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 7 

Summary 8 

Restoring native habitats in heavily cleared and fragmented areas such as agricultural 9 

landscapes is important to maintain and increase remaining native floral and faunal 10 

communities. Identifying priority vegetation types for restoration - as well as the parcels of 11 

land where this restoration could take place at a landscape scale - may assist in strategically 12 

protecting these biodiversity assets. In order to prioritise the restoration of terrestrial habitats 13 

around an ecologically and culturally significant Ramsar-listed wetland in South Australia, we 14 

used the spatial prioritisation tool Marxan. Originally designed for prioritising the protection of 15 

reserve areas, Marxan can also be used to identify parcels of land for restoration purposes. 16 

We tested how Marxan prioritised the restoration of four distinct vegetation types around the 17 

Coorong and Lower Lakes region of South Australia using the inverse of habitat remnancy 18 

as a cost and soil type and distance to ecologically significant bird species as a conservation 19 

feature. By prioritising restoration activities around certain landscape features, such as 20 

remnant areas, our results indicate that we would be able to strategically restore parcels of 21 

native habitat that would maximise biodiversity outcomes. This study highlights the need for 22 

robust input data, such as priority vegetation types and bird species associated with these 23 

habitats, to ensure informative modelling outputs. It also suggests that other measures, such 24 

as the cost of different land types, should be included in future restoration planning. Finally, 25 

we illustrate how prioritisation tools such as Marxan can be used by natural resource 26 

managers to restore areas within fragmented agricultural landscapes. 27 

 28 

Introduction 29 

Habitat fragmentation and habitat loss are the dominant factors influencing biodiversity loss 30 

in agricultural landscapes throughout the world (Hobbs and Norton 1996). In order to reduce 31 

the negative impacts of habitat loss and fragmentation on biodiversity, restoration of 32 

agricultural landscapes has become increasingly important (Hobbs, et al. 2014;Lindenmayer, 33 

et al. 2010). However, a criticism of many restoration projects is that they lack clear goals 34 
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and a systematic planning process (Miller and Hobbs 2007;Wortley, et al. 2013). The Society 1 

for Ecological Restoration Primer (SER 2004) and the National Standards for the Practice of 2 

Ecological Restoration in Australia (SERA 2016) outline a number of factors to include when 3 

planning restoration activities, such as providing a clear rationale for undertaking restoration 4 

and an ecological description of the site to be restored. They also advocate the use of 5 

reference habitats to guide restoration planning and to assist in measuring the trajectory of 6 

restored habitats (Clewell, et al. 2005;SER 2004). However, in many agricultural landscapes 7 

these reference habitats may have already been lost as a result of land clearing, or may be 8 

in a degraded state, making it difficult to plan restoration activities and measure their 9 

outcomes (Jellinek, et al. 2014). 10 

 11 

There is also a need to prioritise the areas that require restoration so that limited 12 

conservation budgets can be strategically allocated to get the best biodiversity outcomes 13 

(McIlwee, et al. 2013). This can be done based on the amount of each vegetation community 14 

remaining in the landscape (Hobbs 2005;Hobbs 2008;Lindenmayer and Hunter 2010), and 15 

the communities at highest risk of losing biodiversity if interventions are not undertaken 16 

(Gibbons 2010). These priorities are important because loss of habitat below a threshold 17 

limit is likely to have negative impacts on remaining floral and faunal populations, especially 18 

those that require large remnant areas to persist (Radford, et al. 2005;Westphal, et al. 2003). 19 

To capture the conservation requirements of different vegetation communities in the 20 

landscape, coarse and/or fine filters can help define the factors most important in 21 

maintaining habitats or species of concern (Hunter Jr 1990;McIlwee, et al. 2013;Noss 1987). 22 

