canberra seem to have succeeded in reducing their 

numbers, with some positive response by native birds (Grarock et al. 2012), though the 

broader significance of these benefits is less clear. My own view is that these effects will only 

apply in certain suburban situations and peripheral areas of modified forest, as Mynas do not 

occur far from disturbed country or highways, and their role as competitors for nest sites may 



have been overstated: Atlas data show that native hollow-dependent birds have doubled in 

Melbourne as a proportion of the bird community in the last three decades, despite a very 

high and probably increasing population of Common Mynas (Loyn and Menkhorst 2011). 

Five of the six bird species whose populations have exploded in Melbourne in these decades 

are hollow-dependent, and native hollow-dependent birds form a higher proportion of the 

bird community in remnant forest within Melbourne than they do in any forest I have 

examined (notwithstanding the presence of Common Mynas in Melbourne and their absence 

from the other forests). I conclude tentatively that hollows have been in plentiful supply in 

Melbourne over this period (more so than in forest ecosystems) and that Common Mynas 

have had a negligible effect in dampening the observed population increase in native hollow-

dependent birds. 

 

Common Mynas have expanded their range in recent years, but most introduced birds have 

declined in number and their ranges have contracted. The most spectacular contraction has 

been with sparrows, which are vastly less common now than they were at the turn of the 

millennium 17 years ago. This applies to both House Sparrows Passer domesticus and Tree 

Sparrows Passer montanus. The millennium drought (1997–2009) has presumably 

contributed to this decline, especially in Melbourne, where restrictions were introduced on 

watering lawns, a habitat that would previously have provided a reliable supply of seeds and 

insects, even in dry summers. In the suburb where I live (Viewbank in Melbourne), five 

species became locally extinct during the Millennium Drought, including just one native 

species (Bell Miner Manorina melanophrys) and four introduced species (both sparrows, 

Common Greenfinch Chloris chloris and Song Thrush Turdus philomelos): Bell Miner and 

Song Thrush are the only two to have made tentative returns in the eight years since the 

breaking of the drought. However, the decline in sparrows is part of a worldwide 

phenomenon (e.g. del Hoyo et al. 2009) and has been observed in cities in Europe, Asia and 

Africa as well as in Australia, pointing to a common cause that remains unclear and is not just 

drought-related. Further work may reveal important information about the health of urban 

ecosystems: we should not ignore the message from the canary in the coalmine—or the 

sparrow in the city. 

 

Introduced plants (weeds) have had substantial effects on vegetation composition and 

structure in many parts of Australia (e.g. Grice 2004, 2006; Maron and Lill 2005; French et 

al. 2008), especially in the north, where species such as Prickly Pear Opuntia stricta formed 

dense stands over vast areas before effective control (Dodd 1959). In Victorian forests, the 

commonest weeds are small plants that proliferate and persist, mainly in cleared areas and 

along tracks. Species such as Blackberry Rubus fruticosus spp. are more pervasive in some 

wet forests, as are Gorse Ulex spp., English Broom Cystisus scoparius and other shrubs in 

more open forests. Shrubs such as Boxthorn Lycium ferocissimum and Biyou Bush or 

Boneseed Chrysanthemoides monilifera form dense thickets in some coastal areas (French et 

al. 2008) and have proved remarkably difficult to bring under control. Many introduced 

grasses have been planted widely in farmland as pasture species, and some introduced grasses 

are regarded as pests both to agriculture and biodiversity (e.g. Chilean Needle-Grass Nassella 

neesiana, Thorp and Lynch 2000). Farm pastures have much denser swards than native 

Australian grasslands, often prohibiting their use by native grassland birds and mammals. 

Some such species remain common over much of Australia (e.g. Australasian Pipit Anthus 

novaeseelandiae), but others have declined greatly and are now Critically Endangered (e.g. 

Plains-wanderer Pedionomus torquatus). 

 



Birds can be important vectors of weed seeds, especially for species that produce fleshy 

fruits. Frugivorous birds sometimes benefit from the proliferation of fruit-bearing weeds in 

habitats where fruit was not previously as plentiful. I have only done a little work in these 

areas, but include one paper and a recent report on the subject. The paper (Loyn and French 

1991) was written in collaboration with Kris French from the University of Wollongong, a 

leading expert in weed ecology and avian seed dispersal, and explores some of these issues in 

relation to both forests and grasslands. It proposes some novel ideas and analyses. The report 

(Loyn and Dutson 2015) describes the bird communities of areas on the Mornington 

Peninsula (Victoria) having varying levels of infestation by woody weeds; it will form a 

baseline for further study when control measures are implemented. It makes some predictions 

about what those effects may be. We suggest that some frugivores and shrub-foraging 

insectivores will decline in weeded areas, and that some insectivores that feed from open 

ground among trees may benefit. However, the latter group has become so scarce in this 

region, that a substantial return seems unlikely unless very substantial areas of open habitat 

can be restored. 
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In global terms Melbourne is a new city (first 
settled in 1836 and officially declared a city in 
1847) and it is now a large city, with a popula-
tion of about 4 million people spread over ap-
proximately 880 000 ha of land, of which about 
400 000 ha have been urbanised. It occupies 
an area of fertile land in the temperate part of 
south-eastern Australia (380 45’ S, 1450 E), and 
spreads from the sheltered coast of Port Phillip 
Bay to the nearby forested hills and valleys to 
the north and east and the volcanic grassland 
plains to the west (Fig. 1). Rainfall varies from 
>1200 mm in the Dandenong and Yarra Ranges 
to <400 mm in the dry volcanic plains to the 
west; hence a great variety of habitats are repre-
sented in the current area of Greater Melbourne. 
The Yarra River and several smaller rivers flow 
from the hills to the bay, and the Yarra estu-
ary was the initial focus of Eurasian settlement 
from 1836. The area was occupied by low den-
sities of Aboriginal people of the Kulin nation 
for many centuries. The current area of Greater 
Melbourne was estimated to support about 
29 000 people in 1851 before the gold rush, and 
478 000 in 1901 (McCarty and Schedvin 1978). 
Growth continued in the 20th century to ap-
proximately 3 million in 1970 and then to the 

present level of a little over 4 million. Substan-
tial changes in native vegetation have accompa-
nied this population growth, with consequent 
changes in habitat for flora and fauna. Climate 
variations have also contributed to change, with 
droughts or dry periods recorded at various 
times, most recently from 1997 to 2010. 
 This paper examines some of the changes in 
bird fauna that have accompanied these events. 
The primary brief was to use a specific docu-
ment (Keartland 1900) as a benchmark for de-
scribing changes from the late 19th century to 
what we now know in the early 21st century. 
George Arthur Keartland arrived in Melbourne 
as a two-year-old in 1848, and lived there till his 
death in 1926 (McEvey 1983). He worked as a 
compositor for The Age newspaper, and became 
an avid amateur birder and naturalist from the 
1880s, working with the Field Naturalists Club 
of Victoria and contributing to the formation of 
the Australasian Ornithologists Union (forerun-
ner to Birds Australia, soon to be BirdLife Aus-
tralia). He gained a reputation as a taxidermist 
and egg-collector, and contributed to two major 
inland expeditions. His 1900 paper gave an ex-
cellent description of the birds of the Greater 
Melbourne district in the latter half of the 19th 
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Abstract
The bird fauna of Melbourne has changed in many ways since the 19th century, and this paper documents 
some of these changes using Keartland’s paper as a benchmark for the 19th century, along with our own ex-
perience for recent decades. Woodland birds declined substantially as woodlands were cleared in the 19th 
century, and several species became locally extinct. Farmland birds prospered and then declined as farmland 
was converted to housing. Some forest birds colonised gardens and parks as trees and shrubs matured through 
the 20th century. Planting of native shrubs has benefited some species such as Little Wattlebird, and complex 
competitive interactions between aggressive honeyeaters and other birds are involved in shaping the bird fauna 
and the ecosystem. Climate variability has played a role, with droughts encouraging waves of immigration. In 
recent decades there have been spectacular waves of colonising species from inland Australia (Galah, Sulphur-
crested Cockatoo, Little Corella and Crested Pigeon), the eastern seaboard (Rainbow Lorikeet) and the western 
plains (Long-billed Corella). Introduced European birds declined substantially during the 1997-2010 drought. 
Conservation of native vegetation has been the main factor contributing to the high diversity still represented 
in Melbourne’s bird fauna. (The Victorian Naturalist 128 (5) 2011, 210–231)
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century, including changes that had become evi-
dent to him and others during that period.
 Two main sources have been used for mod-
ern information. One is the Atlas of Victorian 
Wildlife (soon to be relaunched as the Victo-
rian Biodiversity Atlas). The other is the sum of 
personal observations by the authors (resident 
in or near Melbourne from 1973 to the present 
(RHL) and from 1963 (PWM)) and their col-
leagues, including members of the main bird 
organisations (Birds Australia, Bird Observa-
tion & Conservation Australia and the Victo-
rian Ornithological Research Group). Some lit-
erature also was consulted but a comprehensive 
literature review was not possible in the time 
available. Such a review would undoubtedly 
add detail but is not considered likely to alter 
the main conclusions from this paper. Some 
valuable sources of further data include ac-
counts of birds in suburban gardens (Kloot and 
McCulloch 1980), changes over time at specific 
locations such as Emerald (Twaits 1982), Box 
Hill (Kloot 2000) and Long Forest (Hewish et 
al. 2006), distributions and habitats of birds 
in Melbourne (Aston and Balmford 1978) or 

Victoria (Wheeler 1967; Emison et al. 1987) 
and national distributions of birds from Atlas 
projects (Blakers et al. 1984; Barrett et al. 2003). 
Records from the Victorian Biodiversity At-
las have been used as a secondary source, and 
would be worth examining in more detail.
 The paper also considers the likely causes 
of observed changes. Information on habitat 
use by individual species and the timing of 
observed changes can be used to distinguish 
whether changes are likely to be due to changes 
in habitat availability, competition from other 
species, or climatic events.

Methods
Information for 1850–1900 from Keartland 
(1900) 
Keartland provided narrative accounts for 185 
bird species for which he had personal experi-
ence in the greater Melbourne area, drawing 
also on information from fellow naturalists 
from as long ago as the 1850s. These accounts 
were perused (after translating some archaic 
names) to see if the comments could apply in 
modern times (suggesting that populations may 

Fig. 1. Map showing the Greater Melbourne area (green shading) and the urbanised parts of Greater Mel-
bourne (red shading).
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have been stable, or to have varied in propor-
tion to available habitat). Any deviations were 
highlighted and classified into a number of 
groups (species that appear to have increased or 
decreased markedly since that time). Changes 
observed by Keartland and his colleagues in the 
latter part of the 19th century were also noted. 
For many species, Keartland provided valuable 
ecological information, while for a few others 
he frustratingly provided just a description of 
their appearance or behaviour, limiting useful 
comment on any change in status. In a very few 
cases, some doubt may remain about whether 
the species were correctly identified or actu-
ally recorded in the Melbourne area: attention 
is drawn to those few cases. Information from 
Keartland (1900) also was compared to the lists 
and notes of birds in the Box Hill district from 
1895 to 1899 (by Robert Hall, as collated and 
summarised by Kloot [2000]). Hall’s observa-
tions lend support to some of the more interest-
ing observations of Keartland.

Recent information 1973–2011
Personal experience was used as the main 
source of recent information, based on obser-
vations by the authors and colleagues from the 
mid-1960s to 2011. During this time RHL lived 
in Parkville (1973-75), Gippsland (1975-77), 
Coldstream (1977-79), Emerald (1979-87) and 
Viewbank (1987-2011), working out of Hei-
delberg from 1986 and making observations 
widely, but especially near his home, close to 
the confluence of the Plenty and Yarra Rivers. 
PWM lived in Mentone from 1963 to 1974, and 
then in the Heidelberg area for the rest of the 
period apart from two years at Diamond Creek 
(1979-1981). A distillation of information from 
fellow birders was also used, including reports 
in the periodicals of the major bird societies and 
our own research compilations (e.g. Menkhorst 
1976). Data were examined from the Atlas of 
Victorian Wildlife, to give a picture of report-
ing rates for each species over recent years. 

Changes and trends
Three primary periods of change could be iden-
tified from this process: 1850–1900 (as report-
ed by Keartland 1900 and Hall Kloot 2000); 
1900–1970s (comparing their observations 
with those at the start of the modern period) 
and 1970s to 2011 (from recent observations). 

Results
Keartland’s list of species is quite similar to the 
list that would be made in modern times, by an 
observer focusing on bush-birds and not visit-
ing special habitats for shorebirds or seabirds. 
But clearly there have been some major changes 
in abundance, and some species are now absent 
or extremely rare (notably Australian Bus-
tard Ardeotis australis, Superb Parrot Polytelis 
swainsonii, Masked Owl Tyto novaehollandiae, 
Eastern Grass Owl Tyto longimembris, Brown 
Treecreeper Climacteris picumnus, Crested 
Bellbird Oreoica gutturalis, Grey-crowned Bab-
bler Pomatostomus temporalis, White-browed 
Babbler Pomatostomus superciliosus, Regent 
Honeyeater Anthochaera phrygia and Fuscous 
Honeyeater Lichenostomus fuscus). There also 
have been gains, but some of them may be due 
to increased observer activity and expertise (and 
focus on shorebirds and seabirds) rather than 
real changes. Keartland did not deal explicitly 
with introduced birds, but he mentioned the 
introduction of sparrows and it seems that his 
choice not to discuss them further could have 
been due to a philosophical position or edito-
rial policy. The main changes in abundance are 
considered below by period of change.

Possible errors or records that need to be 
checked
Just a few of Keartland’s records seem discord-
ant with what is currently known of the species, 
and further investigation is needed to establish 
their accuracy. This implies no disrespect to 
Keartland and his colleagues, who were work-
ing without field guides and other modern 
tools such as sophisticated optics, but did make 
frequent use of a shotgun. In this paper, the fol-
lowing four cases will be disregarded:

Keartland mentions two species of small •	
penguin (as Little Penguin Eudyptula minor 
and Fairy Penguin Eudyptula undina), which 
are no longer differentiated.
Spotted Nightjars •	 Eurostopodus argus inhabit 
the arid north-western parts of Victoria, 
and nightjars in Melbourne are much more 
likely to have been White-throated Nightjars 
Eurostopodus mystacalis.
Orange-bellied Parrots •	 Neophema chrysogaster 
are extremely rare, and found mainly in coastal 
habitats and not in the breeding season (as 
they breed in Tasmania). Keartland recorded 
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them (as ‘Blue-banded Grass Parrot Euphema 
chrysogaster’) in large flocks near Melton in 
spring and as scattered pairs throughout the 
year all round Melbourne. These are more 
likely to have been Blue-winged Parrots 
Neophema chrysostoma (not mentioned by 
Keartland). 
Marsh Sandpipers •	 Tringa stagnatilis are 
regular visitors to saline wetlands near the 
coast of Port Phillip Bay, where they occur 
with a range of other migratory shorebirds. 
Keartland records ‘solitary birds of this species 
on the margins of the lagoons at Heidelberg’, 
and mentions no other migratory shorebirds 
except for Latham’s Snipe Gallinago hardwickii. 
His Marsh Sandpipers are more likely to have 
been Common Greenshank Tringa nebularia, 
Wood Sandpiper Tringa glareola or Common 
Sandpiper Actitis hypoleucos that are much 
more likely to be seen ‘as solitary birds’ than 
are Marsh Sandpipers. A number of common 
migratory shorebirds that sometimes visit 
freshwater wetlands are also candidates 
such as the Sharp-tailed Sandpiper Calidris 
acuminata but these species are almost 
invariably in flocks.

The following records deserve further scrutiny 
but are accepted provisionally in this paper:

Records of Masked Owl and Eastern Grass •	
Owl may well be correct, and both species 
have been seen near Melbourne in recent 
years; however, both can be confused with 
Eastern Barn Owl Tyto javanica and it would 
be reassuring to have more information about 
the records, especially the reference to ‘large 
numbers’ of Eastern Grass Owl. We note that 
Hall also listed both these species in the Box 
Hill area (Kloot 2000), and Wheeler (1967) 
mentioned a minor invasion of Eastern Grass 
Owl in winter 1905.
Keartland’s records of Superb Parrot (as •	
‘Barraband’s Parrakeet Polytelis barrabandi’) 
and White-browed Babbler are both 
surprising as these species are now confined 
to dry forests north of the Great Dividing 
Range. However, they are quite distinctive 
birds and unlikely to be mistaken: they appear 
to have suffered genuine range contractions. 
It is unfortunate that no details were provided 
about the status of White-browed Babblers, 
although earlier papers give specific records 
for Long Forest and Toolern Vale (Hewish 
et al. 2006). Keartland’s records of Superb 

Parrots were based on hearsay rather than 
personal observation, but they are quite 
specific, stating that the species was ‘at one 
time very common in the vicinity of Keilor 
and Heidelberg’, but had ‘quite disappeared 
of late years, the only specimens shot being 
escaped cage pets’. 

Increases or fluctuations 1850–1900
Keartland considered that Australian Magpies 
had ‘become very numerous since they enjoyed 
the protection of the Game Act’. He also said 
that a number of Fuscous Honeyeaters had 
‘lately arrived’ in the Melton forests and in the 
past two years (1898–1900) Purple-crowned 
Lorikeets Glossopsitta porphyrocephala had ap-
peared ‘in considerable numbers in our parks 
and gardens’. More surprisingly, he reported 
that Cicadabirds Coracina tenuirostris (‘Jar-
dine’s Campephaga Campephaga jardinii’) had 
appeared near Melbourne ‘within the last few 
years’. The last three observations may be exam-
ples of erratic irruptions rather than trends.
 Keartland identified no other species that 
increased over this period, though intro-
duced species would clearly be in that cat-
egory. He commented on the erratic spring 
arrival of White-browed Woodswallows Arta-
mus superciliosus and Masked Woodswallows 
A.personatus, considered harbingers of hot 
summers: similar comments could be made in 
modern times. More surprisingly, he reported 
a temporary influx of ‘a great many’ Eastern 
Grass Owls in about 1890, during a mouse 
plague.

Decreases 1850–1900
In his introduction, Keartland lamented the 
denudation of native vegetation within 30 km 
of Melbourne, and highlighted five bird spe-
cies that had declined markedly since 1850. 
These were ‘Bronzewing Pigeons’ following the 
destruction of the tea-tree (presumably Brush 
Bronzewing Phaps elegans); Little Lorikeet 
Glossopsitta pusilla and Regent Honeyeater as 
Red Gum and Box forests were used for fire-
wood; Rainbow Lorikeet Trichoglossus haema-
todus (from forests generally) and Australasian 
Bittern Botaurus poiciloptilus (whose booming 
notes were ‘listened for in vain’, presumably at 
wetlands where they had been heard calling 
previously).
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 Keartland also mentioned recent decreases 
for many other species, and considered that the 
following 19 species had declined:

Common Bronzewing •	 Phaps chalcoptera 
(becoming rare as much hunted; disappeared 
from immediate vicinity of city but a few still 
seen at Melton and Beveridge);
Brush Bronzewing (becoming rare with loss •	
of tea-tree habitat, but ‘occasionally odd birds 
are shot at Mordialloc and Cheltenham’);
Australasian Bittern (odd birds occasionally •	
shot near lagoons in vicinity of Heidelberg);
Black Kite •	 Milvus migrans (previously 
common at slaughter yards);
Brolga •	 Grus rubicunda (rare near Bulla, 
previously shot in 1860s at Fairfield Park);
Australian Bustard (‘frequently seen during •	
the spring and summer months on the open 
plains of Keilor and Werribee’);
Yellow-tailed Black-Cockatoo •	 Calyptorhynchus 
funereus (common along the Yarra in the 
1850s, e.g. at Heidelberg, but subsequently 
confined to the Dandenong Ranges);
Gang-gang Cockatoo •	 Callocephalon fimbriatum 
(becoming scarce as much sought [presumably 
as specimens or pets], easily shot but 
occasionally seen ‘as near as Oakleigh’);
Rainbow Lorikeet (at one time very •	
numerous near Melbourne, e.g. in Blue Gums 
of Parliament House, but now very scarce; 
not common since March 1874 when they 
destroyed nearly all the ripe pears in gardens 
at Dandenong);
Little Lorikeet (very numerous a few years •	
ago near Oakleigh, but now scarce);
Superb Parrot (said to be at one time very •	
common near Keilor and Heidelberg, but then 
disappeared except for escaped cage-birds);
Swift Parrot •	 Lathamus discolor (‘at one time 
very common; these birds are now seldom 
seen; a few years ago specimens were secured 
near Brighton’);
Azure Kingfisher •	 Ceyx azureus (previously 
conspicuous along the Yarra and Plenty 
Rivers, but ‘has become very rare’);
Satin Bowerbird •	 Ptilonorhynchus violaceus 
(‘still found in the Morang district although 
immense numbers of them have fallen victim 
to rabbit poison’);
Yellow-rumped Thornbill •	 Acanthiza chrysorrhoa 
(numerous in garden plots until sparrows 
were introduced);
Regent Honeyeater (‘at one time very •	

numerous near Melbourne but now extremely 
scarce’)
Noisy Friarbird •	 Philemon corniculatus (‘now 
rare near Melbourne, but a few pairs still 
construct their stringybark nests and rear 
their broods at Whittlesea’);
Grey Currawong •	 Strepera versicolor (‘now 
somewhat rare’);
Tree Martin •	 Petrochelidon nigricans (‘at one 
time very numerous in what is now known as 
Clifton Hill; …still numerous at Heidelberg 
and the Plenty River’).

Some of these changes (increases and decreas-
es) may have involved cyclical changes in abun-
dance or erratic irruptions rather than long-
term trends, especially with respect to species 
that are known to be nomadic (e.g. lorikeets 
and some honeyeaters).

Increases 1900–1970s
A few species seem to have increased between 
1900 and the 1970s:

Kelp Gulls •	 Larus dominicanus were first 
seen in Victoria in 1954, in Port Phillip Bay 
(Wheeler 1967).  By the 1970s low numbers 
had become regular near Port Phillip Heads 
(and a few pairs bred annually on Seal Rocks 
in Western Port).  However, the species 
remains extremely rare in the metropolitan 
area.
Fan-tailed Cuckoos •	 Cacomantis flabelliformis 
were described by Keartland as less common 
than Pallid Cuckoos, and generally confined 
to hilly country.  By the 1970s the species had 
become common in a range of forest habitats, 
including in the lowlands along the Yarra 
River.
Bell Miners •	 Manorina melanophrys were 
described by Keartland as mainly inhabiting 
Gippsland, but they were ‘occasionally met 
with at Ringwood and Bayswater’.  Colonies 
had become established in many parts of 
eastern Melbourne and the nearby ranges and 
river valleys by the 1970s (McCulloch and 
Noelker 1974).
Little Wattlebirds •	 Anthochaera chrysoptera 
were described by Keartland as very numerous 
in coastal tea-tree from Brighton to Schnapper 
Point, but seldom seen far inland.  In the 
1970s the species was still mainly coastal (e.g. 
at Mentone always in the tea-tree and banksia 
belt), but had begun to expand into various 
suburban habitats away from the coast, where 
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lots of proteaceous shrubs had been planted, 
for example the grounds of Monash University 
Clayton Campus.
Red Wattlebirds •	 Anthochaera carunculata 
were described by Keartland as ‘still 
plentiful at Clayton and Melton, where they 
congregated in flocks during winter’, despite 
being occasionally killed as game; he also 
described them as extremely wary.  Clearly, 
Red Wattlebirds were somewhat local in those 
days, whereas they are now very common and 
widespread in Melbourne gardens (Kloot and 
McCulloch 1980).

Several waterbirds appeared to be quite scarce 
in Keartland’s time, at least in part because 
they were widely shot. For example, Australian 
Wood Duck Chenonetta jubata were reported 
to be frequent at just two sites, Whittlesea and 
Melton, and their flesh was said to be highly 
esteemed. Chestnut Teal Anas castanea were 
said to be ‘shot at Carrum’ with no mention 
of other locations. Eurasian Coot Fulica atra, 
Australian Wood Duck, Chestnut Teal, Pink-
eared Duck Malacorhynchus membranaceus 
and Black-winged Stilt Himantopus himantopus 
all appear to have increased substantially since 
1900, and the first three are now common in 
many wetlands in the Melbourne area. Con-
struction of new freshwater wetlands, as well 
as tighter hunting controls, may have helped 
these species. Keartland mentioned that flocks 
of Straw-necked Ibis Threskiornis spinicollis vis-
ited Melbourne in summer during ‘immense 
flights of grasshoppers’, but in modern times the 
species can be found more often, and not only 
when there are abundant grasshoppers. Keart-
land made no mention of Australian White Ibis 
T. molucca or either species of spoonbill Platalea 
spp., and now all can be found quite often in and 
near Melbourne, with Australian White Ibis 
breeding regularly at Healesville and in con-
structed wetlands below the Westgate Bridge. 

Decreases 1900–1970s
Many species appear to have decreased between 
Keartland’s time and the early 1970s. The main 
examples are listed below:

Brown Quail •	 Coturnix ypsilophora were 
described by Keartland as being locally 
distributed all year ‘on the grassy margins of 
creeks or damp, swampy flats’.  He noted that 
in winter they fed ‘largely on clover and other 

vegetable food, which adds to the delicacy of 
their flesh’.  By 1970 the species was virtually 
absent from the Melbourne area, though 
populations persisted near Laverton (Point 
Cook) and on the Mornington Peninsula.
King Quail •	 Excalfactoria chinensis were said 
to be ‘generally found in damp, swampy 
localities’, where their habits were similar to 
those of Brown Quail.  The species must have 
declined rapidly as it was absent from the 
Melbourne area for most of the 20th century, 
with the few records generally considered 
to refer to escaped cage birds.  The species 
became rare throughout Victoria, with most 
records coming from wet heaths in the 
Grampians, Wilsons Promontory and East 
Gippsland.  By the 1970s the only population 
known to persist in Victoria was on French 
Island, and that remains the case in 2011 
despite occasional records elsewhere.
Musk Ducks •	 Biziura lobata were said to 
occur ‘along the coast-line from Brighton 
to Mornington’, where ‘many of these birds 
may be seen resting placidly on the water or 
diving to avoid a passing boat’.  The species 
is now scarce along this north-eastern shore 
of Port Phillip Bay, although many can be 
seen further west off Williamstown, and high 
numbers gather at the Western Treatment 
Plant and adjacent coasts.
Australasian Gannets •	 Morus serrator were 
often said to be seen fishing, by observers in 
excursion steamers in Hobson’s Bay (i.e. Port 
Melbourne).  The species is still common in 
Port Phillip Bay, where a few hundred pairs 
now breed on five navigation structures in the 
southern half of the bay, including the jetty at 
Point Wilson.  Occasional birds can be seen 
in Hobson’s Bay but the species now makes 
less use of the inner part of Port Phillip than it 
apparently did in Keartland’s time.
Great Cormorants •	 Phalacrocorax carbo were 
said to ‘frequent the Bay, the Yarra and the 
lakes in our reserves’ in high numbers, whereas 
Little Black Cormorants Phalacrocorax 
sulcirostris were only ‘occasionally seen at 
Heidelberg and other places along the course 
of the Yarra’.  Both species still occur, but in 
modern times Great Cormorants are unlikely 
to be seen in high numbers, whereas flocks 
of hundreds of Little Black Cormorants can 
often be encountered in the Bay, with lower 
numbers locally on wetlands.
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Purple Swamphens •	 Porphyrio porphyrio were 
said to ‘frequent all the lagoons and swamps in 
the vicinity of the Yarra, from Princes Bridge 
upwards’.  By the 1970s the species was no 
longer found as far downstream as the Princes 
Bridge, although it remained common on 
most vegetated wetlands at greater distance 
from the Central Business District (upstream 
along the Yarra River from Ivanhoe and also 
along the coast).
Buff-banded Rails •	 Gallirallus philippensis 
were described as ‘showy waders, found on 
the margin of almost every sheet of water near 
Melbourne’.  By the 1970s they had become 
less numerous or more shy: few people would 
describe them as ‘showy’ in modern times.  
However, they remain common though 
cryptic on most vegetated wetlands in the 
Melbourne area, so the change may have been 
in behaviour rather than numbers.
Keartland stated that the open plains of Keilor •	
were frequented by Australian Bustards.  For 
most of the 20th century, bustards could no 
longer be found within 350 km of Melbourne.  
He used the past tense for this and some other 
species (e.g. Banded Lapwing) that still occur 
there, so it is not clear if he was reporting a 
decline during his period of observation, but 
it is certain that the species subsequently has 
become locally extinct.
Bush Stone-curlews •	 Burhinus grallarius were 
said to be ‘found in pairs in open forest’.  
By the 1970s they had become extremely 
rare in southern Victoria, and absent from 
Melbourne.  Just a few birds may persist south 
of the Divide, as there have been more recent 
records from the Bellarine Peninsula and 
Melbourne suburbs (a lone vagrant on a golf 
course in 2010).
Red-necked Avocets •	 Recurvirostra 
novaehollandiae were said to ‘frequent the 
Carrum swamp, and the mouth of the Yarra’ 
in the late 1800s.  They no longer occur at 
these sites, but substantial non-breeding 
flocks occur at artificial wetlands near 
Werribee (Western Treatment Plant) and 
Carrum (Eastern Treatment Plant), with low 
numbers occasionally elsewhere.  So perhaps 
this represents a shift in favoured locations 
rather than a decline.  In the 1960s there were 
breeding records from wetlands near Lara, 
whereas the species is no longer known to 
breed in the Melbourne area.

