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Abstract 
 

Governments respond to environmental problems by implementing interventions to 

promote sustainability, such as projects to mitigate the impact of societies in river basins, and 

campaigns to encourage people to voluntarily reduce water consumption in homes. To be 

effective, many of the activities and behaviours involved in these interventions need to be 

maintained indefinitely. Research and policy about river restoration has focused on designing 

effective projects rather than how well those projects are maintained over the long-term. 

Similarly, research about promoting pro-environmental behaviour has emphasized factors 

that influence the adoption of new behaviours, rather than whether those behaviours are 

maintained, or the factors that influence maintenance. Despite billions of dollars of 

investment, very little research has considered whether people maintain river restoration 

projects, or the psychological factors that influence whether they do. The research reported in 

this thesis examined the problem of maintenance in three ways.  

Part One of the research, presented in a paper published in the Journal of River 

Restoration and Applications (Moore & Rutherfurd, 2017) involved reviewing literature 

about river restoration projects and maintenance. I found that projects often fail from lack of 

maintenance, and maintenance is related to the management arrangements used to implement 

projects. Further, the amount of maintenance required for projects to be successful varies.  

Some ‘self-sustaining’ projects are likely to reach a point where no further maintenance is 

required, while other ‘ongoing’ projects will require maintenance in perpetuity. Ongoing 

interventions, such as engaging landholders to exclude stock from grazing riverbanks, pose 

the greatest risk for effective river restoration if they are not maintained, and require robust 

management arrangements. Stock exclusion projects are often implemented through 

voluntary agreements with landholders. Government agencies subsidize the cost of 

constructing fencing, while landholders are legally required to maintain fencing, and stock 
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exclusion, indefinitely. Projects are rarely monitored, and non-compliance is rarely enforced. 

In the absence of legal or financial incentives, the success of these projects relies on the 

motivation of individual landholders. 

Part Two of the research investigated how well stock exclusion projects, that are 

implemented through voluntary agreements with landholders in Victoria, Australia, are 

maintained. Previous empirical studies about stock exclusion suggest that these projects 

should improve the condition of riverbank vegetation. Only one study has evaluated whether 

landholders continue to exclude stock after river frontages have been fenced out. Ede (2011) 

assumed that intact fences are effective for stock exclusion, despite the fact that most, if not 

all, fences contain gates that could be used for stock access. Part Two examined the 

relationship between fence condition, stock access to riverbanks, and the condition of 

riverbank vegetation, including the abundance of native vegetation, native juvenile trees, and 

invasive species. A total of 231 sites with stock exclusion projects in three CMAs were 

examined (CMA A, CMA B and CMA C). The research found that sites in CMA A with 

stock exclusion contain more juvenile tree cover than sites with continued grazing. Sites in 

CMA C with stock exclusion contained more weeds than sites with continue grazing. Thus, 

landholders who exclude stock often do so without implementing effective weed 

management. However, the ecological benefits of stock exclusion projects may be obscured 

by the poor quality of some of the data collected by CMA staff.   

Part Two of the research also involved assessing whether landholders who graze do so 

in accordance with the Victorian grazing guidelines. Data about grazing regimes was 

collected by surveying those landholders involved in sites assessments. A total of 93 

landholders completed usable surveys. It was found that while most landholders maintain 

fences, fence condition does not reflect actual stock access to riverbanks. Half of the 

landholders involved in the research continue to graze stock on riverbanks. Half of those 
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landholders who continue to allow stock access to the riverbank follow unsustainable grazing 

regimes.  

Part Three of the research examined some factors that influence whether landholders 

maintain stock exclusion or continue grazing stock on the riverbank, including psychological 

factors and factors related to drought conditions. Environmental behaviours were classified as 

‘continuous’ or ‘dynamic’ based on maintenance. This framework is presented in a paper 

published in Frontiers in Psychology: Environmental Psychology (Moore & Boldero, 2017). 

Continuous behaviours, such as recycling, involve the same activities for adoption and 

maintenance, and are influenced by cognitive factors, such as beliefs about social pressure to 

perform pro-environmental behaviour, known as social norms. Dynamic behaviours, such as 

excluding stock from grazing riverbanks, involve different activities for adoption and 

maintenance. While social norms may influence adoption, barriers related to cost, such as for 

weeding restoration sites (Ede & Hunt, 2008), may discourage landholders from performing 

maintenance.   

In the context of river restoration, social norms can influence landholders to engage in 

river restoration projects to exclude stock from grazing riverbanks. Social norms also 

influence people to adopt a range of environmental behaviours, including reducing energy 

consumption in homes, and recycling. Part Three examined the relationship between social 

norms, perceived constraints related to drought affectedness, and evidence of grazing. The 

study also examined factors that explain perceived drought affectedness, including actual 

drought severity, and the amount of income obtained from farm businesses. All 231 

landholders who participated in Part Two of the thesis were sent a social survey containing 

items about social norms, including injunctive and descriptive social norms, and symbolic 

and instrumental social beliefs, perceptions of drought affectedness, and the amount of 
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income obtained from farming. A total of 93 landholders completed usable surveys (40% 

return rate).  

The results of Part Three found that injunctive social norms were related to behaviour, 

while descriptive social norms were not; landholders did not appear to hold salient 

descriptive social norms. Injunctive norms about instrumental social beliefs were related to 

whether landholders continue to graze, while injunctive norms about symbolic social beliefs 

were not related to behaviour. Together, instrumental social norms and perceptions of 

drought affectedness explain behaviour better than either variable alone. Both drought 

severity and income were weakly correlated with perceptions, however together, these 

variables explained behaviour better than either alone.  

Overall, this thesis suggests that while stock exclusion projects are improving the 

vegetation condition of degraded riverbanks, too much grazing continues. As a result, 

vegetation is dominated by weeds, and less than half of the sites examined contain the 

recommended base-line amount of juvenile trees. Whether landholders maintain stock 

exclusion is explained by social norms and perceived drought affectedness. Perceptions are 

explained by actual drought severity and income. Voluntary agreements have been effective 

for engaging landholders to establish stock exclusion projects. To be effective over the long-

term landholders must maintain stock exclusion indefinitely. Currently, the incentives to do 

so are inadequate for encouraging landholders to voluntarily maintain these ‘dynamic’ 

behaviours. Governments could encourage more effective maintenance by using drought 

relief funding to subsidize the cost of stock feed during drought conditions, and by 

facilitating income diversification. Future research could investigate whether these findings 

are unique to stock exclusion projects, or whether these are underlying problems associated 

with using voluntary instruments to encourage permanent behaviour change.   
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Chapter One: Introduction 

In the modern world, the early eras of river management were dictated by utilitarian 

agendas, such as the widening of rivers for navigation, and the harnessing of flood waters for 

irrigated agriculture. More recently this agenda has shifted to include the sustainable 

management of river systems for ecological purposes (Kondolf et al., 2007). The past three 

decades of river management have been characterized by the design and implementation of 

infrastructure and practices to improve the condition of degraded river systems (Tompkins & 

Kondolf, 2007). To be effective, many of these interventions must be maintained indefinitely 

(Moore & Rutherfurd, 2017).  

The problem of whether or not river restoration projects are maintained has not 

previously been examined in academic literature. Thus, the first component of the research 

reported in this thesis involved examining the literature about river restoration projects and 

maintenance. While it is clear that lack of maintenance is a central cause of project failure, 

few studies explicitly consider maintenance, and even fewer address why maintenance failure 

occurs. Chapter Two, which draws on a paper presented in Appendix A (Lack of maintenance 

is a major challenge for stream restoration projects), suggests that maintenance failure is the 

result of poor management. In some cases, such as fish passage infrastructure, maintenance is 

the jurisdiction of government agencies. Thus, maintenance failure is often related to 

organizational factors, such as inadequate funding and lack of staff training (O’Brien, Ryan, 

Stuart, & Saddlier, 2010). However, many river restoration projects are implemented by 

establishing voluntary agreements with landholders. Landholders voluntarily choose to enter 

an agreement with a government authority. Once entered, it is the legal responsibility of the 

landholder to maintain the project (Department of Sustainability and Environment, 2011). To 

be effective, there should be strong incentives for landholders to continue maintaining 
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projects, such as regular monitoring and assessment, and penalties for non-compliance 

(Danne, 2003).  

The most common river restoration projects that involve landholders, worldwide, are 

projects to exclude stock from riverbanks to promote the ecological restoration of riverbank 

vegetation, and river channel ecosystems (Brooks & Lake, 2007; Kondolf et al., 2007; 

Ruwanza, Gaertner, Esler, & Richardson, 2013). These projects are often implemented 

through the establishment of voluntary agreements between government departments and 

individual landholders (Gunningham, 2003). In Victoria, Australia, these projects are rarely 

monitored or assessed, and non-compliance is rarely penalized. Only one prior study has 

examined whether landholders continue to exclude stock from riverbanks after the initial 

establishment of projects (Ede, 2011). Thus, the second component of the research reported 

in this thesis involved investigating whether landholders maintain stock exclusion, and if 

projects are effective for environmental management. This research was conducted using data 

collected by government authorities during field assessments, and data collected by 

distributing a social survey to a sub-sample of landholders who participated in field 

assessments.  

 In the absence of financial or legal incentives for compliance, whether stock 

exclusion projects are maintained depends on the motivation of individual landholders. 

Perceived social obligations, known as social norms, motivate individual people to adopt new 

environmental behaviours, including domestic behaviours, such as water saving (Binder & 

Boldero, 2012; Lowe, Lynch, & Lowe, 2014), and agricultural behaviours (e.g., Borges, 

Lansink, Ribeiro, & Lutke, 2014). Over the long-term, many relatively simple domestic 

behaviours are likely to be become habitual (Binder & Boldero, 2012; Carrus, Passafaro, & 

Bonnes, 2008). The paper presented in Appendix B of this thesis (Designing interventions 

that last: A classification of environmental behaviors in relation to the activities, costs, and 



3 
 

effort involved for adoption and maintenance) suggests that agricultural environmental 

behaviours face greater barriers compared to domestic behaviours because maintenance often 

involves different, more costly, activities compared to the initial establishment of projects. 

Thus, while social norms may motivate landholders to adopt new environmental behaviours 

(e.g., Lynne, Casey, Hodges, & Rahmani, 1995), perceived barriers may weaken the 

influence of social norms on whether landholders maintain those behaviours (Ajzen, 1991).  

 In Victoria, landholders have experienced more than a decade of persistent and 

unprecedented drought (the Millennium Drought), resulting in reduced income, reduced 

agricultural production, and increased costs associated with purchasing feed for stock. 

Riverbanks produce up to 25% more vegetation than other pasture, and represent an 

important source of stock feed in emergencies (Aarons, Melland, & Dorling, 2013). Thus, 

drought conditions may prevent landholders who hold positive social norms about stock 

exclusion projects from continuing to exclude stock from grazing riverbanks. Drought 

conditions can prevent landholders from establishing new environmental projects (Keshavarz 

& Karami, 2016). No research has been conducted about whether social norms and perceived 

constraints related to drought conditions also influence the maintenance of agricultural 

behaviours after the initial establishment of projects. Thus, the third component of the 

research reported in this thesis, Part Three, examined the relationship between social norms, 

perceived constraints, and whether landholders continue to exclude stock from riverbanks. 

This research was conducted using data from three sources; evidence of stock grazing 

obtained from field assessments conducted by government authorities; data about social 

norms and perceived constraints related to drought conditions obtained using a social survey; 

and, drought severity data obtained from the Bureau of Meteorology.  
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Together, Part Two and Part Three investigated the success of stock exclusion 

projects for the restoration of riparian vegetation, the relationship between factors that both 

motivate and constrain behaviour and the maintenance of stock exclusion, and, thus, the 

effectiveness of using voluntary instruments for ensuring that landholders maintain 

environmental behaviours over the long-term. 

1.1 Justification for the Research Approach 

 This thesis integrates elements of behavioural theory common to the discipline of 

Environmental Psychology, such as investigating the relationship between social norms and 

environmental behaviour, and research themes from the discipline of Social Geography, such 

as the effectiveness of river restoration policy and barriers to practice in rural communities. 

Thus, the study design includes both quantitative methodologies that reflect the positivist 

approach characteristic of psychological research, and qualitative methodologies, that reflect 

the critical theory approach of research in the field of Social Geography.  

 Burton (2004a) described how the use of behavioural approaches in agricultural 

research emerged in response to the failed efforts of policy makers in Europe in the 1980s 

and 1990s to encourage farmers to voluntarily adopt new management practices, such as 

schemes to promote the protection of environmentally sensitive woodlands. Environmental 

psychology research examines the relationship between the performance of environmental 

behaviour, and factors that either motivate or inhibit the behaviour of individuals, including 

cognitive factors, such as social norms, and practical factors, such as the financial constraints 

(e.g., Bamberg & Möser, 2007; Klöckner, 2013; Steg & Vlek, 2009). A key focus of 

emerging agricultural behavioural research became examining the factors that motivate 

individual farmers to adopt pro-environmental alternatives to traditional farming practices, 

and the responses of farmers to policy approaches (Burton, 2004a).  

 



5 
 

 Despite the theoretical origins of agricultural behavioural research, Burton (2004a) 

argues that, overwhelmingly, studies of this nature suffer from numerous failings related to 

the translation of psychological methods for studies that are more commonly conducted using 

qualitative methods. Burton (2004a) makes two critiques that informed the study design for 

the research reported in this thesis. The first critique is the over-reliance of agricultural 

research on the ‘attitude’ construct, and neglect of other factors that are emphasized in wider 

environmental behavioural research, such as social norms. The second critique is about the 

erroneous application of behavioural theories without the use of the quantitative methods that 

are required to accurately measure, and interpret cognitive constructs, such as attitudes and 

social norms.  

 The research reported in this thesis addresses what Burton (2004a) refers to as “the 

call for the reunification of behavioural studies with social psychology theory both in the 

context of geography in general and specifically studies of agricultural decision-making” 

(p.361) expressed by rural studies researchers (e.g., Battershill & Gilg, 1997; Kitchin, Blades, 

& Golledge, 1997).  Thus, the current study incorporated quantitative methods and statistical 

analyses to examine the relationship between a range of factors, including social norms, 

environmental behaviour, and the ecological condition of vegetation. Qualitative measures 

and thematic analyses were used to interpret the statistical findings of the research outlined in 

this thesis, specifically, to examine whether the statistical outcomes of the research accurately 

reflect the views and experiences reported by landholders.  

1.2. Thesis Outline 

 Figure 1 presents the structure of this thesis. The research is presented in three 

parts. Part One comprises Chapter Two, where the problem of river restoration and 

maintenance is discussed. Interventions to improve the condition of degraded river systems 

often fail from lack of maintenance. It is argued that how well interventions are maintained, 
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including the repair of infrastructure, such as fishways, and the continuation of practices, 

such as stock exclusion, is related to management arrangements. River restoration projects 

are classified into two categories; self-sustaining and ongoing. Interventions that require 

ongoing maintenance, classified as ‘ongoing’ projects, should be managed through strong 

arrangements, such as legal regulation. Voluntary instruments are more appropriate for 

interventions that are likely to become ‘self-sustaining’ and require little maintenance over 

time. Stock exclusion projects are identified as high-risk because they need to be maintained 

indefinitely, and are implemented through voluntary agreements with landholders.  

 Part Two of this thesis presents the research about whether landholders maintain 

stock exclusion projects in three chapters: Chapter Three outlines the literature related to 

stock exclusion and the use of voluntary agreements; Chapter Four includes the methods and 

results for Part Two, and Chapter Five presents the discussion and conclusions for Part Two.  

 Part Three of this thesis comprises the research about the relationship between 

social norms, perceived constraints, and whether landholders chose to maintain stock 

exclusion in three chapters: Chapter Six outlines the literature about factors that influence 

environmental behaviour, including social norms and constraints related to drought 

conditions; Chapter Seven includes the methods and results for Part There, and Chapter Eight 

presents the discussion and conclusions for Part Three. Throughout the thesis, the reporting 

of statistics, and the referencing conforms to the standards set out by the American 

Psychological Society.  

 



7 
 

 

Figure 1: Thesis outline 

 

1.3 Summary 

 In summary, the research reported in this thesis involves three components. Part 

One demonstrates that lack of maintenance is a common problem for rive restoration projects, 

and that maintenance failure is typically the result of poor management. Part Two 

investigates how well stock exclusion projects that are implemented using voluntary 

agreements in Victoria are maintained, and whether landholders are motivated by social 

norms to continue excluding stock from grazing riverbanks. Part Three examines whether 

social norms motivate landholders to continue excluding stock from riverbanks, and the 

relationship between perceived constraints related to drought conditions, and behaviour.  
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PART ONE 

Chapter Two: River Restoration and Maintenance 

To do maintenance work on a fence or to build 

Any new ones, it's small recompense 

For a puncher who'd rather remain on his horse, 

'Cause a cowboy don't like to fix fence. 

 

Cowboy Poetry by Stan Tixier, 1993 

 

2.1 Introduction 

The purpose of river restoration is to mitigate the negative impacts of continuing 

human activities in river basins. Some interventions mitigate impacts by removing the cause 

of degradation, such as removing impoundments to improve the connectivity between river 

channels and floodplains. However, in most cases it is impractical to remove the cause of 

degradation entirely. Thus, a common approach to river restoration is to implement 

interventions that circumvent the continued impact of infrastructure, such as dams, and 

practices, such as cattle grazing on riverbanks. For example, fish ladders are designed to 

facilitate fish movement upstream of dams, and riverbank fencing is designed to reduce the 

impact of cattle grazing on riverbank vegetation and instream ecosystems. To be effective, 

interventions that mitigate the impacts of continuing human activities in river basins, such as 

cattle grazing, must be maintained indefinitely, or until such time as the cause of degradation 

is removed entirely, such as the total elimination of grazing in river catchments. However, 

lack of maintenance is a common cause of the failure of river restoration projects.  

Surprisingly, the problem of river restoration failure related to lack of maintenance 

has received little attention. Section 2.2 examines the problem of river restoration 

maintenance, and classifies river restoration interventions in terms of the amount of 
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maintenance that is required to ensure that the infrastructure and practices that are designed to 

improve the condition of degraded ecosystems are effective. To improve the ecological 

condition or riverbanks and instream ecosystems, stock exclusion projects must be 

maintained indefinitely. Maintenance includes the repair of riverbank fencing, and the active 

use of fences to prevent stock access. Most, if not all stock exclusion fences in Victoria 

contain gates that may be used for continued stock access. Thus, the behaviour of landholders 

is as important for the success of stock exclusion projects as the repair of fences. The 

following is adapted from a journal article published in River Research and Applications, 

titled “Lack of maintenance is a major challenge for stream restoration projects” (Moore & 

Rutherfurd, 2017). The research presented below, and in the published journal article 

(Appendix A) suggests that the problem of maintenance failure is related to the management 

arrangements that are used to implement river restoration projects. Interventions that require 

persistent maintenance, such as stock exclusion, should be implemented using arrangements 

that will ensure the infrastructure and practices associated with restoration are maintained 

indefinitely.  

2.2 Lack of maintenance is a major challenge  

for stream restoration projects 

2.2.1 Introduction 

Over the last thirty years, the focus of river and stream management has shifted from 

utilitarian benefits such as flood prevention (Tompkins & Kondolf, 2007), towards restoring 

natural values to waterways, and protecting ecosystem services (Bernhardt et al., 2007). This 

period has been an experiment in designing and establishing solutions to degradation 

(Kondolf et al., 2007).  Bernhardt et al. (2005) found that the most common river restoration 

projects in North America are: 1) riverbank stabilization and stock exclusion; 2) instream 

activities, such as habitat creation and stocking of native species; 3) morphological activities 



11 
 

(such as natural channel design); and 4) reconnection activities, such as environmental flows, 

fish-ladders, and dam removal.   

The emphasis in the literature has been on initiating river restoration projects, 

including encouraging communities to adopt restoration practices, establishing legislation to 

restore public waterways, and improving the quality and assessment of new projects. There 

have also been many calls to better monitor and evaluate the performance of works and 

projects (Brooks & Lake, 2007; Palmer et al., 2007), and develop guidelines for restoration 

(Beechie et al., 2010).  Studies of restoration interventions now demonstrate the challenges 

with the design (Roscoe & Hinch, 2010), construction (Heede, 1977), monitoring (Bernhardt 

et al., 2007; Kondolf et al., 2007), evaluation (Morandi, Piégay, Lamouroux, & Vaudor, 

2014), and initial implementation.  Many restoration projects have failed because they were 

poorly designed (Nagle, 2007); because they were treating the wrong problem; or because 

they were not tackling the fundamental constraints of the catchment (Lorenz & Feld, 2013; 

Palmer, Menninger, & Bernhardt, 2010).  Continuing to maintain structures, works, or 

practices that are not succeeding is unwise. However, failing to maintain works or practices 

that are succeeding is equally wasteful.   

In the early days of river restoration it was appropriate that the focus was on 

ecological goals, honing the design of interventions, and establishing the political consensus 

to support these activities (Ormerod, 2004). But as the industry has progressed, a key issue 

now is how to maintain interventions over the long-term in order for infrastructure and 

practices to persist. Examples of well-designed projects that fail due to poor maintenance 

include mitigation wetlands (Hallwood, 2007), and projects to return large wood to streams 

(Shields, Knight, & Stofleth, 2006).  This paper outlines the problem of ‘river restoration 

persistence’. This is defined as the failure to maintain activities to achieve the desired 

environmental outcomes, including the upkeep of infrastructure, and continuing practices 
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over the length of time, and with the required regularity, to achieve goals. This problem is 

fundamentally linked to how projects are managed. River restoration maintenance can 

involve the upkeep and replacement of physical infrastructure, continuing site management 

practices, as well as the effective ongoing communication of project goals to community 

groups and individuals involved. Overall, we argue that how projects are managed and 

maintained in the long-term is as important to their success as is how they are physically 

designed and implemented.  

To improve the success of future restoration projects, we must understand why 

maintenance is neglected and how lack of maintenance affects different types of 

interventions. This necessarily involves looking beyond the hydro-geomorphological, and 

ecological spheres of research, and engaging with the social sciences (Palmer et al., 2007). 

Restoration can involve regulating private businesses, as well as encouraging landholders to 

voluntarily change the way that they manage resources in river basins. In addition to legal 

regulations, mechanisms such as market-based instruments, devolved grants, and voluntary 

agreements are commonly used to encourage landholders to participate in restoration projects 

(Danne, 2003).  To be effective, these delivery mechanisms must be suited to the length of 

time that infrastructure and practices must be maintained to produce outcomes.  

In this paper we: 

• Describe the most common types of river restoration projects, and the activities that 

they involve, both initially and for maintenance;  

• Outline a classification of interventions in terms of different biophysical trajectories 

of recovery, and demonstrate that the length of time required for recovery should 

inform decisions about how interventions are managed;  
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• Discuss the implications of maintenance for making decisions about the institutional 

arrangements used to manage projects over the long-term, suggesting that the success 

of restoration is related to choosing policies and mechanisms that suit the time 

required for asset recovery; and 

• Illustrate the issues of maintenance using three case-studies of restoration projects in 

Australia.  

The examples and case-studies referred to throughout this paper are primarily from river 

restoration projects in south eastern Australia.  This is because the authors had to draw on 

detailed information from managers and government agencies that were available to them.  

However, stream restoration projects and practices are not substantially different in SE 

Australia from Europe and North America (Brooks & Lake, 2007; Fryirs, Chessman, & 

Rutherfurd, 2013).  Interventions such as fishways, environmental flows, fencing the 

riverbank to exclude stock, and returning woody debris to channels, are practiced in many 

western countries.  We are confident that the key principles of the paper, the classification of 

river restoration interventions, and the implications for management, can be applied globally. 

2.2.2 Types of river restoration projects 

Bernhardt et al. (2005) identify 13 categories of river restoration projects based on the 

stated goals of projects listed in the American National River Restoration Science Synthesis 

database. From these categories we have identified four project types: riparian, 

morphological, reconnection, and instream.  Restoration activities can also be classified as 

'active' where it involves intervention (such as the establishment of infrastructure, or the 

performance of a practice); or 'passive' where it refers to ‘stopping’ existing degrading 

practices and allowing systems to recover naturally without further intervention (e.g., Giller, 

2005; Ruwanza et al., 2013; Wheaton, Darby, & Sear, 2008).  The projects discussed by 

Bernhardt et al. (2005) are all active, as opposed to passive, restoration activities.   
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A foundation of environmental restoration is that the improvement achieved through 

intervention should persist (Simenstad, Reed, & Ford, 2006). Interventions fail to produce 

ecological outcomes when projects are not maintained over an appropriate timeframe for 

degraded environmental assets to recover. This implies that there is a clear goal or endpoint 

defined for a restoration project. Many critiques of restoration projects have identified that 

the specific goal of projects is poorly defined (Brooks & Lake, 2007). Palmer et al. (2007) 

state that one of the requirements of a good restoration project is: ‘a dynamic ecological 

endpoint’, although they expressly state that they “use the term ecological in a very general 

sense to include biological, hydrological and geomorphic aspects of natural systems” (p.3).  

Endpoints, or exit points, can involve targets for specific species, but they can also involve 

intermediate physical targets, such as reduced erosion rates.  

Some interventions require regular maintenance indefinitely to achieve restoration 

outcomes. These we term ‘ongoing’ interventions. Others are likely to require less 

maintenance over time, and, if managed well, can reach a point where recovery is self-

perpetuating. These we term ‘self-sustaining’ interventions. We have identified three features 

of river restoration interventions that determine whether they are likely to be self-sustaining 

or ongoing: the type of maintenance required for the intervention to produce ecological 

outcomes, the resilience of an intervention (such as infrastructure) to disturbance (such as 

flooding), and whether the intervention addresses an underlying cause of degradation or a 

symptom of that degradation.  

2.2.2.1 Types of maintenance 

There are three types of maintenance that may be involved in ensuring a restoration 

intervention achieves target outcomes:  
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1. Routine operational maintenance to ensure function (weeding riverbank revegetation 

sites, delivery of environmental flows, removal of accumulated debris on fishways). 

Routine maintenance should be conducted following a pre-determined maintenance 

schedule.  

2. Disturbance related maintenance (removing racked debris from riverbank fencing 

after flooding (Department of Environment Land Water and Planning, 2015a), 

conducting sediment extraction from high-value river reaches after flooding). This 

maintenance requires project monitoring after disturbance events. 

3. Lifecycle maintenance including the eventual replacement of an intervention, usually 

a structure (partial or full replacement of a fishway, refurbishment of a flow-

regulator). This maintenance requires monitoring to evaluate the condition of 

infrastructure, and timely planning for refurbishment.  

Ongoing interventions are likely to require all three types of maintenance, 

indefinitely. Self-sustaining interventions, such as the establishment of gully control 

structures and the revegetation of surrounding land, may require some maintenance after 

major disturbances, like floods. However, these interventions become less susceptible to 

disturbance over time, particularly as vegetation becomes established. Restoration 

infrastructure and practices can, therefore, be classified into two categories on the basis of the 

amount and type of maintenance required: self-sustaining or ongoing (Table 1).   

2.2.2.2 Disturbance resilience of interventions 

Disturbance resilience is related to the capacity of the intervention (infrastructure or 

works such as vegetation) to continue serving a restoration function after disturbance, such as 

a flood event.  Some interventions have a greater capacity than others to resist disturbance 

and therefore involve less maintenance over the long-term. We refer to the reduced impact of 
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disturbance on an intervention as ‘intervention resilience’. Most interventions will require 

additional maintenance after disturbance. However, some may develop resilience as projects 

mature. For example, gully control structures sustain less damage from flooding once 

vegetation has established and stabilized erosion (Weinhold, 2007). Similarly, in the case of 

restoring wood to streams, maintenance is required after flood events, until riverbank 

vegetation matures. The resilience of the project increases as a natural source of woody 

debris returns and replaces wood removed during flood events.  

By contrast, fishways, and other infrastructure such as stock exclusion fencing on 

riverbanks (Department of Environment Land Water and Planning, 2015a), are likely to need 

maintenance after flooding regardless of the length of time the structure has been in 

operation. Interventions that must be maintained in perpetuity tend to have a low capacity to 

develop resilience to disturbances such as flooding and drought. We cannot examine 

resilience further here. However, many restoration projects can be vulnerable to flood 

damage, and the need for additional maintenance after flooding should be factored into 

management planning.  

2.2.2.3 Causes and symptoms 

In addition to resilience, the recovery trajectory of a degraded environmental asset 

following an intervention is also determined by whether interventions address causes or 

symptoms of degradation. The notion of symptoms refers to environmental degradation that 

results from the disruption of natural processes (Beechie et al., 2010). For example, river 

impoundment disrupts natural processes and results in degradation which could include the 

reversed seasonality of flows, and the declining conditions of wetland vegetation (Dyer, 

2002). There are numerous options for restoring the hydrological regime to wetlands, ranging 

from complete reconnection of the wetland to an unregulated system, through to delivering 

artificial environmental flows.  Environmental flows constitute,  
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“a suite of flow discharges of certain magnitude, timing, frequency and duration. 

These flows ensure a flow regime capable of sustaining a complex set of aquatic 

habitats and ecosystem processes” (Smakhtin & Anputhas, 2006, p.1).  

The delivery of environmental flows to a wetland via irrigation channels, such as the case of 

Gunbower Forest in Victoria, Australia (Cooling & SKM, 2012), can be used to address these 

symptoms, such as the declining condition of wetland ecosystems, but this solution does not 

address the underlying disruption to biophysical processes. By comparison, Beechie et al. 

(2010) suggest that, “Restoration actions that target the root causes of degradation are 

designed to correct human alterations to those driving processes” (p.213). In the case of river 

impoundment, an intervention that addresses the cause of degradation might involve dam 

removal.   

Self-sustaining interventions tend to address the causes of degradation and restore 

natural processes. By comparison, ongoing interventions tend to address symptoms by 

simulating natural processes, often with solutions that involve infrastructure. In the case of 

wetland restoration, cause-focused intervention might involve reinstating natural flow 

regimes at the landscape scale by removing impoundments and ceasing extraction.  By 

contrast, a symptom-focused intervention involves releasing environmental flows that 

simulate natural regimes and promote growth in the wetland.  

Despite the obvious benefits of addressing the causes of degradation, many restoration 

projects are constrained by social, political, and economic factors that favour symptom-

focused solutions (Darby & Thorne, 1995; Davidson, 1981). This is an important distinction 

for two reasons. Firstly, solutions that involve infrastructure usually require ongoing 

maintenance to produce ecological outcomes, while solutions that reinstate natural processes 

can become self-sustaining. Environmental flows must be delivered to a degraded wetland for 
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as long as the river system is regulated. Secondly, interventions that reinstate processes, such 

as overbank flooding, are usually more likely to produce lasting ecological outcomes in the 

long-term than interventions that imitate the outcomes of natural processes, such as 

reconnecting river channels with floodplains using releases from dams (Beechie et al., 2010).  

The remainder of this paper is divided as follows.  Firstly, we review the river 

restoration literature generally and demonstrate that while some interventions require regular 

maintenance indefinitely to achieve restoration outcomes, others are likely to require less 

maintenance over time, and, if managed well, can reach a point where recovery is self-

perpetuating.  In cases that require persistent maintenance, such as fishways, degradation will 

continue if the structure is not maintained.  As described above, restoration infrastructure and 

practices can be divided into two categories: self-sustaining and ongoing (Table 1). Secondly, 

we examine the cost of river restoration projects and suggest that management arrangements 

for project implementation should be chosen that ensure interventions are maintained for long 

enough to produce the desired outcomes. Finally, we present three detailed case-studies of 

instream river restoration projects in Australia that bring together the elements of this paper.  

The case studies demonstrate how classifying interventions on the basis of maintenance can 

be important for making decisions about how projects should be managed.   

2.2.3 Examples of self-sustaining and ongoing river restoration interventions 

2.2.3.1 Self-sustaining interventions 

Common self-sustaining interventions include practices, such as the revegetation of 

gullying land for morphological restoration, and infrastructure such as gully control 

structures. The time required for self-sustaining interventions to achieve a state where no 

further maintenance, or minimal maintenance is required, varies from years to centuries. To 

determine this timeframe the path a degraded asset is expected to take towards an improved 

ecological condition must first be known (Simenstad et al., 2006).  The trajectory depends on 
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how quickly the biophysical processes involved in restoration respond to the intervention. 

The nature of maintenance also varies. In some instances, such as sediment extraction, 

maintenance involves the same activities as the initial project, although the amount of 

maintenance required decreases. In other instances, such as dam removal, the initial activities 

(removing the infrastructure) and maintenance (managing downstream reaches) are different.  

Some activities can become self-sustaining relatively quickly, while others might 

require some level of maintenance for decades to eventually reach a self-sustaining state. For 

example, gully control structures combined with revegetation can become self-sustaining 

within a decade (Hansen & Law, 2008; Weinhold, 2007).  Revegetation addresses the cause 

of gullying by reducing the impact of surface flows.  By contrast, sediment extraction for the 

management of sand slugs can require decades to achieve outcomes. For example,   

Rutherfurd (2001) outlines a management strategy for sediment extraction to rehabilitate the 

Glenelg River, Australia.  The recovery trajectory can be determined from the sediment 

transport rate, the composition of the riverbed, and the amount of stored sediment in the 

channel and floodplain (Bartley & Rutherfurd, 2005; Erskine, 1994; Rutherfurd, 2001).  

Depending on the regularity of extraction, environmental outcomes can be achieved in 40 to 

100 years (Rutherfurd, 2001), after which time maintenance is no longer required.  By 

contrast, it might take over a century to establish self-sustaining wood loads in rivers from a 

revegetated riverbank, as demonstrated in the detailed case-study below.  

In practice, almost all interventions will require some form of future management, 

however minimal.  Nonetheless, the idea that some interventions can achieve relative self-

sufficiency compared to others which must be maintained to a high level indefinitely, has 

implications for how projects are managed and funded in the long-term. River managers need 

to ensure that funding and responsibility persist long enough for the type of project.   
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2.2.3.2 Ongoing interventions 

Ongoing interventions involve infrastructure and practices that must be maintained in 

perpetuity to achieve environmental outcomes. Examples are: fishways for instream 

restoration, riverbank fencing for stock exclusion (Brooks & Lake, 2007), the infrastructure 

and practices required to deliver environmental flows, and actively excluding cattle from the 

river frontage. In all cases, if the intervention ceases, the trajectory of recovery can reverse 

and degradation will reoccur.   

The cost of maintaining ongoing interventions, and the consequences of maintenance 

failure, varies between projects. Ongoing interventions that involve both high initial and high 

maintenance costs tend to be large-scale projects, such as the delivery of environmental flows 

to a large floodplain forest. For example, infrastructure, known as flow regulators, are used to 

divert water through the levee to the Gunbower Forest floodplain along the Murray River in 

SE Australia. The original flow regulator was constructed in the 1970s, was decommissioned 

due to lack of maintenance in the early 2000s (Cooling & SKM, 2012) and was refurbished at 

a cost of $US60 million (AWMAa, 2016). If the delivery of environmental flows cease, 

either due to the failure of the flow regulator, or the lack of water, the condition of the 

wetland will inevitably decline.  

Interventions that involve high initial costs and moderate maintenance costs include 

large fishways. Below we describe the case of a fishway at Dights Falls in Victoria, Australia, 

which was refurbished at a cost of $US1.2 million (AMWAb, 2016), and annual maintenance 

is upwards of $US37, 500 (SMEC, 2010). If the fishway is not maintained, fish populations 

will again decline. By comparison, riparian fencing is less expensive to construct and 

maintain.  One kilometre of stock exclusion fencing costs between $US7, 500 and US$22, 

500, depending on materials (Alluvium, 2016), and maintenance is estimated to cost between 

5% and 8% of the initial project annually (Meyer & Olsen, 2005). Stock exclusion projects in 
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Victoria are typically funded by government authorities, while landholders are responsible for 

maintenance indefinitely (Department of Sustainability and Environment, 2011). If 

landholders fail to maintain fences, or resume active grazing of the riverbank, the condition 

of the riverbank area will again decline. The examples of fishways and stock exclusion are 

described in the case-studies below in more detail. 

2.2.4 The cost of river restoration interventions 

In addition to the distinction between ‘self-sustaining’ and ‘ongoing’ river restoration 

interventions, the above examples suggest that interventions vary in terms of cost. Table 1 

presents a summary of the activities involved in common restoration projects, and 

distinguishes between those activities involved for the initial implementation of projects, and 

those activities involved in maintenance.  In that table, projects are classified according to 

how expensive they are to establish (initial cost) and the cost to maintain.   
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Table 1. Initial and maintenance activities for river restoration projects, including estimated 

costs. (Costs are roughly: Low = $103 – 104, Medium = $104 – 105, High = $106 – 107) 

 

 Restoration project Initial activities $* Maintenance activities $* 

R
ip

ar
ia

n 
    

 

Self-sustaining Revegetation  Planting seedlings L Replanting lost seedlings (Australian River 
Restoration Centre, 2015b) 

L 

 
 

Ongoing  

Stock exclusion Fence 
construction & 
ceasing grazing 

 
L 

Removing debris & repairing fence; continued 
stock exclusion (Department of Environment 
Land Water and Planning, 2015a) 

 
L 

Spraying weeds Weed removal L Removing/spraying weeds (Australian River 
Restoration Centre, 2015b) 

L 

Willow 
removal/poisoning 

Removal of trees  M Removing regrowth & bank stabilization (Pope, 
Rutherfurd, Price, & Lovette, 2006) 

L 
 

M
or

ph
ol

og
y 

 
 
 

Ongoing 

Bank stabilization  Revegetate banks M Repair banks following floods L 
Re-establish natural 
channel design 

Construct original 
channel 
morphology 

 
H 

Repair channel following floods until the 
system is established 

 
M 

‘Daylighting’ piped 
streams 

Reconnect 
effluent channels 
to wetlands 

 
H 

Maintenance of new channels (Wild, Bernet, 
Westling, & Lerner, 2011) 

 
L 

 

R
ec

on
ne

ct
io

n 

 
Self-sustaining 

Reconnecting 
floodplains 

Breaching levees 
 
Floodplain buy-
back  

L 
 
H 

Paying for continued access to flood plains for 
flood-waters. 
Maintenance of purchased lands after floods 

M 
 
L 
 

Dam removal Removal of 
infrastructure 

 
H 

Managing downstream reaches e.g., sediment 
extraction (Bednarek, 2001) 

 
M 

 
Ongoing  

Environmental flows Construction of 
flow regulator & 
flow delivery 

 
H 

Clearing & repair of regulator & continued flow 
delivery (Cooling & SKM, 2012) 

 
H 

Fishways Construction of 
fishway 

H Clearing & repair of a fishway (O'Connor, 
Mallen-Cooper, & Stuart, 2015) 

L 
 

In
st

re
am

 

 
Self-sustaining 

Sediment extraction Extraction of 
sediment 

M Continuing extraction of sediment (I   
Rutherfurd, 2001) 

M 

Large wood Placement of 
large wood 

H Replacement of lost wood (Douglas, Knight, 
Morin, & Blank, 2003; Koehn, Nicol, & 
Fairbrother, 2004; F. D. Shields et al., 2006) 

L 

Ongoing Litter traps Construction of 
litter traps 

M Cleaning & repair of litter traps (Committee, 
1999) 

L 

 

Figure 2 demonstrates that common projects fall into four cost types, as represented 

by the quadrats. Projects in quadrat A are high-cost for both implementation and 

maintenance. Projects in quadrat B involve high initial costs, and low maintenance costs. 

Projects in quadrat C would involve low initial costs and high maintenance costs. However 
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few, if any, projects fall into this category. Projects in quadrat D are low-cost for both 

implementation and maintenance. 

 

Figure 2: Quadrat plotting river restoration projects according to initial cost and 

maintenance cost.  Note: Projects are unlikely to fall into section C of the quadrat, although 

there may be instances that we have not anticipated. 

 

The type of intervention, and the cost of maintenance, should also inform how 

projects are managed. Ongoing interventions, particularly those that involve high 

maintenance costs, are more likely to succeed over the long-term if they are managed through 

robust arrangements. In the following section we discuss the types of management 

arrangements that are most appropriate for ensuring projects are maintained effectively, based 

on the cost of initial implementation, and the cost of maintenance.  
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2.2.5 Arrangements to ensure maintenance 

Maintenance arrangements are often not designed for the length of time a structure or 

practice must be maintained to produce ecological outcomes. A range of maintenance 

arrangements are available, including legal regulation, voluntary instruments, and market 

based instruments (MBIs) (Gunningham & Young, 1997). The implementation of most river 

restoration interventions is funded by government departments, while maintenance is often 

the responsibility of the agencies, organizations, or individuals that benefit from the project. 

An in depth analysis of the specific management arrangements that are most suitable for 

individual restoration projects goes beyond the scope of this paper. However, we can make 

two observations about how projects should be managed.  

Our first observation is that management arrangements often lack essential 

components to ensure maintenance is conducted.  These components relate to the nature of 

regulations, contracts, or agreements established between the agencies that establish projects, 

and those that are responsible for maintaining the project. Successful management 

arrangements (and therefore in this case maintenance) require the following components: 

adequate funding, transparency between tiers of governance (Watson & Emery, 2004), 

perceived legitimacy, and non-compliance penalties (Shimshack & Ward, 2005). Importantly, 

government agencies should oversee and enforce compliance (Hartig & Drechsler, 2009). For 

example, in the case of environmental flows in Victoria, both federal and state authorities 

were established under the Commonwealth Water Act (Australia) 2007 to govern and monitor 

these costly projects. Many river restoration projects lack some, or all, of these components. 

For example, despite the fact that fishway maintenance is mandated under statutory 

obligations, many have fallen into disrepair due to lack of overseeing and compliance 

(O’Brien et al., 2010).  
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There is less incentive for authorities to maintain river restoration infrastructure, 

compared to other types of public-good infrastructure, such as roads. For example, in 

Victoria, government authorities are responsible for maintaining both local roads and 

fishways. For local roads, funding is secured by local government through public ratings 

under the Local Government Act 1989 (Municipal Association of Victoria, 2017). While 

roads are maintained to a high standard, most fishways in the state have not been maintained 

to operational standards (O’Brien et al., 2010). Fishways are managed by water authorities, 

and funding is available for maintenance. Maintenance should be conducted following a 

routine schedule. However, these projects suffer from a lack of responsibility, adequately 

trained staff, and, most importantly, the absence of oversight from an independent authority 

(O’Brien et al., 2010). The neglect of environmental infrastructure like fishways is a problem 

related to visibility and value. Citizens use roads, and understand the importance of 

maintenance, and will complain to city councils if roads require repair (Victorian State 

Government, 2016). By comparison, environmental infrastructure, such as fishways, are often 

isolated, and the local community will not know if they are functioning or not.  There are also 

few, if any, repercussions for authorities if this infrastructure is not maintained. Without 

accountability, even the best planned management arrangements cannot ensure that river 

restoration projects are maintained effectively. 

Our second observation is that projects that require ongoing maintenance should be 

managed through robust arrangements that secure reliable funding streams, and either involve 

effective legal regulation, or offer high benefits to those individuals or agencies that are 

responsible for maintenance. For example, interventions like environmental flows and 

fishways should be managed through agencies with dedicated funding streams for 

maintenance, and the eventual replacement of infrastructure. These projects should be 

overseen by independent authorities, such as the United States Environmental Protection 
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Agency or similar federal authorities. Less robust arrangements, such as voluntary 

agreements, are more suitable for projects that require decreasing maintenance and are likely 

to achieve a self-sustaining endpoint. However, after entering voluntarily, some agreements 

can become legally binding and therefore may also be appropriate for ongoing projects that 

involve persistent maintenance, if they meet the following requirements: high benefits for 

participants, compliance monitoring, non-compliance sanctions (Danne, 2003), and the threat 

of compulsory regulation in the case of non-compliance (Colby & d'Estree, 2000).  

Many river restoration projects involve negotiation with landholders on a voluntary 

basis.  For example, Bernhardt et al. (2007) found that of 37,000 river restoration projects 

across the U.S.A, half involved significant consultation with farming communities. 

Landholder consultation is often to gain consent for projects that are likely to interrupt 

agricultural activities, such as re-meandering projects in Europe (Vivash, Ottosen, Janes, & 

Sørensen, 1998) and floodplain restoration in the United Kingdom (Adams, Perrow, & 

Carpenter, 2005). In reality, voluntary instruments rarely succeed in maintaining restoration 

interventions over years or decades (Danne, 2003; Race & Curtis, 2013). For example, in 

Australia, landholders struggled to maintain soil conservation projects funded through 

voluntary arrangements (Byron & Curtis, 2002). These projects were rarely monitored or 

overseen by funding authorities. Therefore, in the absence of oversight, including monitoring 

and enforcement, voluntary arrangements are unlikely to lead to maintenance of 

interventions. 

Below we present three case-studies of specific types of restoration activities from 

south-eastern Australia (riverbank stock exclusion fencing, fish passage, and restoring 

instream wood) in order to explore the distinction between ongoing and self-sustaining 

interventions in more detail. These examples also demonstrate that the cost of projects should 

guide decisions about how projects are managed. We distinguish between activities and 
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infrastructure required for the initial implementation of these interventions, and the activities 

required over the long-term for maintenance. We also consider recovery trajectories and 

maintenance trajectories. A recovery trajectory is the length of time required for an 

intervention to achieve environmental outcomes, and includes whether degradation will 

reoccur if the intervention is neglected or discontinued. The underlying biophysical processes 

of recovery determine the time required for a degraded asset to recover (Beechie et al., 2010). 

By contrast, the maintenance trajectory is the length of time restoration infrastructure and 

practices must be maintained to produce the target physical and ecological outcomes. It is 

difficult to accurately predict the recovery trajectory of a degraded asset. However, 

practitioners of river management are often required to make predictions of this nature, for 

the purpose of policy, and funding. Therefore, the following is also an exercise in using 

available data to predict ecological recovery after intervention, for the purpose of making 

decisions about how maintenance of these projects could be managed.   

2.2.6 Case-studies of river restoration interventions in South-Eastern Australia 

In the following we present three case-studies of specific types of restoration activities 

from south-eastern Australia (riverbank stock exclusion fencing, fish passage, and restoring 

instream wood) in order to explore the distinction between ongoing and self-sustaining 

interventions in more detail.  Most stream restoration in Australia takes place in the humid 

and populated south east corner of the continent, where streams are most similar to streams in 

Europe and North America.  Nevertheless, Rutherfurd & Gippel (2001) suggest that SE 

Australian streams differ from northern hemisphere counterparts in generally having higher 

interannual flow variability, lower sediment loads, low slopes, and anabranching panforms  

Looking specifically at the case studies discussed here, in SE Australia, fishways need to pass 

fish with much weaker swimming ability than salmonids (Mallen‐Cooper & Brand, 2007), 

bank erosion rates tend to be lower, and in terms of fence maintenance, peak floods tend to be 
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much larger than average floods (McMahon, Finlayson, Haines, & Srikanthan, 1987).  

Nevertheless, the character, scale and management arrangements of stream restoration 

projects in SE Australia are very similar to projects from the northern hemisphere.   

 

 

Figure 3: Map of South Eastern Australia. Point A marks the location of the Dights Falls 

dam and fishway in Victoria. Point B marks the location of the River Murray Resnagging 

project on the border of Victoria and New South Wales.   

 

2.2.6.1 Riverbank stock exclusion fencing 

Projects to exclude stock from riverbanks are the most common river restoration 

projects in Australia (Brooks & Lake, 2007), North America (Kondolf et al., 2007; Wilkes et 

al., 2013), and South Africa (Ruwanza et al., 2013). These projects typically involve 

constructing fencing along the stream bank to prevent stock access. A principle purpose of 

stock exclusion from waterways is to protect and improve water quality (Wilcock et al., 
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2013). The fundamental principle is straightforward; if stock are not excluded, then water 

quality will rapidly decline as stock access the riverbank once more.  

In Victoria, 5,000km of fencing for excluding stock from riverbanks was constructed 

between 2006 and 2009 (Victorian State Government, 2009). The estimated construction cost 

of 1km of fencing is between $US7, 500 and US$22, 500, depending on the type of fencing 

(Alluvium, 2016; Meyer & Olsen, 2005).  Routine fence maintenance involves repairing 

posts, refastening wires, keeping wires stretched, and clearing debris from the fence line 

(Figure 4), at a cost of between 5% and 8% of the initial project cost (Meyer & Olsen, 2005). 

Fence posts and wires may last from 5 to 30 years before replacement is necessary, 

depending on flooding, and humidity which causes rusting (Buschermohl, Wills, Gill, & 

Lane, 2016). Considering all of these factors, without maintenance, a riparian fence could 

stop being an effective barrier for stock after a single flood event (See Figure 4).   

 

Figure 4: Flood damage to a riparian fence, Macquarie River, Tasmania (Photo courtesy of 

Jimmy Collinson, Greening Australia).  This fence would most likely need to be replaced. 
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Fencing addresses a symptom of degradation; grazing stock along rivers. As fencing 

will need to be maintained in perpetuity, we classify these projects as ongoing interventions. 

Fences require routine, disaster, and lifecycle maintenance. Both the initial and maintenance 

costs are comparatively low, therefore the project is represented in quadrant D of Figure 1. 

To ensure that these interventions are maintained indefinitely, we suggest that fencing 

projects should be managed through robust arrangements. Given the relatively small cost, 

voluntary instruments may be appropriate, if landholders perceive high benefits. Benefits can 

include practical outcomes, such as improved stock management (e.g., Curtis, McDonald, & 

Sample, 2008). However, more commonly the benefits to landholders are social or 

psychological (Danne, 2003). Participating in environmental projects, such as stock 

exclusion, can reinforce a sense of stewardship and fulfil perceived social responsibilities, 

known as social norms (e.g., Conner &Armitage, 1998) (see Part Three of this thesis).  

 Using voluntary instruments would require effective monitoring, and enforcement of 

non-compliance. In practice, stock exclusion projects are often funded through voluntary 

agreements between government departments and individual landholders (Department of 

Sustainability and Environment, 2011). One-off grants subsidize the cost of the fence, 

however, “financial incentives for the works component are contingent upon commitment by 

the landholder to long term management.” (Department of Sustainability and Environment, 

2011, p.8). 

The cost of maintenance can be prohibitive and can result in project failure. For 

example, project maintenance may be compromised if farmers are unwilling to continue 

excluding stock from the fenced frontage during times of drought and low feed availability 

(Moore & Boldero, 2017) (see Appendix B, Designing interventions that last: a classification 

of environmental behaviors in relation to the activities, costs and efforts involved for 
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adoption and maintenance). If voluntary approaches are unsuccessful, governments should 

ideally adopt more robust arrangements, such as legal regulation.  

2.2.6.2 Instream fish habitat structures  

Instream habitat structures for fish, including fish ladders (called fishways in 

Australia), are an example of a restoration activity that requires strong management 

arrangements to ensure that they are maintained indefinitely.  The construction of artificial 

fish habitat began in the 19th Century (Thompson & Stull, 2002), and the problem of lack of 

maintenance has been widely recognized since the 1930s (Thompson, 2005). Without 

maintenance, particularly after flood events, instream structures are typically destroyed, 

eroded, or filled with sediment.  For example, of 161 instream habitat enhancement structures 

in North America reviewed by Frissell and Nawa (1992), 18% had failed and 60% were 

damaged and ineffective. The conclusion is simple: all instream habitat structures, including 

fishways, need to be inspected and maintained after every bankfull flow, indefinitely 

(Thompson, 2005).   

Fishways are a globally important example of a fish habitat restoration structure (Shi, 

Kynard, Liu, Qiao, & Chen, 2015).  O’Brien et al. (2010) found in Victoria that only 7% of 

167 fishways were known to be operating effectively, 25% were in disrepair, and 47% could 

not be assessed because of lack of data. Maintenance failure occurred because responsibility 

for maintenance was either unknown, or poorly communicated. O’Brien et al. (2010) found 

that formal ownership was unclear for 39% of structures.  

An example of fishway performance is the Dights Falls fishway on the Yarra River in 

Melbourne, Victoria (located at Point A on Figure 3).  The first fishway at the site was 

constructed in 1994, but was decommissioned less than a decade later due to poor 

performance (Borg, O'Connor, & Jones, 2014). In 2012 a new vertical slot fishway (Figure 5) 
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was completed at Dights Falls at a cost of $US1.7 million (AMWAb, 2016).  This type of 

fishway involves a series of pools where the fish can rest, separated by vertical slots with 

higher velocities.  Annual maintenance, including de-watering of the infrastructure to test 

functionality, and monthly removal of debris (O'Connor et al., 2015), is estimated to cost 

more than $US37, 500 (SMEC, 2010). Additional inspections are also required after floods to 

remove debris that can jam the entrance or the slots (O'Connor et al., 2015). 

 

Figure 5: Aerial image of the Dights Falls Fishway on the Yarra River (flow from right to 

left) (photo courtesy of Dr Dan Borg).   

 

The purpose of the fishway is to restore populations of ecologically significant 

threatened native fish to the upstream reaches.  Monitoring of the effectiveness of the fishway 

focused on the Common Galaxias (Galaxias maculatus) because this species was excluded by 

the former fishway, and it would be expected to rapidly colonise the tributaries if the fish 

passed the new fishway (Amtstaetter, O'Connor, & Dodd, 2015).  The fish scientists 

monitoring the project predicted that it would take five years for the population of Common 
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Galaxias to recover; that is, for the fish to pass through the fishway and spread throughout the 

tributary network to pre-barrier densities (Amtstaetter et al., 2015).   

Abundant Common Galaxias were observed moving through the fishway after 

construction. Borg et al. (2014) and Amtstaetter et al. (2015) describe the results of the 

monitoring program.  Comparison of catch-per-unit-effort for electrofishing of Common 

Galaxias in the pre-treatment year (2012) and four years later (2015) showed an increase of 

2.5 times for the reference sites (below the fishway) compared with 3.0 to 9.3 times (mean of 

6.1) higher for the tributaries upstream of Dights Falls.  The size distribution of the great 

majority of captured fish suggested that they must have passed through the fishway.  Thus, 

for this abundant species, at least, the fishway was allowing rapid recovery of the population 

above the barrier.  This study does not, of course, tell us how long it would take for the 

population to decline again if the fishway ceased to function, but for this short-lived species, 

it would likely decline rapidly.  Discussions with Melbourne Water staff suggest that a single 

log jammed in one of the vertical slots can compromise this large and expensive fishway.  

Also, the monitoring program at this fishway demonstrates that the Common Galaxias will 

only migrate through the fishway at flows between 500 and 1,000 ML/day (Figure 6). If the 

fishway is blocked when these flows are occurring, the upstream population will again 

rapidly decline.  Thus, this fishway must be inspected every month to ensure that it continues 

to perform.   
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Figure 6: River flow compared with abundance of Common Galaxias (Galaxias maculatus) 

caught in the vertical slot fishway (from Fig 4 in Borg et al. 2014).   

 

Fishways address a symptom of degradation rather than a cause; they are required to 

function for as long as there are barriers across rivers, and therefore must be maintained 

indefinitely. Therefore, we classify fishways as being ‘ongoing’ restoration projects.  

Fishways involve high initial costs and low maintenance costs for routine and disaster 

maintenance, particularly after flooding (section B of Figure 1), as well as lifecycle 

maintenance; because the infrastructure will also require funding when it is eventually 

replaced. Therefore, we suggest that robust legal arrangements are required to ensure that 

maintenance occurs, and to ensure funding for eventual replacement. In Victoria, many 

fishways fall under the jurisdiction of water authorities, such as Melbourne Water, who are 

legally obliged to conduct maintenance. However, the strength and effectiveness of legal 

instruments rests on how well they are implemented (Shimshack & Ward, 2005). The 

Victorian experience with fishways demonstrates that having clear administrative 

responsibilities is just as important as having clear engineering systems in place.  
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2.2.6.3 Restoring large wood in streams  

In contrast to fences and fishways, projects to restore large wood loads in streams 

eventually become self-sustaining as revegetated riverbanks progressively deliver wood to 

streams.  Large wood is essential to the biological condition of rivers (Douglas et al., 2003; 

Shields et al., 2006), including creating fish habitat and restoring riverbed morphology 

(Erskine & Webb, 2003). The amount of large wood in rivers (known as the wood load) has 

declined in many rivers because logs have been directly removed (known as desnagging) to 

improve navigation and flood conveyance (Figure 6) (Erskine & Webb, 2003). Wood loads 

have also declined because the numbers of trees on riverbanks have been depleted, reducing 

the source of the wood (Benda & Sias, 2003).  Projects to re-establish instream wood loads in 

North America (Douglas et al., 2003; Shields, Knight, & Stofleth, 2006), Australia (Bowman, 

Berry, Crawford, Martin, & Hughes, 2014), and Central Europe (Kail & Hering, 2005), 

involve the placement of logs and log-jams in channels, (known as resnagging), as well as 

riverbank revegetation. If resnagging is coordinated with riverbank revegetation, over time 

mature tree stands will produce a passive form of restoration.  Eventually this will remove the 

need for artificially placed wood.  

 



36 
 

 

Figure 7: Placing a large log into the Murray River as part of the Murray Darling Basin 

Authority's Living Murray Program (photo courtesy of Jarod Lyon). 

 
Here we consider the recovery trajectory and maintenance trajectory for the River 

Murray resnagging project in SE Australia (called here the RMS Project), with the cost and 

trajectory shown in Figure 8. The RMS Project focused on the 200 km reach of the River 

Murray between the Hume Dam and Yarrawonga on the border of Victoria and New South 

Wales (Point B on Figure 3). Approximately 24,500 snags were removed from this reach 

between 1976 and 1987. Between 2005 and 2007, 4,500 river red gum (Eucalyptus 

camaldulensis) snags were restored to the reach, largely to provide habitat for native fish 

(Bowman et al., 2014).  Nicol, Lieschke, Lyon, and Hughes (2004) estimated that 14,600 

additional logs are required to achieve the minimum target wood load for ecological 

restoration of approximately 19,000 logs. These additional logs can be provided by further 

artificial placement (at a cost of upwards of $US7 million for the entire reach), but also by 

riverbank revegetation, as mature trees fall into the channel.  There are currently some mature 

trees on the river banks in this reach. For the purpose of demonstration, here we will assume 

that the entire reach requires revegetation. Revegetation with River Red Gums would cost 
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$US45, 000 (Australian River Restoration Centre, 2015a). Vegetation maintenance is 

estimated to cost 10% of the total revegetation project annually, over ten years, to allow 

vegetation to stabilize (Roni, Hanson, & Beechie, 2008), including the removal of weeds, 

watering after dry periods, and replanting of lost saplings (Australian River Restoration 

Centre, 2015b).  Trees planted on these sections of the bank will take between 40 years 

(Wheaton, Bennett, Bouwes, & Camp, 2012) and 100 years (Erskine & Webb, 2003) before 

the vegetation has matured into a natural source of fallen logs (Lester & Boulton, 2008).  

Maintenance costs for large wood restoration typically include replenishment and 

realignment due to wood movement in high flows. For example, Douglas et al. (2003) and  

Shields et al. (2006) assessed 72 wood structures placed in a 2km reach of Little Topashaw 

Creek in Mississippi. Despite efforts to anchor 80% of structures, after 16 months 

approximately 30% of structures were dislodged and lost during high flows.  However, 

Koehn et al. (2004) tracked the movement of red gum logs in the Murray River after a 1 in 20 

year flood.  They found that only 4% of these dense trees moved, and then only a short 

distance. Thus, we assume an estimate of 4% wood loss after a flood event.  This situation is 

unusual.  Other wood projects require much more maintenance as placed wood is washed 

away.  Therefore, the amount of maintenance is likely to vary depending on the hydrological 

regime of the region.  