Overcoming the inherent complexity of planning in ecological systems can only be done by 23 

setting goals based on multiple levels of the biological hierarchy, thus ensuring habitat 24 

niches of all species are protected (Margules and Pressey 2000). 25 

 26 

One way to identify coarse filters, such as key habitats for particular landscapes is to identify 27 

and define the ecosystem components and ecological processes occurring in that 28 

landscape, and where these processes are not meeting the requirements of the remaining 29 

biodiversity (McIlwee, et al. 2013). This can identify the plant communities that occur within 30 

the landscape, and the environmental factors that structure them into distinct vegetation 31 

types. It can also identify the processes that drive change within each of these vegetation 32 

types, and the ecological requirements of indicator flora and fauna (Rogers, et al. 2012). By 33 

synthesising this information vegetation types at greatest risk of further decline and loss can 34 

be identified and management interventions to reduce these declines can be implemented 35 

(McIlwee, et al. 2013). 36 

 37 
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This prioritisation process has been undertaken to identify the landscapes that require 1 

investment in South Australia (Bonifacio, et al. 2014;Rogers 2010;Willoughby 2011). 2 

However, while this and other methods have been developed to identify restoration targets 3 

and the management actions necessary to reduce these declines, the identification of 4 

discrete parcels of land to protect and restore has seldom been undertaken (Crouzeilles, et 5 

al. 2015;Noss, et al. 2009). Marxan is one tool that can assist in the prioritisation of parcels 6 

of land for restoration (Ball, et al. 2009;Game and Grantham 2008;Noss, et al. 2009). 7 

 8 

We use Marxan to identify distinct parcels of land for restoration activities such as 9 

revegetation in a landscape dominated by agriculture in South Australia - the Coorong, 10 

Lower Lakes and Murray Mouth (CLLMM) region. While Marxan has historically been used 11 

in conservation reserve design, a growing number of studies are using this program to 12 

identify priority parcels of land that could be restored (Crouzeilles, et al. 2015;Ikin, et al. 13 

2016;Yoshioka, et al. 2014). Here we ask: (i) what variables will allow us to identify the 14 

highest priority parcels of land to restore, and (ii) where are the priority parcels of land that 15 

require restoration for each of our priority vegetation types. This method will be important for 16 

natural resource management agencies undertaking restoration into the future, as it will 17 

assist them to strategically identify discrete parcels of land to restore for the highest 18 

biodiversity gain. 19 

 20 

Methods 21 

Site description 22 

The CLLMM region is at the terminus of the Murray-Darling Basin in South Australia (Cann, 23 

et al. 2000), and the study area includes terrestrial habitats within a 5 km radius of Lake 24 

Alexandrina, Lake Albert and the Coorong Lagoon (CLLMM recovery boundary, Figure 1). 25 

This area represents a buffer to the Ramsar-listed wetlands, an ecologically diverse and 26 

culturally significant region of South Australia (Matthews 1993). Mean annual rainfall varies 27 

from 255 - 706 mm, with the Mount Lofty Ranges generally having higher rainfall compared 28 

to other areas, resulting in different vegetation types being located in this area. Mean annual 29 

temperature throughout the entire area differs slightly (15.3 - 16.5 degrees Celsius). 30 

Topographic variation is also slight, with a maximum elevation of 180 m on the south eastern 31 

slopes of the Mount Lofty Ranges (Hall, et al. 2009). 32 

 33 

The natural vegetation is diverse, ranging from wetland-associated communities such as 34 

reeds beds, semi-aquatic samphire habitats (Jellinek, et al. 2016) to terrestrial communities 35 

including grasslands, shrublands, heathlands, mallee and grassy woodlands (Berkinshaw 36 
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2009). Much of this natural vegetation has been cleared for agricultural purposes such as 1 

livestock grazing, cropping and viticulture. As a result, much of the CLLMM landscape is 2 

either fragmented or relictual with an average remnancy of 24%, requiring restoration 3 

activities to address these systemic issues of habitat loss. 4 

 5 

This study draws on two bodies of work that identified the terrestrial vegetation types likely to 6 

occur in the CLLMM region. Firstly, Bonifacio, et al. (2014) utilised historic biological survey 7 

data and expert opinion to identify sixteen vegetation types that were likely to have occurred 8 

in the landscape prior to European settlement. Expert elicitation involved developing a 9 

questionnaire that was sent to nine people who had an in-depth knowledge of the native 10 

vegetation of the region (Burgman, et al. 2011;McBride and Burgman 2012;Speirs-Bridge, et 11 

al. 2010). The questionnaire divided the area into five different regions (otherwise known as 12 

management landscapes - Mount Lofty Ranges, Lower Lakes Terrestrial, Lower Lakes 13 