Plains-wanderers •	 Pedionomus torquatus were 
described by Keartland, with some detail 
about behaviour and nest sites, so evidently 
it was not as rare as it is now, though he said 
nothing about its distribution.  In the 1970s 
the species was still believed to persist in 
grasslands west of Melbourne, though there 
were few recent records.
Little Button-quail •	 Turnix velox (‘swift flying 
Turnix’) were said to be mainly inhabitants 
of ‘the arid plains of northern Australia’, 
but occasionally migrated south ‘in great 
number, when driven from their home in 
the north by seasons of protracted drought’.  
It is unfortunate that these big influxes 
remain poorly documented. Occasional birds 
continued to be reported in southern Victoria, 
but there have been no further reports of 
high numbers.  There does not seem to be an 
identification issue, as plausible text is also 
given for other quail species including the 
one that is now most common (Stubble Quail 
Coturnix pectoralis).
Galahs •	 Eolophus roseicapillus were said to be 
non-breeding winter visitors in ‘large flocks’ to 
the Broadmeadows and Bulla districts in the 
late 1800s, but by the 1970s they had become 
rare near Melbourne and generally less 
common in southern than northern Victoria 
(Wheeler 1967).  [They have subsequently 
increased greatly, see below.]
Laughing Kookaburras •	 Dacelo novaeguineae 
were described by Keartland as numerous all 
round Melbourne, ‘frequenting all the parks 
and gardens where they make havoc with the 
goldfish in the lakes’.  They remain widespread 
but have become scarce in inner city parks, 
although they may be re-occupying some 
(e.g. the Fitzroy Gardens, where they nest in a 
palm tree where fronds have been excised).  
Brown Treecreepers were apparently •	
common in Keartland’s time: he described 
them as ‘one of the tamest birds in the forest’.  
Unfortunately, he then proceeded to describe 
their behaviour and said nothing about their 
distribution.  He used them as a benchmark 
for describing White-throated Treecreepers 
Cormobates leucophaea, which he said were 
‘frequently found in hilly country’, the obvious 
implication being that Brown Treecreeper 
was the more common ‘default’ species in the 
lowlands.  The species was also recorded in 
the late 1800s in the Healesville-Warburton 
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area (Anon. 1891) and at Box Hill by Robert 
Hall (Kloot 2000).  Brown Treecreepers 
are now rare in the Melbourne area, and 
essentially confined to the remaining box-
ironbark forests to the south-west (Brisbane 
Ranges, Long Forest and their environs), and 
they have continued to decline in those areas 
(Hewish et al. 2006).
Satin Bowerbirds were said to be ‘still found •	
in the Morang district although immense 
numbers of them have fallen victim to rabbit 
poison’.  Oddly, Keartland made no mention 
of them damaging fruit crops, although he 
laid that charge on many other species.  The 
species continued to decline and by the 1970s 
was rare close to Melbourne, with the closest 
populations being near Hoddles Creek and 
Healesville.
Superb Fairy-wrens •	 Malurus cyaneus were 
very common in Keartland’s time, being 
found in ‘nearly every hedge or patch of scrub 
around Melbourne’: he describes a brood 
hatched in Parliament Reserve in 1898.  In 
the 1970s the species remained common on 
the outer fringe of Melbourne, along the Yarra 
River and in some of the larger city parks, but 
could not be described as ubiquitous.
Southern Emu-wrens •	 Stipiturus malachurus 
were described by Keartland as ‘active among 
the short heath and coarse grass at Oakleigh 
and Bayswater’.  They had disappeared from 
those locations by the 1970s, but could still 
be found in heathy woodland and swampy 
watercourses in the foothills of the Dandenong 
Ranges, e.g. near Yellingbo, Gembrook and 
Beaconsfield.
Pilotbirds •	 Pycnoptilus floccosus were found 
in Bayswater according to Keartland, and 
that was the only location he knew for them: 
he once saw one being eaten by a Southern 
Boobook Ninox novaeseelandiae.  Hall also 
recorded them at Box Hill (Kloot 2000).  By 
the 1970s the species had disappeared from 
all such middle suburbs but proved to be 
quite common at higher elevations in the 
Dandenong and Yarra Ranges (where it had 
probably always been).
Striated Fieldwrens •	 Calamanthus fuliginosus 
were said to be numerous on sandy heaths 
of the Oakleigh district, where they are no 
longer present.  From the 1970s, the species 
was confined mainly to coastal saltmarsh, 
with perhaps just a few persisting in grassy 

habitats further inland (e.g. Twaits 1982 
referred to occasional records near Yellingbo 
and Cardinia).
Speckled Warblers •	 Chthonicola sagittata were 
said by Keartland to be ‘generally found in 
the open forest’.  They are no longer found 
within Melbourne, though some persist in 
dry forest to the west (e.g. Long Forest and 
You Yangs); some may have persisted in dry 
forest near Whittlesea and Warrandyte into 
the 1970s or 1980s.
Yellow-rumped Thornbills were described by •	
Keartland as ‘still very common a few miles 
from Melbourne’, despite the decrease noted 
in suburban gardens when sparrows were 
introduced.  In the 1970s they remained 
common in farmland outside Melbourne, 
and in patches of remnant farmland within 
Greater Melbourne, but had clearly declined 
greatly as farms gave way to housing.
Singing Honeyeaters •	 Lichenostomus virescens 
were described as being ‘fairly numerous 
among the casuarinas at Werribee’.  By the 
1970s the species was virtually unknown 
in Melbourne, with the nearest populations 
being on the ocean coasts of the Bellarine 
and Mornington Peninsulas.  The species 
has expanded back into coastal parts of 
Melbourne since the 1970s.  
Spiny-cheeked Honeyeaters •	 Acanthagenys 
rufogularis were apparently quite common 
winter visitors to Melbourne in the late 1800s: 
Keartland wrote that ‘during the winter 
months they become very tame and frequent 
the most popular reserves in the city’.  This 
no longer happens, though they continue 
to be winter visitors to nearby towns such 
as Bacchus Marsh (M Hewish pers. comm.) 
and there are resident populations on the 
Bellarine and Mornington Peninsulas: the 
latter may be newly established.
White-fronted Chats •	 Epthianura albifrons 
were said to favour ‘dried swamps and sandy 
heathy country’.  These habitats have become 
rare in Greater Melbourne where the species 
is now confined mainly to coastal saltmarsh 
and to some wetlands and associated pasture 
beyond the city fringe, as well as limited dune 
habitats and golf courses near the coast.  
White-naped Honeyeaters •	 Melithreptus 
lunatus were said to be common among 
eucalypts in Studley Park. The species is now 
rarely seen in inner-city parks although it 
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remains common in reserves with remnant 
eucalypt forest in the outer suburbs (e.g. 
Warrandyte).
Noisy Friarbirds declined during Keartland’s •	
time but a few pairs continued to nest near 
Whittlesea.  The decline evidently continued 
and by the 1970s the species was just a rare 
vagrant to Melbourne, occurring mainly 
north of the Divide (e.g. in the Goulburn 
Valley).
Grey-crowned Babblers were evidently quite •	
common, as Keartland wrote about their 
‘arresting’ antics and notes but said nothing 
about their distribution.  By the 1970s they 
were virtually absent, with just a few persisting 
on the Mornington Peninsula, at Canons 
Creek in Western Port, Mordialloc and at a 
golf-course near Koo-wee-rup: vagrants were 
also reported near Emerald.
White-browed Babblers were also described •	
but nothing was said about their distribution.  
The species is known to have been resident 
in the Long Forest near Melton to at least 
the 1940s (Hewish et al. 2006), but no longer 
occurs south of the Great Divide (Emison et 
al. 1987).  Hewish loc. cit. et al. (2006) report 
that Keartland (1892) also recorded Chestnut-
crowned Babblers Pomatostomus ruficeps at 
Long Forest, an extremely implausible record, 
but he did not persist with that claim in his 
paper of 1900.  It seems likely that he used 
the term ‘chestnut-crowned’ to differentiate 
White-browed Babblers from the lighter-
crowned Grey-crowned Babblers.
Spotted Quail-thrush •	 Cinclosoma punctatum 
were said to ‘prefer rocky country or dense 
scrub’, and to be ‘common at Bayswater, near 
the Dandenong Ranges’.  By the 1970s they had 
disappeared from Melbourne suburbs, with 
just a few persisting east of the Dandenong 
Ranges (in Bunyip State Park, R Loyn unpubl. 
and E McNabb pers. comm.) and on dry 
ridges in and near Kinglake National Park 
(D Rogers, pers. comm.), as well as in the 
Brisbane Ranges far to the south-west.
Cicadabirds •	 Coracina tenuirostris are currently 
scarce summer visitors to the forested ranges 
east and north of Melbourne, and there has 
been no repeat of the influx noted in the late 
19th century.  This may be an example of an 
erratic irruption rather than a trend.
Rufous Whistlers •	 Pachycephala rufiventris 
were described as ‘abundant along the banks 

of the Yarra and Plenty Rivers.’  In the 1970s 
they remained fairly common summer visitors 
but hardly abundant.
Crested Bellbirds were reported by Keartland •	
as ‘occasionally heard in the Melton district’.  
They continued to be reported very rarely 
at Long Forest into the 1970s (Hewish et al. 
2006), but had clearly declined substantially.
Olive-backed Orioles •	 Oriolus sagittatus were 
said to be ‘common all around Melbourne’, and 
‘very destructive amongst soft fruit especially 
mulberries’.  They remain fairly common 
summer migrants in large reserves and 
along the Yarra River, and sometimes enter 
gardens to eat soft fruit including mulberries.  
However, Keartland’s description would be a 
gross exaggeration of their recent status, and 
they appear to have declined substantially.
Leaden Flycatchers •	 Myiagra rubecula were 
described by Keartland as ‘found in the 
Ringwood and Croydon districts’.  They no 
longer occur there, except as scarce passage 
migrants, but continue to be summer visitors 
to dry forest further from the suburbs.
Restless Flycatchers •	 Myiagra inquieta were 
described by Keartland as ‘numerous at 
Melton and Heidelberg’.  By the 1970s they had 
disappeared from Heidelberg but continued 
to be present in dry forest west and north of 
Melbourne.
Jacky Winters •	 Microeca fascinans were 
described by Keartland with no comment 
about local status, perhaps suggesting that 
they were fairly widespread.  The species 
is now rare near Melbourne, and found 
regularly only in the dry forests to the south-
west, notably the Brisbane Ranges, You Yangs, 
Long Forest (where Hewish et al. 2006 report 
continuing declines) and in some open forests 
in the foothills of the Dandenong Ranges.
Hooded Robins •	 Melanodryas cucullata were 
described by Keartland as being found ‘at 
Clayton, Oakleigh, Melton and Bayswater’, 
mainly in open country or ‘burnt land’.  They 
no longer occurred at these sites in the 1970s, 
but persisted in some heathy woodland 
further east (near Gembrook and Yellingbo) 
and in dry woodland further west in the You 
Yangs and Brisbane Ranges.  Hewish et al. 
(2006) report that they remained common 
in Long Forest and Toolern Vale to the 1960s, 
but no longer occur there.
Tree Martins must have continued their •	
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decline, because by the 1970s they had become 
rare in Heidelberg (Warringal Conservation 
Society 1981) where they were still common 
in Keartland’s time.  They continue to occur 
in Melbourne mainly as passage migrants and 
breed in a wide range of forest types beyond 
the suburbs. The species has also declined in 
Perth in recent years (Abbott 2009).
Bassian Thrushes •	 Zoothera lunulata were said 
to be ‘most plentiful in the ti-tree scrubs of the 
Mordialloc district and along the Dandenong 
Creek’.  They are now rare visitors to such 
areas and essentially confined to wetter forest 
at higher altitude, including the Dandenong 
Ranges.  Occasional birds continue to appear 
in Melbourne suburbs at lower altitude (e.g. 
Heidelberg, and the Royal Botanic Gardens in 
South Yarra).
Red-browed Finches •	 Neochmia temporalis 
were described by Keartland as the most 
common finch, and he described ‘large flocks 
at Heidelberg, feeding on the grass seed found 
on the river flats’.  They remain the most 
common native finch, and in the 1970s flocks 
could still be found at Heidelberg although 
they rarely exceeded ~15 birds, so it seems 
that some decline had occurred.
Diamond Firetails •	 Stagonopleura guttata were 
said to be found ‘in open forest at Melton, 
Oakleigh and Yan Yean’.  By the 1970s they 
had disappeared from all those sites, but still 
occurred in open forest further south-west in 
Long Forest, the You Yangs and the Brisbane 
Ranges.

Increases 1970s to 2011
Many species have increased dramatically in 
Melbourne since the 1970s, including conspicu-
ous species such as parrots. Indeed, there seem 
to have been several waves of colonisation by 
granivorous or nectivorous birds, with at least 
one added to the list of common resident spe-
cies every decade (Galah Eolophus roseicapillus 
in the 1970s, Sulphur-crested Cockatoo Caca-
tua galerita in the 1980s, Long-billed Corella 
Cacatua tenuirostris and Little Corella C. san-
guinea in the 1980s and 1990s, Rainbow Lori-
keet in the 1980s and Crested Pigeon Ocyphaps 
lophotes in the late 1990s and 2000s). Several 
other species increased to a lesser extent and all 
these changes are documented further below.

Brown Quail have increased in number •	
south-west of Melbourne, expanding from 

Point Cook to Point Wilson.  Occasional birds 
have also been found in reserves within the 
city, e.g. at Banyule Flat.
Common Bronzewings have increased in •	
many parts of Melbourne where there is open 
native forest, especially along the Yarra River.  
They have become familiar and tame in parks 
from Healesville through Warrandyte and 
Heidelberg to Yarra Bend, whereas in the 
1970s they were extremely rare in the middle 
suburbs.  They have benefited from plantings 
of Silver Wattle Acacia dealbata, the seed of 
which forms a favoured food source.
Crested Pigeons were occasionally seen in •	
Melbourne in the 1970s, and were often 
dismissed as possible escapees (e.g. pairs 
were seen in Parkville, perhaps escaped from 
Melbourne Zoo).  In the late 1990s the reports 
suddenly proliferated and the species is now a 
very common bird in most suburbs, inhabiting 
open areas where they feed from sports ovals 
and other open grassland.  Groups of up to 
a dozen or so are often seen perching on 
overhead wires close to suitable open habitat, 
just as Spotted Doves Streptopelia chinensis do 
in the more densely built-up areas.
Little Penguins •	 Eudyptula minor began 
breeding at St Kilda in 1974, and the 
population increased to its current estimated 
level of 1200 adults (260+ breeding pairs) 
(http://stkildapenguins.com.au).  Previously 
the species had been considered just a non-
breeding visitor to this area. 
Australasian Darters •	 Anhinga novaehollandiae 
were rare near Melbourne in the 1970s. 
Small breeding populations established 
around several billabongs on the Yarra River 
floodplain in 1975 (Menkhorst 1976) and 
have become more or less permanent. 
White-bellied Sea-Eagles •	 Haliaeetus 
leucogaster were absent from Melbourne in 
the 1970s, when the nearest resident birds 
were on French Island in Western Port.  Since 
then pairs have become established on large 
water storages in the Melbourne area (and 
at Lake Connewarre, south of Geelong). 
Transient birds are seen with increasing 
frequency around Port Phillip Bay.
Black Kites have colonised the Werribee area •	
from the late 1990s, after being virtually absent 
for more than a century, and several pairs 
now breed there.  Wheeler (1967) described 
them as rare visitors to western Victoria, with 
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occasional irruptions (e.g. 1952). 
Buff-banded Rails appear to have increased at •	
many wetlands in the Melbourne area since 
the 1970s, often foraging on nearby grassland 
including parks and golf-courses.  
Silver Gulls •	 Chroicocephalus novaehollandiae 
are generally considered to have increased in 
number in the Melbourne area.  They began 
nesting on Mud Islands in 1959 (Menkhorst 
et al. 1988) and several tens of thousands 
now breed there (Menkhorst 2010), many 
commuting to the Melbourne suburbs to 
forage. Silver Gulls also breed on flat roofs in 
inner bayside suburbs and at Frankston, and 
occasionally elsewhere (e.g. a solitary pair at 
Banyule Flat from 2009).
Pacific Gulls •	 Larus pacificus were confined to 
the coastal fringe in the 1970s, but now flocks 
regularly visit a rubbish tip near Cranbourne, 
12 km inland.  This may represent a small 
change in behaviour rather than an increase 
in numbers.  The species remains more 
dependent on tidal habitats than most of the 
world’s gulls.
Yellow-tailed Black-Cockatoos were confined •	
to wet or heathy forest in the 1970s, in the 
Dandenong Ranges and other extensive forest 
areas further out.  Described as transient 
and rare along the Yarra Valley between 
Warrandyte and Ivanhoe in the mid-1970s 
(Menkhorst 1976), the species has steadily 
increased the frequency and regularity of 
visits. Flocks often feed on the cones of 
mature planted pine trees Pinus spp., and 
extract grubs from wattle trees Acacia spp.  
By the 1990s low numbers appeared resident 
in some of these areas (e.g. Warrandyte) and 
small flocks or family groups often visited 
other areas, especially in winter.  By 2011 the 
size of these flocks had increased (up to 70-
100 in middle suburbs) and pairs appeared 
to be resident and possibly breeding as far 
downstream as Heidelberg. In winter, flocks 
of up to 30 birds visit pine trees in inner-city 
Jolimont.
Gang-gang Cockatoos probably made •	
increasing use of the suburbs over this period, 
as non-breeding visitors from late summer 
to early spring.  Flocks of up to 20 were quite 
often encountered in the middle or outer 
eastern and northern suburbs in the 1990s 
and 2000s, feeding on seed from eucalypts 
and exotic plants such as Hawthorn Crataegus 

monogyna.  VBA records showed a peak in 
2005-09, but the increase was not as marked 
as for the other cockatoo species.
Galahs were considered rare in Melbourne in •	
the early 1970s, and records were sometimes 
dismissed as escaped cage-birds.  However, 
pairs and small flocks became increasingly 
evident through the decade, often feeding 
from short grass on sports ovals.  By the 1980s 
and 1990s they had become a common species 
in many suburbs, breeding in scattered River 
Red Gum Eucalyptus camaldulensis in open 
country such as farmland on the western 
fringe and parklands in middle suburbs 
such as Viewbank and Bundoora (but not in 
more densely treed habitats next to the major 
rivers).  A southward movement had been 
noticed by Wheeler (1967), who described 
them as common especially in northern 
Victoria, and ‘becoming more common in 
southern districts’.  They are still common, 
though numbers may have declined slightly 
in the 2000s.  Flocks now tend to be small, 
and pairs are often seen flying long distances 
between feeding and nest or roost sites.  They 
do not often associate with other cockatoos, 
and may have suffered in competition with 
them although they remain much more 
common than they were 40 years ago.
Long-billed Corellas inhabited south-west •	
Victoria in the 1970s, >100 km west of 
Melbourne (Emison et al. 1987).  In the 1980s 
low numbers began to be seen in Melbourne.  
By the 1990s they had become common, and 
flocks of up to 100 or more could be found in 
some suburbs, feeding from open grassland 
and nesting and roosting in large old River 
Red Gums.
Little Corellas were even more distant from the •	
city in the 1970s, inhabiting the arid interior 
of Australia and usually coming no closer 
than the mallee in the north-west of the State, 
>400 km north-west of Melbourne (Wheeler 
1967).  In the late 1980s low numbers began 
to be seen around Melbourne, and breeding 
populations became established in some 
places, especially near Healesville (possibly 
derived from escapees).  They also colonised 
sites in country Victoria, e.g. Lake Mokoan 
in the north-east.  In Melbourne the increase 
continued through the 1990s, and flocks of up 
to 400 could be found along the Yarra Valley, 
with resident populations in many suburbs, 
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e.g. Eltham and Viewbank.  The two corellas 
sometimes associated with each other but 
more typically formed single-species flocks.  
Little Corellas tend to roost in large flocks 
in River Red Gums near water (as they do in 
inland and northern Australia).
Sulphur-crested Cockatoos were rare in •	
Melbourne in the 1970s, though common in 
treed farmland nearby and along the Yarra 
River.  A small population became established 
in the western foothills of the Dandenong 
Ranges near Ferntree Gully in the early 1980s: 
some believe they were derived from cage-
birds which escaped during the 1983 fires.  
The species then increased rapidly, and was 
quite common by the end of the decade and 
through into the 2000s.  They feed mainly in 
open country and typically nest in large old 
River Red Gums.  They sometimes form flocks 
of >100 but are often seen feeding in loose 
groups, and appear less tightly gregarious 
than corellas.
Rainbow Lorikeets were rare in Melbourne •	
in the 1970s (e.g. Menkhorst 1976), and a few 
birds in Parkville were often considered to be 
escapees from Melbourne Zoo.  In the 1980s 
they proliferated explosively and are now one 
of the most common birds in most suburbs 
from the inner city to the edge of the forested 
ranges (but not in the ranges themselves).  
They often nest in River Red Gums along 
rivers and creeks, and feed widely from 
blossom and fruit in parks and gardens.  The 
population is loosely linked to populations in 
southern Victoria and the eastern seaboard of 
Australia, which were originally continuous 
(Wheeler 1967).
Scaly-breasted Lorikeets •	 Trichoglossus 
chlorolepidotus were virtually unknown in 
Victoria before the 1970s (they are not listed 
by Wheeler 1967), and were not recorded 
closer than south-eastern New South Wales, 
400 km to the east-north-east. Low numbers 
were recorded in Melbourne subsequently, 
and very small breeding populations appear 
to have become established mainly in the 
south-eastern suburbs, e.g. at Mt Eliza but 
also along the Yarra Valley where they arrived 
sometime after 1976 (not listed by Menkhorst 
1976).  The species remains scarce and many 
people believe the local populations originate 
from escaped cage-birds.  The scarcity of 
records in intervening habitat (Gippsland) 

lends credence to that idea, in contrast to 
the other increasing species which now have 
continuous populations across much of their 
Victorian range (though there has been a 
recent record at Lindenow in Gippsland).
Musk Lorikeets •	 Glossopsitta concinna were 
erratic visitors to remnant eucalypt forest in 
the 1970s, but have increased in subsequent 
decades, with large flocks often visiting parks 
and gardens to feed on blossom and fruit.  
Their numbers continue to fluctuate seasonally 
and erratically, suggesting that there are both 
seasonal and irregular movements between 
the suburbs and perhaps more natural habitats 
elsewhere.
Australian King-Parrots •	 Alisterus scapularis 
were confined to the ranges in the 1970s but 
have recently expanded into some suburbs 
(e.g. Monbulk, Eltham, Viewbank and 
Heidelberg), in very low numbers during the 
2000s: they are seen in gardens but also along 
the Yarra and Plenty Rivers where pairs have 
been found in suitable breeding habitat in the 
spring-summer breeding season.
Common Koels •	 Eudynamys scolopacea are 
summer visitors to eastern Australia, with 
their normal range extending south to 
southern New South Wales.  They are rare 
vagrants to Melbourne but numbers of records 
have been increasing, and the species is now 
reported almost annually from parks and 
large gardens in a range of suburbs, especially 
where there are mature planted Morton Bay 
Figs (the fruit of which they eat). This species 
seems to be a leader amongst a number of 
frugivorous species, including White-headed 
Pigeon Columba leucomela and Australian 
Figbird Specotheres viridis, whose ranges are 
extending south and west from southern 
NSW and eastern Victoria,.
Powerful Owls •	 Ninox strenua were regarded 
as mysterious birds of the ranges at the start 
of this period, with just a few pairs known on 
the fringe of Melbourne (e.g. in Warrandyte 
and the Dandenong Ranges).  Since then the 
number of suburban records has increased 
greatly, mostly in large parks or areas of 
native forest.  Single birds have spent long 
periods in inner city parks such as the Royal 
Botanic Gardens (Menkhorst et al. 2005), and 
breeding pairs have been found at several sites 
along the Yarra River.
Brown Thornbills •	 Acanthiza pusilla are 
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arguably Victoria’s most common bird, but 
in the 1970s they were scarce in Melbourne 
itself, being found only in native vegetation 
or large parks with plenty of shrub thickets.  
In the 1990s and 2000s they spread further 
into suburban gardens in many parts of the 
city, feeding and breeding in planted shrubs 
(J Davies and A Moorrees pers. comm.); 
however, the use of gardens by these birds 
has decreased recently in some suburbs (e.g. 
Viewbank).
Eastern Spinebills •	 Acanthorhynchus 
tenuirostris were scarce in the suburbs in the 
1970s, though quite common in nearby forest.  
Since then they have become increasingly 
common in suburban gardens, mainly as 
non-breeding winter visitors from February 
or March to September.  They usually occur as 
single birds, feeding from planted proteaceous 
shrubs and running a constant gauntlet 
between the attacks of larger honeyeaters (Red 
and Little Wattlebirds and Noisy Miners).
Singing Honeyeaters •	 Lichenostomus virescens 
were rare in Melbourne in the 1970s, and 
the nearest resident population was on the 
Bellarine Peninsula.  Since then they have 
become more common in coastal parts of the 
city, and small resident breeding populations 
have become established near the coast at 
Altona, Williamstown, the Mornington 
Peninsula and probably elsewhere: birds can 
often be seen in shrubs near coastal beaches 
(as was the case in Keartland’s day, at least 
near Werribee).  
Bell Miners had become common in the •	
eastern and northern suburbs of Melbourne 
by the 1970s, in scattered mobile colonies 
along rivers, in shrubby mixed-species forest 
and in parks and gardens with abundant 
eucalypts as in Blackburn. Real estate 
agents used their presence as a marketing 
tool (‘bellbird belt’ = ‘leafy suburb’).  They 
continued their expansion into the early 
1980s, paradoxically moving into some drier 
forest during the dry years 1981–83.  When the 
drought broke in 1983 there was a temporary 
redistribution and decline, and then the 
expansion continued in the 1990s and 2000s, 
with colonies establishing along the Yarra 
River downstream as far as the Royal Botanic 
Gardens, and further west at the Melbourne 
Zoo and in forest near Melbourne Airport 
at Tullamarine. The species also expanded 

its range into the Mornington Peninsula and 
the Western Port region.  This continued 
until the drought broke in 2010, when once 
again there was a sudden decline, with many 
colonies disappearing along the Yarra River 
and in various Melbourne suburbs.  Perhaps 
oddly, the new colonies in the Royal Botanic 
Gardens and the Melbourne Zoo persisted 
into 2011.  Colonies of this species are always 
mobile, but these conspicuous changes reflect 
major changes in the total population in the 
Melbourne area.
Noisy Miners •	 Manorina melanocephala 
have increased steadily during this period, 
colonising many suburbs (e.g. Heidelberg) 
where they were formerly scarce or absent.  
They are now a dominant species in many 
lightly treed parks (e.g. Wattle Park) and 
gardens with scattered trees, and some have 
colonised inner city parks though numbers 
there remain quite low.  (In Sydney and 
Brisbane, Noisy Miners have become common 
in parks and gardens throughout each city.)
Little Wattlebirds were locally distributed in •	
the 1970s, mainly in coastal suburbs and some 
parks with many planted native species.  Since 
then they have increased greatly, becoming 
the most common honeyeater species in many 
suburbs, especially where high numbers of 
Proteaceous shrubs have been planted.  They 
often co-exist with Red Wattlebirds, despite 
the aggressive nature of both species, but 
over time one or other species usually tends 
to prosper at the expense of the other.  Red 
Wattlebirds tend to succeed where eucalypts 
are abundant and Little Wattlebirds tend to 
succeed where shrubs dominate, although 
both species will readily feed from the 
blossoms of both eucalypts and shrubs.
Lewin’s Honeyeaters •	 Meliphaga lewinii have 
always inhabited wet forests east of Melbourne, 
but since the 1980s they have expanded 
into similar habitats closer to Melbourne, 
including the Dandenong Ranges.
Scarlet Honeyeaters •	 Myzomela sanguinolenta 
were rare vagrants to Melbourne suburbs 
in the 1970s, with the nearest regular 
populations being in East Gippsland 300+ km 
east, where they are mainly summer visitors.  
Records increased slightly over the next two 
decades, perhaps partly because of increased 
numbers of observers. Then in spring 2009, 
there was an extraordinary influx to many 
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Melbourne suburbs and surrounding forest, 
from the lowlands to Mountain Ash forest, 
with the flowers of Box Mistletoe Amyema 
miquelii being the main food source.  The 
birds remained over summer, and then some 
moved into lowland habitats (e.g. Banyule 
Flat) where amazingly they remained over 
winter  before disappearing in August 2010.  
This may be a freak irruption in unusual 
climatic conditions, before and during the 
breaking of the long drought.
Pied Currawongs •	 Strepera graculina were 
quite scarce in the Melbourne area in the 
1970s, being recorded mainly as winter 
visitors to the Dandenong Ranges and other 
areas with substantial amounts of forest.  
Over subsequent decades they have increased 
in number as winter visitors, and small 
numbers have started to remain over summer 
and probably breed in well treed eastern and 
northern suburbs.
Little Ravens •	 Corvus mellori were common in 
Melbourne in the 1970s (e.g. up to 200 roosted 
on tall buildings in Melbourne University), 
but their numbers have increased in inner 
and outer suburbs: flocks and breeding pairs 
are common throughout the area.  Lee (2011) 
describes a process of urban adaptation for 
this species, with increased nesting in built-
up areas such as the CBD from the 1980s.
Satin Bowerbirds were always found in forests •	
of the ranges east of Melbourne, but in the 
1970s they were quite scarce (perhaps because 
they were persecuted by some fruit growers).  
They have increased in recent decades, 
occupying new habitats in the foothills of 
the Dandenong Ranges (e.g. Monbulk) 
and increasing in number in the vicinity of 
Healesville.
Zebra Finches •	 Taeniopygia guttata were rare 
in the 1970s, and known only from a few 
locations west of Melbourne such as the edge 
of the You Yangs.  They increased greatly in 
the latter years of the 1997–2010 drought, 
and are now quite commonly seen in areas of 
scrubby farmland west of Melbourne, e.g. the 
Western Treatment Plant near Werribee.

Decreases 1970s to 2011
Just as many species have decreased in number 
since the 1970s. Two well-publicised examples 
are the endangered Regent Honeyeater, which 
bred annually at Blackburn Lake to the mid 

1970s but no longer occurs near Melbourne ex-
cept as an extremely rare vagrant (Franklin et 
al. 1989), and Swift Parrot, which was a regular 
visitor to Melbourne parks and gardens in the 
1970s, but has become much rarer. But many 
other species have declined in number and they 
are listed below. They can be classed in two main 
groups: birds associated with agricultural land 
(e.g. Willie Wagtail, Yellow-rumped Thornbill, 
Australasian Pipit and the introduced Eurasian 
Skylark, European Goldfinch and Common 
Starling) and birds formerly associated with 
parks and gardens (notably White-plumed 
Honeyeater, also the introduced House Spar-
row, Tree Sparrow, Common Greenfinch, 
Common Blackbird and Song Thrush). Some 
of these declines have been most dramatic in 
the dry years of the past decade (2000–10). 
Common Starlings and Common Blackbirds 
remain reasonably common in gardens and 
elsewhere (e.g. Common Starlings along the 
coast), but several of the other species have de-
clined precipitously. For example, in the suburb 
of Viewbank five bird species have become lo-
cally extinct in the period 2000–10, and four of 
them (House Sparrow, Tree Sparrow, Common 
Greenfinch and Song Thrush) are introduced 
species formerly associated mainly with parks 
and gardens  (R Loyn unpublished data). The 
fifth species is the Bell Miner, which colonised 
at the start of the decade but then vanished at 
the end of it. 

Brush Bronzewings continued to decline on the •	
fringe of Melbourne.  In the 1970s and 1980s 
they were quite common in wet Mountain Ash 
forests near Toolangi (Loyn 1985), but now 
they are rarely seen there.  Similar declines 
have been observed in habitats such as tea-
tree scrub in the lowlands south and east of 
Melbourne, where the species persists in low 
numbers near Cranbourne, in Mornington 
Peninsula National Park and Western Port 
but not in close proximity to suburbs.
White-throated Needletails •	 Hirundapus 
caudacutus were regularly seen in flocks 
over Melbourne in thundery weather in late 
summer (December to mid April, especially 
towards the end of that period).  They still 
occur at those times over nearby forest, but 
in reduced numbers, and are now rarely seen 
over Melbourne itself.  
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Whistling Kites •	 Haliastur sphenurus were 
quite often present in inner city parks in 
the 1970s (e.g. Parkville) but became rare in 
Melbourne, though they are still common 
near Werribee.
Brown Falcons •	 Falco berigora were often seen 
over farmland near Melbourne in the 1970s 
but have become rare close to the city, although 
they remain common near Werribee.
Several species of migratory shorebird have •	
declined in parts of Port Phillip including 
the Western Treatment Plant and the 
adjacent coast near Werribee (Herrod 2010).  
However, these declines are best considered 
in the context of global shorebird declines 
and changes in intertidal habitats, and are not 
discussed further here.
Swift Parrots (migrating from Tasmania) •	
were scarce but expected winter visitors 
to Melbourne suburbs in the 1970s, e.g. 
at Monash University, feeding mainly on 
eucalypt blossom.  They became increasingly 
scarce over subsequent years and are now 
best regarded as rare passage migrants in the 
suburbs, although small flocks continue to 
spend the winter in box-ironbark forest north-
west of Melbourne, e.g. near Sunbury.  The 
species is listed as Endangered nationally.
Orange-bellied Parrots (migrating from •	
Tasmania) were recorded at Fishermens Bend 
in the Yarra estuary in the 1950s, but most 
suitable habitat there has been lost through 
human development.  The parrots continued 
to be recorded as regular winter visitors 
further south-west along the coast, especially 
on The Spit Nature Conservation Reserve near 
Werribee, but numbers have been declining 
severely since the late 1970s and the species is 
now Critically Endangered.
Southern Boobooks have always been quite •	
scarce in Melbourne, despite their wide 
distribution in nearby forests.  Early in the 
period they were regular winter visitors 
to some suburbs, and a few pairs bred in 
suitable habitat such as golf courses.  They 
have certainly declined in some suburbs 
(e.g. Viewbank, where they are now much 
less evident than the Powerful Owl) but 
more observations are needed to assess their 
general status.
Superb Fairy-wrens have continued their •	
decline, retreating to riparian vegetation and 
wetlands with suitable combinations of scrub 

and open ground.  They remain common in 
those wetter habitats within the suburbs and 
persist in large diverse parks such as the Royal 
Botanic Gardens in South Yarra.  They also 
remain abundant in a wide range of natural 
and modified habitats on the city fringe.
Pilotbirds were quite common and tame in wet •	
forest in the Dandenong Ranges in the 1970s 
but declined subsequently and are now rare 
(E McNabb pers. comm.).  Similar declines 
have been observed in Bunyip State Park and 
near Healesville, though the species remains 
common in wet forest at higher elevation, e.g. 
near Toolangi.  This may be a classic retreat up 
an elevational gradient in response to global 
warming.
White-browed Scrubwrens •	 Sericornis 
frontatus were common in some city parks 
in the 1970s (e.g. Treasury Gardens), as in 
Keartland’s time, but have recently retreated 
to more shrubby environments, especially in 
riparian forest along the Yarra River.  They 
remain common in those habitats and in 
shrubby parks and native vegetation. Until at 
least 2007 there was a very small population 
in Fitzroy Gardens and Parliament Gardens, 
and the species is still present in the Royal 
Botanic Gardens in South Yarra.
Yellow-rumped Thornbills continued their •	
decline (see previous sections), retreating 
from suburban farmland as cattle grazing was 
phased out from the Yarra flats.  They remain 
fairly common in farmland on the city fringe.
White-plumed Honeyeaters •	 Lichenostomus 
penicillatus were one of the most common 
birds in Melbourne in the 1970s, in gardens, 
parks and riparian forest.  They could be 
found feeding among eucalypts and planted 
shrubs and trees including exotic deciduous 
trees.  They remain in the inner city, even 
in small gardens, but since the late 1990s 
they have become extremely rare in most 
suburban gardens, and have also declined in 
native River Red Gum forests along the Yarra 
and Plenty Rivers (although they can still 
be found there, in reduced numbers).  It is 
possible that they have been displaced from 
gardens by aggressive species such as Little 
Wattlebird, Noisy Miner and Bell Miner.
Regent Honeyeaters were still present in •	
Melbourne in the 1970s, breeding annually 
at Blackburn Lake and also occurring in box-
ironbark woodlands on the city fringe (e.g. 
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Plenty Gorge and Diamond Creek area).  Since 
then they have tragically become extinct in 
Melbourne and extremely rare elsewhere: the 
box-ironbark forests of north-east Victoria are 
now their last precarious toehold in the State, 
and they are classed as Endangered nationally 
and Critically Endangered in Victoria. 
Red Wattlebirds may have increased during the •	
1970s and 1980s, becoming one of Melbourne’s 
most familiar garden birds.  They are still 
common but have declined in some suburbs 
since that time, retreating to native vegetation 
while Little Wattlebirds have become the more 
common species in many gardens.
Grey-crowned Babblers have now disappeared •	
from all but one of their few remnant habitats in 
southern Victoria.  A small group may persist 
near Mordialloc (D Robinson pers. comm.), 
but there have been no recent records from 
other locations on the Mornington Peninsula 
and Western Port catchment where they 
could be found in previous decades (Schulz 
1991, Lockwood and Robinson 1997).
Willie Wagtails •	 Rhipidura leucophrys were 
familiar birds on grasslands such as sports 
ovals in the 1970s, even close to the city (e.g. 
Royal Park).  They remain fairly common but 
have declined in many suburbs, especially 
those along the Yarra River where cattle-
grazing was phased out. 
Flame Robins •	 Petroica phoenicea were 
regular winter visitors to grazed pasture in 
some suburbs during the 1970s but declined 
subsequently as grazing has been phased 
out from some of those areas.  Low numbers 
continue to visit farmland and wetlands on 
the city fringe.
Eastern Yellow Robins •	 Eopsaltria australis 
were widespread in the 1970s–1990s in 
remnant areas of native vegetation within 
some Melbourne suburbs.  They declined 
during the drought of 1997–2010 and became 
confined mainly to riparian vegetation, e.g. 
along the Yarra River, and to extensive forest 
on the city fringe.
Eurasian Skylarks •	 Alauda arvensis 
(introduced) were reported as resident in 
grasslands in the middle suburbs in the 1970s 
(e.g. Warringal Conservation Society 1981) 
but they no longer occur there.  They remain 
common in farm pastures on the city fringe.
Fairy Martins •	 Petrochelidon ariel were quite 
common along the Yarra in the 1970s, with a 