Over time the artificial wood in the channel will be replaced by the River Red Gum 

trees that have been planted, and have matured, on the river banks. Trees will be delivered 

into the stream by bank erosion (Figure 8). Assuming the following, we can predict the 

delivery of logs into the river: trees younger than 40 years will be washed out of the reach, 

the lateral migration rate of the Murray River is 0.1m per year (Gippel & Blackham, 2002), 

20% of the length of the stream bank is actively migrating, and a planting density of around 

one tree every 20 metres (50 trees per kilometre of bank).  Thus, in 40 years the river 
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migrates 20m, and delivers about 10 trees per kilometre to the river.  Given that there are 

about 10 artificial logs per kilometre, and a loss rate of 4% per 20 years (Koehn et al., 2004), 

this means that there will be a slight increase in the wood load in the river over time (Figure 

8).  Note that the loss of logs, and the delivery of logs will both occur during floods, leading 

to a pulsed delivery.  

 

Figure 8: The recovery trajectory of wood in rivers following resnagging and the 

revegetation of riverbanks. The black line represents the cumulative cost of resnagging and 

revegetation, including the placement of logs in streams, revegetation, and the ongoing 

maintenance of vegetation over 10 years. The red line demonstrates number of logs placed in 

the river per kilometre via resnagging. The blue line demonstrates the number of logs 

contributed from maturing vegetation. The dashed green line reflects the total number of logs 

in the river per kilometre.  
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Following our classification framework, resnagging projects are self-sustaining 

interventions when they are combined with riparian revegetation, as they are likely to reach a 

point where maintenance is no longer necessary for recovery, and the activities involved for 

the initial implementation and maintenance are the same. In conjunction with riverbank 

revegetation, these projects address the underlying causes of degradation by establishing a 

natural source of instream wood. Resnagging involves a high up-front cost, and low 

maintenance costs (quadrant B of Figure 2). In Australia, there is little need for disaster or 

lifecycle maintenance as logs are unlikely to be displaced. Some minimal routine 

maintenance may be required to ensure revegetation is successful. Therefore, these projects 

may be successfully managed using voluntary arrangements, such as negotiating access to 

riverbanks with landholders. However, the long-term success of resnagging projects often 

relies on the commitment of landholders to revegetate riverbanks under voluntary 

agreements, as outlined above in relation to stock exclusion projects. In theory, large wood 

projects should not require maintenance after riverbank vegetation has matured. However, 

projects can fail in the short-term if landholders are dissatisfied with the project (Lester & 

Boulton, 2008), which can result in the removal of instream wood, particularly in the 

aftermath of floods. This is a response to the common belief that instream wood is dangerous 

for both boating and floods (Chin et al., 2014). This perception represents a key threat to the 

success of resnagging projects (Murray Darling Basin Authority, 2011). To be successful, 

resnagging projects should involve landholder engagement to ensure that wood in rivers is 

not removed. As suggested in the case of stock exclusion above, if landholders fail to uphold 

their obligations to exclude stock, more robust legal arrangements may be necessary to 

achieve the ecological goals of riverbank revegetation.  

The three case-studies presented above demonstrate that river restoration 

interventions vary in terms of the amount of maintenance required to achieve ecological 
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outcomes, and in terms of cost. Therefore some projects require more robust management 

arrangements than others. Resnagging projects that involve riverbank revegetation are likely 

to become self-sustaining because they address the underlying cause of degradation. The 

initial cost is high, but managed effectively little maintenance is required. These projects can 

be funded through one-off grants, and managed by government departments, in consultation 

with landholders. However, there is a risk of project failure if revegetation involves voluntary 

agreements with landholders for stock exclusion. Ideally, revegetation sites should be chosen 

that do not require stock exclusion.  

By contrast, both stock exclusion fencing and fishways required ongoing routine 

maintenance, as well as disaster maintenance after flooding, and lifecycle maintenance for the 

eventual replacement of infrastructure. Fishways involve much greater costs than fencing and 

therefore require substantial funding streams. Fencing can be managed by landholders. This 

is not to downplay the challenge many landholders face maintaining environmental projects, 

particularly in times of drought and low-farm productivity. Importantly, and particularly 

regarding landholders and the use of voluntary instruments, to be effective all management 

arrangements should involve oversight from an independent authority. Without oversight, the 

most sophisticated infrastructure is not likely to be maintained, and so it will fail to improve 

the ecological condition of the river.  

2.2.7 Conclusions 

Stream restoration is moving out of its experimental phase and increasingly 

becoming a main-stream practice.  As we move into this next phase of stream restoration, 

maintenance of our interventions becomes increasingly important.  Practitioners need to 

consider arrangements for maintenance as seriously as they consider the initial design and 

implementation of projects. The central conclusions of this paper are as follows: 
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• River restoration interventions fail when they are not maintained.  

• Some interventions are self-sustaining while others require ongoing maintenance, and, 

importantly, the trajectory of this recovery can be predicted, and planned-for. 

• How well projects are maintained depends on management arrangements.  Decisions 

about management should be informed by the recovery trajectory of degraded 

environmental assets, and whether interventions address symptoms or causes of 

degradation. 

• Interventions that are more costly, and require more maintenance, particularly those 

that require eventual replacement, need more reliable management instruments. 

Ongoing interventions pose the greatest challenge for river restoration because they 

need ongoing funding and permanent arrangements for management. 

• Voluntary instruments are only appropriate when implemented effectively.  

• All management arrangements require oversight from an independent authority to 

ensure maintenance occurs. 

Establishing new river restoration projects has been a central focus of the past two 

decades.  The problem of maintenance has emerged as projects mature. Interventions should 

be implemented through instruments that ensure they will be maintained long enough to 

allow the degraded environmental asset to follow the expected recovery trajectory through to 

an improved condition. We have growing confidence in many of the infrastructural and 

practice-based solutions to degradation. The next big challenge is to establish the same faith 

in how our solutions are managed. We can begin by assessing how well current management 

arrangements maintain existing projects. The key message of this paper is not that there is 

one ideal way to manage an intervention for success. Rather, that some interventions require 
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more maintenance than others, and those that require persistent maintenance to be successful 

should be managed accordingly.  

 

2.3 Conclusion 

The review and analysis of river restoration interventions presented in the above 

manuscript suggests that the problem of maintenance is related to how projects are managed. 

Stock exclusion projects are ‘ongoing’ interventions because they must be maintained 

indefinitely to be effective. Ongoing interventions should be implemented using management 

arrangements that ensure maintenance will be performed over the long-term. The use of 

voluntary instruments, such as the voluntary agreements between government departments, 

regional CMAs and individual landholders, is only appropriate when implemented 

effectively. For example, the effective implementation of voluntary agreements includes 

compliance monitoring, enforcement of non-compliance, and the threat of more robust legal 

regulation in the event of non-compliance (Danne, 2003; Gunningham, 2003). Poorly 

implemented voluntary agreements pose a risk to the success of projects that require ongoing 

maintenance, such as stock exclusion.  

Riverbanks are some of the most biologically diverse ecosystems in Australia (e.g., 

Jansen & Robertson, 2001). Cattle grazing is a major cause of degradation to these 

ecosystems (e.g., Belsky, Matzke, & Uselman, 1999). Over the past three decades, stock 

exclusion projects have become one of the most common river restoration projects worldwide 

(e.g., Brooks & Lake, 2007; Kondolf et al., 2007). These projects must be maintained 

indefinitely. In Australia, voluntary agreements have been successful for engaging 

landholders to adopt stock exclusion behaviours, including the construction of fencing, and 

actively using fences to prevent cattle from grazing riverbanks (e.g., Race & Curtis, 2013). 

Very little research has been conducted about whether stock exclusion projects in Victoria 
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implemented using voluntary agreements are maintained, and if these stock exclusion 

projects are effective for improving the ecological condition of degraded riverine ecosystems. 

As a result, the suitability of using voluntary agreements for ensuring stock exclusion projects 

are maintained is uncertain. Thus, research is needed to investigate if landholders maintain 

stock exclusion projects, how ecologically effective such projects are, and therefore, how 

effective voluntary agreements are for implementing stock exclusion projects. Chapter 3 of 

this thesis examines in greater detail the impact of cattle grazing on riverbank ecosystems, the 

purpose of stock exclusion projects, and the use of voluntary agreements to implement stock 

exclusion projects.   
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PART TWO 
 

Chapter Three: Stock exclusion, Fencing and Voluntary Agreements 
 

“Over-grazing cannot fail to be harmful to both grasses and seedlings. Grazing where drought 

conditions exist, which is necessarily over-grazing, can never fail to cause injury.” 

Report of the Royal Commission to inquire into Forest Grazing, 1946, p.19.  

 

3.1 Introduction 

Chapter Two demonstrated that river restoration projects often fail from lack of 

maintenance. The problem of maintenance is related to how effectively projects are managed. 

The current chapter (Chapter Three) reviews literature about the maintenance of projects that 

involve constructing fencing to exclude stock from riverbanks, and the use of voluntary 

agreements to implement these projects. Projects to exclude stock, primarily cattle, from 

riverbanks, are one of the most common river restoration projects worldwide (e.g., Bernhardt 

et al., 2007; Brooks, 2007; Kondolf et al., 2007). To be effective, stock exclusion needs to be 

maintained indefinitely, including maintaining fences and continuing to prevent stock from 

accessing the riverbank. In Australia, and elsewhere, stock exclusion projects are 

implemented through the establishment of voluntary agreements between government 

departments, regional authorities, and individual landholders (Department of Sustainability 

and Environment, 2011). Section 2.2 of this thesis suggested that how well river restoration 

projects are maintained is related to management arrangements. Projects that need to be 

maintained indefinitely, such as stock exclusion, should be implemented using strong 

management arrangements, such as legislation. In Victoria, Australia, stock exclusion 

projects are managed through voluntary agreements, whereby governments subsidize the 

construction of fences and landholders are legally required to maintain fences and exclude 

stock indefinitely (DSE, 2011). However, these projects are rarely monitored and non-
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compliance is seldom penalized or enforced. Thus, in the absence of further financial 

incentives, or the threat of legal enforcement, the long-term success of stock exclusion is 

dependent on the willingness of individual landholders to continue to maintain fences and 

exclude stock.  

Numerous empirical studies demonstrate that excluding stock improves the ecological 

condition of degraded river systems (e.g., Hough-Snee et al., 2013; Schulz & Leininger, 

1990). Only one study has evaluated whether landholders continue to exclude stock after 

river frontages have been fenced out (Ede, 2011). Ede (2011) investigated how well 129 

stock exclusion projects in Victoria were maintained, and examined the relationship between 

stock exclusion and vegetation condition. The study concluded that 92% of landholders 

continue to exclude stock. However, the landholders who participated in the study were self-

selected for project evaluation; landholders voluntarily responded to an advertisement to 

participate in the research. Thus, these results are likely to be biased (Ede, 2011). Further, the 

study assumed that intact fences meant that landholders did not allow stock access, which 

does not necessarily follow.  

The research that will be reported in Part Two of this thesis involved assessing the 

relationship between stock grazing, fence condition, and vegetation condition, including the 

abundance of native vegetation, juvenile trees, and invasive species. This was possible 

because over the past five years Catchment Management Authority (CMA) staff have begun 

conducting condition assessments of stock exclusion projects in Victoria. Thus, the quality 

and contents of the data determined the hypotheses and research questions. Specifically, the 

research focuses on the relationship between grazing and three measures of vegetation 

condition: the abundance of native vegetation, juvenile trees, and invasive species.  
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This chapter is divided into two sections. Section 3.2 reviews the use of voluntary 

agreements for implementing river restoration projects. The section concludes that to be 

effective voluntary agreements should be used in conjunction with strong management 

arrangements, including identifying ecological targets for restoration (Danne, 2003), and 

using incentives that match the length of time that projects need to be maintained 

(Gunningham, Grabosky, & Sinclair, 1998). Ecological targets for river restoration are 

related to the Ecological Vegetation Class (EVC) guidelines, and the Victorian grazing 

guidelines. Section 3.3 examines the relationship between stock exclusion, fence condition, 

and vegetation condition. Measures of vegetation condition were determined by the 

availability of data collected by CMA field staff, including the abundance of native 

vegetation, the abundance of juvenile trees, and the abundance of invasive species.  

3.2 Voluntary Agreements 

Stock exclusion projects in Victoria are implemented through the establishment of 

contracts, known as voluntary agreements (VAs). Once entered VAs may be legally or non-

legally binding, however most are established “with the aim of positively influencing or 

controlling private parties without direct regulation of them.” (Danne, 2003, p. 288).  

The use of VAs emerged as a popular alternative to traditional environmental 

regulation in the 1990s for a number of reasons (Danne, 2003). Governments often perceive 

them to be more cost effective than traditional regulation (Kehoe, 2006), and more successful 

for implementing environmental management over extensive geographical spaces that are 

hard to monitor, such as in the case of agricultural environmental projects (Gunningham, 

2003). By contrast, Hubo and Krott (2013) suggest that this approach is often a last resort 

rather than a decision based on the identification of a genuine opportunity for efficiency. 

However, voluntary agreements are not used in all private sectors that operate in river basins; 
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they are used to manage the impacts of some industries on the environment, and not others. 

Wu and Babcock (1996) observe,  

“When an industry causes an environmental problem, policymakers must make a 

choice. They can either require the industry to correct the problem, or they can create 

incentives for the industry to correct the problem voluntarily.” (p.2).  

For example, following numerous mining disasters related to the failure of tailings dams, 

such as the Ok Tedi mine in Papua New Guinea (Schoenberger, 2016), a suite of regulations 

were introduced globally to mitigate the impacts of the mining sector on water resources 

(Dashwood, 2014). By contrast, governments use VAs to encourage landholders to 

voluntarily adopt behaviours, like stock exclusion, that will lessen the impact of the 

agricultural sector on ecosystems.  

The distinction between regulatory and voluntary approaches to correcting 

environmental problems stemming from private industries is also reflected in the 

asymmetries that characterize the way mining and agriculture are framed discursively. The 

environmental degradation caused by the mining sector tends to be framed as the impact of a 

private industry on public resources, sanctioned by the support of citizens, and validated by 

industry responses (Prno & Slocombe, 2012). By comparison, the act of landholders adopting 

new pro-environmental behaviours in place of traditional farming practices that produce 

erosion, salinity, and declining water quality, is framed quite differently. Farmers are 

represented as incurring a cost for investing in public benefit outcomes (e.g., Cocklin, 

Mautner, & Dibden, 2007; Knowler & Bradshaw, 2007). For example, Higgins, Dibden, 

Potter, Moon, and Cocklin (2014) frame the problem of environmental management in river 

basins in terms of motivating landholders to, “produce or conserve environmental public 

goods.” (p.463).  
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Within such discourse the onus is consistently placed on governments to buffer the 

costs of environmental management for farmers (e.g., Cocklin et al., 2007). This dynamic is 

reflected in the form taken by VAs for stock exclusion in Victoria, whereby governments 

subsidize the cost to landholders of adopting projects. Despite the fact that landholders are 

legally required to continue maintaining stock exclusion, including self-funding the repair of 

fences, compliance is rarely monitored, and non-compliance is seldom penalized. The section 

of this thesis that follows, focuses on use of VAs for stock exclusion in Victoria (section 

3.4.1), and suggests that in the absence of further subsidies for maintenance, effective 

monitoring and enforcement of non-compliance, the long-term success of these projects is 

contingent on the motivation of individual landholders. Thus, there is a need to investigate 

the non-monetary factors that influence landholder behaviour, and to determine if those 

factors incentivise the continued maintenance of stock exclusion projects. 

3.2.1 Voluntary agreements for stock exclusion in Victoria 

Projects to exclude stock from grazing riverbanks in Australia were first implemented 

through the National Landcare Program (NLP) established in 1989, and through the National 

Heritage Trust (NHT) established in 1997.  These programs used voluntary agreements to 

encourage landholders to adopt environmental behaviours. An audit of river restoration 

projects involving landholders conducted between 2007 and 2008, including stock exclusion 

projects established through the NHT, revealed some underlying problems with project 

implementation (Commonwealth of Australia, 2008). The report emphasized “the absence of 

consistently validated data, the lack of agreement on performance indicators and any 

intermediate outcomes” (Commonwealth of Australia, 2008, p.16). Over the next five years, 

guidelines and evaluation methods were established to improve the consistency of projects 

between regions, and to address concerns about the lack of measurable outcomes of river 

restoration projects, including guidelines about establishing voluntary agreements with 
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landholders for stock exclusion in 2011 (Department of Sustainability and Environment, 

2011), and guidelines for the amount of permissible grazing on riverbanks in 2013 

(Department of Environment and Primary Industry, 2013).  

These more recent voluntary agreements for stock exclusion are established between 

the Victorian Department of Environment and Primary Industries (DEPI, now Department of 

Environment, Land, Water and Planning), CMAs, and landholders (Department of 

Sustainability and Environment, 2011). The CMAs constitute 10 regional agencies across 

Victoria with statutory power that were established under the Water Act 1989 and the 

Catchment and Protection Act 1994. Each CMA is made up of board members, an 

implementation committee, and field and office staff  (Department of Environment Land 

Water and Planning, 2015a).  Implementing river restoration projects is a central 

responsibility of the CMAs under the Water Act 2007. The Water Act 1989 stipulated a levy 

rate to provide a stream of funding for CMAs, independent of grants for specific projects, 

such as river restoration. However, the levy rate was removed shortly after introduction, and 

was replaced with yearly grant-based funding. In 2013 the Victorian Auditor-General 

undertook an enquiry into the effectiveness of the CMAs (Victorian Auditor-General, 2013). 

The enquiry report suggested that the short funding cycle was detrimental to the success of 

regional catchment management strategies, and recommended a four-year funding cycle. This 

recommendation was adopted, thus, currently the Department of Environment, Land, Water 

and Planning allocates funding for the establishment of river restoration projects, including 

stock exclusion, on a four-year cycle.  

Under the terms of the new VAs, government departments subsidize the cost to 

landholders of adopting new environmental projects, including the construction of exclusion 

fences and the purchase of seedlings for revegetation. Landholders are then required to 

maintain these projects indefinitely, including continuing to perform the grazing regime 
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stipulated in the agreement (either total exclusion or minimal permitted grazing), repairing 

fences, and weed management (Department of Sustainability and Environment, 2011). CMA 

staff are responsible for negotiating and implementing the terms of agreements, including 

whether the complete exclusion of stock from riverbanks is required, or if landholders are 

permitted to perform some minimal grazing over short periods (Department of Environment 

Land Water and Planning, 2015a; Department of Sustainability and Environment, 2011). 

These arrangements are common throughout Australia, accounting for more than 10, 000km 

of stock exclusion fencing in Victoria alone (P. Vollebergh, personal communication, 

February 5th, 2017). Many voluntary agreements relate to projects on Crown frontage that is 

held under a license. The agreement is then attached as a condition of the licence.  

Ideally, the terms of individual voluntary agreements should be informed by the 

identification of measurable ecological targets, and the predicted ecological outcomes of 

restoration activities (Danne, 2003). For example, the decision about whether landholders are 

required to exclude stock entirely, or are permitted to perform minimal grazing, should be 

based on the condition of the riverbank at the time of exclusion, ecological targets for the 

improvement of vegetation condition, and the predicted impact of continued grazing (Parkes, 

Newell, & Cheal, 2003). Recommendations for establishing ecological targets and making 

decisions about permissible grazing are outlined in the Victorian grazing guidelines 

(Department of Environment Land Water and Planning, 2015a), and the Ecological 

Vegetation Class guidelines (Department of Sustainability and Environment, 2004), 

described in Section 3.4.2 below.  

To be successful over the long-term, VAs should involve incentives and motivations 

for ongoing maintenance, as well as the initial adoption of projects (Gunningham et al., 

1998), compliance monitoring, and penalization of non-compliance (Gunningham & Young, 

1997). Incentives can include financial subsidies and direct payments, while motivations 
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include non-monetary factors, such as beliefs about environmental stewardship, and social 

norms about the responsibility of landholders to improve the condition of degraded 

ecosystems in river basins (Gunningham, 2003). In Victoria, financial incentives are used to 

encourage landholders to adopt stock exclusion. Landholders are legally required to continue 

excluding stock, however these projects are rarely monitored, and non-compliance is rarely 

enforced. Thus, in the absence of further financial support, or penalties for non-compliance, 

the success of these projects depends on the motivation of individual landholders, including 

the influence of social norms. Chapter 6 of the thesis examines the relationship between 

social norms and landholder environmental behaviour.   

3.2.2 Victorian guidelines and assessment criteria for stock exclusion projects 

3.2.2.1 Victorian grazing guidelines 

In the early years of the National Landcare Program and the National Heritage Trust 

many landholders continued to overgraze riparian areas even after the establishment of stock 

exclusion projects. In 2013 the then Victorian Government Department of Environment and 

Primary Industry published a decision support tool and guidelines for managing grazing on 

riparian land (Department of Environment and Primary Industry, 2013). A revised edition 

was published in 2016 by the now Department of Environment, Land, Water, and Planning 

(DELWP). Prior to the introduction of the guidelines, landholders were not permitted to 

continue grazing the riverbank after the construction of riparian fencing. These guidelines 

were introduced to restrict grazing to sites that are unlikely to be altered by the presence of 

stock on riverbanks. Primarily, infrequent grazing of short-duration is permitted to prevent 

invasive species from becoming overgrown on sites that contain remnant native vegetation 

(Department of Environment Land Water and Planning, 2016). In such cases, grazing can 

promote the recruitment of native species by removing competition from invasive species. 

However, the preferred management approach is to exclude stock, remove invasive species, 
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and revegetate the riverbank with native samplings. Thus, the landholders involved in the 

research who entered voluntary agreements prior to 2013 should not be grazing stock at all, 

while those who entered agreements in 2013, and were assessed in 2014, should only graze 

according to the terms stipulated in the grazing guidelines. In either case, the purpose of the 

current research was to establish whether landholders who graze do so in a manner that is 

consistent with best-practice guidelines, and therefore to consider the implications for future 

policy. 

The new guidelines stipulate that regional staff should negotiate the terms of stock 

exclusion contracts with landholders on a case-by-case basis (Department of Environment 

Land Water and Planning, 2016). Regional staff assess individual sites and determine if 

grazing should be permitted, and if sites require revegetation, or if recovery is likely to occur 

through natural recruitment. In theory landholders and CMA staff should retain a copy of 

negotiated contracts, including details about permissible grazing regimes. In reality, these 

details are not always recorded. During my consultation with the three regional authorities, 

staff indicated that details about the exact amount of grazing that was permitted on individual 

properties was often missing from formal records. As a result, it is difficult to determine 

whether landholders are complying with the terms of their contracts, and how much grazing 

continues on restoration sites. Thus, the research reported in Part Two of the thesis 

investigated whether landholders that continue to graze do so in accordance with the 

following recommendations outlined in the Victorian grazing guidelines:  

• Full exclusion of stock from riverbanks should take place during spring and early 

summer when native species typically germinate;  

• Full exclusion should take place between 3-5 years after the revegetation of sites to 

allow native saplings to establish; and  
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• The current grazing regime should not be permitted to continue on sites with less than 

or equal to 25% native vegetation cover. 

3.2.2.2 Ecological Vegetation Classes (EVC) guidelines 

The goals and guidelines for the restoration of native vegetation on riverbanks in 

Victoria are based on a mapping model of the assumed pre-European settlement vegetation 

types and extents, known as Ecological Vegetation Classes (EVCs) (Department of 

Sustainability and Environment, 2004). Four of the most endangered bioregions in Australia 

are in Victoria, with less than 10% of the pre-European vegetation extent of EVCs in those 

regions remaining (Department of Sustainability and Environment, 2004). The mapping of 

EVCs provides a benchmark for setting restoration goals and assessing projects (Parkes et al., 

2003). For example, EVCs stipulate the amount of native vegetation coverage that healthy 

riverbanks should contain. This baseline can be used to assess the condition of riverbank 

vegetation, and thus examine how effective voluntary agreements are for improving the 

condition of degraded riverbanks. The specific measures of vegetation and associated 

baselines that are relevant to this thesis are outlined in Chapter Four (Methods and Results). 

In theory, CMA staff should use both the Victorian grazing guidelines, and EVCs to 

assess the condition of riverbanks, and negotiate the terms of voluntary agreements with 

landholders. However, initial discussions with CMA staff for this thesis revealed that VAs 

are often determined by the willingness of the landholder to exclude stock entirely, rather 

than ecological targets. Thus, the research reported in Part Two of the thesis investigated the 

effectiveness of using VAs to implement stock exclusion projects, by comparing the 

condition of riverbank vegetation to benchmark values stipulated in EVC classes 

(Department of Sustainability and Environment, 2004). The measures of vegetation condition 

were determined by the quality of available data collected by CMA staff during field 
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assessments of stock exclusion sites. Part Two of the thesis focused on the abundance of 

native vegetation, juvenile trees, and invasive vegetation.  

3.3 The relationship between fence condition, stock exclusion  

and vegetation condition  

Others have described the impacts of stock grazing on river systems in detail, 

including riverbank erosion, reduced water quality, channel widening and deepening, 

increased suspended sediment and nutrient loads, the degradation of fish habitats, and 

alterations to the abundance, composition, and function of both riverbank and instream 

vegetation (e.g., Belsky et al., 1999; Platts, 1982). Numerous studies indicate that stock 

exclusion improves the condition of riverbank vegetation (e.g., Schulz & Leininger, 1990). 

Only one prior study has examined the relationship between stock grazing and vegetation 

condition in the context of government programs in Victoria. This study (Ede, 2011) assumed 

that intact fences prevent stock access, despite the fact that stock exclusion fences usually 

contain gates that can be used for stock access. The research reported in the current thesis 

investigated how well stock exclusion projects in Victoria are maintained, including whether 

there is a relationship between fence condition and actual grazing behaviour, and whether 

there is a relationship between stock exclusion and the abundance of overall native 

vegetation, native juvenile trees, and invasive species. The literature review presented below 

only considers these relationships. 

3.3.1 Fence condition 

Ede (2011) conducted field assessments of 129 stock exclusion sites across eight 

CMAs in Victoria. The study assumed that an intact fence meant that no grazing could take 

place. The report concluded that effective stock exclusion was observed at 92% of sites. The 

research reported in Part Two of the thesis examined whether fence condition was a good 
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surrogate for stock exclusion, and therefore for how well landholders maintain stock 

exclusion projects.   

3.3.2 Abundance of native vegetation 

Grazing stock on riverbanks leads to a decline in native vegetation on riverbanks (e.g., 

Fleischner, 1994). Even minimal cattle grazing during summer and dry periods can quickly 

damage riverbank vegetation (Belsky et al., 1999).  

Experimental studies suggest that stock exclusion results in the increased abundance 

of native vegetation on riverbanks (e.g., Hough-Snee et al., 2013; Schulz & Leininger, 1990). 

For example, Miller, Chanasyk, Curtis, Entz, and Willms (2010) monitored riparian areas 

over four years following stock exclusion and found that ecological condition improved by 

nearly 20%, including the abundance of native vegetation. Thus, the study reported in Part 

Two of the thesis examined whether sites where landholders maintain complete exclusion 

would contain a greater abundance of native vegetation compared to sites where landholders 

failed to maintain projects, and rather, continued grazing. 

3.3.3 Abundance of juvenile trees 

The presence of juvenile trees on riverbanks is a strong indicator for the recovery of 

riparian vegetation, and that recovery is one of the central goals of excluding stock. Grazing 

destroys seedlings before they can mature and develop into canopy (Fleischner, 1994). For 

example, Robertson and Rowling (2000) compared the vegetation composition of six sets of 

paired grazed and un-grazed sites along the Murrumbidge River. They found that un-grazed 

sites contained significantly more Eucalypt seedlings and saplings on riverbanks, compared 

to grazed sites.   

Stock exclusion increases the abundance of woody plants (Bock, Bock, Kenney, & 

Hawthorne, 1984), the density of the tree canopy (Schulz & Leininger, 1990), and juvenile 
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native tree species (Robertson & Rowling, 2000). Thus, we anticipated that sites in Victoria 

with stock excluded would contain a greater abundance of juvenile trees, compared to sites 

with continued grazing. In one year, river red gum (Eucalyptus camaldulensis) can grow into 

saplings of between 30cm to 60cm in height, while planted saplings should grow to well over 

a meter in height (Stefano, 2002). Ede (2011) examined juvenile tree cover at stock exclusion 

sites in Victoria. Vegetation condition was ranked on a scale of one to five whereby the value 

of one represented 0% coverage, the value of two represented <1% coverage, the value of 

three represented 1-5% coverage, the value of four represented 6-25% coverage, and the 

value of five represented >25% coverage. The study found that 40% of site contained 

between 6-25% juvenile tree cover, and thus meet the baseline of 5% outlined in the 

Victorian Ecological Vegetation Class assessment guidelines. However, 52% of sites 

examined by Ede (2011) contained between 1-5% coverage of juvenile trees. Importantly, 

this category does not reflect distinctions outlined in the Victorian Ecological Vegetation 

Class assessment guidelines; the baseline coverage of juvenile trees on riverbanks in Victoria 

is 5%. Thus, it is impossible to determine the number of sites with between 1-5% cover that 

meet the baseline condition, or to draw meaningful conclusions about the impact of stock 

grazing on riverbank vegetation. Part Two of the thesis examines whether sites with full 

exclusion had a greater abundance of juvenile trees (whether planted or self-seeded) 

compared to sites with continued grazing.  

3.3.4 Abundance of invasive species 

The impact of stock exclusion on the abundance of invasive weed species on 

riverbanks varies with the weed management after the cessation of grazing (Morris & Reich, 

2013). Without effective weed management, stock exclusion sites can contain more weeds 

than grazed sites (Lunt, Jansen, & Binns, 2012). Ede (2011) found that sites in Victoria with 

stock exclusion ranked higher for the abundance of weeds compared to sites with continued 
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grazing, but the difference was small. Grazing reduces the abundance of all vegetation, 

including invasive species (Morris & Reich, 2013). In the absence of grazing, the amount of 

invasive species may increase as a result of landscape scale factors, such as the surrounding 

land use. For example, one outcome of irrigated agriculture in Australia is the reversed 

seasonality of river flow, including high summer flows and low winter flows. This altered 

flow regime is more advantageous for invasive species, compared to native species (Morris & 

Reich, 2013). 

Under the terms of voluntary agreements, landholders involved in stock exclusion 

projects in Victoria are required to manage weeds after the cessation of grazing (Department 

of Sustainability and Environment, 2011). Thus, in theory, all sites examined in this thesis 

should contain a low abundance of invasive species. Without effective weed management, the 

ecological condition of sites with stock exclusion may decline (Morris & Reich, 2013). Part 

Two of the thesis examines whether landholders who maintain stock exclusion also maintain 

effective weed management.  

3.4 Conclusion 

To successfully improve the condition of degraded ecosystems along rivers, stock 

exclusion projects must be maintained indefinitely. In Victoria, stock exclusion projects are 

implemented through voluntary agreements between government departments and individual 

landholders (Department of Sustainability and Environment, 2011). Government agencies 

subsidize the initial adoption of these projects, while landholders are required under the 

agreements to maintain projects indefinitely, including repairing fences and upholding the 

grazing regimes stipulated in contracts. Danne (2003) argues that to be effective, VAs should 

include clear links between measurable ecological targets, and restoration activities. 

Historically, the use of VAs for stock exclusion projects has been criticised for failing to 

produce measurable outcomes (Commonwealth of Australia, 2008). Over the past decade, 



59 
 

guidelines have been established to improve the effectiveness of stock exclusion projects, 

including grazing guidelines for negotiating the terms of contracts with landholders. Minimal 

grazing should only be permitted if continued stock access is unlikely to further degrade the 

condition of riverbanks, or impede the improvement of vegetation condition (Department of 

Environment and Primary Industry, 2013). At least some VAs were established after the 

introduction of the grazing guidelines, while those established previously stipulated that full 

exclusion was required. With one exception (Ede, 2011), there have been no studies of the 

effectiveness of VAs for ensuring that stock exclusion is maintained, and that any grazing 

follows the Victorian guidelines. Thus, the research reported in Part Two of the thesis 

investigated how well landholders maintain stock exclusion projects, including whether 

landholders follow the grazing guidelines, and if current grazing regimes are improving the 

condition of riverbank vegetation, in accordance with the EVC benchmark for juvenile tree 

cover outlined above.  

Further, to be effective over the long-term, VAs should involve: incentives that 

continue for the same length of time that the environmental project needs to persist 

(Gunningham et al., 1998), regular monitoring, and the penalization of non-compliance 

(Gunningham & Young, 1997). The VAs that are established for stock exclusion in Victoria 

involve the use of subsidies to encourage landholders to adopt environmental behaviour, 

however, landholders are required to self-fund project maintenance. In addition, projects are 

rarely monitored, and non-compliance is rarely penalised. In the absence of further financial 

incentives, or the threat of non-compliance penalties, the success of stock exclusion projects 

is related to the willingness of landholders to maintain projects of their own accord.  

Factors such as social norms influence the adoption of environmental behaviours in 

rural communities (Curtis, McDonald, & Sample, 2008; Fielding, Terry, Masser, & Hogg, 

2008). Voluntary agreements are likely to be successful over the long-term if landholders are 
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motivated by non-monetary factors, such as social norms, to continue stock exclusion 

(Danne, 2003). Therefore, research is needed that both investigates if landholders maintain 

stock exclusion projects, and examines the relationship between social norms and continued 

stock exclusion. Chapter Six of this thesis examines the factors that influence the voluntary 

adoption and maintenance of environmental behaviour, including agricultural environmental 

behaviour. The outcomes of the review presented in the current chapter informed the 

hypotheses that were examined in Part Two of this thesis.  
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Chapter Four: Methods and Results 
 

4.1 Introduction 

The purpose of this thesis is to investigate the problem of maintenance; river 

restoration projects often fail because they are not maintained. Maintenance failure is related 

to the specific management arrangements used to implement projects. Stock exclusion 

projects, the focus of the research reported in this thesis, are implemented using voluntary 

agreements between government agencies and individual landholders. Part Two of the thesis 

examines how well landholders in Victoria who are involved in voluntary agreements 

maintain stock exclusion projects, and the relationship between stock exclusion, the condition 

of exclusion fencing, and the condition of vegetation in the fenced frontage. The research 

reported in Part Two was conducted in collaboration with three regional catchment 

management authorities (CMAs) in Victoria (CMA A, CMA B and CMA C). Field staff from 

these authorities collected data about how well projects are maintained, including measures 

of fence condition, evidence of continued grazing rather than exclusion, and measures of 

vegetation condition, such as the abundance of juvenile native trees, overall native 

vegetation, and invasive species. The availability of data informed the research questions and 

hypotheses for the research. The current chapter (Chapter Four) presents the methods and 

results of this research. 

4.2 Methods 

4.2.1 Research questions and hypotheses 

The research examined how well landholders from three CMAs in Victoria maintain 

stock exclusion projects. Research questions addressed how many landholders continue to 

graze on riverbanks, compared to those who have excluded stock entirely, and whether 

landholders who continue to graze follow the recommendations outlined in the Victorian 
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grazing guidelines (Department of Environment Land Water and Planning, 2016) (Appendix 

C). In 2013 the Victorian Department of Environment and Primary Industry published 

guidelines for managing grazing on riparian land. A revised edition was published in 2016 by 

the now Department of Environment, Land, Water, and Planning. These guidelines were 

introduced to restrict grazing to sites that are unlikely to be altered by the presence of stock 

on riverbanks. Some grazing is allowed because infrequent grazing of short-duration (‘crash’ 

grazing) can control invasive pasture grasses that would otherwise out-compete planted or 

self-sown native seedlings (Department of Environment Land Water and Planning, 2016). 

However, the government’s preferred management approach is to exclude stock, revegetate 

the riverbank with native species, and manage weeds. The research investigated whether 

current grazing regimes reflect key recommendations stipulated in the Victorian grazing 

guidelines, including the following:  

 

• Stock should be excluded from riverbanks in spring and early summer when 

native species typically germinate;  

• Stock should be excluded from revegetation areas for 3-5 years to allow native 

vegetation to establish;  

• Grazing should not be permitted on sites with less than or equal to 25% 

vegetation cover for the recovery of juvenile trees. 

The research also examined seven hypotheses about the relationship between stock 

exclusion, the condition of stock exclusion fencing, and the condition of riverbank 

vegetation, including the abundance of juvenile trees, native vegetation, and invasive species. 

However, the quality of vegetation condition data collected by the three CMAs varied 

considerably. CMA A and CMA C used formal methods of data collection, while CMA B 
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used a method devised by regional staff. Staff from CMA B conducted a visual assessment of 

riverbanks and classified vegetation condition as ‘good’, ‘medium’, or ‘poor’. This data did 

not include measures of vegetation features or the abundance of native and invasive 

vegetation. Therefore, vegetation data from CMA B was excluded from the analysis of 

vegetation condition. The research questions and hypotheses are expounded below. The 

hypotheses are also summarized in Table 2. 

4.2.1.1 Stock exclusion.  

The research investigated how many landholders continue to graze on riverbanks, 

compared to those that have excluded stock entirely, and whether landholders who continue 

to graze follow the recommendations outlined in the Victorian grazing guidelines 

(Department of Environment Land Water and Planning, 2016). In particular, the research 

examined whether landholders excluded stock entirely for 3-5 years following revegetation, 

whether landholders excluded stock in spring and early summer, and whether grazing 

continued on sites with less than or up to 25% native vegetation cover. Given the quality of 

the data from each CMA, it was only possible to examine the question about 25% native 

vegetation cover using data from CMA A. 

4.2.1.2 Fence condition.  

 Ede (2011) assumed that fences in good condition were effectively preventing stock 

access to riverbanks. The research tested whether fence condition is a useful proxy for actual 

stock access. Riverbank fences usually contain gates. Therefore, it was anticipated that fence 

condition would not be associated with observed evidence of cattle access to riverbanks (H1). 

4.2.1.3 Vegetation condition.  

Vegetation data varied between CMA A and CMA C. Thus, different hypotheses were 

used to examine the relationship between vegetation condition and stock grazing in each 
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CMA. A purpose of stock exclusion projects is to improve the condition of riverbank 

vegetation, in terms of achieving the benchmark conditions specified in the Victorian 

Ecological Vegetation Classes (EVCs) (Parkes et al., 2003). The EVC guidelines 

(Department of Sustainability and Environment, 2004) provide a benchmark for setting 

restoration goals and assessing projects (Parkes et al., 2003). The most common EVCs of 

sites in the study regions were Floodplain Riparian Woodland, Riparian Forest, Riverine 

Grassy Woodland, and Box Ironbark Forest (Department of Environment Land Water and 

Planning, 2017). These EVCs stipulate that the pre-European vegetation had a benchmark of 

5% juvenile tree cover, whereby juvenile trees cover refers to the percentage of area covered 

by the foliage of individual canopy plants taller than 30cm but below 5 metres (Department 

of Sustainability and Environment, 2004). Grazing reduces the abundance of native seedlings 

and saplings (Robertson & Rowling, 2000). Staff from CMA A recorded the percentage 

coverage of juvenile trees on riverbanks. It was anticipated that sites in CMA A with 

continued grazing would contain less cover of juvenile trees than sites with full exclusion 

(H2), and that grazed sites would contain less than the benchmark value of 5% coverage, 

while sites with full exclusion would contain at least 5% coverage (H3). Given that stock 

grazing degrades native vegetation (e.g., Belsky et al., 1999; Platts, 1982), it was anticipated 

that sites with continued grazing would contain less native vegetation (H4). Landholders 

involved in stock exclusion projects are also responsible for conducting weeding (Department 

of Sustainability and Environment, 2011). In theory, landholders who exclude stock should 

also manage invasive species, while those who continue grazing are less likely to manage 

invasive species. Therefore, it was anticipated that grazed sites would contain a greater 

abundance of invasive vegetation, compared to sites with stock exclusion (H5).  
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Similar to Ede (2011), staff in CMA C measured vegetation condition by ranking sites 

on a scale of 1 to 5. Ede (2011) found that sites with continued grazing ranked lower on the 

scale for abundance of juvenile trees. Thus, it was expected that sites in CMA C with 

continued grazing would contain less juvenile trees than sites with stock exclusion, and thus 

score lower on the juvenile trees condition scale (H6). It was also expected that sites with 

continued grazing would score lower on the weed condition scale, whereby lower scores 

denote a greater amount of weeds and higher scores denote less weeds (H7).  

Table 2. Hypotheses 
 

1 No relationship between stock exclusion and fence condition. 
2 Sites in CMA A with continued grazing will contain less cover of juvenile trees than sites with stock 

exclusion. 
3 Sites in CMA A with continued grazing will contain less than 5% coverage of juvenile trees, while sites with 

stock exclusion will contain 5% or greater coverage of juvenile trees.  
4 Sites in CMA A with continued grazing will contain less native vegetation than sites with stock exclusion. 
5 Sites in CMA A with continued grazing will contain a greater abundance of invasive vegetation than sites 

with stock exclusion.  
6 Sites in CMA C with continued grazing will score lower on the juvenile trees condition scale, and thus 

contain less juvenile tree coverage, than sites with stock exclusion.   
7 Sites in CMA C with continued grazing will score lower on the invasive vegetation scale, and thus contain a 

greater abundance of weeds, than sites with stock exclusion. 
 

4.2.2 Participants and procedure 

Between 2013 and 2014, three CMAs conducted field assessments of restoration projects on 

riverbanks in Victoria. The participants were 231 landholders from these three CMAs who 

were involved in river restoration to exclude stock from grazing the riverbank: CMA A (N = 

137), CMA B (N = 50) and CMA C (N = 44). The sampling method was purposive, rather 

than random, as the research investigated a particular phenomenon; the maintenance of stock 

exclusion projects implemented using voluntary agreements that were established over the 

past decade. In accordance with the ethics approval for the research, the identities of the 

CMAs, and landholder participants, will remain anonymous throughout the thesis. The 

average age of landholders was 55 years old, and more than 80% were male. The property 

sizes of participants ranged between 200 and 3000 hectares, and the involvement of 
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landholders in stock exclusion projects ranged from 2 to 10 years prior to assessment. Figure 

9 indicates that the main farming activities were keeping stock, including cattle and sheep, 

and cropping, including horticulture and stock fodder. Most participants reported multiple 

farming activities, such as keeping cattle and growing fodder, however farming activities 

varied between CMA regions; most farmers in CMA B were graziers while the majority of 

farmers in CMA A and CMA C practiced multiple farming activities.  

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Common farming activities of landholders in CMA A, CMA B, and CMA C. 
 

Figure 10 demonstrates that the long-term and two-year (2013-2014) rainfall average 

varied considerably between the three regions. Daily gridded rainfall data from the Bureau of 

Meteorology’s Australian Water Availability Project (AWAP) dataset (Jones, Wang, & 

Fawcett, 2009) was used to compute the long-term and two year average rainfall for each 

landholder property involved in the research. The methods for extracting the gridded data are 

outlined in more detail in Part Three of the research about drought conditions.  
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Figure 10: Average long-term and two-year (2013-2014) rainfall for CMA A, CMA B, and 
CMA C. 
 

ANOVA confirmed that the long-term average rainfall of CMA B (M = 1030.28, SD 

= 216.16) was significantly higher than the long-term average of CMA A (M = 405.93, SD = 

50.48) and CMA C (M = 764.73, SD = 229.86), F (2, 78), = 3.12, p = .00. Similarly, the 

average rainfall for 2013 and 2014 of CMA B (M = 925.20, SD = 188.42) was significantly 

higher than the two-year average of CMA A (M = 334.27, SD = 29.86) and CMA C (M = 

652.36, SD = 198.29), F (2, 78), = 3.11, p = .00. Further, a t-test found that the average 

rainfall of all 93 landholder properties was significantly lower in 2013 and 2014 (M = 742.78, 

SD = 312.12) compared to the long-term average (M = 645.22, SD = 285.88), t (82) = 2.09, p 

= 0.02. Thus, rainfall was taken into consideration for interpreting results about vegetation 

condition. 

 

All 231 landholder properties were visited for evaluation by CMA staff members. 

Data about evidence of grazing, fence condition, and vegetation condition was collected by 

CMA staff during these evaluations. In addition, I designed and mailed a social survey, 
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including items about grazing practices, to all landholders (Appendix D). In total, 93 

landholders (40% return rate) completed and returned usable surveys. 

4.2.3 Measures 

4.2.3.1 Stock exclusion 

Measures of stock exclusion included observations recorded by CMA staff during 

visual inspections, and landholder responses to open-ended questions about grazing practices 

in the social survey. Evidence of grazing recorded by CMA staff included hoof marks, eaten 

or damaged vegetation, and the presence of stock on riverbanks during the inspection.  

Information about grazing regimes was obtained from the sub-sample of 93 

landholders who completed the social survey (Appendix D). Vegetation data (described 

below) and survey data was used to investigate whether landholders who continue to graze do 

so in accordance with the Victorian grazing guidelines. The social survey included two items 

about grazing regimes. The first item asked landholders to report how many years following 

the completion of the restoration project that grazing commenced. The second item asked 

about the time of year, including the seasons and months, that grazing occurs. These data 

were used to investigate whether grazing regimes reflect the first two recommendations 

outlined above in Section 4.2.1 (Research questions and hypotheses).  

 

4.2.3.2 Fencing 

The condition of fencing was described by CMA staff during site inspections. 

Observations were recorded, including damage to fence wires, and evidence that gates in 

fences were used for stock access. Each CMA developed a ranking system that indicated 

whether fencing effectively excluded stock from the riverbank, or if stock were able to access 

the riverbank, without landholders deliberately opening the gate to permit access. For 

example, CMA A and CMA B classed fence condition as ‘good’, ‘medium’, or ‘poor’, 
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whereby fences in ‘good’ condition effectively exclude stock, and those in ‘medium’ or 

‘poor’ condition permit undeliberate stock access to varying degrees. CMA C assessed fence 

condition on a scale of 1 to 7, whereby values between 1 and 5 indicated that fences were in 

poor condition and permitted unintentional stock access, and values of 6 and 7 indicated that 

fences were in good condition and prevented unintentional stock access.  Thus, fence 

condition data from the three CMA regions was standardized into two categories: ‘good’ 

fencing successfully excludes stock while ‘poor’ fencing permits unintentional stock access 

to riverbanks. 

4.2.3.3 Vegetation condition 

The relationship between stock exclusion and vegetation condition was assessed by 

examining the abundance of native vegetation, juvenile trees, and invasive species on river 

restoration sites. However, the available data varied considerably between CMAs. The 

specific measures of vegetation condition for each CMA are described below. 

 CMA A 

Field staff from CMA A collected data about vegetation condition by walking the 

length of the riverbank for up to one hectare and recording observations about the percentage 

of vegetation coverage. The condition assessment form used by field staff is presented in 

Appendix E. For the current thesis, I compared this data with the predicted pre-European 

vegetation species distributions, as stipulated in the relevant EVCs (Department of 

Sustainability and Environment, 2004). For example, staff recorded the total percentage cover 

of native juvenile trees. This data was compared to the EVC baseline of 5% native juvenile 

tree cover.  

The total cover of native vegetation in riparian areas was a measure of the highest 

percentage of cover of each of native grasses, shrubs, juvenile trees, and mature trees. This 
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data was used to examine the relationship between native vegetation cover and stock 

exclusion, and to investigate whether grazing is excluded from sites with less than or equal to 

25% native vegetation cover are, as per the Victorian grazing guidelines. In accordance with 

the EVC guidelines, total native vegetation cover is classified as ‘absent’ if less than 10% 

cover is observed, ‘few’ if between 10% and 50% cover is observed, and ‘abundant’ if more 

than 50% cover is observed.  

The total cover of invasive species in riparian areas was a measure of the highest 

percentage of cover of each invasive species observed by field staff. For example, if three 

invasive species of 5%, 10%, and 15% cover were observed, the ‘total cover’ was recorded as 

15%. His approach accounts for overlapping layers of invasive vegetation. Total invasive 

species cover is classified as ‘low cover’ if between 5% and 25% cover is present, ‘easily 

observable’ if between 25% and 50% is present, and ‘visually dominant’ if more than 50% 

cover is present.  

 CMA B 

CMA B used a method of vegetation assessment devised by regional staff. Staff from 

CMA B conducted a visual assessment of riverbanks and classified vegetation condition as 

‘good’, ‘medium’, or ‘poor’. This data did not include measures of vegetation features or the 

abundance of native and invasive species. Therefore, this vegetation data was excluded from 

the analysis.  

 CMA C 

Staff from CMA C followed a’ rapid assessment’ method to assess vegetation 

condition. This involved walking the length of the riverbank for up to one hectare and 

recording observations about vegetation condition. The condition assessment forms used by 

field staff are presented in Appendix F. The abundance of juvenile trees and invasive species 
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were classified on a scale of one to five.  For the abundance of juvenile trees, the value of one 

is equal to no regeneration, two is equal to less than 1% ground cover, three is equal to up to 

10% ground cover, four is equal to between 10% and 30% groundcover, and the value of five 

is equal to abundant regrowth of more than 30% regeneration.  For the abundance of invasive 

species, the value of one indicates that more than 60% of the riverbank is covered with 

invasive species, the value of two indicates that between 40% and 60% of the riverbank is 

covered, the value of three indicates that between 10% and 40% is covered, the value of four 

indicates that less than 10% of the riverbank is covered, and the value of five indicates that no 

invasive species are present. This categorical data was used to examine the relationship 

between stock exclusion, and the abundance of juvenile trees and invasive species on sites in 

CMA C.  

4.2.4 Data analysis 

Three statistical methods of data analysis were employed in the research, including 

frequency analyses, Chi-Square, and t-tests. 

4.2.4.1 Frequency analysis.  

Research questions about how well landholders maintain stock exclusion, and 

research questions about whether landholders follow the Victorian grazing guidelines, were 

addressed by analysing the frequency of responses. This analysis included computing the 

frequency of landholders who continue to graze compared to those who exclude stock from 

grazing, and the frequency of landholders who follow the grazing guidelines, compared to 

those who do not follow the guidelines.  

4.2.4.2 Chi Square.  

Hypothesis 1, about the relationship between stock exclusion and fence condition, 

was examined by computing a Chi-Square test. The Chi-Square analysis tests the null-
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hypothesis that there is no relationship between two categorical variables, in this case stock 

exclusion (categories ‘yes’ and ‘no’) and fence condition (categories ‘good condition’ and 

‘poor condition’). If the P-value is less than .05, the null-hypothesis is rejected, suggesting 

that there is a relationship between the two variables.  

4.2.4.3 T-tests.  

Hypotheses 2-7, about the relationship between stock grazing and vegetation 

condition, were examined by computing t-tests. A t-test determines the likelihood that two 

sample means are from the same population. If the resulting P-value is less than .05, it is very 

likely that the two sample means are from different populations. For example, in the current 

research a t-test was computed to determine whether there was a significant difference 

between the mean values of the abundance of juvenile trees in grazed and ungrazed sites. If 

the P-value if less than .05, it is very likely that there is a significant difference between the 

mean values of abundance in grazed and ungrazed sites. If the P-value is greater than .05, it 

can be concluded that there is no difference between the abundance of juvenile trees in 

grazed and ungrazed sites. 

4.3 Results 

The research examined how well landholders maintain stock exclusion projects under 

voluntary agreements. This included investigating the number of landholders who continue to 

exclude stock, compared to the number of landholders who have resumed grazing, whether 

landholders who graze follow the Victorian grazing guidelines, whether fence condition is an 

accurate indicator of stock access to riverbanks, and the relationship between excluding stock 

and vegetation condition, including the abundance of native vegetation, juvenile trees, and 

invasive species.  

The remainder of the current chapter reports the results of the research. The 

assessment of riparian restoration projects conducted by CMA staff across the three regions, 
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included the evaluation of 231 landholder properties. However, the evaluation data indicated 

that some properties no longer run cattle, while others do not currently have riverbank 

fencing. Therefore, the sample size varies for the statistical analysis used to test each 

hypothesis, as demonstrated below. 

4.3.1 Descriptive results 

4.3.1.1 Stock exclusion 

The number of sites in CMAs A, B and C where stock was grazed, excluded, and 

where either landholders no longer run stock, or the data was insufficient to determine stock 

access, is summarized in Table 3.  

Table 3. Summary of grazing practices 
 

CMA Grazed Stock 
Excluded 

No stock/insufficient data 

A 65 71 1 
B 13 25 12 
C 16 27 1 
    
Total 94 109 14 

 
 

Of the sub-sample of 93 landholders that completed the social survey, 53 continue to 

graze restoration sites, and 40 practice total exclusion of stock from restoration sites. Of those 

landholders that continue to graze, 41 responded to the survey item asking landholders to 

report the time of year that grazing occurs. Most landholders graze in spring (N = 14) or 

summer (N = 17). Two landholders reported grazing all year round, and two landholders 

reported grazing only when the river is high.  

Of those that graze, 30 landholders responded to the survey item about the length of 

time since the establishment of the stock exclusion project that grazing resumed. Half of 

those reported that grazing resumed less than three years after the establishment of stock 

exclusion projects, and four reported that grazing resumed less than one year after. The 
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remainder reported that grazing resumed more than three years after the establishment of 

projects.  

Data from CMA A were analysed to determine if grazing continued on sites with less 

than or equal to 25% total native vegetation coverage. Of the 65 sites that were grazed, 20 

contained less than or equal to 25% total native vegetation coverage. 

4.3.1.2 Vegetation condition 

Table 4 displays the means and standard deviations for measures of vegetation 

condition from sites in CMA A, including the percentage of fenced frontage covered by 

juvenile trees, the percentage of total coverage of native vegetation, and the percentage of 

total coverage of invasive species. Of the 137 site assessments conducted in CMA A, four 

records were missing data related to the coverage of juvenile trees and the total coverage of 

native vegetation, and ten records were missing data related to the total coverage of invasive 

species. Therefore, the sample sizes vary for these measures, as described in Table 3. On 

average, the amount of juvenile tree cover on sites in CMA A was less than the EVC 

benchmark value of 5%, and a total of 58 sites were recorded as containing 0% coverage of 

juvenile trees. In accordance with the EVC guidelines, the average amount of total native 

vegetation coverage is categorized as ‘few’ (<10% cover), and the average amount of total 

invasive species coverage is categorized as ‘easily observable’ (10-50% cover). The standard 

deviation of juvenile tree cover shows moderate variability (SD = 7.79), while the standard 

deviation of native vegetation cover (SD = 22.54) and invasive species cover (SD = 18.77) 

shows considerable variability.  

The means and standard deviations for measures of vegetation condition from sites in 

CMA C are also displayed in Table 4, including the scores for the abundance of juvenile tree 

cover, and the abundance of invasive species cover. Of the 44 site assessments conducted in 

CMA C, all records contained the data related to the abundance of juvenile trees and the 
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abundance of invasive species. In accordance with the ‘rapid assessment’ method, on 

average, sites in CMA C were scored close to the value of 3 on the scale of regeneration of 

juvenile trees. This value equates to ‘up to 10% cover’. The standard deviation indicates there 

is little variability (SD = .78). The mean score for the abundance of invasive species coverage 

indicates that on average, sites in CMA C contain between 10% and 40% coverage. The 

standard deviation suggests there is little variability (SD = 1.13). 

Table 4. Descriptive statistics for measures of vegetation condition in CMA A and CMA C 
 

 N Mean SD 

CMA A Juvenile tree cover (%) 133 3.29 7.79 

CMA A Total native vegetation cover (%) 133 22.56 22.54 

CMA A Total invasive species cover (%) 127 27.66 18.77 

CMA C Abundance of juvenile trees* 44 2.66 .78 

CMA C Abundance of invasive species* 44 3.27 1.13 

 
*Juvenile tree cover for CMA C was measured on a scale of 1 to 5 where the value of 1      

represents the least amount of cover and the value of 5 represents the most amount of cover. 

*Abundance of invasive species cover was measured on a scale of 1 to 5 where the value of 1                 

represents the most amount of cover and the value of 5 represents the least amount of cover.  

4.3.1.3 Fence condition 

Of the 232 site assessments conducted in CMA A, CMA B, and CMA C, 30 records 

were missing data related to fence condition. In total, 70% of sites contained fences in ‘good’ 

condition (N = 141) and 30% of sites contained fences in ‘poor’ condition (N = 61). Further, 

Chi Square analysis revealed that fence condition varied between regions, x2(2, N=202) = 

3.05, p = .000. Of 118 sites in CMA A, 80% (N = 94) were in good condition. Similarly, of 

38 sites in CMA C, 79% (N = 30) were in ‘good’ condition. By contrast, of 46 sites in CMA 

B, only 37% (N = 17) were in ‘good’ condition. 
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4.3.2 Relationship between grazing, vegetation condition, and fence condition  

Hypotheses 1 predicted no relationship between stock exclusion and fence condition. 

The Chi Square analysis supported the hypothesis, as there was no relationship between fence 

condition and grazing, x2(1, N=124) = .411, p = .52. Hypothesis 2 predicted that grazed sites 

in CMA A would contain less juvenile tree cover than sites with full exclusion. A t-test 

analysis supported the hypothesis as grazed sites (M = 1.68, SD = 4.14) contained a smaller 

percentage of juvenile tree cover than sites with full exclusion, (M = 4.77, SD = 9.87), t (131) 

= -2.32, p = .02. Hypothesis 3 predicted that grazed sites would contain less than 5% juvenile 

tree cover, while ungrazed sites would contain 5% cover. The t-test analysis revealed this 

hypothesis was partially supported as grazed sites contained less than 5% (M = 1.68) juvenile 

tree coverage, and sites with total exclusion contained only marginally less than 5% (M = 

4.77). Hypothesis 4 predicted that grazed sites in CMA A would contain less native species 

coverage than ungrazed sites. This hypothesis was not supported; the t-test demonstrated that 

there was no difference between grazed sites (M = 21.69, SD = 21.21) and sites with total 

exclusion (M = 23.38, SD = 23.83) for the amount of native species coverage, t (131) = -.43, 

p = .67. Hypothesis 5 predicted that grazed sites would contain greater invasive species cover 

than ungrazed sites. This hypothesis was also not supported as there was no difference in the 

amount of invasive species coverage between grazed sites (M = 25.19, SD = 18.13) and sites 

with total exclusion (M = 29.95, SD = 19.20), t (125) = -1.44, p = .154.  

Hypothesis 6 predicted that grazed sites in CMA C would contain less juvenile tree cover 

than ungrazed sites. The t-test revealed that this hypothesis was not supported, as there was 

no difference between grazed sites (M = 2.63, SD = .62) in CMA C and sites with total 

exclusion (M = 2.67, SD = .88) for the abundance of juvenile trees, t (41) = -.17, p = .87. 

Hypothesis 7 predicted that grazed sites in CMA C would contain more invasive species 

cover than ungrazed sites. This hypothesis was also not supported, as the t-test demonstrated 
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that there was no difference between sites with grazing (M = 3.25, SD = 0.87) and sites with 

total exclusion (M = 3.39, SD = 0.52) for the abundance of invasive species, t (27) = -0.51, p 

= 0.31. According to the categorical weed scale, all sites contained between 10% and 40% 

coverage of invasive vegetation.  