Aquatic, Coorong and South-east Coorong), and asked participants questions relating to the 14 

vegetation communities likely to occur in these areas and their status (common - rare). 15 

These nine experts then attended a one-day workshop to group the vegetation communities 16 

into vegetation types. This workshop was facilitated by a person with an understanding of 17 

expert elicitation techniques (McBride pers. com.). These results were cross-referenced with 18 

analysis of the vegetation communities identified from previous biological surveys to come-19 

up with sixteen vegetation types (Bonifacio, et al. 2014). 20 

 21 

Similarly, expert elicitation techniques were used to identify suites of bird communities that 22 

were reliant on the vegetation types identified in the above analysis. In this case four experts 23 

with over ten years of experience studying bird communities in the region identified the 24 

status (six categories: least concern - extinct) and trend (five categories: increasing - stable - 25 

decreasing) of bird species in the CLLMM region. This information was again compared to 26 

existing field data on the occurrence of bird species recorded in the CLLMM region to 27 

validate the suites of bird species that were likely to be associated with one or more of the 28 

sixteen vegetation types identified. Bayesian Belief Networks were used to compile this 29 

expert opinion and field data to identify six vegetation types that required restoration, based 30 

on the declining nature of the suites of bird species reliant on these habitats (Table S1, 31 

Figure S2). These were: (i) Samphire shrubland, (ii) Pink Gum (Eucalyptus fasciculosa) low 32 

woodland, (iii) Mallee Box (E. porosa) woodland, (iv) Peppermint Box (E. odorata) woodland, 33 

(v) Blue Gum (E. leucoxylon) woodland and (vi) non-eucalypt grassy woodland dominated by 34 

Sheoak (Allocasuarina verticillata) and Southern Cypress Pine (Callitris gracilis) (Bonifacio, 35 

et al. 2014). Jellinek and Te (2016) further clarified where these sixteen vegetation types 36 

were likely to be located in the landscape, using metrics such as soil type (subgroup), 37 
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landform and management landscape. This study used the six vegetation types identified as 1 

priorities, their underlying soil subgroups, and the suites of declining bird species reliant on 2 

these habitats in the analysis described below. 3 

 4 

As some of these priority vegetation types had overlapping geographic ranges and were 5 

known to co-occur in nature, for this analysis we grouped these six into four vegetation types 6 

(Table 1). These were Samphire, Pink Gum woodlands, Gum woodlands and Peninsula 7 

woodlands. For each vegetation type we sought to identify 30% of the potential habitat area 8 

that could be restored. This target was set because studies have shown that when the 9 

vegetation cover of a landscape falls below 10 - 30%, a threshold is reached, causing the 10 

indicators of that landscapes functionality to fall dramatically (Andren 1994;Radford and 11 

Bennett 2007;Radford, et al. 2005). 12 

 13 

Analysis 14 

We used Marxan (Ball, et al. 2009;Watts, et al. 2009) to identify parcels of land within the 15 

four vegetation types that had been identified as priorities to restore through activities such 16 

as revegetation. We ran four separate Marxan analyses for the vegetation types identified 17 

(Table 1, Table S2). We used the solution output from Marxan to map the number of times a 18 

planning unit was selected in the final solution for each of the four vegetation types we 19 

studied. The more times a planning unit was selected, the more useful it was for creating a 20 

restoration area (Game and Grantham 2008). ArcGIS was used to map the planning units, 21 

while the Jenks optimisation method was used to find the most appropriate priority 22 

restoration classes according to the solution outputs (ESRI 2011). 23 

 24 

Marxan is a modelling package widely used throughout the world as a support tool for 25 

conservation reserve design in both marine and terrestrial areas, where the goal is to protect 26 

a proportion of the biodiversity features that are available for the lowest cost (Ball, et al. 27 