well-known nesting colony under the Bourke 
Road bridge in Ivanhoe.  They fed mainly 
over grazed pasture on the Yarra Flats, and 
have declined steadily as commercial cattle 
grazing has been phased out from these 
suburban areas.  Low numbers may still breed 
along the Yarra but the species now occurs 
mainly as a passage migrant: it remains a 
common summer visitor in farmland on the 
city fringe.
Red-whiskered Bulbuls •	 Pycnonotus jocosus 
(introduced) were resident in low numbers in 
the Royal Botanic Gardens in South Yarra in 
the 1970s but disappeared in 1982–83.  Low 
numbers were seen occasionally in subsequent 
years from widely scattered suburbs, especially 
along the Yarra River.  However, none of these 
satellite birds and pairs appeared to establish a 
resident population and the species may now 
be locally extinct.
Common Blackbirds •	 Turdus merula 
(introduced) declined in many suburbs during 
the drought of 1997–2010, though they remain 
fairly common and widespread.  For example, 
hundreds could be seen scattered over well-
watered lawns in the Fitzroy Gardens in the 
1980s and 1990s, but they became scarce 
during the drought.
Song Thrushes •	 Turdus philomelos (introduced) 
declined massively during the drought of 
1997–2010 and are now hard to find in 
Melbourne and locally extinct from many 
suburbs.  For example, they were previously 
often seen with Common Blackbirds in the 
Fitzroy Gardens, but few if any remain.
Common Starlings •	 Sturnus vulgaris 
(introduced) were often claimed to be 
Victoria’s most common bird in the 1960s 
(e.g. Wheeler 1967), although this assessment 
was based on casual observations, not on 
accurate estimates of population density.  The 
species remains very common in farmland 
and rural towns, particularly along the coast, 
but in the Melbourne area it has declined 
during the drought of 1997–2010.  It has also 
retreated from suburban areas where cattle 
were formerly grazed on the Yarra River flats. 
Red-browed Finches continued to decline •	
during the 1997–2010 drought, but remain 
present in low numbers along the Yarra River 
and in a range of suitable habitats in the 
Melbourne area.
Chestnut-breasted Mannikins •	 Lonchura 
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castaneothorax (introduced) were recorded 
at several widely scattered locations in 
Melbourne in the 1970s, including at Banyule 
Flat (Menkhorst 1976), and flocks up to 15, 
and two pairs nesting, at La Trobe University 
in 1977 (Emison et al. 1987).  Most were 
associated with wetlands containing Common 
Reed Phragmites australis or Cumbungi 
Typha orientalis.  There are very few records 
in recent years and the species appears to be 
locally extinct.
House Sparrows •	 Passer domesticus (introduced) 
decreased massively during the drought of 
1997–2010, becoming locally extinct in many 
suburbs such as Gardiners Creek (Peter 2011) 
and Viewbank.  In the 1970s and 1980s they 
were common in all built-up areas, but they 
then contracted to areas with abundant food, 
such as bakeries and gardens where poultry or 
domestic birds were kept in captivity (and the 
supplied food was available to sparrows).  In 
the 2000s they disappeared even from many 
of those potentially rich food sources.  They 
remain present in the inner city and some 
heavily built-up suburbs (albeit in much lower 
numbers than previously), and in specialised 
habitats such as food courts (e.g. at Melbourne 
Zoo) and shopping centres (where they are 
often found inside the buildings).  They also 
remain fairly common in farmland on the city 
fringe.  
Eurasian Tree Sparrows •	 Passer montanus 
(introduced) decreased massively in parallel 
with House Sparrows, from a much lower 
initial base.  In the suburb of Viewbank, they 
persisted locally later than House Sparrows, but 
were last seen in 2004.  At Melbourne Zoo they 
were common in the 1980s and 1990s (perhaps 
because their small size gave ready access 
to food in cages) but now they are rare there 
and in Melbourne generally.  At the Eastern 
Treatment Plant they became common late 
in the decade (with flocks up to 35 in 2010, M 
Carter pers. comm.) but then disappeared. 
Australasian Pipits •	 Anthus novaeseelandiae 
were reported as rare visitors to grasslands 
near Heidelberg in the 1970s (Warringal 
Conservation Society 1981), but there have 
been no recent records from those areas.  
They have also declined as passage migrants 
at Albert Park Lake (M Talmage pers. comm.).  
The species remains reasonably common in 
farmland, airports and wetlands on the city 
fringe.

Common Greenfinches •	 Carduelis chloris 
(introduced) also decreased massively during 
the 1997 –2010 drought, becoming locally 
extinct in many suburbs such as Viewbank 
and Heidelberg, where they formerly nested 
regularly in conifers such as cypresses (e.g. at 
the Heidelberg cemetery in Brown St).  Small 
populations remain on the city fringe, mainly 
where conifers grow near coastal wetlands.
European Goldfinches •	 Carduelis carduelis 
(introduced) decreased markedly during the 
drought of 1997–2010, and are now extremely 
rare in some suburbs (e.g. Viewbank) 
which previously supported sparse resident 
populations.  For example, flocks used to 
make regular autumn visits to planted Plane 
trees Platanus sp. in Heidelberg, but no longer 
do so.  They remain reasonably common in 
farmland and wetlands on the city fringe.

Discussion
Clearly there have been some major changes 
in Melbourne’s bird fauna, at various times in 
the history of the city. The main changes can be 
summarised as follows:

Loss of lowland forest and woodland species •	
as trees were cleared to make way for farmland 
or housing in the 19th century (e.g Swift 
Parrot, Brown Treecreeper, Hooded Robin, 
Regent Honeyeater).
Initial increases in species that inhabit •	
farmland, followed by decreases in some of 
those species as farmland gave way to more 
housing in the 20th and 21st centuries (e.g. 
Yellow-rumped Thornbill, Willie Wagtail).
Declines in species that were widely hunted or •	
persecuted as pests during the 19th century, 
followed by increases in those species during 
the 20th century in response to protective 
legislation and cultural change (e.g. Common 
Bronzewing, ducks, lorikeets, honeyeaters).
Spectacular waves of colonisation in the •	
past few decades as new habitats developed 
for particular species in gardens and parks, 
and those species found and exploited those 
habitats (e.g. cockatoos, Rainbow Lorikeet, 
Crested Pigeon).
Declines of many species during the dry years •	
and drought of 1997–2010, with introduced 
European species being the most vulnerable.

 Comparing recent experience with that of 
Keartland has been an interesting exercise, 
from various points of view. Keartland relied 
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on an eclectic mix of personal experience and 
anecdotal information, and we did the same 
even though there were more systematic data 
available to us in the Victorian Biodiversity At-
las and survey records from BOCA. The anec-
dotal information had already been processed 
by us mentally, whereas a proper scrutiny of 
VBA and BOCA data would require much ef-
fort in data-cleaning and sophisticated analysis. 
This would be a useful task but was not logisti-
cally possible for the current exercise. Conole 
and Kirkpatrick (2011) used Atlas data from 
1998–2002 to provide a useful snapshot of bird 
distribution in Greater Melbourne, and hope-
fully this will encourage further work of that 
sort in relation to historical and spatial trends. 
Other reviews or analyses of recent Melbourne 
bird fauna have been presented by Green et al. 
(1989), Brereton et al. (2004) and Palmer et al. 
(2008). The best way to facilitate comparisons 
over time is through a combination of system-
atic monitoring from selected sites, and capture 
of anecdotal information through systems such 
as the VBA and periodic reviews.
 Keartland sounded some strong warnings 
about the declines he observed in various spe-
cies. And mostly he got it right: those species 
included Swift Parrot and Regent Honeyeater, 
both of which are now listed as Endangered na-
tionally. It is a pity that the authorities did not 
take more notice of that warning over a century 
ago: when species change from very common 
to extremely scarce, it is surely a sign that they 
are in trouble and important ecological changes 
need to be managed. 
 Keartland’s narratives need to be interpreted 
with respect to the very different conditions 
experienced over 100 years ago. For example, 
transport was challenging and relied mostly 
on trains, horse-drawn carts and walking long 
distances, and his observations tended to be 
from a low number of favoured sites including 
the Dandenong Ranges, Ringwood, Bayswater, 
Heidelberg, Oakleigh, Clifton Hill, Melton and 
the ‘mudflats at the mouth of the Yarra’. From 
his accounts of the birds he found in those plac-
es, it is obvious that there have been big changes 
in the habitats represented: for example, there 
are now few mudflats at the mouth of the Yarra. 
There has been a huge upsurge in the popular-
ity of birding since Keartland’s time, and the fa-

cilities available to birders (notably cars, optical 
equipment, and identification guides). Hence 
there is now a much greater likelihood that 
vagrant or localised species will be detected. 
However, most of the general changes reported 
here are not sensitive to these issues: for exam-
ple, the recent dramatic increases in cockatoos, 
corellas, lorikeets and Crested Pigeons would 
have been quite obvious to observers working 
under conditions applying in Keartland’s time.
 One frustration with Keartland’s account is 
that he sometimes lapses into telling us things 
we already know about the appearance and be-
haviour of the birds, and does not give us the 
detail we would like about their distribution 
and habitat selection in Melbourne at the time 
of writing. We can see that our paper may also 
cause frustration to future workers, who may 
lament our focus on change over time and wish 
that we had provided a concise systematic list 
describing the current distribution and habitat 
use of birds in the greater Melbourne area (in-
cluding species which have shown little change, 
and escape mention in this paper). The VBA 
may help generate such a snapshot, but we rec-
ognise the need for a good annotated systematic 
list and hope that this paper may help stimulate 
its production.

Character of change
This paper has described some of the chang-
es at the species level, and more needs to be 
done in analysing those changes in terms of 
bird guilds. However, some trends are clear 
and worth highlighting. Changes in habitat 
guilds are mentioned below because they re-
late clearly to gross changes in habitat as Mel-
bourne developed from the 19th century to the 
present. More recent changes are evident in the 
dominance of particular feeding and nesting 
guilds. Hollow-nesting birds have proliferated 
in recent decades, despite competition from 
introduced European Starlings and Common 
Mynas Sturnus tristis (see below). Large seed-
eating birds have also proliferated: this may be 
part of the same phenomenon, because hollow-
nesting parrots constitute the major portion of 
both guilds. In general, many small birds have 
become less common in recent decades, and 
some large birds have become more common: 
this was the main comment made to us by M 
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Carter (pers. comm.) in a brief discussion about 
recent changes. Conole and Kirkpatrick (2011) 
identified hollow-nesting and medium body 
size as traits associated with urban adaptation 
in Melbourne. Catterall et al. (1997) have made 
similar observations in fragmented habitats of 
south-eastern Queensland, where they docu-
mented declines in small migratory passerines 
and increases in ‘iconic Australian species’ such 
as Laughing Kookaburra and Australian Mag-
pie Cracticus tibicen. Overall, Melbourne’s bird 
fauna has recently become more dominated 
than it was by large iconic species (notably lori-
keets, cockatoos and Crested Pigeon) and less 
dominated by small birds including introduced 
European species. 

Causes of change
Many of the changes we have documented here 
have quite obvious causes. Woodland species 
disappeared as woodland habitats gave way to 
farmland or housing; farmland species pros-
pered initially but then declined as farmland 
was converted to housing. The species that 
persisted were those that could make use of the 
mix of habitats provided in the greater urban 
environment. Open-country species such as 
Australian Magpie remain common because 
a sports oval provides habitat that is almost as 
good as a grazed paddock (as long as nest trees 
are available nearby in both cases), whereas 
other open-country birds such as Yellow-
rumped Thornbill and Willie Wagtail may no-
tice the lack of shrub or tree cover and the lack 
of productivity bestowed by grazing herbivores: 
insects are more attracted to cow-pats than the 
residue of mowing machines.
 Not all the observed changes are mediated by 
such obvious changes in habitat. Hunting and 
persecution were clearly big factors in Keartland’s 
time, suppressing populations of birds that were 
considered good to eat (e.g. Common Bronzew-
ing, Australian Wood Duck and Australian Mag-
pie) or were considered as pests especially to fruit 
growers (e.g. lorikeets and honeyeaters). Some 
of those species have increased subsequently, in 
response to legislative protection and cultural 
change in public attitudes to killing birds.
 Competition between bird species may well 
have played a part too. Hyper-aggressive hon-
eyeaters can play pivotal roles in shaping Aus-

tralian ecosystems, as shown for Bell Miners and 
Noisy Miners (Dow 1977; Loyn et al. 1983; Grey 
et al. 1997, 1998; Loyn 1987, 2002; Howes and 
Maron 2009). Red Wattlebirds, Little Wattlebirds 
and White-plumed Honeyeaters may contribute 
to the complex array of interactions between 
warring groups of these birds, and the dynam-
ics between them seem to be extremely fluid, 
changing rapidly between years and suburbs. 
 Introduced birds are often blamed for de-
clines in native species, with Common Mynas 
often bearing the brunt of such accusations (as 
reported by Dooley 2011). Competition for 
nest hollows is often cited as a causal mecha-
nism. However, many of the native species that 
have increased spectacularly in recent years 
(including all the parrots) are hollow-nesters. 
Records from the Victorian Biodiversity Atlas 
suggest that native hollow-nesters have dou-
bled in abundance in the Melbourne area since 
1980, compared with other species (R Loyn and 
S Leech unpubl.). It seems that hollows are not 
a major limiting factor in the Melbourne area 
as a whole, although they may well be a limiting 
factor in particular suburbs where few old trees 
remain. The dynamic state of Melbourne’s bird 
fauna offers some exceptional opportunities for 
research into competition for nest sites and also 
for food supply. Several seed-eating species are 
new additions to the fauna, and some of them 
(notably the cockatoos and corellas) still appear 
to be sorting out how to partition resources be-
tween them. 
 Climate change has clearly played a part. 
Theories of global warming would suggest that 
Melbourne’s bird fauna would acquire increas-
ing representation of birds from further north 
(Eyrean and Torresian zones), and fewer mi-
grants from Tasmania. This has indeed been 
observed, with most of the recent increases in-
volving species from the arid Eyrean zone and 
one (Rainbow Lorikeet) with a broad distri-
bution on the eastern seaboard (including the 
Torresian zone). Several other species from the 
eastern seaboard have occurred increasingly 
as vagrants (e.g. Common Koel). In contrast, 
two migrants from Tasmania (the southern-
most part of the Bassian zone) (Swift Parrot 
and Orange-bellied Parrot) have declined and 
are now classed as highly threatened. This ac-
cords with expectations, but it should be noted 
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that there are many species with ranges centred 
north of Melbourne and relatively few that mi-
grate regularly across Bass Strait from Tasma-
nia (and most of those migrants, except the two 
parrots mentioned above, also breed locally, 
hence it is hard to assess the extent of migra-
tion). Global warming also suggests that ranges 
of some species should contract altitudinally. 
Our observations provide one example of such 
change (Pilotbird) but many species from the 
ranges have recently become more common 
in Melbourne, mainly as non-breeding winter 
visitors but with low numbers probably breed-
ing as well (e.g. Yellow-tailed Black-Cockatoo 
and Pied Currawong), perhaps in response to 
artificial habitat enhancement. Hence our ob-
servations provide very limited support for 
expected altitudinal shifts (Pilotbird being the 
only example).
 Droughts can provide the motivation for large 
groups of birds to move from arid parts of their 
range, and if they find suitable habitat they may 
stay and establish resident populations. This 
may have been the initial impetus for the waves 
of colonisation by various cockatoo species and 
Crested Pigeon in recent decades: numbers ar-
rived during droughts of 1971 (Galah), 1981-
83 (Sulphur-crested Cockatoo and corellas) 
and 1997-2010 (Crested Pigeon), and persisted 
subsequently. Several human factors may con-
tribute to their success. For example, Crested 
Pigeons sometimes established pioneer popu-
lations near pony clubs or hobby farms where 
hay and grain were fed to the horses during the 
drought. They shared this resource with small 
flocks of Feral Pigeons Columba livia, but other 
resident pigeons (Common Bronzewing and 
Spotted Dove) seemed to make relatively little 
use of this new food source, remaining within 
their preferred habitats of woodland and built-
up areas respectively. 
 Management of parks and gardens has un-
doubtedly played a role in precipitating some 
of the recent changes in bird species. Eucalypts, 
wattles and other trees were widely planted, 
and many are now old enough to provide abun-
dant resources such as nectar, seed, fruit and 
hollows. In the latter half of the 20th century 
it became increasingly fashionable to plant na-
tive shrubs, often of Protecaceous species, and 
these proved attractive to honeyeaters such as 

Little Wattlebirds and Eastern Spinebills. Wat-
tles such as Silver Wattles Acacia dealbata have 
provided food for granivores (e.g. Common 
Bronzewing), insectivores (e.g. Brown Thorn-
bill and Yellow Thornbill) and facultative grani-
vore/insectivores such as Yellow-tailed Black-
Cockatoos. 
 Well-watered green lawns were considered 
an essential component of suburban gardens 
for many years, but this fashion was chal-
lenged when charges were introduced for water 
use in the 1990s. Water restrictions were then 
imposed during the dry years and drought of 
1997–2010, and watering lawns was prohibited 
towards the end of that period. This undoubt-
edly reduced available habitat for introduced 
European birds such as Common Blackbird 
and Song Thrush, which used suburban lawns 
as a key feeding habitat. Two introduced Asian 
species (Spotted Dove and Common Myna) 
were more resilient and showed little change 
during that period. The decline in introduced 
House Sparrows and Eurasian Tree Sparrows 
may be partly related to drought conditions, 
though these species have declined in cities 
throughout the world: the decline is sometimes 
attributed to reductions in invertebrates, which 
form an important food supplement for these 
mainly granivorous birds (del Hoyo et al. 2009; 
Peter 2011). In the 1990s sparrows often were 
found, mainly in gardens where food was sup-
plied for captive birds such as poultry, pigeons 
or pet parrots, and this is now rarely the case 
and Spotted Doves have occupied that niche. It 
is not clear what has provided a competitive ad-
vantage to the Spotted Doves (or disadvantage 
to the sparrows), but we suggest the answer 
may lie in the commercial food mix supplied 
to domestic animals rather than climatic condi-
tions or reduced invertebrate abundance.
 In terms of conserving native birds in the 
greater Melbourne area, the most important 
management actions have been the conserva-
tion of native vegetation, including samples of 
native forest, grassland and wetlands. This has 
allowed Melbourne to continue to support a 
high proportion of the bird species that inhabit-
ed the area in the 20th century, as recognised by 
others (Green et al. 1989; Brereton et al. 2004; 
Palmer et al. 2008). Planting of indigenous spe-
cies has also helped greatly, except where this 
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has served mainly to attract hyper-aggressive 
honeyeater species. We should lament the loss 
of species such as Regent Honeyeater, but also 
celebrate the survival of many others, including 
iconic species such as Powerful Owl that appear 
to be thriving in some of our suburbs. And we 
should heed the warnings about declining spe-
cies, in Melbourne or its hinterland, and do what 
we can to improve their chances for survival.
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Above: New Holland Honeyeater Phylidonyris 
novaehollandiae.
Below: Australian Pelican Pelecanus conspicil-
latus.
Photos by Maria Gibson.
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Melbourne is a young city, having begun life 176 
years ago, in 1835, and it was officially declared 
a city by Queen Victoria in 1847. Melbourne’s 
population grew rapidly, reaching 29 000 by 
1851 and 125 000 ten years later, after the gold 
rush of the 1850s (Dingle 1984). Melbourne is 
now a very large city of over 4 million people. 
As defined here it includes 32 Local Govern-
ment Areas (LGAs) which total over 8800 km2. 
Urbanised areas cover about 4000 km2 (Fig. 1). 
 The Greater Melbourne region includes di-
verse environments, straddling parts of five of 
Victoria’s terrestrial biogeographic regions—
the Victorian Volcanic Plain, Otway Plain, 
Gippsland Plain, Central Victorian Uplands 
and Highlands–Southern Fall, and one marine 
region, Victoria’s Embayments bioregion. The 
climate is Mediterranean, with hot, dry sum-
mers and cool moist winters, though rain can 
be expected in all months. There is, however, a 
strong rainfall gradient from west to east across 
the Greater Melbourne region, with the mean 
annual rainfall varying from about 400 mm 
on the Victorian Volcanic Plain in the west to 
more than 1300 mm at the Upper Yarra Dam in 
the Highlands–Southern Fall bioregion. 
 Within the urban areas are many parks and 
private house gardens which provide a mixture 
of indigenous and non-indigenous trees and 
shrubs. Non-indigenous plantings predominate, 

many being of European origin, or from north-
ern or western Australia. These non-indigenous 
plantings have altered the seasonal pattern of 
food production for frugivorous, nectarivorous 
and insectivorous species, providing a greater 
variety of food than the original vegetation com-
munities (for example see Williams et al. 2006). 
This has had both positive and negative effects 
on indigenous mammals. There are also large 
areas of native vegetation, degraded to varying 
degrees, including a corridor extending for over 
50 km along the Yarra River, culminating in the 
inner city Yarra Bend bushland. Outer national 
parks such as Dandenong Ranges, Churchill, 
Organ Pipes, Yarra Ranges, Mornington Penin-
sula and Point Nepean National Parks, Bunyip 
State Park and the Port Phillip Heads Marine 
National Park provide extensive areas of higher 
quality habitat.
 Fauna surveys in the Melbourne region be-
gan in 1855 with expeditions by the first Gov-
ernment Zoologist, Wilhelm Blandowski, to 
the Yarra Ranges and Mornington Peninsula 
(Blandowski 1856; Menkhorst 2009). Over 
100 years passed before further comprehensive 
mammal surveys were undertaken in the area 
(as distinct from the opportunistic collection of 
specimen records), mostly by amateur mammal 
survey groups (e.g. Callanan and Gibson 1977; 
Seebeck 1977; Hampton et al. 1982). The Vic-

The mammalian fauna of Greater Melbourne: 
diversity, loss, adaptation and change

Peter W Menkhorst and Richard H Loyn
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Abstract
We collated and analysed records of mammal species (native and introduced) from across 32 Local Govern-
ment Areas that comprise the Greater Melbourne region. Records of each species were examined for temporal 
changes in presence or absence. The region has a particularly diverse mammalian fauna with records of 92 
species, including 19 marine mammals that have been recorded in Port Phillip. This total represents 65% of 
Victoria’s mammalian fauna. About one-third of the 51 native terrestrial species have undergone a demonstra-
ble decline in the region, to the point where their future presence is in doubt. Five species are no longer found 
in the region and the status of another three is uncertain. In contrast, up to five native terrestrial species are 
thought to have increased in abundance in recent decades, including the spectacular colonisation of the city by 
the Grey-headed Flying-fox as a year-round resident. (The Victorian Naturalist 128 (5) 2011, 233–248)
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torian Government initiated systematic fauna 
surveys under the auspices of the Land Conser-
vation Council of Victoria between 1970 and 
1995 (Clode 2006) and these provide a major 
source of records used in this paper (for exam-
ple, Lumsden et al. 1991).

Methods
Greater Melbourne is here defined as extending 
from the Shire of Wyndham in the west around 
the hinterland of Port Phillip to include the 
Shires of Yarra Valley, Mornington Peninsula 
and Cardinia (Fig. 1). 
 The Victorian Biodiversity Atlas (VBA, for-
merly Atlas of Victorian Wildlife) is a compu-
ter database maintained by the Department of 
Sustainability and Environment that contains 
locality records of mammals in Victoria from 
the earliest phases of European occupation un-
til the present day. It includes vetted records 
derived from Government fauna surveys, re-
searchers, Museum specimen catalogues, the 

literature, and those submitted by members of 
the public (Menkhorst 1995a Appendix 1).
  For completeness, introduced species that 
have formed wild populations, and marine 
mammals that have been recorded in Port 
Phillip are also considered part of the fauna of 
Greater Melbourne. To discern changes to the 
mammalian fauna of the Melbourne region, 
and to describe the mammal communities that 
persist in both the total region and in the ur-
banised parts of Melbourne, VBA records from 
Greater Melbourne and the smaller urban area 
were extracted in September 2010 and summa-
rised as the number of records per species, and 
year of last record of each species. This informa-
tion was supplemented by a review of the litera-
ture pertaining to mammals in the Melbourne 
area (e.g. Blandowski 1856; Callanan and Gib-
son 1977; Seebeck 1977, 1984, Ambrose 1979; 
Hampton et al. 1982; Brown and Horrocks 
1988; Lumsden et al. 1991; van der Ree 2004) 
and to ecological studies of particular species. 

Fig. 1. Map showing the Greater Melbourne area (green shading) and the urbanised parts of Greater Mel-
bourne (red shading).



Contributions

235Vol 128 (5) 2011

The opportunistic observations of both authors 
over more than 40 years of living in Melbourne 
were also drawn upon where appropriate.
 The number of VBA records of each species 
in the total area and the urbanised subset of 
Greater Melbourne were tabulated, along with 
the year of last record for each species in each 
area (Appendix 1). These data were then exam-
ined to investigate the attrition of species from 
the Melbourne region within three broad time 
periods, pre-1900, 1900–1949 and 1950–1999. 
For the purposes of this study, species recorded 
since 2000 are considered to be still extant in 
the region.

Results
The VBA contained 33 939 records of 70 spe-
cies of terrestrial mammal and 258 records of 
19 species of marine mammal (Appendix 1). 
Records from within the urbanised part of 
Greater Melbourne totalled 5687 (16.7% of all 
records of terrestrial species) (marine mam-
mals were classified as non-urban species 
even though Australian Fur Seals and Bur-
runan dolphins are occasionally recorded in 
the Yarra River estuary), and 62 species were 
represented (Appendix 1). Based on known 
occurrences nearby, and their ecological re-
quirements, three other species are considered 
likely to have inhabited the study area in his-
torical times—Long-nosed Potoroo Potorous 
tridactylus, White-footed Rabbit Rat Conilurus 
albipes and Long-eared Rat Pseudomys auritus. 
Conversely, new species are still being added to 
the list as distributions change or more inten-
sive surveys and new survey techniques lead to 
increased detection probabilities. For example, 
the species diversity of insectivorous bats that 
are found in suburban Melbourne is higher 
than previously understood, and the successful 
occupation of Melbourne by the Grey-headed 
Flying-fox Pteropus poliocephalus may well be 
followed by the Black Flying-fox Pteropus alec-
to which is also extending its range southward 
and was found for the first time in Melbourne 
in very small numbers in July 2010.
 Table 1 provides a breakdown of these 92 
species (70 terrestrial, 19 marine plus 3 likely 
to have occurred) into the major taxonomic 
groups represented. The 12 most commonly re-
ported species across the entire area and within 

the urban area are listed in Table 2. Note how-
ever that the rank orders may not accurately 
reflect abundance—in the case of mammals 
several anthropogenic factors such as ease of 
detection, public interest, and perceived pest 
status strongly influence people’s motivation to 
report sightings.

Species which have changed in abundance 
over time
Species whose abundance has clearly changed 
over time are discussed below, grouped into 
three broad periods to assist analysis—pre 1900, 
1900–1949 and 1950–1999. Species which have 
been recorded after 1999 are assumed to be still 
present in 2011. The VBA contains few records 
of common forest species in the last decade 
from forests on the urban fringe, and in most 
cases we believe this reflects a lack of formal 
surveys, rather than an actual decline.

Species which have declined Pre 1900
There is reason to believe that three species may 
have become regionally extinct before 1900: 

Southern Bettong Bettongia gaimardi
The Southern Bettong is listed as being sighted 
by members of the Field Naturalists Club of Vic-
toria while on an expedition from Healesville to 
the upper reaches of the Yarra River (specifi-
cally to the Yarra Falls at approximately 37° 45' 
S, 146° 06' N) (Anon 1891, as Hypsiprimnus cu-
niculatus). This record is somewhat perplexing 
because the dominant habitat through which 
the expedition travelled seems atypical for this 
species—tall, dense and wet forest, whereas 
in Tasmania, where it remains common, the 
Southern Bettong prefers drier, grassy forests 
on poor soils (Rose and Johnson 2008). How-
ever, the species may have occupied drier, grassy 
forest on ridgelines in the Yarra Ranges (where 
dry-forest birds such as Scarlet Robin Petroica 
boodang and Spotted Quail-thrush Cinclosoma 
punctata still persist). At the time of European 
occupation, the Southern Bettong was probably 
widespread in grassy open-forest across south-
ern and central Victoria (Seebeck 1995a), but 
there are no records from the 20th century.

White-footed Rabbit Rat Conilurus albipes
Apparently widespread in open forest and 
woodland across much of south-eastern Aus-
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tralia at the time of European occupation, the 
White-footed Rabbit Rat was well-known to 
rural people during the 1840s and 1850s (See-
beck and Menkhorst 2000; Menkhorst 2009) 
but declined to extinction extremely rapidly, 
with the last specimens being collected in 1862 
(Williams and Menkhorst 1995). 

Long-eared Rat Pseudomys auritus
The Long-eared Rat has only recently been 
reassessed as a full species (G. Medlin pers. 
comm), having previously been considered 
to be conspecific with the widespread, arid-
country Plains Mouse Pseudomys australis. 
Abundant sub-fossil material (Wakefield 1964, 
1974 as Pseudomys sp) and the observations of 
George Augustus Robinson during 1841 (quot-
ed by Seebeck 1984a (as Pseudomys australis)) 
indicate that the Long-eared Rat was appar-

ently a common animal in grassland and open 
woodland in south-western Victoria until the 
early 1850s after which it rapidly disappeared 
(Medlin 2008). It is plausible, but not known 
with certainty, that the species occurred across 
the Victorian Volcanic Plain bioregion, includ-
ing in the Werribee district.

1900–1949
Three native species declined precipitously dur-
ing the first half of the 20th century: 

Eastern Quoll Dasyurus viverrinus
The Eastern Quoll was once very common across 
much of Victoria (Seebeck 1984a; Menkhorst 
1995b) but steadily declined through the first 
half of the 20th century. The last recorded Vic-
torian individuals survived in dense riparian 
scrub and rock outcrops along the Yarra River 

 Group Indigenous Introduced Total 
 Monotremes 2  2
 Polyprotodont marsupials 12  12
 Diprotodont marsupials 16  16
 Flying-foxes 3  3
 Insectivorous bats 17  17
 Rodents 8 4 12
 Seals 6  6
 Eutherian land carnivores  4 4
 Ungulates  5 5
 Lagomorphs  2 2
 Cetaceans 13  13
 Totals 77 15 92

Table 1. Number of species of indigenous and introduced mammals in the major taxonomic groupings repre-
sented in the Greater Melbourne region.

              A. Greater Melbourne 
 Rank Species
 1 Common Ringtail Possum
 2 Koala
 3 Common Brushtail Possum
 4 European Rabbit
 5 Eastern Grey Kangaroo
 6 Bush Rat
 7 Red Fox
 8 Agile Antechinus
 9 Black Wallaby
 10 Grey-headed Flying-fox
 11 Sugar Glider
 12 House Mouse

             B. Melbourne urban areas
 Rank Species
 1 Grey-headed Flying-fox 
 2 Common Brushtail Possum 
 3 Common Ringtail Possum
 4 Red Fox 
 5 European Rabbit
 6 House Mouse
 7 Eastern Grey Kangaroo 
 8 Black Rat
 9 Platypus
 10 Sugar Glider
 11 Koala 
 12 Short-beaked Echidna

Table 2. The 12 most commonly reported mammal species in the Victorian Biodiversity Atlas database from 
Greater Melbourne (A) and in the Melbourne urban area (B).
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and its tributary Darebin Creek in the Mel-
bourne suburbs of Kew, Darebin and Fairfield 
until the 1950s (Menkhorst 1995b). This is the 
only Victorian mammal species known to have 
survived longer in an urban environment than 
in the surrounding less urbanised areas, pre-
sumably protected by the intervening suburbs 
from the threats that were driving it to extinc-
tion in rural Victoria, such as hunting and poi-
soning, fox predation and disease (Menkhorst 
1995b). A similar pattern of delayed decline 
within a suburban area took place in New 
South Wales where the last records of Eastern 
Quoll were in Nelson Park, Vaucluse, Sydney 
in the early 1960s (Nelson 1968). A captive 
population derived from Tasmanian animals 
has been established behind fox-proof fences at 
Mt Rothwell near Little River, just outside the 
present study area.