 

4.4 Conclusion 

Overall, the research reported in this chapter challenges some of the fundamental 

assumptions about using stock exclusion projects to improve the ecological condition of 

riverbanks. With the exception of juvenile tree cover in CMA A, the data suggests that sites 

with stock exclusion do not appear to be in better ecological condition than sites with 

continued grazing. Nearly half the riparian sites examined were grazed. While most 

landholders had fences in ‘good’ condition, there was no relationship between fence 

condition and actual stock access to riverbanks. However, as anticipated, sites in CMA A 

with exclusion contain approximately the base-line amount of 5% juvenile tree coverage, 

whiles grazed sites contain significantly less than 5% coverage. There was no difference 

between grazed and ungrazed sites in CMA A for overall native vegetation cover, or invasive 

species cover. Further, there was no difference for juvenile tree cover between sites in CMA 

C with exclusion and grazed sites. There was no difference between grazed and ungrazed 

sites in CMA C for invasive vegetation cover. Finally, at least some landholders who graze 

do so in a way that is unsustainable, according to the Victorian grazing guidelines. Taken 

together, these findings suggest that landholders maintain some aspects of stock exclusion 

projects better than others; ‘good’ fences do not mean that landholders are excluding stock, 

and stock exclusion does not mean that landholders are managing weeds. 
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Chapter Five: Discussion and Conclusion 
 

This chapter explores the results presented in Section 4.3 above. Section 5.1 

(Discussion) and section 5.2 (Conclusion) include material from a paper currently in review 

for publication in the International Environmental Assessment and Management. The paper, 

entitled Excluding stock from waterways under voluntary agreements: an evaluation of 

project success and persistence is provided in Appendix G. 

5.1 Discussion 

Part Two of this thesis investigated whether landholders continue to exclude stock 

from riverbanks over the long-term, and whether current grazing regimes are improving the 

condition of degraded ecosystems. The research also examined whether fence condition is a 

suitable proxy measure of stock access to riverbanks. The following presents the discussion 

of the research about maintenance, ecological condition, methods of condition assessment, 

and the effectiveness of voluntary agreements for stock exclusion. This discussion considers 

the implications of the research for river restoration projects that involve landholders in 

Victoria, Australia. Wider implications of the research are considered in the synthesis 

presented in Chapter 9 (Conclusion).  

Section 5.1.1 (Maintenance of fences and stock exclusion) examines how well 

landholders maintain stock exclusion, and whether fence condition reflects stock exclusion. 

Section 5.1.2 (Ecological condition) explores whether there is a relationship between 

vegetation condition and whether landholders maintain stock exclusion or continue to graze. 

Vegetation condition specifically refers to the abundance of native vegetation, juvenile trees, 

and invasive vegetation in CMA A, and the abundance of juvenile trees and invasive 

vegetation in CMA C. Data from CMA B was not included in this analysis for reasons 

expounded in Section 5.1.3 (Methods of condition assessment). This section examines 
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methodological inconsistencies between CMA A, CMA B, and CMA C, and addresses the 

poor quality of data from CMA C and CMA B specifically. Finally, section 5.1.4 

(Management arrangements) highlights some challenges emerging from the research about 

using voluntary agreements to implement environmental projects with landholders, and the 

implications for maintenance.  

Ideally, this discussion should compare the results of the current study to a wide body 

of research about the relationship between stock exclusion and fence condition, about the 

number of landholders who maintain stock exclusion, and about the relationship between 

stock exclusion and vegetation condition. However, almost all research about stock exclusion 

focuses on the ecological outcomes of controlled experimental studies, rather than 

government projects, and research about landholder involvement in stock exclusion projects 

focuses on the adoption of new projects, rather than how well landholders maintain those 

projects. Thus, there are only few studies that are suitable to consider throughout the 

following discussion. 

5.1.1 Maintenance of fences and stock exclusion 

Despite the fact that approximately 70% of sites with stock exclusion had fences that 

were in ‘good’ condition’, stock grazing continued on nearly half of those sites. Ede (2011) 

investigated how well 129 stock exclusion projects in Victoria are maintained, and examined 

the relationship between stock exclusion and vegetation condition. The study found that 92% 

of landholders continue to exclude stock. However, Ede (2011) assumed that intact fences 

successfully excluded stock. The current study found that there was no relationship between 

fence condition and evidence of grazing, suggesting that fence condition is not an appropriate 

proxy for whether landholders maintain stock exclusion. With the exception of Ede (2011), 

no other research has examined the condition of stock exclusion fencing.  

 



81 
 

Of the 93 landholders who completed the social survey, 53 continued to graze the fenced 

frontage. The Victorian grazing guidelines suggest that stock should be excluded from 

riverbank areas during spring and early summer, and that grazing should cease for between 3 

to 5 years after the establishment of restoration sites. Of the 53 landholders who continued to 

graze, more than half graze in spring and summer. Further, more than half of those who graze 

also reported that grazing recommenced less than 3 years after the construction of fences. The 

grazing guidelines also stipulate that full exclusion should occur on sites with less than 25% 

total cover of native vegetation for the restoration of juvenile trees. Grazing continues on 65 

sites in CMA A, and nearly one third of those sites contain less than 25% total coverage of 

native vegetation.  

These results suggest that many landholders do not follow the Victorian grazing 

guidelines. This could be explained by several factors:  

1. At least some landholders entered into voluntary agreements prior to the 

establishment of the grazing guidelines, and, therefore, should be excluding stock 

entirely. However, given that CMA records are incomplete, the exact number of 

landholders in agreements that predate the grazing guidelines is uncertain.  

2. The terms of the original agreement were inadequate even after the introduction of the 

guidelines, such as lacking specificity about grazing rules, 

3. In the case where the terms are adequate, individual landholders chose not to uphold 

those terms, or were unaware of the terms.  

As outlined in Chapter 3 (Stock exclusion, fencing and voluntary instruments), there is 

very little research about whether landholders maintain environmental projects. Thus, there 

are few opportunities to compare the findings of the current research with existing literature. 

A wide body of experimental literature investigates the impact of grazing (e.g., Belsky et al., 
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1999; Platts, 1982), and the impact of different grazing regimes on vegetation condition in 

Australia (e.g., Bennett, 1994; Jansen & Robertson, 2001) and elsewhere (e.g., Cousins, 

Lavorel, & Davies, 2003; Humphrey & Patterson, 2000; Kinucan & Smeins, 1992). No prior 

research has examined whether landholders in Victoria follow the grazing guidelines, or 

whether landholders elsewhere maintain stock exclusion in the context of government-run 

projects.   

In summary, half of the landholders in this sample (N = 93) do not maintain stock 

exclusion, and at least half of those who graze do so unsustainably (i.e. relative to the 

guidelines). Numerous studies investigate the factors that influence landholders to adopt new 

environmental behaviour, including stock exclusion (Borges et al., 2014; Curtis, McDonald, 

Mendham, et al., 2008). Very little research has been conducted about whether landholders 

maintain environmental behaviour through government projects, and the factors that 

influence maintenance. In contrast, there is extensive literature about the effectiveness of 

public policy for changing behaviour more widely, including health related behaviour (e.g., 

Akers, Estabrooks, & Davy, 2010), and other types of environmental behaviour (e.g., 

Klöckner, 2013), such as recycling (Martin, Williams, & Clark, 2006).  

The factors that influence whether landholders maintain stock exclusion in 

government-funded projects are examined in Part Three of this thesis. However, further 

research is required about the terms of existing agreements, including how many agreements 

specify that no grazing is permitted, and how many agreements established after the 

introduction of the Victorian grazing guidelines omit appropriate terms that uphold those 

guidelines. Further research about the terms of voluntary agreements was not logistically 

possible during the timeframe of the current study, as it would have involved spending many 

weeks in each CMA, manually reviewing thousands of records. This is an important avenue 

for future investigations. 
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5.1.2 Ecological condition 

5.1.2.1 Native vegetation 

Results about the relationship between total native vegetation cover and stock 

exclusion come from sites in CMA A. On average, sites in CMA A contained less than 10% 

native vegetation cover.  In contrast to Ede (2011), there was no relationship between stock 

grazing and the total amount of native vegetation cover for sites in CMA A. It was 

hypothesized that sites with stock excluded would contain a greater abundance of native 

vegetation (e.g., Hough-Snee et al., 2013; Schulz & Leininger, 1990). However, wider 

landscape scale factors can also influence species composition on riverbanks (e.g., Dyer, 

2002). Further, Morris and Reich (2013) suggest that in some circumstances controlled 

grazing can provide disturbance niches for rare species, and promote seed germination by 

removing ground litter.  Thus, the relationship between excluded stock and vegetation can 

vary considerably.  

Given that the average amount of native vegetation cover in all sites in CMA A was 

low, it is likely that there were confounding variables influencing the amount of native 

vegetation, such as flow regulation associated with the agricultural sector (Catford, Downes, 

Gippel, & Vesk, 2011; Jansson, Nilsson, Dynesius, & Andersson, 2000; Merritt & Cooper, 

2000), and climate. Two years of below average rainfall reduced the growth of native species. 

Thus, the data may not reflect the true benefits of stock exclusion for increasing the 

abundance of native vegetation. Further research should consider how appropriate stock 

exclusion projects are in varying climates. In the context of climate change and drought 

events in Australia, native vegetation may struggle to out-compete invasive species, 

particularly in the absence of effective weed management (e.g., Morris & Reich, 2013).  
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5.1.2.2 Juvenile trees 

Consistent with Robertson and Rowling (2000), sites in CMA A with continued 

grazing contained statistically significantly less cover of juvenile trees than sites with stock 

excluded. Grazed sites contained less than half the cover stipulated as the EVC baseline for 

juvenile trees, while sites with stock excluded contained only marginally less than the 

baseline. This suggests that excluding stock has some positive effect on the abundance of 

juvenile trees.  

 

Sites in CMA C were ranked on a scale of 1 to 5 in relation to juvenile tree coverage. 

This approach is not dissimilar to the method employed by Ede (2011). On average, both 

grazed and ungrazed sites scored 2.6 for juvenile tree coverage. A score of two equates to less 

than 1% coverage of juvenile trees while a score of three equates to between 1% and 10% 

coverage. Thus, all sites contained between 1% and 10% coverage of juvenile trees. Ede 

(2011) found that sites with stock excluded contained between 1% and 25% coverage of 

juvenile trees while sites with continued grazing contained between 1% and 5% coverage. In 

contrast, this study found that there was no difference in juvenile tree coverage between stock 

grazing and juvenile tree cover in sites in CMA C. This may be due to the fact that the sample 

size for CMA C (N = 44) was much smaller than the sample used by Ede (2011) (N = 129), 

or that the crude data rankings may have obscured any genuine differences between grazed 

and ungrazed sites. 

5.1.2.3 Invasive vegetation 

According to the terms of management agreements, landholders are required to 

perform weed management (Department of Sustainability and Environment, 2011). 

Therefore, it was hypothesized that sites in CMA A and CMA C with stock excluded would 

contain less abundance of invasive species compared to sites with continued grazing. 
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Contrary to expectations, the results varied. There was no relationship between the abundance 

of invasive species and stock grazing on sites in CMA A. Similarly, there was no relationship 

between the abundance of invasive species and stock grazing on sites in CMA C. However, 

this result may be due to the wide range of the categorical data. All sites contained between 

10% and 40% cover of invasive vegetation.  

 Overall, the results from CMA A and CMA C suggest that landholders perform some 

weed management, while on sites with continued grazing, cattle consume and trample weeds. 

Thus, there is no difference between sites. An alternative explanation is that other factors, 

such as climatic conditions and high summer flows associated with the agricultural sector, 

may have confounded the data and obscured the influence of grazing on the abundance of 

invasive vegetation (Morris & Reich, 2013). Further, in the case of CMA C it is possible that 

the true impact of stock exclusion on invasive vegetation cover was obscured by the wide 

range of categorical data.   

Policy makers envisage that river restoration projects involve stock exclusion, fence 

maintenance, and weed management. The results of the research found that there was no 

relationship between stock exclusion and fence condition, and, except for juvenile trees in 

CMA A, very little relationship between stock exclusion and vegetation condition. Therefore, 

it is likely that landholders treat these components of maintaining riverbank restoration 

projects as separate tasks; those who maintain fences do not necessarily continue to exclude 

stock from grazing In addition, the differences between CMA A and CMA C are almost 

certainly related, at least partially, to the different methods of condition assessment that the 

regional authorities employed, and these will now be discussed. 

5.1.3 Methods of condition assessment 

The results presented in Chapter 4 (Methods and results) raise some questions about 

the collection of data by government agencies. The above discussion demonstrates that the 
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data collected by CMA A was of good enough quality to determine whether vegetation 

condition meets EVC baselines, such as for the abundance of juvenile trees. By comparison, 

the data obtained from CMA B and CMA C was of poorer quality, and this limited the 

usefulness of the data, and the capacity to compare data between CMAs.  

Vegetation condition assessment methods in the three CMAs examined in this study 

differed markedly. Staff from CMA B recorded if vegetation condition was ‘good’, 

‘medium’, or ‘poor’. Very little information was available about what these categories 

represented in terms of abundance of vegetation. Therefore, this data was excluded from the 

analysis. Staff from CMA C followed the rapid assessment method. This method should 

show if vegetation condition had improved between condition assessments. However, few 

sites had been assessed prior to restoration. The rapid assessment method involves rating the 

condition of vegetation on a scale of one to five. In theory, this data could be used to compare 

vegetation condition to EVC recommendations. However, much like Ede (2011), the 

condition categories specified in the rapid assessment method do not match the condition 

categories specified in EVC guidelines. For example, the EVC guidelines specify that a low 

level of invasive species coverage is between 5% and 25% cover, and a moderate level of 

coverage is between 25% and 50%. The rapid assessment categories only distinguish between 

‘less than 10%’ coverage and ‘between 10% and 40%’ coverage. Thus, while there was no 

difference between sites with grazing and sites with stock excluded, it is difficult to 

determine if this result reflects the true impact of stock on vegetation composition. 

 

Similarly, the numeric value of the rapid assessment categories related to the 

condition of juvenile trees are not specific enough to determine if coverage meets the 5% 

benchmark specified in the EVC guidelines. On average, sites in CMA C scored 2.66, or 

midway between the value of two and the value of three on the juvenile tree condition scale. 
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These scores translate into percentage ground cover value, suggesting that most sites contain 

between 1% and 10% cover of juvenile trees. Thus, while there was no difference between 

sites with continued grazing and sites with total exclusion, the numeric value range is too 

wide to capture meaningful differences. These observations indicate that government 

agencies should use consistent measures, and that the measures should be precise enough to 

be meaningful. Only one CMA followed a method consistent with EVC guidelines. As a 

result, it is unclear how successful restoration projects are at the state-scale, or whether 

restoration projects are likely to achieve the desired ecological outcomes over the long-term. 

5.1.4 Management arrangements 

To improve the ecological condition of riverbank vegetation, stock exclusion projects 

must be maintained over the long-term. Effective maintenance is related to how projects are 

managed (Moore & Rutherfurd, 2017). The successful use of voluntary agreements depends 

on the establishment of measurable targets, and strong links between restoration activities and 

the ecological processes that are involved for achieving those targets (Danne, 2003). In 

theory, the voluntary agreements that CMA staff negotiate with landholders for the exclusion 

of stock from riverbanks should reflect the recommendations put forward in the Victorian 

grazing guidelines. The guidelines stipulate the circumstances in which some minimal 

grazing is permitted, including the amount of native vegetation present on riverbanks, the 

seasons when grazing is permitted, and the number of years after exclusion before any 

grazing is permitted to ensure that planted saplings, and new growth establish successfully. 

The guidelines promote grazing regimes that offer the best chance of improving vegetation 

condition, according to the EVC indices (Department of Sustainability and Environment, 

2004).  

The research reported in Part Two of this thesis has examined whether landholders 

uphold the Victorian grazing guidelines (Department of Environment Land Water and 
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Planning, 2016), the relationship between continued stock grazing, and vegetation condition, 

and thus, the extent that current grazing regimes are improving the condition of riverbank 

vegetation. Three challenges emerge from the above discussion associated with the effective 

use of voluntary agreements for excluding stock from riverbanks to improve the condition of 

vegetation. The first challenge emerging from the research about stock exclusion projects 

presented in Part Two of the thesis is to determine why landholders maintain some elements 

of stock exclusion projects more than others. The research presented in Part Two of this 

thesis found that there was no relationship between fence condition and stock grazing. 

Landholders who maintain fences do not necessarily maintain stock exclusion. Further, some 

sites with stock excluded contained more weeds than sites with stock grazing. Thus, 

landholders who maintain exclude stock do not necessarily practice effective weed 

management. These three components of projects involve different activities and, therefore, 

may also face unique barriers for landholders (Moore & Boldero, 2017).  Part Three of the 

research presented in this thesis explores the factors that influence landholder behaviour, 

specifically whether or not landholders maintain stock exclusion. Further research should 

investigate the behavioural determinants of effective weed management.   

The second challenge is to ensure that grazing regimes are established on the basis of 

scientifically grounded restoration targets, and that measures of condition assessment reflect 

those targets. The results discussed in this chapter demonstrate that there is a lack of clear 

connection between grazing regimes, and restoration targets. Data from the sub-sample of 

landholders who completed the social survey indicated that at least some landholders 

continue to follow a grazing regime that is likely to cause further degradation This includes 

grazing when vegetation is most vulnerable, such as during spring and summer, grazing 

within three years of restoration, and grazing sites that contain less than or equal to 25% total 

native vegetation coverage (Department of Environment Land Water and Planning, 2016). 
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Analysis of good quality data from more than 100 sites in CMA A suggested that continued 

grazing negatively impacts the establishment of juvenile trees. Thus, it is likely that current 

grazing regimes will limit the growth of a vegetation canopy in the future for sites with 

continued grazing. 

The disconnect between restoration activities, in this instance grazing regimes, and 

ecological targets, such as those outlined in the Victorian EVCs (Parkes et al., 2003), is a 

common critique of using voluntary instruments to implement environmental projects with 

landholders (e.g., Danne, 2003; Gunningham, 2003), and more widely of restoration projects, 

including the widespread failure of mitigation wetlands (Matthews & Endress, 2008; Mitsch 

& Wilson, 1996). In the United States of America, approximately 50% of artificial wetlands 

created to mitigate the loss of natural wetlands fail to meet basic ecological standards 

(Hallwood, 2007; Mitsch & Wilson, 1996). Matthews and Endress (2008) suggest this is due 

to the failure of site management to comply with the criteria for necessary restoration 

activities.  

According to Hallwood (2007), problems associated with the management of 

mitigation wetlands are related to the design and execution of contracts between the public 

agencies who establish ecological targets, and the private parties who are responsible for 

achieving those targets. From this perspective the disconnect between activities and targets is 

an example of more common problems related to the management of infrastructure through 

government-industry partnerships, known as public-private partnerships (PPPs) (Abdel Aziz, 

2007; Grimsey & Lewis, 2002; Liu & Napier, 2010; Tang, Shen, & Cheng, 2010; Zhang, 

2005). Problems related to PPPs arise through the delegation of some part of a transaction 

from a principal party to a second party through a joint agreement, arrangement, 

understanding, or contract. Thus, PPPs are one type of principal-agency relationship 



90 
 

whereby, “one party (the principal) delegates work to another (the agent), who performs that 

work.” (Eisenhardt, 1989, p.58).  

To be successful PPPs must benefit both parties. Project failure occurs when benefits 

are unequal (Lajili, Barry, Sonka, & Mahoney, 1997; Sappington, 1991; Waterman & Meier, 

1998). Unequal benefits result from goal conflict and information asymmetries (Kwak, Chih, 

& Ibbs, 2009). Thus, many of the enduring problems with using voluntary agreements for 

environmental management can be understood in terms of goal conflict between governments 

and rural communities, the inability of agencies to oversee projects at the community scale, 

and the lack of accurate information about project outcomes given by agencies to landholders 

(Baker, 1997; Byron & Curtis, 2001; A  Curtis & Lockwood, 2000; Farrelly, 2005).  

Information asymmetries between the public and private agencies involved in 

environmental management projects are often reflected in the terms of contracts. Unforeseen 

costs stem from the incompleteness of contracts between public and private partners, 

whereby ‘incompleteness’ refers to an oversight or strategic exclusion of detail from a 

contract or agreement (Hart, 2003b; Hart & Moore, 1988). These ideas resonate with 

voluntary agreements for stock exclusion in Victoria; during the current research staff from 

CMAs indicated that many agreements with landholders were unclear, missing details about 

permissible grazing regimes, or, in some cases, the terms were unknown to one or both 

parties due to poor record-keeping. CMA staff suggested these short-comings stem from the 

lack of funding for conducting more robust negotiations with landholders, resulting in a 

trade-off between minimizing the costs of establishing agreements, and the unforeseen costs 

that emerge over the long-term. Thus, the third challenge emerging from the current research 

is to identify the root cause of the problems related to grazing regimes. For example, it is not 

clear if landholders who graze in spring and summer do so because the terms of their 

individual agreements are inconsistent with the Victoria grazing guidelines and permit this, if 



91 
 

these are cases of active non-compliance, or if landholders are unaware of the terms of 

agreements.  

The final challenge for managing stock exclusion projects is to improve the 

consistency of measures of condition between regional authorities. Measures of vegetation 

condition collected from sites in CMA B and CMA C were not compatible with the measures 

outlined in EVC indices. Therefore, it is difficult to determine if the grazing regimes 

employed in these regions are meeting the ecological objectives. There are multiple factors 

that may account for the variability of condition assessment methods employed between the 

three CMAs examined in this study, such as the availability of staff and finances to conduct 

more detailed assessments. These institutional problems are commonly considered in the field 

of New Institutional Economics (e.g., Coase, 1937; Commons, 1932). From the perspective 

of New Institutional Economics, the inconsistency of condition assessment methods between 

CMAs can be understood in terms of principle-agent theory (Eisenhardt, 1989) and 

transaction costs (Coase, 1937; Commons, 1932). A ‘transaction’ is defined by Commons 

(1932) as “the ultimate unit” of human behaviour which defines interactions between people 

and, between people and the environment (p.4). Unanticipated costs, known as transaction 

costs, emerge from the lack of effective communication, overseeing, and transparency 

between the principle party in a contract, and the agent who is delegated the responsibility of 

carrying out the terms of agreement (Coase, 1937; Commons, 1932; Hobbs, 1996; 

Williamson & Masten, 1999; Williamson, 1979).  

Over the past two decades the application of transaction cost economics for 

understanding problems has evolved beyond its conception in manufacturing firms to a wide 

range of organizational relationships, including forms of governance, and environmental and 

agricultural policy and projects (Birner & Wittmer, 2004; Coggan, Whitten, & Bennett, 2010; 

Mettepenningen, Verspecht, & Van Huylenbroeck, 2009; Rørstad, Vatn, & Kvakkestad, 
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2007).  Hobbs (1996) identifies three types of transaction costs that are relevant for analysing 

voluntary agreements for stock exclusion; ‘information’ costs related to preliminary scoping 

to determine landholder’s capacities to maintain fences in the long-term, ‘negotiation’ costs 

related to incomplete contracts, and ‘monitoring and enforcement’ costs related to the 

overseeing of stock exclusion projects, and penalizing non-compliance. Thus, many of the 

short-comings of stock exclusion projects are institutional. For example, funding is allocated 

to CMAs for establishing new river restoration projects on a four-year cycle. However, the 

CMAs do not have an independent source of funding to address institutional concerns, such 

as revisiting contracts that were established prior to 2013, and updating the terms to reflect 

the new Victorian grazing guidelines. This institutional perspective offers several important 

directions for improving the success of stock exclusion projects and, more widely, projects 

co-managed between government agencies and private parties, as discussed in Chapter 9 

(Overall conclusions). 

5.1.5 Limitations 

There are four limitations of the current study that may have influenced the data and 

findings. Firstly, most agricultural sites have histories related to past land use practices. Past 

land use can influence the success of current restoration practices. For example, a longer 

history of grazing prior to the current landholder is likely to make it more difficult to 

revegetate the riverbank (Belsky et al., 1999). Secondly, many stock exclusion projects were 

established during the recent decade-long drought in Victoria. Reduced rainfall may have 

reduced vegetation growth (Jansen & Robertson, 2001). Thirdly, while most sites included in 

this study ran cattle, a small number ran horses and sheep. Given that horses and sheep have 

less impact on riverbanks, this is not likely to affect the main outcomes of the research, other 

than to under-represent the true impact of cattle on riverbanks. Fourthly, evidence of grazing 

does not always reflect on landholder practices. In some cases, stock can access the fenced 



93 
 

frontage from unfenced frontages across the river. This is a known issue that CMAs are 

actively addressing. 

5.2 Conclusions 

The use of voluntary agreements has been effective for engaging landholders to fence 

riparian areas for stock exclusion. The data presented in Part Two of this thesis suggests that 

stock exclusion projects have had some success in improving the condition of riverbank 

vegetation. Currently, restoration sites with stock excluded are likely to achieve the EVC 

target for juvenile tree coverage, and thus the recovery of riparian canopy, while sites with 

continued stock access may not. To be effective, voluntary agreements should contain 

specific terms that are consistent with the Victorian grazing guidelines, and policy makers 

should enforce non-compliance with those guidelines.  

Regional authorities need to be given the capacity to conduct appropriate condition 

assessments, and to ensure consistency between state-wide assessment methods. Fence 

condition does not reflect whether cattle graze the fenced frontage; for the purpose of 

evaluation, evidence of grazing, the presence of hoof prints, is more appropriate. However, 

conducting more in depth assessments of riverbanks and vegetation condition is likely to be 

costly and time consuming. Regional authorities may require additional funding, resources, 

and training in order to conduct condition assessments that produce data that is consistent 

with EVC indices.  

Stock grazing is one of the single greatest contributors to the degradation of river 

systems worldwide (Belsky et al., 1999). Projects to exclude stock from grazing riverbanks 

are amongst the most common river restoration projects in Australia (Brooks & Lake, 2007), 

and North America (Bernhardt et al., 2005; Kondolf et al., 2007). The challenge is to ensure 

these projects are maintained to the degree that is required to improve the ecological 

condition of river systems. Addressing this challenge will involve the following: identifying 
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the factors that prevent landholders from maintaining each component of river restoration 

projects, most importantly the factors that influence whether landholders maintain stock 

exclusion; determining where in the chain of administration the link between the stock 

grazing policy and landholder practices has broken; and ensuring that CMAs in Victoria 

employ consistent methods for condition assessment. 

Part Three of the research reported in this thesis examined the factors that influence 

whether landholders continue to exclude stock from grazing the riverbank over the long-term, 

including factors that motivate and constrain behaviour. The literature review, methods and 

results, and discussion and conclusion, are presented in Part Three (Chapter’s Six, Seven, and 

Eight) of the thesis. The wider theoretical and practical implications of Part Two and Part 

Three of the thesis are considered in the synthesis presented in Chapter 9 (Conclusion). 
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PART THREE 
 

Chapter Six: Environmental Agricultural Behaviour,  
Social Norms and Drought 

 

6.1 Introduction 

River restoration projects often fail from lack of maintenance, and maintenance is 

related to the management arrangements used to implement projects. Part Two of this thesis 

examined the problem of maintenance, focusing on the example of how well landholders in 

Victoria maintain stock exclusion projects, and the effectiveness of using voluntary 

agreements with government agencies to implement these projects. The research suggested 

that stock exclusion projects have had some success. For example, sites where landholders 

have maintained stock exclusion contain the benchmark coverage of juvenile trees stipulated 

in the regional Ecological Vegetation Classes (EVCs) (Department of Sustainability and 

Environment, 2004). However, several factors constrain the effectiveness of these projects; 

half the landholders involved in voluntary agreements continue to graze stock on the 

riverbank, and some landholders who graze do so unsustainably. Part Two of this thesis 

concluded that there is a need to identify the factors that motivate and constrain landholder 

behaviour, and influence decision-making about whether to maintain stock exclusion, or to 

resume grazing the riverbank. Thus, Part Three examines factors that influence landholder 

behaviour, including factors that motivate and factors that constrain the maintenance of stock 

exclusion.  This chapter introduces Part Three by providing a review of the literature and 

theory around the relationship between social norms, factors that may constrain landholder 

behaviour related to drought conditions, and environmental behaviour.  The outcomes of the 

review inform the hypotheses that are examined in Part Three. The hypotheses are outlined in 

Chapter 7 (Methods and results).  



96 
 

An implicit assumption of using voluntary agreements to implement river restoration 

projects is that landholders are motivated by non-monetary factors, such as their social 

obligations to improve the condition of degraded ecosystems, and the importance of 

environmental stewardship (e.g., Curtis, McDonald, & Sample, 2008; Leviston, Price, Bates, 

& Elizabeth, 2011; Minato, Curtis, & Allan, 2010; Pannell et al., 2006). Stock exclusion 

projects are rarely monitored, and non-compliance is seldom enforced or penalized. In the 

absence of financial or legal incentives, whether these projects are maintained, and thus the 

long-term success of stock exclusion, is contingent on the motivation of individual 

landholders. Behavioural research about agricultural environmental behaviour (e.g., Borges et 

al., 2014), and rural research about environmental projects in agricultural communities (e.g., 

Curtis & Mendham, 2015), suggests that social norms influence the adoption of new 

behaviours, such as excluding stock from riverbanks. No prior studies have investigated 

whether social norms also influence the continued maintenance of stock exclusion over the 

long-term.  

Section 6.2 of this chapter suggests that agricultural environmental behaviours face 

greater barriers than most other environmental behaviours, and barriers can weaken the 

influence of social norms (Ajzen, 1991). For example, environmental behaviours related to 

household consumption (e.g., Abrahamse & Steg, 2009), transportation (e.g., Hunecke, 

Blöbaum, Matthies, & Höger, 2001), household waste management (e.g., Thøgersen, 2006), 

and purchasing (e.g., Tanner & Wölfing Kast, 2003), involve the regular repetition of low-

cost activities that are relatively easy to perform. Over time the performance of these 

activities can become habitual (Bratt, 1999). By contrast, agricultural environmental 

behaviours often involve different activities for adoption than for maintenance. In some 

instances, such as excluding stock from riverbanks, maintenance activities are costlier and 

more time consuming than adoption activities (Moore & Boldero, 2017).  
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Section 6.3 suggests that perceived constraints related to drought conditions and 

reduced agricultural production, such as financial loss and debt, may weaken the influence of 

salient social norms and reduce the likelihood that landholders will maintain stock exclusion. 

The review of literature about environmental behaviour in this chapter summarizes a review 

and classification of environmental behaviours presented by Moore and Boldero (2017). The 

published paper is included in Appendix B.  

6.2 Environmental Behaviour 

 Underlying the use of voluntary approaches by policy makers, including education 

campaigns to reduce water consumption (Binder & Boldero, 2012), and voluntary agreements 

for stock exclusion (Department of Sustainability and Environment, 2011), is the assumption 

that people in society are influenced to change the way they behave by social-cognitive 

factors. Theorists suggest that a range of socio-cognitive factors influence whether 

individuals engage in environmental behaviour, including habits (Hargreaves, 2011; Steg & 

Vlek, 2009), attitudes, social norms, and perceived constraints, (Ajzen, 1985, 1991). The role 

that social factors play in the enactment of environmental behaviour is recognized across the 

most common theoretical models used in environmental psychology, including altruistic 

models (e.g., Schwartz, 1977), rational choice models such as the Theory of Planned 

Behaviour (TPB) (Ajzen, 1985, 1991), and integrated and multi-models (e.g., Harland, Staats, 

& Wilke, 1999; Kaiser, 2006). For example, Stern and Dietz (1994) argued that the social 

consequences of environmental behaviour activate moral norms and, therefore, influence 

altruistic behaviour. In contrast, the TPB suggests that social norms influence behaviour by 

way of intentions (Ajzen, 1985, 1991). Integrated and multi-models typically incorporate 

either social consequences or social norms (Harland et al., 1999; Kaiser, 2006; Nigbur, 

Lyons, & Uzzell, 2010).  
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Social norms were defined by Conner and Armitage (1998) as “social pressure from 

important others to perform or not perform a given behaviour.” (p. 35). Social norms are 

often related to the adoption of environmental behaviour, particularly relatively straight-

forward domestic behaviours that face few, if any, significant barriers, such as water saving 

(Binder & Boldero, 2012; Lowe et al., 2014), recycling (Thomas & Sharp, 2013), and energy 

consumption (Ha & Janda, 2012). However, barriers, such as financial situation, can weaken 

the relationship between social norms and the performance of environmental behaviour 

(Ajzen, 1991).  

Social pressure can result from different sorts of beliefs; beliefs about how important-

others think we ought to behave are known as injunctive norms, while beliefs about how 

important-others actually behave are known as descriptive norms (Cialdini, Reno, & 

Kallgren, 1990). While injunctive and descriptive norms are related to one another, they have 

distinctly different conceptual and motivational foundations (Cialdini, 2007). Injunctive 

norms are “concerned with perceived social pressure, that is, the person’s potential to gain 

approval or suffer sanctions from significant others for engaging in a behaviour” (Rivis & 

Sheeran, 2003 p.219). Descriptive norms are beliefs about a prevalent behaviour and, thus, 

are influenced by information about how important others behave (Lapinski & Rimal, 2005). 

For example, the drinking behaviour of college students is influenced by their beliefs about 

how regularly, and how much alcohol their peers drink; students who believe their peers 

drink heavily, also tend to drink heavily (Larimer & Neighbors, 2003). 

The distinction between injunctive and descriptive norms is important for the design 

of interventions because injunctive norms, beliefs about ‘how others think I ought to behave’, 

and descriptive norms, beliefs about ‘how others actually behave’, are often inconsistent and 

can influence behaviour in contradictory directions (Reno, Cialdini, & Kallgren, 1993). 

Interventions can evoke either descriptive or injunctive norms to encourage pro-
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environmental behaviour (Biel & Thøgersen, 2007; Cialdini, 2007; Göckeritz et al., 2010). 

For example, Goldstein, Cialdini, and Griskevicius (2008) found that using descriptive norms 

about re-using towels for conservation, on signs in hotel rooms, was more effective for 

promoting towel re-use than traditional signs that appealed to environmental concern only. 

Thus, research should identify whether behaviour is related to injunctive or descriptive 

norms, rather than more general social constructs. Part Three of this thesis examines the 

relationship between agricultural environmental behaviour, and injunctive and descriptive 

norms.  

The relationship between social norms and environmental behaviours differs 

depending on the nature of the behaviour; environmental behaviours vary in terms of the 

activities, costs and efforts involved for adoption and maintenance (Moore & Boldero, 2017). 

Thus, the barriers and determinants of behaviour also vary (Michie et al., 2011). The paper by 

Moore and Boldero (2017), included in Appendix B, presents a classification of 

environmental behaviours that suggests agricultural environmental behaviours vary from 

most other environmental behaviours in several important ways, including the influence of 

social norms. Many behaviours involve the frequent repetition of relatively easy and low-cost 

activities, such as recycling and reducing energy consumption in households (e.g., Bratt, 

Stern, Matthies, & Nenseth, 2015; Thøgersen, 2006). These are termed ‘continuous’ 

behaviours. Continuous behaviours are repeated with some regularity. Those continuous 

behaviours that are repeated frequently are likely to become habitual. By comparison, other 

behaviours, particularly agricultural environmental behaviours, involve different activities for 

adoption compared to maintenance, and those activities may be performed less regularly. 

These are termed ‘dynamic’ behaviours. Moore and Boldero (2017) argue that dynamic 

behaviours are likely to face more barriers to practice than continuous behaviours, and are 

less likely to become habitual. Thus, dynamic behaviours pose the greatest challenge for 
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policy makers. For this reason, the current thesis focused on an example of dynamic 

behaviour; stock exclusion projects. The following outlines the characteristics of continuous 

and dynamic behaviours in relation to the role of social norms and the maintenance of 

environmental behaviour.  

6.2.1 Continuous behaviours 

Continuous behaviours involve the same, or very similar, activities and commitments 

for adoption and maintenance, such as domestic recycling, water and energy saving, and 

choosing to take public transport to work rather than driving a car. Many continuous 

behaviours are relatively low-cost and low-effort to perform. This is because these 

behaviours involve the modification of pre-existing activities, and behaviour modification is 

achieved more easily than the adoption of an entirely new behaviour (Binder & Boldero, 

2012). For example, most people brush their teeth regularly. Therefore, turning off the tap 

while teeth brushing involves the modification of an existing behaviour.  

While the determinants of continuous behaviours vary, there are some common 

patterns. The initial adoption of a continuous behaviour may be influenced by a range of 

factors related to altruism and self-determinism, including social norms. Behaviours that are 

easier to perform, such as purchasing products with eco-friendly packaging (Thøgersen, 

1999) and domestic energy curtailment (Black, Stern, & Elworth, 1985), are more likely to be 

influenced by cognitive factors, such as social norms, while those that are more difficult to 

perform are more likely to be influenced by practical factors, such as cost (Stern, 2000). Over 

time, many continuous behaviours are performed with regularity, and are therefore likely to 

become habitual (Aarts & Dijksterhuis, 2000; Davies, Foxall, & Pallister, 2002; Martínez-

Espiñeira, García-Valiñas, & Nauges, 2014). Thus, social norms may influence adoption, and 

maintenance is performed habitually.  
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6.2.2 Dynamic behaviours 

Dynamic behaviours involve different activities for adoption and maintenance, 

therefore adoption and maintenance are likely to be influenced by different determinants. 

Further, the cost or effort required for maintenance is often greater than that required for the 

initial adoption of dynamic behaviours. Unlike continuous behaviours, maintenance is likely 

to be infrequent, or irregular, and may involve different activities from one instance to the 

next. Thus, dynamic behaviours are less likely to become habitual.  

Dynamic agricultural environmental behaviours include revegetation, either to 

provide a buffer between agricultural runoff and streams or to increase native species on 

riverbanks. Initially, revegetation involves planting seedlings. The maintenance of 

revegetation sites includes repairing damage from floods, storms, and animals, and extensive 

weeding (Ede & Hunt, 2008). Stock exclusion, the focus of this thesis, is also an example of 

dynamic agricultural behaviour (Moore & Boldero, 2017). Initially, this behaviour involves 

constructing fencing along the riverbank, revegetation of the riverbank, and installing 

machinery for off-stream watering, such as troughs and pumps. Maintenance involves 

maintaining the revegetation sites and repairing damage to fences and other infrastructure. 

For both revegetation and stock exclusion, the need for maintenance, and the nature of 

maintenance, are influenced by factors that are unpredictable, such as flooding that promotes 

the growth of invasive weeds (Moore & Rutherfurd, 2017). Therefore, these behaviours are 

unlikely to become habitual.  

Policy makers assume that social norms will influence people to maintain 

environmental behaviour (e.g., Cialdini, 2003), such as stock exclusion. However, few 

studies have examined the social-cognitive determinants of dynamic agricultural 

environmental behaviours, and those that have (e.g., Borges et al., 2014) only consider the 

initial adoption of new behaviours, rather than maintenance of those behaviours. Section 6.3 
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below considers the relationship between agricultural environmental behaviour, social norms, 

and constraints related to drought conditions. 

6.3 Agricultural environmental behaviour, social norms, and drought  

6.3.1 Social norms 

Much less research has been conducted on the behavioural determinants of 

agricultural environmental behaviour than on common domestic behaviours, such as 

recycling. However, the relationship between social constructs and agricultural 

environmental behaviour has been examined in the field of rural studies (e.g, Maybery et al., 

2005; Minato et al, 2010; Greiner & Gregg, 2011; Curtis et al., 2008). This research suggests 

that social factors influence the adoption of agricultural environmental behaviour, such as 

excluding stock from grazing riverbanks (e.g, Curtis & Mendham, 2015; Fielding et al., 

2008). With one exception (Minato, Curtis, & Allan, 2010), rural studies fail to distinguish 

between injunctive and descriptive norms (e.g., Curtis & Mendham, 2015; Fielding, Terry, 

Massa, & Hogg, 2008). Minato, Curtis, and Allan (2010) analysed landholder responses to 

open-ended survey questions and distinguished between injunctive and descriptive norms, 

rather than directly measuring norms. Thus, Part Three of the thesis examines the relationship 

between landholder behaviour and specific measures of injunctive and descriptive norms.  

Several studies conducted in the field of environmental psychology suggest that the 

adoption of agricultural environmental behaviours, such as improving natural grassland, is 

related to factors including social norms (e.g., Borges et al., 2014; Price & Leviston, 2014; 

Cary, 1993). For example, Cary (1993) interviewed 131 landholders in Victoria and found 

that environmental behaviour is simultaneously influenced by two types of social beliefs. 

Firstly, landholders reported beliefs about the importance of performing environmental 

behaviour that tend to be symbolic in nature; symbolic beliefs contribute meaningfully to 

social identity but do not necessarily result in the performance of environmental behaviour. 
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Rather, Cary (1993) found that environmental behaviour is influenced to a greater degree by 

instrumental beliefs about the practical value of a behaviour, such as the impact that 

performing a given behaviour will have on farm businesses. These instrumental beliefs may 

conflict with symbolic beliefs held about the same behaviour (Noppers et al., 2015). Thus, 

landholders may believe that ideally they should perform environmental behaviour, while 

simultaneously believing that they should not perform the same behaviour if there are 

negative repercussions for their farm business. Part Three of this thesis examined the 

relationship between symbolic and instrumental social norms, and whether landholders 

maintain stock exclusion or continue grazing stock on riverbanks.  

Both rural research and environmental psychology research about agricultural 

environmental behaviours exclusively examines the adoption of new behaviours, rather than 

continued maintenance. This is an important omission, because agricultural environmental 

behaviours often involve different activities, costs, and commitments for adoption compared 

to maintenance (Moore & Boldero, 2017). Therefore, landholders may face different barriers 

to maintaining new behaviours, compared to adoption. Drought conditions, and associated 

financial loss, are common barriers that prevent farmers from practicing sustainable natural 

resource management (Chambers, 1988). In Victoria, Australia, landholders experienced 

more than ten years of unprecedented drought conditions between 1997 and 2010 (Steffen, 

2015), resulting in reduced income, reduced agricultural production, and the increased need 

to purchase food for stock (Mpelasoka, Hennessy, Jones, & Bates, 2008).  Perceptions of 

constraint, such as the impact of drought conditions on farm businesses, can weaken the 

relationship between social norms and the performance of environmental behaviour (Ajzen, 

1991). Thus, while social norms may influence the adoption of environmental behaviours, 

such as stock exclusion, constraints related to drought conditions may prevent landholders 

from maintaining stock exclusion, despite holding strong pro-environmental social norms. 
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The definitions of the four types of social norms investigated in this thesis are summarized in 

Table 5 below.  

Table 5. Definitions of injunctive, descriptive, symbolic, and instrumental social norms 
 

 
Type 

 

 
Definition 

Injunctive  Beliefs about ‘how I ought to behave’  
Descriptive Beliefs about ‘how I think others like me actually behave’ 
Symbolic Beliefs about the importance of an activity for my social identity 
Instrumental  Beliefs about the practical value of performing a behaviour 

 

6.3.3 Drought 

Perceptions of constraint can weaken the relationship between social norms and the 

performance of environmental behaviour (Ajzen, 1991). In Australia, more than ten years of 

drought has had a lasting economic impact on agricultural businesses, including increased 

input costs, lowered agricultural productivity, and reduced commodity prices (Edwards, 

Gray, & Hunter, 2009; Leviston et al., 2011; Mpelasoka et al., 2008). Thus, perceptions of 

drought affectedness may prevent landholders from maintaining stock exclusion, despite 

holding strong pro-environmental social norms (Ajzen, 1991). During the drought years of 

2002-2003 in Australia regional farming incomes dropped by up to 20%, and agricultural 

output fell by between 20-50% on average (Horridge, Madden, & Wittwer, 2005). Similarly, 

Curtis, McDonald, and Sample (2008) found that drought conditions reduced agricultural 

productivity and prevented landholders in the Wimmera region of Victoria from adopting 

river restoration practices. The authors stated that,  

“[T]he change to drought conditions in recent years and the impact of drought in 

reducing on-property profitability appears to have constrained the adoption of many 

CRPs (current recommended practices)” (Curtis, McDonald, & Sample, 2008 p.vi). 
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Thus, drought conditions can prevent the adoption of agricultural environmental 

behaviours, and may also prevent landholders who have adopted environmental behaviours 

from maintaining those behaviours over the long-term. Part Three of the research examined 

the relationship between drought and whether landholders maintain environmental behaviour.  

The impact of drought on environmental decision making may also be influenced by 

the amount of income that landholders obtain from farm activities. Landholders with multiple 

sources of income are more resilient to external stressors, such as drought, compared to those 

who rely exclusively on farm businesses (Nelson et al., 2005). Similarly, Kebede (1992) 

found that landholders with incomes from both agricultural activities and off-farm activities 

were more likely to adopt environmental behaviour. Therefore, landholders who obtain 

income from both on-farm and off-farm employment may be more likely to maintain stock 

exclusion during drought events. Conversely, landholders who rely exclusively on 

agricultural production for income may resort to grazing stock on riverbanks rather than 

purchasing feed. Riverbanks produce up to 25% more vegetation growth than pasture 

(Aarons et al., 2013), and thus can represent an important emergency source of stock fodder 

(Wilson, Jansen, Curtis, & Robertson, 2003). Therefore, Part Three also examined the 

relationship between the amount of income that landholders obtain from farm activities, and 

whether landholders maintain stock exclusion or continue to graze stock on the riverbank.  

Given that drought reduces agricultural production and income (Edwards et al., 2009), 

landholders who rely on farm businesses for a significant portion of income may perceive 

themselves to be more affected by drought compared to landholders with multiple sources of 

income. Perceptions of drought affectedness can weaken the influence of social norms on the 

decision of landholders to continue stock exclusion (Ajzen, 1991). Therefore, landholders 

who perceive themselves to be severely constrained, for example by drought conditions, may 

also be less likely to maintain stock exclusion. This may have important implications for the 
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design of policy to encourage maintenance. Drought relief funding for stock management is 

available for landholders on the basis of drought severity; the Victorian Government uses 

climate data obtained from the Bureau of Meteorology (BOM) to make decisions about the 

eligibility of landholders for financial aid (Victoria State Government, 2017). This funding 

could be used to subsidize the cost of purchasing additional feed to encourage landholders to 

continue excluding stock during droughts. However, landholder perceptions of drought 

affectedness may not always reflect actual drought severity. For example, Lukasiewicz, 

Bowmer, Davidson, and Syme (2012) found that landholder beliefs about climate change are 

based on local experiences rather than a scientific understanding of climatic conditions. As a 

result, drought relief funding may be ineffective for encouraging maintenance. Thus, Part 

Three of the research examines the relationship between landholder perceptions of drought 

affectedness during the Millennium Drought, and data about actual drought severity.  

6.4 Conclusion  

To be effective, stock exclusion projects implemented using voluntary agreements 

between government agencies and individual landholders must be maintained indefinitely. In 

the absence of financial or legal incentives for maintenance, policy makers assume that 

landholders will maintain stock exclusion because they are influenced to do so by social-

cognitive factors, such as social norms. The above review suggests that while social norms 

may influence landholders to adopt environmental behaviour, constraints such as drought 

conditions can weaken the influence of social norms on the continued maintenance of 

environmental behaviours. Thus, it is by no means certain that social norms motivate 

maintenance, or that voluntary agreements are effective management arrangements for 

implementing stock exclusion projects.  

 Burton (2004a) argues that rural research often uses broad measures of social factors, 

rather than specific measures of cognitive constructs. This is problematic because specific 
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constructs, such as injunctive norms and descriptive norms, have different motivational 

foundations (Cialdini, 2007). Further, while landholders can hold both symbolic and 

instrumental social beliefs, environmental behaviour tends to be influenced by instrumental 

norms, rather than symbolic norms (Cary, 1993). To be effective, interventions that promote 

environmental behaviour should be tailored to address the constructs that motivate 

behaviours (Michie, Johnston, Francis, Hardeman, & Eccles, 2008; Michie, van Stralen, & 

West, 2011; Osbaldiston & Schott, 2012). Thus, research about the relationship between 

social norms and agricultural environmental behaviour should distinguish between types of 

social beliefs.  

The success of stock exclusion projects implemented through voluntary agreements 

with landholders is contingent on the motivation of landholders to maintain the behaviours 

associated with these projects indefinitely. Social norms influence adoption, however no 

research has examined whether these cognitive constructs also influence maintenance. In the 

context of the Millennium Drought, many landholders face financial constraint that may 

weaken the influence of social norms on behaviour, and those landholders who rely more 

heavily on agricultural production for their incomes may be less likely to continue excluding 

stock. Drought relief funding could be used to encourage landholders to continue excluding 

stock during droughts. However, perceptions influence behaviour, and funding is allocated 

based on climatic data about drought severity, rather than landholder perceptions. The 

research reported in Part Three of this thesis examines the relationship between social norms, 

including injunctive and descriptive norms, and symbolic and instrumental social beliefs, 

perceptions of drought affectedness, actual drought severity, the amount of income that 

landholders obtain from farming activities, and the maintenance of stock exclusion.   
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Chapter Seven: Methods and Results  
 

7.1 Introduction 

Part Two of this thesis investigated how well landholders in Victoria maintain stock 

exclusion projects. The research concluded that while these projects have achieved some 

success, the effectiveness for ecological recovery was constrained by several factors, 

including that half the landholders involved in the research continue to graze stock on the 

riverbank, and at least some of those who graze do so unsustainably. Thus, stock exclusion 

projects suffer from lack of adequate maintenance. Part One of this thesis suggested that 

maintenance failure is related to the management arrangements that are used to implement 

river restoration project. Stock exclusion projects are implemented by establishing voluntary 

agreements between individual landholders and government authorities (Department of 

Sustainability and Environment, 2011). An assumption of using voluntary agreements to 

implement agricultural environmental projects is that landholders are influenced by non-

monetary factors, such as social norms (e.g., Curtis, McDonald, Mendham, et al., 2008; 

Leviston et al., 2011; Minato et al., 2010; Pannell et al., 2006). Given that half the 

landholders involved in the research do not maintain stock exclusion, there is a need to 

identify the factors that influence environmental behaviour.  

The literature review presented in Part Three of this thesis (Chapter 6: Environmental 

agricultural behaviour, social norms and drought) suggested that while social norms may 

influence landholders to adopt environmental behaviour (e.g., Borges et al., 2014), such as 

stock exclusion, over time constraints related to drought conditions (e.g., Curtis, McDonald, 

& Sample, 2008), and the amount of income obtained from farm businesses (e.g., Kebede, 

1992), may weaken the influence of social norms. Both perceptions of drought affectedness 

(Lukasiewicz et al., 2012), and actual drought severity may prevent landholders from 

maintaining environmental behaviour. Further, most research about social norms and 
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agricultural environmental behaviour examines general social measures (e.g., Curtis & 

Mendham, 2015; Fielding et al., 2008), rather than specific cognitive constructs. Specific 

constructs, such as injunctive and descriptive norms (Cialdini, 2007), and symbolic and 

instrumental social beliefs (Cary, 1993), have different motivational foundations. Thus, for 

informing policy, it is necessary to distinguish between specific social constructs, and the 

relationship between these constructs and behaviour.  

The research presented in Part Three of this thesis explores the factors that influence 

whether landholders maintain stock exclusion, including social norms, drought affectedness, 

the amount of income landholders obtain from farm activities. The research examines the 

relationship between maintenance and specific social constructs, including injunctive and 

descriptive social norms, and symbolic and instrumental social beliefs. Further, the research 

distinguishes between perceived drought affectedness, and actual drought severity.  

7.2 Methods 

7.2.1 Hypotheses and research questions 

The research examined 10 hypotheses about the relationship between social norms, 

drought, income, and whether landholders maintain stock exclusion. These hypotheses are 

explained in detail below, and summarized in Table 6 for clarity. Table 5 also includes 

information about the data and statistical analysis involved for testing each hypothesis. The 

statistical analysis is explained in more detail in Section 7.2.4. 

7.2.1.1 Symbolic and instrumental injunctive norms.  

Cary (1993) suggested that while landholders can hold conflicting symbolic and 

instrumental beliefs about an issue or activity, their behaviour is often more consistent with 

their instrumental beliefs about the practical value of performing an activity. The research 

assessed the relationship between behaviour and injunctive norms reflecting symbolic beliefs 
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and instrumental beliefs. The symbolic beliefs were about the responsibility of landholders to 

exclude stock from riverbanks in scenarios of good water availability and high farm 

productivity. The instrumental beliefs were about the responsibility of landholders to exclude 

stock from riverbanks in scenarios of drought and low farm productivity. It was expected that 

there would be no difference between landholders who graze and those who exclude stock for 

symbolic beliefs about excluding stock in years of good water availability (H1), and years of 

high farm productivity (H2).  

Research suggests that drought, resulting in low farm productivity, and financial 

insecurity, discourages landholders from adopting agricultural environmental behaviour (e.g., 

Curtis, McDonald, Mendham, et al., 2008). Thus, it was expected that instrumental beliefs 

about drought conditions would be related to whether landholders maintain stock exclusion; 

landholders who continue to graze the riverbank were expected to report weaker instrumental 

norms about excluding stock in years of drought (H3), and in years of low farm productivity 

(H4), compared to landholders who do not graze. Further, both social norms and perceptions 

of barriers, such as financial insecurity, can influence behaviour (Ajzen, 1991). Thus, it was 

anticipated that regression analysis would reveal that the injunctive social norm about 

excluding stock in drought conditions, and perceived drought affectedness would explain 

greater variability in whether landholders continue to graze the riverbank than the social 

norm alone (H5). 

7.2.1.2 Perceived drought affectedness, drought severity, and income. 

Drought conditions negatively impact farm businesses (Mpelasoka et al., 2008). It 

was anticipated that landholders who graze the riverbank would report higher drought 

affectedness than those who exclude stock from the riverbank (H6). Further, perceived 

drought affectedness may be influenced by actual climatic conditions, as well as the degree 

that landholders rely on agricultural activities for income. The relationship between perceived 
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drought affectedness and actual drought severity was examined for individuals, and at the 

regional scale, for the purpose of informing drought policy. It was predicted that, for 

individuals, there would be a positive relationship between actual drought severity and 

perceived drought affectedness (H7), and the percentage of overall income obtained from 

farm activities and perceived drought affectedness (H8). In order to compare perceived 

drought affectedness and actual drought severity regionally, a preliminary examination of 

climate data was conducted to determine the drought affectedness index score for the three 

CMA regions involved in the research during the Millennium Drought. Landholders in CMA 

C experienced greater drought severity compared to landholders in CMA A and CMA B. 

Thus, it was expected that landholders in CMA C would report higher drought affectedness 

than those in CMA A and CMA B (H9). It was also expected that regression analysis would 

reveal that, together, drought severity and the percentage of overall income obtained from 

farm activities, would predict greater variability in perceived drought affectedness than either 

variable individually (H10). 

7.2.1.3 Descriptive norms.  

Injunctive and descriptive norms have different motivational foundations (Cialdini, 

2007). Thus, for the purpose of designing interventions it is important to distinguish which 

specific construct, or if both constructs, explain behaviour. In addition to the above 

hypotheses, it was anticipated that landholders would report that ‘others like them’ behave in 

a similar way to themselves (Goldstein et al., 2008). For example, it was predicted that 

landholders who report that they graze frequently, would also report that ‘others like them’ 

graze frequently.  
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 Table 6. Hypotheses, data and analysis 
 

 
Hypotheses Data Analysis 

1 No difference between those landholders that graze and those that 
do not graze, for the item about excluding stock in years of good 
water availability. 

 
 
 
Grazing: yes = 1, no = 2 
Social norm survey item: 7-
point Likert-scale 
  

 
 
 
 
t-test  

2 No difference between those landholders that graze and those that 
do not graze, for the item about excluding stock in years of high 
farm productivity.  

3 Landholders who graze the riverbank would report weaker 
injunctive norms about the excluding stock in years of drought. 

4 Landholders who graze the riverbank would report weaker 
injunctive norms about excluding stock in years of low farm 
productivity. 

5 The injunctive social norm about excluding stock in drought 
conditions, and perceived drought affectedness, would predict 
greater variability in whether landholders continue to graze the 
riverbank than the normative belief alone.  

Grazing: yes = 1, no = 2 
Social norm survey item: 7-
point Likert-scale 
Perceived drought affectedness: 
7-point Likert-scale 

Multilinear 
Regression 
(Hellevik, 
2009) 
 

6 Landholders who continue to graze the riverbank would report 
higher drought affectedness than those who exclude stock from the 
riverbank.  

Grazing: yes = 1, no = 2 
Perceived drought affectedness: 
7-point Likert-scale 

t-test 

7 A positive relationship between actual drought severity and 
perceived drought affectedness. 

Drought severity: continuous 
data index 
Perceived drought affectedness: 
7-point Likert-scale 

Pearson’s 
Correlation  

8 A positive relationship between the percentage of overall income 
obtained from farm activities and perceived drought affectedness 

Income: percentage 
Perceived drought affectedness: 
7-point Likert-scale 

Pearson’s 
Correlation 

9 Landholders in CMA C would report higher drought affectedness 
than landholders in CMA A and CMA B. 

CMAs: CMA A = 1, CMA B = 
2, CMA C = 3 
Perceived drought affectedness: 
7-point Likert-scale 

ANOVA 

10 Drought severity and the percentage of overall income obtained 
from farm activities would explain greater variability in perceived 
drought affectedness than either variable individually. 

Drought severity: continuous 
data index 
Income: percentage 
Perceived drought affectedness: 
7-point Likert-scale 

Multilinear 
Regression 

 

7.2.2 Participants and procedure 

The participants were a sub-sample of those 231 landholders from three CMAs in 

Victoria (CMA A, CMA B, and CMA C) who were involved in projects funded by CMAs to 

fence riverbanks to exclude stock from gazing the riparian area, as described in Part Two of 

this thesis (Section 4.2.2). Between 2013 and 2014, field staff from the three CMAs 
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conducted evaluations of stock exclusion projects on 231 properties in Victoria. Following 

the completion of these field assessments, I mailed the 231 landholders a survey containing 

items about social norms, drought affectedness, and the amount of income obtained from 

farm activities. This survey was also used to collect the data involved in Part Two of the 

research (Appendix H). In total, 93 landholders (40% return rate) completed usable surveys. 

A small number of landholders completed the survey by phone due to mail delays in regional 

Victoria. In addition, data about drought severity was obtained from the Bureau of 

Meteorology. This research was approved by the University of Melbourne Behavioural 

Sciences Human Research Ethics board (Approval ID: 1441618).  

7.2.3 Measures 

The survey items included in this thesis were incorporated into a larger questionnaire 

about stock exclusion projects (Appendix H). The larger questionnaire consisted off items 

about landholder attitudes, factors related to farming communities, riverbank fencing, and 

using infrastructure (such as troughs and pumps) to provide off-stream water access for stock 

(Appendix H).  

 

7.2.3.1 Stock exclusion 

Whether landholders maintain stock exclusion was measured by CMA staff during 

visual inspections of river frontages on, or adjacent to, landholder properties. Evidence of 

continued stock grazing on the riverbank included hoof marks, eaten vegetation, and the 

presence of cows (see Section 4.2.3 outlining the measures used in Part Two of the research). 

7.2.3.2 Symbolic and instrumental injunctive social norms 

Injunctive social norms about stock exclusion were assessed with 7-point Likert scale 

survey items, which is sufficient to treat the data as parametric (Cohen et al 2000). 