2009). Costs in Marxan can be any relative social, economic or ecological measure, or a 28 

combination of these. It uses simulated annealing, a probabilistic technique to find the best 29 

solution to an optimisation problem, involving a set of conservation targets and costs 30 

generated for planning units overlaid on a landscape of interest (Ball, et al. 2009;Game and 31 

Grantham 2008). Marxan required the following files: planning units, conservation features, 32 

planning units versus conservation features, boundary lengths and input parameters (Table 33 

S2). 34 

 35 

Planning units 36 
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A hexagonal grid was placed over the CLLMM region, with each hexagon making up one 1 

‘planning unit’. Soil subgroup boundaries within the CLLMM region defined the extent of the 2 

hexagonal grid rather than the recovery boundary (Figure 1), because these areas 3 

represented the likely distribution of the selected vegetation types. Each planning unit held 4 

information on the areas costs and proposed reserve design, and was 100 ha is size. This 5 

size was chosen as it was the average size of privately owned land in the region (determined 6 

by an analysis in ArcGIS of average land parcel sizes) and also the most appropriate 7 

resolution for the conservation information available.  8 

 9 

We used the inverse of the amount of remnant vegetation in a planning unit as a cost for the 10 

Marxan analysis. Native vegetation cover was the simplest and most intuitive surrogate for 11 

habitat area, as the loss of vegetation cover has consistently been found to have negative 12 

effects on native biodiversity (Fischer and Lindenmayer 2007;Westphal, et al. 2003). To 13 

estimate this cost we calculated the amount of remnancy within, and 1 km surrounding, each 14 

planning unit. The total amount of remnant vegetation occurring in an extended planning unit 15 

was then normalised from 0 - 1, and given the inverse of this standardised number (n - 1). 16 

Thus, remnancy cost was lowest (0) if a planning unit was entirely vegetated and highest (1) 17 

if it was entirely cleared. 18 

 19 

Planning units covering the Coorong National Park were not included as native vegetation in 20 

this area was largely intact and protected from land clearing, and therefore not a target for 21 

restoration. Similarly, planning units that included parks, reserves or other protected areas 22 

(such as heritage agreements) in more than 75% of their area were ‘locked-out’ so they 23 

would not be included in the best restoration solution (Game and Grantham 2008). All spatial 24 

information was obtained from the South Australian Department of Environment, Water and 25 

Natural Resources (DEWNR) GIS database. 26 

 27 

Conservation targets 28 

We used two conservation features in our analysis: the proportion of selected soil subgroups 29 

in a planning unit, and the distance of selected bird species to a planning unit. We used soil 30 

as a surrogate of where each vegetation type was most likely to occur in the landscape, as 31 

soil is known to be a major factor influencing the location of plant communities (Berkinshaw 32 

2009;Hall, et al. 2009). We used the occurrence of selected bird species (those that were 33 

associated with a certain vegetation type) from a vegetation type because birds are a good 34 

indicator of ecosystem health (Niemi and McDonald 2004), and because records of birds 35 

were relatively high for this study region compared to other fauna. 36 

 37 
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As outlined above, we set a target to restore 30% of each vegetation type, as determined by 1 

the soil subgroups that supported each vegetation type (Table 1). For each soil subgroup we 2 

set a Species Penalty Factor (SPF), otherwise known as the Conservation Feature Penalty 3 

Factor (Game and Grantham 2008), to determine the penalty that would be applied to the 4 

objective function if the conservation feature was not met. The higher the SPF, the greater 5 

emphasis Marxan puts on that conservation feature to ensure that the 30% target is met 6 

(Game and Grantham 2008). The results presented here are for a SPF of 10, as this met our 7 

greatest landscape targets. 8 

 9 

For each planning unit in a given vegetation type we included all of the bird species 10 

associated with that vegetation type that were recorded in the last 25 years and were within 11 

a 20 km radius of the planning unit. A 20 km radius was selected based on expert opinion 12 