Eastern Barred Bandicoot Perameles gunnii
Formerly widespread in the grasslands of the 
Victorian Volcanic Plain bioregion, records of 
the Eastern Barred Bandicoot from the eastern 
parts of its range, including from grasslands in 
the west of Melbourne, petered out in the 1950s 
(Menkhorst and Seebeck 1990; Seebeck 1995b). 
A remnant population in and around Hamilton 
has supplied stock for a captive-breeding and 
release program that has had limited success. 
Re-introduced populations in the Greater Mel-
bourne area exist behind fox-proof fences at Mt 
Rothwell and at Woodlands Historic Park in 
Greenvale. The mainland population is geneti-
cally distinct from those in Tasmania, perhaps 
at the level of a subspecies (Robinson 1992).

Red-bellied Pademelon Thylogale billardierii
Although there is only one definite record from 
the study area, it seems likely that the Red-bel-
lied Pademelon would have been widespread in 
dense scrub on the sandy coastal plains around 
Port Phillip—there is a Museum Victoria speci-
men labelled Werribee 1881 and it was appar-
ently a common animal in other coastal locali-
ties including the Gippsland Lakes (Williams 
1995). Based on the timing of its disappearance 
in other parts of Victoria, such as around the 
Gippsland Lakes, it is likely that the species was 
also lost from the Port Phillip region early in 
the 20th century.

1950–1999
The VBA contains few recent records in the 
Greater Melbourne area of common forest 
mammals including Agile Antechinus Antechi-
nus agilis, Bush Rat Rattus fuscipes, Swamp Rat 
R. lutreolus, Greater Glider Petauroides volans 
and Yellow-bellied Glider Petaurus australis, 
and virtually no records of these species from 
urbanised areas. However, we know they can 
still be found quite commonly in extensive for-
ests in the east of the study area (e.g. Dandenong 
Ranges, Yarra Ranges and Bunyip State Park).
 The retreat of these forest species corresponds 
to the rapid expansion of suburban Melbourne 
into the forested hills to the east and north-east, 
particularly the Dandenong Ranges. Of the ar-
boreal species, only the Common Brushtail 
Possum Trichosurus vulpecula, Common Ring-
tail Possum Pseudocheirus peregrinus, Sugar 
Glider Petarus breviceps and Koala Phascolarc-
tos cinereus remain in suburban Melbourne. 
 The small, ground-dwelling mammals have 
also fared badly during this period—few spe-
cies survive even low-intensity urbanisation. 
The Eastern Quoll, Long-nosed Bandicoot Per-
ameles nasuta and Southern Brown Bandicoot 
Isoodon obesulus all showed signs of resilience, 
remaining for some years in modified habi-
tats such as suburban golf-courses and parks. 
However, for each of these species this appar-
ent resilience was insufficient, and they were 
eventually lost from urbanised areas during 
this period. Small and vulnerable populations 
of the two bandicoots survive in areas of natu-
ral vegetation on the outskirts of Greater Mel-
bourne, with larger, more resilient populations 
in forests in the east of the region. 
 Species lost from urbanised areas include all 
bar one (Water Rat Hydromys chrysogaster) of 
the eight species of indigenous rodent, and all 
of the eight species of carnivorous marsupial. 
Brush-tailed Phascogales Phascogale tapoatafa 
continue to inhabit dry forests in the Warran-
dyte to St Andrews area, even among houses in 
places where special attention is given to con-
serving native vegetation and limiting owner-
ship of pet cats and dogs (e.g. Bend of Islands). 
Microchiroptera (insectivorous bats) seem 
more resilient, with up to 10 species still found 
within the Melbourne suburbs (Appendix 1).
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 The other major group of species lost from 
Greater Melbourne during this time was char-
acteristic of coastal heathy vegetation commu-
nities, which were formerly widespread on the 
low-lying plains around Port Phillip, includ-
ing the Mornington Peninsula. Such species 
include the Eastern Pygmy Possum Cercarte-
tus nanus, White-footed Dunnart Sminthopsis 
leucopus and New Holland Mouse Pseudomys 
novaehollandiae. The New Holland Mouse now 
appears to be a definite recent loss from the 
Greater Melbourne region, having disappeared 
from Tyabb (where it was recorded in 1970–
74), Cranbourne (1973–74) and Langwarrin 
(1975–83) (Wilson 1996), for reasons which 
remain unclear, but probably reflect a combina-
tion of inappropriate fire regime, predation and 
fragmentation of habitat. The pygmy-possum, 
dunnart and Swamp Antechinus Antechinus 
minimus are likely to persist in heathy forest in 
Bunyip State Park in the far east of the study 
area, but surveys are required to establish this.
 A wild population of the introduced Eastern 
Grey Squirrel Sciurus carolinensis persisted 
for some decades in some eastern suburbs 
of Melbourne (Seebeck 1984b; Seebeck and 
Menkhorst 2000), the last records being from 
Ripponlea in the 1950s. 

Species which have increased
Several species have defied the usual trend of 
decline, especially in recent decades, and flour-
ished in the suburbs or semi-rural regions of 
Greater Melbourne.

Common Brushtail Possum Trichosurus  
vulpecula
The Common Brushtail Possum has benefit-
ted from the creation of exotic gardens in Mel-
bourne, which provide a greater variety and 
seasonal availability of food than the original 
indigenous vegetation communities apparently 
did. Hence, higher population densities can be 
supported in Melbourne than in natural forest. 
Common Brushtails are also adaptable in the 
den sites that they can use; any lack of mature 
trees with natural hollows is compensated by 
the availability of suitable spaces in the roofs of 
buildings, or in artificial dens erected to pro-
vide alternatives to roof spaces. Despite seem-
ingly high levels of road mortality, the species 

persists across most of Greater Melbourne. The 
Common Brushtail Possum is regarded as a pest 
by a section of Melbourne’s populace because 
of damage that it causes to ornamental shrubs 
and trees, and because those possums which 
den in the roofs of houses can cause damage 
and make unwanted noise. However, the only 
research into the magnitude of these problems 
found that almost twice as many respondents 
had positive attitudes towards the Common 
Brushtail Possum as negative attitudes (Whit-
ing et al. 2010).

Common Ringtail Possum Pseudocheirus  
peregrinus
The Common Ringtail Possum has also ben-
efitted from gardens with tall, dense shrubs and 
is common and widespread across suburban 
Melbourne. Where there is a tall, dense shrub 
layer this species shelters in an arboreal drey it 
constructs from twigs and leaves. Where dense 
shrubs are absent it can persist by sheltering in 
tree hollows or, rarely, in roof spaces. Seebeck 
(1977) found that the Common Ringtail Pos-
sum had a more restricted distribution within 
Melbourne than that of the Common Brushtail 
Possum. Our casual observations suggest that 
this may no longer be so, and that the Com-
mon Ringtail population in Greater Melbourne 
may now be greater than that of the Common 
Brushtail. However, Common Ringtail Pos-
sums suffer from hyperthermia and dehydra-
tion during days of extreme heat, and many 
did not survive the hot spell in early February 
2009, which culminated in the Black Saturday 
bushfires (authors’ pers. obs). Marked declines 
have been observed in nearby forest during the 
dry years from 1997 to 2009 (E. McNabb pers 
comm.).

Eastern Grey Kangaroo Macropus giganteus
Populations of Eastern Grey Kangaroos seem 
to increase rapidly when land use changes from 
a predominantly farming community to a more 
urbanised one. This seemingly paradoxical re-
sponse is probably due to the removal of active 
population control that was formerly undertak-
en by farmers, combined with reduced compe-
tition for food from livestock. The result is high 
populations of kangaroos in semi-rural, outer 
suburbs, which create significant animal wel-
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fare problems, including starvation resulting 
from over-grazing during times of low rainfall, 
harassment by dogs, and collisions with vehi-
cles. Large groups of Eastern Grey Kangaroos 
(>100) have caused problems of this sort in the 
Shire of Whittlesea in recent years. Small num-
bers of Eastern Grey Kangaroos have taken 
up residence in open woodland as close to the 
CBD as Heidelberg.

Koala Phascolarctos cinereus
Following an initial catastrophic decline in 
the early 20th century, the Koala has been re-
introduced to most of the remaining suitable 
habitat in Victoria (Menkhorst 2008), includ-
ing areas along the Yarra Valley within Greater 
Melbourne. Populations persist in parks and 
reserves in outer, north-eastern suburbs in-
cluding Wonga Park, Warrandyte, Park Or-
chards and Templestowe, and on the southern 
Mornington Peninsula.

Grey-headed Flying-fox Pteropus poliocephalus
The Grey-headed Flying-fox (back cover) has 
been part of Melbourne’s fauna since records 
have been kept—there are Museum Victoria 
specimens collected at Queenscliff in 1884. 
However, during the last 30 years its status in 
Melbourne has changed from a sporadic visi-
tor (Menkhorst and Dixon 1985) to permanent 
resident (van der Ree et al. 2006) and one of the 
most abundant and visible mammal species in 
the region. The flying-foxes spend the daylight 
hours in a single extensive ‘camp’ along the Yar-
ra River at Kew. Regular counts of flying-foxes 
as they leave the camp at dusk indicate that this 
camp has exceeded 40 000 individuals and has 
remained above 12 000 in recent years, even in 
mid-winter (R van der Ree unpubl. data). The 
southwards shift in distribution of this species, 
including a 750 km southward extension of its 
breeding range (Tidemann et al. 2008), and 
its exponential occupation of a vacant habitat 
niche in suburban Melbourne, is a remarkable 
illustration of adaptability. This distributional 
shift is perhaps encouraged by habitat loss and 
fragmentation in its former core range, but has 
been enabled by the creation of a tolerable cli-
matic envelope within the metropolis of Mel-
bourne and the provision of diverse, year-round 
food sources in the form of greatly increased 

tree diversity in gardens and plantations across 
Melbourne (Williams et al. 2006). In 2002–03, 
the preferred campsite of this highly gregari-
ous species was shifted by concerted manage-
ment action from the Royal Botanic Gardens in 
South Yarra to a natural riparian forest along 
the Yarra River at Kew, where it has remained. 
In Melbourne, Grey-headed Flying-foxes suf-
fer greatly during periods of hot, dry weather 
and considerable mortality has been recorded 
on days of extreme heat and drying winds. For 
example, on 7 February 2009 when the ambi-
ent temperature for Melbourne reached 46.4 °C 
(Bureau of Meteorology data), about 20% of the 
colony perished (van der Ree et al. 2009), indi-
cating that Melbourne is, at times, outside the 
climatic tolerance of the species.

Australian Fur Seal Arctocephalus pusillus  
doriferus
The population of Australian Fur Seals that 
breeds at Seal Rocks off Phillip Island has in-
creased in number over recent years and an-
nual pup production is also increasing steadily 
(Kirkwood et al. 2010). Commensurate with 
this, mostly sub-adult individuals are mak-
ing increased use of structures in Port Phillip 
as haul-out sites for resting. Chinaman’s Hat, 
a former navigation structure which has been 
specially refurbished to provide a resting place 
for seals, regularly features 20 or more indi-
viduals and is the centrepiece of a small swim-
with-the-seals ecotourism industry. 

Sambar Cervus unicolor
The Sambar is by far the most successful of the 
deer species introduced to Victoria during the 
1860s and 1870s (Menkhorst 1995c) when the 
acclimatisation movement had strong commu-
nity support. The species now occupies most 
forested country in the Eastern Highlands bio-
geographic region and parts of the Central Vic-
torian Uplands (VBA data). Recognising the 
damage that high populations of this brows-
ing species can cause to rare vegetation com-
munities, the Victorian Government has listed 
‘reduction in biodiversity of native vegetation 
by Sambar (Cervus unicolor)’ as a threatening 
process under the Flora and Fauna Guarantee 
Act 1988. The species is well established in for-
ested areas of Greater Melbourne and evidence 
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of increasing population densities and delete-
rious impacts on natural vegetation communi-
ties is of concern. Near Yellingbo, high-density 
Sambar populations have damaged understo-
rey vegetation, causing opening and drying of 
the specialised swamp habitat of two important 
threatened species, Leadbeater’s Possum and 
the Helmeted Honeyeater. They also browse 
shrubs and saplings planted by volunteers at-
tempting to rehabilitate habitat for those threat-
ened species, necessitating the construction of 
expensive fences around revegetation sites. 

Fallow Deer Cervus dama
In 1995 the available information suggested that 
there were few feral populations of Fallow Deer 
in Victoria (Menkhorst 1995d) and if the spe-
cies persisted in the Greater Melbourne region 
numbers must have been very low. That situa-
tion has changed dramatically in the ensuing 16 
years, and populations are now readily apparent 
in parts of the urban fringe in the Shires of Nil-
lumbik, Yarra Ranges and Cardinia, particularly 
where there are extensive forest-pasture bound-
aries. This increase may result partly from the 
illegal release of animals from deer farms, but 
may also reflect a reduction in hunting pressure 
that is a consequence of changing human demo-
graphics resulting from the increasing urbanisa-
tion of the outer parts of Greater Melbourne. 

Humpback Whale Megaptera novaeangliae
The population of Humpback Whales using the 
east coast of Australia as a migration route to the 
calving grounds off Queensland has increased at 
about 11% per annum over the past few decades 
(Paterson et al. 1994). In line with this increase 
is an increased frequency of sightings of Hump-
back Whales in Port Phillip—sightings are now 
an annual event and most commonly occur in 
May–June, as the whales make their way north 
from Antarctic waters to sheltered waters in-
side the Great Barrier Reef. The whales do not 
remain long in Port Phillip, probably inadvert-
ently passing through the Heads and taking 
some time to realise that it is a land-locked bay. 
It seems likely that individuals that move east-
wards through Bass Strait, and may briefly enter 
Port Phillip, have travelled up the west coast of 
Tasmania rather than the more usual east coast 
route (Warneke 1995a).

Species whose current status is uncertain
Three species of small mammal have not been 
recorded in the survey area for many years, but 
their absence from the record may reflect the 
decline in survey effort apparent since the mid 
1990s, rather than actual declines. Interesting 
inland records of the Swamp Antechinus from 
Bunyip State Park in 1981 have never been rep-
licated. The Common Dunnart Sminthopsis 
murina was known to occur in the dry box for-
ests of the Christmas Hills–St Andrews area un-
til the early 1990s. There have been no records 
for almost 20 years and its status in the region 
is unknown. The Broad-toothed Rat Mastaco-
mys fuscus was known from several sites in the 
Dandenong Ranges during the 1970s and from 
Bunyip State Park in 1995. Its continuing pres-
ence in the Dandenongs seems unlikely but we 
are hopeful that populations persist in Bunyip 
State Park. A small population persists at Bel-
lell Creek in the far east of the study area and 
it is likely that other populations persist in the 
catchment of the Upper Yarra Dam. Systematic 
surveys are long overdue.
 The Dingo Canis lupus dingo was originally 
found throughout the study area in all terres-
trial habitats. Once attempts to establish a sheep 
grazing industry began it was persecuted merci-
lessly. Calls for a bounty began as early as June 
1836 (Weidenofer 1967 cited in Hateley (un-
dated). Subsequently strychnine was widely de-
ployed as a poison and gin traps laid (Menkhorst 
1995e, Hateley undated) and the Dingo was re-
moved from all but the most densely forested 
areas. Wild dogs still persist in the east of the 
Greater Melbourne region but hybridisation 
with feral domestic dogs is now the major threat 
and whether any pure Dingos remain is moot.

Significant Species
From a conservation and public education per-
spective, at the State-wide scale, the Greater 
Melbourne region supports important popula-
tions of several species. A personal view of the 
significant species of the region is presented 
below.

Southern Brown Bandicoot Isoodon obesulus
Formerly widespread in the ‘sandbelt’ south-
eastern suburbs, this species has been in a 
steady decline and range contraction to the 
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south-east for over 50 years (Menkhorst and 
Seebeck 1990; Coates et al. 2008). It now occurs 
in small isolated populations in remnant habitat 
such as at The Pines Nature Conservation Re-
serve at Frankston North, and along the shores 
of Western Port (Coates et al. 2008). It is the 
subject of a concerted community conservation 
campaign led by the Western Port Biosphere 
Foundation, which has adopted the species as 
an icon for its work in encouraging a sustain-
able society in the Western Port region. Their 
coordinated predator control and habitat con-
nectivity enhancement are now achieving en-
couraging results (T Coates pers. comm.). The 
most secure populations in Greater Melbourne 
are in heathy forest in Bunyip State Park, in the 
Royal Botanic Gardens, Cranbourne, and on 
Quail Island offshore from Warneet. The Bo-
tanic Gardens site is one of very few places in 
Victoria where wild bandicoots can be readily 
viewed in daylight (Fig. 2).

Long-nosed Bandicoot Perameles nasuta
The Long-nosed Bandicoot appears to be the 
most resilient of the Family Peramelidae. Nev-
ertheless, it has declined steadily in the Greater 
Melbourne region as urbanisation expands into 
its habitat in the forested ranges and along the 
coast. Populations persist in the foothills of the 
Eastern Highlands and patchily in the southern 
Mornington Peninsula, where it appears to be 
dependent upon grass/sedge swales adjacent to 
dense shrub cover (M Legge pers. comm.). It 
may not persist in long unburnt patches where 
Coastal Tea-tree Leptospermum laevigatum be-
comes dominant, reducing the floristic diversity 
of the ground layer vegetation. Where housing 
encroaches these habitat patches, the applica-
tion of suitable ecological burning regimes is 
extremely difficult, threatening the continuing 
presence of the species. A small and isolated 
population also exists in coastal shrubland and 
grassland at North Head, Sydney (Hughes and 
Banks 2010), sharing some ecological and de-

Fig. 2. Southern Brown Bandicoot Isoodon obesulus, Royal Botanic Gardens, Cranbourne. Photo Peter 
Menkhorst.
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mographic similarities with the Mornington 
Peninsula population.

Leadbeater’s Possum Gymnobelideus leadbea-
teri at Yellingbo
The core range of the endangered Leadbeater’s 
Possum is the montane ash forests of the Victo-
rian Central Highlands, above 600 m altitude, 
only 70–80 km east of the Melbourne Central 
Business District. An isolated, lowland popu-
lation of Leadbeater’s Possum was discovered 
in 1986 in the Yellingbo Nature Conservation 
Reserve in very different habitat—a narrow 
band of remnant lowland Eucalyptus camphora 
swamp-forest (Smales 1994). This population 
has since been intensely studied (Harley et al. 
2005; Harley and Lill 2007). It is now clear that 
the Yellingbo population is genetically distinct 
from those in the montane forests (Hansen 
and Taylor 2008). It is likely the sole remaining 
remnant of a population that formerly inhabit-
ed the coastal plains of Western Port, in vegeta-
tion with strong similarities to that occupied at 
Yellingbo, but long since drained and converted 
to farmland (Menkhorst and Lumsden 1995). 

Grey-headed Flying-fox Pteropus poliocephalus
Now one of the most abundant native mamma-
lian species in Greater Melbourne, the coloni-
sation of Melbourne by this species is described 
under ‘Species that have increased’. The flying-
fox camp at Bellbird Picnic Area, Yarra Bend 
Park, is surely the greatest wildlife spectacle in 
the Greater Melbourne region with many thou-
sands of individuals, and their extensive behav-
ioural repertoire, easily observed from riverside 
walking tracks (back cover).

Smoky Mouse Pseudomys fumeus
Surveys using remotely triggered cameras have 
detected the endangered Smoky Mouse with 
encouraging regularity in the forested reaches 
of the Upper Yarra Shire in recent years (DSE 
unpublished data; Nelson et al. 2009). The per-
sistence of the species in the catchment of the 
Upper Yarra Dam was uncertain after almost 
no records between 1989 and 2000 (Menkhorst 
and Broome 2006), but the recent records sug-
gest that the Upper Yarra forests should be con-
sidered part of the Central Highlands strong-
hold of this endangered species (Fig. 3).

Water Rat Hydromys chrysogaster
The native Water Rat, or Rakali, is widespread 
in wetlands across the Greater Melbourne re-
gion and also along sheltered shorelines of 
Port Phillip. A population based around the 
breakwater at the popular St Kilda pier tourist 
precinct provides an opportunity for the public 
to observe this little-known species. The Water 
Rats have dens amongst the boulders forming 
the breakwater, and forage between there and 
the shore, and also make use of nearby canals 
bringing stormwater runoff to Port Phillip. 
They can be observed foraging in shallow wa-
ter or along the shore, particularly around dusk 
when the tide is low. Water Rats also occur in 
artificial wetlands in inner suburbs, including 
those in the Royal Botanic Gardens and Fitzroy 
Gardens. A population at the Western Treat-
ment Plant, south-east of Werribee, may be 
primarily located along the Werribee and Little 
Rivers, but also utilises the drains, lagoons and 
other wetlands of the sewage treatment plant 
itself (Way and Conole 2002).

Burrunan Dolphin Tursiops australis
Port Phillip supports a resident population of 
80–100 bottlenose dolphins that have been the 
subject of considerable study in recent dec-
ades by the Dolphin Research Institute and by 
geneticists based at Monash University. These 
studies have focused on behaviour, distribu-
tion and population processes (Scarpaci et al. 
2003), the impact of ‘swim with the dolphins’ 
tourism (Scarpaci et al. 2010), and on the taxo-
nomic identity of the dolphins. Importantly, 
the Port Phillip bottlenose dolphins belong 
to a newly described species that also occurs 
in sub-populations in a few shallow embay-
ments across southern Australia, including the 
Gippsland Lakes (Charlton-Robb et al. 2011). 
Based on population size alone, Port Phillip is 
a stronghold for this species and the Victorian 
population meets the IUCN criteria for Criti-
cally Endangered (DSE 2007).

Short-beaked Common Dolphin Delphinus  
delphis
Common dolphins Delphinus spp are often 
thought of as wide-ranging, oceanic species 
that can occur in very large herds— sometimes 
many thousands. Until recently the Short-
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beaked Common Dolphin has been considered 
a casual visitor to Port Phillip (Warneke 1995b) 
with occasional sightings of small groups and 
strandings of individuals, e.g. 11 individual 
strandings in the 20 years from 1974 to 1993. 
In 2006, researchers from the Dophin Research 
Institute became aware of a small population in 
eastern Port Phillip, most often sighted offshore 
between Mt Martha and Mornington. This 
population seems to be resident in eastern Port 
Phillip, at least in the cooler months. It appears 
to be an unusually isolated, inshore, and local 
population that warrants further study.

Discussion
The 92 species recorded for the Greater Mel-
bourne region (Appendix 1) represent 65% of 
the mammalian species recorded for Victoria 
(PWM unpubl. data). This high level of species 
diversity reflects the diversity of landforms, cli-
mate, soils and vegetation which provides a rich 
suite of habitats. 

 An analysis of the survival of mammal species 
in the Melbourne suburbs, based on records 
contained in the VBA, was presented by van der 
Ree (2004). That analysis compared survivor-
ship of species over time in Local Government 
Areas, and provided important insights into the 
impacts of urbanisation on Australian mam-
mals. Our study considered a larger area by in-
cluding rural or forested parts of outer LGAs, 
and we did not rely exclusively on VBA records 
—where necessary we included knowledge of 
species occurrence that post-dated records in 
the VBA. However, the results of the two stud-
ies are in general agreement, adding weight to 
van der Ree’s (2004) conclusions including:

Species which have remained stable or in-•	
creased are typically generalists that are ca-
pable of utilising the new or altered resources 
available in the urban landscape.
About one-third of terrestrial mammal spe-•	
cies in the Melbourne region have undergone 

Fig. 3. Smoky Mouse Pseudomys fumeus, Mt Terrible. Photo Peter Menkhorst.
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a demonstrable decline, 10% have been lost 
from the region completely and the continu-
ing presence of another four species is uncer-
tain.
The historical information for microchirop-•	
teran bats is insufficient confidently to dem-
onstrate a change in distribution or status, but 
17 species have been recorded in the greater 
Melbourne region.

 Indigenous, small, ground mammals (dasyu-
rids, bandicoots, potoroids and rodents) are 
most sensitive to urbanisation and, with the 
exception of the Water Rat, are completely 
excluded from urbanised Melbourne. Even in 
semi-urbanised areas few indigenous, small 
ground mammals survive—only the Brush-
tailed Phascogale, Southern Brown Bandicoot, 
Long-nosed Bandicoot and Swamp Rat are 
able to eke out a precarious existence. The two 
most abundant small mammals in forests in the 
study area, the Agile Antechinus Antechinus 
agilis and Bush Rat Rattus fuscipes, seem un-
able to survive even low levels of urbanisation. 
Buckmaster et al. (2010) found that antechinus 
do not persist in nature reserves in Canberra, 
even large and relatively undisturbed ones, giv-
ing further support to this observation.
 The rate of species loss documented for the 
Greater Melbourne region is not high in com-
parison to other parts of Victoria where it has 
been investigated, e.g. the Mallee (Bennett 
et al. 2007; Menkhorst 2009) and Gippsland 
(Bilney et al. 2010). In part, this is because the 
baseline data are poor, and species may have 
disappeared without any prior knowledge of 
their presence. For example, for north-western 
Victoria an excellent baseline mammal survey 
was conducted by the Blandowski Expedition 
of 1856–57, allowing a detailed understanding 
of what has been lost (Menkhorst 2009). De-
spite Melbourne being the centre of 19th cen-
tury scientific endeavour in Victoria, including 
housing the headquarters of the Royal Society 
of Victoria and the Field Naturalists Club of 
Victoria, there was little documentation of its 
mammalian fauna during the 19th century. This 
lack of historical information is compounded by 
the lack of sub-fossil deposits in the region, in-
cluding ancient, preserved castings from owls—
investigation of that source of evidence allowed 

Bilney et al. (2010) to propose a much higher 
level of mammal species attrition from the for-
ests of Gippsland than had previously been real-
ised. A similar loss may have occurred in parts 
of the Melbourne region but is masked by a lack 
of suitable sub-fossil deposits.
 In Melbourne the great mammalian survi-
vors of urbanisation are the two common pos-
sum species, flying-foxes, some insectivorous 
bats and the Water Rat. Up to 10 species of 
microchiropteran bat still occur in the Great-
er Melbourne region, and some, particularly 
Gould’s Wattled Bat Chalinolobus gouldii and 
the White-striped Freetail Bat Tadarida austra-
lis are common in the suburbs. Other species 
persist in semi-urbanised areas. The Platypus 
Ornithorhynchus anatinus survives in the Yarra 
River within 12 km of the Central Business Dis-
trict, and is also present in most streams in out-
er suburban areas including the Plenty River, 
Werribee River, Diamond Creek and Gardiners 
Creek. The Echidna Tachyglossus aculeatus, Ko-
ala and Common Wombat Vombatus ursinus 
are still present in places along the Yarra Val-
ley, as are the Eastern Grey Kangaroo and Black 
Wallaby Wallabia bicolor. There is anecdotal 
evidence that some of these species have in-
creased in recent years in middle suburbs (e.g. 
Platypus and Common Wombat are now regu-
larly sighted along the Yarra River near Heidel-
berg, and the Black Wallaby is seen there with 
increasing frequency). However, these species 
are strongly associated with ‘natural’ habitats 
and their continued presence will depend upon 
our ability to retain remnant native habitats in 
good condition, and to improve the connectiv-
ity of those remnants through retention and 
restoration of habitat links.
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Species                                             Number of records  Year of last record Victorian Estimated
                                                                  in VBA                     in VBA  conservation status in
      status Gr. Melb
  Greater Urban Greater Urban
  
Platypus 708 161 2010 2010  W
Short-beaked Echidna 821 116 2008 2007  R
Agile Antechinus 1381 45 2005 1995  R
Swamp Antechinus 3  1981  NT NR
Dusky Antechinus 438 28 2008 1995  R
Spot-tailed Quoll 16 4 1994 1994 EN R
Eastern Quoll 23 4 1930 1882 RX NV
Brush-tailed Phascogale 257 8 2007 1998 VU R
Fat-tailed Dunnart 93 14 1991 1991 NT R
White-footed Dunnart 37 2 1985 1985 NT NR?
Common Dunnart 44 1 1991 1991 VU NR?
Southern Brown Bandicoot 354 92 2008 2008 NT R
Eastern Barred Bandicoot 22 4 2003 1982 CE R
Long-nosed Bandicoot 147 14 2011 1990  R
Common Wombat 977 25 2007 2004  R
Koala 2164 120 2008 2008  R
Mountain Brushtail Possum 555 4 1993 1993  R
Common Brushtail Possum 2115 914 2008 2008  W
Eastern Pygmy-possum 67 4 1992 1963 NT R
Leadbeater’s Possum 240  2009  EN R
Sugar Glider 1030 127 2008 2007  W
Yellow-bellied Glider 573 1 1987 1980  R
Greater Glider 946 3 1992 1968  R
Common Ringtail Possum 2598 891 2008 2008  W
Feathertail Glider 222 23 1992 1988  R
Southern Bettong 3 2 1869 1869 RX NV
Eastern Grey Kangaroo 1732 183 2008 2008  W
Red-bellied Pademelon  1  1881 RX NV
Black Wallaby 1191 83 2008 2008  R
Grey-headed Flying-fox 1169 1057 2010 2010 VU W
Little Red Flying-fox 10 5 2008 2008  R
Black Flying-fox 2 2 2010 2010  V
Eastern Horseshoe Bat 10  1989  VU R
Yellow-bellied Sheathtail Bat 9 8 2002 2002  V
Eastern Freetail Bat 20 1 1998 1991  R
South-eastern Freetail Bat 13 5 1998 1998  R
White-striped Freetail Bat 550 98 2008 2008  W
Common Bent-wing Bat 735 9 1992 1966  R
Gould’s Wattled Bat 610 115 2007 2005  W
Chocolate Wattled Bat 571 22 2007 2003  W
Eastern False Pipistrelle 118 1 2007 1987  R
Large-footed Myotis 112 1 1998 1993 NT R
Gould’s Long-eared Bat 98 2 2002 2002  R
Lesser Long-eared Bat 579 84 2007 2003  W
Inland Broad-nosed Bat 5  1988   R
Eastern Broad-nosed Bat 26 4 2002 2002  R
Large Forest Bat 503 29 2003 2003  R
Southern Forest Bat 823 8 2007 2003  W
Little Forest Bat 601 53 2003 2003  W

Appendix 1. 
List of mammalian species recorded from the Greater Melbourne region and the Melbourne urban area (a 
subset of the former), showing the number of records and year of last record in the Victorian Biodiversity 
Atlas (species names and sequence follow Menkhorst and Knight 2010). Victorian conservation status (DSE 
2007): RX – regionally extinct; EN – endangered; VU – vulnerable; NT – near threatened; DD – data deficient. 
Status in Greater Melbourne: W – widespread, R – restricted; NR – no longer in the region; NV – no longer in 
Victoria; V – vagrant;  probably declining in abundance in Greater Melbourne area;  probably increasing in 
abundance in Greater Melbourne area. * – introduced species. 
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Species                                             Number of records  Year of last record Victorian Estimated
                                                                  in VBA                     in VBA  conservation status in
      status Gr. Melb
  Greater Urban Greater Urban
  
Water Rat 250 75 2008 2008  W
Broad-toothed Rat 56 3 1994 1982 DD NR?
Smoky Mouse 30  2011  CE R
New Holland Mouse 31  1983  VU NR
Bush Rat 1639 38 2007 1960  W
Swamp Rat 448 53 2007 2007  W
Black Rat* 564 163 2010 2010  W
Brown Rat* 126 62 2006 2005  R
House Mouse* 1004 194 2010 2007  W
Eastern Grey Squirrel* 8 8  1935  NV
Dingo & Dog* (feral) 181 26 2005 2005  R
Red Fox* 1557 309 2007 2007  W
Ferret* 8 1 2008 1988  R
Cat* 321 86 2008 2008  W
New Zealand Fur Seal 3  1997  VU V
Sub-antarctic Fur Seal 2  1996   V
Australian Fur Seal 45  2008   W
Leopard Seal 17  1990   R
Crabeater Seal 3  1974   V
Southern Elephant Seal 12  2006   V
Goat* (feral) 49  2004   R
Fallow Deer* 17 1 2007 1983  R
Red Deer* 2  2003   R
Sambar* 102  2007   W
Pig* (feral) 21  1988   R
European Rabbit* 1905 232 2008 2008  W
European Hare* 298 57 2009 2009  W
Short-beaked Common Dolphin 15  2006   R
Short-finned Pilot Whale 1  1964   V
Fraser’s Dolphin 1  1978   V
Killer Whale 7  2005   R
False Killer Whale 1  1965   V
Bottlenose Dolphin sp. 103  2000   R
Southern Aust Bottlenose Dolphin 3  2010  EN W
Southern Bottlenose Whale 1  1992   V
Sperm Whale 1  1839   V
Pygmy Sperm Whale 1  1954   V
Southern Right Whale 16  2007  CE R
Dwarf Minke Whale  1  1999   R
Humpback Whale 25  2011  VU W
      
Totals 34197 5687   

Appendix 1. Continued.
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In 1989 the RAOU embarked on one of the most ambitious bird

counting projects undertaken in Australia – the Australian Bird

Count. Now the analysis of the enormous volume of data is

beginning to reveal the seasonal movements of our bush birds –

including some surprises. 

by Michael F. Clarke, Peter Griffioen and Richard H. Loyn
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EVEN A CASUAL OBSERVER KNOWS that the abundance of different bird
species changes over time and space. What is less obvious is how changes at individual
sites fit in with a continental picture of bird movements. By the early 1980s it was
becoming increasingly clear that species and ecosystems could not be properly
managed without an understanding of these movements. 