Participants indicated the extent to which they agreed with each item using a 1 (‘strongly 
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disagree’) to 7 (‘strongly agree’) response scale, where 4 indicates ‘neither agree nor 

disagree’. Two items assessed the symbolic beliefs that landholders should be prepared to 

exclude stock from grazing the riverbank in years of good water availability, and in years of 

high farm productivity. Two items assessed the instrumental beliefs that landholders should 

exclude stock from gazing the riverbank in years of drought, and in years of low farm 

productivity. This approach is not uncommon. For example, Schirmer and Bull (2014) 

measured farmer’s sense of social responsibility towards producing environmental outcomes 

on a 5-point Likert-scale. Survey items include statements such as ‘Farmers have a 

responsibility to manage their land to provide benefits for the wider community.’ (p.314).  

Ajzen (2017) suggests that survey items to measures injunctive social norms should 

be structured slightly differently to the survey items developed for the current thesis; items 

should follow the structure ‘how do others think you should behave’, in this case ‘how do 

other people think landholders should behave’, rather than ‘landholders should’. The survey 

item format adopted by Schirmer and Bull (2014) was chosen for the current research, rather 

than the traditional format suggested by Ajzen (2017) (Appendix I) for two reasons. Firstly, 

Curtis and Mendham (2015) conducted a survey of 794 landholders in Victoria. The survey 

included two personal norm items and one injunctive social norm item. Personal norms refer 

to moral beliefs that people hold about how they should behave (Schwartz, 1977), as opposed 

to social norms which are beliefs about how people think others expect them to behave. 

While most landholders who completed their survey responded to the personal norm items, 

52% of participants either did not respond to the injunctive norm item or responded ‘N/A’. 

The authors suggest that this was due to poor item format.  

The second reason for choosing the survey item format developed by Schirmer and 

Bull (2014) rather than the traditional format suggested by Ajzen (2017) was based on the 

feedback of landholders and CMA staff who were asked to review a draft version of the 
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social survey used in the current research. A draft version of the social survey, including 

items that were designed to measure injunctive and descriptive social norms, was reviewed 

by ten landholders and six CMA staff. The landholders and CMA staff indicated that most 

landholders would be unlikely to respond to injunctive norm survey items structured in the 

traditional format (Ajzen, 2017) (Appendix I). Thus, prior research, and feedback from 

landholders and CMA staff suggested that the traditional format was inappropriate for 

landholder cohorts. The landholders and CMA staff who reviewed the draft survey 

unanimously agreed that most landholders would understand and respond to survey items in 

the format developed by Schirmer and Bull (2014). Thus, while non-conventional, the items 

do capture beliefs about how landholders think they ‘ought’ to behave, which is the 

foundation of injunctive social norms.  

The injunctive social norm survey items, summarized in Table 7, were also designed 

to reduce the likelihood of a common respondent biases associated with social research (e.g., 

Choi & Pak, 2005), including environmental behaviour (e.g., Hirsch, 2010), referred to as 

‘acquiescence bias’. Acquiescence bias is the tendency of survey respondents to agree with 

most statements (Van Sonderen et al., 2013). This phenomena is often attributed to the 

perceived social desirability of agreeing with statements on questionnaires rather than 

disagreeing with statements (Choi & Pak, 2005), and perceptions of the researcher's 

expectations about how study participants should respond to survey items (Fuj, Hennessy & 

Mak., 1985). The landholders and CMA staff who reviewed the draft survey suggested that 

most landholders are familiar with the expectations of CMA staff would agree with 

statements about excluding stock from grazing in ideal scenarios related to good water 

availability and high farm productivity. By comparison, there is a general understanding that 

drought events warrant deviation from ordinary farming practices (e.g., Curtis, McDonald & 

Sample, 2008). Thus, it was anticipated that landholders were more likely to respond honestly 
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to statements about less than ideal scenarios related to drought and low farm productivity, 

compared to statements about ideal scenarios. Therefore, the symbolic social norm survey 

items were revised to reduce the likelihood of acquiescence bias. 

One common approach to counter acquiescence bias is to reverse the wording of 

questionnaire items to change the direction of the statement from positive to negative (e.g., 

Qasem & Gul, 2014; Solís Salazar, 2015). For example, prior to revising the survey in 

response to landholder and CMA feedback, the symbolic social norm survey items were 

structured in a positive direction: ‘Landholders should be prepared to exclude stock from the 

fenced frontage in years of good water availability’. Landholders may perceive that the 

leading term ‘should’ reflects the beliefs of CMA staff; that landholders should exclude stock 

in ideal conditions. Thus, one option to overcome acquiescence bias was to structure 

symbolic social norm survey items negatively, as follows: ‘Landholders should not be 

prepared to exclude stock from the fenced frontage in years of good water availability. 

However, using negatively structured items is highly controversial, and widely considered to 

be ineffective (e.g., Qasem & Gul, 2014). For example, Van Sonderen, Sanderman and Coyre 

(2013) argue that negatively structured survey items can confuse respondents and result in 

contaminated data. Thus, rather than reversing the wording of symbolic norm survey items, I 

chose to reverse the implications of agreeing with statements to prompt respondents to pay 

closer attention (Solís Salazar, 2015).  

 

The revised symbolic norm survey items were structured to encourage landholders 

with strong symbolic social norms to disagree, rather than agree with the survey items. The 

items were structured as follows: ‘Landholders should be prepared to exclude stock from the 

fenced frontage only in years of good water availability’. Disagreement with the statement, 

rather than agreement, implies the symbolic belief that landholders should exclude stock from 
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the fenced frontage in all scenarios, rather than only in favourable scenarios. Thus, it was 

expected that landholders who hold strong symbolic beliefs would disagree with the symbolic 

social norm survey items, while landholders who hold weak symbolic beliefs would agree 

with the survey items. 

Table 7. Symbolic and instrumental injunctive norm survey items 
 

 
Type 

 

 
Item 

Symbolic Landholders should be prepared to exclude stock from the fenced frontage only in 
years of good water availability.  

Symbolic Landholders should be prepared to exclude stock from the fenced frontage only in 
years of high farm productivity. 

Instrumental Landholders should be prepared to exclude stock from the fenced frontage even in 
years of drought. 

Instrumental  Landholders should be prepared to exclude stock from the fenced frontage even in 
years of low farm productivity. 

 

7.2.3.3 Descriptive social norms 

While Likert-type questions were used to measure injunctive norms, open-ended 

questions were used to measure descriptive norms. This approach is not dissimilar to Larimer 

et al. (2004) who used Likert-type questions to measure injunctive norms related to alcohol 

consumption in colleges, and open-ended questions to measure descriptive norms about what 

college students think the actual alcohol consumption of other students within their fraternity 

or sorority.  

Neigbors et al. (2008) suggest that a key challenge of measuring descriptive norms is 

that it is “not always clear who constitutes important others.” (p.576).The strength of 

relationship between social norms and one’s own behaviour is dependent on the definition of 

‘others’, and the accurate identification of significant ‘others’. Farmers and farming 

communities are in some ways unique in terms of social identification. Many farmers 

experience social isolation as a result of the geographical isolation that is often necessary for 

agricultural production (Alston, 2006). Descriptive norm survey items were also altered 
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following feedback from landholders during consultation, as described above. All of the ten 

landholders who reviewed the draft survey indicated that farmers would not be able to answer 

questions about ‘how other farmers in your area behave’ because of the regional variability of 

farming enterprise. Therefore, the items were revised to ask about ‘how other farmers like 

you behave (e.g., if you are a cattle grazer, other cattle grazers in your region)’. Descriptive 

social norms are assessed by comparing how an individual behaves with their beliefs about 

how other people behave (Cialdini, 2007). The social survey included items asking 

landholders to self-report about their own grazing behaviour, and items asking landholders to 

estimate how other landholders ‘like them’ behave. Items included asking landholders to 

describe the duration, regularity, and seasonality of their own grazing regimes and of other 

landholders’ grazing regimes. These items were intended to examine whether landholders’ 

descriptive norms reflected their own behaviour. 

7.2.3.4 Perceived drought affectedness & income from farm activities 

 Perceived drought affectedness and the amount of income obtained from farm 

activities were assessed using one 7-point Likert scale survey item and two open-ended 

survey items. The Likert scale item assessed participants’ perception of drought affectedness 

in terms of the impact of drought on their farm business. Participants indicated the extent of 

their perceived drought affectedness using a 1 (‘not at all affected’) to 7 (‘extremely 

affected’) response scale. Two open-ended items asked participants to report the percentage 

of overall income obtained from farming activities, and to list the main ways that drought 

affected their farm business.  

7.2.3.5 Drought severity 

Drought severity was determined using gridded daily precipitation data from the 

Bureau of Meteorology’s Australian Water Availability Project (AWAP) dataset (Jones, 

Wang, & Fawcett, 2009). For each farm property, daily precipitation was extracted from an 
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AWAP grid cell (.05° x .05°, approximately 5km x 5km) representative of the farm’s latitude 

and longitude for the period 1900-2016. The daily values were summed to calendar year 

values. Drought severity was computed by dividing the average precipitation value for the 

drought years (1997-2010) (Steffen, 2015) by the average value for the entire period on 

record (1900-2016), to produce a ratio representing drought severity for each farm property. 

The coefficient of variance for the years 1900-2016 was also calculated for each site. The 

drought severity ratio indicates how much the average precipitation during the Millennium 

Drought deviated from the average precipitation of the year 1900-2016 for each landholder 

property. Drought severity ratio values range from 0 to 1; high values indicate no deviation 

and low values indicate high deviation. A high drought severity ratio, such as .9, might 

suggest an area has experienced only minimally reduced precipitation during the drought. 

However, a low coefficient of variability, such as 0.1, indicates that even a slight deviation 

from the average precipitation is likely to be climatically significant. 

7.2.4 Data analysis 

 The research involved both qualitative and quantitative data. Therefore, multiple 

methods of data analysis were used, including statistical analysis and thematic content 

analysis.  

7.2.4.1 Statistical analysis 

 Hypotheses 1 to 4 about the relationship between injunctive norms (7-point Likert-

scale data) and whether landholders maintain stock exclusion or continue to graze (1 = 

‘graze’, 2 = ‘exclude’) were examined using t-tests (Cohen, Manion, & Morrison, 2000). 

Hypothesis 5 about how well the social norm about excluding stock in drought conditions (7-

point Likert-scale data), and perceived drought affectedness (7-point Likert-scale data), 

explain grazing behaviour was examined by computing a stepwise multiple regression. 

Hellevik (2009) argues that this approach, using linear regression when the dependent 
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variable is dichotomous (1 = ‘yes’, 2 = ‘no’), is appropriate given that the model is not used 

predictively. The regression analysis builds statistical models to determine whether social 

norms (model 1), or social norms with the addition of perceived drought affectedness (model 

2), better explain the distribution of grazing behaviour. If the P-value for model 2 is less than 

.05, it is very likely that the two variables together explain significantly more variability of 

grazing behaviour than model 1. There are several drawbacks of using this approach, most 

notably collinearity (e.g., Whittingham, Stephens, Bradbury, & Freckleton, 2006). Therefore, 

tests for multicollinearity were also conducted, assuming the most conservative threshold; a 

variance inflation factor (VIF) of lower than 3.3 is acceptable (Kock & Lynn, 2012). 

 Hypothesis 6 about the relationship between perceived drought affectedness (7-point 

Likert-scale) and whether landholders maintain stock exclusion or continue grazing stock on 

the riverbank was examined using a t-test (Cohen et al., 2000). Hypothesis 7, about the 

relationship between perceived drought affectedness and actual drought severity, was 

addressed by computing a Pearson’s correlation coefficient (Cohen et al., 2000). A Pearson’s 

coefficient, r, can take a value between +1 and -1. A value greater than 0 indicates a positive 

relationship: as perceived drought affectedness increases, so does actual drought severity. A 

value less than 0 indicates a negative relationship: as perceived drought affectedness 

increases, actual drought severity decreases. Higher values (e.g, .8) indicate a stronger 

relationship, while lower values (e.g., .3) indicate a weaker relationship. A P-value of less 

than .05 suggests that the relationship between the two variables is statistically significant.  

 Hypothesis 8, about the relationship between perceived drought affectedness and the 

amount of income landholders obtain from farm activities, was also addressed by computing 

a Pearson’s correlation coefficient. Hypothesis 9, about differences of perceived drought 

affectedness between CMA A, CMA B, and CMA C, was addressed by computing a one-way 

ANOVA (Cohen et al., 2000). The ANOVA was used to determine whether there was a 
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difference between mean value of perceived drought affectedness for each CMA. A P-value 

of less than 0.05 indicates that the difference between means is statistically significant. 

Finally, a stepwise multiple regression was used to examine Hypothesis 10 about the amount 

of variability of perceived drought affectedness explained by drought severity and income 

together. Tests for multicollinearity were also conducted.  

7.2.4.2 Thematic analysis of open-ended survey responses 

Responses to open-ended survey items about descriptive norms, and the ways that 

drought has impacted farm businesses, were thematically analysed and coded. Common 

themes were determined by identifying objects and categories in respondent data (Jansen, 

2010), and recording the frequency of mentions (Castro, Kellison, Boyd, & Kopak, 2010). 

Following Campbell, Quincy, Osserman and Pederen (2013), 10% of the total qualitative data 

was selected for analysis by a secondary coder to determine inter-coder reliability. Three of 

the six questions were selected for the purpose as they were judged to be the most subjective. 

The secondary coder was blind to the coding methods and outcomes of my own analysis. 

Intercoder reliability of 80% was determined by a secondary coder, suggesting that the 

interpretation of the data was sound. 

7.3 Results 

An underlying assumption of using voluntary agreements is that landholders are 

influenced by social obligations about the responsibility of landholders to perform 

environmental management, known as social norms. However, perceived constraints, such as 

drought affectedness, can weaken the influence of social norms on behaviour. The research 

presented in Part Three of the thesis examined the relationship between social norms, 

including injunctive and descriptive social norms, and symbolic and instrumental injunctive 

social norms, perceived drought affectedness, actual drought severity, and stock exclusion. 
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The remainder of the current chapter reports the results of the research. The 231 

landholders involved in the research reported in Part Two were sent social surveys, including 

items about social norms and perceived drought affectedness. In total, 93 usable surveys were 

completed and returned, however not all landholders completed all survey items. Therefore, 

the sample size varies for the statistical analysis used to test each hypothesis, as demonstrated 

below.  

7.3.1 Descriptive results 

7.3.1.1 Stock exclusion 

CMA data about evidence of grazing indicated that of the 93 landholders who 

completed the social survey, 53 (57%) grazed in the fenced frontage, whereas 40 (43%) 

maintained stock exclusion. 

7.3.1.2 Symbolic and instrumental injunctive norms 

 Table 8 displays the means, standard deviations, and correlations for landholder 

responses to injunctive norm survey items. There was a strong positive correlation between 

the symbolic beliefs about excluding stock from grazing in the scenario of good water 

availability, and symbolic beliefs about excluding stock in the scenario of high farm 

productivity. This indicates high internal reliability between symbolic norm survey items. 

There was also a strong positive correlation between the instrumental beliefs about the 

responsibility of landholders to exclude stock in times of drought, and the instrumental 

beliefs about excluding stock in times of low farm productivity. This indicates high internal 

reliability between instrumental norm survey items. There was no relationship between 

symbolic beliefs and instrumental beliefs.  
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Table 8. Correlations between injunctive norms 
 

 N Mean SD 1 2 3 4 

1.Good water availability 92 3.68 2.29 - .09    .82**   .16 

2.Drought conditions 91 4.36 2.33  - .08  .72** 

3.High farm productivity 91 3.73 2.31   -    .20 

4.Low farm prod 91 4.58 2.25    - 

     **p < .01 

NOTE: Mean values and SD values reflect 7-point Likert-scale scores whereby 1 is equal to ‘extremely 

disagree’ and 7 is equal to ‘extremely agree’. 

 

7.3.1.3 Descriptive social norms 

It was anticipated that landholders would estimate what ‘other people like them’ do in 

relation to stock grazing, and that these estimations would reflect their own behaviour 

(Goldstein et al., 2008). Descriptive norm survey items had been modified after feedback 

from ten landholders and six CMA staff suggesting that the original format was 

inappropriate; landholders would not be able to estimate how others in their geographical 

region behave because most others were not graziers. The modified items asked landholders 

to estimate how ‘others like you’ behave, whereby ‘others’ refers to farmers who are the 

same type of farmers as themselves. Despite efforts to design survey items that landholders 

should be able to answer, 65% of responses to the descriptive norm items were ‘NA’ or ‘I 

don’t know’. Only 15% of responses estimated what other landholders do and, of these, and 

only half of those responses were consistent with their own reported behaviour.  

Responses also included more than 100 comments that suggest the participants do not 

hold strong descriptive norms about grazing behaviour (See Appendix J). Three themes 

emerged from the thematic analysis of these comments. Firstly, 24% of comments indicated 

that landholders do not perceive that stock exclusion is normative behaviour, rather 
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landholders perceive their involvement in exclusion projects as minority behaviour. For 

example, comments included “Most don’t fence the river”, and “the neighbours think we’re 

mad for fencing off grazing land”.   

Secondly, 33% of comments indicated that landholders believe that they are unable to 

estimate others’ behaviour because they lack the appropriate knowledge, and that lack of 

knowledge is at least in part related to the geographical isolation of stock farmers from others 

‘like them’. Comments included “I don’t know what other farmers do, silly question!”, and 

“no other dairy farmers in our area”. Thirdly, 43% of comments indicated that others’ 

behaviour is highly contextual, and thus cannot be estimated. For example, in response to an 

item about the percentage of other landholders that graze the fenced frontage, one participant 

commented that “Some would, some wouldn’t, everyone is different”. 

7.3.1.4 Perceived drought affectedness and farm income 

Table 9 displays the means, standard deviations, and correlations for landholder 

responses to survey items about perceived drought affectedness, and the amount of income 

obtained from on-farm activities. On average, farmers obtained 50% of income from farm 

activities, although the standard deviation indicates considerable variability. The mean value 

of ‘5’ on the 7 point Likert-scale suggests that farm businesses were moderately affected by 

drought conditions.  
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Table 9. Means, standard deviations, and correlations between perceived drought 
affectedness, and income. 
 

 N Mean SD 1 2 

1.Perceived drought affectedness 90 5.12 2.071 - .45** 

2.Farm income % 87 50.58 41.406  - 

**p < .01 

NOTE: Mean values and SD values for perceived drought affectedness reflect 7-point Likert-scale 

scores whereby 1 is equal to ‘extremely disagree’ and 7 is equal to ‘extremely agree’. 

 

Table 10 presents the results of the ANOVA of the difference between CMAs for 

income from on-farm activities. There was no difference between landholders in CMA A (M 

= 58.85, SD = 40.59), CMA B (M = 53.43, SD = 42.63), and CMA C (M = 38.20, SD = 

39.67), F (2, 84) = 1.91, p = .15.  

 

Table 10. Results of ANOVA for the difference of percentage income from on-farm activities 
between CMA A, CMA B, and CMA C 
 

 

 DF SS MS F P 

% income 2 6439.97 3219.99 1.91 .15 

      *DF = degrees freedom, SS = sum of squares, MS = mean square, F = F-statistic,  

P = P-value. 

 
Responses to the open-ended survey item about the ways that drought has impacted 

farm businesses were analysed and coded (Jansen, 2010). In total, 81 landholders responded 

to the open-ended survey item about the ways that drought has impacted their farm 

businesses. Common themes included the psychological impact of drought on farming 
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communities, the ecological impact of drought on riverbank vegetation, and the impact of 

drought on water availability, stock management, and financial security.  

Frequency analysis (Castro et al., 2010) revealed that the most common impacts of 

drought on farm businesses were related to financial security (N = 42), such as reduced 

income and increasing debt, and stock management (N = 39), such as shortage of fodder and 

being forced to destock. Two landholders reported spending between AU$200,000 and 

AU$500,000 on additional feed during the Millennium Drought. One landholder reported 

depleting his retirement funds to subsidize the cost of additional feed. Further, landholders 

who continue to graze mentioned these themes more frequently than landholders who exclude 

stock from grazing. The negative impact of drought on financial security was mentioned by 

27 landholders who continue to graze (50%), and 16 landholders who maintain stock 

exclusion (40%). The negative impact of drought on stock management was also mentioned 

by 27 landholders who continue to graze (50%), and 14 landholders who maintain stock 

exclusion (35%).  

7.3.1.5 Drought severity 

Analysing drought severity involved considering both the drought severity index and 

the variability of the data (see Section 7.2.3.5 above). The drought severity index was 

computed by calculating the ratio of the average rainfall of the drought years 1997-2010, to 

the average rainfall of all other years on record. The ratio value indicates the extent that the 

average rainfall during the Millennium Drought deviated from the average rainfall of the total 

data for each landholder property. Values range from 1 (no deviation) to 0 (extreme 

deviation). The coefficient of variance was computed to determine the variability of the data. 

Some regions in Australia experience very low rainfall variability. Thus, even a slight 

deviation from average rainfall may result in severe drought conditions. This coefficient of 

variance indicates the extent that rainfall varies for each site, whereby 1 indicates very high 
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variability and 0 indicates very low variability. For example, a site may score a drought ratio 

of .9 and coefficient of variance of .1. The drought severity ratio of .9, suggests the area has 

experienced minimal deviation of rainfall during the drought.  However, the coefficient of .1 

indicates that the region typically experiences minimal deviation from the average rainfall. 

Thus, even a slight change is likely to be climatically significant, and of sufficient severity to 

impact agricultural production. Together, these statistics suggest the regions has experienced 

drought conditions. 

On average, the drought severity ratio for the study sites was high (M = .86, SD = 

.02), however, the coefficient of variance was low (M = .26, SD = .04). Together these values 

suggested that on average landholder properties experienced a significant deviation of rainfall 

from the average during the Millennial Drought. An ANOVA analysis revealed that there was 

a significant difference for both drought severity, and the coefficient of variance between the 

three regions. CMA C (M = .84, SD = .02) experienced higher drought severity than CMA A 

(M = .99, SD = .01) and CMA B (M = .86, SD = .02). CMA C (M = .23, SD = .04) also 

experienced higher variance of rainfall than CMA A (M = .29, SD = .02) and CMA B (M = 

.25, SD = .02). Table 11 presents the ANOVA analysis for difference of drought severity 

ratio and coefficient of variance between the three CMAs. 

Table 11. Results of ANOVA for the difference of drought severity ratio, and the difference of 
coefficient of variance, between CMA A, CMA B, and CMA C 
 

 DF SS MS F P 

Drought severity ratio 2 .03 .01 46.93 .00 

Coefficient of variance 2 .04 .02 31.07 .00 

      *DF = degrees freedom, SS = sum of squares, MS = mean square, F = F-statistic,  

P = P-value. 
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7.3.2 Relationships between symbolic and instrumental injunctive norms, stock grazing 

and perceived drought affectedness 

 As anticipated, all landholders reported weak symbolic social norms about excluding 

stock only in ideal scenarios. The low mean values indicate that the participants disagreed 

with the belief that juxtaposed ideal and less than ideal scenarios. Thus, these results suggest 

that participants believe that landholders should exclude stock not only in ideal scenarios, but 

also in less than ideal scenarios.  Hypothesis 1 predicted that there would be no relationship 

between symbolic social norms about the responsibility of landholders to exclude stock only 

in the scenario of good water availability, and whether landholders maintain stock exclusion. 

This hypothesis was supported as there was no difference between landholders who graze (M 

= 3.53, SD = 2.23) and those who do not graze (M = 3.88, SD = 2.39), for the symbolic social 

norm, t (91) = -.71, p = .48. Hypothesis 2 predicted that there would be no relationship 

between symbolic social norms about the responsibility of landholders to exclude stock only 

in the scenario of high farm productivity, and whether landholders maintain stock exclusion. 

This hypothesis was also supported, as there was no difference for symbolic social beliefs 

between landholders who graze (M = 4.20, SD = 2.37), and landholders who exclude stock 

from grazing (M = 3.35, SD = 2.22), t (91) = -1.76, p = .08.  

Hypothesis 3 predicted that there would be a negative relationship between 

instrumental social norms about the responsibility of landholders to exclude stock in drought 

conditions. It was expected that landholders who graze would report weaker social norms 

than landholders who maintain stock exclusion. This hypothesis was supported as landholders 

who graze (M = 3.73, SD = 2.32) reported weaker instrumental norms about excluding stock 

from grazing in drought conditions than landholders who exclude stock (M = 5.18, SD = 

2.10), t(91) = -3.09, p = .003. Hypothesis 4 predicted that there would be a negative 

relationship between instrumental social norms about the responsibility of landholders to 
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exclude stock in the scenario of low farm productivity. It was expected that landholders who 

graze would report weaker social norms compared to landholders who maintain stock 

exclusion. This hypothesis was also supported as landholders who graze (M = 4.02, SD = 

2.41) reported weaker instrumental social norms about excluding stock from grazing in the 

scenario of low farm productivity, compared to landholders who exclude stock (M = 5.30, SD 

= 1.81), t (91) = -2.79, p = .006.  

Hypothesis 5 predicted that together the social norm about excluding stock from 

grazing in drought conditions, and perceived drought affectedness, would explain greater 

variability in whether landholders maintain stock exclusion, than the social norm 

independently. A stepwise multiple regression analysis revealed that, together, drought 

affectedness (β = -.22, p = .028) and the injunctive norm about drought conditions (β = .31, p 

= .002) accounted for 15.2% of the variability (p = .001) in grazing behaviour. Tests for 

multicollinearity indicated that a very low level of multicollinearity was present (VIF = 1 for 

perceived drought affectedness, VIF = 1 for injunctive norm). Thus, Hypothesis 5 was 

supported as these two variables together explain a significantly greater percentage of 

variability, compared to the injunctive norm individually, which accounted for 10.3% of 

variability.   

7.3.3 Relationships between perceived drought affectedness, drought severity, amount 

of income from farm activities, and stock grazing 

Hypothesis 6 predicted that landholders who graze would report higher perceived 

drought affectedness compared to landholders who maintain stock exclusion. This hypothesis 

was supported, as landholders who graze (M = 5.54, SD = 1.90) reported higher perceived 

drought affectedness than landholders who exclude stock (M = 4.55, SD = 2.18), t (90) = 

2.28, p = .025. Hypothesis 7 predicted a positive relationship between actual drought severity 

and perceived drought affectedness. This hypothesis was partially supported as there was a 
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weak positive relationship between landholder perceptions of drought affectedness and actual 

drought severity, r(82) = .5, p<.00. Hypothesis 8 predicted a positive relationship between the 

percentage of overall income landholders obtain from farm activities and perceived drought 

affectedness. This hypothesis was partially supported as there was a weak positive correlation 

between landholder perceptions of drought affectedness and the percentage of overall income 

that landholders obtain from farming activities, r(85) = .45, p<.01.  

Based on climate data, Hypothesis 9 predicted that landholders in CMA C would 

report higher drought affectedness than landholders in CMA A and CMA B. In contrast to 

expectations, landholders from CMA A (M = 6.07, SD = 1.53) reported higher drought 

affectedness than landholders from CMA B (M = 5.55, SD = 1.50) and CMA C (M = 3.81, 

SD = 2.34), F (2, 87) = 12.61, p = .00. However, there was no difference between CMA A 

and CMA B; t(57) = 1.30, p = .20. Thus, Hypothesis 9 was not supported; even though the 

region of CMA C experienced the greatest drought severity between the drought years of 

1994 to 2010, landholders in CMA A and CMA B reported higher drought affectedness than 

landholders in CMA C.  

Finally, Hypothesis 10 predicted that, together, drought severity and the percentage of 

overall income from farm activities, would explain a greater amount of variability in 

perceived drought affectedness than either variable independently. While drought severity 

and the percentage of income from farm activities were weakly correlated with perceptions of 

drought affectedness, together these variables explained a significantly greater amount of 

variability, compared to either alone. A stepwise multiple regression analysis revealed that 

income (β = .39, p = .00) and drought severity (β = .29, p = .00) accounted for 30% of the 

variability (p = .00) in perceived drought affectedness. Tests for multicollinearity 

demonstrated a very low level of multicollinearity (VIF = 1 for income, VIF = 1 for drought 

severity). Thus, Hypothesis 10 was supported. 
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7.3.4 Summary of the hypotheses and results 

Table 12 summarizes the hypotheses and outcomes of the results for Part Three of the 

research. Predictions about the distinction between symbolic and instrumental social norms 

were supported. There was no difference for symbolic social beliefs between landholders 

who grazed and landholders who maintained stock exclusion. There was a negative 

relationship between instrumental social beliefs and whether landholders grazed or 

maintained stock exclusion; landholders who grazed agreed less that landholders are 

responsible for excluding stock in the scenarios of drought conditions and low farm 

productivity.  

Predictions about the relationship between drought severity and perceived drought 

affectedness were supported at the scale of the individual, but not at the regional scale. There 

was a weak positive correlation between perceived drought affectedness and actual drought 

severity. While climate data indicated that landholders from CMA C experienced the greatest 

actual drought severity, landholders from CMA A reported the highest perceived drought 

affectedness. There was also a weak positive correlation perceived drought affectedness and 

the amount of income landholders obtained from farm activities. At the regional scale, 

landholders from CMA A also obtain on average 20% more income from farm businesses 

than landholders from CMA C. Thus, income influences that impact of drought conditions on 

landholder perceptions, both at the scale of the individual, and at the regional scale. 
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Table 12. Summary of hypotheses and results 
 

 
Hypotheses Result 

1 No difference between those landholders that graze and those that do not graze, for 
the item about excluding stock in years of good water availability. 

Supported 

2 No difference between those landholders that graze and those that do not graze, for 
the item about excluding stock in years of high farm productivity.  

Supported 

3 Landholders who graze the riverbank would report weaker injunctive norms about the 
excluding stock in years of drought. 

Supported 

4 Landholders who graze the riverbank would report weaker injunctive norms about 
excluding stock in years of low farm productivity. 

Supported 

5 The injunctive social norm about excluding stock in drought conditions, and 
perceived drought affectedness, would predict greater variability in whether 
landholders continue to graze the riverbank than the normative belief alone.  

Supported 

6 Landholders who have continue to graze the riverbank would report higher drought 
affectedness than those who exclude stock from the riverbank.  

Supported 

7 A positive relationship between actual drought severity and perceived drought 
affectedness. 

Supported 

8 A positive relationship between the percentage of overall income obtained from farm 
activities and perceived drought affectedness 

Supported 

9 Landholders in CMA C would report higher drought affectedness than landholders in 
CMA A and CMA B. 

Rejected 

10 Drought severity and the percentage of overall income obtained from farm activities 
would explain greater variability in perceived drought affectedness than either 
variable individually. 

Supported 

 

Finally, Figure 11 demonstrates that together, the instrumental injunctive social norm 

about drought conditions, and perceived drought affectedness explained significantly greater 

behavioural variability than the injunctive social norm alone. Further, landholders who 

grazed reported higher perceived drought affectedness than landholders who maintained 

stock exclusion. Together, drought severity and income explained significantly greater 

behavioural variability than either factor alone. 
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Figure 11. Multiple regression model for: the variability of grazing behaviour explained by 

the instrumental social norm about drought and perceived drought affectedness; and the 

variability of perceived drought affectedness explained by drought severity and the 

percentage of overall income obtained from farm businesses 

 

7.4 Conclusion 

Part Three of this thesis indicates that landholder behaviour was explained by 

injunctive social norms, rather than descriptive social norms. Landholders did not appear to 

have salient descriptive norms about how others ‘like them’ behave with regards to 

maintaining stock exclusion projects. Landholder responses to descriptive norm survey items 

suggested that choosing to preform environmental behaviour reinforces self-identity, rather 

than social identity; landholders perceive that stock exclusion is a minority behaviour, rather 

than the ‘norm’.  

Whether landholders graze or maintain stock exclusion was explained by instrumental 

injunctive social norms related to excluding stock from grazing in drought conditions, rather 

than symbolic injunctive social norms about excluding stock during conditions of good water 
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availability. Behaviour was best explained by two factors; instrumental social norms related 

to excluding stock from grazing in drought conditions, and perceived drought affectedness. 

Landholders who graze agree less that landholders should exclude stock during droughts, and 

perceive themselves to be more drought affected, compared to those who maintain stock 

exclusion. Perceptions of drought affectedness were only weakly correlated to actual drought 

severity and the amount of income landholders obtain from farm businesses.  Rather, 

perceptions of drought affectedness were best explained by a combination of actual drought 

severity, and the percentage of income obtained from farm businesses. Responses to open-

ended questions suggest that drought impacts farm businesses in two important ways; 

reduced agricultural production, and thus less income, and increased spending on food for 

stock. Landholders in CMA C experienced the greatest drought severity, however 

landholders in CMA A reported greater perceived drought affectedness. While not 

statistically significant, landholders in CMA A also reported the highest average income from 

farm businesses, and more landholders in CMA A graze, than either CMA B or CMA C. 

Thus, the qualitative data supports the statistical findings; landholders who rely more on farm 

businesses for income perceive themselves to be more severely affected by drought 

conditions. Both instrumental social norms and perceived drought affectedness influence 

whether landholders maintain stock exclusion.  
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Chapter Eight: Discussion and Conclusion  

The discussion presented in Part Two of the thesis (Chapter Five) concluded that 

landholders may treat each component of stock exclusion projects separately, and that 

research is needed to identify factors that motivate and constrain the individual activities 

involved in stock exclusion projects, including whether landholders maintain stock exclusion 

or continue grazing. The review presented in Chapter 6 (Environmental agricultural 

behaviour, social norms and drought), suggested that whether landholders choose to adopt 

new environmental behaviours is influenced by three sets of factors: cognitive factors, 

including social norms (e.g., Borges et al., 2014); practical factors related to drought 

conditions (e.g., Curtis, McDonald, Mendham, et al., 2008); and income (Kebede, 1992; 

Rohan Nelson et al., 2005). No prior research has investigated whether these factors also 

influence whether landholders maintain environmental behaviour. Moore and Boldero (2017) 

argue that agricultural environmental behaviours are often ‘dynamic’, meaning that they 

involve different activities for adoption and maintenance, and that different factors may 

influence adoption and maintenance. Thus, whilst social norms motivate adoption, there is a 

need to investigate whether they also motivate maintenance.  

Part Three of the research examined the relationship between social norms, perceived 

drought affectedness, actual drought severity, the percentage of income landholders obtain 

from farm activities, and whether landholders maintain stock exclusion. The current chapter 

includes the discussion of results, limitations of the research, and some conclusions about the 

implications of the research. The discussion is presented in two sections. Section 8.1.1 

(Injunctive social norms, drought, income and stock exclusion) explores the relationship 

between injunctive social norms, perceived drought affectedness, actual drought severity, 

income, and stock exclusion. Section 8.1.2 (Descriptive social norms) examines landholder 

responses to descriptive social norm survey items, and the salience of descriptive social 
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norms in landholder populations. Section 8.1 (Discussion) and Section 8.2 (Conclusion) 

include material that is presented in a paper currently in review for publication in the Journal 

of Rural Studies. The paper, entitled Excluding stock from riverbanks in Victoria for 

environmental restoration: the influence of social norms, perceived drought affectedness, 

actual drought severity, and off-farm income on landholder behaviour, is included in 

Appendix K. 

8.1 Discussion 

An underlying assumption of using voluntary agreements to implement environmental 

projects in rural communities, such as stock exclusion, is that landholders are motivated by 

non-monetary incentives, including social norms (Danne, 2003). The results reported in Part 

Three of this thesis suggest that whether landholders maintain environmental behaviour is 

related to both instrumental social norms about the responsibility of landholders to exclude 

stock from grazing the riverbank in drought conditions, and perceived drought affectedness. 

Drought reduces farm productivity and increases the amount of stock feed that landholders 

must purchase. Landholders who perceive themselves to be more drought affected are also 

more likely to graze stock on the fenced riverbank. Further, perceived drought affectedness is 

related to sources of income as well as actual drought severity; landholders with a higher 

proportion of overall income from farm activities perceive themselves to be more drought 

affected, and are more likely to graze cattle on the riverbank. Finally, responses to descriptive 

norm survey items suggest that landholders believe that, rather than reinforcing their social 

identity, participating in stock exclusion projects sets them apart from most other landholders. 

8.1.1 Injunctive social norms, drought and stock exclusion  

8.1.1.1 Injunctive social norms. 

Injunctive social norms are beliefs about social pressure to engage in a behaviour 

(Rivis & Sheeran, 2003). Part Three of the research investigated the relationship between 
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whether landholders graze or exclude stock, and two types of injunctive social norms: 

symbolic and instrumental (Cary, 1993). The findings of Part Three are consistent with 

environmental literature about the distinction between symbolic and instrumental social 

beliefs (e.g., Noppers, Keizer, Bockarjova, & Steg, 2015). People can hold conflicting 

positive symbolic and negative instrumental social beliefs about the same activity (Cary, 

1993). In the context of farming communities, instrumental beliefs reflect the practical 

barriers to maintaining environmental behaviour that landholders face, including the impact 

of drought on the availability of stock feed, and on reduced income, while symbolic beliefs 

reflect the value of environmental behaviour for social identity (Cary, 1993). For instance, 

Steg (2005) found that car use was more strongly related to instrumental motives than 

symbolic motives. Similarly, Cary (1993) found that although farmers hold both symbolic 

and instrumental social beliefs, their behaviour reflects the practical value of environmental 

management for their businesses. Consistent with these studies, this research found that 

whether landholders maintained stock exclusion, or continued to graze the riverbank, was 

more strongly related to instrumental social beliefs than to symbolic social beliefs. Those 

farmers who grazed were less likely to believe that landholders are responsible for excluding 

stock in times of drought and low farm productivity than did the farmers who did not graze. 

As anticipated, there was no relationship between behaviour and symbolic social norms about 

grazing in only ideal conditions of good water availability and high farm productivity.  

More widely, people in society can hold multiple, often conflicting beliefs that 

influence other socially important behaviours, such as supporting the death penalty (Tyler & 

Weber, 1982), beliefs about persons afflicted with HIV/Acquired Immune Deficiency 

Syndrome (HIV/AIDS) (Crandall, Glor, & Britt, 1997; Pryor, Reeder, Vinacco, & Kott, 

1989), and interest in joining the army (Lievens, 2007). Instrumental beliefs about contagion 

have more influence on keeping social distance from persons with HIV/AIDS than symbolic 
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beliefs about the association with drug use and homosexuality (Crandall et al., 1997). 

Similarly, instrumental beliefs related to salary were more related to applying for military 

employment than symbolic beliefs related to self-identity (Lievens, 2007). Thus, the current 

study supports previous research about the importance of instrumental beliefs for choosing to 

perform both environmental and socially important behaviour. Specifically, the findings 

extend current understanding of agricultural environmental behaviour; instrumental beliefs 

are related to whether landholders maintain new behaviours, as well as whether they choose 

to adopt new behaviours (Cary, 1993).   

8.1.1.2 Perceived drought affectedness and environmental behaviour.  

The research found that landholders who continue to graze stock on the riverbank 

perceive themselves to be more drought affected, while landholders who maintain stock 

exclusion perceive themselves to be less drought affected. Thus, perceptions of high drought 

affectedness are positively related to environmentally degrading behaviour.  

There are two competing discourses about how farming communities respond to 

climate-related threats. Firstly, in the context of poverty, development and  research that uses 

livelihood frameworks recognizes that poor, drought-prone farmers, will often make 

environmentally unsustainable decisions (Chambers, 1988). Conversely, poor farmers are 

more likely to make environmentally sustainable decisions when they have a secure 

livelihood (Chambers, 1988; Ganjanapan, 1997, 1998). More recently, these ideas have been 

extended to consider the behaviour of poor indigenous communities in wealthier countries, 

such as in Australia (Pearson & Gorman, 2010). The second discourse about farmer’s 

responses to climate-threats emphasizes resilience, adaptive capacity, and environmentally 

sustainable decision-making, in Africa (e.g., Thomas, Twyman, Osbahr, & Hewitson, 2007), 

Europe (e.g., Reidsma, Ewert, Lansink, & Leemans, 2010), and Australia (e.g,. Wheeler, 

Zuo, & Bjornlund, 2013). Thus, while drought, and associated financial loss, are known to 
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discourage  landholders in Australia from adopting environmental behaviour (e.g., Curtis, 

McDonald, Mendham, et al., 2008; Price & Leviston, 2014), the response of farming 

communities to perceptions of drought affectedness is by no means certain; landholders may 

respond to the perceived threat of drought affectedness by behaving in a way that is 

environmentally unsustainable or, conversely, landholders may respond by behaving in a way 

that is environmentally sustainable, thus demonstrating resilience and adaptive capacity.  

The research described in Part Three of the thesis suggests that landholder responses 

to drought affectedness in Victoria reflect livelihood frameworks, rather than theories about 

resilience and adaptation; landholders who perceive themselves to be severely affected by 

drought respond by allowing cattle to graze the riverbank, which is environmentally 

unsustainable. Livelihood frameworks advocate a welfare response to promote sustainability. 

For example, since the 1990s, academics and non-government organizations have invoked 

livelihood frameworks to implement environmental and development projects with local 

communities throughout south-east Asia (Peluso & Vandergeest, 2001; Sato, 2000, 2003), 

Africa (Agrawal, 1999; Ntsebeza, 2004), and India (Agrawal et al., 2005; Larson & Ribot, 

2004). Australian governments subsidize farmers to adopt environmental behaviours, such as 

stock exclusion, while farmers are required to fund and perform maintenance (Department of 

Sustainability and Environment, 2011). Following livelihood frameworks, stock exclusion 

and other environmental projects in drought-prone farming regions may be more successful 

over the long-term if governments offer greater financial incentives for maintenance.  

While the research indicates that perceived drought affectedness influences behaviour, 

the current study also found that, together, perceived drought affectedness, and instrumental 

social norms explained whether landholders grazed or maintained stock exclusion better than 

either variable independently. From a behavioural perspective, the Theory of Planned 

Behaviour (TPB) suggests that perceived behavioural control (PBC), such as perceived 
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drought affectedness, can prevent people from performing environmental behaviour, despite 

holding positive social norms about the behaviour (Ajzen, 1985, 1991). The fact that 

landholders who graze perceive themselves to be more drought affected than landholders who 

maintain stock exclusion  is consistent with wider behavioural research about the impact of 

perceived constraints. For example, the TPB suggests that both social norms and PBC explain 

whether people adopt environmental behaviour (Bamberg & Schmidt, 2003; Borges et al., 

2014; Harland et al., 1999; Sopha & Klöckner, 2011; Tonglet, Phillips, & Bates, 2004; Wang, 

Fan, Zhao, Yang, & Fu, 2016). The current study suggests that PBC also influences whether 

people who have adopted new environmental behaviours continue to maintain those 

behaviours.  

The findings about the importance of perceived drought affectedness as a potential 

barrier to the performance of environmental behaviour is also relevant to the theory put 

forward by Rotter (1966) about the locus of control.  This theory proposes that some people 

believe that outcomes in their lives are determined by their own actions (internal locus of 

control), while others believe that outcomes are determined by external forces, such as 

powerful others or fate (external locus of control). The performance of environmental 

behaviour is positively related to an internal locus of control (e.g., Leviston et al., 2011). For 

example, Marshall et al. (2016) found that the perceived capacity of landholders to change 

their farming practices in response to climate change was related to the locus of control; 

farmers who believe they are able to control their own destiny (internal locus of control) were 

more willing to change their agricultural behaviour than those who believe external factors 

control their destiny (external locus of control). Thus, believing in the capacity to control 

one’s destiny positively influences the performance of sustainable land management 

(Marshall et al., 2016; Price & Leviston, 2014). The research in Part Three found that farmers 

who continue to graze perceive themselves to be more drought affected than farmers who 
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maintain stock exclusion. Thus, perception of an external factor is negatively related to the 

performance of environmental behaviour.  

Policy makers emphasize the influence of cognitive factors that motivate behaviour, 

such as social norms (e.g., Cialdini, 2003). Government agencies use behavioural theory to 

design and implement social and environmental interventions to change the way people in 

society behave (e.g., Cialdini, 2003; Van de Vyver & John, 2017). This research supports the 

conclusions drawn by multiple theorists (e.g., Michie et al., 2011; Moore & Boldero, 2017), 

that interventions should aim to motivate adoption and address the barriers that prevent 

people from maintaining new behaviours indefinitely. Taken together, the above discussion 

about perceived drought affectedness suggests that governments may have more success 

promoting agricultural environmental behaviour in communities who are affected by 

constraints, such as drought and economic hardship, by offering incentives that mitigate the 

perceived barriers to the maintenance, as well as the initial adoption of environmental 

behaviour.  

8.1.1.3 Perceived drought affectedness, actual drought severity and income.  

The above section examined the relationships between drought affectedness and 

environmental behaviour. This section explores the relationship between perceptions, actual 

drought severity, and the amount of income that landholders obtain from farm businesses.  

Landholders with greater income diversity and who are less reliant on farm productivity tend 

to be more resilient to drought (Nelson et al., 2010; Nelson et al., 2005), and more likely to 

adopt environmental behaviour (Kebede, 1992). Individually, actual drought severity, and 

income were only weakly related to perceptions of drought affectedness. However, together, 

the drought severity index, and the amount of overall income that landholders obtain from 

farm activities explained perceptions better than either factor individually. Specifically, 

landholders who graze perceive themselves to be more drought affected, and obtain a greater 
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proportion of their overall income from farm activities, compared to landholders who 

maintain stock exclusion. Other factors, such as income, also influence perception. Thus, 

perceptions of climatic events do not always reflect actual climate (Lukasiewicz et al., 2012). 

The fact that perceptions do not always reflect climatic events is also evident from 

data comparing perceived drought affectedness and actual drought severity between the three 

CMAs involved in the research. Between 1994 and 2010 CMA C experienced greater drought 

severity than either CMA A or CMA B. However, landholders in CMA A and CMA B 

reported higher drought affectedness. On average, landholders in CMA C obtain 20% less 

income from farm activities than landholders in CMA A, and 15% less income than 

landholders in CMA B. While the differences are not statistically significant, these 

observations are consistent with previous findings, that on average landholders in CMA C 

obtain less income from farm activities, and a high proportion of income from off-farm 

activities, compared to other regions in Victoria (Wilson et al., 2003). Thus, to be effective, 

agencies that offer drought relief funding could encourage landholders to maintain 

environmental projects by considering the dynamics of regional employment. Landholders 

who receive a larger proportion of their income from farm activities perceive themselves as 

more drought affected, and are more likely to continue grazing the fenced frontage, compared 

to landholders who receive a smaller portion of their income from farm activities.  

The above findings about the dissonance between actual drought severity, and 

perceptions of drought affectedness, both between individual landholders, and between 

CMAs, are consistent with psychological research about the distinction between perceived 

and actual behavioural control, and research about risk perception and natural hazards. The 

Theory of Planned Behaviour (Ajzen, 1985, 1991) suggests that PBC influences behavioural 

intention. More recent theoretical contributions suggest that the behavioural control construct 

includes both cognitive factors, such as self-efficacy, and external factors related to actual 
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control, such as cost (Armitage & Conner, 2001; Thøgersen, 2006). For example, Lynne et al. 

(1995) examined the relationship between PBC, actual control, and whether strawberry 

farmers adopted water-saving technologies. Individually, neither perceived nor actual control 

were strong predictors of behaviour. By contrast, together these variables predicted behaviour 

more strongly.  

The current research supports the notion that both perceived and actual control 

influence environmental behaviour; it further suggests that perceived control related to 

drought is influenced by actual control related to multiple interrelated factors, such as drought 

and financial security. Consistent with Lukasiewicz et al. (2012), perceptions were only 

weakly related to actual drought severity . Perceptions were more strongly related to drought 

severity and the amount of income landholders obtain from farming businesses together. 

Thus, multiple related factors influence the perceived impact of drought. This suggests that 

perceptions are complex, and not merely the result of the most immediately relatable real-

world variable. The distinction between perceived controls and actual controls is important 

for the design of interventions; cognitive barriers may be addressed through psychological 

intervention (e.g., Steg & Vlek, 2009), while cost-barriers may require financial subsidies 

(e.g., Gallagher & Muehlegger, 2011). 

The notion that perceived threats do not always reflect actual threats is also supported 

by research about risk and natural hazards (Slovic, 1987; Slovic, Fischhoff, & Lichtenstein, 

1980; Wachinger, Renn, Begg, & Kuhlicke, 2013), and more specifically by theories about 

drought perception (e.g, Ferrier & Haque, 2003; Meze-Hausken, 2004; Taylor, Stewart, & 

Downton, 1988). The current research found that perception of drought affectedness was 

more strongly related to drought severity and the amount of income obtained from farm 

businesses together, compared to either variable independently. This is consistent with 

research which suggests that drought perception is related to experience (Taylor et al., 1988), 
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and social and economic impact (Meze-Hausken, 2004). Financial vulnerability heightens 

perceptions of drought severity (Slegers, 2008). As a result, perception may be less, or in the 

case of the current research, more, than reality (Ferrier & Haque, 2003).  

Overall, the above discussion suggests that landholders who perceive themselves to be 

more drought affected may require additional support to continue excluding stock from 

riverbanks. In Victoria, drought relief funding is allocated for stock management. This 

funding could be used to subsidize the purchase of stock feed, and thus, encourage 

landholders who perceived themselves to be highly affected by drought to continue excluding 

stock from riverbanks during drought conditions, when riverine ecosystems are highly 

vulnerable to stock grazing (Jansen & Robertson, 2001). However, funding is allocated based 

on climate data about the drought severity, rather than landholder perceptions of drought 

affectedness. Thus, current policy approaches may not target those landholders who are most 

likely to abandon stock exclusion projects during drought events. Drought assistance 

programs involve evaluating the eligibility of landholders to receive funding based on income 

thresholds (Productivity Commission, 2009). This process should also be used to identity 

landholders who are likely to abandon environmental behaviours during drought events. 

Further, the above research highlights the importance of measuring specific cognitive 

constructs, rather than general social beliefs (Burton, 2004). Instrumental social norms were 

related to behaviour, while symbolic social norms were not. Studies that only examine beliefs 

about landholder responsibilities to manage natural resources sustainably without specifying 

the context, including ideal situations, such as good water availability, and less than ideal 

situations, such as drought conditions, may not come to realistic conclusions about how likely 

landholders are to adopt and maintain environmentally sustainable behaviour.  
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8.1.2 Descriptive social norms 

Seven survey items asked the study participants to estimate how they think other 

people ‘like them’ behave in the context of maintaining stock exclusion projects. For 

example, one item asked landholders to estimate how many times per year others ‘like them’ 

allow stock to graze the riverbank. The responses were unexpected. Descriptive norms are 

beliefs about prevalent social behaviour that can influence how an individual behaves 

(Lapinski & Rimal, 2005). For example, college students who drink heavily report that they 

believe their peers also drink heavily (Larimer & Neighbors, 2003). Thus, it was anticipated 

that landholders would estimate how others behave and that their responses would be 

consistent with their own behaviour (Cialdini, 2007). For example, landholders who graze 

should report that others like them graze more frequently than landholders who do not graze.  

Four themes emerged from landholder responses to descriptive norm survey items. 

Firstly, responses suggest that most landholders were unable to estimate how others like them 

behave. Secondly, landholders believe that excluding stock from grazing the riverbank 

(whether or not stock exclusion is successfully maintained) set them apart from most other 

landholders. Behaviour can be motivated by both the desire for social acceptance, and by the 

need to confirm self-identity (Conner & Armitage, 1998). Moral beliefs attached to self-

concept, known as personal norms, are also powerful drivers of environmental behaviour, 

including recycling (e.g., Davies et al., 2002), public transport use (e.g., Nordlund & Garvill, 

2002), and waste prevention (e.g,. Thøgersen, 1999). Thus, landholders who participate in 

stock exclusion projects may do so to reinforce their own moral self-identity as 

environmental stewards, rather than to fulfil social expectations. This finding is consistent 

with rural research that suggests environmental stewardship is an important motivator of 

landholder decisions to adopt environmental behaviour (e.g., Greiner & Gregg, 2011; 

Maybery, 2005; Moon & Cocklin, 2011). 
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The third theme that emerged from landholder responses was that landholders do not 

have enough knowledge about how others behave to form descriptive norms. The descriptive 

norm survey items asked landholders to consider how others ‘like them’ behave, whereby if 

they are a cattle farmer, ‘others’ refers to other cattle farmers. However, landholder properties 

are often bordered by farms and farmers that are not ‘like them’; a cattle farmer may have 

neighbours that farm fruit trees. Descriptive norms form when people have information about 

how others behave (Lapinski & Rimal, 2005). Geographic and social isolation from other 

farmers involved in stock exclusion projects may limit the amount of knowledge landholders 

have about how others actually behave. Fourthly, responses indicated that landholders believe 

the behaviour of others like them is highly contextual, and varies between individuals. The 

participants suggested that landholders may behave differently in times of good water 

availability, compared to times of drought, particularly if drought conditions result in 

shortages of stock feed that is ordinarily produced on farm properties. Thus, landholders do 

not appear to hold salient descriptive norms about stock exclusion projects. Wider 

behavioural research suggests that descriptive norms influence pro-environmental behaviour 

(e.g., Biel & Thøgersen, 2007; Cialdini, 2007; Göckeritz et al., 2010). The current research 

suggests that descriptive norms may be less influential in isolated rural communities. This 

finding is consistent with wider research about the self-identity of farmers; farmers often 

express an image of themselves as independent and uninfluenced by the behaviour of other 

farmers (e.g., Burton, 2004b; Wilson, 1996).  

The results about descriptive norms suggest two avenues for environmental policy, 

and improving the outcomes of stock exclusion projects in rural communities. Firstly, 

landholders reported they were unable to estimate how others behave. Therefore, educating 

landholders about how many other landholders in their region also exclude stock, and the 

maintenance that other landholders perform may promote a sense of group membership, and 
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activate descriptive social norms (Cialdini, 2003). Kashima, Wilson, Lusher, Pearson, and 

Pearson (2013) found that descriptive social norms are activated when people actually 

observe how others behave, rather than learning about how others behave indirectly. Thus, to 

be effective this may require physically introducing landholders to others involved in stock 

exclusion projects and facilitating sharing and learning about maintenance. However, this 

approach is only likely to encourage continued stock exclusion if most other landholders 

perform maintenance (e.g., Cialdini et al., 1990). If landholders learn that others perform less 

maintenance than themselves, this approach is likely to discourage maintenance behaviour 

(Cialdini, 2003). Descriptive norms that suggest most landholders do not maintain stock 

exclusion could be detrimental.  

Secondly, governments often assume that people in society are motivated by social 

obligations, and this is a basis for the design of interventions that use socially normative 

messages (Cialdini, 2003). Both personal moral norms (e.g., Thøgersen & Ölander, 2006), 

and social norms (e.g., Goldstein et al., 2008) can influence environmental behaviour. In the 

current study, landholder responses to descriptive norm survey items suggested that choosing 

to exclude stock from grazing riverbanks may be motivated by personal norms and self-

identity, rather than social identity and social norms.  This highlights the importance of 

conducting research about social-cognitive motivators before government departments design 

and implement wide-scale social and environmental interventions (Van de Vyver & John, 

2017). 

Taken together, the outcomes of the research about injunctive social norms (Section 

8.1.1) and descriptive norms have wider implications for government departments using 

behavioural theory to design social and environmental interventions. Normative messages 

have been effective for motivating people in society to change behaviours, such as alcohol 

and drug consumption (e.g., Donaldson, Graham, & Hansen, 1994; Larimer & Neighbors, 



150 
 

2003; Neighbors, Larimer, & Lewis, 2004). However, social norms are nuanced; to be 

effective behavioural interventions should be tailored to specific cognitive constructs (Michie 

et al., 2011; Moore & Boldero, 2017). For example, both injunctive and descriptive norms 

can influence behaviour. However, in a given context, one may be more influential than the 

other (Biel & Thøgersen, 2007; Cialdini, 2007; Göckeritz et al., 2010). However, 

governments often send competing normative messages that suggest a behaviour (such as 

littering) is both prevalent and undesirable (Cialdini, 2003). Government interventions are 

more likely to motivate behaviour change if they use messages that align both injunctive 

norms about how people ‘ought’ to behave, and descriptive norms about ‘actual’ behaviour.  

In the context of river restoration, messages should suggest that maintaining stock 

exclusion is a socially desirable behaviour, as well as emphasizing, and framing positively, 

the number of landholders who engage in environmental behaviour. Current estimates 

suggest that of approximately 40,000 landholders in Victoria, 9,000 are involved in stock 

exclusion projects (P. Vollebergh, personal communication, February 5th, 2017). Thus, nearly 

a quarter of landholders choose to adopt stock exclusion projects. Other than the results of 

this thesis, the total number of landholders in Victoria who maintain these projects is 

unknown. Thus, future research should investigate the total number of landholders who 

maintain projects in Victoria. If most landholders maintain projects, delivering this message 

may encourage landholders who currently continue grazing to maintain exclusion. However, 

if the majority continue to graze, intervention based on descriptive norms is likely to be 

ineffective (Cialdini, 2003).  

8.1.3 Limitations 

There are four limitations of the research presented in Part Three of the thesis. Firstly, 

earlier research suggests that the conventional measures of injunctive social norms may not 

be suitable for farming communities (Curtis & Mendham, 2015). Curtis and Mendham (2015) 
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found that more than half the participants who completed a social survey either did not 

respond, or responded ‘N/A’ to injunctive norm items. This finding may be explained by the 

‘WEIRD’ science phenomena; psychological research, including research to validate 

measures of cognitive constructs, is often conducted with participants from White, Educated, 

Industrialized, Rich, and Democratic societies (Azar, 2010). These ‘WEIRD’ populations 

also tend to be in urban centres (Henrich et al., 2010). Farmers in Victoria are often less 

educated, and more socially isolated than typical urban societies (e.g., Rohan Nelson et al., 

2005); rural communities do not necessarily conform to the social dynamics of ‘WEIRD’ 

cohorts. Therefore, the measures included in the social survey varied slightly from the 

traditional format (Ajzen, 2017). However, the strong positive correlation between items 

related to symbolic beliefs on the one hand, and between items related to instrumental beliefs 

on the other hand, (Table 8, Section 7.3) suggests that these alternative injunctive norm items 

measured two distinct cognitive social constructs.  

 Ajzen (2017) suggests that the traditional item structure may not be appropriate for 

specific behaviours or populations, and that formative research, including the validation of 

new survey items, should be conducted prior to use. The specific population of landholders 

involved in the current research have participated in multiple social surveys over the past five 

years. Field staff from the three CMAs advised that it was unlikely that these landholders 

would participate in both a formative study to validate measures, and the social survey. Thus, 

the exact nature of the cognitive construct may differ to that of traditional injunctive norms. 

The current research had a 40% participant response rate. However, further research is 

needed to validate the new survey items, determine why landholders do not respond to the 

conventional survey items as anticipated, and whether the results of the current study can be 

replicated using the items developed.  
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The second limitation is related to descriptive norm items. Responses to the open-

ended descriptive norm items suggest that landholders do not hold salient descriptive norms 

about stock exclusion projects. However, an alternative explanation is that landholders did 

not understand the questions, despite the fact that the items were designed in consultation 

with ten landholders who reviewed the draft survey. This research was the first effort to 

capture descriptive social norms related to river restoration projects. Thus, further research is 

required to determine whether the structure of the items was inappropriate, or if landholders’ 

lack of knowledge about others’ behaviour truly inhibits the formation of descriptive norms.  