(Willoughby pers. com.) and previous studies (Willoughby 2005). Bird species were selected 13 

if they were declining and required that vegetation type to persist in the landscape, as 14 

discussed above (Table S1). The distance that a bird species was recorded to a planning 15 

unit was normalised from a distance in metres (0 - 2,000 m) to a scale from 0 - 1. Bird 16 

records were obtained from the Biological Database of South Australia. 17 

 18 

Boundary length 19 

Boundary length in Marxan refers to the length of shared boundaries between planning units, 20 

and allows reserve solutions to be more connected (Game and Grantham 2008). While other 21 

connectivity functions have been shown to be more effective when reserve targets are 22 

greater than 50% (e.g., Euclidean distance and landscape-value approaches), boundary 23 

length is an effective method when restoration targets are around 30% or lower (Lentini, et 24 

al. 2013). We calculated the boundary length of each planning unit using the JNCC 25 

extension in ArcGIS (ESRI 2011). 26 

 27 

Results 28 

We found that priority areas for restoration within the Samphire Shrubland vegetation type 29 

were restricted to lower lying areas around Lake Alexandrina and Lake Albert, particularly to 30 

the east of these lakes. Areas in the South-East Coorong were also high priority areas to 31 

revegetate, probably because of the large areas containing saline soils and their proximity to 32 

remnant vegetation. The Mount Lofty Ranges region was not highlighted as a priority as it 33 

has a higher elevation and therefore does not contain saline soils. Although most of 34 

Hindmarsh Island was not a high priority, the areas selected for restoration in the east of the 35 
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island were adjacent to remnant samphire and are known to be important habitats for 1 

threatened bird species such as Orange-bellied Parrots (Figure 2). 2 

 3 

Gum Woodland and Pink Gum Woodland planning units, and therefore restoration areas 4 

were restricted to the Mount Lofty Ranges region (Figure 3 & 4). Gum Woodlands also 5 

extended towards the eastern edge of the Mount Lofty Ranges, probably due to the 6 

influence of Mallee Box (E. porosa) Grassy Woodland habitat (Figure 3). While Pink Gum 7 

Woodland overlap some priority areas of the Gum Woodland, the restoration areas for Pink 8 

Gum are largely restricted to an area between the two major river systems, the Finniss River 9 

and Currency Creek. Although this area has been heavily cleared for agriculture, there are 10 

still small remnants scattered throughout this area where restoration for connectivity could 11 

be beneficial, making this area a priority.  12 

 13 

Gum Woodland priority restoration areas were restricted to areas closer to the Mount Lofty 14 

Ranges, because these areas had higher amounts of remnant vegetation and had a higher 15 

density of bird species that were associated with that vegetation type. In comparison, areas 16 

further away from the Mount Lofty Ranges, such as flatter parcels surrounding Lake 17 

Alexandrina, have been more heavily cleared and lacked connectivity to remnant bushland 18 

and were therefore of lower restoration value. 19 

 20 

The Peninsula landscape is highly fragmented due to agriculture, although it does have two 21 

large remnant areas in the centre that are currently protected. These remnants were 22 

important in determining where restoration activities should be focussed, as Marxan 23 

prioritised areas around these remnants for restoration (Figure 5). Only one area on the 24 

Poltalloch peninsula was listed as a moderate priority for revegetation. This was probably 25 

because the soil types that these three vegetation types (Mallee Box, Blue Gum & Non-26 

Eucalypt Woodland) grew on are in lower densities on Poltalloch, and because there are 27 

relatively few remnant areas in this heavily cleared landscape. 28 

 29 

Discussion 30 

Prioritising habitat restoration in a largely cleared and fragmented landscape dominated by 31 

agriculture is often difficult due to the social and ecological drivers that influence restoration 32 

activities (Wyborn, et al. 2012). One way to ensure that restoration money gets spent 33 

effectively and strategically is to prioritise where those restoration activities occur based on 34 

available ecological data (Adame, et al. 2015). Our analysis using Marxan enabled us to 35 

prioritise parcels of land for restoration based on the amount of remnant vegetation, 36 
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connectivity through the landscape and suites of bird species that required these habitats to 1 

persist. Marxan also allowed us to focus restoration activities on specific vegetation types 2 

that were a priority for restoration in the landscape. 3 

 4 

While Marxan has been used by other researchers to select areas to restore (Adame, et al. 5 