Thus it was that in the mid-1980s the RAOU’s
Research Committee decided to embark on an
ambitious Australia-wide project to gather bird
count data in a consistent and scientific manner.
At that time there were already several monitoring
schemes under way elsewhere in the world, and the
Committee commissioned a review to determine the

best method to introduce in Australia.1,2 Four
methods were selected for field testing,3 which
showed that active methods (transects or area
searches) detected more individual birds and species
in 20 minutes than stationary methods. A method
known as active timed area-search4 was found to be
the most popular, and it was also the best-buffered

The Australian Bird Count
relied on the participation

of a dedicated band of
volunteers throughout the

country. 
Photo by Jane Miller

Inset: The ABC is helping to
clarify the seasonal 

distribution of species that
migrate southward from

the tropics in summer, 
such as the Fairy Martin. 

Photo by Graeme Chapman
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against variations in counts due to time of day and
weather. This, then, was the method selected for
the project. 

Responsibility for co-ordinating the project was
given to Dr Stephen Ambrose, initially from Sydney
and then from the new Melbourne headquarters of
Birds Australia, where he was appointed as Research
and Conservation Manager. Funding for initial work
was obtained from the Federal Government through
the Australian Nature Conservation Agency (now
Environment Australia), and BP Australia
generously offered a major sponsorship amounting
to $250,000 over five years. With funding secured,
the field project began in 1989, and the Australian
Bird Count – the ABC – was born. 

THE COUNT
Between January 1989 and August 1995, 952
observers carried out 78,938 standard surveys at
1681 different locations throughout Australia
(Figure 1). Others took part intermittently, or
helped with initial testing; altogether, over 2000
sites were surveyed by 1020 people. Observers were
asked to select groups of three sites each of about
3 hectares, close to each other and in a similar broad
habitat type. Birds were counted regularly on those
sites by 20-minute area-search at least twice a year
(summer and winter), but monthly if possible.
Forms were used to record the basic details of the
location and habitat at each site. Simpler forms were
used for submitting count details. Birds observed
off-site were recorded, but not included in the main
data base. 

Survey locations were predictably biased
towards areas close to human population centres.
As a result, the eastern half of Australia and the
south-west of Western Australia received the most
intensive coverage. But observers, like some of the
birds they admire, are somewhat migratory.
Northern and inland parts of the continent were
surveyed more often during the cooler, drier months
of the year than during the summer wet season.
Surveys in these remote locations by intrepid
observers during the wet season thus became
particularly valuable.

Many observers took up the challenge of
surveying their sites on a monthly basis, or even
more frequently. Some even provided series of long-
term counts from before the ABC. Table 1 shows the
observers who contributed the most number of
surveys to the count. 

PUTTING THE DATA TO WORK
With any large data set it is never easy to interpret
data and present it in an easily digestible form.
Modern computer technology has helped
immensely, but special skills are needed to make the
best use of these new tools. The project benefited

enormously by the fortuitous return to Australia of
Peter Griffioen, from a computer programming
career in California’s Silicon Valley. 

Peter wanted to use his skills to build a new
career in conservation, and was quickly introduced
to the project and Mike Clarke of La Trobe
University as an academic supervisor. Together they
have cleaned up the data base and developed some
powerful visual tools for viewing it, including

Table 1 Major contributors
to the Australian Bird
Count
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Name Town State Number
of

surveys

Mrs K. Hastwell Kinglake VIC 2896
S. Telford West Armadale WA 2617
The Wardens Norseman WA 1957
D. Latham Armidale NSW 1400
R. Watson Coffs Harbour NSW 1169
F. Ormsby Bondi Junction NSW 1018
Mrs S. Rooke Nambour QLD 951
D. Lockwood Clayton South VIC 848
R. Canning Mt Barker SA 755
J. Gleeson Evatt ACT 649
N. Cruickshank Tea Gardens NSW 608
J. Bannister Alice Springs NT 579
C. Whiteoak Coolum Beach QLD 538
J. Lacey Red Lion via Talbot VIC 532
P. Slack Nelson Bay NSW 532
F. Bigg Bribie Island QLD 526
C. Hall Paynesville VIC 450
Mrs H. Wilson Winnellie NT 432
B.L. Schmidt Hawthorndene NSW 407
Mrs C. Clarke Annandale NSW 406
R. Swaby Malvern QLD 400
J. Morrison Albany WA 387
Miss M. Pywell Irymple VIC 380
S. Lloyd Birralee TAS 371
S. Waddell Stanmore NSW 371
D. James Forrestdale WA 360

Figure 1

Figure 1 Locations of the

sites at which ABC surveys

were made.



For flocking species such as
the Straw-necked Ibis, a

change in reporting rate is
not a good predictor of a

change in abundance. 
Photo by Graeme Chapman

Figure 2 The relationship
between reporting rate

and mean abundance
(birds detected per hectare

in a 20-minute survey),
based upon ABC data, for

(a) Red Wattlebird, and
(b) Straw-necked Ibis. 

animated graphics of seasonal movements. In this
article we are unfortunately confined to stationary
graphics, but some animated versions can be viewed
via links on the Birds Australia website:
www.birdsaustralia.com.au. 

Reporting rate vs abundance
Two of the major strengths of the ABC data are the
intensive repeated surveying effort observers put in at
fixed sites over several years, and the collection of
numerical information. This makes it possible to see
how well changes in the ‘reporting rate’ of a species
in a region reflected changes in abundance of that

species in the region, as recorded by ABC surveyors.
Many bird surveys such as the Atlas of Australian
Birds collect data on a presence/absence basis, with
no measure of numerical abundance at each site.
Measures of ‘reporting rate’ (the proportion of
surveys in which a species is detected) are sometimes
taken as approximate measures of regional
abundance, but how reliable is this? For example, if
Rufous Whistlers were recorded in 75 of 100
summer surveys within the catchment of the
Murrumbidgee River, and in 10 of 100 winter
surveys in the same region, it might be concluded
that there were more Rufous Whistlers in this region
in the summer – but perhaps they were simply more
widespread in summer and more concentrated in
winter. We really need to estimate the relative
number of individuals present during each period.
The ABC surveyors did this, and so created a unique
data set with which to examine the strength of this
relationship between reporting rates and a species’
regional abundance.

Peter Griffioen’s analyses revealed that, for 
most species, there was a very strong relationship
between the reporting rate and the abundance of 
the species in the region, as reported by the ABC
contributors. (The average correlation coefficient 
for 512 species sampled was 0.81 ± 0.17, calculated
using the method of Nachman.5) The relationship
was strong for most species examined, such as the
Red Wattlebird (Figure 2a). The red lines represent
95 per cent confidence intervals. In other words, 
we can be 95 per cent certain that our estimate of
this species’ abundance for a particular reporting
rate lies between the two red lines. But the
confidence intervals for species that can form large
flocks (such as the Straw-necked Ibis, Figure 2b) 
are much further apart, so changes in reporting rate
will not be a good predictor of changes in that
species’ abundance. 

A u s t r a l i a n  B i r d  C o u n tiv

Figure 2a

Figure 2b
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Regional changes in abundance
Information about the timing of movements is
rarely obtainable from large-scale bird-banding. 
In a country the size of Australia, the chance of a
bush bird that has been banded in one location
being recaptured (or the band recovered) in another
location is very small, since there are few people 
and the area needing to be covered is immense. 
For example, by 1995 about 270,000 Silvereyes 
had been banded in Australia,6 but only 458 
(0.17 per cent) were recovered farther than 5 km
from the site of banding. Of those 458, only 
32 (0.01 per cent of birds banded) were recovered 
in a short enough time to reveal the timing of 
their movement.7

By combining the ABC data base with other
data bases, it is possible for the first time to discern
regional changes in the abundances of species based
upon large-scale changes in regional reporting rates.
However, changes in reporting rates must be
interpreted with caution, because they may also
reflect seasonal changes in the conspicuousness or
detectability of a particular species. For example, a
species might be present in a region during the 
non-breeding season, but be hard to detect when
not calling. Even so, for many species, major
changes in reporting rate can tell us much about
changes in abundance over time and space. This is
the case for the Grey Fantail in eastern Australia
(Figure 3 a–d). Most of the population appears to
winter in northern New South Wales, coastal
Queensland and Cape York, but then largely
abandons these regions in summer to breed in
coastal New South Wales, Victoria and Tasmania.
For the maps shown here, surveys conducted within
45 days either side of 8 March, 8 June, 8 September
and 8 December have been pooled as ‘autumn’,
‘winter’, ‘spring’ and ‘summer’ respectively, with
greater weighting being given to surveys carried out
closer to those central dates. 

For some parts of the country it is possible to
produce maps for every fortnight of the year,
because of the huge number of surveys available.
Such a series of maps can then be arranged in
chronological order, and when run through on a
computer in quick succession produce remarkable
animated depictions of the changes in distribution
of the species as the year unfolds. Grey Fantails are a
striking example, as discussed above. This is the first
time the depiction of the scale and timing of such
large-scale movements has been possible. 

Seasonal distributions
The analysis of the ABC data is now giving us a
much clearer picture of when and where birds are
moving. Bird-watchers often have a good idea of
when migrants come and go from their own local
area, and discuss these events in newsletters and
electronic media such as birding-aus. But now for
the first time we can generate maps of such
movements at the continental scale.

v

Thanks to the sterling efforts of thousands of
volunteers, Birds Australia and affiliated
ornithological organisations possess some
extraordinarily large data sets. These include the
first Atlas of Australian Birds, the NSW Atlas, and
the Canberra Ornithologists Group’s data base.
With the computerisation of these data bases, they
can now be combined to provide a very powerful
research tool. The core of this power lies in the
huge number of surveys it represents – more than 
4.5 million records. 

Above: In eastern Australia,
many Grey Fantails appear
to winter in northern New
South Wales, coastal
Queensland and Cape York,
but then largely abandon
these regions in summer to
breed in coastal New South
Wales, Victoria and
Tasmania. 

Left: Banding studies are
not always useful for
studying seasonal
movements. By 1995 about
270,000 Silvereyes had been
banded in Australia, but
only 32 were recovered in a
short enough time to reveal
the timing of their
movement. 
Photos by Graeme
Chapman
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Figure 3 Eastern 
distribution of the Grey

Fantail during ‘autumn’,
‘winter’, ‘spring’ and

‘summer’. Units are birds
per hectare that might 

be detected in a 
20-minute survey.
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Sometimes the maps confirm what many have
known for years regarding the timing and location
of movements of some species, such as the
Dollarbird, Shining Bronze-Cuckoo and Rainbow
Bee-eater (Figures 4–6). But in other cases,
unexpected or poorly documented seasonal
movement patterns have been detected. For
example, some field guides describe Richard’s Pipit
as sedentary, but the ABC and Atlas maps suggest
this species spreads in a south-easterly direction in
summer, increasing in abundance in Tasmania,
Victoria and southern New South Wales (Figure 7).
Another example is the annual movement up and
down the north coast of New South Wales and
southern Queensland of the Scarlet Honeyeater
population (Figure 8). Much of the Golden Whistler
population appears to spread inland in winter, but
spends summer in the ranges or closer to the coast in
eastern Australia (Figure 9). 

These kinds of maps can also be used to identify
regions in which migratory species are present all
year round – a circumstance that spawns an array of
additional questions. For example, although many

Grey Fantails appear to abandon south-eastern
Australia for warmer northern regions in winter
(see Figure 3b), many do not. Are these individuals
members of non-migratory sub-populations of the
species, or are they a particular age-class of Grey
Fantails (such as adults) that do not migrate? There
is evidence that Grey Fantails and other species
favour drier, more open habitats in winter than in
summer. No doubt, dozens of similarly intriguing
puzzles will emerge as these maps and data are
examined more closely. These questions might well
be important for the recognition and conservation
of sub-populations within larger species complexes.

Seasonal changes from controlled sites
One of the strengths of ABC data is that
comparisons can be made between identical sets of
sites surveyed at different times with known effort.
This means that we can check whether apparent
trends in maps prepared using Atlas data might be
due partly to seasonal changes in observer behaviour
(for example, when bird-watchers visit the interior
more in winter than summer). A summary table has

Above left:  The seasonal
distribution maps have
confirmed what many have
known for years about the
timing and location of
movements of some
species, such as the
Rainbow Bee-eater.
Photo by Graeme Chapman

Above:  Some field guides
describe Richard’s Pipit as
sedentary, but the ABC data
and Atlas maps show that it
spreads in a south-easterly
direction in summer. 
Photo by Dave Watts
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Figure 4 Eastern 
distribution of the

Dollarbird during ‘autumn’,
‘winter’, ‘spring’, ‘summer’.
Units are birds per hectare
that might be detected in 

a 20-minute survey.
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Figure 5a Figure 5b

Figure 6a Figure 6b
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Figure 5 Eastern 
distribution of the Shining
Bronze-Cuckoo during
‘winter’, and ‘summer’.
Units in all maps are 
birds per hectare that 
might be detected in a 
20-minute survey.

Figure 6 Eastern 
distribution of the Rainbow
Bee-eater during ‘winter’,
and ‘summer’. Units in all
maps are birds per hectare
that might be detected in a
20-minute survey.
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Winter Summer



Figure 8 Eastern 
distribution of the 

Scarlet Honeyeater during
‘winter’, and ‘summer’.

Units in all maps are 
birds per hectare that

might be detected in a 
20-minute survey.
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Figure 7 Eastern 
distribution of the Richard’s

Pipit  (shown above left,
with a Red-throated Pipit!)

during ‘winter’, and
‘summer’. Units in all maps

are birds per hectare that
might be detected in a 

20-minute survey.
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been constructed for selected species showing mean
bird abundances in summer and winter, based
exclusively on sets of ABC sites surveyed in all four
seasons (Table 2, see p. XII). The data were sorted by
State, with the ACT grouped with New South Wales,
Queensland divided into north and south at latitude
25°S, and Western Australia divided likewise at
latitude 30°S. Each site was given equal weighting in
calculating means, regardless of how often it was
surveyed. These regions were then grouped further
after inspection of seasonal data for each species.
(Note that ABC data are based on a less compre-
hensive set of sites and habitats than Atlas data, with
some obvious biases, e.g. there were few sites in
inland Australia, cleared pasture or extensive forests.)

The data provide clear and controlled evidence
for winter declines of many common species in
southern Australia (especially Tasmania) and winter
increases of some of them in northern Australia
(Table 2). The limited data from the north suggest
that summer departures of southern migrants were
greater from the Northern Territory and northern
Western Australia than from north Queensland.
However, often these species were numerous in
winter in far north Queensland, but the seasonal
pattern was obscured by the inclusion of sites further
south in this vast region. This may have applied to
species such as the Fairy Martin, Satin Flycatcher

and Leaden Flycatcher: the last species in particular
is known to be a common winter visitor on Cape
York. Winter exoduses from Tasmania were evident
for the Flame Robin, Grey Fantail, Tree Martin,
Welcome Swallow, Striated Pardalote and Silvereye,
in contrast to the Golden Whistler and Spotted
Pardalote which showed no net seasonal change
in Tasmania. 

In Western Australia, many species were more
common in summer than in winter in the south, and
in some cases the limited data from the north
suggested a winter increase there (e.g. Western
Gerygone and Richard’s Pipit, Table 2). Silvereyes
showed no net seasonal change in the south-west
(Table 2), though we would expect them to move
between habitats within the region. Grey Fantails
appeared to be more common in winter than summer
in southern Western Australia: sites near Perth may
attract a winter influx from wet forests in the far
south-west, where fewer surveys were conducted.

The State-based tabulation (Table 2) obscures
some known habitat shifts, often involving a winter
exodus from wet forests into drier habitats. For some
species this involved westward extension of range in
winter, clearly evident from Atlas maps (e.g. Golden
Whistler and Spotted Pardalote). 

Some honeyeaters and pardalotes were more
common in winter than in summer at most sites

xi

Figure 9a Figure 9b

Figure 9 Eastern 
distribution of the Golden
Whistler during ‘winter’,
and ‘summer’. Units in all
maps are birds per hectare
that might be detected in a
20-minute survey.
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Species Region Summer Winter

Azure Kingfisher NT, NQld, SQld 18 16
NSW, Vic 5 1

Black-faced Cuckoo-shrike NT + NWA 38 63
NQld + SQld 154 119
SWA 59 61
elsewhere 99 44

Dusky Woodswallow NQld + SQld 1 5
NSW + Vic + SA 43 19
Tas 288 2

Fairy Martin NT + NWA 0 9
NQld 249 207
elsewhere 46 11

Golden Whistler NQld 34 15
SQld 98 133
NSW + Vic + SA 66 57
Tas 74 99

Grey Fantail NQld 18 411
NT + NWA 1 40
SQld 68 411
NSW + SA 168 159
Vic + Tas 339 215

Leaden Flycatcher NT 32 87
NQld 57 38
elsewhere 16 2

Magpie-lark NT 61 181
NQld 268 516
SQld 179 225
elsewhere 128 119

Rainbow Bee-eater NT 153 169
NQld 485 228
SQld 101 68
NSW + Vic + SA 37 6

Richard’s Pipit NT + NWA 1 21
N,SQld + NSW + SA + Vic 7 6
Tas 11 0

Rose Robin SQld 3 17
NSW  1 9
Vic 2 0

Rose-crowned Fruit-Dove NT + NQld + SQld + NSW 14 4
Rufous Fantail NQld + NT + NWA 7 50

SQld + NSW 23 3
Vic 7 0

Rufous Whistler NQld + NT 44 80
SQld 64 67
NSW + Vic + SA 117 7

Sacred Kingfisher NT + NWA 12 47
NQld 20 14
SQld + NSW + SA + Vic 44 3

Scarlet Honeyeater S + NQld 38 160
NSW  21 7

Silvereye NWA + NT + N,SQld + NSW + SA 257 538
SWA 455 453
Vic + Tas 280 198

Spotted Pardalote NT + S,NWA + N,SQld + NSW + Vic 55 111
Tas 147 141

Striated Pardalote NWA + NT + N,SQld + NSW 36 98
SA + Vic 162 150
Tas 306 30

Tree Martin NWA + NT + NQld 58 194
SQld + NSW + Vic + SA + SWA 144 117
Tas 41 0

Western Gerygone NWA 0 44
SWA 192 138
elsewhere 2 1

White-throated Gerygone NQld 19 46
SQld 20 16
NSW + Vic 19 1

Willie Wagtail NWA + NT + NQld 77 177
SQld + SA 112 115
NSW + Vic 173 82

Yellow-faced Honeyeater NQld 19 14
SQld + NSW 101 389
Vic + SA 132 151

Notes: 
1 summer = 8 Dec ± 45 days; winter = 8 June ± 45 days
2 Table is based on data from 54 sites counted in all four seasons in northern Queensland, 88 in

southern Queensland, 301 in NSW–ACT, 133 in Victoria, 39 in Tasmania, 72 in South Australia, 
94 in southern WA, 9 in northern WA and 23 in NT. 

3 Each site was given equal weighting in calculating means, regardless of how often it was surveyed.
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surveyed, as they tend to be summer visitors to
extensive forests (with relatively few ABC sites) and
winter visitors to more accessible habitats. The well-
known north–south migrations of Yellow-faced
Honeyeaters were clearly evident from New South
Wales and Queensland data but further analysis is
needed to assess habitat shifts within Victoria and
South Australia (Table 2).

Additional statistical analyses based on habitats
and bioregions are being carried out and there
remains great scope for other researchers to use the
data to answer questions of interest to them or to
land managers.

SOME MYSTERIES
The ABC data set has not only solved some
mysteries: it has created some too. Maps generated
from combined ABC and Atlas data suggest that
Dusky Woodswallows were more common in
summer than in winter through most of their eastern
range. They are clearly summer migrants in the
south, but where do they go to in winter? The ABC
data point to a winter increase in Queensland 
(Table 2), though only low numbers were recorded
there on ABC sites. Field guides give their view of
winter range (e.g. Pizzey & Knight 19978), but do we
really know? Inland areas of Queensland clearly
deserve further attention in the future.

Azure Kingfishers were recorded more often in
summer than in winter in southern mainland
Australia during the Atlas; but was this merely
because observers spent more time around rivers
during summer? The limited ABC data also suggest 
a summer increase on the sites surveyed in both
seasons (Table 2).

Rose-crowned Fruit-Doves were observed more
often in summer than winter throughout their tropical
or subtropical range, yet ABC–Atlas maps show a
remarkable consistency in distribution across seasons
(Table 2). Perhaps the ABC data reflect conspicu-
ousness while breeding, or do birds move into more
accessible habitats in the humid summer season?

Some unexpected trends emerged for species
generally regarded as sedentary (Table 2). For
example, there was an apparent summer increase of
Mistletoebirds in the Northern Territory and a
winter increase of Magpie-larks in the Northern
Territory and north Queensland (as also reported
in the first Atlas). Willie Wagtails were more
common in summer than winter at sites surveyed in
Victoria and NSW–ACT, and vice versa in north
Queensland. Long-distance movement has never
been suspected in this species, so the results may
reflect local habitat shifts occurring independently
in each region – or do they? Further investigation is
in order. 

Table 2 Mean abundance of selected species by
region in summer and winter. Figures are birds
observed per hectare per 20–minute survey (x 1000).
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Long-term changes
The period covered by the ABC was too short to
detect long-term nation-wide trends. Year-to-year
changes were examined for 12 selected species, using
data from sites counted in each of the five years from
1990 to 1994. Three woodland birds thought to be
declining – Scarlet Robins, Hooded Robins and
Speckled Warblers – were included in this group.9,10

Mean densities of two woodland birds (Scarlet
Robins and Hooded Robins) appeared to decline
gradually from maximum levels in 1990. However,
the density of Speckled Warblers, another ground-
foraging bird of the open woodlands, appeared to
increase over the same period. These opposing results
imply a need for very long-term data sets to detect all
but the most dramatic changes in bird populations
on a national scale. 

CONSERVATION IMPLICATIONS
Knowing when and where birds move around the
country is fundamental to the sound management of
their habitat. Some areas, such as river courses or
large remnants of native vegetation, may be identified
as being significant migration routes or stopover
points in the movement patterns of several species.
For example, when examining the seasonal maps for
the Red-tailed Black-Cockatoo in inland New South
Wales, seasonal movements by cockatoos are clearly

Far left:  Dusky
Woodswallows are clearly
summer migrants in the
south, but where do they
go to in winter? Inland
areas of Queensland could
be the answer. 
Photo by Rob Drummond

Above:  The Magpie-lark is
usually thought of as a
sedentary species, but the
ABC data indicate a winter
increase of Magpie-larks in
the Northern Territory and
north Queensland. 
Photo by Graeme Chapman

Left:  Very long-term data
are needed to detect all but
the most dramatic changes
in bird populations on a
national scale, especially for
woodland birds that appear
to be declining, such as the
Hooded Robin.
Photo by Graeme Chapman
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occurring along the Darling River (Figure 10). This
quantitative evidence of the importance of such
critical features of the landscape should strengthen
the case for their preservation and careful
management, and highlight the importance of these
life-giving arteries in an arid landscape.

Birds Australia and its affiliates have been co-
ordinating surveys such as the ABC for more than
20 years: a period during which the Australian
landscape has undergone some major changes. As data
from the current New Atlas project accumulate,
comparisons will be made with the older data sets.
Many important conservation-related questions will
be able to be addressed. For example, we will be able
to identify those species that have suffered significant
reductions in their range or abundance in the 20 years
since the first Atlas (1977–81). We will also be able to
document the spread of introduced species such as
Common Myna or Common Starling in the east, or
Laughing Kookaburra in the west, or the degree to
which native ‘pest’ species such as Noisy Miners and
Pied Currawongs are increasing in abundance or
range. The ABC data will be an important stepping
stone between the two field Atlases. 

The first Atlas led to many major conservation
initiatives for Australian birds. We anticipate that our
ability to identify conservation priorities will be far
greater in the next few years as the New Atlas project
takes another snapshot of the state of our birds,
which we can then compare with the picture
produced as a result of the efforts of past Atlassers
and ABCers (or ‘Cabbies’ – Counters of Australian
Birds). We hope that this direct link between the data
collected by volunteers and conservation initiatives
will stimulate even more people to get out there
surveying our amazing birdlife, and analysing results. 

Right:  In inland New South
Wales, Red-tailed Black-

Cockatoos appear to move
along the Darling River. The

quantitative evidence
provided by the ABC data
highlights the importance
of such life-giving arteries

in an arid landscape. 

Below:  The ABC data will
help us to document the

spread of introduced
species, such as the

Laughing Kookaburra in
the west. 

Photos by Dave Watts

Further information

For further analysis using Atlas or ABC data, see the
Birds Australia website: www.birdsaustralia.com.au
or contact research staff at Birds Australia, or the
authors:

Dr Mike Clarke, Dept. of Zoology, 
La Trobe University, Bundoora, Vic 3083; 
email: m.clarke@zoo.latrobe.edu.au

Peter Griffioen: email: pgriffioen@pobox.com

Richard Loyn, Arthur Rylah Institute 
(Dept. of Natural Resources and Environment),
123 Brown St, Heidelberg, Vic. 3084;
email: richard.loyn@nre.vic.gov.au

ABC results have been used for a number of research
and conservation purposes (e.g. Griffioen 1996). A
more complete set of results has been placed on the
Australian Broadcasting Corporation (the other ABC)
website for Birds Australia at www.abc.net.au/birds. 
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Figure 10 Distribution 
of the Red-tailed 
Black-Cockatoo in New
South Wales and southern
Queensland during ‘winter’
and ‘summer’. Units in all
maps are birds per hectare
that might be detected in a
20-minute survey.
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Migration of bush birds in south-eastern Australia 

by Richard H. Loyn 

 

   In temperate south-eastern Australia the major migration  patterns involve an exodus of the winter of birds from forests 

of the ranges and Tasmania, and from various other habitats in temperate southern Australia.  Some of these birds 

migrate northwards in autumn, others move inland and still others move into drier forests of the foothills.  The main 

migration season is autumn (March to May) with a return in spring (August to October); there is little migration 

occurring at other times. 

   A special case involves migration of Tasmanian breeding birds across Bass Strait. Such migrations are made by three 

species of parrot, four species of cuckoo, Sacred Kingfisher Halcyon sancta, Welcome Swallow Hiundo neoxena, Tree 

Martin Petrochelidon nigricans, Flame Robin Petroica phoenicea, Grey Fantail Rhipidura albiscapa, Satin Flycatcher 

Myiagra cyanoleuca, Richard’s Pipit Anthus novaeseelandiae, Striated Pardalote (yellow-tipped form) Pardalotus 

striatus, Silvereye Zosterops lateralis and probably a range of others.  All except two of the parrots also breed on the 

mainland, and mainland observers may not realise the extent to which most of these species vacate Tasmania for the 

winter.  Some people are astonished that small birds can migrate across 200 km of sea, but this represents just a few 

hours flight for a bird flying at 50 kph under favourable conditions.  Many of the journeys are made at night, so little 

feeding time is lost. 

   The driving force behind migratory movement is the flush of food available in certain habitats in the warmer months 

and not the cooler months.12  Most of the migratory species are insectivores that take flying insects in open air (swallows 

and martins) or glean flying insects and their larvae from foliage of canopy trees or tall shrubs.1-15  These food resources 

are predictably scarce in winter, especially in wet forests.  For a Satin Flycatcher, Grey or Rufous Fantail or Flame Robin 

that breeds in wet forests, the imperative to move elsewhere for winter is just as great as it is for a Northern Hemisphere 

flycatcher faced with a snowy winter: the alternative in both cases is starvation.  The attraction of wet forests in summer 

is just as great to Australian birds as it is to the famous Northern Hemisphere migrants: a huge flush of food resources, 

far greater than can be exploited by the resident bird population.   

   A second pattern involves complex migrations of honeyeaters, other nectarivores and some granivores.7-11  These 

movements owe their complexity to annual variations in flowering intensity or food supply through various parts of the 

birds' range.  Nevertheless, the general patterns are proving to be quite predictable from year to year.  In many cases, 

predictable seasonal migrations are coupled with irregular local movements in search of rich food sources.  This is well 

illustrated by recent studies of the endangered Swift Parrot (Lathamus discolor), a nectarivorous parrot that breeds in 

Tasmania and winters in box-ironbark forests of the mainland.7, 10  Similarly unpredictable local movements are also 

evident in the two granivorous parrots that migrate from Tasmania, the Blue-winged Parrot Neophema chrysostoma 

(which also nests on the mainland) and the endangered Orange-bellied Parrot (Neophema chrysogaster).  Uncertainty in 

choice of wintering habitat adds to the challenge of conserving these species.5 

   A related third pattern involves two species of swift (White-throated Needletail, Hirundapus caudacutus, and Fork-

tailed Swift, Apus pacificus) that breed in Asia and spend the southern summer in Australia.  In northern Australia they 

arrive with many other species before the Wet Season in spring, but in the south-east their arrival depends more on 

weather than on date.  The first birds may be seen as early as late October, but substantial flocks rarely arrive in eastern 

Victoria until December (and Tasmania later), and the species are most common from late December to March, with 

some remaining to mid April.  Flocks usually appear with the onset of thundery cyclonic weather patterns. Migration to 

and from Australia appears to be predictable, but movements within the country involve more uncertainty than for most 

insectivorous migrants. 

 

Signs of migration 

An obvious and diagnostic sign that birds migrate occurs when species arrive and depart at a site at consistent times of 

year.  This is commonly observed with many species in temperate parts of eastern and south-western Australia (see Box).  

Of course the sign is only obvious to birders that watch and listen at a site on a regular basis.  "Site" in this context can 

be anything from a small plot to a broad habitat (e.g. wet forests near Melbourne).  If a diverse set of habitats is studied, 

it is essential to keep separate records for each habitat because migratory patterns can differ markedly (e.g. between wet 

and dry forest). 

   Perhaps the most obvious sign of migration is the sight or sound of  flocks of birds flying overhead in a single 

direction.  But many birds (including most small passerines) migrate mainly at night, and often fly at high altitudes.  So 

the absence of visible migration should never be cited as evidence that a species does not migrate.  Presumably the 

fantails, flycatchers and whistlers discussed above do most of their migration at night. 

   Migrating or wandering birds often make brief stops in unfamiliar sites, selecting habitats where they can find food 

before moving on.  When a species turns up at such a site on a regular basis, that is a sure sign of migration.  The sign is 



particularly obvious when the site is surrounded by hostile habitat.  Islands in the sea, and town parks and gardens, are 

classic examples.  Sometimes birds are visibly tired on arrival, adding to the evidence that they have made long journeys.  

Flame Robins regularly turn up in Melbourne parks for brief periods in autumn (late March to early May) and less often 

in spring (late July to September), and are absent at other times.  Grey Fantails may appear in small gardens at these 

times, and otherwise are found mainly in more extensive areas of native vegetation.  The evidence is more convincing 

for species without local breeding or wintering populations (e.g. Flame Robin) than for species with such populations.  

Some birds expand their home range in winter to include more open habitats (e.g. Scarlet Robin Petroica boodang) 

where they may be conspicuous.  Such local movements need to be distinguished from migration.  Temporary arrivals of 

small birds on islands in Bass Strait or Torres Strait provide clear evidence of migration over those stretches of sea. 

   The inevitable question arises, how do we know that appearances and disappearances really are arrivals and departures, 

not just changes in conspicuousness?  Could birds merely go quiet or hide at a particular season?  Some groups of birds 

such as canopy-feeding cuckoos (e.g. Shining Bronze-Cuckoo, Chrysococcyx lucidus, and Brush Cuckoo, Cacomantis 

variolosus) are much easier to detect by sound than sight.  If they stop calling several weeks before departure, we may 

not know when (or if) they actually depart.  But Brush Cuckoos are virtually never observed in winter in southern 

Australian forests and their sudden appearance each year in mid October is so predictable that it is not sensible to suggest 

that they are hiding there all winter: migration is clearly involved. 

   In general, the conspicuousness question is overstated and can be answered quite easily.  If birds are rarely or never 

observed in a habitat during a particular period of the year, they must have moved from that habitat, and if the movement 

is regular and seasonal then it is migration.  In my own studies of forest birds, I find that sedentary species can vary in 

conspicuousness by up to ~ 30% between seasons, but usually less (e.g. 10%), based on the numbers recorded during 

standard area searches.  Area searches are buffered to some extent against environmental variation6, as observers are 

encouraged to search for inconspicuous birds and avoid multiple recording of noisy individuals.  In contrast, average 

numbers of partial migrants typically change by a factor of ten or more between seasons, and numbers of complete 

migrants drop to zero.  The distinction between the two groups of birds is so clear that there is rarely any difficulty in 

distinguishing between species that migrate and species that merely become less conspicuous. 

   Visit a wet forest of Mountain Ash (Eucalyptus regnans) in spring (from mid September) and it will usually be alive 

with the songs of Golden Whistlers (Pachycephala pectoralis) and Grey Fantails.  Visit the same forest in late summer 

and these species will be less vocal but still easily found.  Visit the same forest in winter (May-August) and you will not 

find these species, except perhaps an odd bird on the edge of clearings or dry forest, or on rare occasions an individual 

that has failed to migrate.  These species are usually classed as “partial migrants” because many over-winter in drier 

forests but the winter exodus from wet forests is so dramatic that it must be real, and so regular that it is migration. 