The third limitation is related to the sample of landholders involved in the research 

presented in Part Three. All landholders volunteered to adopt stock exclusion projects. 

Approximately one quarter of landholders in Victoria are involved in these projects (P. 

Vollebergh, personal communication, February 5th, 2017). Thus, the findings of the research 

may not reflect relationships between cognitive constructs and behaviour in cohorts of 

landholders who have not volunteered for environmental projects.   

The fourth limitation is that while injunctive social norms and perceived drought 

affectedness explain whether landholders graze or exclude stock entirely, the degree of 

explanation is low (see Figure 11, Section 7.3.4). Therefore, it is likely that additional factors 

also influence grazing behaviour. For example, attitudes (e.g., Borges et al., 2014) influence 

landholders to adopt new environmental behaviours. Thus, future research should investigate 

whether other factors, such as attitudes, also influence behavioural maintenance.  

8.2 Conclusions 

To improve the condition of river ecosystems stock exclusion must be maintained 

indefinitely (Moore & Rutherfurd, 2017). In the absence of further financial incentives, or 

legal repercussions for non-compliance, the maintenance of these projects rests on the 

motivation of individual landholders. An underlying assumption of using voluntary 
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instruments is that landholders are motivated by non-monetary incentives, such as pro-

environmental social norms (Danne, 2003). Curtis, McDonald, Mendham, et al. (2008) 

observed that, despite holding pro-environmental social norms about environmental 

behaviour, many landholders choose not to adopt those behaviours for financial reasons. 

Policies can address financial constraints by subsidizing the initial cost of adopting stock 

exclusion behaviour, such as the cost of riverbank fencing (Department of Sustainability and 

Environment, 2011). While social norms influence the adoption of agricultural environmental 

behaviour, such as stock exclusion (e.g., Greiner & Gregg, 2011; Wauters et al., 2010), over 

time constraints related to drought conditions and associated financial constraint may weaken 

the influence of social norms on  maintenance (Ajzen, 1985, 1991). The research reported in 

Part Three of this thesis examined the relationship between social norms, drought, income, 

and the maintenance of stock exclusion behaviour.  

The results support behavioural theory about the relationship between social norms 

and environmental behaviour (e.g., Ajzen, 1991), and emphasize the importance of 

distinguishing between injunctive and descriptive norms (Cialdini, 2007), and between 

symbolic and instrumental social beliefs (Cary, 1993). Whether landholders graze or maintain 

stock exclusion was explained by instrumental injunctive social norms about grazing, and 

perceived drought affectedness together. Landholders who grazed agreed less that it is the 

responsibility of landholders to exclude stock during droughts when farm productivity is 

reduced. Landholders who grazed also reported higher perceived drought affectedness 

compared to landholders who maintained stock exclusion. Perceived drought affectedness 

was related to both actual drought severity, and the amount of income that landholders obtain 

from farm activities. Interestingly, landholders do not appear to hold salient descriptive 

norms about stock exclusion.  
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Overall, these findings suggest that landholders who perceive themselves to be more 

drought affected and who hold weaker social norms about stock exclusion, are more likely to 

continue grazing stock on riverbanks. The outcomes of the research also support the 

classification of environmental behaviours presented in Chapter Six: Environmental 

Agricultural Behaviour. Agricultural behaviours, such as stock exclusion, are often 

‘dynamic’ in nature; different activities are involved for adoption and maintenance, 

maintenance is often more costly or time-consuming than adoption, and the activities 

involved may face constraints that result in discontinuation. Social norms may influence 

adoption, however, maintenance is also determined by constraints related to drought 

conditions. In the context of future climate change, landholders who obtain income from 

multiple sources are likely to maintain stock exclusion under the terms of voluntary 

agreements because they are less dependent on farm productivity. However, landholders who 

rely on farm businesses for most, or all, of their income, are less likely to maintain stock 

exclusion.  

In particular, four observations are relevant for future environmental policy, and 

research about understanding landholder behaviour:  

• Education is often used to encourage the adoption of environmental behaviours in 

agricultural communities. This approach could also be used to promote descriptive 

social norms about maintenance. Nearly half the landholders involved in this study 

continue to maintain stock exclusion. Information about what others ‘actually’ do 

could activate descriptive social norms (Cialdini, 2007) and encourage landholders to 

maintain stock exclusion behaviours;  

• Drought relief packages already include funding for stock management. This could be 

targeted towards landholders involved in stock exclusion projects, particularly those 
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who are very reliant on farm productivity for income. Subsidizing the cost of 

additional feed could encourage landholders to exclude their stock from riverbanks 

during drought events, when riverbank vegetation is most vulnerable (Jansen & 

Robertson, 2001); 

• Rural research considers the relationship between social factors and landholder 

behaviour (e.g., Greiner & Gregg, 2011). This research often uses very general 

measures of social factors, rather than specific cognitive social constructs (Burton, 

2004a). Behavioural theory draws distinctions between multiple cognitive constructs 

related to social beliefs. The distinction between injunctive and descriptive social 

norms, and between symbolic and instrumental social norms have important 

implications for understanding landholder behaviour and designing interventions to 

promote environmental projects in rural areas. These nuances offer an avenue for 

future research, and the design of interventions; 

• Agricultural environmental behaviours are often ‘dynamic’; dynamic behaviours 

involve different activities, and different motivators and barriers, for adoption and 

maintenance. Dynamic behaviours typically face greater barriers to practice, 

particularly over the long-term. Thus, policy makers should design interventions 

reflexively; it may be more effective to implement two separate interventions, the first 

to address barriers to adoption, and the second to facilitate maintenance. 

Part Two of this thesis found that nearly half of the landholders involved in the 

research continued to graze stock on riverbanks, and grazed sites contained significantly less 

juvenile tree cover than ungrazed sites, and significantly less than the pre-European baseline 

(Department of Sustainability and Environment, 2004). Thus, despite the successful 

implementation of stock exclusion projects, the ecological benefits fall short of desired 

outcomes. Understanding the factors that influence landholders’ behaviour is essential for 
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designing policies to remove barriers to practice and encourage the voluntary maintenance of 

stock exclusion behaviours. Voluntary agreements that offer financial incentives for 

landholders to exclude stock from waterways have been effective for promoting the adoption 

of stock exclusion behaviours in Victoria. The next challenge is to ensure those behaviours 

are maintained indefinitely. This will involve a more nuanced understanding of the 

relationship between social norms and environmental behaviour in rural communities, and 

targeting drought relief packages to remove barriers to the continued maintenance of stock 

exclusion.  
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Chapter Nine: Overall conclusion 
 

“Progress is ever through the interaction of the sciences one on another; and scientific 

trespass is one of the profitable modes of interaction.” 

G. K. Gilbert, Presidential Address of 1909 to the Association of American Geographers. 

 

9.1 Part One 

Governments address many social and environmental challenges facing societies by 

implementing programs and projects to mitigate problems. Many of these interventions 

involve activities that need to be maintained indefinitely. Health behaviours to address 

diabetes are only effective if they are continued over the long-term (Ryan, Patrick, Deci, & 

Williams, 2008), and societies will need to reduce carbon emissions in perpetuity to reduce 

the impact of climate change (Herzog, Caldeira, & Reilly, 2003). In some cases, governments 

establish laws to prevent negative outcomes, such as banning the commercial use of tanning 

beds in salons to reduce skin cancer (Pawlak et al., 2012), and banning the use of 

chlorofluorocarbons (CFCs) in aerosols to prevent the depletion of ozone in the Earth’s 

atmosphere (Kempton, 1993). In other cases, governments develop programs and projects to 

‘nudge’ individuals to voluntarily change their behaviour (e.g,. Blumenthal-Barby & 

Burroughs, 2012). This approach has proven to be effective for encouraging people to adopt 

new environmental behaviours, both in the agricultural sector (e.g., Curtis, McDonald, 

Mendham, et al., 2008), and in homes (e.g., Cialdini, 2003). 

In the public policy sphere, and in academia, the main focus of environmental 

intervention has been on the design and implementation of projects, (e.g., Palmer et al., 2007; 

Palmer et al., 2010), rather than on ensuring that those projects are maintained.  For example, 

the Victorian government reports the number of kilometres of riverbank that have been 

fenced for stock exclusion annually, rather than reporting the number of kilometres where 
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stock continue to be excluded over the long-term (Department of Environment Land Water 

and Planning, 2015b). Similarly, most research about voluntary environmental behaviour 

examines factors that influence the adoption of new behaviour, rather than factors that 

explain whether people maintain new behaviours (Bamberg & Schmidt, 2003; Borges et al., 

2014; Harland et al., 1999; Sopha & Klöckner, 2011; Tonglet et al., 2004; Wang et al., 2016). 

The research reported here has been about the neglected area of maintenance, in 

relation to river restoration interventions, and environmental behaviour. Lack of maintenance 

is a much wider problem associated with social interventions, including interventions to 

promote health behaviour, such as gym membership (e.g., Marcus, Selby, Niaura, & Rossi, 

1992). Health science research has examined the problem of maintenance in relation to health 

behaviours (e.g., Akers et al., 2010; Grol & Wensing, 2004). The current thesis reports the 

first comprehensive research about the problem of maintenance in relation to river restoration 

projects. The research is presented in three parts.  Part One demonstrated that river restoration 

projects often fail from lack of maintenance, and this problem is related to how projects are 

managed. Part Two focused on one example of the maintenance problem; how well stock 

exclusion projects in Victoria, implemented through the establishment of voluntary 

agreements with landholders, are maintained. Part Three examined some factors that explain 

whether or not landholders maintain stock exclusion, including the relationship between 

social norms, drought, income, and behaviour. 

The remainder of this chapter summarizes the contributions, implications, and future 

research arising from the thesis. Section 9.1 considers Part One of the research about the 

problem of maintenance for river restoration projects, including the need to monitor and 

assess projects, and review management arrangements. Section 9.2 considers Part Two of the 

research about how well landholders maintain stock exclusion projects, including problems 

related to landholder practices, and inconsistent condition assessment methods between 
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regional authorities. Section 9.3 considers Part Three of the research about the factors that 

explain whether landholders maintain stock exclusion, or continue grazing riverbanks, 

including the importance of distinguishing between specific cognitive constructs, and 

understanding the relationship between perceptions and actual climatic conditions. Section 

9.4 puts forward some final overall conclusions. 

9.1.1 Contributions 

 River restoration interventions fail for multiple reasons, including poor design, 

construction, and implementation (Bernhardt et al., 2005; Bernhardt et al., 2007; Palmer et 

al., 2007; Palmer et al., 2010). While failure related to maintenance has been examined in the 

health science literature (e.g., Akers et al., 2010; Grol & Wensing, 2004), this problem has 

received very little attention in relation to river restoration. Several studies acknowledge that 

lack of maintenance has contributed to the failure of individual projects, such as gully control 

(e.g., Heede, 1977), fishways on dams (e.g., O’Brien et al., 2010). Prior to this thesis, the 

prevalence, dynamics, and causes of maintenance failure had not been considered in river 

restoration research.  

Part One of the thesis examined the problem of maintenance in relation to river 

restoration projects. The research found that lack of maintenance is a common, although 

rarely acknowledged, cause of river restoration project failure. However, lack of maintenance 

is more detrimental for some projects than others. The paper included in Chapter 2 (Lack of 

maintenance is a major challenge for stream restoration projects) makes three contributions 

to the field of river restoration. Firstly, the research emphasizes that very little is known about 

how well river restoration projects are maintained, or whether they achieve the desired 

outcomes. Secondly, the research suggests that river restoration projects can be classified in 

terms of how much maintenance is required for success. Projects that are classified as ‘self-

sustaining’, such as revegetation (Australian River Restoration Centre, 2015b) and sediment 
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extraction (Rutherfurd, 2001), are likely to reach a point in recovery where maintenance is no 

longer required. Projects that are classified as ‘ongoing’, such as stock exclusion (Department 

of Environment land Water and Planning, 2015b) and environmental flows (Cooling & SKM, 

2012), will require maintenance in perpetuity. This classification is based on the expected 

recovery trajectory of the degraded environmental asset in response to the intervention, 

whether the project addresses symptoms or causes of degradation (Beechie et al., 2010), and 

the resilience of the project to disturbances, such as flooding.  

The third contribution of Part One of the thesis is the finding that maintenance failure 

is related to the specific management arrangements that are used to implement projects. 

Common management arrangements include legal regulation, market-based instruments, and 

voluntary instruments, such as the voluntary agreements used to implement stock exclusion 

projects in Victoria (Department of Sustainability and Environment, 2011), and elsewhere 

(e.g., Kondolf, 1995). These voluntary agreements represent a great risk for the success of 

ongoing interventions, such as stock exclusion, that need to be maintained indefinitely. Thus, 

river managers are encouraged to consider the maintenance framework for making decisions 

about how projects are managed. Projects that need to be maintained indefinitely, such as 

stock exclusion, should be implemented using the most robust management arrangements 

possible. Voluntary agreements are most suitable for projects that are likely to become self-

sustaining, such as gully control.  

9.1.2 Implications and future research 

River restoration is an attempt to redress the degradation of rivers. The enthusiasm for 

this endeavour has not been matched by maintenance that will ensure restoration is 

successful. Three future research areas arise from Part One of the thesis. Firstly, research is 

needed to identify whether river restoration projects are maintained.  This should begin with 

the most common types of restoration projects (river bank restoration), and those that are at 
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greatest risk of failure (ongoing projects implemented through voluntary agreements, such as 

stock exclusion).  Thus, this type of project is the focus of parts two and three of this thesis. 

Several large databases of river restoration projects are a starting point for this research, 

including the National Synthesis of River Restoration Projects (NRRSS) from the United 

States of America (Bernhardt et al., 2005), and the National River Restoration Inventory from 

the United Kingdom (Department for Environment Food and Rural Affairs, 2013).  Secondly, 

future research should investigate if restoration projects are achieving the desired ecological 

outcomes. Finally, in the case of maintenance failure, there is a need to examine the 

management arrangements that are used to implement projects, assess whether existing 

arrangements can be improved, and where this is not possible, change the way that projects 

are managed. The paper presented in Chapter 2 (Lack of maintenance is a major challenge 

for stream restoration projects) provides a framework to begin making the necessary changes 

for the improvement of river restoration outcomes.  

9.2 Part Two 

9.2.1 Contributions 

Part One of the thesis identified the need to assess whether the most common, and 

most at-risk, river restoration projects are maintained. Stock exclusion projects are some of 

the most common river restoration interventions in Australia (Brooks & Lake, 2007; Kondolf 

et al., 2007), and Northern America (Bernhardt et al., 2007). To be successful, these 

‘ongoing’ projects must be maintained indefinitely (Moore & Rutherfurd, 2017). Thus, Part 

Two of the thesis examined how well landholders involved in stock exclusion projects in 

Victoria maintain projects, and the ecological outcomes related to vegetation condition.  

Empirical research indicates that stock exclusion projects should improve the 

condition of degraded riverbank vegetation (e.g., Belsky et al., 1999; Hough-Snee et al., 

2013; Schulz & Leininger, 1990). Only one prior study has examined whether stock 



162 
 

exclusion projects implemented through government projects are effective in practice (Ede, 

2011). The study assumed that intact fences were successful for excluding stock from grazing 

riverbanks rather than measuring evidence of continued grazing. Given that most, if not all, 

stock exclusion fences contain gates that can be used for stock access, the results of the study 

may be an inaccurate representation of the success of projects.  

More widely, few studies examine whether environmental projects, whereby 

landholders are involved voluntarily, are successful over the long-term. Multiple studies 

suggest that landholders struggle to maintain environmental projects associated with the 

National Landcare Program in Australia (Curtis, Shindler, & Wright, 2002; Ewing, 1999). 

Similarly, early research conducted in association with the United States Department of 

Agriculture suggested that landholders involved in stock exclusion projects may struggle to 

fund maintenance (Hafner, 1993; Platts, 1982; Platts & Wagstaff, 1984; Reichard, 1988). 

However, in both cases this research was retrospective, rather than prospective or 

experimental.  

Part Two of this thesis examined how well landholders in three CMAs in Victoria 

maintain stock exclusion projects, and the relationship between stock exclusion, vegetation 

condition, and fence condition. The research found that nearly half the landholders involved 

in the study (N = 231) continue to graze the riverbank, that at least some of those who graze 

do so unsustainably, in the terms of the Victorian grazing guidelines (Department of 

Environment Land Water and Planning, 2016), and that fence condition is not a reliable 

indication of whether landholders graze riverbanks. Vegetation data from CMA A suggested 

that there are some benefits of stock exclusion for the recovery of juvenile trees, and that both 

landholders who exclude stock, and landholders who graze, perform some weed 

management. By comparison, data from CMA C suggested there were no discernible benefits 

of exclusion for juvenile trees on sites in CMA C. Data from CMA B was excluded from the 
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study due to poor quality, including lack of specificity. Overall, the research suggests that the 

ecological benefits of stock exclusion projects are limited by continued grazing. However, 

poor data collection methods, and inconsistent methods between CMAs, may have obscured 

some of the success of projects. The outcomes of the research raise the question of whether 

stock exclusion projects are likely to achieve long-term ecological benefits. 

9.2.2 Implications and future research 

There are four main implications of the research reported in Part Two for stock 

exclusion projects, and more widely for the design of environmental projects that involve 

landholders on a voluntary basis. Firstly, fence condition is not a suitable proxy measure for 

the success of stock exclusion projects. The current research found that there was no 

relationship between fence condition and whether landholders graze riverbanks or continue 

excluding stock. Future research in this area should use independent measures of evidence of 

continued grazing. Secondly, stock exclusion projects, and other environmental projects that 

involve landholders, should be monitored and assessed regularly to ensure that projects are 

maintained. Many river restoration projects internationally, such as in the United Kingdom, 

include the voluntary involvement of landholders, including  habitat improvement projects 

implemented by the Norfolk Rivers Trust, stock exclusion projects in Herefordshire, and 

pollution management in Severn (Department for Environment Food and Rural Affairs, 

2013). Thus, there is a need to establish whether lack of maintenance of stock exclusion 

projects in Victoria that use voluntary agreements is a common problem. 

The third implication of the research is the need for consistent methods of condition 

assessment between CMAs in Victoria, and for future studies to investigate the underlying 

causes of why data quality is poor. Theories emerging from New Institutional Economics 

suggest that the disconnect between state guidelines for condition assessment, such as the 

Ecological Vegetation Classes (EVCs), and local-level practices, may stem from lack of 
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effective communication, oversight, and transparency between Victorian state departments, 

and regional CMAs (Coase, 1937; Commons, 1932; Hobbs, 1996; Williamson, 1979; 

Williamson, 1999, 2000). Lack of communication about the expectation for CMAs to use 

standardized methods, and the failure of state authorities to oversee local assessment projects, 

may be responsible for the inconsistent methods used by the three CMAs involved in the 

research. Future research should identify the cause of these miscommunications, and seek to 

facilitate knowledge sharing between state and regional authorities.  

The final implication of Part Two is that there is a need to investigate why some 

landholders do not maintain stock exclusion. Economic theories suggest that the failure to 

maintain stock exclusion may result from institutional factors, such as incomplete contracts 

(Hart, 2003a; Hart & Moore, 1988), and high transaction costs associated with maintenance 

(Coase, 1937; Commons, 1932; Hobbs, 1996). Incomplete contracts omit the necessary 

details to ensure that both parties perform the duties required for a successful outcome. In this 

instance, transaction costs emerge as the parties involved are required to perform additional 

duties that extend beyond the original terms of the agreement (Coase, 1937; Commons, 

1932). During the research, CMA staff indicated that the terms of individual agreements with 

landholders vary considerably. Not all agreements are consistent with the Victorian grazing 

guidelines, and in many cases the terms are vague, unclear, or unknown by one or both 

parties. Thus, further research is needed to examine the terms of contracts in more detail, and 

the opportunities for improvement.  

Policy makers may be able to improve the outcomes of projects by refining the terms 

of voluntary agreements to include more specific rules about grazing that reflect the Victorian 

grazing guidelines. This would involve increasing the capacity of CMA staff to reengage 

landholders who entered management agreements prior to the introduction of the grazing 

guidelines, and to negotiate adjusting the terms of contracts. Currently, the Department of 
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Environment, Water, Land, and Planning funds the establishment of new river restoration 

projects on a four-yearly cycle. Government agencies could allocate funding for CMA staff to 

revisit existing contracts, or reintroduce the levy rate that was originally established under the 

Water Act 1989.  

From a psychological perspective, the individual behaviour of landholders is 

influenced by cognitive factors, such a social norms, and practical factors such as financial 

capacity, or the threat of financial penalty (Ajzen, 1985, 1991). In Victoria, stock exclusion 

projects are rarely monitored, and non-compliance is seldom enforced or penalized. An 

underlying assumption of using voluntary agreements to implement stock exclusion projects 

is that landholders are motivated by non-monetary factors (Danne, 2003; Gunningham, 

2003), such as beliefs about their social responsibility to improve the condition of degraded 

ecosystems, known as social norms (Curtis et al., 2008). Thus, in the absence of non-

compliance penalties, whether landholders chose to comply with the terms of agreements 

depends on the motivation of the individual. Understanding the factors that influence 

landholder behaviour is essential for designing and implementing restoration projects that 

require maintenance. Part Three of the research reported in this thesis examined the factors 

that explain landholder behaviour.  

9.3 Part Three 

9.3.1 Contributions 

 Part Three of the research examined the use of voluntary agreements from a 

behavioural perspective, and investigated the factors that explain whether landholders 

maintain stock exclusion or allow stock to graze the riverbank. The research examined factors 

that influence maintenance, rather than the factors that lead to the initial adoption of projects. 

Earlier research suggests that the decision of landholders to adopt a new environmental 

behaviour, such as stock exclusion, is influenced by social norms (e.g., Curtis, McDonald, & 
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Sample, 2008; Fielding et al., 2008). Similarly, environmental psychology suggests that 

social norms influence the adoption of a wide range of environmental behaviours, including 

recycling (e.g., Taylor & Todd, 1995), choosing to take public transport rather than drive 

(e.g., Bamberg, Ajzen, & Schmidt, 2003), and reducing energy consumption (e.g.,Ha & 

Janda, 2012). Health science research suggests that people often discontinue new exercise 

regimes (Akers et al., 2010; Grol & Wensing, 2004). Very little research investigates whether 

people maintain environmental behaviour. Agricultural research suggests that social norms 

influence the adoption of new environmental behaviours (e.g., Curtis et al., 2008). No 

research has examined whether social norms also influence the maintenance of agricultural 

environmental behaviour.  

Further, agricultural research (e.g., Greiner & Gregg, 2011) often  examines very 

general social factors, rather than specific cognitive constructs (Burton, 2004a). Behavioural 

literature emphasizes the importance of distinguishing between specific social constructs, 

including injunctive and descriptive social norms (e.g.,Cialdini, 2003), and symbolic and 

instrumental social norms (Cary, 1993; Noppers et al., 2015; Steg, 2005). Injunctive norms 

refer to beliefs about ‘how I ought to behave’, while descriptive social norms refer to beliefs 

about ‘how I think others like me actually behave’ (Lapinski & Rimal, 2005). Symbolic 

norms refer to beliefs about the importance of an activity for my social identity, while 

instrumental norms refer to beliefs about the practical value of performing a behaviour (e.g., 

Cary, 1993). These distinctions are important for designing interventions to promote 

behaviour change because specific constructs are influenced by unique drivers; for example, 

injunctive norms are influenced by perceived social expectations (e.g., Cialdini, 2003), while 

descriptive norms are influenced by the knowledge and experience people have about how 

others they perceive to be ‘like them’ behave (Lapinski & Rimal, 2005). Thus, the nature of 
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the social belief should direct the design of the intervention (Cialdini, 2003, 2007; Michie et 

al., 2011).  

This study examined the maintenance of behaviour and the relationship between 

maintenance and social norms, in two ways. Firstly, the paper included in Appendix B 

(Moore & Boldero, 2017), and summarized in Chapter 6 (Environmental agricultural 

behaviour, social norms and drought) presented a classification of environmental behaviours 

in terms of maintenance. Similar to the framework presented in Chapter 2 (Lack of 

maintenance is a major challenge for stream restoration projects) about river restoration 

projects, the behaviour classification highlights the differences between behaviours that need 

more or less maintenance, and the implications for designing interventions.   

Moore & Boldero (2017) make the distinction between continuous and dynamic 

behaviours. Continuous behaviours, such as recycling (e.g., Taylor & Todd, 1995; Thøgersen, 

2006) and turning the tap off while teeth-bushing (Harland et al., 1999), involve the same 

activities for adoption and maintenance, face few barriers, and are easily influenced by 

cognitive constructs such as social norms and attitudes. These behaviours are often performed 

regularly, and thus, over time are likely to be maintained habitually (e.g., Bamberg et al., 

2003; Verplanken & Wood, 2006).  

Dynamic behaviours, including agricultural behaviours (e.g., Curtis, McDonald, 

Mendham, et al., 2008) and political activism, involve different activities for adoption and 

maintenance. Further, maintenance is often more costly, or time consuming, than adoption, 

and maintenance is often performed irregularly. Cognitive factors, such as social norms, may 

influence adoption, however, over time the changing demands of the behaviour may present 

barriers for maintenance. For example, cognitive factors may influence landholders to adopt 

revegetation behaviours (e.g., Wauters et al., 2010). However, the cost and time required for 

weeding revegetation sites often becomes prohibitive (Australian River Restoration Centre, 
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2015b; Ede & Hunt, 2008; Wilson et al., 2003). According to the Theory of Planned 

Behaviour, these emerging barriers may also weaken the influence of cognitive constructs, 

such as social norms, on behaviour (Ajzen, 1985, 1991). Thus, dynamic behaviours are also 

likely to involve different drivers and barriers for adoption and maintenance; cognitive 

constructs are less likely to influence maintenance, and over the long-term, maintenance is 

unlikely to become habitual.  

The review conducted by Moore and Boldero (2017) concludes that while education 

campaigns that promote voluntary behaviour change may be effective for encouraging people 

to adopt and maintain continuous behaviours, this approach is less likely to be effective for 

dynamic behaviours, such as agricultural environmental behaviours. Interventions to promote 

the adoption and maintenance of dynamic behaviours should address the barriers that emerge 

over time, as well as those that are evident for adoption. This may require implementing two 

separate interventions; the first to facilitate adoption, and the second to facilitate 

maintenance, including subsidies to remove financial barriers.  

The empirical study presented in Part Three of the thesis (Chapter 7 & Chapter 8), 

investigated the relationship between social norms, factors related to drought and income that 

may constrain behaviour, and whether landholders involved in river restoration in Victoria 

maintain an example of dynamic behaviour: stock exclusion. This research makes five 

contributions to understanding environmental behaviour, and designing behaviour change 

interventions. Firstly, most studies about social norms and environmental behaviour measure 

general social beliefs, rather than specific cognitive constructs (Burton, 2004a). The current 

study examined the relationship between behaviour and four specific social norm constructs; 

injunctive and descriptive social norms (e.g., Cialdini, 2003), and symbolic and instrumental 

social norms (e.g., Cary, 1993). The research found that whether landholders maintain stock 

exclusion, or continue to graze stock on the riverbank, was related to injunctive social norms 
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rather than descriptive social norms. Landholders did not appear to hold salient descriptive 

norms about ‘what other landholders like me do’. It is possible that the participants did not 

understand the survey questions about descriptive norms. However, responses to descriptive 

norm social items suggest otherwise; landholders emphasized that they do not know how 

others ‘like them’ behave. This may be due to social isolation, and the inability of 

landholders involved in stock exclusion projects to physically observe how others behave 

(Kashima et al., 2013). Correcting erroneous descriptive norms (e.g., Lewis & Neighbors, 

2006), or activating new descriptive social norms (e.g., Cialdini, 2003) has been effective for 

changing social behaviours, such as binge drinking in colleges (e.g., Neighbors et al., 2004). 

Thus, facilitating opportunities for landholders to observe how others maintain stock 

exclusion projects, such as educational field days, may encourage more effective 

maintenance.  

The second outcome of the research was that the data reinforces the importance of 

distinguishing between symbolic and instrumental beliefs (e.g., Cary, 1993; Noppers et al., 

2015). Landholder behaviour was explained by instrumental social norms about excluding 

stock during drought conditions and times of low farm productivity, rather than symbolic 

social norms about excluding stock during times of good water availability and high farm 

productivity. Landholders who grazed agreed less that farmers are responsible for excluding 

stock from grazing during constraining scenarios, compared to landholders who maintained 

exclusion.  

Earlier research suggests that pro-environmental social norms influence landholders 

to adopt environmental behaviours, however these studies do not distinguish between 

symbolic and instrumental beliefs (e.g., Curtis, McDonald, Mendham, et al., 2008; Fielding et 

al., 2008). Cary (1993) suggests that whether landholders adopt new environmental 

behaviours is related to instrumental social norms rather than symbolic social norms. The 
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current research examined the relationshiop between symbolic and instrumental social norms, 

and whether landholders maintain environmental behaviours. The research found that 

landholders can hold multiple, conflicting beliefs about the same activity. Pro-environmental 

social norms that are symbolic by nature may reflect landholder self-identity, however, these 

beliefs may not be a reliable indication of whether landholders will maintain new behaviours.  

The third contribution of the research concerns the importance of considering factors 

that constrain behaviour, as well as factors that motivate behaviour. The study found that, 

together, injunctive social norms about instrumental beliefs, and perceived drought 

affectedness explain behaviour better than either factor alone. Landholders who continued 

grazing reported greater drought affectedness and weaker instrumental social norms. 

However, landholders who reported both weaker social norms, and greater drought 

affectedness were more likely to continue grazing, compared to landholders who only 

reported weaker instrumental social norms, and landholders who only reported greater 

drought affectedness.  

This third finding is consistent with wider research which suggest that environmental 

behaviour is influenced by perceptions of factors that constrain the performance of behaviour, 

known as perceived behavioural control (PBC) (Ajzen, 1985, 1991), and cognitive factors 

that motivate behaviour (Bamberg & Schmidt, 2003; Borges et al., 2014; Harland et al., 

1999; Sopha & Klöckner, 2011; Tonglet et al., 2004; Wang et al., 2016). The relationship 

between perceived drought affectedness and environmental behaviour found in this study also 

supports livelihood frameworks put forward in development research (e.g., Peluso & 

Vandergeest, 2001); drought conditions and financial loss often prevent agriculturalists from 

practicing sustainable natural resource management (Chambers, 1988).  

Conversely, agriculturalists are more likely to behave in a way that is environmentally 

sustainable when they are financially secure (e.g., Ganjanapan, 1997, 1998). Voluntary 
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agreements for stock exclusion in Victoria offer landholders financial incentives for adoption, 

such as subsidizing the construction of riverbank fencing (Department of Sustainability and 

Environment, 2011), thus removing a potential financial barrier for adoption. By comparison, 

landholders are expected to fund and conduct maintenance independently. The present study 

supports the analysis of ‘dynamic’ behaviours presented in Chapter 6 (Environmental 

agricultural behaviour, social norms and drought). Governments should consider 

implementing an intervention to remove barriers to continued maintenance, as discussed 

below in section 9.3.2. 

The fourth contribution of the research presented in Part Three of the thesis is about 

understanding the factors that explain perceived behavioural control (PBC), and the 

relationship between perceptions and external measures of control. The research examined 

the relationship between perceived drought affectedness, actual drought severity, and the 

amount of income that landholders obtain from farm businesses. Individually, actual drought 

severity (e.g., Lukasiewicz et al., 2012), and income were only weakly related to perceptions. 

However, together these variables explained a significantly greater amount of behavioural 

variability than either individually. Landholders who experienced greater drought severity 

and rely more on farm businesses for income also reported greater drought affectedness.  

This finding contributes to the debate in psychological research about the distinction 

between perceived and actual control (e.g., Armitage & Conner, 2001), and theories about 

designing public policy for risk management (Slovic, 1987; Slovic et al., 1980). Both 

perceived and actual control can influence behaviour (e.g., Thøgersen, 2006). Behavioural 

studies often examine whether behaviour is more influenced by PBC or actual control (e.g., 

Lynne et al., 1995). By contrast, the current study examined the relationship between 

perceived and actual control. The findings suggest that perceptions are influenced by factors 

that are directly and indirectly related to the subject of the perception; perceived drought 
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affectedness is explained by actual drought severity, and the financial impact of drought on 

farming businesses. The distinction between perceived drought affectedness and actual 

drought severity found in the current research also supports theories about risk and natural 

hazards (Slovic, 1987; Slovic et al., 1980; Wachinger et al., 2013). Financial vulnerability 

can heighten drought perception (Meze-Hausken, 2004; Slegers, 2008). These insights have 

important implications for the design of interventions to promote voluntary behaviour 

change, and to mitigate risk associated with drought in the agricultural sector, as discussed in 

the implications section below. 

The final contribution of the research presented in Part Three of this thesis is related 

to how behavioural researchers’ measure cognitive constructs. Psychological research has 

been widely critiqued for sampling bias. Much of the research that has set standards for how 

cognitive constructs are measured demonstrates the phenomena referred to as ‘WEIRD’ 

science; research conducted with Western, Educated, Industrialized, Rich, and Democratic 

societies (Azar, 2010), in predominately urban environments (Henrich, Heine, & 

Norenzayan, 2010). These societies represent 12% of the world’s population, and 80% of 

research participants in behavioural and social studies. Ajzen (2017) put forward the now-

commonly accepted method of measuring injunctive social norms. Prior research has found 

that landholders do not respond to these injunctive norm survey items in the same way as 

other cohorts (e.g., Curtis & Mendham, 2015). The current research trialled alternative 

injunctive norm survey items and found that all landholders completed the survey questions. 

Landholders in Victoria are often geographically and socially isolated (Marshall et al., 2016), 

and do not have access to the same educational opportunities as those living in urban 

societies (Rohan Nelson et al., 2005). Thus, despite living in western societies, landholders in 

isolated regions may represent a non-WEIRD cohort.  
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9.3.2 Implications and future research  

 There are five implications and future research areas that emerge from Part Three of 

the thesis. Firstly, environmental behaviours vary in terms of maintenance; ‘continuous’ 

behaviours involve the same relatively simple activities for adoption and maintenance, and 

are likely to become habitual. ‘Dynamic’ behaviours involve different activities for adoption 

and maintenance, and face greater barriers. To be ecologically effective, many environmental 

behaviours need to be maintained indefinitely. However, most research investigates the 

factors that influence the adoption of environmental behaviours, rather than the factors that 

influence the maintenance of those behaviours. Thus, future research should identify the 

factors that influence the maintenance of dynamic behaviours.  

In relation to behaviour change policy, government agencies could improve the 

outcomes of interventions to promote ‘dynamic’ environmental behaviours, such as stock 

exclusion, by implementing separate interventions for adoption and maintenance. This 

approach is not uncommon for health interventions. Different factors influence the adoption 

and maintenance of health behaviour (Grol & Wensing, 2004). For example, approximately 

50% of people who join a gym discontinue exercising at the gym within 6 months (Marcus et 

al., 1992). Separate interventions are required to encourage people who purchase a gym 

membership to continue exercising over the long-term (Akers et al., 2010). Similarly, policy 

makers could develop interventions to target the barriers that landholders face to maintaining 

stock exclusion, as discussed below.  

The second main implication of the research is related to designing interventions 

specifically to encourage landholders to maintain stock exclusion. The current study found 

that landholders do not appear to hold salient descriptive norms about stock exclusion 

projects. Interventions could educate landholders about the successful ecological outcomes of 

stock exclusion projects implemented by meaningful others ‘like them’. This would involve 
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conducting research at the local scale to identify the individuals and groups that landholders 

affiliate with. Activating descriptive social norms may encourage a sense of group 

membership, and activate pro-environmental descriptive norms about how other landholders 

behave (Lapinski & Rimal, 2005). However, this approach should be used with caution, and 

only after thorough research about how well landholders in wider Victoria maintain stock 

exclusion; if most other landholders continue grazing, the normative message does not 

support the goal of the intervention, which is stock exclusion. Governments risk reinforcing 

the message that continued stock grazing is acceptable (Cialdini, 2003). 

A third avenue for public policy, and future research, stems from findings related to 

drought and income. Financial insecurity is often associated with the unsustainable 

management of natural resources (Chambers, 1988; Ganjanapan, 1997, 1998). Thus, 

Victorian government agencies could facilitate environmental behaviour by subsidizing the 

cost of maintenance. For example, drought relief funding could be used to subsidize stock 

feed for farmers who rely heavily on agricultural activities for their income, particularly 

during drought events. This may reduce the likelihood that landholders will allow stock 

access to riverbanks during droughts. Further, landholders with greater income diversity tend 

to be more resilient to drought (Nelson et al., 2005), and more likely to adopt environmental 

behaviour (Kebede, 1992)., A holistic policy approach could be to support landholders 

financially during drought events, and facilitate employment opportunities to promote greater 

resilience over the long-term (Marshall et al., 2016). For example, government agencies 

could offer social and economic support to facilitate the transition to more diverse 

agricultural and non-agricultural income by ensuring rural regions, particularly those in 

remote areas, have access to social and economic services (Marshall et al., 2016), reliable 

internet access, and offering opportunities for spouses of primary farmers to receive 

education (Nelson et al., 2005). 
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However, diversifying income may be difficult to accomplish given the high level of 

specialization of many farming communities (Abson, Fraser, & Benton, 2013). Farming 

communities in Victoria are some of the most financially vulnerable agricultural communities 

in Australia (Rohan Nelson et al., 2005). In the United Kingdom governments have been 

using voluntary approaches to encourage farming communities to diversify their employment 

since the 1970s when the environmental impacts of the agricultural sector became a central 

focus of environmental campaigns and social movements (Burton, 2004b). Burton (2004b) 

suggests that programs to encourage income diversification, such as the Farm Diversification 

Grant Scheme, have been largely unsuccessful for reasons including the high initial cost of 

shifting occupations, as well as social factors related to the identity of farming communities. 

Social identities are linked not only to the type of production a farmer pursues, such as 

cropping or livestock, but also to the number of livestock per hectare and even the appearance 

of the livestock.  Riverbanks are sources of stock fodder, and farmers often de-stock in 

drought conditions (Aarons et al., 2013). Excluding stock from grazing riverbanks may 

influence the decision of farmers to de-stock. Thus, making behavioural changes related to 

farming practices, such as excluding stock from grazing the river frontage, may threaten the 

self-identity of farmers (Warren, Burton, Buchanan, & Birnie, 2016). Future research should 

investigate the nature of self-identities in rural Victoria, and the implications for designing 

interventions to encourage income diversity. 

A fourth area of future research related to the outcomes of Part Three is about 

measuring social norms in agricultural communities. Previous research suggests that 

traditional measures of social norm constructs may not be appropriate for farming 

communities (e.g., Curtis & Mendham, 2015). The research about social norms reported in 

this thesis was a preliminary effort to design new survey items to measure social norms in 

rural communities, including measures of injunctive social norms, and symbolic and 
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instrumental social beliefs. Most behavioural research uses ‘WEIRD’ participants (Azar, 

2010); Western, Educated, Industrialized, Rich, and Democratic. A disproportionate amount 

of behavioural research is conducted with university students in urban centres (Henrich et al., 

2010). The current thesis suggests that isolated rural communities may not meet the 

assumptions of WEIRD populations. Further research is needed to establish appropriate 

social norm measures for non-WEIRD populations, including rural agricultural communities 

within democratic societies who often have less opportunity for university education.  

The final avenue for future research arising from Part Three of the thesis is about 

landholder perceptions. The research suggests that whether landholders choose to maintain 

stock exclusion or graze cattle on the riverbank is related to perceptions of drought 

affectedness. Consistent with research about risk and natural hazards (Slovic, 1987; Slovic et 

al., 1980; Wachinger et al., 2013), perceived drought affectedness was only weakly related to 

actual drought severity. Perceptions are explained by two factors together: drought severity 

and the amount of income obtained from farm businesses. Thus, perceptions of risk related to 

climate, in this case drought events, do not always reflect climatic conditions. Future research 

about perceptions could include examining factors that influence landholders’ responses to 

climatic events in other regions, including the United Kingdom, where flood management is a 

key focus of the agricultural sector, and government departments (Department for 

Environment Food and Rural Affairs, 2013). 

This finding also suggests research avenues for behavioural psychology, specifically 

in relation to the distinction between perceived behavioural control and actual control (e.g., 

Armitage & Conner, 2001), and the locus of control (Rotter, 1966). Perceived behavioural 

control may be influenced by factors that exert actual control, including factors that are both 

directly and indirectly related to the subject of the perception; future research could place 

more emphasis on investigating these relationships. Further research could also examine the 
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relationship between behavioural maintenance and the locus of control; similar to Leviston et 

al. (2011), this thesis suggests that landholders who continue to graze may have an external 

locus of control related to perceived drought affectedness.  In the context of Victoria, and 

drought management, governments should take perceptions about barriers and control into 

consideration for designing policy and interventions to mitigate economic and ecological 

problems associated with the agricultural sector. 

9.4 Overall conclusion of the Thesis 

The purpose of environmental interventions is to improve the condition of degraded 

ecosystems, and mitigate further degradation. Until recently the focus of river restoration 

(e.g., Bernhardt et al., 2007), and environmental behaviour (Bamberg & Schmidt, 2003; 

Borges et al., 2014; Harland et al., 1999; Sopha & Klöckner, 2011; Tonglet et al., 2004; 

Wang et al., 2016) has been designing projects to improve the condition of degraded 

ecosystems, and promote pro-environmental behaviour in society. Similarly, governments 

often measure the success of environmental interventions, such as river restoration projects, 

in terms that reflect the initial establishment of the project, rather than the long-term 

outcomes. For example, the Victorian Department of Environment land Water and Planning 

(2015b) reports the number of kilometres of stock exclusion fencing established, rather than 

how many landholders continue to exclude stock, or the ecological outcomes of that 

exclusion (Department of Environment land Water and Planning, 2015b).  

The research reported in this thesis suggests that ensuring projects, and behaviours, 

are maintained is as important for sustainable resource management as is designing best-

practice projects, and implementing interventions to promote initial behaviour change. In the 

context of river restoration, there is a need to assess the progress of projects, including stock 

exclusion, and to review condition assessment methods. River management in Australia has a 

long legacy of using voluntary approaches to engage landholders, including projects 
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established through the Soil Conservation Authority in the 1940s, and the Landcare era, most 

prominently in the 1980s and 1990s. The problems associated with voluntary approaches, 

such as the ‘burnout’ of Landcare volunteers (e.g., Curtis & Lockwood, 2001), and the failure 

to follow up and maintain soil erosion works implemented by the Soil Conservation 

Authority  (B. Finlayson, personal communication, January 30th 2018), are not unknown to 

river managers.  

From the perspective of environmental psychology, interventions should address 

barriers to continued maintenance, as well as the initial adoption of new behaviours. This 

thesis also highlights the importance of treating river restoration projects that rely on the 

actions of individuals, such as stock exclusion, as social interventions, as well as biophysical 

interventions; understanding the factors that influence behaviour is critical for designing 

interventions to encourage voluntary actions. Further, there is a need to investigate how 

appropriate common and accepted measures of cognitive drives and barriers are for 

conducting behavioural research with non-WEIRD cohorts (Azar, 2010), such as rural 

communities. It may be necessary to develop alternative survey items to measure cognitive 

constructs in communities that do not conform to the WEIRD phenomena; landholders in 

Australia often experience social isolation (Marshall et al., 2016) and do not always have 

opportunities for education (Nelson et al., 2005). The need to validate measures of cognitive 

constructs is even more pertinent in agricultural communities in poor developing societies.  

Taken together, the outcomes of the research suggest that environmental 

interventions, including river restoration and interventions to promote behaviour, involve a 

wide range of activities with a singular purpose: to mitigate the degradation caused by 

societies. These activities vary in terms of how much maintenance is required for success. In 

the context of river restoration, ‘ongoing’ interventions require more maintenance than ‘self-

sustaining’ interventions, and, thus, should be implemented using more robust management 
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arrangements, including permanent funding arrangements. Ongoing interventions tend to 

address symptoms of degradation, such as establishing fishways on dams, while self-

sustaining interventions address causes, such as removing infrastructure that impedes fish 

passage in waterways. In theory, river managers should preference self-sustaining 

interventions.  However, many self-sustaining options, such as removing dams, would be 

detrimental for societies. Thus, the success of restoration often rests on how well on-going 

interventions are maintained.  

In the context of environmental behaviour, ‘dynamic’ behaviours are more difficult to 

change than ‘continuous’ behaviours; ‘dynamic behaviours involve different activities for 

adoption and maintenance, and maintenance is often more costly than adoption. Akenji 

(2014) suggests that behaviours labelled as ‘continuous’ (Moore & Boldero, 2017), such as 

using ‘green’ shopping bags, are examples of ‘consumer skapegoatism’: an individual may 

consume fewer plastic bags, while increasing their consumption in other areas. Performing 

these relatively simple environmental behaviours does not necessarily influence people to 

adopt and maintain complex, or more ecologically effective behaviours (Thøgersen, 1999). 

Thus, for river restoration, and the wider environmental behaviour of societies, the next big 

challenge is to promote activities that address the underlying causes of degradation, rather 

than symptoms. Solutions should reflect the size and complexity of the target problem.  Easy 

solutions tend to make a smaller ecological impact than more difficult solutions (Akenji, 

2014).  

In conclusion, this thesis sends a clear message to public policy makers and 

researchers, both in Australia and abroad: the success of interventions to improve the 

condition of degraded river systems, and to encourage pro-environmental behaviour in 

societies, is contingent on the maintenance of projects. Maintenance is as crucial for success 

as is the design and implementation of interventions. The problem of maintenance transcends 
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traditional disciplinary boundaries, involving biophysical scientists, economists, policy 

makers, and a sound understanding of factors that influence individual behaviour. The current 

research has emphasized the need to consider the psychological, economic, and the 

biophysical dynamics of environmental behaviour. The design of successful interventions 

will necessitate the reunion of geographical research with the methodologies and theoretical 

approaches characteristic of the behavioural sciences (Burton, 2004a). 
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Abstract
Environmental infrastructure and practices designed to restore and protect aquatic systems are

now mainstream. Yet many of these projects are failing to produce the biophysical outcomes that

they are designed for because of poor maintenance. The success of restoration projects is just as

much a consequence of how they are maintained, as it is how the project was initially designed

and implemented. Successful maintenance relies on understanding the ecological and biological

recovery trajectories of aquatic systems. Some interventions will require ongoing maintenance

indefinitely, whereas others will reach a self‐sustaining point where maintenance is no longer

required. Different management arrangements are required to ensure the maintenance of differ-

ent types of project. Those projects that involve high costs should be managed using more robust

arrangements, such as legal regulation, compared to those projects that involve lower costs. This

paper describes the maintenance required for common river restoration projects and outlines a

classification of projects based on maintenance and recovery trajectories. It then considers the

types of management arrangements required to ensure maintenance. Finally, these points are

illustrated with 3 case studies of typical restoration actions (riparian stock exclusion, fish passage,

and restoring large wood loads). Projects that require ongoing maintenance, particularly those

that involve high costs, such as environmental flows, require strong management arrangements

to ensure successful outcomes. Voluntary instruments are more appropriate for self‐sustaining

interventions. Regardless of the chosen management arrangements, monitoring and independent

assessment are essential for successful maintenance.

KEYWORDS

environmental management, maintenance, recovery, river restoration, trajectory
1 | INTRODUCTION

Over the last 30 years, the focus of river and stream management has

shifted from utilitarian benefits such as flood prevention (Tompkins &

Kondolf, 2007), towards restoring natural values to waterways, and

protecting ecosystem services (Bernhardt et al., 2007). This period

has been an experiment in designing and establishing solutions to

degradation (Kondolf et al., 2007). Bernhardt et al. (2005) found that

the most common river restoration projects in North America are (a)

riverbank stabilization and stock exclusion; (b) instream activities, such

as habitat creation and stocking of native species; (c) morphological

activities, such as natural channel design; and (d) reconnection

activities, such as environmental flows, fish‐ladders, and dam removal.

The emphasis in the literature has been on initiating river

restoration projects, including encouraging communities to adopt
wileyonlinelibrary.com/journal/r
restoration practices, establishing legislation to restore public water-

ways, and improving the quality and assessment of new projects.

There have also been many calls to better monitor and evaluate

the performance of works and projects (Brooks & Lake, 2007;

Palmer, Allan, Meyer, & Bernhardt, 2007), and develop guidelines

for restoration (Beechie et al., 2010). Studies of restoration interven-

tions now demonstrate the challenges with the design (Roscoe &

Hinch, 2010), construction (Heede, 1977), monitoring (Bernhardt

et al., 2007; Kondolf et al., 2007), evaluation (Morandi, Piégay,

Lamouroux, & Vaudor, 2014), and initial implementation. Many res-

toration projects have failed because they were poorly designed

(Nagle, 2007); because they were treating the wrong problem; or

because they were not tackling the fundamental constraints of the

catchment (Lorenz & Feld, 2013; Palmer, Menninger, & Bernhardt,

2010). Continuing to maintain structures, works, or practices that
Copyright © 2017 John Wiley & Sons, Ltd.ra 1
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are not succeeding is unwise, but failing to maintain works or prac-

tices that are succeeding is equally wasteful.

In the early days of river restoration, it was appropriate that the

focus was on ecological goals, honing the design of interventions,

and establishing the political consensus to support these activities

(Ormerod, 2004). But as the industry has progressed, a key issue

now is how to maintain interventions over the long term in order for

infrastructure and practices to persist. Examples of well‐designed

projects that fail due to poor maintenance include mitigation wetlands

(Hallwood, 2007), and projects to return large wood to streams

(Shields, Knight, & Stofleth, 2006). This paper outlines the problem of

“river restoration persistence.” This is defined as the failure to maintain

activities to achieve the desired environmental outcomes, including

the upkeep of infrastructure, and continuing practices over the length

of time, and with the appropriate regularity, to achieve goals. This

problem is fundamentally linked to how projects are managed. River

restoration maintenance can involve the upkeep and replacement of

physical infrastructure, continuing site management practices, as well

as the effective ongoing communication of project goals to community

groups and individuals involved. Overall, we argue that how projects

are managed and maintained in the long term is as important to their

success, as how they are physically designed and implemented.

To improve the success of future restoration projects, we must

understand why maintenance is neglected and how lack of mainte-

nance affects different types of interventions. This necessarily involves

looking beyond the hydro‐geomorphological, and ecological spheres of

research, and engaging with the social sciences (Palmer, Hondula, &

Koch, 2014). Restoration can involve regulating private businesses, as

well as encouraging landholders to voluntarily change the way that

they manage resources in river basins. In addition to legal regulations,

mechanisms such as market‐based instruments, devolved grants, and

voluntary agreements are commonly used to encourage landholders

to participate in restoration projects (Danne, 2003). To be effective,

these delivery mechanisms must be suited to the length of time that

infrastructure and practices must be maintained to produce outcomes.

In this paper, we

• describe the most common types of river restoration projects, and

the activities that they involve, both initially and for maintenance;

• outline a classification of interventions in terms of different

biophysical trajectories of recovery, and demonstrate that the

length of time required for recovery should inform decisions about

how interventions are managed;

• discuss the implications of maintenance for making decisions

about the institutional arrangements used to manage projects over

the long term, suggesting that the success of restoration is related

to choosing policies and mechanisms that suit the time required

for asset recovery; and

• illustrate the issues of maintenance using three case‐studies of

restoration projects in Australia.

The examples and case studies referred to throughout this paper

are primarily from river restoration projects in south eastern Australia.

This is because the authors had to draw on detailed information from
managers and government agencies that were available to them. How-

ever, stream restoration projects and practices are not substantially

different in SE Australia from Europe and North America (Brooks &

Lake, 2007; Fryirs, Chessman, & Rutherfurd, 2013). Interventions such

as fishways, environmental flows, fencing the riverbank to exclude

stock, and returning woody debris to channels are practiced in many

western countries. We are confident that the key principles of the

paper, the classification of river restoration interventions, and the

implications for management can be applied globally.
1.1 | Types of river restoration projects

Bernhardt et al. (2005) identify 13 categories of river restoration

projects based on the stated goals of projects listed in the National

River Restoration Science Synthesis database. From these categories,

we have identified four project types: riparian, morphological, recon-

nection, and instream. Restoration activities can also be classified as

“active” where it involves intervention (such as the establishment of

infrastructure, or the performance of a practice) or “passive” where it

refers to “stopping” existing degrading practices and allowing systems

to recover naturally without further intervention (e.g., Wheaton,

Darby, & Sear, 2008; Giller, 2005; Ruwanza, Gaertner, Esler, &

Richardson, 2013). The projects discussed by Bernhardt et al. (2005)

are all active, as opposed to passive, restoration activities.

A foundation of environmental restoration is that the improve-

ment achieved through intervention should persist (Simenstad, Reed,

& Ford, 2006). Interventions fail to produce ecological outcomes

when projects are not maintained over an appropriate timeframe

for degraded environmental assets to recover. This implies that there

is a clear goal or endpoint defined for a restoration project. Many

critiques of restoration projects have identified that the specific goal

of projects is poorly defined (Brooks & Lake, 2007). Palmer et al.

(2007) state that one of the requirements of a good restoration pro-

ject is “a dynamic ecological endpoint,” although they expressly state

that they “use the term ecological in a very general sense to include

biological, hydrological and geomorphic aspects of natural systems”

(p. 3). Endpoints, or exit points, can involve targets for specific spe-

cies, but they can also involve intermediate physical targets, such as

reduced erosion rates.

Some interventions require regular maintenance indefinitely to

achieve restoration outcomes. These we term “ongoing” interventions.

Others are likely to require less maintenance over time and, if managed

well, can reach a point where recovery is self‐perpetuating. These we

term “self‐sustaining” interventions. We have identified three features

of river restoration interventions that determine whether they are

likely to be self‐sustaining or ongoing: the type of maintenance

required for the intervention to produce ecological outcomes, the

resilience of an intervention (such as infrastructure) to disturbance

(such as flooding), and whether the intervention addresses an underly-

ing cause of degradation or a symptom of that degradation.
1.1.1 | Types of maintenance

There are three types of maintenance that may be involved in ensuring

a restoration intervention achieves target outcomes:
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1. Routine operational maintenance to ensure function (weeding

riverbank revegetation sites, delivery of environmental flows,

and removal of accumulated debris on fishways). Routine

maintenance should be conducted following a predetermined

maintenance schedule.

2. Disturbance‐related maintenance (removing racked debris from

riverbank fencing after flooding [Department of Environment,

Land, Water and Planning, 2015], conducting sediment extraction

from high‐value river reaches after flooding). This maintenance

requires project monitoring after disturbance events.

3. Lifecycle maintenance including the eventual replacement of an

intervention, usually a structure (partial or full replacement of a

fishway and refurbishment of a flow‐regulator). This maintenance

requires monitoring to evaluate the condition of infrastructure,

and timely planning for refurbishment.

Ongoing interventions are likely to require all three types of

maintenance, indefinitely. Self‐sustaining interventions, such as

the establishment of gully control structures and the revegetation

of surrounding land, may require some maintenance after major

disturbances, such as floods. However, these interventions become

less susceptible to disturbance over time, particularly as vegetation

becomes established. Restoration infrastructure and practices can,

therefore, be classified into two categories on the basis of the amount

and type of maintenance required: self‐sustaining or ongoing (Table 1).

1.1.2 | Disturbance resilience of interventions

Disturbance resilience is related to the capacity of the intervention

(infrastructure or works such as vegetation) to continue serving a

restoration function after disturbance, such as a flood event. Some
TABLE 1 Initial and maintenance activities for river restoration projects, in
Medium = $104–105, High = $106–107)

Restoration project Initial activities

Riparian Self‐sustaining Revegetation Planting seedlin
Ongoing Stock exclusion Fence construc

& ceasing gr

Spraying weeds Weed removal
Willow removal/poisoning Removal of tre

Morphology Bank stabilization Revetate banks
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Ongoing Environmental flows Construction o
regulator & f

Fishways Construction o

Instream Self‐sustaining Sediment extraction Extraction of s

Large wood Placement of la

Ongoing Litter traps Construction o
interventions have a greater capacity than others to resist disturbance

and therefore involve less maintenance over the long term. We refer to

the reduced impact of disturbance on an intervention as “intervention

resilience.” Most interventions will require additional maintenance

after disturbance; however, some may develop resilience as projects

mature. For example, gully control structures sustain less damage from

flooding once vegetation has established and stabilized erosion

(Weinhold, 2007). Similarly, in the case of restoring wood to streams,

maintenance is required after flood events, until riverbank vegetation

matures. The resilience of the project increases as a natural source of

woody debris returns and replaces wood removed during flood events.

By contrast, fishways, and other infrastructure such as stock

exclusion fencing on riverbanks (Department of Environment, Land,

Water and Planning 2015), are likely to need maintenance after

flooding regardless of the length of time, the structure has been in

operation. Interventions that must be maintained in perpetuity tend

to have a low capacity to develop resilience to disturbances such as

flooding and drought. We cannot examine resilience further here;

however, many restoration projects can be vulnerable to flood

damage, and the need for additional maintenance after flooding should

be factored into management planning.
1.1.3 | Causes and symptoms

In addition to resilience, the recovery trajectory of a degraded environ-

mental asset following an intervention is also determined by whether

interventions address causes or symptoms of degradation. The notion

of symptoms refers to environmental degradation that results from

the disruption of natural processes (Beechie et al., 2010). For example,

river impoundment disrupts natural processes and results in degrada-

tion, which could include the reversed seasonality of flows, and the
cluding estimated costs. (costs are roughly: Low = $103–104,

$* Maintenance activities $*

gs L Replanting lost seedlings (ARRC, 2015b) L
tion
azing

L Removing debris & repairing fence; continued
stock exclusion (Department of Environment,
land, water and planning 2015)

L

L Removing/spraying weeds (ARRC, 2015b) L
es M Removing regrowth & bank stabilization

(Pope, Rutherfurd, Price, & Lovett, 2006)
L

M Repair banks following floods L
nal
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H Repair channel following floods until the system
is established

M

uent
wetlands

H Maintenance of new channels (Wild, Bernet,
Westling, & Lerner, 2011)

L

es
‐back

L
H

Paying for continued access to flood plains
for flood‐waters.

Maintenance of purchased lands after floods

M
L

rastructure H Managing downstream reaches e.g., sediment
extraction (Bednarek, 2001)

M

f flow
low delivery

H Clearing & repair of regulator & continued
flow delivery (SKM, 2012)

H

f fishway H Clearing & repair of a fishway
(O0Connor et al., 2015)

L

ediment M Continuing extraction of sediment
(Rutherfurd, 2001)

M

rge wood H Replacement of lost wood (Koehn et al., 2004;
Shields et al., 2003, 2006)

L

f litter traps M Cleaning & repair of litter traps (Victorian
Stormwater committee, 1999)

L
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declining conditions of wetland vegetation (Dyer, 2002). There are

numerous options for restoring the hydrological regime to wetlands,

ranging from complete reconnection of the wetland to an unregulated

system, through to delivering artificial environmental flows. Environ-

mental flows constitute,
a suite of flow discharges of certain magnitude, timing,

frequency and duration. These flows ensure a flow

regime capable of sustaining a complex set of aquatic

habitats and ecosystem processes (Smakhtin &

Anputhas, 2006, p.1).
The delivery of environmental flows to a wetland via irrigation

channels, such as the case of Gunbower Forest in Victoria, Australia,

can be used to address these symptoms, but this solution does not

address the underlying disruption to biophysical processes. By compar-

ison, Beechie et al. (2010) suggest that “restoration actions that target

the root causes of degradation are designed to correct human alter-

ations to those driving processes” (p.213). In the case of river impound-

ment, an intervention that addresses the cause of degradation might

involve dam removal.