2015;Yoshioka, et al. 2014), our study was unique as it focussed on a single landscape and 6 

prioritised the restoration of multiple vegetation types. For example, a study by Yoshioka, et 7 

al. (2014) focussed on restoring landscapes on a national scale (Japan), while Crouzeilles, 8 

et al. (2015) used the habitat requirements of two species to prioritise areas for restoration in 9 

the Brazilian Atlantic Forest. Similarly, Ikin, et al. (2016) used Marxan to identify the extent to 10 

which existing restoration plantings supported landscape-scale bird occurrence. As 11 

restoration and especially revegetation is required to maintain and increase native flora and 12 

fauna in landscapes dominated by agricultural productivity 

 18 

(Hobbs, et al. 2014;Lindenmayer, 13 

et al. 2010), such as the area we studied, we believe Marxan could provide an important tool 14 

for restoration planning. Through the strategic restoration of important habitat elements, 15 

Marxan is likely to effectively prioritise the areas that require restoration now and in the 16 

future. 17 

The mapping we have undertaken identifies priority areas where restoration activities could 19 

be focussed, however there are a number of limitations that should be recognised when 20 

using this information for restoration planning. Firstly, our analysis uses the inverse of 21 

remnant vegetation as a cost, and this strategy has positive and negative consequences for 22 

restoration outcomes. As the areas of land identified during this analysis are generally on 23 

private land and grazed to some extent, including this information as a cost ensures the 24 

protection of remaining remnant vegetation (through fencing of restored areas) and enables 25 

them to become larger and more connected (through revegetation and natural regeneration). 26 

However, prioritising land that has some remnant vegetation can have negative 27 

consequences, as poorer quality land (e.g., sand hills or rocky hillsides) may be selected, 28 

leaving more fertile land in agricultural production. This more fertile land may provide better 29 

biodiversity outcomes than less fertile areas. Given that it is unlikely that landholders will be 30 

willing to give-up highly productive (and therefore more expensive) land without adequate 31 

compensation (Jellinek, et al. 2013), the strategy discussed here is probably justified.  32 

 33 

Although agri-environmental schemes have been designed to compensate farmers for the 34 

loss of income that results from undertaking environmental works on their property (Wade, et 35 

al. 2008), few studies actively integrate cost (those incurred by the public or the landholder) 36 
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or cost-effectiveness in their evaluation of these schemes (Ansell, et al. 2016). As suggested 1 

by Ansell, et al. (2016), these evaluations are seldom undertaken partly due to the 2 

availability of cost data, such as the cost of highly productive land in comparison to poorer 3 

quality land. While restoration activities are usually restricted to less productive areas of land 4 

because they cannot adequately compensate landholders, programs need to not only 5 

provide restoration incentives to landholders, but also compensate them for the loss of 6 

productive land if restoration of more fertile land is to be possible. In this case including cost 7 

information in prioritisation analysis is likely to be crucial for restoration programs. 8 

 9 

Similarly, while the planning units show areas of land that could potentially be restored, 10 

access to private land and the works required on this land depend on how supportive the 11 

landholder is to these activities (Wyborn, et al. 2012). Research has shown that a 12 

landholder’s decision to take part in conservation activities is dependent on a variety of 13 

personal, cultural, social and economic drivers (Pannell, et al. 2006). For example, 14 

landholders are most likely to take part in conservation activities if they have previously 15 

experienced the benefits of these activities on their farm (Fielding, et al. 2005;Jellinek, et al. 16 

2013), they are not reliant on the land as a primary source of income (Schrader 1995), or if 17 

the conservation techniques proposed will be practical and profitable to their property (Cary 18 

and Wilkinson 1997;Wilkinson and Cary 1992). 19 

 20 

Planning restoration with landholders that have previously been involved in conservation 21 

activities could be one way to reduce this risk, as well as using existing community groups 22 

and organisations that have established links with local landholders (Curtis and De Lacy 23 