   The sign is even clearer with complete migrants, where the species vacates a segment of the country not just one 

habitat.  Visit a forest gully in eastern Victorian in the second week of October and you will not see or hear a Rufous 

Fantail. Visit the same gully after ~18 October and you will find one if you are lucky.  By the first week of November 

they are common.  During March they become progressively rarer and can still be found in the first week of April, but 

not later.  Such a complete disappearance indicates movement (not hiding) and its regularity indicates migration. 

 

Closing comments 

Birders learn much about migration through recording regular observations at particular sites, as described above.  By 

pooling observations between multiple observers throughout the country, it is possible to discern complementary patterns 

(birds departing from A and arriving at B) that may indicate migration between two regions or classes of habitat.  

Various projects have pooled data of this sort in an organised way (notably the Atlas projects, the Australian Bird Count, 

HANZAB and State or regional bird reports).  Modern electronic communication offers an even more powerful tool for 

pooling data on subjects like migration, allowing observers to discuss their observations as they happen and inspire other 

observers to look for complementary patterns.  This already happens informally on email chat lines, and would benefit 

from a mechanism to synthesise the information generated and reproduce it in an easily accessible form. 

 

 

 

 

 

Richard Loyn is a senior ecologist at the Arthur Rylah Institute for Environmental Research, in the Victorian Department 

of Natural Resources & Environment.  He has broad ecological interests with a focus on habitat relationships and 

interactions between people, wildlife and their environment.  He has worked extensively in forests, rural landscapes and 

wetland ecosystems, in Australia and overseas.   

 



   Main migratory seasons for insectivorous bush birds in southern Victoria, south-eastern Australia.  Each month is 

divided into three ten-day parts (early, mid and late). 

 

Pallid Cuckoo Cuculus pallidus Mid Aug - Jan, few to March 
Brush Cuckoo Cacomantis variolosus Mid Oct – Feb 
Fan-tailed Cuckoo Cacomantis pyrrhophanus Early late Aug – Jan, many winter in 

some habitats 
Horsfield’s Bronze-Cuckoo Chrysococcyx basalis Mid Aug – Jan, many winter in open 

habitats (e.g. saltmarsh) 
Shining Bronze-cuckoo Chrysococcyx lucidus Early Sept – Jan, few winter 
White-throated Nightjar Caprimulgus mystacalis Mid  Oct – mid April 
White-throated Needletail Hirundapus caudacutus Late Oct (few) or mid Dec – mid April 
Fork-tailed Swift Apus pacificus Late Dec – early April 
Sacred Kingfisher Halcyon sancta Early Sept – early May, a few winter on 

coast 
Rainbow Bee-eater Merops ornatus Mid Sept – late March 
Dollarbird Eurystomus orientalis Mid Oct – mid March 
Tree Martin Petrochelidon nigricans Mid Aug – mid April (or Sept-March in 

wet forests) 
Fairy Martin Petrochelidon ariel Mid Aug – mid April 
Black-faced Cuckoo-shrike Coracina novaehollandiae Early Sept – April, some winter in open 

country 
Cicadabird Coracina tenuirostris Mid Oct – early Feb 
White-winged Triller Lalage tricolor Mid Sept – late Feb 
Rose Robin Petroica rosea Mid Aug – early May, some winter in 

drier forest 
Pink Robin Petroica rodinogaster Some are resident in breeding habitat; 

early April – mid Sept elsewhere 
Flame Robin Petroica phoenicea Late July (few) or mid Aug – late April 

in breeding habitat; late March – mid 

Sept elsewhere 
Golden Whistler Pachycephala pectoralis Early Sept – late April in wet forests; 

all year in foothills; late March – mid 

Sept in non-breeding habitat 
Rufous Whistler Pachycephala rufiventris Mid  Sept – early May 
Leaden Flycatcher Myiagra rubecula Mid Oct – early April 
Satin Flycatcher Myiagra cyanoleuca Mid Oct – early April 
Rufous Fantail Rhipidura rufifrons Late Oct – early April 
Grey Fantail Rhipidura albiscapa Early Sept – late April in wet forest; all 

year elsewhere 
White-throated Gerygone Gerygone olivacea Mid Sept – mid April 
Australian Reed Warbler Acrocephalus australis Mid Aug – early May 
Rufous Songlark Cinchorhamphus mathewsi Late Aug – late Feb 
Brown Songlark Cinchorhamphus cruralis Late Aug – late Feb, some winter 
Olive-backed Oriole  Oriolus sagittatus Late Aug – early May 
White-browed Woodswallow Artamus superciliosus Mid Sept – late April, occasionally 

later; variable numbers 
Dusky Woodswallow Artamus cyanopterus Late Aug – early May 
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CONCLUSIONS 

 

The work described above has advanced our knowledge in eight broad areas 

(chapters) that are central to the policy debates about forest management. Several 

common threads emerge from different chapters. For example, both logging and fire 

were shown to create a distinctive open habitat with a short life-span, followed by a 

series of generally similar successional stages eventually leading towards the mature 

state. The number of old trees remaining on the affected areas had a big influence on 

the biodiversity impact, which was higher when few old trees remained than when 

many remained.  

 

Despite the broad similarities observed between succession after logging or fire, two 

major differences must be emphasised. One is that more standing trees usually remain 

after wildfire than clearfell logging, even if many of them are dead (as they commonly 

are in montane ash forests). The other is a matter of control, which has direct effects 

of the spatial and temporal distributions of each form of disturbance, and the total area 

affected. Forest managers can attempt to control wildfires but know that they can 

never do it perfectly: when fire weather is extreme, we can expect wildfires to burn 

large areas of forest, and those areas will be determined by the vaguaries of weather 

and topography, and to a lesser extent by our own preparations (fuel-breaks and 

previous fuel reduction burns) and control efforts (back-burning and dousing). Forest 

managers have more precise control over the extent, spatial arrangement and locations 

of logging coupes. Hence the impact of a large bushfire (such as on Black Saturday) is 

likely to be much greater than the impact of planned logging in any year, at least in 

terms of the spatial area affected. And the amount and distribution of logging in any 

year can be controlled directly by application of policies and management plans. For 

example, decisions can be made to focus logging primarily in regrowth forests, 

electing to leave mature forest in its mature state where possible. The challenge to 

policy makers is to align those policies with the needs and expectations of the 

community, which include biodiversity conservation as well as wood products and 

jobs. 

 

Several broad questions were posed at the start of this thesis, and have been addressed 

in the chapters above, spawning new questions in some cases of course. Some of the 

key messages are as follows: 

 

1. Three primary strategies are available to conserve wildlife species (or other 

values that are precious to us) that depend on elements of old forest (Chapter 

1). One is to extend rotation times, but that is unlikely to be generally effective 

as some of those elements may take many decades or centuries to regrow 

(though our work in 70-100-year eucalypt plantations shows that tree hollows 

may form more quickly than generally thought, in certain circumstances). 

Timber production and carbon sequestration are likely to be greatest in the 

first few decades, when trees are growing fast and straight, with little loss to 

fungi or insects that contribute greatly to habitat formation and carbon loss in 

later decades. Hence it is better to focus on the other two strategies, in which 

elements of old forest are retained and regrown as patches of varying size or 

shape (including large patches), or as individual trees within regrowth, or a 

combination of those two strategies. If it is sustainable to repeatedly log 

selected areas of forest on short rotations, and retain others as mature forest, 



 

that will be far preferable to managing all on a uniform rotation that prevents 

development of large areas of truly mature forest. The strategy of retaining 

areas of mature forest is especially effective when areas of special value for 

wildlife have low value for timber production (e.g. gullies), but not all species 

inhabit gullies. The strategy is also effective when areas to be retained can be 

selected according to their known or modelled value for wildlife (e.g. using 

large forest owls as umbrella species, Chapter 6). Some species benefit more 

from having old trees dispersed within regrowth (notably Leadbeater’s 

Possum) while many others benefit more from having patches of forest (e.g. 

Sooty Owl and Yellow-bellied Glider). Our work has identified some simple 

approaches for distinguishing the value of each strategy, which should help 

improve our ability to select appropriate mixes of strategies across the forest 

landscape. 

2. Bird populations are greatly reduced by logging in the first three years 

(especially if few old trees are retained) but increase quickly as regrowth 

develops (Chapter 1). Some species and guilds may become more common 

than in mature forest: this applies especially to those that forage from wattles, 

shrubs or the damp ground below, as wattles and shrub layers are often denser 

in regrowth forests than mature forests. Total bird abundance was generally 

less in regrowth than in mature forest, and a group of birds were strongly 

associated with mature forest, especially in mixed-species foothill forests. A 

smaller group of birds favoured the very young stages of regrowth (0-3 years), 

including two relatively uncommon species (Blue-winged Parrot and 

Chestnut-rumped Heathwren). Others favoured the slightly older stages where 

dense stands of eucalypts sometimes attracted White-eared and Crescent 

Honeyeaters and a few species typical of gullies or wetter forest types. 

Otherwise few if any species were strongly associated with narrow 

intermediate age-classes of regrowth: older regrowth generally supported a 

subset of species found in mature forest. 

3. Tree plantations can provide new habitat for a range of forest birds and 

mammals when thoseplantations are established on previously cleared 

farmland (Chapter 2). They are beneficial, but do not provide habitat for all 

species (e.g. treecreepers are typically rare or absent from eucalypt 

plantations), and they do not provide habitat as valuable as that provided by 

retained forest. Their value can be enhanced greatly by retaining any elements 

of old forest that remain within the plantations, e.g. old native trees. 

Revegetation systems targeted at attracting birds may suffer from similar 

limitations to those established for commercial wood production (as illustrated 

in the Clarkesdale study). 

4.  Clearing forest for farmland results in a long-term loss of habitat for forest 

wildlife, compared with a short-term loss after logging. Fragmentation adds to 

the negative effects, as bird population densities are greatly reduced in small 

forest patches <10 ha in size (Chapter 3), especially when those patches are 

grazed by stock and occupied by despotic native Noisy Miners (Chapter 4). 

Nevertheless, small patches of retained forest can be very valuable for a range 

of forest and farmland wildlife species. The negative effect of fragmentation 

does not occur when the small patches are buffered by regrowth forests or tree 

plantations, suggesting a practical way to reduce the negative effects of forest 

fragmentation in rural Victoria (be fencing or embedding remnant patches in 

new plantings).  



 

5. Our experiments with Bell Miners (in particular) and Noisy Miners 

demonstrated both the major role of the miners as ecological engineers and the 

power of common forest birds to control major insect infestations that would 

otherwise have adverse effects on tree health. Despotic native birds (Bell 

Miners and Noisy Miners) reduce local biodiversity by excluding small native 

birds from their territories, sequestering insect food supplies for their own use 

(Chapter 4). Practical solutions will differ for each species. Bell Miners need 

dense understoreys for nesting and roosting, wheareas Noisy Miners (and 

similar Yellow-throated Miners Manorina flavigula in inland habitats) need 

open understoreys. Where Bell Miners are over-abundant (causing Bell Miner 

Associated Dieback, BMAD), it may be useful to apply more frequent fire or 

grazing regimes to reduce the problem. Where Noisy Miners are over-

abundant (and they have increased greatly in many parts of eastern Australia), 

it may be useful to encourage understory regeneration by fencing remnant 

forest patches or surrounding them with new plantations. Several policy and 

research initaitives have been spawned by this research, and more needs to be 

learned and done to manage these species and their habitats in forest, rural and 

urban landscapes. 

6.  Severe wildfire causes massive reductions in bird abundance in the burnt 

areas, but recovery seems to be rapid over the next three years (Chapter 5). 

The species most affected in the short term are those whose food supplies are 

decimated (e.g. honeyeaters), even though they are the most mobile and hence 

are expected to have escaped the fire rather than died. Less mobile species 

have more stable food sources that continue to sustain some individuals even 

after severe wildfire. Recovery is quite rapid in the next three years, with some 

exceptions and local changes in species composition.  

7.  Planned burns cause much more subtle changes in bird abundance than 

wildfire (Chapter 5). Season of burns (spring or autumn) and frequency of 

burns (~3 or ~10 years) affects relatively few species. Frequent spring burns 

may be the least desirable combination, but the effect is marginal and in 

general there was no clear evidence that autumn burns were more benign than 

spring burns, or infrequent burns than frequent burns. If planned burns are 

effective in reducing the extent of bushfires, it follows that planned burns can 

be beneficial in reducing occasional major perturbations to bird populations. 

8. Retrospective studies in foothill forests revealed that fire effects were subtle 

over medium time spans (3-70 years), as expected given that tree mortality is 

generally low (Chapter 5). Successional patterns were broadly similar to those 

after logging (e.g. White-eared Honeyeaters favoured dense regrowth ~4-10 

years after disturbance). Some evidence was found that intervals between 

previous fires could have continuing effects, in addition to time since the most 

recent fire. Most species can survive with a range of fire regimes, but special 

caution is advocated to maintain stands of long-urnburnt forest where they 

exist, as it would take many decades to replace such stands if they were burnt. 

9. Threatened species may require targeted survey methods and attention to 

management. Orange-bellied Parrots present special challenges because they 

migrate between breeding sites in remote south-west Tasmania and wintering 

sites in saltmarshes of Victoria and South Australia. The reasons for their 

extreme rarity remain poorly understood, although fire management in the 

Tasmanian breeding range appears to be the most likely candidate (Chapter 6). 



 

10. Large forest owls can serve as effective umbrella species because of their 

position at the top of the food chain, and their need for large home ranges with 

elements of old forest as nest sites or roost sites for themselves, and den sites 

for their main prey species (possums and gliders) (Chapter 6). The application 

of this concept proved to be practical and effective during the process of 

implementing Regional Forest Agreements for Victoria. Our work in this area 

contributed to conserving 350,000 ha of forest for large owls and the 

ecosystems on which they depend. 

11. Umbrella species can be very useful as a focus for management (Chapter 7), as 

demonstrated with our work on large forest owls and arboreal mammals as 

mentioned above (Chapter 6). By modelling their distribution and reserving 

large areas for large owls (wide-ranging top predators that prey on arboreal 

mammals and other species), suitable protection was given not only to the 

owls but also to the complex ecosystems on which they depend.  

12. Simple methods are useful for studying forest bird abundance. The timed area-

search (e.g. 20-minute search of 2 ha, or 10-minute search of 1 ha) is a useful 

and effective method, and it has proved popular with both amateur and 

professional biologists (Chapter 7). More complicated methods have also 

proved useful, but often they involve more effort than is necessary. Indicators 

of biodiversity values are helpful in simplifying complex datasets on 

biodiversity. However, there is little to be gained by focusing monitoring 

efforts solely on selected indicator species, as it is usually possible to obtain 

data on a broad spectrum of species with a particular survey method, and each 

set of species has the potential to provide valuable insights. Guild analysis is a 

useful tool for summarising data.  Expert opinion can be used to assess the 

degree of risk that applies to each species, and electronic communication tools 

such as email provide the capacity to tap into a broad array of expert opinion 

even on a large continental scale (Chapter 7).  

13. Forests are not the only habitats important for biodiversity (Chapter 8). Many 

“forest species” also inhabit sparsely treed habitats such as woodland, heaths, 

saltmarsh, urban or peri-urban bushland reserves. Many of the most threatened 

species are associated with woodlands rather than forests. Many non-forest 

species inhabit completely different habitats such as oceans, coasts, rivers, 

wetlands or deserts. Most forest bird species occupy a wide range of habitats 

within forest, despite specific needs. Some species migrate seasonally between 

different habitats, and the winter exodus of some species from wet forest had 

not been fully recognised before the research reported here. Other species 

migrate between breeding habitats in Tasmania and non-breeding habitats in 

Victoria (e.g. Orange-bellied Parrot and Swift Parrot Lathamus discolor) or 

between breeding habitats in north-east Asia and non-breeding habitats in 

Australia (e.g. White-throated Needletail Hirundapus caudacutus, Fork-tailed 

Swift Apus pacificus, Oriental Cuckoo Cuculus optatus and many species of 

shorebird and tern). Any holistic assessment of management needs and 

priorities must consider all sets of habitats used by each species. 

14. Introduced birds have not become common in forest habitats anywhere in 

Australia, despite their proliferation in urban and rural habitats (Chapter 8). 

This contrasts with the situation with introduced birds in New Zealand or 

introduced mammals in both countries. Common Blackirds Turdus merula are 

the only introduced birds to have become widespread in Australian forests, in 

very low numbers. Further work is needed to understand changes in the 



 

abundance of introduced birds in Australia, including recent declines of 

sparrows Passer spp. in cities through much of the world, but this is not 

relevant to forest management.  

 

FUTURE RESEARCH and MANAGEMENT 

 

Innovative approaches are always needed both in research and management. In terms 

of research, new technology continues to open opportunities for complex data 

collection (remote sensing) and analysis. We have demonstrated the power of 

retrospective studies, and such studies will be even more useful when good 

retrospective habitat data can be obtained from historical satellite images (e.g. in 

relation to severity of fire effects in understory as well as the canopy). Camera traps 

are revolutionising the ways we can collect field data on small mammals and other 

cryptic species. Automated sound recording systems offer great promise in some 

situations, especially for locating particular species with distinctive calls across 

remote terrain. They are unlikely to displace skilled observers for general bird 

surveys, as real observers can use their eyes as well as ears, and their brains to 

interpret what they observe and follow up anomalous observations. Satellite 

transmitters and geolocators have revolutionised the sort of data we can obtain from 

mammals and migratory birds that are large enough to carry them. It is frustrating that 

satellite transmitters are not yet small enough to use with Orange-bellied Parrots, our 

most critically endangered bird species: we know that too many individuals are 

disappearing (not surviving) and we will not know where and why that is happening 

until we are able to track their movements remotely. 

 

Innovations in forest or plantation management have often been made with the main 

aims of protecting trees from wildfire or pest species, increasing wood production 

(through improved nutrition, genetics or silviculture), protecting water supply, and 

increasing the efficiency of commercial processes such as regeneration, harvesting 

and seed supply. In recent decades important innovations have been made in forest 

planning, to ensure that the most valuable stands for wildlife and public amenity are 

not logged, and that logging is concentrated in areas where it can be done with high 

productivity and low environmental impact.  

 

These are significant advances, but it is also reasonable to ask if we can do better than 

that, and apply innovative active management approaches for conservation, at least in 

some situations. Many ideas for proactive management have arisen during the course 

of the work described here, and this is an opportunity to air a few of those ideas while 

admitting that they are need further development and testing. 

 

1.  We have sometimes seen useful tree hollows in trees that are much smaller 

and younger than the 120 years often cited as a benchmark (e.g. in Sugar Gum 

windbreaks in western Victoria). There may be scope for increasing the supply 

of hollows by physically cutting cavities in trees, or wounding trees to provide 

entry for fungi and termites which produce useful cavities subsequently. This 

has been done for decades in USA and it is pleasing to see this approach being 

tried in selected situations in Victoria, including management of Leadbeater’s 

Possum in montane ash forests. Note that thinning was once used as a 

management practice in regrowth ash forests for commercial reasons, but it 

was discontinued because it caused high levels of tree damage and safety 



 

hazards. It may be worth revisiting the practice where it can be done safely, 

recognising that such damage can bring biodiversity benefits to the forest, 

while promoting increased growth in undamaged trees.  

2. Patterns of understorey development can vary in complex ways with rainfall, 

topography and density of overstorey trees. Foresters have traditionally aimed 

to achieve high stocking rates for eucalypt trees in areas that they regenerate 

after logging or fire, partly so that they produce a commercially valuable crop 

of straight young trees with few branches. In areas where biodiversity 

conservation is more important than wood production, it makes more sense to 

encourage variation in stocking rates, producing a more diverse set of 

structures in both understorey and overstorey (including open-grown trees 

with numerous branches and subsequently tree hollows). This has been 

proposed for recent efforts to regenerate stands of Alpine Ash after wildfires 

in National Parks, and it deserves further consideration as standard practice for 

Parks and forest reserves where commercial wood production is not the main 

objective. 

3. More attention needs to be given to encouraging growth and regeneration of a 

range of keystone plant species.  These include some ecologically valuable 

species that are sometimes viewed as pests because they can damage eucalypts 

(mistletoe being the classic example) and others that have more ecological 

value than has been generally recognised (e.g. Cherry Ballart Exocarpos 

cupressifolius). Some important understorey plants such as banksias are 

receiving more attention in fire management, but fire is not the only variable 

that affects their abundance.  

4. Introduced mamals such as deer have increased greatly in recent years, and 

they can have profound effects on understorey vegetation. It is well known 

that introduced predatory mammals (especially Red Fox and House Cat) can 

have devastating effects on ground-dwelling native mammals and birds, and 

more work is needed to understand those effects in relation to understorey 

vegetation, and to manage them. Innovative thinking is needed in all these and 

other areas, both in research and management. 
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Australia.  Plant Protection Quarterly 6: 137-149. 
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Loyn, R.H., McNabb, E.G., Volodina, L. and Willig, R. 2001.  Modelling landscape 

distributions of large forest owls as applied to managing forests in north-east 
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The occurrence of gliding possums in old-growth patches of Mountain Ash 
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Biodiversidad (CONABIO), Mexico. 
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Burgman, M.A. 2012.  Structured elicitation of expert judgments for 

threatened species assessment: a case study on a continental scale using email.  

Methods in Ecology & Evolution 3: 906-920. DOI: 10.1111/j.2041-
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habitat for wildlife.  Wimmera Farming & Landcare Newsletter, December  
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Loyn, R. H., Menkhorst, P., Middleton, D. and Holdsworth, M. 2005. Mainland-bred 
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Loyn, R.H., McNabb, E.G, Macak, P. and Noble, P. 2005. Plantations do benefit 
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Loyn, R.H., McNabb, E.G, Macak, P. and Noble, P. 2005. Eucalypt plantations as 
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Steele, W.K., Hamilton, A.J., Taylor, I.R. and Loyn, R.H. 2006.  Balancing 
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2006.  Agricultural intensification as a major threat to biodiversity.  Acta 

Zoologica Sinica 52 (supplement): 37-38. 
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Dennett, X. and Loyn, R.H. 2009.  BOCA Western Port survey: long-term monitoring 

of waterbird numbers.  Victorian Naturalist 126: 99-107. 

Loyn, R.H., Faragher, J.T., Coutts, D.C. and Palmer, G.C. 2009.  Bird responses to 

targeted revegetation: 40years of habitat enhancement at Clarkesdale Bird 
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Society of America DOI: 10.1002/bes2.1322 [photographic summary of the 

Ecosphere paper] 
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Loyn, R.H. and Chandler, C. 1978.  Avifauna Study., ICI Point Wilson Development.  
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Loyn, R.H. 1979.  Orange-bellied Parrot Count, June 1979.  ICI Australia Ltd., 22 pp. 
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Suckling, G.C., Loyn, R.H. and Cook, I.O. 1985.  A survey of the mammals, birds and 

vegetation of Compartment 3 and the Errinundra Flora Reserve, Errinundra 

Plateau, East Gippsland.  CFL, 45 pp. 

Brown, P., Wilson, R., Loyn, R., & Murray, N. 1985. The Orange-bellied Parrot-an 
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report'.  (Eds Tolhurst, K. & Flinn, D.).  Forest Research Report 349.  DCE. 

Loyn, R.H., Cameron, D.G., Traill, B.J., Sloan, J.F., Malone, B.S., Schulz, M., Earl, 

G.E. and Triggs, B.E., 1992.  Flora and fauna of the Cooaggalah Forest Block, 

East Gippsland, Victoria.  Ecological Survey Report 20, 135pp. DCE. 

Tolhurst, K.G., Flinn, D.W., Loyn, R.H., Wilson, A.G. & Foletta, F. 1992.  Ecological 

effects of fuel reduction burning in a dry sclerophyll forest - a summary of 

principal research findings and their management implications.  DCE, 

Melbourne, 52pp. 

Loyn, R.H. 1993.  Effects of previous logging on bird populations in East Gippsland: 

VSP retrospective study.  VSP Technical report 18, DCE, Melbourne, 62pp. 

Loyn, R., Mueck, S. & Ough, K. 1995.  Vertebrate pest animals and pest plants.  In 

"The Development of Consistent Nationwide Baseline Environmental 

Standards for Native Forests."  Joint ANZECC-MCFFA National Forest Policy 

Statement Implementation Sub-committee,  Canberra,  pp105-121. 
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Clarke, M.F., Grey, M.J., Britton, D.R. & Loyn, R.H. 1995.  The Noisy Miner 

Manorina melanocephala and rural dieback in remnant eucalypt woodlands.  

RAOU Report 98, 109pp. 

Lumsden, L.F., Brown, G.W. and Loyn, R.H. 1996.  Vertebrate survey requirements 

for Calperum Station, South Australia. Report to the Australian Nature 

Conservation Agency. Arthur Rylah Institute, Heidelberg. Department of 

Natural Resources and Environment. 

Loyn, R.H., Meagher, D. and Dickins, J.  1996.  Carlisle State Park, draft 

management plan.  Report for National Parks Service. Arthur Rylah Institute, 

Heidelberg. Department of Natural Resources and Environment.  

Silveira, C.E., Yen, A.L., Brown, G.W., Loyn, R.H., Lumsden, L.F., Bennett, A.F. 

and Hinkley, S.D. 1997.  Fauna of the Box-Ironbark study area. Report for the 

Land Conservation Council. Arthur Rylah Institute, Heidelberg. Department 

of Natural Resources and Environment. 

Alexander, J.S.A., McNabb, E.G., Schedvin, N.K., Soderquist, T.R. and Loyn, R.H. 

1997.  Conservation values of the Plenty Gorge Parklands for regent 

Honeyeater, Powerful Owl and the Brush-tailed Phascogale.  Report for Parks 

Victoria. Arthur Rylah Institute, Heidelberg. Department of Natural Resources 

and Environment. 

Lamb, D., Loyn, R., Smith, A. and Wilkinson, G. 1998. Managing habitat trees in 

Queensland forests.  Department of Natural Resources, Queensland. 

Tonkinson, D. and Loyn, R. 1997.  Portsea Lagoon habitat management.  Report for 

Mornington Peninsula Shire Council. Arthur Rylah Institute, Heidelberg. 

Department of Natural Resources and Environment. 

Lumsden, L.F., Beardsell, C., Loyn, R.H. and Gillespie, G.R. 1999. Yan Yean 

Reservoir Stabilisation Works. Assessment of suitable habitat for threatened 

fauna. Report to Ecology Australia Ptd Ltd. Arthur Rylah Institute, 

Heidelberg. Department of Natural Resources and Environment. 

Loyn, R.H. and Smith, I.W. 1999. Dieback of eucalypts in the Moorooduc Quarry 

Flora and Fauna Reserve. Centre for Forest Tree Technology Report 99/044. 

Department of Natural Resouces and Environment. 

Turner, V., Loyn, R.H. Kavanagh, R. Taylor, R. Smith, G. and Catling, P.  2000. 

Identification of species and functional groups that give early warning of 

major environmental change. Milestone 1. Report for project number 

PN99.808 for the Forest and Wood Products Research and Development 

Corporation, Wood and Paper Industry Strategy. 

Tonkinson, D. Brown, G.W. Clemann, N. and Loyn, R.H.  2000. The merits of 

potential options for establishing a native vegetation corridor as habitat for 

terrestrial flora and fauna in the Bunyip River Catchment during 

reconstruction works along the Main Drain. Report to Melbourne Water. 

Department of Natural Resources and Environment. 

Lane, B. Houridis, H., Molan, L., Loyn, R.H., Lyons, S., Swingler, K. and Phillips, 

M. 2000. Western Treatment Plant.  Little River to Beacon Point Shorebird 

Investigation. Report to Melbourne Water.  PPK Environment & Infrastructure 

Pty Ltd. 
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 Loyn, R.H. Tonkinson, D. and Maron, M. 2000. South Channel Fort Island - 

Environmental values and development risk report. Report to Parks Victoria, 

Port Phillip district, City and Bays region. Department of Natural Resources 

and Environment and Consulting Environmental Engineers Pty Ltd. 

Friend, G., Soderquist, T., Fisher, P. and Loyn, R. 2001.  Controlling foxes for 

biodiversity benefits – new directions in Victoria.  Pp. 22-27 in Proc. 12th 

Australasian Vertebrate Pest Conference, Melbourne.  Department of Natural 

Resources & Environment, Melbourne. 

Friend, G., Fisher, P., Loyn, R., and Robley, A. 2001. Control and Management of the 

Red Fox in Victoria. Workshop Proceedings. Department of Natural Resources 

and Environment, Melbourne. 

Loyn, R.H., Schreiber, E.S.G., Swindley, R.J., Saunders, K. and Lane, B.A. 2002.  Use 

of sewage treatment lagoons by waterfowl at the Western Treatment Plant –an 

overview.  Report for Melbourne Water Corporation.  Arthur Rylah Institute in 

association with Brett Lane & Associates Pty Ltd and Water ECOscience. 

Macak, P., Loyn, R.H. and Lane, B.A. 2002.  Investigation into use of filtration 

paddocks by ibis and other waterbirds at the Western Treatment Plant. Report 

for Melbourne Water Corporation.  Arthur Rylah Institute in association with 

Brett Lane & Associates Pty Ltd. 

Loyn, R.H., Swindley, R.J., Hulzebosch, M. and Lane, B.A. 2002.  Study of ibis 

roosting at the Western Treatment Plant, Werribee. Report for Melbourne Water 

Corporation.  Arthur Rylah Institute in association with Brett Lane & Associates 

Pty Ltd. 

Loyn, R.H., Lane, B.A., Tonkinson, D., Berry, L., Hulzebosch, M. and Swindley, R.J. 

2002.  Shorebird use of managed habitats at the Western Treatment Plant. 

Report for Melbourne Water Corporation.  Arthur Rylah Institute in association 

with Brett Lane & Associates Pty Ltd. 

Loyn, R.H. Saunders, K.  and Nicholls, D.G.  2002. Koalas on French Island: a 

snapshot study of their distribution and abundance, 2001-2002. Report to 

Parks Victoria. Arthur Rylah Institute, Heidelberg, Department of Natural 

Resources and Environment & Chisholm Institute, Dandenong. 

Loyn, R.H., Cunningham, R.B. and Donnelly, C. 2003.  Effects of repeated low-

intensity fire on bird abundance in a mixed-eucalypt forest of south-eastern 

Australia.  Fire Research Report 62, 33 pp.  Arthur Rylah Institute, 

Heidelberg, for the Department of Sustainability & Environment, Victoria. 

Loyn, R.H., Savage, E. and Papas, P. 2003.  Waterbirds at the RAAF Lake, Point 

Cook, 2001-03.  Report for Parks Victoria. Arthur Rylah Institute in 

association with Parks Victoria, Point Cook Coastal Park. 

Heislers, A. with Loyn, R. 2003.  Wings over Western Port: three decades surveying 

wetland birds 1973-2003.  Bird Observers Club of Australia, Melbourne. 

Brereton, R., Schulz, M., Mansergh, I., Sandiford, K. and Bennett, S. 2004.  Sites of 

zoological significance of south-east Melbourne and the Mornington Peninsula 

– a compendium of information collected between 1987 and 1991.  Edited by 

P. Macak and R. Loyn.  ARI Tech. Rep. 92, 118pp. 
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Wayne, A., Kavanagh, R., Loyn, R., Munks, S., and Smith, G. (2006).  Brief summary 

of prescriptions for the retention of hollow bearing trees in multiple-use forests 

throughout Australia. Department of Conservation & Land Management, 

Manjimup, WA. 

Loyn, R., Norman, I., Papas, P., Potts, J. and Dixon, B. 2006. Possible effects of 

increased salinity on waterbirds, invertebrates and phytoplankton at the old 

lagoons (85W, 145W and Walsh’s Lagoon), Western Treatment Plant.  ARI 

client report for Melbourne Water. Arthur Rylah Institute for Environmental 

Research. Department of Sustainability and Environment, Heidelberg. 

Loyn, R.H., McNabb, E.G., Silveira, C.E., Hewish, M., Hewish, D. and Sheridan, J.  

2007.  Birds and landscape change: benchmarking study of birds in revegetated 

sites near Bacchus Marsh, Victoria.  Client report for the Port Phillip and 

Western Port CMA (Grow West Project), Arthur Rylah Institute, Heidelberg. 

Rogers, D., Loyn, R., Mckay, S., Bryant, D., Swindley, R. and Papas, P. 2007.  

Relationships between shorebird and benthos distribution at the Western 

Treatment Plant.  Arthur Rylah Institute for Environmental Research Technical 

Report Series No. 169. Department of Sustainability and Environment, 

Heidelberg, Victoria. 

Loyn, R.H., McNabb, E. G., Macak, P. and Noble, P. 2008. Eucalypt plantations as 

habitat for fauna in rural landscapes: developing appropriate designs for 

enhancing their value. A report for the RIRDC/L&WA/FWPA Joint Venture 

Agroforestry Program, RIRDC. 

Loyn, R.H., Macak, P., Gormley, A. and McCormick, P. 2008.  Requirements for land 

and water by ibis at the Western Treatment Plant.  ARI client report for 

Melbourne Water.  

Vaughan, H., Loyn, R., May, M., Carr, B., Goldstraw, A., Cheers, G., Macak, P. and 

Martin, R. 2008.  Sustainability of Private Native Forestry.  Implementation of 

the Native Vegetation Management Framework in Victoria.  RIRDC 

Publication 08/128.  Joint Venture Agroforestry Program (Rural Industries 

Research & Development Corporation; Forests & Wood Products Research & 

Development Corporation; Land & Water Australia). 

Purdey, D. and Loyn, R. 2008.  Wetland use by Blue-billed Ducks Oxyura australis 

during Summer Waterfowl Counts in north-west Victoria, 1984-2008.  ARI 

client report for Mallee CMA. 