Self‐sustaining interventions tend to address the causes of

degradation and restore natural processes. By comparison, ongoing

interventions tend to address symptoms by simulating natural

processes, often with solutions that involve infrastructure. In the case

of wetland restoration, cause‐focused intervention might involve

reinstating natural flow regimes at the landscape scale by removing

impoundments and ceasing extraction. By contrast, a symptom‐focused

intervention involves releasing environmental flows that simulate

natural regimes and promote growth in the wetland.

Despite the obvious benefits of addressing the causes of degrada-

tion, many restoration projects are constrained by social, political, and

economic factors that favour symptom‐focused solutions (Darby &

Thorne, 1995; Davidson, 1981). This is an important distinction for

two reasons. First, solutions that involve infrastructure usually require

ongoing maintenance to produce ecological outcomes, whereas

solutions that reinstate natural processes can become self‐sustaining.

Environmental flows must be delivered to a degraded wetland for as

long as the river system is regulated. Second, interventions that

reinstate processes, such as overbank flooding, are usually more

likely to produce lasting ecological outcomes in the long term than

interventions that imitate the outcomes of natural processes, such as

reconnecting river channels with floodplains using releases from dams

(Beechie et al., 2010).

The remainder of this paper is divided as follows. First, we review

the river restoration literature generally and demonstrate that whereas

some interventions require regular maintenance indefinitely to achieve

restoration outcomes, others are likely to require less maintenance over

time and, if managed well, can reach a point where recovery is self‐

perpetuating. In cases that require persistent maintenance, such as

fishways, degradation will continue if the structure is not maintained.

As escribed above, restoration infrastructure and practices can be

divided into two categories: self‐sustaining and ongoing (Table 1).

Second, we examine the cost of river restoration projects and suggest

that management arrangements for project implementation should be

chosen that ensure interventions are maintained for long enough to
produce the desired outcomes. Finally, we present three detailed case

studies of instream river restoration projects in Australia that bring

together the elements of this paper. The case studies demonstrate

how classifying interventions on the basis of maintenance can be

important for making decisions about how projects should be managed.

1.2 | Examples of self‐sustaining and ongoing river
restoration interventions

1.2.1 | Self‐sustaining interventions

Common self‐sustaining interventions include practices, such as the

revegetation of gullying land for morphological restoration, and

infrastructure such as gully control structures. The time required for

self‐sustaining interventions to achieve a state where no further

maintenance, or minimal maintenance is required, varies from years

to centuries. To determine this timeframe the path a degraded asset

is expected to take towards an improved ecological condition must

first be known (Simenstad et al., 2006). The trajectory depends on

how quickly the biophysical processes involved in restoration respond

to the intervention. The nature of maintenance also varies. In some

instances, such as sediment extraction, maintenance involves the same

activities as the initial project, although the amount of maintenance

required decreases. In other instances, such as dam removal, the initial

activities (removing the infrastructure) and maintenance (managing

downstream reaches) are different.

Some activities can become self‐sustaining relatively quickly,

whereas others might require some level of maintenance for decades

to eventually reach a self‐sustaining state. For example, gully control

structures combined with revegetation can become self‐sustaining

within a decade (Hansen & Law, 2008; Weinhold, 2007). Revegetation

addresses the cause of gullying by reducing the impact of surface

flows. By contrast, sediment extraction for the management of sand

slugs can require decades to achieve outcomes. For example,

Rutherfurd (2001) outlines a management strategy for sediment

extraction to rehabilitate the Glenelg River, Australia. The recovery

trajectory can be determined from the sediment transport rate, the

composition of the riverbed, and the amount of stored sediment in

the channel and floodplain (Bartley & Rutherfurd, 2005; Erskine,

1994; Rutherfurd, 2001). Depending on the regularity of extraction,

environmental outcomes can be achieved in 40 to 100 years

(Rutherfurd, 2001), after which time maintenance is no longer

required. By contrast, it might take over a century to establish self‐

sustaining wood loads in rivers from a revegetated riverbank, as

demonstrated in the detailed case‐study below.

In practice, almost all interventions will require some form of

future management, however minimal. Nonetheless, the idea that

some interventions can achieve relative self‐sufficiency compared to

others, which must be maintained to a high level indefinitely, has impli-

cations for how projects are managed and funded in the long‐term.

River managers need to ensure that funding and responsibility persist

long enough for the type of project.

1.2.2 | Ongoing interventions

Ongoing interventions involve infrastructure and practices that must

be maintained in perpetuity to achieve environmental outcomes.



FIGURE 1 Quadrat plotting river restoration projects according to
initial cost and maintenance cost. Note: Projects are unlikely to fall
into Section C of the quadrat, although there may be instances that we
have not anticipated
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Examples are fishways for instream restoration, riverbank fencing for

stock exclusion (Brooks & Lake, 2007), the infrastructure and practices

required to deliver environmental flows, and actively excluding cattle

from the river frontage. In all cases, if the intervention ceases, the

trajectory of recovery can reverse and degradation will reoccur.

The cost of maintaining ongoing interventions, and the conse-

quences of maintenance failure, varies between projects. Ongoing

interventions that involve both high initial and high maintenance costs

tend to be large‐scale projects, such as the delivery of environmental

flows to a large floodplain forest. For example, infrastructures, known

as flow regulators, are used to divert water through the levee to the

Gunbower Forest floodplain along the Murray River in SE Australia.

The original flow regulator was constructed in the 1970s, was

decommissioned due to lack of maintenance in the early 2000s

(Cooling & SKM, 2012), and was refurbished at a cost of $US60 million

(AWMAa, 2016). If the delivery of environmental flows cease, either

due to the failure of the flow regulator or the lack of water, the

condition of the wetland will inevitably decline.

Interventions that involve high initial costs and moderate mainte-

nance costs include large fishways. Below, we describe the case of a

fishway at Dights Falls in Victoria, Australia, which was refurbished

at a cost of $US1.2 million (AWMAb, 2016), and annual maintenance

is upwards of $US37, 500 (SMEC, 2010). If the fishway is not main-

tained, fish populations will again decline. By comparison, riparian

fencing is less expensive to construct and maintain. One kilometre of

stock exclusion fencing costs between $US7, 500 and US$22, 500,

depending on materials (Alluvium, 2016), and maintenance is esti-

mated to cost between 5% and 8% of the initial project annually

(Meyer & Olsen, 2005). Stock exclusion projects in Victoria are typi-

cally funded by government authorities, whereas landholders are

responsible for maintenance indefinitely (DSE, 2011). If landholders fail

to maintain fences, or resume active grazing of the riverbank, the

condition of the riverbank area will again decline. The examples of

fishways and stock exclusion are described in the case studies below

in more detail.
1.3 | The cost of river restoration interventions

In addition to the distinction between “self‐sustaining” and “ongoing”

river restoration interventions, the above examples suggest that

interventions vary in terms of cost. Table 1 presents a summary of

the activities involved in common restoration projects and distin-

guishes between those activities involved for the initial implementa-

tion of projects, and those activities involved in maintenance. In that

table, projects are classified according to how expensive they are to

establish (initial cost) and the cost to maintain.

Figure 1 demonstrates that common projects fall into four cost

types, as represented by the quadrats. Projects in quadrat A are high

cost for both implementation and maintenance. Projects in quadrat B

involve high initial costs and low maintenance costs. Projects in

quadrat C would involve low initial costs and high maintenance costs;

however, few, if any, projects fall into this category. Projects in quadrat

D are low‐cost for both implementation and maintenance.

The type of intervention, and the cost of maintenance, should also

inform how projects are managed. Ongoing interventions, particularly
those that involve high maintenance costs, are more likely to succeed

over the long term if they are managed through robust arrangements.

In the following section, we discuss the types of management arrange-

ments that are most appropriate for ensuring projects are maintained

effectively, based on the cost of initial implementation, and the cost

of maintenance.
1.4 | Arrangements to ensure maintenance

Maintenance arrangements are often not designed for the length of

time a structure or practice must be maintained to produce ecological

outcomes. A range of maintenance arrangements are available,

including legal regulation, voluntary instruments, and market‐based

instruments (Gunningham & Young, 1997). The implementation of

most river restoration interventions is funded by government

departments, whereas maintenance is often the responsibility of the

agencies, organizations, or individuals that benefit from the project.

An in depth analysis of the specific management arrangements that

are most suitable for individual restoration projects goes beyond the

scope of this paper. However, we can make two observations about

how projects should be managed.

Our first observation is that management arrangements often lack

essential components to ensure maintenance is conducted. These

components relate to the nature of regulations, contracts, or agree-

ments established between the agencies that establish projects, and

those that are responsible for maintaining the project. Successful

management arrangements (and therefore in this case maintenance)

require the following components: adequate funding, transparency

between tiers of governance (Watson & Emery, 2004), perceived legit-

imacy, and non‐compliance penalties (Shimshack & Ward, 2005).

Importantly, government agencies should oversee and enforce compli-

ance (Hartig & Drechsler, 2009). For example, in the case of environ-

mental flows in Victoria, both federal and state authorities were

established under the Commonwealth Water Act (Australia) 2007 to

govern and monitor these costly projects. Many river restoration
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projects lack some, or all, of these components. For example, despite

the fact that fishway maintenance is mandated under statutory

obligations, many have fallen into disrepair (O0Brien, Ryan, Stuart, &

Saddlier, 2010).

There is less incentive for authorities to maintain river restoration

infrastructure, compared to other types of public‐good infrastructure,

such as roads. For example, in Victoria, government authorities are

responsible for maintaining both local roads and fishways. For local

roads, funding is secured by local government through public ratings

under the Local Government Act 1989 (Municipal Association of

Victoria, 2017). Although roads are maintained to a high standard,

most fishways in the state have not been maintained to operational

standards (O0Brien et al., 2010). Fishways are managed by water

authorities, and funding is available for maintenance. Maintenance

should be conducted following a routine schedule; however, these pro-

jects suffer from a lack of responsibility, adequately trained staff, and,

most importantly, the absence of oversight from an independent

authority (O0Brien et al., 2010). The neglect of environmental infra-

structure like fishways is a problem related to visibility and value.

Citizens use roads, understand the importance of maintenance, and

will complain to city councils if roads require repair (Victoria State

Government, 2016). By comparison, environmental infrastructure,

such as fishways, are often isolated, and the local community will not

know if they are functioning or not. There are also few, if any, reper-

cussions for authorities if this infrastructure is not maintained.Without

accountability, even the best planned management arrangements can-

not ensure that river restoration projects are maintained effectively.

Our second observation is that projects that require ongoing main-

tenance should be managed through robust arrangements that secure

reliable funding streams, and either involve effective legal regulation or

offer high benefits to those individuals or agencies that are responsible

for maintenance. For example, interventions like environmental flows

and fishways should be managed through agencies with dedicated

funding streams for maintenance, and the eventual replacement of

infrastructure. These projects should be overseen by independent

authorities, such as the United States Environmental Protection

Agency or similar federal authorities. Less robust arrangements, such

as voluntary agreements, are more suitable for projects that require

decreasing maintenance and are likely to achieve a self‐sustaining end-

point. However, after entering voluntarily, some agreements can

become legally binding and therefore may also be appropriate for

ongoing projects that involve persistent maintenance, if they meet

the following requirements: high benefits for participants, compliance

monitoring, non‐compliance sanctions (Danne, 2003), and the threat

of compulsory regulation in the case of non‐compliance (Colby &

d0Estrée, 2000).

Many river restoration projects involve negotiation with land-

holders on a voluntary basis. For example, Bernhardt et al. (2007)

found that of 37,000 river restoration projects across the USA, half

involved significant consultation with farming communities. Land-

holder consultation is often to gain consent for projects that are likely

to interrupt agricultural activities, such as re‐meandering projects in

Europe (Vivash, Ottosen, & Janes, 1998) and floodplain restoration in

the United Kingdom (Adams, Perrow, & Carpenter, 2005). In reality,

voluntary instruments rarely succeed in maintaining restoration
interventions over years or decades (Danne, 2003; Race & Curtis,

2013). For example, in Australia, landholders struggled to maintain soil

conservation projects funded through voluntary arrangements (Byron

& Curtis, 2002). These projects were rarely monitored or overseen

by funding authorities. Therefore, in the absence of oversight, includ-

ing monitoring and enforcement, voluntary arrangements are unlikely

to lead to maintenance of interventions.

Below, we present three case studies of specific types of restora-

tion activities from south‐eastern Australia (riverbank stock exclusion

fencing, fish passage, and restoring instream wood) in order to explore

the distinction between ongoing and self‐sustaining interventions in

more detail. These examples also demonstrate that the cost of projects

should guide decisions about how projects are managed. We distin-

guish between activities and infrastructure required for the initial

implementation of these interventions, and the activities required over

the long‐term for maintenance. We also consider recovery trajectories

and maintenance trajectories. A recovery trajectory is the length of time

required for an intervention to achieve environmental outcomes and

includes whether degradation will reoccur if the intervention is

neglected or discontinued. The underlying biophysical processes of

recovery determine the time required for a degraded asset to recover

(Beechie et al., 2010). By contrast, the maintenance trajectory is the

length of time restoration infrastructure and practices must be

maintained to produce the target physical and ecological outcomes. It

is difficult to accurately predict the recovery trajectory of a degraded

asset. However, practitioners of river management are often required

to make predictions of this nature, for the purpose of policy, and

funding. Therefore, the following is also an exercise in using available

data to predict ecological recovery after intervention, for the purpose

of making decisions about how maintenance of these projects could

be managed.
1.5 | Case studies of river restoration interventions
in south‐eastern Australia

In the following, we present three case studies of specific types of

restoration activities from south‐eastern Australia (riverbank stock

exclusion fencing, fish passage, and restoring instream wood) in order

to explore the distinction between ongoing and self‐sustaining

interventions in more detail. Most stream restoration in Australia takes

place in the humid and populated south east corner of the continent,

where streams are most similar to streams in Europe and North

America. Nevertheless, Rutherfurd and Gippel (2001) suggest that SE

Australian streams differ from northern hemisphere counterparts in

generally having higher interannual flow variability, lower sediment

loads, low slopes, and anabranching panforms. Looking specifically at

the case studies discussed here, in SE Australia, fishways need to

pass fish with much weaker swimming ability than salmonids (Mallen‐

Cooper & Brand, 2007); bank erosion rates tend to be lower; and in

terms of fence maintenance, peak floods tend to be much larger than

average floods (McMahon, Finlayson, Haines, & Srikanthan, 1987).

Nevertheless, the character, scale, and management arrangements of

stream restoration projects in SE Australia are very similar, to projects

from the northern hemisphere.



MOORE AND RUTHERFURD 7
1.5.1 | Riverbank stock exclusion fencing

Projects to exclude stock from riverbanks are the most common river

restoration projects in Australia (Brooks & Lake, 2007), North America

(Kondolf et al., 2007; Wilkes et al., 2013), and South Africa (Ruwanza

et al., 2013). These projects typically involve constructing fencing

along the stream bank to prevent stock access. A principle purpose

of stock exclusion from waterways is to protect and improve water

quality (Wilcock et al., 2013). The fundamental principle is straightfor-

ward; if stocks are not excluded, then water quality will rapidly decline

as stock access the riverbank once more (see Figure 3).

In Victoria, 5,000 km of fencing for excluding stock from river-

banks was constructed between 2006 and 2009 (Victorian State

Government, 2009). The estimated construction cost of 1 km of fenc-

ing is between $US7, 500 and US$22, 500, depending on the type of

fencing (Alluvium, 2016; Meyer & Olsen, 2005). Routine fence mainte-

nance involves repairing posts, refastening wires, keeping wires

stretched, and clearing debris from the fence line (Worley, 2015

Figure 3), at a cost of between 5% and 8% of the initial project cost

(Meyer & Olsen, 2005). Fence posts and wires may last from 5 to

30 years before replacement is necessary, depending on flooding,

and humidity that causes rusting (Buschermohl, Wills, Gill, & Lane,

2016). Considering all of these factors, without maintenance, a riparian

fence could stop being an effective barrier for stock after a single

flood event.

Fencing addresses a symptom of degradation, grazing stock along

rivers. As fencing will need to be maintained in perpetuity, we classify

these projects as ongoing interventions. Fences require routine, disas-

ter, and lifecycle maintenance. Both the initial and maintenance costs

are comparatively low; therefore, the project is represented in quad-

rant D of Figure 1. To ensure that these interventions are maintained

indefinitely, we suggest that fencing projects should be managed

through robust arrangements. Given the relatively small cost, voluntary

instruments may be appropriate, if landholders perceive high benefits.

This approach would require effective monitoring, and enforcement of

non‐compliance. In practice, stock exclusion projects are often funded

through voluntary agreements between government departments and

individual landholders (DSE, 2011). One‐off grants subsidize the cost

of the fence; however, “financial incentives for the works component

are contingent upon commitment by the landholder to long term man-

agement.” (DSE, 2011, p. 8).

The cost of maintenance can be prohibitive and can result in pro-

ject failure. For example, project maintenance may be compromised if

farmers are unwilling to continue excluding stock from the fenced

frontage during times of drought and low feed availability (Moore &

Boldero, In Preparation). If voluntary approaches are unsuccessful,

governments should ideally adopt more robust arrangements, such as

legal regulation.
FIGURE 2 Map of south eastern Australia. Point A marks the location
of the Dights Falls dam and fishway in Victoria. Point B marks the
location of the river Murray resnagging project on the border of
Victoria and New South Wales
1.5.2 | Instream fish habitat structures

Instream habitat structures for fish, including fish ladders (called fish-

ways in Australia), are an example of a restoration activity that requires

strong management arrangements to ensure that they are maintained

indefinitely. The construction of artificial fish habitat began in the

19th Century (Thompson & Stull, 2002), and the problem of lack of
maintenance has been widely recognized since the 1930s (Thompson,

2005). Without maintenance, particularly after flood events, instream

structures are typically destroyed, eroded, or filled with sediment.

For example, of 161 instream habitat enhancement structures in North

America reviewed by Frissell and Nawa (1992), 18% had failed and

60% were damaged and ineffective. Thompson0s (2005) maintenance

conclusion is simple: All instream habitat structures, including fishways,

need to be inspected and maintained after every bankfull flow,

indefinitely.

Fishways are a globally important example of a fish habitat resto-

ration structure (Kemp, 2016; Shi, Kynard, Liu, Qiao, & Chen, 2015).

O0Brien et al. (2010) found in Victoria that only 7% of 167 fishways

were known to be operating effectively, 25% were in disrepair, and

47% could not be assessed because of lack of data. Maintenance

failure occurred because responsibility for maintenance was either

unknown or poorly communicated. O0Brien et al. (2010) found that

formal ownership was unclear for 39% of structures.

An example of fishway performance is the Dights Falls fishway on

theYarra River in Melbourne, Victoria (located at Point A on Figure 2).

The first fishway at the site was constructed in 1994 but was

decommissioned less than a decade later due to poor performance

(Borg, O0Connor, & Jones, 2014). In 2012, a new vertical slot fishway

(Figure 4).was completed at Dights Falls at a cost of $US1.7 million

(AWMAb, 2016). This type of fishway involves a series of pools where

the fish can rest, separated by vertical slots with higher velocities.

Annual maintenance, including dewatering of the infrastructure to

test functionality, and monthly removal of debris (O0Connor, Mallen‐

Cooper, & Stuart, 2015), is estimated to cost more than $US37, 500

(SMEC, 2010). Additional inspections are also required after floods to

remove debris that can jam the entrance or the slots (O0Connor

et al., 2015).

The purpose of the fishway is to restore populations of ecologi-

cally significant threatened native fish to the upstream reaches. Moni-

toring of the effectiveness of the fishway focused on the Common



FIGURE 3 Flood damage to a riparian fence,
Macquarie River, Tasmania (photo courtesy of
Jimmy Collinson, greening Australia). This
fence would most likely need to be replaced
[Colour figure can be viewed at
wileyonlinelibrary.com]

FIGURE 4 Aerial image of the Dights Falls
Fishway on the Yarra River (flow from right
to left; photo courtesy of Dr. Dan Borg)
[Colour figure can be viewed at
wileyonlinelibrary.com]
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Galaxias (Galaxias maculatus) because this species was excluded by

the former fishway, and it would be expected to rapidly colonize

the tributaries if the fish passed the new fishway (Amtstaetter,

O0Connor, & Dodd, 2015). The fish scientists monitoring the project

predicted that it would take 5 years for the population of Common

Galaxias to recover, that is, for the fish to pass through the fishway

and spread throughout the tributary network to prebarrier densities

(Amstaetter et al. 2014).

Abundant Common Galaxias were observed moving through the

fishway after construction (Borg et al., 2014) and Amstaetter et al.

(2014) describes the results of the monitoring programme. Comparison

of catch‐per‐unit effort for electrofishing of Common Galaxias in the

pretreatment year (2012) and 4 years later (2015) showed an increase

of 2.5 times for the reference sites (below the fishway) compared with

3.0 to 9.3 times (mean of 6.1) higher for the tributaries upstream of

Dights Falls. The size distribution of the great majority of captured fish

suggested that they must have passed through the fishway. Thus, for

this abundant species, at least, the fishway was allowing rapid recovery
of the population above the barrier. This study does not, of course, tell

us how long it would take for the population to decline again if the

fishway ceased to function, but for this short‐lived species, it would

likely decline rapidly. Discussions with Melbourne Water staff suggest

that a single log jammed in one of the vertical slots can compromise

this large and expensive fishway. Also, the monitoring programme at

this fishway demonstrates that the Common Galaxias will only migrate

through the fishway at flows between 500 and 1,000 ml/day

(Figure 5). If the fishway is blocked when these flows are occurring,

the upstream population will again rapidly decline. Thus, this fishway

must be inspected every month to ensure that it continues to perform.

Fishways address a symptom of degradation rather than a cause;

they are required to function for as long as there are barriers across

rivers and therefore must be maintained indefinitely. Therefore, we

classify fishways as being “ongoing” restoration projects. Fishways

involve high initial costs and low maintenance costs for routine

and disaster maintenance, particularly after flooding (section B of

Figure 1), as well as lifecycle maintenance, because the infrastructure

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


FIGURE 5 River flow compared with abundance of common galaxias
(Galaxias maculatus) caught in the vertical slot fishway (from figure 4
in Borg et al., 2014). River flow compared with abundance of
common galaxias (Galaxias maculatus) caught in the vertical slot
fishway. The solid line shows the discharge at Dights falls. The
symbols show the number of common galaxias captured. The
triangle ( ) and circles ( ) shows the number of fish captured on the
ramp downstream of the barrier (i.e., below the fishway). The
squares ( ) show the fish captured in the fishway. In general, the
figure shows that the fish move through the fishway when the flow
is between 500 and 1,000 ml/day
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will also require funding when it is eventually replaced. Therefore, we

suggest that robust legal arrangements are required to ensure that

maintenance occurs and to ensure funding for eventual replacement.

In Victoria, many fishways fall under the jurisdiction of water authori-

ties, such as Melbourne Water, who are legally obliged to conduct

maintenance. However, the strength and effectiveness of legal instru-

ments rest on how well they are implemented (Shimshack & Ward,

2005). The Victorian experience with fishways demonstrates that

having clear administrative responsibilities is just as important as

having clear engineering systems in place.
FIGURE 6 Placing a large log into the Murray
River as part of the Murray Darling Basin
Authority0s living Murray program (photo
courtesy of Jarod Lyon) [Colour figure can be
viewed at wileyonlinelibrary.com]
1.5.3 | Restoring large wood in streams

In contrast to fences and fishways, projects to restore large wood loads

in streams eventually become self‐sustaining as revegetated river-

banks progressively deliver wood to streams. Large wood is essential

to the biological condition of rivers (Shields, Knight, Morin, & Blank,

2003; Shields et al., 2006), including creating fish habitat and restoring

riverbed morphology (Erskine & Webb, 2003). The amount of large

wood in rivers (known as the wood load) has declined in many rivers

because logs have been directly removed (known as desnagging) to

improve navigation and flood conveyance (Figure 6; Erskine & Webb,

2003). Wood loads have also declined because the numbers of trees

on riverbanks have been depleted, reducing the source of the wood

(Benda & Sias, 2003). Projects to re‐establish instream wood loads in

North America (Shields et al., 2003, Shields et al., 2006), Australia

(Bowman, Berry, Crawford, Martin, & Hughes, 2014), and Central

Europe (Kail & Hering, 2005) involve the placement of logs and log

jams in channels, (known as resnagging), as well as riverbank revegeta-

tion. If resnagging is coordinated with riverbank revegetation, over

time, mature tree stands will produce a passive form of restoration.

Eventually, this will remove the need for artificially placed wood.

Here, we consider the recovery trajectory and maintenance

trajectory, for the River Murray resnagging project in SE Australia

(called here the RMS Project), with the cost and trajectory shown in

Figure 7. The RMS Project focused on the 200 km reach of the River

Murray between the Hume Dam and Yarrawonga on the border of

Victoria and New South Wales (Point B on Figure 2). Approximately

24,500 snags were removed from this reach between 1976 and

1987 (DE&E, 2014). Between 2005 and 2007, 4,500 river red gum

(Eucalyptus camaldulensis) snags were restored to the reach, largely to

provide habitat for native fish (Bowman et al., 2014). Nicol, Lieschke,

Lyon, and Hughes (2004) estimated that 14,600 additional logs are

required to achieve the minimum target wood load for ecological

restoration of approximately 19,000 logs. These additional logs can

be provided by further artificial placement (at a cost of upwards of

http://wileyonlinelibrary.com


FIGURE 7 The recovery trajectory of wood in
rivers following resnagging and the
revegetation of riverbanks. The black line
represents the cumulative cost of resnagging
and revegetation, including the placement of
logs in streams, revegetation, and the ongoing
maintenance of vegetation over 10 years. The
blue line demonstrates number of logs placed
in the river per kilometre via resnagging. The
red line demonstrates the number of logs
contributed from maturing vegetation. The
dashed green line reflects the total number of
logs in the river per kilometre [Colour figure
can be viewed at wileyonlinelibrary.com]
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$US7 million for the entire reach), but also by riverbank revegetation,

as mature trees fall into the channel. There are currently some mature

trees on the river banks in this reach. For the purpose of demonstra-

tion, here, we will assume that the entire reach requires revegetation.

Revegetation with River Red Gums would cost $US45, 000 (ARRC,

2015a). Vegetation maintenance is estimated to cost 10% of the total

revegetation project annually, over 10 years, to allow vegetation to

stabilize (Roni, Hanson, & Beechie, 2008), including the removal of

weeds, watering after dry periods, and replanting of lost saplings

(ARRC, 2015b). Trees planted on these sections of the bank will take

between 40 years (Wheaton, Bennett, Bouwes, & Camp, 2012) and

100 years (Erskine & Webb, 2003) before the vegetation has matured

into a natural source of fallen logs (Lester & Boulton, 2008).

Maintenance costs for large wood restoration typically include

replenishment and realignment due to wood movement in high flows.

For example, Shields et al. (2003, 2006) assessed 72 wood structures

placed in a 2 km reach of LittleTopashaw Creek in Mississippi. Despite

efforts to anchor 80% of structures, after 16 months, approximately

30% of structures were dislodged and lost during high flows. However,

Koehn, Nicol, and Fairbrother (2004) tracked the movement of red

gum logs in the Murray River after a 1 in 20‐year flood. They found

that only 4% of these dense trees moved, and then only a short

distance. Thus, we assume an estimate of 4% wood loss after a flood

event. This situation is unusual. Other wood projects require much

more maintenance as placed wood is washed away. Therefore, the

amount of maintenance is likely to vary depending on the hydrological

regime of the region.

Over time, the artificial wood in the channel will be replaced by

the River Red Gum trees that have been planted, and have matured,

on the river banks. Trees will be delivered into the stream by bank

erosion (Figure 7). Assuming the following, we can predict the delivery

of logs into the river: Trees younger than 40 years will be washed out

of the reach, the lateral migration rate of the Murray River is 0.1 m per

year (Gippel & Blackham, 2002), 20% of the length of the stream bank

is actively migrating, and a planting density of around one tree every

20 metres (50 trees per kilometre of bank). Thus, in 40 years, the river

migrates 20 m and delivers about 10 trees per kilometre to the river.

Given that there are about 10 artificial logs per kilometre, and a loss
rate of 4% per 20 years (Koehn et al., 2004), this means that there will

be a slight increase in the wood load in the river over time (Figure 7).

Note that the loss of logs and the delivery of logs will both occur

during floods, leading to a pulsed delivery.

Following our classification framework, resnagging projects are

self‐sustaining interventions when they are combined with riparian

revegetation, as they are likely to reach a point where maintenance is

no longer necessary for recovery, and the activities involved for the

initial implementation and maintenance are the same. In conjunction

with riverbank revegetation, these projects address the underlying

causes of degradation by establishing a natural source of instream

wood. Resnagging involves a high up‐front cost, and low maintenance

costs (quadrant B of Figure 1). In Australia, there is little need for disas-

ter or lifecycle maintenance, as logs are unlikely to be displaced. Some

minimal routine maintenance may be required to ensure revegetation

is successful. Therefore, these projects may be successfully managed

using voluntary arrangements, such as negotiating access to riverbanks

with landholders. However, the long‐term success of resnagging

projects often relies on the commitment of landholders to revegetate

riverbanks under voluntary agreements, as outlined above in relation

to stock exclusion projects. In theory, large wood projects should not

require maintenance after riverbank vegetation has matured. How-

ever, projects can fail in the short‐term if landholders are dissatisfied

with the project (Lester & Boulton, 2008), which can result in the

removal of instream wood, particularly in the aftermath of floods. This

is a response to the common belief that instream wood is dangerous

for both boating and floods (Chin et al., 2014). This perception repre-

sents a key threat to the success of resnagging projects (MDBA,

2011). To be successful, resnagging projects should involve landholder

engagement to ensure that wood in rivers is not removed. As sug-

gested in the case of stock exclusion above, if landholders fail to

uphold their obligations to exclude stock, more robust legal arrange-

ments may be necessary to achieve the ecological goals of riverbank

revegetation.

The three case studies presented above demonstrate that river

restoration interventions vary in terms of the amount of maintenance

required to achieve ecological outcomes, and in terms of cost. There-

fore, some projects require more robust management arrangements

http://wileyonlinelibrary.com
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than others. Resnagging projects that involve riverbank revegetation

are likely to become self‐sustaining because they address the underly-

ing cause of degradation. The initial cost is high, but managed effec-

tively little maintenance is required. These projects can be funded

through one‐off grants, and managed by government departments, in

consultation with landholders. However, formal agreements may be

necessary if revegetation involves landholders. By contrast, both stock

exclusion fencing and fishways required ongoing routine maintenance,

as well as disaster maintenance after flooding, and lifecycle mainte-

nance for the eventual replacement of infrastructure. Fishways involve

much greater costs than fencing and therefore require substantial

funding streams. Fencing can be managed by landholders. This is not

to downplay the challenge many landholders face maintaining environ-

mental projects, particularly in times of drought and low‐farm produc-

tivity. Importantly, and particularly regarding landholders and the use

of voluntary instruments, to be effective all management arrangements

should involve oversight from an independent authority. Without

oversight, the most sophisticated infrastructure is not likely to be

maintained, and so it will fail to improve the ecological condition of

the river.
2 | CONCLUSIONS

Stream restoration is moving out of its experimental phase and

increasingly becoming a main‐stream practice. As we move into this

next phase of stream restoration, maintenance of our interventions

becomes increasingly important. Practitioners need to consider

arrangements for maintenance as seriously as they consider the initial

design and implementation of projects. The central conclusions of this

paper are as follows:

• River restoration interventions fail when they are not maintained.

• Some interventions are self‐sustaining whereas others require

ongoing maintenance, and, importantly, the trajectory of this

recovery can be predicted, and planned for.

• How well projects are maintained depends on management

arrangements. Decisions about management should be informed

by the recovery trajectory of degraded environmental assets, and

whether interventions address symptoms or causes of

degradation.

• Interventions that are more costly, and require more maintenance,

particularly those that require eventual replacement, need more

reliable management instruments. Ongoing interventions pose

the greatest challenge for river restoration because they need

ongoing funding and permanent arrangements for management.

• Voluntary instruments are only appropriate when implemented

effectively.

• All management arrangements require oversight from an indepen-

dent authority to ensure maintenance occurs.

Establishing new river restoration projects has been a central

focus of the past two decades. The problem of maintenance has

emerged as projects mature. Interventions should be implemented
through instruments that ensure they will be maintained long enough

to allow the degraded environmental asset to follow the expected

recovery trajectory through to an improved condition. We have

growing confidence in many of the infrastructural and practice‐based

solutions to degradation. The next big challenge is to establish the

same faith in how our solutions are managed. We can begin by

assessing how well current management arrangements maintain

existing projects. The key message of this paper is not that there is

one ideal way to manage an intervention for success, rather that some

interventions require more maintenance than others, and those that

require persistent maintenance to be successful should be managed

accordingly.
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Policy makers draw on behavioral research to design interventions that promote the

voluntary adoption of environmental behavior in societies. Many environmental behaviors

will only be effective if they are maintained over the long-term. In the context of climate

change and concerns about future water security, behaviors that involve reducing energy

consumption and improving water quality must be continued indefinitely tomitigate global

warming and preserve scarce resources. Previous reviews of environmental behavior

have focused exclusively on factors related to adoption. This review investigates the

factors that influence both adoption and maintenance, and presents a classification

of environmental behaviors in terms of the activities, costs, and effort required for

both adoption and maintenance. Three categories of behavior are suggested. One-off

behaviors involve performing an activity once, such as purchasing an energy efficient

washing machine, or signing a petition. Continuous behaviors involve the performance of

the same set of behaviors for adoption and for maintenance, such as curbside recycling.

Dynamic behaviors involve the performance of different behaviors for adoption and

maintenance, such as revegetation. Behaviors can also be classified into four categories

related to cost and effort: those that involve little cost and effort for adoption and

maintenance, those that involve moderate cost and effort for adoption and maintenance,

those that involve a high cost or effort for adoption and less for maintenance, and those

that involve less cost or effort for adoption and a higher amount for maintenance. In order

to design interventions that last, policy makers should consider the factors that influence

the maintenance as well as the adoption of environmental behaviors.

Keywords: environmental behavior, adoption, maintenance, designing interventions

INTRODUCTION

Policy makers draw on environmental psychology research to design interventions that promote
environmental behavior in societies (Burton, 2004; Cialdini, 2007). The key purpose of these
interventions is to motivate voluntary behavior change. This approach is an alternative to using
traditional regulatory mechanisms to alter the way people behave in societies (Gunningham and
Young, 1997). Behavioral research emphasizes the importance of tailoring interventions to address
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the barriers and facilitators of different behaviors (e.g., Michie
et al., 2008, 2011; Osbaldiston and Schott, 2012).

Over the past decade a central focus of environmental policy
worldwide has been responding to the threat of climate change.
In the context of climate change, the biggest challenges faced by
contemporary societies include reducing energy consumption,
switching to renewable energy resources, and sustainably
managing scarce resources, such as water in drought-prone
countries. Reducing domestic consumption of energy and water
is one way to of meeting these challenges. In 2004, 27% of
total carbon emissions in the United Kingdom was the result
of domestic consumption (Druckman and Jackson, 2008), while
in the United States, the comparable figure for 2005 was 38%
(Dietz et al., 2009). The importance of reducing these levels
is reflected in the large body of research that investigates
factors that influence behaviors such as reducing household
temperature (Martinsson et al., 2011). Less attention has been
paid to agricultural environmental behaviors associated with
water quality. At the height of the recent decade-long drought
in Australia (2009-2010) the agricultural sector was the largest
consumer of water, consuming 52% of total water, followed by the
domestic sector, consuming 14% of total water (ABS, 2012). In
America (Agouridis et al., 2005) and Australia (Brooks and Lake,
2007), cattle grazing is one of the biggest contributors to declining
water quality and the degradation or riverine ecosystems.

Addressing some of these challenges involves promoting
behaviors that are relatively straight-forward and easy to
perform, such as reducing energy consumption domestically.
Others involve more complex, and costly behaviors, such as
conservation in rural areas to improve water quality. To be
effective, many environmental behaviors must be maintained
indefinitely. However, most behavioral research examines factors
that influence adoption only, and do not consider the factors
influencing their maintenance over the long-term. In this paper
we review theories about the factors that influence people to
adopt pro-environmental behavior, and present an analysis about
how environmental behaviors vary in terms of the barriers and
determinants of adoption and maintenance. Osbaldiston and
Schott (2012) observed that the design of an intervention to
promote the adoption of environmental behaviors should match
the amount of effort required to perform the new behavior.
Further to this, we suggest that interventions are more likely
to be effective if they are tailored to address the barriers and
determinants of specific behaviors not only at the time of
adoption, but also over the long-term.

According to Rothman (2000), behaviors can fail to be
maintained, even when adoption has been successful because,
“the decision criteria that lead people to initiate change in their
behavior are different from those that lead them to maintain
it” (p. 64). The discontinuation of newly adopted behaviors is
a risk if maintenance involves additional activities that pose
new challenges and barriers (Rothman, 2000). The problem of
discontinuation has received little attention in environmental
behavioral literature. By comparison, discontinuation is
addressed comprehensively in health literature in relation to
facilitating participation in exercise regimes (Akers et al., 2010),
the cessation of smoking (Prochaska et al., 1991; Cahill and

Perera, 2008), and weight loss (Jeffery et al., 2000). For example,
the PRECEDE-PROCEED model of health behavior proposes
that behavior adoption and maintenance are determined by
different factors (Grol and Wensing, 2004). An intention to
adopt a behavior is related to “predisposing factors,” such as
attitudes. Performance is related to “enabling factors,” such
as capacity and resources, and “reinforcing factors,” such as
social norms. Thus, it is necessary to identify the specific
factors related to adoption and maintenance to design effective
interventions. This principle is equally as important for the
design of interventions that promote environmental behavior.

We suggest that some behaviors may be more prone to failure
than others. Identifying behaviors that are more likely to face
barriers, and thus the risk of failure, is critical to the success of
environmental endeavors to mitigate climate change and protect
scarce resources. For this purpose we reviewed 56 environmental
psychology papers, and identified 39 unique environmental
behaviors. In the following we present four observations that will
assist policy makers with designing interventions that promote
pro-environmental behaviors, and researchers with designing
studies that capture the full range of factors that influence
behavior.

Our first observation is that there is no single theoretical
approach that explains all instances of environmental behavior,
rather, some approaches explain specific types of behavior better
than others. Behaviors that face few, if any, practical barrier are
likely to be related to cognitive factors, such as attitudes and
moral norms (Steg, 2008). In contrast, behaviors that face barriers
such as cost, are likely to be related to both cognitive factors
such as attitudes, and practical factors, such as cost and effort
(Guagnano et al., 1995). Therefore, theories that examine both
cognitive and practical factors, such as the Theory of Planned
Behavior (TPB) (Ajzen, 1985, 1991), are more appropriate for
researching behaviors that face barriers. Further, models that
include past behavior are more likely to explain environmental
behaviors that are relatively easy to perform, involve consistent
activities over time, and are repeated frequently, compared
to behaviors that occur irregularly (Verplanken and Aarts,
1999).

Our second observation is that although the environmental
research literature refers to “behavior change,” most target
“behaviors” involve the performance of multiple activities, often
over long periods of time rather than a single activity, or a single
instance. Other researchers group behaviors in terms of similar
goals or purposes (e.g., Kaiser and Wilson, 2004). We classify
behaviors into three categories in terms of the activities involved
for adoption and maintenance. The first category is behaviors
that involve one-off activities and little to no maintenance, such
as purchasing an energy-efficient washing machine. The second
category is behaviors that involve the same activities at the time
of adoption as over the long-term, such as curbside recycling.
These we term “continuous” behaviors. The third category
is behaviors that involve different activities for adoption and
continued maintenance, such as the revegetation of riverbanks.
Adoption of revegetation projects involves planting saplings,
while maintenance involves extensive weed management. These
we term “dynamic” behaviors.
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Our third observation is that some environmental behaviors
are more difficult to adopt and maintain than others because they
face practical barriers, such as cost and effort. Typically altering
existing behavior involves less cost and effort than performing
entirely new activities (Binder and Boldero, 2012). Domestic and
daily life behaviors, such as recycling and travel, tend to involve
altering existing behavior. These behaviors involve few costs and
little effort. Most agricultural environmental behaviors involve
performing entirely new activities, such as building fences to keep
cattle from accessing riverbanks. These behaviors tend to involve
high costs and high degrees of effort. Therefore, agricultural
behaviors pose a greater challenge to policy makers than those
behaviors that are performed in daily life.

Our final observation is that interventions to promote pro-
environmental behavior should be tailored to the activities and
determinants involved for both the adoption and the maintenance
of behaviors. Interventions that appeal to attitudes and social
norms through education campaigns are more suitable for
promoting behaviors that are low-cost and easy to perform.
Interventions that appeal to moral norms are more likely to be
effective for promoting behaviors that are low-cost, but involve a
greater degree of effort. Interventions that involve subsidies are
more effective for promoting behaviors that involve high-costs.
Further, behaviors that involve different activities for adoption
and maintenance are more likely to require additional incentives
than those that involve the same activities over the long-term.

Others have reviewed the literature to determine the factors
associated with the adoption of environmental behavior (e.g.,
Bamberg and Möser, 2007; Steg and Vlek, 2009). For example,
Steg and Vlek (2009) analyzed the factors that determine
behavior, and classified interventions as either educational
or structural. Further, Michie et al. (2011) argued that the
determinants of different types of behavior must be considered
if interventions are to be effective. In this paper we:

• Outline common theoretical perspectives;
• Review literature about environmental behavior and

emphasize knowledge and knowledge gaps about the
maintenance of new behaviors, in addition to the initial
adoption of behaviors;

• Present a classification of behaviors in terms of whether they
are one-off, continuous, or dynamic, and the cost and effort
associated with adoption and maintenance; and

• Put forward some recommendations for research and the
design of interventions.

To mitigate environmental problems, such as catastrophic
climate change, societies need adopt and maintain pro-
environmental behaviors. In order to design effective
interventions, researchers and policy makers must first
understand the dynamics of those behaviors.

LITERATURE REVIEW

To determine commonly used behavioral models and common
environmental behaviors, we conducted a literature review
of peer reviewed environmental behavior papers from

online databases, including papers that present the results
of experimental studies, natural studies, and meta-reviews. Two
strategies were used to identify relevant studies. The first strategy
was to enter search terms into data bases, including Google
Scholar, andWeb of Science. The second strategy was to examine
the reference list of studies that were identified through data
base searches. This method was chosen over the examination
of journal contents for two reasons; firstly, searching references
can yield a greater amount of unique studies, and secondly,
this method is more efficient in terms of the time required to
identify unique studies (Greenhalgh and Peacock, 2005). These
two strategies were employed reflexively such that new search
terms were identified through the examination of reference lists.

Initially, broad search terms were used to identify a wide
range of environmental behaviors, including the following:
environmental behavior, pro-environmental behavior,
environmentally friendly behavior, conservation behavior,
restoration behavior, domestic environmental behavior, rural
environmental behavior, environmental behavior, and the
Theory of Planned Behavior, environmental behavior andmorals,
environmental behavior and habits, environmental behavior
and adoption, environmental behavior and maintenance,
environmental behavior and continuation, and environmental
behavior and social norms. These search terms yielded a range of
studies, including meta-reviews (e.g., Bamberg and Möser, 2007)
that were useful for identifying bodies of literature about specific
types of environmental behavior, such as traveling behavior and
consumer purchasing behavior.

A second more extensive search was conducted using
terms related to specific environmental behaviors, including
the following: travel mode choice, car use, public transport
use, cycling, purchasing electric cars, purchasing electric bikes,
purchasing alternative fuel cars, bus use, choosing to walk,
domestic water conservation, domestic energy conservation,
recycling, separating waste, waste management, curb-side
recycling, drop-off recycling, composting, installing blinds,
installing insulation, purchasing green products, purchasing
energy saver white goods, agricultural environmental behavior,
agricultural water conservation, river restoration behavior,
stock exclusion, revegetation, activism, attending rallies, non-
violent direct action, signing petitions, environmental political
actions, organic food, vegetarianism, eating meat, local produce,
installing water tanks, and installing solar panels.

The identified studies were coded in two ways. The first level
of coding was to identify the specific behavior or behaviors
examined in the study, such as curb-side recycling or choosing to
take public transport. The second level of coding was to identify
the theoretical model, such as the TPB, or individual factors,
such as attitudes and social norms, that were used to examine
environmental behaviors.

Of 189 peer reviewed studies identified, 78 were selected
on the basis of three criteria. Importantly, in contrast to
previous reviews, the purpose of our review was to identify
the specific determinants of individual behaviors. Most reviews
lump multiple behaviors or multiple determinants together.
Thus, our criteria were selected to fulfill this purpose. The first
criterion was studies that either used an established psychological

Frontiers in Psychology | www.frontiersin.org 3 November 2017 | Volume 8 | Article 1874

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Moore and Boldero Designing Interventions that Last

theory of behavior change, such as the TPB (Ajzen, 1985, 1991),
or used psychological methods to investigate the relationship
between a single psychological construct, such as social norms,
and environmental behavior. The second criterion was studies
that made explicit the environmental behaviors and activities
under investigation, and reported bivariate results for the
relationship between individual behaviors and determinants.
Unlike Bamberg and Möser (2007) we included studies that
used multivariate analysis to examine the relationship between
multiple determinants of a single behavior. We excluded studies
that referred to environmental behaviors without specifying
the activities that were measured or studies that collapsed
multiple related activities into a single aggregate variable (e.g.,
Grob, 1995). This was necessary because our analysis considers
the specific activities involved for individual behaviors. Some
behaviors involve the same activities, and therefore may be
related to the same determinants, such as purchasing eco-friendly
detergents and purchasing recycled toilet paper. However, this
is not always the case. Many environmental behaviors involve
very different activities, regardless of whether the end goal is
similar. People behave inconsistently; someone who recycles
may not necessarily practice water conservation (Steg and Vlek,
2009). Even within a single domain, such as household energy
saving, specific behaviors may have very different determinants
(Abrahamse and Steg, 2009). For example, Tonglet et al. (2004)
surveyed households about waste management and found that
while 80% recycle, only 40% purchase with the aim of reducing
waste, and 55% repair or reuse items to reduce waste. These
behaviors involve vastly different activities, and, if considered
as a single measure of “waste management,” would not reflect
the prevalence of each behavior in society, or the determinants
related to specific activities.

We also excluded studies that lacked specificity. In particular,
numerous studies fail to distinguish between curbside, central
location, and public recycling (Osbaldiston and Schott, 2012).
The lack of specificity is problematic because each type of
recycling involves different activities, and, “there are substantial
differences in the forethought and effort required to perform
[the] different behaviors” (Osbaldiston and Schott, 2012, p.
280). For example, Ebreo et al. (1999) treated curbside and
drop-off recycling as a single behavior and used a single
measure of environmental attitudes toward recycling to examine
the relationship between attitudes and behavior. Ajzen (1996)
suggests that attitudes and behaviors should be measured at
the same level of specificity. The lack of specificity between
the measure and the behaviors reduces the reliability of the
study findings. Similarly, Beedell and Rehman (1999) analyzed
semi-structured interview data from farmers in Bedfordshire to
investigate the relationship between the factors of the TPB, and
conservation behavior. However, the study does not distinguish
between the multiple activities involved in conservation, such as
weed management and tree-planting.

The third criterion was that the study or review investigated
the relationship between determining factors and either behavior
intentions, self-reported behavior, or observations of actual
behavior. For example, studies that explored the relationship
between attitudes toward different environmental issues without

examining links to behavior were excluded (e.g., Larsen, 1995).
In the reference section of this paper the studies included in
our literature review are marked with an asterisk. Although not
exhaustive, the studies included in our review extend the range
of environmental behaviors that were the focus of earlier reviews,
including those of Bamberg and Möser (2007), Osbaldiston and
Schott (2012), and Steg and Vlek (2009). We recognize that
a variety of other theoretical approaches, not included in this
review, are also used to study environmental behavior. However,
for the purposes of this paper we highlight the most common
approaches (Bamberg and Möser, 2007); models that focus on
factors related to altruism, such as Schwartz (1977) model, and
models that focus on factors related to self-interest, such as
rational choice models (e.g., Ajzen, 1985, 1991), and additionally
models about automated behavior (e.g., Verplanken and Aarts,
1999).

The findings of the literature review are presented in the
next two main section: the first on theoretical perspectives,
and the second on common environmental behaviors and their
behavioral determinates.

THEORETICAL PERSPECTIVES

Environmental behaviors vary in terms of the activities, costs,
and efforts involved for adoption and maintenance. As a result,
the barriers and determinants of behavior also vary (Michie
et al., 2011). Therefore, individual theories of behavior change
are better suited to some instance of environmental behavior
than others. In the following we summarize the most common
behavioral theories that are used to examine environmental
behavior.

Models Based on Altruism
The main proposition of altruistic models of environmental
behavior is that social moral obligations extend to environmental
responsibility (Stern, 2000). The Norm Activation Model (NAM)
(Schwartz, 1977) suggests that altruism is the result of an internal
sense of right and wrong (i.e., personal norms) that produce
guilt when moral obligations are not fulfilled, and self-esteem
when they are fulfilled. Thus, the performance of environmental
behavior is the outcome of self-reinforcement rather than social
reinforcement. Moral norms are activated when individuals
become aware of adverse consequences of behavior and take
responsibility for those consequences (Schwartz, 1977). An
extended Value-Belief-Norm model (VBN) proposed by Stern
and Dietz (1994) suggested that personal, social, and biospheric
consequences influence the process of norm activation.

Of the studies included in our review, 10 considered
the relationship between moral norms and the performance
of pro-environmental behavior. However, considerably more
considered the role of moral norms in conjunction with other
factors, such as attitudes. These approaches are outlined below
in the discussion of integrated models. Together, models of
altruism and models of altruism in combination with other
variables were used to examine environmental behaviors from
across all the six categories of behavior identified in our
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review: transport, household consumption, purchasing, waste
management, agriculture, and miscellaneous.

Models of Goal Direction
Models that assume environmental behavior is goal-directed
include those that focus on intentional, rational choice, and
those that focus on habitual behaviors. Both perspectives suggest
that pro-environmental behavior is driven by goal-directed
self-interest, however the degree of conscious decision-making
varies. Models of intentional behavior suggest that rational
decision-making is involved for every instance of performing a
behavior (e.g., Ajzen, 1985, 1991). Models of habitual behavior
suggest that while conscious intent is initially involved for the
performance of behavior (Klöckner, 2013), the frequency of
repetition, ease of performance, and consistency of context can
result in automaticity, and therefore the formation of habits
(Verplanken and Aarts, 1999). Both perspectives on behavior
driven by self-interest are considered in the following.

Models of Intentional Behavior
Models of intentional behavior suggest that the performance of
environmental behavior is the result of the rational consideration
of cognitive factors, like attitudes, beliefs, and norms, and
external factors, such as cost and time. While numerous rational
choice models have been put forward (e.g., Rogers, 1975;
Keshavarz and Karami, 2016), themost common used to research
environmental behavior (Klöckner, 2013) are the Theory of
Reasoned Action (TRA) (Ajzen and Fishbein, 1980; Fishbein and
Ajzen, 1981), and its extension, the TPB (Ajzen, 1985, 1991).
These models suggest that most human behavior is goal-directed,
and therefore intentional. The TPB proposes that intentions to
engage in a behavior are influenced by attitudes, social norms,
and perceived behavioral control (PBC). Ajzen (1991) argues
that PBC exerts influence on behavior by way of intentions, and
directly. PBC includes factors related to self-efficacy, or external
practical factors (Armitage and Conner, 2001).

Of the studies included in our review 39 examined the
relationship between TPB, TRA, or individual factors included in
these models, and the performance of environmental behavior.
Numerous others combined these models with other variables,
including moral norms and habits, as reported below in relation
to integrated approaches. Models of intentional behavior were
found to explain examples of behavior from across the six
categories of environmental behavior examined in our review.

Models of Habitual Behavior
Habits refer to the “automatic performance of behavioral patterns
triggered by context cues” Klöckner (2013, p. 1030). Many
habits serve a function and therefore involve intentionality
(Verplanken and Aarts, 1999). Three conditions determine habit
formation: the degree of involvement, perceived complexity, and
the degree of constraints (Jackson, 2005). Behaviors that are
easier to perform, are performed more regularly, and face fewer
constraints are more likely to become habitual (Bratt et al., 2015).
For example, curbside recycling (e.g., Bratt, 1999; Osbaldiston
and Schott, 2012) and water saving (Martínez-Espiñeira et al.,
2014) are generally considered easy to perform and face few,

if any barriers. In both cases, past behavior has been found
to predict behavioral intentions (Carrus et al., 2008; Martínez-
Espiñeira et al., 2014). Further, the determinants of habits can
vary depending on the strength of the habit. Strong habits
are triggered predominately by context rather than intentions
and goals, while weaker habits are more directly influenced by
goals (Neal et al., 2012). Habit strength is determined by the
frequency and consistency of past performance (Ouellette and
Wood, 1998; Aarts and Dijksterhuis, 2000). While behaviors
become automatic over time, habitual behavior often begins with
intentions (Verplanken and Aarts, 1999). Over the time the focus
of the behavior shifts from performing specific activities, to the
goal of performance, as the sequence of activities becomes routine
(Thøgersen, 1999).

Of the studies included in our review six considered
the influence of past behavior on the performance of pro-
environmental behavior. Interestingly, we found that the role
of habits has been considered for each type of environmental
behavior outlined below, except for agricultural environmental
behavior. It is of course possible that we have overlooked some
studies of this nature. However, it may be that agricultural
environmental behaviors involve complex activities that are
unlikely to become habitual. Our discussion of the activities
involved in common agricultural environmental behaviors below
suggests that this may be at least a partial explanation.

Integrated Models
Numerous scholars have integrated variables and concepts
from multiple theoretical models to conduct research about
environmental behaviors (e.g., Kaplan, 2000; Stern, 2000;
Corbett, 2005). Of the studies included in our review 13
combined elements of multiple theories or models. The most
common approaches were the integration of factors associated
with the TPB andmoral norms (Harland et al., 1999; Davies et al.,
2002; Valle et al., 2005; Chen and Chai, 2010; Chan and Bishop,
2013; Chen and Tung, 2014; Botetzagias et al., 2015; Yazdanpanah
and Forouzani, 2015). Many others integrated the TPB with past
behavior (e.g., Hamid and Cheng, 1995; Bamberg and Schmidt,
2003).

The popularity of integrated models reflects the growing
recognition that any one model is insufficient for explaining all
instances of environmental behavior (e.g., Michie et al., 2011).
For example, the TPB is often critiqued for failing to consider
morality and past behavior (Klöckner, 2013). To address this
critique, Klöckner (2013) proposed the Comprehensive Action
Determination Model (CADM) of environmental behavior that
integrates key concepts from the four most common theories
of environmental behavior: TPB, VBN, NAT, and theories
about habitual behavior. In particular, the CADM addresses
the fact that, “Typically the TPB and the NAT/VBN tradition
perform notoriously poorly for repeated behaviors.” (Klöckner,
2013, p. 1030). This observation is relevant to our analysis of
environmental behaviors as we distinguish between the activities
and determinants associated with the initial adoption of a new
behavior, and the activities and determinants associated with the
continued maintenance of a new behavior. We argue that in
some instances, the activities and determinants are stable over
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time, while in other instances they are different for adoption and
maintenance.

Klöckner (2013) suggested that the TPB, VBN/NAT, and
theories about habits are complementary in the following
manner. Firstly, it is now widely accepted that the inclusion
of moral norms increases the predictive power of TPB. Moral
norms are an important predictor of intention (Klöckner,
2013). Secondly, it is likely that habit strength moderates the
relationship between intention and behavior. Intentions are a
stronger predictor of behaviors that are only rarely performed,
while past behavior is a stronger predictor of behaviors that
are performed regularly (Ouellette and Wood, 1998). Therefore,
Klöckner (2013) argued that, “At an earlier point in time, when a
behavior was performed for the first couple of times, intentions
and PBC were the main determinants. By repeating it, a habit
was established and it took over control from the two variables.”
(p. 1031). For example, attitudes may influence the adoption of
new curbside recycling behavior (Vining and Ebreo, 1992) or
the initial shift to household energy use reduction (Abrahamse
and Steg, 2009), while past behavior may be a stronger predictor
of behavior than attitudes 6 months after initial adoption. In
summary, integrated models of environmental behavior combine
elements of the most common theoretical approaches.

Summary of Theoretical Perspectives
Common theoretical models suggest that environmental
behavior is influenced by factors related to altruism and goal
directed intentional self-interest, however it is widely accepted
that morality is an important contributor to intentions. Goal
directed behavior varies according to the degree to which it is
intentional and conscious or habitual and automatic. Factors
related to altruism, such as morality, and factors related self-
interest, such as attitudes, can influence the initial performance
of a new environmental behavior. Some environmental
behaviors are likely to become habitual, while others may involve
intentional decision-making on every occasion. Over time, past
behavior is more likely to explain environmental behaviors
that are easy to perform and are performed frequently, such as
curbside recycling. By contrast, environmental behaviors that
are difficult or costly to perform and are performed infrequently,
such as purchasing energy efficient white goods, are more likely
to be explained by factors related to intention.

In the following we examine the characteristics of common
environmental behaviors, including common determinants of
different behaviors, and the activities involved for the adoption
and maintenance of new behaviors.

CHARACTERISTICS OF ENVIRONMENTAL
BEHAVIOR

Environmental behaviors vary in terms of the activities involved,
and the determinants that influence adoption and maintenance.
In the following we summarize the determinants of six common
categories of behaviors, and classify these behaviors as either
“one-off,” “continuous,” or “dynamic” on the basis of the activities
involved for adoption and maintenance. Further, we consider

the cost and effort required to perform the adoption and
maintenance of behaviors, and discuss the implications for
designing interventions. Table 1 summarizes our classification of
behaviors in terms of the activities involved for adoption and
maintenance, common behavioral determinants, and the effort
and cost involved for performing the environmental behaviors
considered in this review.

Common Environmental Behaviors and
Determinants
Through our review of 78 studies we identified 46 environmental
behaviors, which fall into six categories: transportation,
household consumption, purchasing, waste management,
agriculture, and miscellaneous (see Table 1). We acknowledge
that there are many additional environmental behaviors that are
not included in our review, primarily because many studies did
not meet our selection criteria.

Transportation
Of 78 papers reviewed, 26 examined the determinants that
influence environmental behaviors related to transport choice,
particularly curtailing car use, choosing to use other modes
of transport compared to car use, and the purchase and use
of electric, hybrid, and alternative fuel vehicles. Some studies
suggest that travel choice is habitual (Aarts and Dijksterhuis,
2000; Carrus et al., 2008). Further, it is possible to alter travel
habits through intervention, such as by subsidizing public
transport use (Hunecke et al., 2001), or increasing ease of access
to public transport (Bamberg et al., 2003).