1996). The project described here was fortunate to collaborate with an active community 24 

group and Indigenous organisation who had existing relationships with local landholders, 25 

and were therefore able to assist in gaining access to parcels of land for restoration. Another 26 

way to focus restoration activities would be to exclude parcels of land from the Marxan 27 

analysis if certain properties were unlikely to participate in conservation initiatives. This 28 

would provide more realistic areas where restoration could be undertaken.  29 

 30 

Another factor to consider is the accuracy of the data that is informing the Marxan analysis, 31 

and if that data is appropriate for the size of the planning units being used (Underwood, et al. 32 

2010;Wilson, et al. 2005). For example, the bird records we used were obtained from a 33 

state-wide biological database, where there were adequate records of each species to 34 

ensure that the data was reliable. Where species data is minimal or spatially biased, 35 

predicting a species occurrence using models could be one way to obtain this data (Wilson, 36 

et al. 2005). However, these results can be sensitive to the predictions of species 37 
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occurrences, ultimately impacting the overall reserve design (Wilson, et al. 2005). Similarly, 1 

in this study the soil mapping was relatively accurate (Hall, et al. 2009), but was not at a 2 

resolution to accurately allow smaller parcels of land to be identified for restoration. If soil 3 

mapping was not accurate the analysis could misrepresent the location of selected 4 

vegetation types, thereby selecting areas that may not be suitable for restoring that 5 

community. 6 

 7 

Overall, Marxan is a useful tool to undertake reserve design or designate areas of a 8 

landscape that require restoration, but it requires a good knowledge of the landscape in 9 

question, accurate data and a good understanding of the analysis package. As stated by 10 

Munro (2006), Marxan ‘effectively requires technical and ecological expertise, a 11 

comprehensive GIS infrastructure, good data and time’. It is also an iterative process, 12 

requiring that as new data becomes available, and as restoration activities are undertaken, 13 

mapping be updated to better inform where new restoration should occur. The inputs we 14 

used in this study - remnant vegetation cover, soil data based on vegetation priorities and 15 

occurrences of selected bird species - are reasonably accessible datasets available to 16 

natural resource managers. We have shown that by using these metrics it is possible to 17 

prioritise restoration activities in a strategic manner that will increase landscape biodiversity. 18 

If future restoration programs compensate landholders for the loss of productive land, then 19 

prioritisation tools should include the cost of private and public land and use the input of 20 

remnant vegetation data as a cost. 21 
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 1 

Table 1: The conservation features in the CLLMM region. 2 

Vegetation type Vegetation 

type 

Target area to 

restore  

(30% of total) 

Dominant soil 

subgroups (Hall, et 

al. 2009) 

Samphire Samphire 10,824 ha N2, N3  

Mallee Box, Blue Gum & Non-Eucalypt 

Woodland 

Peninsula 4,900 ha B2, B3, B6, B8, D3, 

G3 

Peppermint Box & Mallee Box Gum 

Woodland 

4,983 ha B2, B3, D3, G4 

Pink Gum Pink Gum 4,185 ha G3, G4, H3 

 3 

 4 

Figure 1. The Coorong, Lower Lakes and Murray Mouth study region in South Australia 5 

 6 

Figure 2. Samphire shrubland priority restoration areas showing the planning units chosen 7 

for the highest (dark grey) to the lowest (light grey) restoration value. 8 

 9 

Figure 3. Gum Woodland priority restoration areas showing the planning units chosen for the 10 

highest (dark grey) to the lowest (light grey) restoration value. 11 

 12 

Figure 4. Pink Gum Woodland priority restoration areas showing the planning units chosen 13 

for the highest (dark grey) to the lowest (light grey) restoration value. 14 

 15 

Figure 5. Peninsula Woodland priority restoration areas showing the planning units chosen 16 

for the highest (dark grey) to the lowest (light grey) restoration value. 17 
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