Loyn, R., McNabb, E., Macak, P. and Cheers, G. 2009.  Fauna in eucalypt and pine 

plantations in the Green Triangle of south-eastern South Australia and south-

western Victoria.  Arthur Rylah Institute for Environmental Research Technical 

Report Series 186. Department of Sustainability and Environment, Heidelberg, 

Victoria. 

Loyn, R., McNabb, E., Hughes, B. and Chick, R. 2009.  Fauna in eucalypt plantations 

on the Victorian Volcanic Plains near Lismore, south-western Victoria. Arthur 

Rylah Institute for Environmental Research Technical Report Series 190. 

Department of Sustainability and Environment, Heidelberg, Victoria. 

Stamation, K. and Loyn, R. 2009.  Impact of recreational access and stocking with 

fish on waterbirds and shorebirds – Devilbend Reservoir.  ARI client report 

for Parks Victoria. 
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Loyn, R.H., Macak, P., Hulzebosch, M., Swindley, R. and Stamation, K. 2009.  Use 

of habitat by ibis at the Western treatment Plant: a summary of data, 2001-09.  

Client report for Melbourne Water. 

MacHunter J, Menkhorst P, Loyn R 2009. Towards a Process for Integrating 

Vertebrate Fauna into Fire Management Planning. Arthur Rylah Institute for 

Environmental Research Technical Report Series 192. Department of 

Sustainability and Environment, Heidelberg, Victoria. 

Loyn, R.H., McNabb, E.G. and Cheers, G. 2010.  Embedded remnant forest patches as 

habitat for birds in the Green Triangle of south-western Victoria and south-

eastern South Australia. Arthur Rylah Institute for Environmental Research 

Technical Report Series 209. Department of Sustainability and Environment, 

Heidelberg, Victoria. 

Loyn, R.H., Swindley, R.J., Hulzebosch, M., Rogers, D., Menkhorst, P., Stamation, K., 

McNabb, E.G. and MacHunter, J. 2010.  Waterfowl movements at the Western 

Treatment Plant, 2008-09.  ARI client report for Melbourne Water. 

Rogers, D.I., Loyn, R.H., Cumbo, B., Papas, P. and Steele, W. 2010.  Abundance of 

benthos in non-tidal ponds at the Western treatment Plant, Werribee, and 

implications for shorebird conservation.  ARI client report for Melbourne 

Water. 

Rogers, D.I., Herrod, A., Menkhorst, P. and Loyn, R. 2010. Local movements of 

shorebirds and high-resolution mapping of shorebird habitat in the Port Phillip 

Bay (Western Shoreline) and Bellarine Penisula Ramsar Site. Arthur Rylah 

Institute for Environmental Research Technical Report Series number 207. 

Department of Sustainability and Environment, Heidelberg, Victoria. 

Munks, S.A., Kavanagh, R.P. and Loyn, R.H. 2010.  Monitoring the effectiveness of 

forest practices to conserve biodiversity in western North America: lessons for 

Australian forest management.  Report to the Max Jacobs Fund.  Forest Practices 

Authority, Tasmania; Department of Industry and Investment, New South Wales and 

the Arthur Rylah Institute, Department of Sustainability and Environment, 

Heidelberg, Victoria. 

Macak, P.V., Chick, R.R. and Loyn, R.H. 2010. Arboreal mammal associations in 

Wombat State Forest. ARI unpubl. client report to the Wombat Biodiversity 

Working Group and Wombat Forestcare Inc. 

Hansen B., Menkhorst P. & Loyn R. 2011. Western Port Welcomes Waterbirds: 

waterbird usage of Western Port. Arthur Rylah Institute for Environmental 

Research Technical Report Series No. 222. Department of Sustainability and 

Environment, Heidelberg, Victoria. 

Macak, P., Bruce, M. and Loyn, R.  2012.  Community finding fauna – naturalist 

groups contributing to research on the response of fauna to fire.  Natural 

values fire recovery program, Department of Sustainability & Environment, 

Heidelberg, Victoria. 

McNabb, E.G., Cheers, G. and Loyn, R.H. 2012.  Persistence of owls and arboreal 

mammals after severe wildfire in the Goulburn-Broken catchment.  ARI Client 

Report 153 for the Goulburn-Broken Catchment Management Authority. 
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Rogers, D.I., Loyn, R.H. and Greer, D. 2013.  Factors influencing shorebird use of 

tidal flats adjacent to the Western Treatment Plant.  Arthur Rylah Institute for 

Environmental Research Technical Report Series No. 250. Department of 

Sustainability and Environment, Heidelberg, Victoria. 

Loyn, R.H. and McNabb, E.G. 2014.  A fauna protection project for the Mornington 
Peninsula: fauna survey design.  Client report for Mornington Peninsula Shire.  
Eco Insights and Ninox Pursuits, Melbourne. 

Loyn, R., Marriott, K., Kotsiaris, J., Williamson, A., Connelly, C. and Griffith, C. 
2014.  Wildlife and their response to revegetation projects by the Hindmarsh 
Landcare Network: results of a camera trapping project by the Victorian 
National Parks Association (VNPA) April-June 2013.  Client report for 
VNPA.  Eco Insights, Melbourne. 

Loyn, R.H., Rogers, D.I., Swindley, R.J., Stamation, K., Macak, P. and Menkhorst, P.  
2014.  Waterbird monitoring at the Western Treatment Plant 2000-2012: the 
effects of climate and sewage treatment processes on waterbird populations.  
Arthur Rylah Institute for Environmental Research Technical Report Series 
No. 256. Department of Sustainability and Environment, Heidelberg, Victoria.  

Loyn, R.H., Potts, J., Duncan, D., Stamation, S. and Menkhorst, P. 2014.  
Relationships between waterfowl numbers and water chemistry of ponds at the 
Western Treatment Plant, Victoria.  Arthur Rylah Institute for Environmental 
Research Technical Report Series No. 260. Department of Sustainability and 
Environment, Heidelberg, Victoria. 

Munks, S., Loyn, R., McIntosh, P., Schofield, M., Kini, G. and Wilkinson, G.  2014.  
Train the trainer course.  Promoting sustainable forest management for 
biodiversity conservation in Papua new Guinea.  Report to the Crawford Fund 
for project TAS-599-2013. 

Rogers, D.I., Stamation, K., Loyn, R.H. and Menkhorst, P.W. 2015.  Literature 
review: management of non-tidal ponds for shorebirds.  Arthur Rylah Institute 
for Environmental Research Technical Report Series No. 264. Department of 
Environment, Land, Water & Planning, Heidelberg, Victoria. 

Menkhorst, P.W., Loyn, R.H., Hansen, B, Liu, C., Mackay, M. and Dann, P.  2015.  
Trends in numbers of piscivorous birds in Western Port and Corner Inlet, 
Victoria, 1987–2012.  ARI client report for Melbourne Water. 

Loyn, R. and Dutson, G. 2015. Birds in Black Box woodlands in Hattah-Kulkyne NP: 
responses to environmental watering in 2014. Final report from 2014 surveys; 
and baseline for 2015 surveys. Unpublished report for the Mallee CMA by 
Eco Insights. 

Loyn, R. and Dutson, G. 2015. Birds and woody weeds on the Mornington Peninsula: 
a base-line survey and interpretation ahead of weed control work by the 
Mornington Peninsula Shire. Unpublished report for Mornington Peninsula 
Shire by Eco Insights. 

Muir, A., MacHunter, J., Bruce, M., Moloney, P., Kyle, G., Stamation, K., Bluff, L., 

Liu, C., Sutter, G., Cheal, D., & Loyn, R. 2015. Effects of fire regimes on 

biodiversity in Gippsland, Victoria: a retrospective approach. Arthur Rylah 

Institute for Environmental Research, Heidelberg, Victoria, for Department of 

Environment, Land, Water and Planning, Melbourne, Victoria.  

Loyn, R.H. and McNabb, E.G. 2015.  Recovery of large forest owl populations after 

bushfire.  Client report for the Department of Environment, Land, Water & 

Planning by Eco Insights. 



 15 

Leonard, S., Bruce, M., Christie, F., Di Stefano, J., Haslem, A., Holland, G., Kelly, L., 
Loyn, R., MacHunter, J., Rumpff, L., Bennett, A., Clarke, M. and York, A.  
2016.  Foothills fire and biota.  Fire and Adaptive Management Report no. 96.  
Department of Environment, Land, Water & Planning, Melbourne, Victoria. 

Loyn, R. and Dutson, G. 2016a. Birds in Black Box woodlands in Hattah-Kulkyne NP 
2015, one year after environmental watering in 2014. Client report for the 
Mallee CMA by Eco Insights. 

Loyn, R. and Dutson, G. 2016b. Birds in Black Box woodlands in Hattah-Kulkyne NP 
2016, with comparative data from Nangiloc and Kings Billabong. Final report 
from 2016 surveys. Client report for the Mallee CMA by Eco Insights. 

Loyn, R.H. 2016.  Black Swans and Seagrass in Western Port: what can each tell us 
about the other?  Client report to Melbourne Water by Eco Insights. 

Loyn, R. and Dutson, G. 2017.  Birds in floodplain woodland on Mulcra Island 2016. 
Unpublished report for the Mallee CMA by Eco Insights. 

Loyn, R.H., Dutson, G,  Davies, J., Hepworth, G. and Rogers, D.I. 2017  Waterfowl 
activity at Lake Borrie (Western Treatment Plant) in 2017: assessing whether 
management interventions have helped restore the value of pond 9 as foraging 
habitat for waterfowl.  Client report for Melbourne Water by Eco Insights. 

Loyn, R. and Dutson, G. 2017.  Birds in Black Box woodlands in Hattah-Kulkyne NP, 
Nangiloc and Kings Billabong March to June 2017. Client report for the 
Mallee CMA by Eco Insights. 

 
4.  Other reports (not comprehensive) 
 
Loyn, R.H. 1977.  Birds of the Maramingo experimental pulpwood area, East 

Gippsland.  Research Branch Report 86: 14 pp.  Forests Commission, Victoria. 

Loyn, R.H. 1978.  Effects of utilisation on flora and fauna in Boola Boola State Forest.  
A. Contents, introduction and study areas.  Research Branch Report 116: 46 pp. 
Forests Commission, Victoria 

Loyn, R.H. 1978.  As above.  D. Birds.  Research Branch Report 119: 71 pp. Forests 
Commission, Victoria 

Loyn, R.H., Macfarlane, M.A., Chesterfield, E.A. and Harris, J.A. 1978.  As above F. 
Summary of findings.  Research Branch Report 121: 5 pp. Forests Commission, 
Victoria 

Loyn, R.H. 1981.  Research on the silvicultural and environmental effects of harvesting 
at Maramingo and Reedy Creek pulpwood demonstration areas, East Gippsland.  
Progress to November 1980.  Research Branch Report 168: 43 pp. Forests 
Commission, Victoria. 

Loyn, R.H., Fagg, P.C., Piggin, J.E., Morton, A.G. and Tolhurst, K.G. 1983.  Effects of 
harvesting eucalypts for sawlog and pulpwood in two areas of East Gippsland.  
1. Changes in the composition of understorey vegetation in first four years.  
Research Branch Report 205: 26 pp. Forests Commission, Victoria. 

Loyn, R.H. 1983.  Birds of the Reef Hills State Forest in north-east Victoria.  Research 
Branch Report 218: 22 pp. Forests Commission, Victoria. 

Chesterfield, E.A., Loyn, R.H. and Macfarlane, M.A. 1984.  Flora and fauna of Barmah 
State Forest and their management.  Research Branch Report 240: 99 pp. Forests 
Commission, Victoria. 

Loyn, R.H. and Macfarlane, M.A. 1984.  Changes in bird and mammal populations 
after harvesting eucalypts for sawlogs and pulpwood in East Gippsland.  
Research Branch Report 269: 27 pp. Forests Commission, Victoria. 
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Suckling, G.C., Loyn, R.H. and Cook, I.O. 1984.  A survey of the mammals, birds and 
vegetation of Compartment 3 and the Errinundra Flora Reserve, Errinundra 
Plateau, East Gippsland.  Research Branch Report 273: 26 pp. Forests 
Commission, Victoria. 

Loyn, R.H., Chesterfield, E.A. and Macfarlane, M.A. 1984.  "Flora and Fauna".  
Chapter in "Silvicultural and Environmental Aspects of Harvesting some Major 
Commercial Eucalypt Forests in Victoria : a Review". Pp. 61-85 & Appendix 
1, pp 169-176. Forests Commission, Victoria. 

Loyn, R.H. and Macfarlane, M.A. 1985.  Birds and mammals in areas scheduled for 
once-only harvesting, Otway National Park. Research Branch Report 293 : 17 
pp. Forests Commission, Victoria. 

Loyn, R.H. 1987.  Bird list for Bougainville, July 1987.  Bougainville Copper Ltd., 
Panguna, Papua New Guinea, 15 pp. 

McNabb, E.G., Hill, R., Robinson, J. and Loyn, R.H. 1997. Survey of Midlands forest 
management area for Powerful Owl, Barking Owl and Masked Owl. Report to 
Forest Service. Department of Natural Resources and Environment. 

Loyn, R.H., Cheers, G., Robinson, J., Carpenter, G. and Clausen, L. 1997.  
Observations on wildlife in farmland, and their risks of exposure to poison bait 
(zinc phosphide) applied to control mice, May and June 1997.  Arthur Rylah 
Institute, 31pp. 

Loyn, R.H. and Kennedy, S.J. 1999. Diurnal birds and old trees in forests of Mountain 
Ash Eucalyptus regnans in the Central Highlands of Victoria. Report to CFTT. 
Department of Natural Resources and Environment. 

Loyn, R.H., Mills, C., Mills, B., Clarke, S., Krasna, S. and Weston, N. 1999.  
Vertebrate fauna of Maramingo and Reedy Creek Pulpwood Demonstration 
Areas, East Gippsland, in 1997 (21 years after harvesting). Report for CFTT. 
Department of Natural Resources and Environment. 

Williams, N., Rankin, D. and Loyn, R.H. 1999. Assessment of understorey vegetation 
at Maramingo and Reedy Creek, East Gippsland 22 years after harvesting. 
Report for CFTT. Department of Natural Resources and Environment. 

Loyn, R.H., Cunningham, R.B. and Donnelly, C.  1999. Effects of fuel reduction 
burning at two frequencies and seasons on bird abundance in eucalypt forests 
of central Victoria. Report to CFTT. Department of Natural Resources and 
Environment. 

Loyn, R.H., McCulloch, E., Millsom, R., Living, L., Fisher, B., Saunders, K. and Leeke, 
S. 2000.  Changes in numbers of water birds in Western Port, Victoria, over 
quarter of a century (1973-1988).  Unpublished report for NRE. 

Loyn, R.H., Cheers, G., Neville, P., Wainer, J., Ward, D., Yen, A., Kennedy, S. and 
McNabb, E. 2001.  Effects of locust control on non-target animals in western 
Victoria, October-December 2000: results of biodiversity monitoring and 
associated studies. Arthur Rylah Institute, 11pp. 

Loyn, R.H., Cheers, G., Saunders, K. and Dowsley, K. 2002.  Observations on wildlife 
and mice in farmland, and actual and potential effects of poison bait (zinc 
phosphide) applied to control mice in the Victorian Mallee, autumn 2001. 
Arthur Rylah Institute, 26pp. 

Loyn, R.H., Kavanagh, R., Catling, P., Smith, G., Turner, V., Whipp, R. and Yen, A. 
2003.  Which plant and animal species are sensitive to logging, and how do we 
monitor their abundance to get early warning of major environmental change?  
A compilation of indices from selected empirical studies in Victoria and 
Tasmania (south-eastern Australia), and a suggested design protocol.  
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Unpublished report for the Forests & Wood Products Research & Development 
Corporation under the Wood & Paper Industry Strategy. 

Loyn, R.H., Newell, G., Scroggie, M., Wainer, J. and Yen, A.  2003.  The quest for 
indicator species or groups: patterns of response to disturbance and geography 
among taxonomic faunal groups (vertebrates and ants) in north-eastern Victoria, 
Australia. Unpublished report for the Forests & Wood Products Research & 
Development Corporation under the Wood & Paper Industry Strategy. 

Loyn, R.H., McNabb, E.G., McNabb, J., Mitchell, T., Scroggie, M. and Willig, R.  
2003.  Field tests of  a state-wide model of Powerful Owl distribution.  Report 
to the Forest Science Centre.   

Loyn, R.H., Cunningham, R.B. and Donnelly, C. 2003.  Effects of fuel reduction 
burning at two frequencies and seasons on bird abundance in eucalypt forests 
of central Victoria: a replicated experiment.   Arthur Rylah Institute, 
Heidelberg, Department of Natural Resources and Environment. 

Rogers, D.I., Loyn, R., Taylor, I. and Beazley, L.  2004. Informal interim report: Radio-
telemetry of Red-necked Stints at the Western Treatment Plant, Feb-Mar 2004.  
Client report for Melbourne Water. 

Loyn, R.H., Cheers, G. and Dorrough, J. 2005.  Effects of land use intensity and tree 
cover on vertebrate fauna on farms near Ararat, western Victoria.  A snapshot 
study based on observations in autumn 2004.  Arthur Rylah Institute, 23 pp. 

Rogers, D.I., Loyn, R., McKay, S., Bryant, D. and Swindley, R. 2007.  Relationships 
between Shorebird and Benthos Distribution at the Western Treatment Plant.  
Client report for Melbourne Water. 

(plus numerous other reports in recent years, details not retained) 

 
5. Book reviews and refereeing assignments 
 
I am often asked to referee papers for scientific journals and books.  In the last ten years 
(2002-12) I have reviewed papers for the following journals, as well as several books 
and conference proceedings:   
 
Austral Ecology 
Australian Field Ornithologist 
Australian Forestry 
Biodiversity & Conservation 
Biological Conservation 
Corella 
Diversity & Distributions 
Emu (the senior ornithological journal for Australasia) 
Forest Ecology & Management 
Hydrobiologia 
Journal of Animal Ecology 
Journal of Marine & Freshwater Research 
Journal of Tropical Forest Science 
New Zealand Journal of Ecology 
Ostrich (the senior ornithological journal for Africa) 
Pacific Conservation Biology 
Proceedings of the Royal Society of Victoria 
Victorian Naturalist 
Wildlife Research 
 
 



APPENDIX 2.  Citations of main papers and reports. 

 
This information is an abbreviated version of a report prepared by library staff in May 2016 while I 

was working casually at La Trobe University.  The summary presented here is based on Google 
Scholar (Publish or Perish) as that provided a more comprehensive picture than the other tools 
used (Web of Science or Scopus).  Minor publications or unpublished reports with few citations 
are excluded from this version. 

 
Research, Attention, Value & Engagement (RAVE) Report for:  

Richard Loyn 
Department of Zoology, College of SHE, 
La Trobe University, Bundoora, Vic, 3083, Australia 

 

From Research Partnerships – May 2017 

 
 

Brief 

You have requested a report of your research impact, including your author impact 
measurements, citation counts for refereed journal articles and other published material 
and the journals’ impact factors. The following tools have been used: Web of Science, 
Scopus and Publish or Perish for citation counts and author impact measurements. Journal 
Citation Reports (JCR), Scopus and SCImago are used for journal impact measurements. 
 
Each of the tools has its own strengths and weaknesses; one is no more accurate than any 
other. For further information about the tools used, please see the details in our 
accompanying appendix or speak to the Library’s Research Partnerships team.  

This report includes 
 

• Author impact measurements from the tools used. Please note that the h-index 
score is career-spanning and not limited to the articles in the citation counts section 
of this report. 

• Other relevant details such as the sum of times cited with and without citations, etc. 

• A list of publications, with the current number of citation counts, based on 
information you have provided to us.  

• Journal Impact Factors and other measurements related to journal impact. 

• Some altmetric (alternative metric) analysis from Scopus and Altmetric Explorer. 
 

This report does not include 
• Citations for published corrections and conference paper abstracts. 

• Self-citations, if they exist. 

• In-depth analyses of the highest cited articles or citation analysis factors. 

• The more detailed citation analysis factors from Publish or Perish (i.e. the g-index, 
hI, annual, hc-index, hI,norm indices)- if these are required please let the report 
compiler know. 
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Author Impact 

Author and citation analysis factors – Summary from Publish or Perish 
 
 

Publish or Perish (Google Scholar) 
Search conducted 6 Apr 2017 

PoP summary Years covered 1977-2017 

h-index 27 
No. of publications found 151 
Total number of citations 2692 
Cites per publication 18 

 
Using Web of Science and Scopus located a subset of these publications, and 
correspondingly fewer citations (737 and 1012 respectively).  Web of Science revealed that 
94.4% of citations did not involve self-citation (696/737).  

Research Identifiers, Profiles and Networks 
 

Scopus Author ID 6602767950 
ORCID iD 0000-0002-7337-0518 
ResearcherID (Web of Science) Not registered    
PoP Profile (public) Registration completed during report compilation 

 

More about the identifiers here: http://latrobe.libguides.com/researcherprofiles 

Recommendations for Author Impact 
 

• Edit and maintain new Google Scholar Profile  

• Include research reports in Google Scholar profile 

• Include research outputs, subject to copyright, in Research Online to increase 
discovery via search engines  

• Learn more about ORCiD iD integration in our accompanying appendix: metrics 

definitions and author recommendations  

http://latrobe.libguides.com/researcherprofiles
https://www.latrobe.edu.au/library/research-and-grant-support/research-online
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Publication Impact  
 
Please note searches in this section were conducted on 19 May (Scopus), 15 May (Web 
of Science) and 6 April (PoP). 

Citations Analysis 
 

The citation counts are the number of times each publication has been cited by other 
authors as indexed in each source listed.  It will include any self-citations if they exist.   

Notes 
 
The notes column contains additional information regarding the publication, citations or 
alternative metrics. Examples of notes include: 
 

PoP [citation]: these are publications that other scholarly publications have referred to, but 
which PoP hasn’t found online. They are still legitimate citations, but the information is 
limited. In the notes column it might say: Not on PoP Profile – PoP [citation] only. 
 

Not on CV: publications that don’t appear on your CV (or the list you supplied to us), but 
which turn up in our database searches will either be marked as “Not on CV” or in a 
separately marked section.    
 

Additional Scopus Metrics are displayed in the notes column: 
 

A Scopus Field-Weighted Citation Impact (FWCI) of exactly 1.000 equates to the global 
average. A FWCI of 1.500 means that the publication has been cited more than expected 
based on the global average; in this example 50% more. If a publication is in the top 25% 
this will be shown in the notes column. 
 

Scopus Citation Benchmarking shows how one article compares with similar articles of the 
same age and discipline. The 99th percentile is high, and indicates an article in the top 1% 
globally. If a publication is in the top 25% (75th percentile or above) this will be shown in the 
notes column. 
 

Mendeley, a free reference manager owned by Elsevier (who also own Scopus) tracks 
Mendeley Reader Statistics. Mendeley percentiles are based on the same principles as the 
Scopus Citation Benchmarking mentioned above.    
 

Please note these additional Scopus Metrics are only available on publications from 1996 
onwards. Further information about all Scopus Metrics can be found in the Scopus Help 
databases under Article Metrics Details – Overview. And in the SciVal Metrics Guidebook, 
which can be downloaded as a PDF from Elsevier’s website (SciVal is another Elsevier 
product, which uses Scopus data for its metrics).    
 
Publications are presented in three lists (journal papers; books or book chapters; and other reports, 
the first two lists, each in roughly descending order of the number of citations (based on the sum from 
the three search tools) and the third list in chronological order.  A full list of reports was provided but 
here reports are only mentioned if six or more citations were found by any search tool. 

http://help.elsevier.com/app/answers/detail/a_id/5564/p/8150
https://www.elsevier.com/research-intelligence/resource-library/scival-metrics-guidebook
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Key to the table 
 
NI: Not Indexed 

GS: Google Scholar  

PoP: Publish or Perish 

WoS: Web of Science 

FWCI: Field-Weighted Citation Impact  (Scopus) 

 
Journal articles and impact Citation Count Notes 

1. Loyn, R. H., Runnalls, R. G., Forward, G. Y., & Tyers, J. 

(1983). Territorial bell miners and other birds affecting 

populations of insect prey. Science, 221(4618), 1411-

1413.  

Scopus: 101  

 WoS: 103  

 PoP: 156  

Notes: Scopus 

Citation 

Benchmarking: 

95th percentile 

compared to 

Medicine articles 

of the same age 

and document 

type, 48 

Mendeley 

readers 

2. Grey, M. J., Clarke, M. F., & Loyn, R. H. (1997). Initial 

changes in the avian communities of remnant eucalypt 

woodlands following a reduction in the abundance of 

noisy miners, Manorina melanocephala. Wildlife 

Research, 24(6), 631-648.  

Scopus: 103  

 WoS: 94  

 PoP: 155  

Notes: FWCI: 

2.46, Scopus 

Citation 

Benchmarking: 

94th percentile 

compared to 

Environmental 

Science articles 

of the same age 

and document 

type 

3. Grey, M. J., Clarke, M. F., & Loyn, R. H. (1998). Influence of 

the noisy miner Manorina melanocephala on avian 

diversity and abundance in remnant Grey Box woodland. 

Pacific Conservation Biology, 4(1), 55-69.  

Scopus: 116  

 WoS: NI  

 PoP: 168  

Notes: FWCI: 

3.75, Scopus 

Citation 

Benchmarking: 

95th percentile 

compared to 

Environmental 

Science articles 

of the same age 

and document 

type 
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4. Loyn, R. H., McNabb, E. G., Volodina, L., & Willig, R. 

(2001). Modelling landscape distributions of large forest 

owls as applied to managing forests in north-east 

Victoria, Australia. Biological Conservation, 97(3), 361-

376. doi: 10.1016/S0006-3207(00)00135-X 

Scopus: 52  

 WoS: 52  

 PoP: 94  

Notes: FWCI: 

2.38, Scopus 

Citation 

Benchmarking: 

82nd percentile 

compared to 

Agricultural and 

Biological 

Sciences articles 

of the same age 

and document 

type, 93 

Mendeley 

readers 

5. Loyn, R. H. (1985). Bird populations in successional 

forests of mountain ash eucalyptus regnans in central 

Victoria. Emu, 85(4), 213-230. doi: 10.1071/MU9850213 

Scopus: 9  

 WoS: 64  

 PoP: 104  

 

6. Loyn, R. H. (1980). Bird populations in a mixed eucalypt 

forest used for production of wood in Gippsland, 

Victoria. Emu, 80(3), 145-156. doi: 10.1071/MU9800145 

Scopus: 25  

 WoS: 58  

 PoP: 94  

Notes: Scopus 

Citation 

Benchmarking: 

75th percentile 

compared to 

Agricultural and 

Biological 

Sciences articles 

of the same age 

and document 

type 

7. Loyn, R. H., McNabb, E. G., Macak, P., & Noble, P. (2007). 

Eucalypt plantations as habitat for birds on previously 

cleared farmland in south-eastern Australia. Biological 

Conservation, 137(4), 533-548. doi: 

10.1016/j.biocon.2007.03.012 

Scopus: 42  

 WoS: 42  

 PoP: 58  

Notes: FWCI: 

2.48, Scopus 

Citation 

Benchmarking: 

84th percentile 

compared to 

Agricultural and 

Biological 

Sciences articles 

of the same age 

and document 

type, 83 

Mendeley 

readers 
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8. Dalling, M. J., & Loyn, R. H. (1977). Level of activity of 

nitrate reductase at the seedling stage as a predictor of 

grain nitrogen yield in wheat (Triticum aestivum L.). 

Australian Journal of Agricultural Research, 28(1), 1-4. doi: 

10.1071/AR9770001 

Scopus: 8  

 WoS: 47  

 PoP: 48  

 

9. Loyn, R. H. (1985). Strategies for conserving wildlife in 

commercially productive eucalypt forest. Australian 

Forestry, 48(2), 95-101. doi: 

10.1080/00049158.1985.10674429 

Scopus: 42  

 WoS: NI  

 PoP: 60  

Notes: Scopus 

Citation 

Benchmarking: 

88th percentile 

compared to 

Forestry articles 

of the same age 

and document 

type 

10. McBride, M. F., Garnett, S. T., Szabo, J. K., Burbidge, A. H., 

Butchart, S. H. M., Christidis, L., . . . Burgman, M. A. (2012). 

Structured elicitation of expert judgments for threatened 

species assessment: A case study on a continental scale 

using email. Methods in Ecology and Evolution, 3(5), 906-

920. doi: 10.1111/j.2041-210X.2012.00221.x 

Scopus: 30  

 WoS: 28  

 PoP: 43  

Notes: FWCI: 

1.87, Scopus 

Citation 

Benchmarking: 

94th percentile 

compared to 

Ecological 

Modeling articles 

of the same age 

and document 

type, 81 

Mendeley 

readers 
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11. Maron, M., Grey, M. J., Catterall, C. P., Major, R. E., Oliver, 

D. L., Clarke, M. F., . . . Thomson, J. R. (2013). Avifaunal 

disarray due to a single despotic species. Diversity and 

Distributions, 19(12), 1468-1479. doi: 10.1111/ddi.12128 

Scopus: 30  

 WoS: 27  

 PoP: 37  

Notes: FWCI: 

1.43, Scopus 

Citation 

Benchmarking: 

86th percentile 

compared to 

Earth and 

Planetary 

Sciences articles 

of the same age 

and document 

type, Social 

activity: 15 

mentions from 3 

sources (Twitter, 

Facebook, 

Google+), 1 

Mass Media 

mention (The 

Conversation), 1 

mention in 

Scientific Blog 

12. Loyn, R. (1985). The 20-minute search: a simple method 

for counting forest birds. Corella, 10(2), 58-60.  

Scopus: NI  

 WoS: NI  

 PoP: 87  

 

13. Loyn, R. H., Fagg, P. C., Piggin, J. E., Morton, A. G., & 

Tolhurst, K. G. (1983). Changes in the composition of 

understorey vegetation after harvesting eucalypts for 

sawlogs and pulpwood in East Gippsland. Australian 

Journal of Ecology, 8(1), 43-53. doi: 10.1111/j.1442-

9993.1983.tb01517.x 

Scopus: 23  

 WoS: 21  

 PoP: 36  

 

14. MacHunter, J., Wright, W., Loyn, R., & Rayment, P. (2006). 

Bird declines over 22 years in forest remnants in 

southeastern Australia: Evidence of faunal relaxation? 

Canadian Journal of Forest Research, 36(11), 2756-2768. 

doi: 10.1139/X06-159 

Scopus: 22  

 WoS: 23  

 PoP: 33  

Notes: FWCI: 

2.46, Scopus 

Citation 

Benchmarking: 

88th percentile 

compared to 

Forestry articles 

of the same age 

and document 

type, 43 

Mendeley 

readers 
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15. Hatanaka, N., Wright, W., Loyn, R. H., & Mac Nally, R. 

(2011). 'Ecologically complex carbon'- linking biodiversity 

values, carbon storage and habitat structure in some 

austral temperate forests. Global Ecology and 

Biogeography, 20(2), 260-271. doi: 10.1111/j.1466-

8238.2010.00591.x 

Scopus: 23  

 WoS: 20  

 PoP: 33  

Notes: FWCI: 

1.40, Scopus 

Citation 

Benchmarking: 

82nd percentile 

compared to 

Agricultural and 

Biological 

Sciences articles 

of the same age 

and document 

type, 67 

Mendeley 

readers 

16. Chambers, L. E., & Loyn, R. H. (2006). The influence of 

climate variability on numbers of three waterbird species 

in Western Port, Victoria, 1973-2002. International 

Journal of Biometeorology, 50(5), 292-304. doi: 

10.1007/s00484-005-0019-2 

Scopus: 21  

 WoS: 20  

 PoP: 28  

 

17. Loyn, R. H. (1997). Effects of an extensive wildfire on 

birds in far eastern Victoria. Pacific Conservation Biology, 

3(3), 221-234.  

Scopus: 23  

 WoS: NI  

 PoP: 46  

 

18. Incoll, R. D., Loyn, R. H., Ward, S. J., Cunningham, R. B., & 

Donnelly, C. F. (2001). The occurrence of gliding possums 

in old-growth forest patches of mountain ash (Eucalyptus 

regnans) in the Central Highlands of Victoria. Biological 

Conservation, 98(1), 77-88. doi: 10.1016/S0006-

3207(00)00144-0 

Scopus: 16  

 WoS: 17  

 PoP: 33  

 

19. Van der Ree, R., & Loyn, R. H. (2002). The influence of 

time since fire and distance from fire boundary on the 

distribution and abundance of arboreal marsupials in 

Eucalyptus regnans - Dominated forest in the Central 

Highlands of Victoria. Wildlife Research, 29(2), 151-158. 

doi: 10.1071/WR98055 

Scopus: 15  

 WoS: 14  

 PoP: 24  

 

20. Loyn, R., & French, K. (1991). Birds and environmental 

weeds in south-eastern Australia. Plant Protection 

Quarterly, 6, 137-149.  

Scopus: NI  

 WoS: NI  

 PoP: 46  

 

21. Loyn, R. H. (1998). Birds in patches of old-growth ash 

forest, in a matrix of younger forest. Pacific Conservation 

Biology, 4(2), 111-121.  

Scopus: 14  

 WoS: NI  

 PoP: 31  
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22. Alexander, J. S. A., Scotts, D. J., & Loyn, R. H. (2002). 