Other studies indicate that factors related to self-
determination, such as attitudes (e.g., Nilsson and Küller,
2000), and altruism, such as personal norms (e.g., Nordlund and
Garvill, 2002; Klöckner and Matthies, 2004; Thøgersen, 2006;
Bamberg et al., 2007), explain travel choice. In addition, multiple
studies have found that travel choice is explained by the TPB
both singularly (e.g., Bamberg et al., 2003) and combined with
other factors, such as personal norms (Harland et al., 1999), and
habits (Bamberg and Schmidt, 2003).

Numerous factors are related to the adoption and use of
electric, hybrid, and alternative fuel vehicles, such as attitudes
(Egbue and Long, 2012; Barbarossa et al., 2015; Wang et al.,
2016), self-efficacy (Bockarjova and Steg, 2014; Langbroek et al.,
2016), moral norms (e.g., Jansson et al., 2011), values (e.g., Carley
et al., 2013), and emotions (e.g., Moons and De Pelsmacker,
2012). However, the most common determinants are factors
related to cost (e.g., Flamm and Agrawal, 2012; Hahnel et al.,
2014; Lai et al., 2015; Barth et al., 2016).

Multiple studies found that the high purchasing cost is
a barrier to adoption, while lower use costs compared to
conventional vehicles, is a driver of adoption (e.g., Ozaki
and Sevastyanova, 2011; Graham-Rowe et al., 2012). Further,
pro-environmental values and attitudes, and social norms, are
less influential than financial considerations (Hahnel et al.,
2014; Barth et al., 2016). For example, Mairesse et al. (2012)
observed that, “most people have positive attitudes toward the
environment, but they do not prevail over attitudes associated
with other car attributes” (p. 568), such as cost.
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In comparison to the adoption and use of sustainable cars,
the adoption of electric bicycles is positively related to attitudes
and norms toward technology, and negatively related to norms
about physical activity (Wolf and Seebauer, 2014; Kaplan et al.,
2015). Taken together, these findings suggest that a number
of factors can influence initial decisions about travel choices
that are relatively inexpensive, and without substantive barriers
habits may form around those decisions. These travel habits may
also be altered through interventions. However, the adoption
of behaviors that involve purchasing expensive sustainable
technologies, such as electric cars, is influenced substantially by
factors related to cost.

Household Consumption
Twelve studies included in our review examined the
determinants that influence environmental behaviors related
to household consumption. Most studies consider multiple
purchasing behaviors. Unlike most other environmental
behaviors, the purchasing behaviors considered here involve
the same activities: switching from conventional items to
environmentally friendly items.

Both cognitive and practical factors influence the adoption of
pro-environmental household consumption behaviors. However,
the degree that each factor influences behavior depends both on
the nature of the behavior and the context (Black et al., 1985).
Easy behaviors are more likely to be related to cognitive factors,
such as attitudes, while difficult behaviors are more likely to be
related to practical factors, such as socio-economic context. For
example, personal norms were found to be related to behaviors
that face few barriers, such as reducing energy consumption
(Abrahamse and Steg, 2009) and using energy saver lightbulbs
(Thøgersen, 2006).

Both cognitive factors and financial factors were found
to influence the adoption of green power (Arkesteijn and
Oerlemans, 2005; Pichert and Katsikopoulos, 2008; Ozaki, 2011),
and the installation of wood pellet heating systems (Sopha and
Klöckner, 2011), smart energy systems (e.g., Noppers et al.,
2016), and solar power systems (Claudy et al., 2013; Schelly,
2014; Korcaj et al., 2015). This is not surprizing given that green
power typically costs substantially more than traditional power
(Roe et al., 2001) and wood pellet heating and solar systems
are expensive to install (Sopha and Klöckner, 2011; Schelly,
2014). Similarly, studies have found that simple water saving
activities, such as turning off the faucet for teeth brushing and
filling the washing machine before doing a load, are related
to moral norms (Harland et al., 1999) and habits (Gregory
and Leo, 2003; Martínez-Espiñeira et al., 2014). By comparison,
purchasing water saving technologies, such as a water efficient
washing machine, is more greatly influenced by financial factors,
such as income (Martínez-Espiñeira et al., 2014).

Research also suggests that context, such as financial
insecurity, also prevent households from adopting pro-
environmental consumption behaviors. For example, Martinsson
et al. (2011) found that attitudes are more influential for energy
saving behavior in high-income homes compared to low-income
homes. In summary, cognitive, practical, and contextual factors
influence pro-environmental household consumption behaviors.

However, those behaviors that are easier to perform are more
likely to be influenced by cognitive factors while those behaviors
that are more difficult to perform, particularly if high costs are
involved, are more likely to be influenced by practical factors.
Following the above review of environmental behaviors related
to transport, we might also expect that easier and frequent
household behaviors, such as reducing energy consumption
and turning off the faucet for teeth brushing, are more likely to
result in the formation of habits (e.g., Gregory and Leo, 2003;
Maréchal, 2009; Binder and Boldero, 2012).

Purchasing
Thirteen studies from our review explored the relationship
between determinants and the performance of pro-
environmental purchasing behavior. Pro-environmental
purchasing behavior involves either substituting traditional
products for environmental friendly products, or reducing
consumption, such as reducing meat purchasing and avoiding
packaging. Most purchasing behaviors are relatively simple to
perform, and many, such as purchasing recycled toilet paper, are
low-cost. However, some purchasing behaviors face moderate
barriers such as cost, effort, access (Davies et al., 2002; Tanner
andWölfing Kast, 2003), and context (Liang, 2016). For example,
Tanner and Wölfing Kast (2003) found that the time taken to
access fair trade and local produce was a barrier to purchasing
behavior. Further, Liang (2016) found that the relationship
between attitudes and intention was stronger for instances of
low-priced organic foods compared to high-priced organic
foods.

Factors related to self-interest, including attitudes and social
norms, are related to purchasing behavior including purchasing
recycled paper, eco-detergents, organic produce, ozone-friendly
products, and avoiding products tested on animals (e.g.,
Schlegelmilch et al., 1996; Bissonnette and Contento, 2001;
Tanner and Wölfing Kast, 2003; Fraj and Martinez, 2006).
Personal norms have also been found to be related to packaging
waste prevention (Thøgersen, 1999), buying organic milk
(Thøgersen, 2006), and choosing not to purchase meat (Dietz
et al., 1995). Further, models that combine factors related to both
self-determinism and altruism have found to explain a range of
purchasing behaviors (Harland et al., 1999; Chen and Chai, 2010;
Yazdanpanah and Forouzani, 2015).

Further, purchasing behaviors may also become habitual.
Dahab et al. (1995) found that both habits and perceived effort
predicted purchasing behavior. Perceived effort influences the
initial trial of purchasing recycled materials, and perceptions
of the initial trial influence how likely a behavior is to
become habitual. In summary, the initial act of purchasing pro-
environmental products can be motivated by a range of factors.
How the initial trial of a new behavior is perceivedmay determine
whether the behavior becomes habitual, and thus whether the
behavior is likely to be maintained.

Waste Management
Of 22 studies about pro-environmental waste management, all
examined recycling behavior, and two examined composting
behavior. Both the TPB (Taylor and Todd, 1995) and personal
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norms (Thøgersen, 2006) have been found to explain composting
behavior.

The determinants of recycling vary depending on the activities
involved and convenience. Common barriers include the cost
of drop-off recycling, time, and limited storage space for items
(e.g., De Young, 1990; Guagnano et al., 1995; Martin et al.,
2006). Some studies suggest that curbside recycling behavior is
explained by the TPB (e.g., Chan, 1998; Tonglet et al., 2004),
and TPB with the inclusion of moral norms (Chan and Bishop,
2013; Botetzagias et al., 2015) and identity (Nigbur et al., 2010).
Others have found that individual factors associated with rational
choice, such as attitudes (e.g., De Young, 1990; Vining and Ebreo,
1992; Schultz et al., 1995; Schultz and Oskamp, 1996; Vicente and
Reis, 2008), and PBC (e.g., Taylor and Todd, 1995) determine
recycling when there are few barriers to practice. When recycling
is inconvenient, such as in the case of poorly organized curbside
recycling services, social-economic factors (Martin et al., 2006)
and demographic factors (Lansana, 1992) are better predictors
of behavior than cognitive factors like attitudes. It has also been
suggested that the relationship between cognitive constructs and
recycling behavior is multidirectional. For example Werner et al.
(1995) found that engaging in recycling behavior strengthens
positive attitudes toward recycling.

Multiple studies of recycling behaviors support Schwatz’s
norm activation model of altruistic behavior (e.g., Allen and
Ferrand, 1999; Thøgersen, 1999), and Schwatz’s model in
combination with variables associated with the TPB such as
PBC (e.g., Davies et al., 2002; Valle et al., 2005). Unlike factors
related to rational choice, the relationship between altruism and
recycling behavior is weaker when the activities involved are
easy to perform (e.g., Bratt, 1999). For example, Guagnano et al.
(1995) found that Schwatz’s model only explained recycling in the
absence of convenient curbside recycling services.

Past behavior, and therefore the formation of habits,
also explains recycling when recycling activities are relatively
easy to perform (Carrus et al., 2008). Similarly, González-
Torre and Adenso-Díaz (2005) found that the frequency
of recycling increased as distance from recycling facilities
decreased. In summary, self-determination may influence the
initial performance of waste management behavior in the absence
of constraints, while altruism is likely to influence behavior in
the presence of constraints. Habits form when behavior is easily
repeated. Barriers such as cost, time, can prevent the performance
of waste management behavior, while altruistic factors, such
as moral norms, may positively influence behavior despite the
presence of barriers.

Agriculture
Only eight of the studies included in our review considered the
relationship between behavioral determinants and agricultural
environmental behavior. Multiple other studies, particularly
from the disciple of rural research, were identified that examined
the relationship between common psychological behavioral
determinants and agricultural environmental behavior (e.g.,
Maybery et al., 2005; Minato et al., 2010). However, these
studies did not meet our selection criteria, and many suffer from
common errors (Burton, 2004), such as the misuse of scales and

measures, the simplification of models, and the tendency to over-
represent the attitude construct compared to other factors widely
acknowledged in behavioral literature, such as social norms
(Burton, 2004).

A common example of what Burton (2004) refers to as the,
“failure of agricultural geography to develop theoretically” (p.
361) is the use of very broad measures of social factors, rather
than measures that differentiate specific constructs, such as social
norms (Burton, 2004). For example, Greiner and Gregg (2011)
concluded that landholders are more motivated by stewardship
values, and less motivated by “social considerations” on the basis
of Likert scale responses to a single survey item that asked
landholders to rate how motivated they are by being appreciated
by society and colleagues.

Behavioral research that met our selection criteria indicates
that factors such as attitudes (Wauters et al., 2010) and
moral norms (Raymond et al., 2011) influence the adoption
of conservation behavior by farmers. For example, Wauters
et al. (2010) found that the decision to adopt soil erosion
mitigation strategies, such as reducing tillage, planting cover
crops, and planting buffer strips was explained by landholder
attitudes.

A number of studies emphasize the importance of PBC
and constraints for environmental agricultural behavior. For
example, Lynne et al. (1995) found that PBC influenced
both the initial decision of farmers to invest in water saving
technology, and subsequent investment. Similarly, Borges et al.
(2014) found that the adoption of strategies to improve natural
grassland, including planting new species and using fertilizer,
was influenced by attitudes, norms, PBC, and actual control.
In particular, PBC was determined by knowledge, skills, and
technical assistance, while actual control related to the cost of new
technologies. In terms of constraints, (Keshavarz and Karami,
2016) found that farmers that experienced greater drought
severity were less likely to adopt conservation behavior compared
to those that experienced less drought severity.

Much less research has been conducted about the behavioral
determinants of agricultural environmental behavior compared
to common domestic behaviors such as recycling. However,
the studies reviewed here suggest that agricultural behaviors
are influenced by attitudes, PBC and constraints, particularly
related to drought conditions, and the cost and skills required
to adopt and maintain new behavior. In contrast to the other
environmental behaviors included in this review, the studies
considered here do not suggest that environmental agricultural
behaviors are habitual.

Miscellaneous
Numerous other environmental behaviors have been considered
in the behavioral literature, notably including multiple forms of
political activism. However, many of these were excluded from
our review because they did not meet the criteria specified. Two
that did meet our criteria and do not fall into the above categories
were visiting green hotels and signing a petition. Chen and Tung
(2014) found that choosing to visit green hotels was related to
the factors outlined in TPB and moral obligation. Hamid and
Cheng (1995) tested a modified model of the TRA, incorporating

Frontiers in Psychology | www.frontiersin.org 11 November 2017 | Volume 8 | Article 1874

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Moore and Boldero Designing Interventions that Last

past behavior and personal control. They found that signing an
antipollution petition was related to past behavior and attitudes.

Summary of Behavioral Determinants
The findings of this review are consistent with the theoretical
perspectives outlined above. Behaviors that are easier to perform
are more likely to be explained by cognitive factors, while
behaviors that are more difficult to perform, particularly
those related to high costs, are more likely to be explained
by practical factors, such as income. Few studies consider
the maintenance of new behaviors. However, given that the
initial experience with a new behavior is positive, and the
ongoing activities involved are easy to perform, many pro-
environmental behaviors that involve continued activities are
likely to become habitual. Environmental behaviors related
to transport, household consumption, purchasing, and waste
management involve either a one-off cost, or ongoing behavior
that is relatively easy to perform. By contrast, agricultural
environmental behaviors are influenced to a greater degree by
barriers and constraints, particularly in relation to drought.
While the initial adoption of a new agricultural environmental
behavior may be related to cognitive factors, over time the
additional costs and effort associated with the changing activities
involved for maintenance may result in the discontinuation
of behaviors. Given the changing nature of agricultural
environmental behaviors, and the influence of factors related to
climate on the nature and amount of maintenance required, they
are less likely to become habitual.

Fundamental to the success of environmental behaviors for
mitigating problems like climate change is that new behaviors,
such as reduced energy consumption and reduced car usage,
persist over the long-term. For the purpose of designing
effective interventions, policy makers should understand which
behaviors are likely to be adopted and maintained relatively
easily, compared to those behaviors that are likely to require
additional incentives over the long-term. In the following we
classify behaviors as one-off, continuous, or dynamic, depending
on the activities involved for adoption and for maintenance, and
discuss the implications for research and intervention.

Classifying Behaviors as One-Off,
Continuous, and Dynamic
Some behaviors involve a single activity, such as the purchasing
of an energy efficient washing machine, or signing a petition.
After the initial activity, no further cost or effort is required.
These we term “one-off” behaviors. Many behaviors involve the
frequent repetition of relatively easy and low-cost activities, such
as recycling and reducing energy consumption in households.
These we term “continuous” behaviors. Gardner and Stern
(2008) make a similar distinction that specifically pertains to
energy saving behaviors, between “curtailment actions” and
“energy-boosting actions.” The former involves stopping an
existing behavior while the latter usually involves substituting
existing household products for energy efficient alternatives.
They suggested,

“Curtailment actionsmust be repeated continuously over time
to achieve their optimal effect, whereas efficiency-boosting
actions, taking infrequently or only once, have lasting effects
with little need for continuing attention and effort.” (Gardner
and Stern, 2008, p. 17).

We build on this distinction in two ways. Firstly, our category
“continuous” behaviors includes a range of curtailment actions,
including reducing household consumption of energy and water.
However, not all behaviors that involve the repetition of actions
over time are related to curtailment. For example, recycling
involves the repeated separation and disposal of recyclable waste,
rather than curtailing the consumption of products that produce
waste. Secondly, in addition to energy efficiency behaviors,
our category of “one-off” behaviors includes actions related to
water efficiency, in both domestic and agricultural contexts.
Thus, while not dissimilar to the classification of energy-
related behaviors outlined by Gardner and Stern (2008), our
classification encompasses a greater variety of environmental
behaviors.

Compared to one-off behaviors, continuous behaviors are
repeated with some regularity. Those continuous behaviors
that are repeated frequently are likely to become habitual.
By comparison, other behaviors, particularly agricultural
environmental behaviors, involve different activities for adoption
compared to maintenance, and those activities may be performed
less regularly. These we term “dynamic” behaviors. We argue that
dynamic behaviors are likely to face more barriers to practice
than either one-off or continuous behaviors, and are less likely
to become habitual. Thus, dynamic behaviors pose the greatest
challenge for policy makers.

Importantly, very little research considers whether
environmental behaviors require maintenance, or what
maintenance is involved for environmental behaviors to produce
the intended outcomes. Table 1 summarizes what maintenance
is likely to involve for common environmental behaviors to
the best of our knowledge, and available information. In the
following we outline the characteristics of one-off, continuous,
and dynamic behaviors, present examples of each category, and
put forward some recommendations for research.

One-Off Behaviors
Most behaviors that we define as “one-off” behaviors involve
a single investment to replace an existing item with an
environmentally friendly alternative, such as an energy efficient
washing machine. The determinants of one-off behaviors vary
depending on the nature of the activity involved. If a large
cost is involved, or logistical barrier, such as the amount of
effort required to access renewable technologies, psychological
motivations likely to be unrelated to decision (Black et al., 1985;
Steg, 2008). Examples of high-cost items from our review include
household energy and water saving items, such as insulation,
water conservation technologies for agricultural production, and
renewable technologies. A number of other items also fall into
this category, including water tanks. If a small cost is involved,
such as for purchasing a small energy-efficient item (e.g., a kettle
or lamp), cognitive factors may be more influential.
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Switching energy companies from a traditional company
to a green company also involves a financial investment.
However, in this example the investment is for the fee associated
with terminating a contract with the current company, and
establishing a contract with the new company. Green energy is
more expensive than traditional energy and therefore involves an
elevated cost over the long-term. In the case of both purchasing
expensive items, and switching energy companies, once the initial
investment or effort has been made no further effort is required.
The new item or contract is utilized in the same way as the old
item or contract. The use of the new item, or contract falls into the
same habitual pattern as the previous option (Bratt et al., 2015).

Some one-off behaviors involve a single activity that does
not include a financial cost, such as signing a petition or
attending an environmental rally. Signing a petition requires
little effort and may be determined by cognitive factors (e.g.,
Hamid and Cheng, 1995). By contrast, the effort required and
the determinants of attending an environmental rally are likely
to vary depending on the nature of the rally and the context.
Rallies that involve prolonged disruption to traffic and access
to infrastructure, such as the anti-nuclear rallies in Melbourne,
Australia during the 1990s to early 2000s often resulted in arrests
(A. Dempsy, personal communication, March 11th, 2009). Anti-
pollution rallies in China are known to result in violence (Lee
and Ho, 2014). Therefore, the decision to participate is likely
to be determined by different factors compared to the recent
peaceful anti-climate change marches that have taken place in
cities across democratic regions, including Australia (Cornish,
2017) and the United States (Cummings, 2017). Thus, while all
one-off behaviors involve the performance of a single activity at a
given point in time, the determinants vary.

Continuous Behaviors
The behaviors that we define as “continuous” involve the
same, or very similar, activities, and commitments for adoption
and maintenance. Common examples of continuous behaviors
include domestic recycling, water and energy saving, and
choosing to take public transport to work rather than driving
a car. Unlike one-off behaviors, many of the environmental
behaviors we classify as continuous are relatively low-cost and
low-effort to perform. This is because these behaviors involve the
modification of pre-existing activities, and behavior modification
is achieved more easily than the adoption of an entirely new
behavior (Binder and Boldero, 2012). For example, most people
brush their teeth regularly. Therefore, turning off the faucet while
teeth brushing involves the modification of an existing behavior.
However, some continuous behaviors do involve replacing an
existing behavior with an entirely new behavior, and thus involve
a moderate degree of effort. For example, switching from driving
a car to using public transport is likely to require more effort than
turning off the faucet while teeth brushing.

While the determinants of continuous behaviors vary, there
are some common patterns. The initial adoption of a continuous
behavior may be influenced by a range of factors related to
altruism and self-determination, as well as practical factors.
Behaviors that are easier to perform, such as purchasing products
with eco-friendly packaging (Thøgersen, 1999) and domestic

energy curtailment (Black et al., 1985), are more likely to be
influenced by cognitive factors, while those that are more difficult
to perform are more likely to be influenced by practical factors
(Stern, 2000). For example, Davies et al. (2002) found that
personal norms predicted curbside recycling behavior and argued
that the, “task of putting household rubbish in a bin is a decision
that employs a minimal amount of mental and physical effort
on behalf of the householder.” (Davies et al., 2002, p. 31). By
comparison, practical factors such as cost are more influential
than cognitive factors when recycling involves transporting
materials to a drop-off point and paying a fee (Guagnano et al.,
1995).

With the exception of drop-off recycling, the continuous
behaviors listed in Table 1 are performed with regularity, and
therefore are likely to become habitual over time (e.g., Aarts and
Dijksterhuis, 2000; Davies et al., 2002; Martínez-Espiñeira et al.,
2014). Most energy and water curtailment behaviors occur daily,
while choosing pro-environmental transport choices and eco-
friendly purchasing are likely to occur weekly or daily. Curbside
recycling involves separating waste on a daily basis, and putting
a recycling container on the curb weekly or fortnightly. By
contrast, drop-off recycling may occur with much less regularity,
depending on household storage space and distance from a drop-
off point. Reduced tillage was the only example of a continuous
agricultural environmental behavior identified from our review,
however there may be others that we are not aware of. Given
the infrequency of planting seasons, it is possible that reduced
tillage may become habitual only after years of repeating the new
behavior.

The continued maintenance of environmental behaviors
is rarely discussed in academic literature. However, studies
suggest that while the determinants of the behaviors we term
“continuous” vary, over time these behaviors are likely to become
habitual. Thus, continuous behaviors should be maintained over
the long-term. By contrast, dynamic behaviors present a much
greater challenge for policy makers.

Dynamic Behaviors
The behaviors that we term “dynamic” involve different
activities for adoption and maintenance, therefore adoption and
maintenance are likely to be influenced by different determinants.
The examples considered below indicate that the amount of cost
or effort required for maintenance is often greater than that
require for the initial adoption of dynamic behaviors. Unlike
continuous behaviors, maintenance is likely to be infrequent,
or irregular, and may involve different activities from one
instance to the next. Thus, dynamic behavior are less likely than
continuous behaviors to become habitual.

Of the behaviors listed in Table 1, only those associated with
agriculture, and purchasing expensive sustainable technologies
that require ongoing maintenance, including switching to
sustainable vehicles, are classified as dynamic. However, we are
aware of others that are not addressed in our review, such
as joining an activist group. Some forms of activism involve
performing the same or similar activities with regularity, such
as letter writing (Joireman et al., 2001). In other cases, the
level of effort and the nature of activities vary considerably.
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Initially, joining an activist group is likely to involve an
administrative process and attending group meetings. Over
the long-term group members are called on to invest time
and effort into the organization of direct actions, including
rallies, education campaigns, and more elaborate and illegal
protests. Organizations such as Greenpeace do not disclose the
dates and activities involved for illegal direct actions, such as
blockading an oil company, until close to the event (A. Dempsy,
personal communication, March 11th, 2009). To participate
group members may be required to take a day off work at
short notice, or risk being arrested. The initial commitment of
attending group meetings may well be related to cognitive factors
such as attitudes toward the fossil fuel industry. The decision to
engage in illegal activities at short-notice is likely to be related to
numerous factors, including job security and legal record.

Dynamic behaviors that involve the purchase and continued
use of sustainable technologies include switching to electric or
hybrid vehicles. The initial adoption involves a high upfront cost,
while maintenance involves the continued use of the purchased
vehicle. The most common determinants of these behaviors are
related to financial cost (e.g., Flamm and Agrawal, 2012; Hahnel
et al., 2014; Lai et al., 2015; Barth et al., 2016). However, while
the initial adoption of sustainable vehicles is higher than the
cost of conventional vehicles, the continued use is generally less
expensive than conventional vehicles (see section The Cost and
Effort Involved for Adoption and Maintenance below). Thus, the
upfront cost of purchase may deter adoption, while the long-
term savings associated with use are a powerful driver both of
adoption and continued maintenance (Ozaki and Sevastyanova,
2011; Graham-Rowe et al., 2012).

Agricultural environmental behaviors that we classify as
dynamic include revegetation, either to provide a buffer between
agricultural runoff and streams or to increase native species
on riverbanks. Initially, revegetation involves planting seedlings.
The maintenance of revegetation sites includes repairing damage
from floods, storms, and animals, and extensive weeding (Moore
and Rutherfurd, 2017). An additional example of dynamic
agricultural behavior is excluding stock from riverbanks to
improve water quality (Price and Leviston, 2014). Initially this
involves constructing fencing along the riverbank, revegetation
of the riverbank, and installing machinery for off-stream
watering, such as troughs and pumps. Maintenance involves
maintaining the revegetation site and repairing damage to
infrastructure. For both revegetation and stock exclusion, the
need for maintenance, and the nature of maintenance is
influenced by factors that are unpredictable, such as flooding that
promotes the growth of invasive weeds. Few studies have been
conducted about the determinants of agricultural environmental
behaviors that we term “dynamic,” and those that have only
consider the initial adoption of new behavior. The adoption
of these behaviors is influenced by factors related to both
altruism (e.g., Raymond et al., 2011) and self-determination (e.g.,
Borges et al., 2014). However, rural research about landholder
practices suggests that over time farmers struggle to maintain
new conservation behaviors (Wilson et al., 2003, 2008).

In summary, agricultural environmental behaviors and
switching to sustainable vehicles often involve different activities

for adoption and maintenance, and therefore are dynamic.
Sustainable vehicles are likely to be used regularly, and thus,
the activities involved for maintenance may become habitual
over time. By comparison, agricultural behaviors face unique
barriers. Maintenance is less likely to become habitual because
the activities required tend to be less routine, compared to
other environmental behaviors such as recycling or choosing
to take public transport rather than driving. Further, most
environmental behavior research focuses on the performance
of pro-environmental behavior in the daily lives of individuals,
rather than behavior that effects their employment or income.
In the agricultural context, environmental behavior is both
performed in daily life by individuals, and is a component
of landholder livelihoods. Environmental behavior tends to
involve a shift from traditional agricultural practices, to
practices that involve more time, effort, and cost. Therefore,
these behaviors are susceptible to changing circumstances,
such as drought or financial insecurity. For this reason,
achieving permanent behavior changes, and thus permanent
environmental improvements, may be more challenging for
policy makers compared to relatively easy and low-cost domestic
behaviors.

Below we consider the cost and effort involved for the
adoption and maintenance of the environmental behaviors listed
in Table 1.

The Cost and Effort Involved for Adoption
and Maintenance
Understanding the cost and effort involved in the adoption and
maintenance of a new pro-environmental behavior is essential
for the design of interventions. Costs refer to the financial input
required to perform a behavior, such as the cost of purchasing
an electric car, or seedlings for revegetating a riverbank. Effort
refers to any non-monetary input required to adopt andmaintain
a behavior, such as the time required to sort waste for recycling
(Davies et al., 2002).

Table 1 demonstrates that most environmental behaviors can
be classified into four categories according to the amount of cost
and effort required for adoption and maintenance.

The first category includes behaviors that involve little, if any,
cost for both adoption andmaintenance. These behaviors require
conscious effort to change established habits, such as taking
shorter showers, turning the light switch off in an unused room,
and curbside recycling.

The second category includes behaviors that involve a
moderate cost and, or, effort for adoption, and for maintenance.
These behaviors include drop-off recycling and purchasing
organic produce. Drop-off recycling entails transporting waste to
a site of disposal, and disposal often requires a fee. Purchasing
fair trade produce involves higher costs than conventional
produce, and accessing fair trade can be less convenient than
accessing conventional markets (Tanner andWölfing Kast, 2003).
However, neither the cost nor effort required to adopt and
continue performing these behaviors are exuberant.

The third category includes behaviors that involve an up-
front cost for adoption and either no cost, or less cost than the
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conventional behavior for maintenance. Most behaviors that fall
into this category involve a high initial cost, however in some
cases the cost may be minimal, such as for purchasing a water
efficient shower head or kitchen appliance. Maintenance can
involve no additional costs, or less cost than the conventional
alternative. Behaviors that involve a high initial cost and no
additional costs include installing insulation and double glazing.
Retrofitting a three bedroom house with double glazing or solid
wall insulation can cost in the order of £4000, however no
further expenditure is required over the long-term (Chapman
et al., 2009). Behaviors that involve a high-cost initial cost
for continued use include purchasing an electric car (Lipman
and Delucchi, 2006) or an energy efficient refrigerator (Michel
et al., 2015). In both cases the cost of purchasing sustainable
technologies exceeds the cost of purchasing the conventional
option, however, sustainable technologies consume less resources
and therefore cost less than conventional options for use. For
example, Granovskii et al. (2006) found that on average the
purchase of electric cars retails for up to twice as much as
conventional cars, while the cost of fuel for use is less than half
the cost of conventional cars.

The fourth category includes behaviors that involve low or
moderate costs for adoption and higher costs for maintenance.
These behaviors are primarily agricultural, however there may
be additional examples that we have overlooked. Examples
include excluding stock from grazing riverbanks, and improving
vegetation quality by revegetating degraded sites (Moore and
Rutherfurd, 2017). Stock exclusion involves constructing low to
moderately priced fencing for stock exclusion, depending on
the length of fencing required. Fence repair and the provision
of alternative watering sites for stock, including the use and
maintenance of pumps and troughs, can exceed the effort
and cost of fence construction. Similarly, the cost of adopting
revegetation, including purchasing and planting seedlings, varies
depending on the size of the revegetation site. However, over
time the cost of maintenance is likely to exceed the initial cost
of adoption; maintenance involves replacing seedlings that are
lost to animal damage, flooding, or drought, and continual weed
management that is both costly and time consuming (Ede and
Hunt, 2008).

While Dembkowski and Hanmer-Lloyd (1994) suggest that
cost and effort have a similar effect on the willingness of
individuals to adopt environmental behaviors, such as making
environmentally responsible consumer choices, we argue that
the distinction is important from the perspective of designing
interventions. In the following we consider the implications
of our classification of environmental behaviors, in terms of
the activities, costs, and effort involved for adoption and
maintenance, for designing interventions.

DESIGNING ENVIRONMENTAL
INTERVENTIONS

Policymakers often prefer to encourage individuals to voluntarily
alter their behavior because promoting change through social
interventions is perceived to be more popular within society,

compared to legal regulation (Danne, 2003). To be effective,
interventions to promote pro-environmental behavior should
involve incentives that match the amount of effort and
cost involved, both for the initial adoption, and long-term
maintenance of the new behavior (Gunningham, 2003).

The idea that interventions should be designed according
to the characteristics of individual behaviors is not unique
(Lucas et al., 2008; Michie et al., 2008; Osbaldiston and Schott,
2012). Michie et al. (2011) suggested that interventions should
be designed around the factors that influence the adoption
of environmental behaviors. Osbaldiston and Schott (2012)
observed that, “low-engagement treatments are appropriate for
low-effort behaviors and that high-engagement treatments are
effective for high-effort behaviors.” (p. 280). We support these
views and add that in some instances multiple approaches
may be necessary to firstly promote the initial adoption of a
new behavior, and secondly ensure that the new behavior is
maintained over the length of time required to be effective.
Most environmental behaviors need to be maintained in
perpetuity to mitigate environmental problems. We argue that
the activities involved for maintenance, and the factors that are
likely to influence maintenance, are equally important for the
design of interventions, as the activities and factors related to
adoption. The purpose of this paper is not to be prescriptive,
however we can make some observations about the implications
of our analysis and classification of behaviors for designing
interventions, as follows.

One-off and continuous behaviors are less challenging for
policy makers than dynamic behaviors. One-off behaviors
involve a single effort or cost. Interventions that include
financial subsidies are appropriate for promoting high-cost
one-off behaviors (those classified as H/S in Table 1), such
as installing insulation, and purchasing energy efficient white
goods (Martínez-Espiñeira et al., 2014). Interventions that
appeal to personal norms may be effective for encouraging the
performance of one-off behaviors that involve a moderate cost
or effort (those classified as M/M in Table 1), such as switching
to a green energy company, and continuous behaviors, such
as drop-off recycling (e.g., Guagnano et al., 1995; Bratt, 1999).
Continuous behaviors often involve the repetition of relatively
easy, low-cost activities that are likely to become habitual (those
classified as L/L in Table 1) (e.g., Gilg and Barr, 2006). Existing
habits, such as leaving the tap running while doing dishes, can
be altered by changing the underlying goal of the behavior
(Binder and Boldero, 2012) through interventions that involve
education, social norms, and pro-environmental attitudes (Steg
and Vlek, 2009). The water saving campaigns implemented by
the Victorian Government in Australia during the last extended
period of drought is an example of this approach. Studies of
domestic behavior during and after the cessation of the water
reduction campaign suggest that the emergence of social norms
and pro-environmental attitudes resulted in new water saving
habits (Walton and Hume, 2011; Binder and Boldero, 2012; Beal
et al., 2014; Lowe et al., 2014). Habits can also be altered by
changing environmental cues (Verplanken and Wood, 2006),
such as by increasing access to public transport (e.g., Bamberg
et al., 2003). Thus, policy makers can use interventions to break
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old habits, and form new habits that involve the repetition of
activities that are low-cost and simple to perform.

Dynamic behaviors involve different activities, commitments,
costs, and efforts for adoption and maintenance. Behaviors that
involve a high initial cost and low ongoing costs, such as
switching to a sustainable vehicle, may be encouraged through
financial subsidies. For example, tax waivers have been found
to increase the sale of hybrid cars by 10-fold (Gallagher and
Muehlegger, 2011). Behaviors that involve a lower initial cost
and higher ongoing costs and effort (those classified as H/L
in Table 1) include agricultural behaviors aimed at improving
water quality, such as planting native vegetation, growing run-
off buffer strips, and excluding stock from waterways. While
the adoption of new agricultural behavior is often related to
cognitive factors, such as attitudes (e.g., Maybery et al., 2005),
over the long term the cost and effort required for maintenance
can become prohibitive (Wilson et al., 2003, 2008). In such cases
it may be effective to use two separate interventions for adoption
and maintenance. For example, an intervention that involves
education is likely to be effective for promoting the adoption
of revegetation. Over time, maintaining native revegetation sites
can involve costly weed management (Curtis et al., 2008). A
second intervention that involves subsidies for weed spray could
be implemented to ensure that farmers maintain revegetation
sites. Interventions to promote agricultural environmental
behavior typically involve subsidizing the cost of adoption, such
as constructing fences for stock exclusion, while landholders are
responsible for maintenance (Moore and Rutherfurd, 2017). In
the context of climate change, and associated financial insecurity
(Horridge et al., 2005; Mpelasoka et al., 2008), this arrangement
may poses a threat for the long-term success of agricultural
environmental behaviors.

In summary, policy makers can choose from three main
approaches to intervention that involve encouraging the
voluntary adoption and maintenance of pro-environmental
behavior: education campaigns that appeal to altruism or
self-interest, the use of subsidies that facilitate investment in
technology, or a combination of these two approaches (Danne,
2003; Gunningham, 2003). The flow chart presented in Figure 1

demonstrates how the barriers and determinants of behaviors can
inform the design of interventions.

The distinction between continuous and dynamic behaviors
is relevant for the design of interventions for a number of
reasons. Firstly, behaviors that involve difficult activities, and face
practical barriers will require greater incentives for adoption and
maintenance than behaviors that involve activities that are easy
to perform, and face few practical barriers (Steg and Vlek, 2009).
Secondly, behaviors that involve reducing energy and water
consumption are easier to promote than behaviors that involve
changing energy sources and improving water quality. Changing
energy sources, such as by installing solar panels, is expensive,
while reducing energy consumption involves changing daily
habits around transport, purchasing, and household patterns.
Similarly, improving water quality involves dynamic agricultural
behaviors that face substantial barriers, while reducing water
consumption can be achieved by changing daily habits. It is
fundamentally more difficult to replace existing behaviors with
entirely new behaviors, than to make alterations to existing
behaviors (Binder and Boldero, 2012).

CONCLUSIONS

Understanding the characteristics of environmental behaviors is
important for policy makers who wish to promote the voluntary
adoption, and maintenance, of those behaviors in societies. To
achieve ecological goals, many environmental behaviors must be
continued indefinitely. We observe that some behaviors involve
a one-off activity, while others require ongoing maintenance.
Continuous behaviors are often low-cost, easy to perform,
involve the same activities for adoption and maintenance,
and are performed with regularity. Over time these behaviors
are likely to become habitual, and thus will be maintained.
Dynamic behaviors involve different activities for adoption and
maintenance, and maintenance is performed irregularly. These
behaviors are unlikely to become habitual, and may involve
greater effort and cost to maintain than to adopt initially.
This classification highlights the differences between those
environmental behaviors that are performed in households and

FIGURE 1 | Flow-chart of cost, effort, and interventations for one-off, continuous, and dynamic environmental behaviors.
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in everyday life on the one hand, and agricultural environmental
behaviors related to the running of farm businesses on the
other hand. Domestic behaviors such as recycling, and daily life
behaviors such as purchasing and transport choices, are easier to
perform and face fewer barriers. Agricultural behaviors are more
difficult to perform and face significant barriers, such as drought
and associated financial insecurity.

There are twomain outcomes of this paper. Firstly, researchers
should choose theoretical approaches that are suitable for the
target behaviors, including both the adoption and maintenance
of behaviors. In particular, research about the factors that
influence both the adoption and maintenance of agricultural
environmental behaviors is needed that adheres more rigorously
to behavioral methodologies (Burton, 2004). Secondly, policy
makers should design interventions around the activities involved
for the adoption, and maintenance of environmental behavior, and
the factors that influence adoption and maintenance. Behaviors
that reduce consumption often involve the modification of
existing behavioral patterns, such as reducing water use.
Education campaigns that promote pro-environmental attitudes
and social norms are effective for encouraging the adoption
and maintenance of these behaviors. By contrast, behaviors
that involve the performance of entirely new activities face
greater barriers, such as switching to renewable energy and
improving water quality, address the root cause of problems,
such as climate change. Interventions that promote these
behaviors are more likely to be effective if they include

subsidies, and address the barriers to practice that emerge
over the long-term, as well as for the initial adoption of new
behaviors.

At the recent United Nations Framework Convention on
Climate Change in Paris world leaders emphasized that to
mitigate climate change societies must move beyond behaviors
that are easily compatible with high-consumption lifestyles, such
as using energy efficient lightbulbs. Limiting global warming
to less than 2◦C below pre-industrial levels will also require
a substantial shift from fossil fuel consumption to renewable
technologies (UNFCC, 2017). In the same vein, securing water
resources for the future will require more than reducing domestic
consumption. In drought prone Australia the agricultural sector
is responsible for more than half of all water consumed
annually (ABS, 2012). Stock grazing on riverbanks is a major
contributor to the degradation of aquatic ecosystems and water
quality worldwide (e.g., Jansen and Robertson, 2001; Agouridis
et al., 2005). Policy makers face the challenge of promoting

environmental behaviors that address the problems associated
with climate change and water scarcity both at the source and
the point of consumption. Designing effective interventions is
essential for meeting that challenge.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

REFERENCES

∗Aarts, H., and Dijksterhuis, A. (2000). Habits as knowledge structures:

automaticity in goal-directed behavior. J. Pers. Soc. Psychol. 78:53.

doi: 10.1037/0022-3514.78.1.53
∗Abrahamse, W., and Steg, L. (2009). How do socio-demographic and

psychological factors relate to households’ direct and indirect energy

use and savings? J. Econ. Psychol. 30, 711–720. doi: 10.1016/j.joep.2009.

05.006

ABS (2012). Environment: Water. Available online at: http://www.abs.gov.au/

ausstats/abs@.nsf/Lookup/by%20Subject/1301.0~2012~Main%20Features~

Water~279.

Agouridis, C. T., Workman, S. R., Warner, R. C., and Jennings, G. D. (2005).

Livestock grazing management impacts on stream water quality: a review. J.

Am.Water Resour. Assoc. 41, 591–606. doi: 10.1111/j.1752-1688.2005.tb03757.x

Ajzen, I. (1985). From Intentions to Actions: A Theory of Planned Behavior Action

Control.Heidelberg: Springer.

Ajzen, I. (1991). The theory of planned behavior. Organ. Behav. Hum. Decis.

Process. 50, 179–211. doi: 10.1016/0749-5978(91)90020-T

Ajzen, I. (1996). “The directive influence of attitudes on behavior,” in The

Psychology of Action: Linking Cognition and Motivation to Behavior, eds P. M.

Gollwitzer and J. A. Bargh (New York, NY: The Guilford Press), 385–403.

Ajzen, I., and Fishbein, M. (1980). Understanding Attitudes and Predicting Social

Behaviour. Englewood Cliffs, NJ: Prentice-Hall.

Akers, J. D., Estabrooks, P. A., and Davy, B. M. (2010). Translational research:

bridging the gap between long-term weight loss maintenance research and

practice. J. Am. Diet. Assoc. 110, 1511–1522.e3. doi: 10.1016/j.jada.2010.

07.005
∗Allen, J. B., and Ferrand, J. L. (1999). Environmental locus of control,

sympathy, and proenvironmental behavior: a test of Geller’s actively

caring hypothesis. Environ. Behav. 31, 338–353. doi: 10.1177/001391699219

72137

Arkesteijn, K., and Oerlemans, L. (2005). The early adoption of green power by

Dutch households: an empirical exploration of factors influencing the early

adoption of green electricity for domestic purposes. Energy Policy 33, 183–196.

doi: 10.1016/S0301-4215(03)00209-X

Armitage, C. J., and Conner, M. (2001). Efficacy of the theory of planned

behaviour: a meta-analytic review. Br. J. Soc. Psychol. 40, 471–499.

doi: 10.1348/014466601164939
∗Bamberg, S., Ajzen, I., and Schmidt, P. (2003). Choice of travel mode in the theory

of planned behavior: the roles of past behavior, habit, and reasoned action. Basic

Appl. Soc. Psychol. 25, 175–187. doi: 10.1207/S15324834BASP2503_01
∗Bamberg, S., Hunecke, M., and Blöbaum, A. (2007). Social context, personal

norms and the use of public transportation: two field studies. J. Environ.

Psychol. 27, 190–203. doi: 10.1016/j.jenvp.2007.04.001

Bamberg, S., and Möser, G. (2007). Twenty years after Hines, Hungerford,

and Tomera: a new meta-analysis of psycho-social determinants

of pro-environmental behaviour. J. Environ. Psychol. 27, 14–25.

doi: 10.1016/j.jenvp.2006.12.002
∗Bamberg, S., and Schmidt, P. (2003). Incentives, morality, or habit? Predicting

students’ car use for university routes with the models of Ajzen, Schwartz, and

Triandis. Environ. Behav. 35, 264–285. doi: 10.1177/0013916502250134
∗Barbarossa, C., Beckmann, S. C., De Pelsmacker, P., Moons, I., and Gwozdz,

W. (2015). A self-identity based model of electric car adoption intention:

a cross-cultural comparative study. J. Environ. Psychol. 42, 149–160.

doi: 10.1016/j.jenvp.2015.04.001
∗Barth, M., Jugert, P., and Fritsche, I. (2016). Still underdetected–Social

norms and collective efficacy predict the acceptance of electric vehicles

in Germany. Transport. Res. Part F. Traffic Psychol. Behav. 37, 64–77.

doi: 10.1016/j.trf.2015.11.011

Beal, C., Makki, A., and Stewart, R. (2014). What does rebounding water use look

like? An examination of post-drought and post-flood water end-use demand

in Queensland, Australia. Water Sci. Technol. Water Supply, 14, 561–568.

doi: 10.2166/ws.2014.008

Frontiers in Psychology | www.frontiersin.org 17 November 2017 | Volume 8 | Article 1874

https://doi.org/10.1037/0022-3514.78.1.53
https://doi.org/10.1016/j.joep.2009.05.006
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1301.0~2012~Main%20Features~Water~279
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1301.0~2012~Main%20Features~Water~279
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1301.0~2012~Main%20Features~Water~279
https://doi.org/10.1111/j.1752-1688.2005.tb03757.x
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/j.jada.2010.07.005
https://doi.org/10.1177/00139169921972137
https://doi.org/10.1016/S0301-4215(03)00209-X
https://doi.org/10.1348/014466601164939
https://doi.org/10.1207/S15324834BASP2503_01
https://doi.org/10.1016/j.jenvp.2007.04.001
https://doi.org/10.1016/j.jenvp.2006.12.002
https://doi.org/10.1177/0013916502250134
https://doi.org/10.1016/j.jenvp.2015.04.001
https://doi.org/10.1016/j.trf.2015.11.011
https://doi.org/10.2166/ws.2014.008
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Moore and Boldero Designing Interventions that Last

Beedell, J., and Rehman, T. (1999). Explaining farmers’ conservation behaviour:

why do farmers behave the way they do? J. Environ. Manage. 57, 165–176.

doi: 10.1006/jema.1999.0296
∗Binder, G., and Boldero, J. M. (2012). Planning for change: the roles of habitual

practice and habitus in planning practice. Urban Policy Res. 30, 175–188.

doi: 10.1080/08111146.2012.672059
∗Bissonnette,M.M., and Contento, I. R. (2001). Adolescents’ perspectives and food

choice behaviors in terms of the environmental impacts of food production

practices: application of a psychosocial model. J. Nutr. Educ. 33, 72–82.

doi: 10.1016/S1499-4046(06)60170-X
∗Black, J. S., Stern, P. C., and Elworth, J. T. (1985). Personal and contextual

influences on househould energy adaptations. J. Appl. Psychol. 70:3.

doi: 10.1037/0021-9010.70.1.3
∗Bockarjova, M., and Steg, L. (2014). Can Protection Motivation Theory

predict pro-environmental behavior? Explaining the adoption of electric

vehicles in the Netherlands. Global Environ. Change 28, 276–288.

doi: 10.1016/j.gloenvcha.2014.06.010
∗Borges, J. A. R., Lansink, A. G. O., Ribeiro, C. M., and Lutke, V.

(2014). Understanding farmers’ intention to adopt improved natural

grassland using the theory of planned behavior. Livestock Sci. 169, 163–174.

doi: 10.1016/j.livsci.2014.09.014
∗Botetzagias, I., Dima, A.-F., and Malesios, C. (2015). Extending the theory

of planned behavior in the context of recycling: the role of moral

norms and of demographic predictors. Resour. Conserv. Recycl. 95, 58–67.

doi: 10.1016/j.resconrec.2014.12.004
∗Bratt, C. (1999). The impact of norms and assumed consequences on recycling

behavior. Environ. Behav. 31, 630–656. doi: 10.1177/00139169921972272

Bratt, C., Stern, P. C., Matthies, E., and Nenseth, V. (2015). Home, car use,

and vacation: the structure of environmentally significant individual behavior.

Environ. Behav. 47, 436–473. doi: 10.1177/0013916514525038

Brooks, S. S., and Lake, P. S. (2007). River restoration in Victoria, Australia:

change is in the wind, and none too soon. Restor. Ecol. 15, 584–591.

doi: 10.1111/j.1526-100X.2007.00253.x

Burton, R. J. (2004). Reconceptualising the ‘behavioural approach’ in agricultural

studies: a socio-psychological perspective. J. Rural Stud. 20, 359–371.

doi: 10.1016/j.jrurstud.2003.12.001

Cahill, K., and Perera, R. (2008). Quit and Win contests for smoking cessation.

Cochrane Library. 8:CD00498. doi: 10.1002/14651858.CD004986.pub3
∗Carley, S., Krause, R. M., Lane, B. W., and Graham, J. D. (2013). Intent

to purchase a plug-in electric vehicle: a survey of early impressions

in large US cites. Transport. Res. Part D Transp. Environ. 18, 39–45.

doi: 10.1016/j.trd.2012.09.007
∗Carrus, G., Passafaro, P., and Bonnes, M. (2008). Emotions, habits and rational

choices in ecological behaviours: the case of recycling and use of public

transportation. J. Environ. Psychol. 28, 51–62. doi: 10.1016/j.jenvp.2007.09.003
∗Chan, K. (1998). Mass communication and pro-environmental behaviour:

waste recycling in Hong Kong. J. Environ. Manage. 52, 317–325.

doi: 10.1006/jema.1998.0189
∗Chan, L., and Bishop, B. (2013). A moral basis for recycling: extending

the theory of planned behaviour. J. Environ. Psychol. 36, 96–102.

doi: 10.1016/j.jenvp.2013.07.010
∗Chapman, R., Howden-Chapman, P., Viggers, H., O’dea, D., and Kennedy,

M. (2009). Retrofitting houses with insulation: a cost–benefit analysis of a

randomised community trial. J. Epidemiol. Commun. Health 63, 271–277.

doi: 10.1136/jech.2007.070037
∗Chen, M.-F., and Tung, P.-J. (2014). Developing an extended theory of planned

behavior model to predict consumers’ intention to visit green hotels. Int. J.

Hosp. Manage. 36, 221–230. doi: 10.1016/j.ijhm.2013.09.006
∗Chen, T. B., and Chai, L. T. (2010). Attitude towards the environment and green

products: consumers’ perspective.Manage. Sci. Eng. 4:27.

Cialdini, R. B. (2007). Descriptive social norms as underappreciated sources of

social control. Psychometrika 72:263. doi: 10.1007/s11336-006-1560-6
∗Claudy, M. C., Peterson, M., and O’Driscoll, A. (2013). Understanding the

attitude-behavior gap for renewable energy systems using behavioral reasoning

theory. J. Macromarket. 33, 273–287.

Corbett, J. B. (2005). Altruism, self-interest, and the reasonable person

model of environmentally responsible behavior. Sci. Commun. 26, 368–389.

doi: 10.1177/1075547005275425

Cornish, R. (2017).Australians Join Global Rallies for Climate Change Action ahead

of Paris Talks. ABC News. Available online at: http://www.abc.net.au/news/

2015-11-29/climate-change-marches-around-australia/6984094

Cummings, C. (2017). US Protests Trump’s Climate Change Withdrawal.

Euronews. Available online at: http://www.euronews.com/2017/06/02/us-

protests-trumps-climate-change-withdrawal

Curtis, A., McDonald, S., Mendham, E., and Sample, R. (2008). Understanding

the Social Drivers for Natural Resource Management in the Wimmera Region.

Albury, NSW: Institute for Land; Water and Society.
∗Dahab, D. J., Gentry, J. W., and Su, W. (1995). NewWays to Reach Non-recyclers:

an Extension of theModel of Reasoned Action to Recycling Behaviors. ACRNorth

American Advances.

Danne, A. P. (2003). Voluntary environmental agreements in Australia: an analysis

of statutory and non-statutory frameworks for the implementation of voluntary

environmental agreements in Australia. Environ. Plan. Law J. 20, 287–318.
∗Davies, J., Foxall, G. R., and Pallister, J. (2002). Beyond the intention–behaviour

mythology: an integrated model of recycling. Market. Theor. 2, 29–113.

doi: 10.1177/1470593102002001645
∗De Young, R. (1990). Recycling as appropriate behavior: a review of survey

data from selected recycling education programs in Michigan. Resour. Conserv.

Recycl. 3, 253–266. doi: 10.1016/0921-3449(90)90022-V

Dembkowski, S., and Hanmer-Lloyd, S. (1994). The environmental value-

attitude-system model: a framework to guide the understanding of

environmentally-conscious consumer behaviour. J. Market. Manage. 10,

593–603. doi: 10.1080/0267257X.1994.9964307
∗Dietz, T., Frisch, A. S., Kalof, L., Stern, P. C., and Guagnano, G. A. (1995).

Values and vegetarianism: an exploratory analysis. Rural Sociol. 60, 533–542.

doi: 10.1111/j.1549-0831.1995.tb00589.x

Dietz, T., Gardner, G. T., Gilligan, J., Stern, P. C., and Vandenbergh, M.

P. (2009). Household actions can provide a behavioral wedge to rapidly

reduce US carbon emissions. Proc. Natl. Acad. Sci. U.S.A. 106, 18452–18456.

doi: 10.1073/pnas.0908738106

Druckman, A., and Jackson, T. (2008). Household energy consumption in the UK:

a highly geographically and socio-economically disaggregated model. Energy

Policy 36, 3177–3192. doi: 10.1016/j.enpol.2008.03.021

Ebreo, A., Hershey, J., and Vining, J. (1999). Reducing solid waste: linking recycling

to environmentally responsible consumerism. Environ. Behav. 31, 107–135.

doi: 10.1177/00139169921972029

Ede, F., and Hunt, T. (2008). Habitat Management Guide - Riparian: Weed

Management in Riparian Areas: South-Eastern Australia. Adelaide, SA: CRC

for Australian Weed Management.
∗Egbue, O., and Long, S. (2012). Barriers to widespread adoption of electric

vehicles: an analysis of consumer attitudes and perceptions. Energy Policy 48,

717–729. doi: 10.1016/j.enpol.2012.06.009

Fishbein, M., and Ajzen, I. (1981). Attitudes and voting behavior: an application of

the theory of reasoned action. Prog. Appl. Soc. Psychol. 1, 253–313.

Flamm, B. J., and Agrawal, A. W. (2012). Constraints to green vehicle ownership:

a focus group study. Transport. Res. Part D Transp. Environ. 17, 108–115.

doi: 10.1016/j.trd.2011.09.013
∗Fraj, E., and Martinez, E. (2006). Environmental values and lifestyles as

determining factors of ecological consumer behaviour: an empirical analysis.

J. Consum. Market. 23, 133–144. doi: 10.1108/07363760610663295

Gallagher, K. S., and Muehlegger, E. (2011). Giving green to get green? Incentives

and consumer adoption of hybrid vehicle technology. J. Environ. Econ. Manage.

61, 1–15. doi: 10.1016/j.jeem.2010.05.004

Gardner, G. T., and Stern, P. C. (2008). The short list: the most effective actions

US households can take to curb climate change. Environment 50, 12–25.

doi: 10.3200/ENVT.50.5.12-25

Gilg, A., and Barr, S. (2006). Behavioural attitudes towards water saving?

Evidence from a study of environmental actions. Ecol. Econ. 57, 400–414.

doi: 10.1016/j.ecolecon.2005.04.010
∗González-Torre, P. L., and Adenso-Díaz, B. (2005). Influence of distance on the

motivation and frequency of household recycling. Waste Manage. 25, 15–23.

doi: 10.1016/j.wasman.2004.08.007
∗Graham-Rowe, E., Gardner, B., Abraham, C., Skippon, S., Dittmar, H., Hutchins,

R., et al. (2012). Mainstream consumers driving plug-in battery-electric and

plug-in hybrid electric cars: a qualitative analysis of responses and evaluations.

Transport. Res. Part A Policy Pract. 46, 140–153. doi: 10.1016/j.tra.2011.09.008

Frontiers in Psychology | www.frontiersin.org 18 November 2017 | Volume 8 | Article 1874

https://doi.org/10.1006/jema.1999.0296
https://doi.org/10.1080/08111146.2012.672059
https://doi.org/10.1016/S1499-4046(06)60170-X
https://doi.org/10.1037/0021-9010.70.1.3
https://doi.org/10.1016/j.gloenvcha.2014.06.010
https://doi.org/10.1016/j.livsci.2014.09.014
https://doi.org/10.1016/j.resconrec.2014.12.004
https://doi.org/10.1177/00139169921972272
https://doi.org/10.1177/0013916514525038
https://doi.org/10.1111/j.1526-100X.2007.00253.x
https://doi.org/10.1016/j.jrurstud.2003.12.001
https://doi.org/10.1002/14651858.CD004986.pub3
https://doi.org/10.1016/j.trd.2012.09.007
https://doi.org/10.1016/j.jenvp.2007.09.003
https://doi.org/10.1006/jema.1998.0189
https://doi.org/10.1016/j.jenvp.2013.07.010
https://doi.org/10.1136/jech.2007.070037
https://doi.org/10.1016/j.ijhm.2013.09.006
https://doi.org/10.1007/s11336-006-1560-6
https://doi.org/10.1177/1075547005275425
http://www.abc.net.au/news/2015-11-29/climate-change-marches-around-australia/6984094
http://www.abc.net.au/news/2015-11-29/climate-change-marches-around-australia/6984094
http://www.euronews.com/2017/06/02/us-protests-trumps-climate-change-withdrawal
http://www.euronews.com/2017/06/02/us-protests-trumps-climate-change-withdrawal
https://doi.org/10.1177/1470593102002001645
https://doi.org/10.1016/0921-3449(90)90022-V
https://doi.org/10.1080/0267257X.1994.9964307
https://doi.org/10.1111/j.1549-0831.1995.tb00589.x
https://doi.org/10.1073/pnas.0908738106
https://doi.org/10.1016/j.enpol.2008.03.021
https://doi.org/10.1177/00139169921972029
https://doi.org/10.1016/j.enpol.2012.06.009
https://doi.org/10.1016/j.trd.2011.09.013
https://doi.org/10.1108/07363760610663295
https://doi.org/10.1016/j.jeem.2010.05.004
https://doi.org/10.3200/ENVT.50.5.12-25
https://doi.org/10.1016/j.ecolecon.2005.04.010
https://doi.org/10.1016/j.wasman.2004.08.007
https://doi.org/10.1016/j.tra.2011.09.008
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Moore and Boldero Designing Interventions that Last

Granovskii, M., Dincer, I., and Rosen, M. A. (2006). Economic and environmental

comparison of conventional, hybrid, electric and hydrogen fuel cell vehicles. J.

Power Sour. 159, 1186–1193. doi: 10.1016/j.jpowsour.2005.11.086

Greenhalgh, T., and Peacock, R. (2005). Effectiveness and efficiency of search

methods in systematic reviews of complex evidence: audit of primary sources.

BMJ 331, 1064–1065. doi: 10.1136/bmj.38636.593461.68
∗Gregory, G. D., and Leo, M. D. (2003). Repeated behavior and environmental

psychology: the role of personal involvement and habit formation in

explaining water consumption. J. Appl. Soc. Psychol. 33, 1261–1296.

doi: 10.1111/j.1559-1816.2003.tb01949.x

Greiner, R., and Gregg, D. (2011). Farmers’ intrinsic motivations, barriers to the

adoption of conservation practices and effectiveness of policy instruments:

empirical evidence from northern Australia. Land Use Policy 28, 257–265.

doi: 10.1016/j.landusepol.2010.06.006

Grob, A. (1995). A structural model of environmental attitudes and behaviour. J.

Environ. Psychol. 15, 209–220. doi: 10.1016/0272-4944(95)90004-7

Grol, R., and Wensing, M. (2004). What drives change? Barriers to and incentives

for achieving evidence-based practice.Med. J. Aust. 180:S57.

Guagnano, G. A., Stern, P. C., and Dietz, T. (1995). Influences on attitude-behavior

relationships: a natural experiment with curbside recycling. Environ. Behav. 27,

699–718. doi: 10.1177/0013916595275005

Gunningham, N. (2003). Voluntary and negotiated agreements in agriculture:

towards a partnership approach to resource management. Aust. J. Nat. Resour.

Law Policy 8(Pt 1), 1–28.

Gunningham, N., and Young,M. D. (1997). Toward optimal environmental policy:

the case of biodiversity conservation. Ecol. Law Quart. 24, 243–298.
∗Hahnel, U. J., Ortmann, C., Korcaj, L., and Spada, H. (2014). What

is green worth to you? Activating environmental values lowers price

sensitivity towards electric vehicles. J. Environ. Psychol. 40, 306–319.

doi: 10.1016/j.jenvp.2014.08.002
∗Hamid, P. N., and Cheng, S.-T. (1995). Predicting antipollution behavior: the role

of molar behavioral intentions, past behavior, and locus of control. Environ.

Behav. 27, 679–698. doi: 10.1177/0013916595275004
∗Harland, P., Staats, H., and Wilke, H. A. (1999). Explaining proenvironmental

intention and behavior by personal norms and the theory of planned behavior.