Impacts of timber harvesting on mammals, reptiles and 

nocturnal birds in native hard-wood forests of East 

Gippsland, Victoria: A retrospective approach. Australian 

Forestry, 65(3), 182-210.  

Scopus: 17  

 WoS: NI  

 PoP: 25  

 

23. Murray, C. G., Kasel, S., Loyn, R. H., Hepworth, G., & 

Hamilton, A. J. (2013). Waterbird use of artificial wetlands 

in an Australian urban landscape. Hydrobiologia, 716(1), 

131-146. doi: 10.1007/s10750-013-1558-x 

Scopus: 12  

 WoS: 13  

 PoP: 16  

Notes: FWCI: 

1.66, Scopus 

Citation 

Benchmarking: 

84th percentile 

compared to 

Aquatic Science 

articles of the 

same age and 

document type, 

43 Mendeley 

Readers 

24. Loyn, R. H., Lane, B. A., Chandler, C., & Carr, G. W. (1986). 

Ecology of orange-bellied parrots Neophema 

chrysogaster at their main remnant wintering site. Emu, 

86(4), 195-206. doi: 10.1071/MU9860195 

Scopus: 0  

 WoS: 12  

 PoP: 27  

 

25. Loyn, R. H., & Kennedy, S. J. (2009). Designing old forest 

for the future: Old trees as habitat for birds in forests of 

Mountain Ash Eucalyptus regnans. Forest Ecology and 

Management, 258(4), 504-515. doi: 

10.1016/j.foreco.2009.01.005 

Scopus: 10  

 WoS: 13  

 PoP: 15  

Notes: FWCI: 

1.77, 54 

Mendeley 

Readers 

26. Murray, C. G., Loyn, R. H., Kasel, S., Hepworth, G., 

Stamation, K., & Hamilton, A. J. (2012). What can a 

database compiled over 22 years tell us about the use of 

different types of wetlands by waterfowl in south-eastern 

Australian summers? Emu, 112(3), 209-217. doi: 

10.1071/MU11070 

Scopus: 7  

 WoS: 7  

 PoP: 18  

 

27. Burgman, M., Church, R., Ferguson, I., Gijsbers, R., Lau, A., 

Lindenmayer, D., Loyn, R.. . . Vandenberg, W. (1994). 

Wildlife planning using FORPLAN: A review and examples 

from Victorian forests. Australian Forestry, 57(3), 131-140. 

doi: 10.1080/00049158.1994.10676127 

Scopus: 12  

 WoS: NI  

 PoP: 18  

Notes: 1 Mass 

Media mention 

(The 

Conversation) 

28. Loyn, R., Traill, B., & Triggs, B. (1986). Prey of sooty owls 

in East Gippsland before and after fire. Victorian 

Naturalist, 103, 147-149.  

Scopus: NI  

 WoS: NI  

 PoP: 30  

 

29. McCarthy, M. A., Webster, A., Loyn, R. H., & Lowe, K. W. 

(1999). Uncertainty in assessing the viability of the 

Powerful Owl Ninox strenua in Victoria, Australia. Pacific 

Conservation Biology, 5(2), 144-154.  

Scopus: 9  

 WoS: NI  

 PoP: 20  
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30. Loyn, R. H. (1978). A survey of birds in Westernport bay, 

Victoria, 1973-74. Emu, 78(1), 11-19. doi: 

10.1071/MU9780011 

Scopus: 11  

 WoS: 11  

 PoP: 7  

 

31. Thomson, J. R., Maron, M., Grey, M. J., Catterall, C. P., 

Major, R. E., Oliver, D. L., . . . Mac Nally, R. (2015). 

Avifaunal disarray: Quantifying models of the occurrence 

and ecological effects of a despotic bird species. 

Diversity and Distributions, 21(4), 451-464. doi: 

10.1111/ddi.12294 

Scopus: 10  

 WoS: 7  

 PoP: 11  

Notes: FWCI: 

3.49, 86th 

percentile 

compared to 

Earth and 

Planetary 

Sciences articles 

of the same age 

and document 

type, Scholarly 

commentary: 1 

mention in 

scientific blog 

32. Loyn, R. (2002). Patterns of ecological segregation 

among forest and woodland birds in south-eastern 

Australia. Ornithological Science, 1(1), 7-27.  

Scopus: NI  

 WoS: NI  

 PoP: 27  

 

33. Loyn, R. (1987). The bird that farms the dell. Natural 

History, 96(6), 54-60.  

Scopus: NI  

 WoS: 6  

 PoP: 20  

 

34. Howes, A., Mac Nally, R., Loyn, R., Kath, J., Bowen, M., 

McAlpine, C., & Maron, M. (2014). Foraging guild 

perturbations and ecological homogenization driven by a 

despotic native bird species. Ibis, 156(2), 341-354. doi: 

10.1111/ibi.12136 

Scopus: 7  

 WoS: 7  

 PoP: 8  

Notes: FWCI: 1.51 

35. Hansen, B. D., Menkhorst, P., Moloney, P., & Loyn, R. H. 

(2015). Long-term declines in multiple waterbird species 

in a tidal embayment, south-east Australia. Austral 

Ecology, 40(5), 515-527. doi: 10.1111/aec.12219 

Scopus: 6  

 WoS: 4  

 PoP: 11  

Notes: FWCI: 

2.39, Scopus 

Citation 

Benchmarking: 

80th percentile 

compared to 

Agricultural and 

Biological 

sciences articles 

of the same age 

and document 

type,, Social 

Activity: 8 

mentions on 

Twitter, Scholarly 

Commentary: 1 

mention on a 

Scientific Blog 
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36. Loyn, R. H. (1991). Assessing and managing the impact of 

duck hunting in Victoria - a new approach. Wildfowl, 42, 

155-161.  

Scopus: 6  

 WoS: NI  

 PoP: 14  

 

37. Loyn, R., Lumsden, L., & Ward, K. (2002). Vertebrate fauna 

of Barmah Forest, a large forest of River Red Gum 

Eucalyptus camaldulensis on the floodplain of the 

Murray River. Victorian Naturalist, 119, 114-132.  

Scopus: NI  

 WoS: NI  

 PoP: 17  

 

38. Clarke, M., Griffioen, P., & Loyn, R. (1999). Where do all 

the bush birds go? Australian bird count. 

Wingspan(Supplement).  

Scopus: NI  

 WoS: NI  

 PoP: 17  

 

39. Smith, M. J., Scroggie, M. P., Sabine G. Schreiber, E., 

McNabb, E., Cheers, G., MacAk, P., . . . Ough, K. (2009). 

Associations between salinity and use of non-riverine 

wetland habitats by diurnal birds. Emu, 109(3), 252-259. 

doi: 10.1071/MU08044 

Scopus: 4  

 WoS: 4  

 PoP: 7  

 

40. Loyn, R. H. (1995). Bell miners and the farming 

hypothesis — a comment. Emu, 95(2), 145-146. doi: 

10.1071/MU9950145 

Scopus: 1  

 WoS: 5  

 PoP: 6  

 

41. Dann, P., Loyn, R., & Bingham, P. (1994). Ten years of 

waterbird counts in Western Port, Victoria. 2. Waders, 

gulls and terns. Australian Bird Watcher, 15, 351-365.  

Scopus: NI  

 WoS: NI  

 PoP: 9  

 

42. Starks, J., Brown, P., Loyn, R., & Menkhorst, P. (1992). 

Twelve years of winter counts of the Orange-bellied 

Parrot Neophema chrysogaster. Australian Field 

Ornithology, 14(8), 305-312.  

Scopus: NI  

 WoS: NI  

 PoP: 9  

 

43. Ferenczi, M., Beckmann, C., Warner, S., Loyn, R., O'Riley, 

K., Wang, X., & Klaassen, M. (2016). Avian influenza 

infection dynamics under variable climatic conditions, 

viral prevalence is rainfall driven in waterfowl from 

temperate, south-east Australia. Veterinary Research, 47. 

doi: 10.1186/s13567-016-0308-2 

Scopus: 3  

 WoS: 3  

 PoP: 2  

 

44. Menkhorst, P., Buckingham, R., & Loyn, R. (2005). Diet of 

a Powerful Owl Roosting in the Botanical Gardens, 

Central Melbourne. Australian Field Ornithology, 22, 83-

87.  

Scopus: NI  

 WoS: NI  

 PoP: 8  

 

45. Loyn, R., Dann, P., & Bingham, P. (1994). Ten Years of 

Waterbird Counts in Western Port, Victoria, 1973-83. I. 

Waterfowl and Large Wading Birds. Australian Bird 

Watcher, 15(8), 333-365.  

Scopus: NI  

 WoS: NI  

 PoP: 8  

 

46. Menkhorst, P. W., & Loyn, R. H. (2011). The mammalian 

fauna of greater Melbourne: Diversity, loss, adaptation 

and change. Victorian Naturalist, 128(5), 233-248.  

Scopus: 3  

 WoS: NI  

 PoP: 3  
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47. Macfarlane, M., & Loyn, R. (1994). Management for the 

conservation of Leadbeater's Possum (Gymnobelideus 

leadbeateri)-a reply. Pacific Conservation Biology, 1(2), 

84-86.  

Scopus: NI  

 WoS: NI  

 PoP: 6  

 

48. Loyn, R., Dann, P., & E, M. (2001). Important wader sites 

in the East Asian-Australasian Flyway: 1. Western Port, 

Victoria, Australia. The Stilt(38), 39-53.  

Scopus: NI  

 WoS: NI  

 PoP: 5  

 

49. Loyn, R. H., Swindley, R. J., & Stamation, K. (2014). Waste 

water not wasted: The western treatment plant as a 

habitat for waterfowl. Victorian Naturalist, 131(4), 147-

149.  

Scopus: 2  

 WoS: NI  

 PoP: 2  

 

50. Loyn, R. H., & Menkhorst, P. W. (2011). The bird fauna of 

Melbourne: Changes over a century of urban growth and 

climate change, using a benchmark from Keartland 

(1900). Victorian Naturalist, 128(5), 210-231.  

Scopus: 1  

 WoS: NI  

 PoP: 3  

 

51. Loyn, R., & McNabb, E. (1982). Discovery of Leadbeater's 

possum in Gembrook State Forest. Victorian 

Naturalist(99), 21-23.  

Scopus: NI  

 WoS: NI  

 PoP: 4  

 

52. Loyn, R., & Debus, S. (2016). Description of Juvenile 

Fearful Owl Nesasio solomonensis. Australian Bird 

Watcher, 18(7), 288-289.  

Scopus: NI  

 WoS: NI  

 PoP: 2  

 

53. Loyn, R., & McNabb, E. (2015). Bird population responses 

to wildfire and planned burns in foothill forests of 

Victoria, Australia. Journal of Ornithology, 156, 263-273. 

doi: 10.1007/s10336-015-1228-z 

Scopus: NI  

 WoS: 1  

 PoP: 1  

 

54. Loyn, R. (2012). Vertebrate fauna and fire regimes: a 

conceptual model to aid fire research and management. 

Proceedings of the Royal Society of Victoria, 124(1), 20-29.  

Scopus: NI  

 WoS: NI  

 PoP: 2  

 

55. Loyn, R. H., Faragher, J. T., Coutts, D. C., & Palmer, G. C. 

(2009). Bird responses to targeted revegetation: 40 years 

of habitat enhancement at Clarkesdale Bird sanctuary, 

central-western Victoria. Australian Field Ornithology, 

26(3), 53-75.  

Scopus: 1  

 WoS: NI  

 PoP: 1  

 

56. Loyn, R. (1994). Edge effects in multi-aged and 

fragmented forests  Journal für Ornithologie, 135(1), 243.  

Scopus: NI  

 WoS: NI  

 PoP: 2  

Notes: Abstract 

of paper from 

21st International 

Ornithological 

Congress 

57. Loyn, R. (1978). Censusing forest birds in Australia. RAOU 

Newsletter (35).  

Scopus: NI  

 WoS: NI  

 PoP: 2  
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Books/book chapters and impact Citation Count Notes 

58. Loyn, R. (1987). Effects of patch area and habitat on bird 

abundances, species numbers and tree health in 

fragmented Victorian forests. In D. A. Saunders, G. W. 

Arnold, A. A. Burbidge & A. J. M. Hopkins (Eds.), Nature 

conservation: the role of remnants of native vegetation. 

Sydney: Surrey Beatty 

Scopus: 113  

 WoS: NI  

 PoP: 187  

 

59. Loyn, R. H. (1986). Ecology, distribution and density of 

birds in Victorian forests. In A. Keast (Ed.), Birds of 

eucalypt forests and woodlands: ecology, conservation, 

management (pp. 33-46): Surrey Beatty 

Scopus: 37  

 WoS: NI  

 PoP: 74  

Notes: Scopus 

Citation 

Benchmarking: 

82nd percentile 

compared to 

Earth and 

Planetary 

Sciences articles 

of the same age 

and document 

type 

60. Loyn, R. (1985). Birds in fragmented forests in Gippsland, 

Victoria. In A. Keast, H. F. Recher, H. A. Ford & D. 

Saunders (Eds.), Birds of the Eucalypt Forests and 

Woodlands: ecology, conservation and management. 

Sydney: Surrey-Beatty 

Scopus: 26  

 WoS: NI  

 PoP: 62  

 

61. Kavanagh, R. R., Loyn, R. H., Smith, G. C., Taylor, R. J., & 

Catling, P. C. (2004). Which species should be monitored 

to indicate ecological sustainability in Australian forest 

management? In D. Lunney (Ed.), Conservation of 

Autralia's forest fauna (2nd ed., pp. 959-987). Mosman: 

Royal Zoological Society of New South Wales 

Scopus: NI  

 WoS: 10  

 PoP: 14  

 

62. Menkhorst, P. W., Loyn, R. H., & Brown, P. B. (1990). 

Management of the Orange-bellied Parrot. In T. W. Clark 

& J. H. Seebeck (Eds.), Management and Conservation of 

Small Populations (pp. 239-252) 

Scopus: NI  

 WoS: 7  

 PoP: 17  

 

63. Loyn, R. (2004). Research for ecologically sustainable 

forest management in Victorian eucalypt forests. In D. 

Lunney (Ed.), Conservation of Australia's forest fauna (2nd 

ed., pp. 783-806). Mosman: Royal Zoological Society of 

New South Wales 

Scopus: NI  

 WoS: 8  

 PoP: 13  

 

64. Loyn, R. (2000). Managing the forest matrix: regrowth 

forests as bird habitat. In J. Craig, N. Mitchell & D. 

Saunders (Eds.), Nature conservation: Managing the 

matrix (Nature Conservation Series; 6). Sydney: Surrey-

Beatty 

Scopus: NI  

 WoS: NI  

 PoP: 15  
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65. Soderquist, T., Lowe, K., Loyn, R., & Price, R. (2002). 

Habitat quality in Powerful Owl (Ninox strenua) territories 

in the box-ironbark forest of Victoria, Australia. In I. 

Newton, R. Kavanagh, J. Olsen & I. Taylor (Eds.), Ecology 

and conservation of owls. Melbourne: CSIRO 

Scopus: NI  

 WoS: NI  

 PoP: 14  

 

66. Loyn, R., Chesterfield, E., & Macfarlane, M. (1984). Flora 

and fauna. In R. Campbell (Ed.), Silvicultural and 

environmental aspects of harvesting some major 

commercial eucalypt forests in Victoria: A Review. 

Melbourne: Forests Commission, Victoria 

Scopus: NI  

 WoS: NI  

 PoP: 11  

 

67. Loyn, R., & Middleton, W. (1981). Eucalypt decline and 

wildlife in rural areas. In K. Old, G. Kile & C. Ohmart (Eds.), 

Eucalypt dieback in forests and woodland: Proceedings of 

a conference held at the CSIRO Division of Forest 

Research, Canberra, 4-6 August 1980 (pp. 95-111). 

Melbourne: CSIRO 

Scopus: NI  

 WoS: NI  

 PoP: 11  

 

68. Loyn, R., E. G., Volodina, L., & Willig, R. (2002). Modelling 

distributions of large forest owls as a conservation tool in 

forest management. In I. Newton, R. Kavanagh, J. Olsen 

& I. Taylor (Eds.), Ecology and conservation of owls (pp. 

242-254). Melbourne: CSIRO 

Scopus: NI  

 WoS: NI  

 PoP: 10  

 

69. McAlpine, C., & Loyn, R. (2000). Assessing and 

monitoring forest fragmentation: questions of spatial 

pattern, scale and methods. In P. Hale, A. Petrie, D. 

Moloney & P. Sattler (Eds.), Management for Sustainable 

Ecosystems (pp. 109-117). Brisbane: University of QLD 

Press 

Scopus: NI  

 WoS: NI  

 PoP: 8  

 

70. Loyn, R., Hewish, M., & Considine, M. (1992). Short-term 

effects of fuel reduction burning on bird populations in 

Wombat State Forest. In K. Tolhurst & D. Flinn (Eds.), 

Ecological impacts of fuel reduction burning in dry 

Sclerophyll forest : first progress report. Melbourne: 

Department of Conservation and Environment 

Scopus: NI  

 WoS: NI  

 PoP: 4  

 

71. Greenberg, R., Cardoni, A., Ens, B. J., Gan, X., Isacch, J. P., 

Koffijberg, K., & Loyn, R. (2014). The distribution and 

conservation of birds of coastal salt marshes. In B. Maslo 

& J. L. Lockwood (Eds.), Coastal Conservation. Cambridge, 

UK: Cambridge University Press 

Scopus: NI  

 WoS: NI  

 PoP: 3  

 

72. Emison, W., Beardsell, C., Norman, F., & Loyn, R. (1987). 

Atlas of Victorian birds. Victoria: Department of 

Conservation Forests and Lands and Royal Australasian 

Ornithologists Union. 

Scopus: NI  

 WoS: NI  

 PoP: 3  
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73. Loyn, R. (1982). Orange-bellied Parrots, ideas for 

management of a wild population. In C. Banks (Ed.), Rare, 

endangered and limited-gene pool species in Australasia: 

Australasian Society of Zookeepers 

Scopus: NI  

 WoS: NI  

 PoP: 3  

 

74. Loyn, R., McNabb, E. G., Volodina, L., & Willig, R. (2004). 

Predicting owl distribution: Spatial modelling as a tool 

for conserving owls in ecologically sustainable forest 

management in Victoria, Australia. In R. Rodriguez-

Estrella & L. A. Bojorquez Tapia (Eds.), Spatial analysis in 

raptor ecology and conservation. Mexico: Centro de 

Investigaciones Biologicas del Noroeste (CiB) & Comision 

Nacional para el Conocimiento y Uso de la Biodiversidad 

(CONABIO) 

Scopus: NI  

 WoS: NI  

 PoP: 2  

 

75. Loyn, R., & Turner, V. (2001). Managing what for whom?  

Objectives, indicators and research questions for 

participatory forest management. In R. V. Varma, K. V. 

Bhat, E. M. Muralidharan & J. K. Sharma (Eds.), Tropical 

Forestry Research, challenges in the new millennium: 

Proceedings of the International Symposium, 2-4 August, 

2000, Peechi, India. India: Kerala Forest Research 

Institute, 

Scopus: NI  

 WoS: NI  

 PoP: 2  

 

76. Loyn, R., McCulloch, E., Millsom, R., Living, L., Fisher, B., 

Saunders, K., & Leeke, S. (2002). Changes in numbers of 

water birds in Western Port, Victoria, over quarter of a 

century (1973–1998). In N. Macwhirter, P. Macwhirter, J. 

Saglioco & J. Southwood (Eds.), Le Naturaliste in Western 

Port 1802-2002. Melbourne: NRE/Mornington Peninula 

Shire 

Scopus: NI  

 WoS: NI  

 PoP: 1  

 

77. Loyn, R., & McAlpine, C. (2001). Spatial patterns and 

fragmentation: Indicators for conserving biodiversity in 

forest landscapes. In R. Raison, A. Brown & D. Flinn (Eds.), 

Criteria and indicators for sustainable forest management. 

Oxford: CAB International 

Scopus: NI  

 WoS: NI  

 PoP: 0  

 

78. Loyn, R. H. (1992). Effects of management on wildlife 

habitat in Australian eucalypt forests. In S. Diez (Ed.), 

Applied ecology & conservation II: Wldlife reserves. 

Bundoora: La Trobe University 

Scopus: NI  

 WoS: NI  

 PoP: NI  

 

Reports and impact Citation Count Notes 

79. Loyn, R. H., Rogers, D. I., Swindley, R. J., Stamation, K., 

Macak, P., & Menkhorst, P. (2014). Waterbird monitoring 

at the Western Treatment Plant, 2000–12: The effects of 

climate and sewage treatment processes on waterbird 

populations. (Technical Report Series; 256). Heidelberg, 

Vic.: Arthur Rylah Institute for Environmental Research. 

Scopus: NI  

 WoS: NI  

 PoP: 9  

 



15 

 

80. Rogers, D., Loyn, R., & Greer, D. (2013). Factors 

influencing shorebird use of tidal flats adjacent to the 

Western Treatment Plant. (Technical Report Series; 250). 

Heidelberg, Vic.: Arthur Rylah Institute for Environmental 

Research. 

Scopus: NI  

 WoS: NI  

 PoP: 10 

 

81. Purdey, D., & Loyn, R. (2012). The 2011 Summer 

Waterbird count in Victoria. (Technical Report Series; 

231). Heidelberg, Vic.: Arthur Rylah Institute for 

Environmental Research. 

Scopus: NI  

 WoS: NI  

 PoP: 8  

 

82. MacHunter, J., Menkhorst, P., & Loyn, R. (2009). Towards 

a process for integrating vertebrate fauna into fire 

management planning. (Technical Report Series; 192). 

Heidelberg, Vic.: Arthur Rylah Institute for Environmental 

Research. 

Scopus: NI  

 WoS: NI  

 PoP: 20  

 

83. Loyn, R., McNabb, E., Macak, P., & Cheers, G. (2009). 

Fauna in eucalypt and pine plantations in the green 

triangle of south-eastern South Australia and south-

western Victoria. (Technical Report Series; 186). 

Heidelberg, Vic.: Arthur Rylah Institute for Environmental 

Research. 

Scopus: NI  

 WoS: NI  

 PoP: 6 

 

84. Rogers, D., Loyn, R., McKay, S., Bryant, D., Swindley, R. J., 

& Papas, P. (2007). Relationships between shorebird and 

benthos distribution at the Western Treatment Plant. 

(Technical Report Series; 169). Heidelberg, Vic.: Arthur 

Rylah Institute for Environmental Research. 

Scopus: NI  

 WoS: NI  

 PoP: 6  

 

85. Wayne, A., Kavanagh, R., Loyn, R., Munks, S., & Smith, G. 

(2006). Brief summary of prescriptions for the retention of 

hollow bearing trees in multiple-use forests throughout 

Australia. Manjimuip, WA: Department of Conservation & 

Land Management. 

Scopus: NI  

 WoS: NI  

 PoP: 8  

 

86. Loyn, R. H., Lane, B. A., Tonkinson, D., Berry, L., 

Hulzebosch, M., & Swindley, R. J. (2002). Shorebird use of 

managed habitats at the Western Treatment Plant: Report 

for Melbourne Water Corporation. Heidelberg, Vic.: Arthur 

Rylah Institute in association with Brett Lane & 

Associates Pty Ltd. 

Scopus: NI  

 WoS: NI  

 PoP: 10  

 

87. Loyn, R. H., Schreiber, E. S. G., Swindley, R. J., Saunders, K., 

& Lane, B. A. (2002). Use of sewage treatment lagoons by 

waterfowl at the Western Treatment Plant–an overview: 

Report for Melbourne Water Corporation. Heidelberg, Vic.: 

Arthur Rylah Institute in association with Brett Lane & 

Associates Pty Ltd and Water ECOscience. 

Scopus: NI  

 WoS: NI  

 PoP: 6 
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88. Lamb, D., Loyn, R., Smith, A., & Wilkinson, G. (1998). 

Managing habitat trees in Queensland forests: A Report by 

the Habitat Tree Technical Advisory Group to the 

Queensland Department of Natural Resources, Forest 

Resources. Brisbane: Qld Government and the Dept of 

Natural Resources. 

Scopus: NI  

 WoS: NI  

 PoP: 24  

 

89. Silveira, C., Yen, A., Brown, G., Loyn, R., Lumsden, L., 

Bennett, A., & Hinkley, S. (1997). Fauna of the Box-

Ironbark study area: Report for the Land Conservation 

Council. Heidelberg, Vic.: Arthur Rylah Institute. 

Scopus: NI  

 WoS: NI  

 PoP: 7  

 

90. Clarke, M., Grey, M., Britton, D., & Loyn, R. (1995). The 

Noisy Miner Manorina melanocephala and rural dieback 

in remnant eucalypt woodlands. (RAOU report). 

Scopus: NI  

 WoS: NI  

 PoP: 22  

 

91. Loyn, R. (1993). Effects of previous logging on bird 

populations in East Gippsland: VSP retrospective study. 

(VSP technical report; 18). East Melbourne: Department 

of Conservation and Natural Resources. 

Scopus: NI  

 WoS: NI  

 PoP: 29  

 

92. Tolhurst, K., Flinn, D., Loyn, R., Wilson, A., & Foletta, I. 

(1992). Ecological effects of fuel reduction burning in a dry 

sclerophyll forest - a summary of principal research 

findings and their management implications. Melbourne: 

Department of Conservation and Environment. 

Scopus: NI  

 WoS: NI  

 PoP: 19  

 

93. Loyn, R. (1992). Flora and fauna of the Cooaggalah Forest 

Block, East Gippsland, Victoria. (Ecological survey report). 

East Melbourne. 

Scopus: NI  

 WoS: NI  

 PoP: 9  

 

94. Loyn, R. (1989). The management of duck hunting in 

Victoria: a review. (Technical Report Series; 70). East 

Melbourne, Vic.: Arthur Rylah Institute. 

Scopus: NI  

 WoS: NI  

 PoP: 13  

 

95. Hewish, M., & Loyn, R. (1989). Popularity and 

effectiveness of four survey methods for monitoring 

populations of Australian land birds. (RAOU report). 

Moonee Ponds, Vic. 

Scopus: NI  

 WoS: NI  

 PoP: 18  

 

96. Brown, P., Wilson, R., Loyn, R., & Murray, N. (1985). The 

Orange-bellied Parrot-an RAOU conservation statement. 

(RAOU Report). Melbourne. 

Scopus: NI  

 WoS: NI  

 PoP: 6  

 

97. Loyn, R., & Macfarlane, M. (1984). Changes in bird and 

mammal populations after harvesting eucalypts for 

sawlogs and pulpwood in East Gippsland. (Forests 

Commission Research Branch Report, no. 269). Victoria: 

Forests Commission. 

Scopus: NI  

 WoS: NI  

 PoP: 6  
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98. Chesterfield, E., Loyn, R., & Macfarlane, M. (1984). Flora 

and fauna of Barmah State Forest and their management. 

(Research Branch Report ). Melbourne: Forests 

Commission. 

Scopus: NI  

 WoS: NI  

 PoP: 27  

 

99. Loyn, R., Macfarlane, M., & Chesterfield, E. (1980). Forest 

utilisation and the flora and fauna in Boola Boola State 

Forest in south-eastern Victoria. (Bulletin, Forests 

Commission Victoria). Melbourne. 

Scopus: NI  

 WoS: NI  

 PoP: 64  

 

 



APPENDIX 3.  Association with the University of Melbourne. 

 

I have been associated with the university of Melbourne in various ways since 1973.  These include 

the following: 

• Adjunct Senior Fellow from 1998 to present, in the School of Ecosystem & Forest Sciences 

(and its predecessors). 

• I initiated and co-led a successful bid for a training consultancy on Participatory Forest 

Management in Kerala, India in 1999, involving the University of Melbourne (Ian Ferguson, 

Steve Read et al.) and the Arthur Rylah Institute (training Indian foresters in Melbourne with 

follow-up work in India). 

• I have co-supervised Honours and postgraduate students from the University of Melbourne, 

notably Ryan Incoll (1st class Honours 2000) and Chris Murray (PhD 2012). 

• I played a leading role in establishing a consortium of four institutions (University of 

Melbourne, Deakin & La Trobe Universities and the Arthur Rylah Institute) in a successful bid 

for funds ($2m) from the Bushfire CRC for a Foothills Fire project 2012-16. 

• I was the lead researcher in a successful bid for Commonwealth funds ($800K) from the 

Biodiversity Fund for a project on bushfire, wildlife and carbon, involving the University of 

Melbourne and Arthur Rylah Institute 2013-16. 

• I conducted research in the School of Agriculture 1973-75, and was a tutor at one of the 

residential colleges (Whitley College). 

• I have given many seminars and lectures in forest ecology at the Creswick, Parkville and 

Burnley campuses, including guest lectures into the Master of Forestry course. 

 

 

 



APPENDIX 4.  Citation for D.L. Serventy Medal 2014 

 

The following citation was published in Emu in 2014 (Hoyle, J. 2014, Emu 114: 290-291).   

 



D. L. Serventy Medal 2014: Citation 

RICHARD LOYN 

The D. L. Serventy Medal is an award of the Royal 
Australasian Ornithologists Union (now BirdLife 
Australia) that honours members who have made 
outstanding contributions to publication in the science 
of ornithology in the Australasian region.

Many people know Richard Loyn as an ecologist with a passion 
for forests, wetlands and fi re ecology, working with community 
groups, an enthusiastic public speaker and author, a pioneer of 
survey methods and long-term monitoring, and an avid traveller.  
But few know the full extent of his achievements in the 40 years 
since he arrived in Australia in 1973 after completing a degree 
at Cambridge University in the UK.

In 1973 Richard established a volunteer-based survey of 
waterbirds in Western Port (through the Bird Observers Club), 
which is now the longest-running survey of diverse waterbirds 
in a complex system in Australia.

His work for the Victorian Forests Commission explored the 
effects effects of logging in foothill forests, montane ash forests 
and riverine forests, and the effects of forest fragmentation in 
rural landscapes. His study on Bell Miners demonstrated the 
power of common forest birds to control insect infestations 
and showed that their aggressive territoriality was necessary to 
maintain their food supply (to the detriment of tree health in 
some cases): part of this study was published in Science. He 
also showed that similar processes operated with Noisy Miners 
in rural landscapes, and there has been a welcome recent revival 
of interest in these processes.

He developed the timed area-search method for counting 
bush-birds and popularised it as a tool for the Australian Bird 
Count, a project he helped develop for what was then the 
RAOU. His 20-min search (with variations) has become a 
widely used and popular survey method. Richard also worked 
as a consultant for a proposed industrial development at Point 
Wilson, documenting the importance of that area for Orange-
bellied Parrots and waterbirds. He initiated interstate surveys 
and annual winter counts of OBPs, which confi rmed that the 
species was indeed extremely rare, and revealed its breeding 
grounds in south-west Tasmania. This led to the formation of 
the OBP Recovery Team, and Richard continues as a member 
of that team. 

In 1985 Richard accepted a senior position with the Arthur 
Rylah Institute (ARI), the Victorian Government’s leading 
ecological research unit. He led a review of the management 
of duck hunting in the State, working successfully with many 
stakeholders (and closely with the State government) to 
introduce new initiatives, including a compulsory video-based 
Waterfowl Identifi cation Test for duck hunters, and an annual 
Summer Waterfowl Count (for long-term monitoring and to 
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locate Freckled Ducks and other birds that might need special 
protection). These initiatives reduced the impact of hunting in 
subsequent years.

Throughout a long career with the Arthur Rylah Institute, 
he has strongly infl uenced development of policy for forest 
management, fi re management and biodiversity conservation. 
He initiated a series of studies on forest fauna to support 
the Regional Forest Agreement process, involving State 
and Commonwealth governments, using large forest owls 
as umbrella species, modelling their distributions based on 
purpose-designed nocturnal surveys. He and his team then 
worked with forest planners to select ~350 000 ha of forest to 
be given special protection for forest owls and the ecosystems 
on which they depend, adding 170 000 ha of State Forest to the 
reserve network.

In the 2000s Richard built a program of research on fauna in 
eucalypt plantations, and ran a series of monitoring and research 
projects for Melbourne Water on waterbirds at the famous 
Ramsar-listed Western Treatment Plant. He played a leading 
role in attracting more than $2 million for fi re ecology programs 
including one on fi re, carbon and biodiversity. He managed one 
of those programs (a retrospective study in foothill forests), 
helped establish consortia for two others and involved amateur 
naturalists in some of these studies. Richard has helped pioneer 
the use of retrospective research (‘space-for-time’) and spatial 
modelling to help predict and understand the distributions of 
fauna, and give insights on how to manage them. 



He has received the David Ashton award for biodiversity 
research on two occasions as principal scientist (for his work on 
forest owls and fauna of eucalypt plantations), and on two other 
occasions as a contributor (to research on box-ironbark forests 
and fi re ecology). He has served on committees, delegations 
and expert groups and chaired the national Research Working 
Group 4 on native forest management. 

He is a prolifi c contributor to ornithological literature, 
having published 170 peer-reviewed publications and reports, 
and co-supervised 30 Honours and postgraduate students (93% 

success), including fi ve completed doctorates. He has recently 
established a consultancy (Eco Insights); is a part-time Research 
Fellow at La Trobe University; holds honorary fellowships 
at the University of Melbourne and Charles Sturt University, 
serves on the committee of representatives of the International 
Ornithological Union and has accepted an editorial position for 
Australian Field Ornithology. His contribution to ornithology 
is extensive and he is a most worthy recipient of the 2014 
Serventy Medal.

Judith Hoyle
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