J. Appl.Soc. Psychol. 29, 2505–2528. doi: 10.1111/j.1559-1816.1999.tb00123.x

Horridge, M., Madden, J., and Wittwer, G. (2005). The impact of

the 2002–2003 drought on Australia. J. Policy Model. 27, 285–308.

doi: 10.1016/j.jpolmod.2005.01.008
∗Hunecke, M., Blöbaum, A., Matthies, E., and Höger, R. (2001). Responsibility

and environment: ecological norm orientation and external factors in the

domain of travel mode choice behavior. Environ. Behav. 33, 830–852.

doi: 10.1177/00139160121973269

Jackson, T. (2005). Motivating sustainable consumption. Sustain. Dev. Res. Netw.

29:30.

Jansen, A., and Robertson, A. I. (2001). Riparian bird communities in relation to

landmanagement practices in floodplain woodlands of south-eastern Australia.

Biol. Conserv. 100, 173–185. doi: 10.1016/S0006-3207(00)00235-4
∗Jansson, J., Marell, A., and Nordlund, A. (2011). Exploring consumer adoption of

a high involvement eco-innovation using value-belief-norm theory. J. Consum.

Behav. 10, 51–60. doi: 10.1002/cb.346

Jeffery, R. W., Epstein, L. H., Wilson, G. T., Drewnowski, A., Stunkard, A. J.,

and Wing, R. R. (2000). Long-term maintenance of weight loss: current status.

Health Psychol. 19:5. doi: 10.1037/0278-6133.19.Suppl1.5

Joireman, J. A., Lasane, T. P., Bennett, J., Richards, D., and Solaimani, S.

(2001). Integrating social value orientation and the consideration of future

consequences within the extended norm activation model of proenvironmental

behaviour. Br. J. Soc. Psychol. 40, 133–155. doi: 10.1348/014466601164731

Kaiser, F. G., and Wilson, M. (2004). Goal-directed conservation behavior:

the specific composition of a general performance. Pers. Individ. Diff. 36,

1531–1544. doi: 10.1016/j.paid.2003.06.003

Kaplan, S. (2000). New ways to promote proenvironmental behavior: human

nature and environmentally responsible behavior. J. Soc. Issues 56, 491–508.

doi: 10.1111/0022-4537.00180
∗Kaplan, S., Manca, F., Nielsen, T. A. S., and Prato, C. G. (2015). Intentions to

use bike-sharing for holiday cycling: an application of the Theory of Planned

Behavior. Tour. Manage. 47, 34–46. doi: 10.1016/j.tourman.2014.08.017

∗Keshavarz, M., and Karami, E. (2016). Farmers’ pro-environmental behavior

under drought: application of protection motivation theory. J. Arid Environ.

127, 128–136. doi: 10.1016/j.jaridenv.2015.11.010

Klöckner, C. A. (2013). A comprehensive model of the psychology of

environmental behaviour—a meta-analysis. Global Environ. Change 23,

1028–1038. doi: 10.1016/j.gloenvcha.2013.05.014
∗Klöckner, C. A., andMatthies, E. (2004). How habits interfere with norm-directed

behaviour: a normative decision-making model for travel mode choice. J.

Environ. Psychol. 24, 319–327. doi: 10.1016/j.jenvp.2004.08.004
∗Korcaj, L., Hahnel, U. J., and Spada, H. (2015). Intentions to adopt photovoltaic

systems depend on homeowners’ expected personal gains and behavior of peers.

Renewable Energy 75, 407–415. doi: 10.1016/j.renene.2014.10.007
∗Lai, I. K., Liu, Y., Sun, X., Zhang, H., and Xu, W. (2015). Factors influencing

the behavioural intention towards full electric vehicles: an empirical study in

Macau. Sustainability 7, 12564–12585. doi: 10.3390/su70912564
∗Langbroek, J. H., Franklin, J. P., and Susilo, Y. O. (2016). The effect of

policy incentives on electric vehicle adoption. Energy Policy 94, 94–103.

doi: 10.1016/j.enpol.2016.03.050

Lansana, F. M. (1992). Distinguishing potential recyclers from nonrecyclers:

a basis for developing recycling strategies. J. Environ. Educ. 23, 16–23.

doi: 10.1080/00958964.1992.9942792

Larsen, K. S. (1995). Environmental waste: recycling attitudes and correlates. J. Soc.

Psychol. 135, 83–88. doi: 10.1080/00224545.1995.9711405

Lee, K., and Ho, M.-S. (2014). The Maoming anti-PX protest of 2014: an

environmental movement in contemporary China. China Perspect. 33–39.
∗Liang, R.-D. (2016). Predicting intentions to purchase organic food: the

moderating effects of organic food prices. Br. Food J. 118, 183–199.

doi: 10.1108/BFJ-06-2015-0215
∗Lipman, T. E., and Delucchi, M. A. (2006). A retail and lifecycle cost analysis of

hybrid electric vehicles. Transport. Res. Part D Transp. Environ. 11, 115–132.

doi: 10.1016/j.trd.2005.10.002

Lowe, B., Lynch, D., and Lowe, J. (2014). The role and application of social

marketing in managing water consumption: a case study. Int. J. Nonprofit

Voluntary Sect. Market. 19, 14–26. doi: 10.1002/nvsm.1484

Lucas, K., Brooks, M., Darnton, A., and Jones, J. E. (2008). Promoting pro-

environmental behaviour: existing evidence and policy implications. Environ.

Sci. Policy 11, 456–466. doi: 10.1016/j.envsci.2008.03.001
∗Lynne, G. D., Casey, C. F., Hodges, A., and Rahmani, M. (1995). Conservation

technology adoption decisions and the theory of planned behavior. J. Econ.

Psychol. 16, 581–598. doi: 10.1016/0167-4870(95)00031-6
∗Mairesse, O., Macharis, C., Lebeau, K., and Turcksin, L. (2012). Understanding

the attitude-action gap: functional integration of environmental aspects in car

purchase intentions. Psicológica 33, 547–574.
∗Maréchal, K. (2009). An evolutionary perspective on the economics of

energy consumption: the crucial role of habits. J. Econ. Issues 43, 69–88.

doi: 10.2753/JEI0021-3624430104
∗Martin, M., Williams, I. D., and Clark, M. (2006). Social, cultural and structural

influences on household waste recycling: a case study. Resour. Conserv.

Recycl.48, 357–395. doi: 10.1016/j.resconrec.2005.09.005
∗Martínez-Espiñeira, R., García-Valiñas, M. A., and Nauges, C. (2014).

Households’ pro-environmental habits and investments in water and energy

consumption: Determinants and relationships. J. Environ. Manage. 133,

174–183. doi: 10.1016/j.jenvman.2013.12.002
∗Martinsson, J., Lundqvist, L. J., and Sundström, A. (2011). Energy saving in

Swedish households. The (relative) importance of environmental attitudes.

Energy Policy 39, 5182–5191. doi: 10.1016/j.enpol.2011.05.046

Maybery, D., Crase, L., and Gullifer, C. (2005). Categorising farming values

as economic, conservation and lifestyle. J. Econ. Psychol. 26, 59–72.

doi: 10.1016/j.joep.2003.10.001

Michel, A., Attali, S., and Bush, E. (2015). Energy Efficiency of White Goods in

Europe: Monitoring theMarket with Sales Data. Available online at: http://www.

topten.eu/uploads/File/WhiteGoods_in_Europe_June15.pdf

Michie, S., Johnston, M., Francis, J., Hardeman, W., and Eccles,

M. (2008). From theory to intervention: mapping theoretically

derived behavioural determinants to behaviour change techniques.

Appl. Psychol. 57, 660–680. doi: 10.1111/j.1464-0597.2008.

00341.x

Frontiers in Psychology | www.frontiersin.org 19 November 2017 | Volume 8 | Article 1874

https://doi.org/10.1016/j.jpowsour.2005.11.086
https://doi.org/10.1136/bmj.38636.593461.68
https://doi.org/10.1111/j.1559-1816.2003.tb01949.x
https://doi.org/10.1016/j.landusepol.2010.06.006
https://doi.org/10.1016/0272-4944(95)90004-7
https://doi.org/10.1177/0013916595275005
https://doi.org/10.1016/j.jenvp.2014.08.002
https://doi.org/10.1177/0013916595275004
https://doi.org/10.1111/j.1559-1816.1999.tb00123.x
https://doi.org/10.1016/j.jpolmod.2005.01.008
https://doi.org/10.1177/00139160121973269
https://doi.org/10.1016/S0006-3207(00)00235-4
https://doi.org/10.1002/cb.346
https://doi.org/10.1037/0278-6133.19.Suppl1.5
https://doi.org/10.1348/014466601164731
https://doi.org/10.1016/j.paid.2003.06.003
https://doi.org/10.1111/0022-4537.00180
https://doi.org/10.1016/j.tourman.2014.08.017
https://doi.org/10.1016/j.jaridenv.2015.11.010
https://doi.org/10.1016/j.gloenvcha.2013.05.014
https://doi.org/10.1016/j.jenvp.2004.08.004
https://doi.org/10.1016/j.renene.2014.10.007
https://doi.org/10.3390/su70912564
https://doi.org/10.1016/j.enpol.2016.03.050
https://doi.org/10.1080/00958964.1992.9942792
https://doi.org/10.1080/00224545.1995.9711405
https://doi.org/10.1108/BFJ-06-2015-0215
https://doi.org/10.1016/j.trd.2005.10.002
https://doi.org/10.1002/nvsm.1484
https://doi.org/10.1016/j.envsci.2008.03.001
https://doi.org/10.1016/0167-4870(95)00031-6
https://doi.org/10.2753/JEI0021-3624430104
https://doi.org/10.1016/j.resconrec.2005.09.005
https://doi.org/10.1016/j.jenvman.2013.12.002
https://doi.org/10.1016/j.enpol.2011.05.046
https://doi.org/10.1016/j.joep.2003.10.001
http://www.topten.eu/uploads/File/WhiteGoods_in_Europe_June15.pdf
http://www.topten.eu/uploads/File/WhiteGoods_in_Europe_June15.pdf
https://doi.org/10.1111/j.1464-0597.2008.00341.x
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Moore and Boldero Designing Interventions that Last

Michie, S., van Stralen, M. M., andWest, R. (2011). The behaviour change wheel: a

new method for characterising and designing behaviour change interventions.

Implement. Sci. 6:42. doi: 10.1186/1748-5908-6-42

Minato, W., Curtis, A., and Allan, C. (2010). Social norms and natural resource

management in a changing rural community. J. Environ. Policy Plan. 12,

381–403. doi: 10.1080/1523908X.2010.531084
∗Moons, I., and De Pelsmacker, P. (2012). Emotions as determinants

of electric car usage intention. J. Market. Manage. 28, 195–237.

doi: 10.1080/0267257X.2012.659007

Moore, H. E., and Rutherfurd, I. D. (2017). Lack of maintenance is

a major challenge for stream restoration projects. River Restor. Appl.

doi: 10.1002/rra.3188. [Epub ahead of print].

Mpelasoka, F., Hennessy, K., Jones, R., and Bates, B. (2008). Comparison of suitable

drought indices for climate change impacts assessment over Australia towards

resource management. Int. J. Climatol. 28, 1283–1292. doi: 10.1002/joc.1649

Neal, D. T., Wood, W., Labrecque, J. S., and Lally, P. (2012). How do habits guide

behavior? Perceived and actual triggers of habits in daily life. J. Exp. Soc. Psychol.

48, 492–498. doi: 10.1016/j.jesp.2011.10.011
∗Nigbur, D., Lyons, E., and Uzzell, D. (2010). Attitudes, norms, identity and

environmental behaviour: using an expanded theory of planned behaviour to

predict participation in a kerbside recycling programme. Br. J. Soc. Psychol. 49,

259–284. doi: 10.1348/014466609X449395
∗Nilsson, M., and Küller, R. (2000). Travel behaviour and environmental

concern. Transport. Res. Part D Transp. Environ. 5, 211–234.

doi: 10.1016/S1361-9209(99)00034-6
∗Noppers, E. H., Keizer, K., Milovanovic, M., and Steg, L. (2016). The importance

of instrumental, symbolic, and environmental attributes for the adoption of

smart energy systems. Energy Policy 98, 12–18. doi: 10.1016/j.enpol.2016.08.007
∗Nordlund, A. M., and Garvill, J. (2002). Value structures behind

proenvironmental behavior. Environ. Behav. 34, 740–756.

doi: 10.1177/001391602237244

Osbaldiston, R., and Schott, J. P. (2012). Environmental sustainability and

behavioral science: meta-analysis of proenvironmental behavior experiments.

Environ. Behav. 44, 257–299. doi: 10.1177/0013916511402673

Ouellette, J. A., and Wood, W. (1998). Habit and intention in everyday life: the

multiple processes by which past behavior predicts future behavior. Psychol.

Bull. 124:54. doi: 10.1037/0033-2909.124.1.54
∗Ozaki, R. (2011). Adopting sustainable innovation: what makes consumers sign

up to green electricity? Bus. Strategy Environ. 20, 1–17. doi: 10.1002/bse.650
∗Ozaki, R., and Sevastyanova, K. (2011). Going hybrid: an analysis

of consumer purchase motivations. Energy Policy 39, 2217–2227.

doi: 10.1016/j.enpol.2010.04.024
∗Pichert, D., and Katsikopoulos, K. V. (2008). Green defaults: information

presentation and pro-environmental behaviour. J. Environ. Psychol. 28, 63–73.

doi: 10.1016/j.jenvp.2007.09.004

Price, J. C., and Leviston, Z. (2014). Predicting pro-environmental agricultural

practices: the social, psychological and contextual influences on land

management. J. Rural Stud. 34, 65–78. doi: 10.1016/j.jrurstud.2013.10.001

Prochaska, J. O., Velicer, W. F., Guadagnoli, E., Rossi, J. S., and DiClemente, C.

C. (1991). Patterns of change: dynamic typology applied to smoking cessation.

Multivariate Behav. Res. 26, 83–107. doi: 10.1207/s15327906mbr2601_5
∗Raymond, C. M., Brown, G., and Robinson, G. M. (2011). The influence of place

attachment, and moral and normative concerns on the conservation of native

vegetation: a test of two behavioural models. J. Environ. Psychol. 31, 323–335.

doi: 10.1016/j.jenvp.2011.08.006

Roe, B., Teisl, M. F., Levy, A., and Russell, M. (2001). US consumers’

willingness to pay for green electricity. Energy Policy 29, 917–925.

doi: 10.1016/S0301-4215(01)00006-4

Rogers, R. W. (1975). A protection motivation theory of fear appeals and attitude

change1. J. Psychol. 91, 93–114. doi: 10.1080/00223980.1975.9915803

Rothman, A. J. (2000). Toward a theory-based analysis of behavioral maintenance.

Health Psychol. 19:64. doi: 10.1037/0278-6133.19.Suppl1.64
∗Schelly, C. (2014). Residential solar electricity adoption: what motivates, and

what matters? A case study of early adopters. Energy Res. Soc. Sci. 2, 183–191.

doi: 10.1016/j.erss.2014.01.001
∗Schlegelmilch, B. B., Bohlen, G. M., and Diamantopoulos, A. (1996). The

link between green purchasing decisions and measures of environmental

consciousness. Eur. J. Market. 30, 35–55. doi: 10.1108/03090569610118740

∗Schultz, P. W., and Oskamp, S. (1996). Effort as a moderator of the attitude-

behavior relationship: general environmental concern and recycling. Soc.

Psychol. Quart. 375–383. doi: 10.2307/2787078
∗Schultz, P. W., Oskamp, S., and Mainieri, T. (1995). Who recycles and when?

A review of personal and situational factors. J. Environ. Psychol. 15, 105–121.

doi: 10.1016/0272-4944(95)90019-5

Schwartz, S. H. (1977). Normative influences on altruism. Adv. Exp. Soc. Psychol.

10, 221–279. doi: 10.1016/S0065-2601(08)60358-5
∗Sopha, B. M., and Klöckner, C. A. (2011). Psychological factors in the

diffusion of sustainable technology: a study of Norwegian households’ adoption

of wood pellet heating. Renewable Sustain. Energy Rev. 15, 2756–2765.

doi: 10.1016/j.rser.2011.03.027

Steg, L. (2008). Promoting household energy conservation. Energy Policy 36,

4449–4453. doi: 10.1016/j.enpol.2008.09.027

Steg, L., and Vlek, C. (2009). Encouraging pro-environmental behaviour: an

integrative review and research agenda. J. Environ. Psychol. 29, 309–317.

doi: 10.1016/j.jenvp.2008.10.004

Stern, P. C. (2000). New environmental theories: toward a coherent theory

of environmentally significant behavior. J. Soc. Issues 56, 407–424.

doi: 10.1111/0022-4537.00175

Stern, P. C., and Dietz, T. (1994). The value basis of environmental concern. J. Soc.

Issues 50, 65–84. doi: 10.1111/j.1540-4560.1994.tb02420.x
∗Tanner, C., and Wölfing Kast, S. (2003). Promoting sustainable consumption:

determinants of green purchases by Swiss consumers. Psychol. Market. 20,

883–902. doi: 10.1002/mar.10101
∗Taylor, S., and Todd, P. (1995). An integrated model of waste management

behavior: a test of household recycling and composting intentions. Environ.

Behav. 27, 603–630. doi: 10.1177/0013916595275001
∗Thøgersen, J. (1999). Spillover processes in the development of

a sustainable consumption pattern. J. Econ. Psychol. 20, 53–81.

doi: 10.1016/S0167-4870(98)00043-9
∗Thøgersen, J. (2006). Norms for environmentally responsible

behaviour: an extended taxonomy. J. Econ. Psychol. 26, 247–261.

doi: 10.1016/j.jenvp.2006.09.004
∗Tonglet, M., Phillips, P. S., and Bates, M. P. (2004). Determining

the drivers for householder pro-environmental behaviour: waste

minimisation compared to recycling. Resour. Conserv. Recycl. 42, 27–48.

doi: 10.1016/j.resconrec.2004.02.001

UNFCC (2017). Summary of the Paris Agreement. Available online at: http://

bigpicture.unfccc.int/#content-the-paris-agreemen
∗Valle, P. O. D., Rebelo, E., Reis, E., and Menezes, J. (2005). Combining behavioral

theories to predict recycling involvement. Environ. Behav. 37, 364–396.

doi: 10.1177/0013916504272563

Verplanken, B., and Aarts, H. (1999). Habit, attitude, and planned behaviour: is

habit an empty construct or an interesting case of goal-directed automaticity?

Eur. Rev. Soc. Psychol. 10, 101–134. doi: 10.1080/14792779943000035

Verplanken, B., and Wood, W. (2006). Interventions to break and create

consumer habits. J. Public Policy Market. 25, 90–103. doi: 10.1509/jppm.

25.1.90
∗Vicente, P., and Reis, E. (2008). Factors influencing households’ participation

in recycling. Waste Manage. Res. 26, 140–146. doi: 10.1177/0734242X07

077371
∗Vining, J., and Ebreo, A. (1992). Predicting recycling behavior from global and

specific environmental attitudes and changes in recycling opportunities.

J. Appl. Soc. Psychol. 22, 1580–1607. doi: 10.1111/j.1559-1816.1992.

tb01758.x

Walton, A., and Hume, M. (2011). Creating positive habits in water conservation:

the case of the Queensland Water Commission and the Target 140 campaign.

Int. J. Nonprofit Volunt. Sect. Market. 16, 215–224. doi: 10.1002/nvsm.421
∗Wang, S., Fan, J., Zhao, D., Yang, S., and Fu, Y. (2016). Predicting consumers’

intention to adopt hybrid electric vehicles: using an extended version

of the theory of planned behavior model. Transportation 43, 123–143.

doi: 10.1007/s11116-014-9567-9
∗Wauters, E., Bielders, C., Poesen, J., Govers, G., and Mathijs, E. (2010).

Adoption of soil conservation practices in Belgium: an examination

of the theory of planned behaviour in the agri-environmental

domain. Land Use Policy 27, 86–94. doi: 10.1016/j.landusepol.2009.

02.009

Frontiers in Psychology | www.frontiersin.org 20 November 2017 | Volume 8 | Article 1874

https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1080/1523908X.2010.531084
https://doi.org/10.1080/0267257X.2012.659007
https://doi.org/10.1002/rra.3188
https://doi.org/10.1002/joc.1649
https://doi.org/10.1016/j.jesp.2011.10.011
https://doi.org/10.1348/014466609X449395
https://doi.org/10.1016/S1361-9209(99)00034-6
https://doi.org/10.1016/j.enpol.2016.08.007
https://doi.org/10.1177/001391602237244
https://doi.org/10.1177/0013916511402673
https://doi.org/10.1037/0033-2909.124.1.54
https://doi.org/10.1002/bse.650
https://doi.org/10.1016/j.enpol.2010.04.024
https://doi.org/10.1016/j.jenvp.2007.09.004
https://doi.org/10.1016/j.jrurstud.2013.10.001
https://doi.org/10.1207/s15327906mbr2601_5
https://doi.org/10.1016/j.jenvp.2011.08.006
https://doi.org/10.1016/S0301-4215(01)00006-4
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1037/0278-6133.19.Suppl1.64
https://doi.org/10.1016/j.erss.2014.01.001
https://doi.org/10.1108/03090569610118740
https://doi.org/10.2307/2787078
https://doi.org/10.1016/0272-4944(95)90019-5
https://doi.org/10.1016/S0065-2601(08)60358-5
https://doi.org/10.1016/j.rser.2011.03.027
https://doi.org/10.1016/j.enpol.2008.09.027
https://doi.org/10.1016/j.jenvp.2008.10.004
https://doi.org/10.1111/0022-4537.00175
https://doi.org/10.1111/j.1540-4560.1994.tb02420.x
https://doi.org/10.1002/mar.10101
https://doi.org/10.1177/0013916595275001
https://doi.org/10.1016/S0167-4870(98)00043-9
https://doi.org/10.1016/j.jenvp.2006.09.004
https://doi.org/10.1016/j.resconrec.2004.02.001
http://bigpicture.unfccc.int/#content-the-paris-agreemen
http://bigpicture.unfccc.int/#content-the-paris-agreemen
https://doi.org/10.1177/0013916504272563
https://doi.org/10.1080/14792779943000035
https://doi.org/10.1509/jppm.25.1.90
https://doi.org/10.1177/0734242X07077371
https://doi.org/10.1111/j.1559-1816.1992.tb01758.x
https://doi.org/10.1002/nvsm.421
https://doi.org/10.1007/s11116-014-9567-9
https://doi.org/10.1016/j.landusepol.2009.02.009
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Moore and Boldero Designing Interventions that Last

∗Werner, C. M., Turner, J., Shipman, K., Twitchell, F. S., Dickson, B.

R., Bruschke, G. V., et al. (1995). Commitment, behavior, and attitude

change: an analysis of voluntary recycling. J. Environ. Psychol. 15, 197–208.

doi: 10.1016/0272-4944(95)90003-9

Wilson, A., Jansen, A., Curtis, A., and Robertson, A. (2003). Understanding

Landholder Management of Riparian Zones in the Goulburn Broken Catchment.

Wagga Wagga, NSW: Charles Sturt University; Johnstone Centre.

Wilson, G., Shields, F., Bingner, R., Reid-Rhoades, P., DiCarlo, D., and

Dabney, S. (2008). Conservation practices and gully erosion contributions

in the Topashaw Canal watershed. J. Soil Water Conserv. 63, 420–429.

doi: 10.2489/jswc.63.6.420
∗Wolf, A., and Seebauer, S. (2014). Technology adoption of electric bicycles: a

survey among early adopters. Transport. Res. Part A Policy Pract. 69, 196–211.

doi: 10.1016/j.tra.2014.08.007

∗Yazdanpanah, M., and Forouzani, M. (2015). Application of the Theory of

Planned Behaviour to predict Iranian students’ intention to purchase organic

food. J. Clean. Prod. 107, 342–352. doi: 10.1016/j.jclepro.2015.02.071

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2017 Moore and Boldero. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) or licensor are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 21 November 2017 | Volume 8 | Article 1874

https://doi.org/10.1016/0272-4944(95)90003-9
https://doi.org/10.2489/jswc.63.6.420
https://doi.org/10.1016/j.tra.2014.08.007
https://doi.org/10.1016/j.jclepro.2015.02.071
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Appendix C: Victorian grazing guidelines (DEPI 2013; 2016) 

*excerpts only, full text available from https://www.water.vic.gov.au/

Excluding grazing during the growth phase of native plants 

When native plants are entering their annual growth phase, heavy grazing can make them less 

able to set seed, send out new growth and develop healthy root systems. Healthy root systems 

not only bind the soil but also ensure plants get moisture in dry periods, and recycle nutrients. 

You should avoid controlled grazing when native plants are in flower or setting seed. This is 

usually in spring and early summer, but you need to understand the life‐cycle characteristics 

of the particular riparian plant species at the project site (and especially the life cycles of 

important functional groups and endangered species), and plan accordingly. 

Excluding grazing where there are juvenile plants 

If there has been natural regeneration or replanting, you should not use controlled grazing 

until plants are beyond browsing height (normally after 3–5 years).  

You should not use controlled grazing if there are short‐statured, understorey species on the 

site: livestock are likely to trample and kill them. 

You should also consider the propensity of livestock to rub the trunks of trees or shrubs, 

snapping their stems or ring barking them (such as cattle and horses do with stringybark 

eucalypts). 

Sites with <25% indigenous species ground cover 

Table 3.6 shows the likely impacts of maintaining the existing livestock grazing regime. The 

predicted outcome is that the site will remain as Modified Remnant, with reduced recruitment 

opportunities. 

Table 3.6 ‐ Likely impacts of maintaining the existing livestock grazing regime on Modified 

Remnant vegetation, sites with <25% indigenous species ground cover. 

Any remaining indigenous ground layer species will tolerate the existing regime. If areas 

have not been heavily grazed, the structure, species composition, cover and biomass of 

indigenous plants will decline rapidly. 

https://www.water.vic.gov.au/


Grazing on Modified Remnant sites, irrespective of their grazing history, will reduce plant 

recruitment. There will be a rapid (less than one‐year) loss of any tree and shrub seedlings or 

resprouts. 
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Appendix D: Participant social survey 

Demographic survey item: 

1. What is the size of your property?  (please tick the appropriate box)

>0-200 acres

200-500 acres

500-1000 acres

1000-3000 acres

3000-6000 acres

>6000 acres

Injunctive social norm survey items: 

The scale is the 7-point Likert scale from ‘strongly disagree’ to ‘strongly agree’. In thinking 

about river restoration projects in your area, please tell us to what extent landholders are 

responsible for maintaining the following aspects of river management projects in the 

following conditions by circling the number that best represents your opinion.  

Symbolic social norm items 

1. Landholders should be prepared to exclude stock from the fenced frontage only in

years of good water availability.

2. Landholders should be prepared to exclude stock from the fenced frontage only in

years of high farm productivity.

Instrumental social norm items 

1. Landholders should be prepared to exclude stock from the fenced frontage even in

years of drought.

2. Landholders should be prepared to exclude stock from the fenced frontage even in

years of low farm productivity.

Descriptive social norm survey items: 

Items about respondent behaviour 

1. Do you graze within the fenced frontage?

2. In an average rainfall year on any one occasion, approximately how long do you graze

in the fenced frontage for? (Please specify days/weeks e.g., For two weeks or 5 days

on one occasion).

3. In an average rainfall year, on how many separate occasions do you graze in the

fenced frontage?  (e.g., 5 week-long blocks in a year)

4. In a drought year on any one occasion, approximately how long do you graze in the

fenced frontage for? (Please specify days/weeks e.g., For two weeks or 5 days on one

occasion).

5. In a drought year, on how many separate occasions do you graze in the fenced

frontage? (e.g., 5 week-long blocks in a year)

Items about how other landholders behave 



1. What percentage (%) of landholders who are the same type of farmers as you graze

within the fenced frontage? (e.g., if you are a dairy farmer, the same type of farmers

will be other dairy farmers).

2. In an average rainfall year on any one occasion, how long do you estimate that

landholders who are the same type of farmers as you graze in the fenced frontage for?

(Please specify days/weeks e.g., For two weeks or 5 days on one occasion).

3. In an average rainfall year, on how many separate occasions do you estimate that

landholders who are the same type of farmer as you graze in the fenced frontage?

(e.g., 5 week-long blocks in a year).

4. In a drought year on any one occasion, approximately how long do you estimate that

landholders who are the same type of farmers as you graze in the fenced frontage for?

(Please specify days/weeks e.g., For two weeks or 5 days on one occasion).

5. In a drought year, on how many separate occasions do you estimate that landholders

who are the same type of farmer as you graze in the fenced frontage? (e.g., 5 week-

long blocks in a year).

Grazing regime survey items: 

1. If you graze in the fenced frontage, how many years following the completion of

works did grazing begin?

2. What time/s of year do you graze? (Please specify months and seasons).

Drought-related survey items: 

1. The scale is the 7-point Likert scale from ‘not at all affected’ to ‘extremely affected’.

This question is about climatic events in Victoria over the past decade. Please tell us

to what extent you feel your farm business has been affected by droughts by circling

the number that best represents your experience.

2. What are the main ways that prolonged drought has affected your farm in the past

decade? Please list in order of importance.
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Appendix E: CMA A field assessment sheet 

Field Site Assessment Sheet 

Site Information: 

Site name: Date: 

Plot dimensions: L x W: Assessor: 

Location (GPS): Easting Northing 

Wider landscape context: Bank (L/R) 

Land use adjacent to site: Stock access this bank (Y/N) 

Land use on opposite bank: Stock access opp. bank (Y/N) 

Fence condition: L x W:  Fence opp. bank (Y/N) 

Riparian Vegetation 

Cover of life forms 0% <1% 1-5% 6-25% 25%+ 

Native tree layer (adult) 

Native tree layer (juvenile) 

Native shrub layer 

Native ground layer 

Litter/logs/bryophytes/rocks 

Bare ground (mineral soil) 

Weeds - all species 

Weed Sp. 

1: 

Sp. 2: 

Sp. 3: 

Sp. 4: 

Sp. 5: 

Sp. 6: 

Recruitment of trees and shrubs 

Numbers as a result of natural regeneration or planting # Natural Regen # Planted 

Sp. 7 

Sp. 8 



Sp. 9 

Sp. 10 

Sp. 11 

Sp.12 

% Establishment from revegetation activities: N/A 

Fencing 

Additional comments- fence condition of opposite bank, stock access 

Appendix E: CMA A field assessment sheet



Appendix F: CMA C field assessment forms 

1. Example of rapid assessment process



2. Vegetation quality assessment form

*Attributes included in Study One were tree regeneration (measure of native juvenile tree

cover), and weed presence.

Vegetation Quality Assessment (VQA) 

Name___________________________________

Date______________________ 

Attribute Description Score 
Comments 

Above bank veg 

width 

1 (0m) – 5 (>20m) 

Soil disturbance 1 ( high level) – 5 (none) 

Tree Health 1 (all dead) – 5 (none 

dead) 

Tree Regeneration 1 (none) – 5 (abundance) 

Weed presence 1 (>60% infestation) - 5 

(absence) 

Species Richness 1 (low) – 5 (high) 

Vegetation Structure 1 (no mid storey) – 5 

(widespread)  

Total 
Fallen Timber 

1 ( none) - 5 (abundant) 

Large Trees 1 (0-25%), 2 (25-50%), 3 

(50-75%), 4 (75-90%),  

5 (90%+) 

Quality class 

Note: Each condition attribute is rated from 1 to 5. Where 1 = Very Poor and 5 = Excellent. 

CWF Quality Class Criteria: 31-35 = Excellent, 25-30 = Good, 19-24 = Moderate, 13-18 = Poor, 

7 – 12 = Very poor.  

Appendix F: CMA C field assessment forms



3. Vegetation quality assessment guidelines

Tree Regeneration 

This attribute also usually refers to eucalypts as the normal dominant component of the tree 

canopy but can also apply to the regeneration of understorey trees and large woody shrubs. 

The abundance of tree regeneration is a measure of the ability of the frontage vegetation to 

sustain itself in perpetuity. Regeneration is classed as established young seedlings at least 

30cm tall through to larger saplings and small trees that retain the small, apically-dominant 

shaped crown with little or no lower stem branching that characterises regrowth as per the 

attached diagram. 

Score Regrowth abundance 

1 No regeneration 

2 Scattered individuals (less than 1% ground cover) 

3 Scattered clumps (up to 10% ground cover) 

4 Patches and clumps (10-30% ground cover) 

5 Abundant regrowth (more than 30% ground cover) 

Weed Presence 

This attribute is a key measure of native vegetation quality. It refers to the presence and 

relative abundance of introduced (exotic) species including trees and shrubs (i.e. willows, 

boxthorn), and agricultural weeds (i.e. Scotch thistle). It does not include desirable pasture 

species (i.e. clover), as it is assumed that licenced grazing will have resulted in the 

replacement of many of the native ground flora species with introduced pasture grasses. In 

the case of this attribute, a high score denotes their absence or only a minor presence, whilst a 

low score denotes a heavy infestation. 

Score Abundance of broad-leaved weeds/ exotic trees 

1 Most of frontage and stream banks infested (greater than 60%) 

2 Significant areas of frontage and stream banks infested (40-60%) 

3 Frequent patches of infestation (10-40%) 

4 Only isolated patches of infestation or scattered individuals (less than 10%) 

5 No weed species or exotic trees present. 

Appendix F: CMA C field assessment forms
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 12 

ABSTRACT 13 

Agriculture is one of the major drivers of ecological degradation in river basins. Excluding 14 

stock (cows and sheep) from grazing riverbanks, and accessing rivers, is one of the most 15 

common river restoration activities. To be effective, stock exclusion must be maintained 16 

indefinitely. In Australia, and elsewhere, stock exclusion projects are most commonly 17 

implemented by establishing voluntary agreements between landholders and government 18 

agencies. This study examined: the extent to which landholders in three regions in south east 19 

Australia maintain stock exclusion from waterways, whether vegetation on riverbanks 20 

recovered, and the effectiveness of assessment methods. It was found that nearly half of 21 

landholders continue to graze stock on the riverbank. There has been some success with 22 

improving the condition of riparian vegetation. Sites with full stock exclusion contain the pre-23 

European abundance of juvenile trees, and, sites with continued grazing contain significantly 24 

lower abundance of juvenile trees. The effectiveness of evaluation methods varied between 25 

CMAs. Data from CMA A was of higher quality than data from CMA B or CMA C, and each 26 

CMA used different methods to assess vegetation condition. The challenges of future policy 27 

include ensuring that grazing regimes are appropriate for improving the condition of riparian 28 
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vegetation, improving the quality of condition assessment data, and ensuring that regional 29 

authorities use consistent methods of assessment.  30 

 31 

 32 

 INTRODUCTION  33 

Agricultural practices are one of the central causes of ecological degradation in river basins 34 

(Suding, 2011). Over the last 30 years improving the condition of degraded riverine 35 

ecosystems has become a central goal of river management, and a widespread area of 36 

scientific research (Bernhardt et al., 2007). One focus has been on assessing the impact of the 37 

agricultural sector on ecosystems, and designing evidence-based interventions to mitigate 38 

further damage. Common river restoration interventions include establishing fishways on 39 

dams to restore fish populations, revegetating river basins for gully control, and excluding 40 

stock from grazing riverbanks to improve riparian vegetation (Moore & Rutherfurd, 2017). 41 

Ideally, these projects should follow the principles of adaptive management (Koehn et al, 42 

2001; Newson, 2008); design, implementation, maintenance, monitoring and assessment, 43 

whereby the outcomes of assessment inform the next stages of design, and so forth 44 

(Rutherfurd et al, 2001) (see Figure 1).  45 

-------------------------Figure 1 about here---------------------------------------------------------------- 46 

In practice, the agencies responsible for river management, including government authorities 47 

and private institutions, often neglect project, monitoring and assessment (e.g., Bernhardt et 48 

al., 2007; Brookes & Lake, 2007; Kondolf, 1995; Palmer et al., 2005; Palmer et al., 2014). By 49 

comparison, the problem of maintenance is only now being considered (Moore & Rutherfurd, 50 

2017). Moore and Rutherfurd (2017) suggest that to be successful, many river restoration 51 

projects must be maintained indefinitely, including stock exclusion. However, academic 52 

researchers and river management agencies tend to focus on design and implementation, 53 
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rather than assessing how well interventions are maintained (e.g., Department of 54 

Environment Land Water and Planning, 2015). This paper explores how well one type of 55 

river restoration project (excluding stock from grazing riparian areas) has been maintained 56 

and assessed.  57 

Grazing stock, including cattle and sheep, on riparian areas has resulted in biodiversity loss, 58 

the disruption of ecosystem functions, and alterations to the biophysical, ecological, and 59 

geomorphological characteristics of both terrestrial and aquatic ecosystems (Fleischner, 1994; 60 

Jansen & Robertson, 2001). Empirical research suggests that excluding stock from grazing 61 

riverbanks should improve the abundance, diversity, and structural complexity of riparian 62 

vegetation (e.g., Agouridis et al., 2005; Belsky et al., 1999; Robertson & Rowling, 2000). In 63 

Australia (Brooks & Lake, 2007) and North America (Bernhardt et al., 2007), fencing along 64 

waterways to exclude stock, is the most common type of river restoration project. However, 65 

these riparian projects are rarely monitored or assessed, and assessment methods are often 66 

inadequate, as demonstrated by the study conducted by Ede (2011). As a result, very little is 67 

known about whether landholders maintain stock exclusion over the long-term, or if these 68 

projects achieve the intended ecological objectives. In short, it is unclear how well scientific 69 

knowledge translates into effective environmental management (Bernhardt et al., 2007).  70 

This study investigated stock exclusion projects in Victoria, Australia, including whether 71 

projects are maintained, the condition of riparian vegetation, and how effectively regional 72 

authorities conduct assessment and monitoring. Over the last three decades more than 10, 000 73 

km of stock exclusion fencing has been constructed in Victoria through the establishment of 74 

voluntary agreements between regional catchment management authorities (CMAs) and 75 

landholders (P. Vollebergh, personal communication, February 5th, 2017). Voluntary 76 

agreements are contracts that stipulate the terms of stock exclusion projects, including 77 

funding and maintenance. Government agencies subsidize the construction of fences, and 78 
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revegetation of the riverbank with native species, while landholders are legally required to 79 

maintain fences, manage weeds in the fenced areas, and exclude stock from grazing riparian 80 

areas indefinitely (DSE, 2011; Moore & Rutherfurd, 2017).  81 

We are aware of only one earlier study that has assessed government-funded stock exclusion 82 

projects (Ede, 2011), and this study was also carried out in Victoria. Ede (2011) investigated 83 

129 stock exclusion projects in Victoria and concluded that 92% of landholders continue to 84 

exclude stock. However, the only landholders evaluated were those who had volunteered 85 

their projects for evaluation.  Landholders who had not maintained their frontages would be 86 

unlikely to volunteer. Thus, Ede’s (2011) sample was unrepresentative.  Further, the study 87 

assumed that intact fences meant that landholders did not allow stock access, which might not 88 

be the case. Thus, further research is justified. 89 

We undertook our research in conjunction with three catchment management authorities 90 

(CMAs) in Victoria who conducted the first regional assessments of stock exclusion projects 91 

to include measures of evidence of grazing, as opposed to using fence condition as a proxy 92 

for stock access (Ede, 2011). Staff from the three CMAs collected data about the condition of 93 

fences, evidence of continued grazing, and the condition of vegetation. Measures of 94 

vegetation condition included the abundance of overall native vegetation, the abundance of 95 

native juvenile trees, and the abundance of invasive species. Thus, our hypotheses addressed 96 

only these measures. In addition, we conducted a postal social survey about landholder 97 

grazing regimes. The availability of this data set presented an opportunity to evaluate: project 98 

assessments conducted by government authorities, including the quality of data; the 99 

ecological outcomes of restoration; and, whether projects are maintained. We focus on three 100 

research questions:  101 
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1. How well do landholders maintain stock exclusion projects? This question was 102 

addressed by analysing data collected by CMA staff, and our own survey data, about 103 

the condition of stock exclusion fencing, evidence of continued grazing, and the 104 

condition of vegetation in the fenced area, including the abundance of weeds; 105 

2. Is stock exclusion associated with an improvement in the condition of riparian 106 

vegetation? This question was addressed by comparing vegetation condition between 107 

sites with stock excluded and sites with continued grazing;  108 

3. Is the data collected by CMAs of sufficient quality to determine whether stock 109 

exclusion projects are improving the condition of riparian vegetation? We expected 110 

that the data from each CMA would allow us to: test hypotheses about whether the 111 

condition of riparian vegetation varies between sites with continued grazing and sites 112 

with total exclusion, and compare vegetation condition, and thus, the success of 113 

projects, across the three regions in Victoria. 114 

The following literature review summarizes prior research about how well stock exclusion 115 

projects are maintained, the effectiveness of project assessment, and the single study that 116 

considers the ecological outcomes of stock exclusion projects implemented by government 117 

agencies, rather than projects established for the purpose of empirical research. There is no 118 

shortage of technical and engineered solutions to ecological problems in river basins. The 119 

purpose of our research was to examine how effective these solutions are in practice.  120 

LITERATURE REVIEW  121 

Maintenance 122 

Few studies examine whether landholders continue to maintain stock exclusion projects over 123 

the long-term. Several studies indicated that landholders struggled to maintain environmental 124 

projects associated with the National Landcare Program in Australia, including stock 125 
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exclusion (Curtis, Shindler, & Wright, 2002; Ewing, 1999). Similarly, early research 126 

conducted in associated with the United States Department of Agriculture suggested that 127 

landholders may struggle to fund fence maintenance (Hafner, 1993; Platts, 1982; Platts & 128 

Wagstaff, 1984; Reichard, 1988). However, in both cases this research was retrospective, 129 

rather than prospective or experimental.  130 

We have identified only one prior study that has examined how well stock exclusion projects 131 

are maintained in the context of government-run programs (Ede, 2011). Ede (2011) 132 

conducted field assessments of 129 stock exclusion sites across eight CMAs in Victoria. The 133 

study assumed that intact fences prevented stock from grazing the riparian area. The report 134 

concluded that effective stock exclusion was observed at 92% of sites.  However, most, if not 135 

all stock exclusion fences contain gates. Thus, we examined separate measures of fence 136 

condition and evidence of stock grazing. We also tested whether fence condition was a good 137 

surrogate for stock exclusion and hypothesized that there would be no relationship between 138 

the condition of fencing and a separate measure of evidence of stock grazing in the riparian 139 

area.  140 

Landholders are also required to maintain weeds in the fenced riparian area (DSE, 2011). 141 

Weed maintenance is considered in greater detail in the following section about vegetation 142 

condition. 143 

Vegetation Condition 144 

Others have described the ecological impacts of stock grazing on river systems in detail (e.g., 145 

Belsky, Matzke, & Uselman, 1999; Platts, 1982; Schulz & Leininger, 1990; Trimble & 146 

Mendel, 1995). Note that here we focus on woody vegetation rather than shrubs and grasses.  147 

We investigated whether there is a relationship between stock exclusion and three specific 148 

measures of vegetation condition; the abundance of overall native vegetation, the abundance 149 
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of native juvenile trees, and the abundance of invasive species. Thus, the following review 150 

focuses on the impact that stock exclusion has on these aspects of riparian vegetation.  151 

Abundance of native vegetation  152 

Riparian grazing reduces the abundance of native vegetation on riverbanks (e.g., Fleischner, 153 

1994). Even minimal cattle grazing during summer and dry periods can cause a 154 

disproportionate amount of damage to riverbank vegetation, relative to the time cattle spend 155 

in riparian areas. Experimental studies suggest that stock exclusion increases the abundance 156 

of native vegetation on riverbanks (e.g., Hough-Snee et al., 2013; Schulz & Leininger, 1990). 157 

For example, Miller et al (2010) monitored riparian areas over four years following stock 158 

exclusion and found that ecological health increased by nearly 20%, including the abundance 159 

of native vegetation. Thus, we expected that sites with complete exclusion would contain a 160 

greater abundance of native vegetation compared to sites with continued grazing. 161 

Abundance of juvenile trees 162 

According to the Victorian Ecological Condition Classes guidelines (EVCs), juvenile trees 163 

are defined as trees between 0.3m and 5m in height (DSE, 2004). The presence of juvenile 164 

trees on riverbanks is a useful indicator for the recovery of riparian vegetation because 165 

grazing destroys seedlings before they can mature and develop into canopy trees (Fleischner, 166 

1994). Stock exclusion increases the abundance of juvenile native trees (Robertson & 167 

Rowling, 2000). For example, Robertson and Rowling (2000) compared the vegetation 168 

composition of six sets of paired grazed and un-grazed sites along the Murrumbidgee River. 169 

They found that un-grazed sites contained significantly more Eucalypt seedlings and saplings, 170 

compared to grazed sites.  Thus, we anticipated that sites in Victoria with stock excluded 171 

would contain a greater abundance of juvenile trees, compared to sites with continued 172 

grazing.  173 
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In one year river red gum (Eucalyptus camaldulensis) seedlings can grow into saplings 174 

between 0.3m and 60cm in height (Di Stefano, 2002). Thus, we anticipated that all of the 175 

stock exclusion sites involved in our research should contain juvenile trees. Ede (2011) found 176 

that 52% of fenced riparian areas examined contained between 1-5% coverage of juvenile 177 

trees. For this study, the abundance of juvenile trees was ranked on a scale of one to five 178 

whereby the value of one represented 0% coverage, the value of two represented <1% 179 

coverage, the value of three represented 1-5% coverage, the value of four represented 6-25% 180 

coverage, and the value of five represented >25% coverage. Importantly, these categories do 181 

not reflect distinctions outlined in the Victorian Ecological Vegetation Condition (EVCs) 182 

assessment guidelines; the pre-European baseline coverage of juvenile trees on riverbanks in 183 

Victoria is 5%. Thus, it is impossible to determine the number of sites that meet the baseline 184 

condition. We anticipated that sites with full exclusion would contain a greater abundance of 185 

juvenile trees compared to sites with continued grazing (Robertson & Rowling, 2000).  186 

Abundance of weeds  187 

The impact of stock exclusion on the abundance of weeds on riverbanks varies depending on 188 

the amount of weed management landholders perform after the cessation of grazing (Morris 189 

& Reich, 2013). Without effective weed management, stock exclusion sites can contain more 190 

weeds than grazed sites (Lunt et al., 2007). Grazing reduces the abundance of all vegetation, 191 

including invasive species (Morris & Reich, 2013). Thus, in the absence of grazing, the 192 

amount of weeds could increase, particularly upstream. For example, Ede (2011) found that 193 

sites in Victoria with stock exclusion contained more weeds compared to sites with continued 194 

grazing, however the difference was minimal. 195 

Grazing reduces weeds, and landholders involved in stock exclusion projects in Victoria are 196 

required to manage weeds after the cessation of grazing (Dyson, 2012; DSE, 2011). Thus, we 197 
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expected to find that all sites examined in our study would contain a low abundance of 198 

invasive vegetation, and that there would be no difference between grazed sites and sites with 199 

stock excluded from grazing the riverbank.  200 

Monitoring and assessment 201 

It is widely acknowledged that lack of monitoring and assessment is a problem for river 202 

restoration projects (e.g., Bernhardt et al., 2007; Brookes & Lake, 2007; Kondolf, 1995, 203 

2007; Lave, 2018, Palmer et al., 2005, 2014). For example, Brooks and Lake (2007) 204 

examined records of 2,247 river restoration projects in Victoria, Australia, and found that 205 

only 14% indicated that monitoring was performed. Similarly, Bernhardt et al (2007) 206 

conducted interviews with staff involved in 317 river restoration projects in the United States 207 

of America and found that only 10% of projects had a clear stated goal, success criteria, or 208 

had undergone assessment. In both examples of Australia (Brooks & Lake, 2007), and 209 

America (Bernhardt et al, 2007), the most common projects were those aimed at riparian 210 

restoration, including stock exclusion.  211 

Lack of adequate monitoring and assessment of stock exclusion projects is also apparent in 212 

the context of government reporting. For example, the Victorian state government reports the 213 

number of kilometres of riverbank that have been fenced for stock exclusion annually, rather 214 

than the number of kilometres where stock exclusion projects are effectively maintained 215 

(Department of Environment Land Water and Planning, 2015b). In addition, stock exclusion 216 

projects are rarely monitored and most existing assessment data is of poor quality. For 217 

example, the Victorian Catchment Management Council (VCMC) conducts five-yearly 218 

reviews of all available data from the ten Victorian CMAs about the state-wide condition of 219 

catchments, including the condition of riparian vegetation on river restoration sites (VCMC, 220 

2017). The 2012 VCMC review emphasized the inadequacy of condition assessment data 221 
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across the state. The publication prompted an investigation by the Victorian Auditor-General 222 

into the effectiveness of the CMAs (Victorian Auditor-General, 2014). The audit report 223 

acknowledged the substantial limitations of existing data, and the need to improve 224 

arrangements for monitoring and assessment of catchment condition, as well as the 225 

importance of implementing more effective overseeing of CMA assessment methods by the 226 

then Department of Environment and Primary Industries (DEPI). Thus, in 2013 the CMAs 227 

began to assess the condition and outcomes of government funded stock exclusion projects.  228 

This paper considers two research questions related to the assessment data collected by three 229 

CMAs following the recommendations of the Auditor-General (Victorian Auditor-General, 230 

2014). Firstly, we address concerns about the lack of assessment criteria (Brooks & Lake, 231 

2007), by investigating whether the data collected by CMAs from 2013 onwards was of 232 

sufficient quality to determine the ecological benefits of stock exclusion. This was achieved 233 

by comparing CMA measures of riparian vegetation in stock exclusion areas against clear 234 

success criteria, as outlined in the section below about research measures. Secondly, we 235 

considered the usefulness of the data in relation to the five-yearly reviews conducted by the 236 

VCMC. The VCMC reports about the state-wide condition of catchments in Victoria 237 

(VCMC, 2017). This process requires that data are comparable between regions. Thus, we 238 

explored whether the data from three regions could be meaningfully compared to gain a state-239 

wide overview of the success of riparian restoration projects.  240 

Overall, the above review suggests that excluding stock should improve the condition of 241 

riparian vegetation. Ordinarily, we would present the research questions and hypotheses of 242 

the study following the literature review. However, the hypotheses about the relationship 243 

between stock grazing and vegetation condition were informed by the specific data collected 244 

by each of the three CMAs involved in the research. Given that that the quality of data varied 245 

considerable, it is necessary to first outline the measures of vegetation condition pertaining to 246 
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each CMA before presenting our hypotheses. Thus, the research questions and hypotheses are 247 

presented after the methods section below.  248 

METHODS 249 

Participants & procedure  250 

The participants were 231 landholders from three, predominately agricultural, regions in 251 

northern Victoria: CMA A (n = 137), CMA B (n = 50), and CMA C (n = 50). Landholder 252 

involvement in stock exclusion projects varied from 2 to 10 years prior to assessment. 253 

Unfortunately, very little data were available about the specific age of each project. All 231 254 

landholder properties were visited for evaluation by CMA staff members. The average age of 255 

landholders was 55 years old, and more than 80% were male. Participant property sizes 256 

ranged between 200 and 3,000 hectares. Figure 2 indicates that the main farming activities 257 

were keeping stock, including cattle and sheep, and mixed agriculture, including cropping, 258 

horticulture, and stock fodder. Numerous landholders reported farming both cattle and sheep. 259 

Most participants reported multiple farming activities, such as keeping cattle and growing 260 

fodder, however farming activities varied between CMA regions; most farmers in CMA B 261 

were graziers while the majority of farmers in CMA A and CMA C practiced multiple 262 

farming activities.  263 

---------------------------------------------Figure 2 about here------------------------------------------------------ 264 

 265 
Data about evidence of grazing, fence condition, and vegetation condition, including the 266 

abundance of native vegetation, juvenile trees, and invasive species, was collected by CMA 267 

staff during these evaluations. In addition, we mailed a social survey to all participants to 268 

examine whether landholders who continue to graze follow the Victorian grazing guidelines 269 

(VGGs) that were established by the Department of Environment and Primary Industry in 270 

2013 (DEPI, 2013). The social survey also included items about the type of farming that 271 
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landholders practice, and the size of properties. Prior to the introduction of the VGGs 272 

landholders were not permitted to continue grazing the riverbank after the construction of 273 

riparian fencing. The VGGs stipulate circumstances whereby landholders are permitted to 274 

continue some minimal grazing. Thus, according to the legal terms of management 275 

agreements, any continued grazing should reflect the VGGs. In total, 93 landholders 276 

completed and returned usable surveys (40% return rate). 277 

We also analysed gridded daily precipitation data from the Bureau of Meteorology’s 278 

Australian Water Availability Project (AWAP) dataset (Jones, Wang, & Fawcett, 2009) to 279 

investigate whether climate might explain any differences of vegetation condition we found 280 

between the three CMAs. Daily precipitation was extracted from an AWAP grid cell (0.05° x 281 

0.05°, approximately 5km x 5km) representative of the farm’s latitude and longitude for the 282 

period 1900-2016. We calculated the average long-term rainfall for each of the 93 study sites, 283 

as well as the average of the two years during which the research was conducted (2013-284 

2014), and used ANOVAs to explore any statistical differences between the regions.   285 

 286 

Measures 287 

Evidence of stock exclusion or stock grazing 288 

Measures of stock exclusion included observations recorded by CMA staff during visual 289 

inspections, and landholder responses to open-ended questions about grazing practices in the 290 

social survey. Observations recorded by CMA staff included hoof marks, eaten or damaged 291 

vegetation, and the presence of stock on riverbanks during the inspection. Three staff from 292 

each CMA conducted condition assessments. Staff underwent internal training to standardize 293 

assessment methods.  294 
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We obtained information about whether landholder grazing regimes uphold the VGGs from 295 

the sub-sample of 93 landholders who completed our social survey. Vegetation data 296 

(described below) and survey data were used to investigate whether landholders who 297 

continue to graze do so in accordance with the Victorian grazing guidelines. In 2013 the 298 

Victorian Department of Environment and Primary Industry published guidelines for 299 

managing grazing on riparian land (DEPI, 2013). A revised edition was published in 2016 by 300 

the now Department of Environment, Land, Water, and Planning. These guidelines were 301 

introduced to restrict grazing to sites that are unlikely to be altered by the presence of stock 302 

on riverbanks. Grazing of short-duration (‘crash’ grazing) is permitted to control invasive 303 

pasture grasses that would otherwise out-compete planted or self-sown native seedlings 304 

(DELWP, 2016). Our study investigated whether current grazing regimes reflect key 305 

recommendations stipulated in the Victorian grazing guidelines, including the following:  306 

• Stock should be excluded from riverbanks in spring and early summer when native 307 

species typically germinate;  308 

• Stock should be excluded from revegetation areas for 3-5 years to allow native 309 

vegetation to establish;  310 

• Grazing should not be permitted on sites with less than or equal to 25% vegetation 311 

cover  312 

The social survey included two items about grazing regimes. The first item asked landholders 313 

to report how many years following the completion of the restoration project that grazing 314 

commenced. The second item asked about the time of year, including the seasons and 315 

months, that grazing occurs. The data were used to investigate whether grazing regimes 316 

reflect the first two recommendations outlined above.  317 

Fence condition 318 
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The condition of fencing was described by CMA staff during site inspections. Observations 319 

were recorded including damage to fence wires, and evidence that gates in fences were used 320 

for stock access. Each CMA developed a ranking system that indicated whether fencing 321 

effectively excluded stock from the riverbank, or if stock were able to access the riverbank. 322 

For example, CMA A classed fence condition as ‘good’, ‘medium’, or ‘poor’, whereby 323 

fences in ‘good’ condition effectively exclude stock, and those in ‘medium’ or ‘poor’ 324 

condition permit stock access to varying degrees. We standardized fence condition data from 325 

the three CMA regions into two categories: ‘good’ fencing successfully excludes stock while 326 

‘poor’ fencing permits stock access to riverbanks. 327 

Vegetation condition 328 

The relationship between stock exclusion and vegetation condition was assessed by the 329 

abundance of: native vegetation, juvenile trees, and invasive species. However, the quality of 330 

vegetation condition data collected by the three CMAs varied considerably. CMA A and 331 

CMA C used state-sanctioned data collection procedures, while CMA B used a method 332 

devised by regional staff. Staff from CMA B conducted a visual assessment of riverbanks and 333 

classified vegetation condition as ‘good’, ‘medium’, or ‘poor’. These data did not include 334 

measures of vegetation features or the abundance of native and invasive vegetation. 335 

Therefore, we excluded vegetation data from CMA B from our analysis. The assessment 336 

method, and vegetation measures for each CMA are summarized in Table 1 below. 337 

CMA A 338 

CMA A used an assessment method consistent with the methods outlined in the Victorian 339 

Ecological Vegetation Classes guidelines (DSE, 2004). This method involved walking the 340 

riverbank for up to 100m along the length of the fenced riverbank and recording observations 341 

about the abundance of vegetation observed at each site on a continuous scale, between 0% 342 
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and 100%. The EVC classes provides a benchmark for setting restoration goals and assessing 343 

projects (Parkes, Newell, & Cheal, 2003). We compared vegetation condition data from 344 

CMA A to the predicted pre-European vegetation species distributions (known as Ecological 345 

Vegetation Classes). EVC benchmarks and classifications for the abundance of native 346 

vegetation, juvenile trees, and invasive species. For example, the most common EVCs of 347 

sites in the study regions were Floodplain Riparian Woodland, Riparian Forest, Riverine 348 

Grassy Woodland, and Box Ironbark Forest (DELWP, 2017). These EVCs stipulate that the 349 

pre-European vegetation had a benchmark of 5% juvenile tree cover, whereby juvenile tree 350 

cover refers to the percentage of area covered by the foliage of individual canopy plants, 351 

taller than 0.3m but below 5 metres (DSE, 2004). Therefore, we anticipated that sites in CMA 352 

A with continued grazing would have less than 5% juvenile tree cover than sites with 353 

continued grazing.  354 

In accordance with the EVC guidelines, total native vegetation cover is classified as ‘absent’ 355 

if less than 10% cover is observed, ‘few’ if between 10% and 50% cover is observed, and 356 

‘abundant’ if more than 50% cover is observed. Total invasive species cover is classified as 357 

‘low cover’ if between 5% and 25% cover is present, ‘easily observable’ if between 25% and 358 

50% is present, and ‘visually dominant’ if more than 50% cover is present. The total native 359 

vegetation cover of riparian areas was a measure of the highest percentage of cover of each of 360 

native grasses, shrubs, juvenile trees, and mature trees. These data were used to examine the 361 

relationship between native vegetation cover and stock exclusion, and to investigate whether 362 

grazing is excluded from sites with less than or equal to 25% native vegetation cover are, as 363 

per the Victorian grazing guidelines.  364 

CMA C 365 
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In contrast to CMA A, staff from CMA C followed a’ rapid assessment’ method to assess 366 

vegetation condition. Staff walked the length of the riverbank for one hundred meters and 367 

recorded observations about vegetation condition. The abundance of juvenile trees and 368 

invasive species was classified on a categorical scale of one to five, rather than on a 369 

continuous scale of between 0% and 100%.  For the abundance of juvenile trees, the value of 370 

one is equal to no regeneration, two is equal to less than 1% ground cover, three is equal to 371 

up to 10% ground cover, four is equal to between 10% and 30% groundcover, and the value 372 

of five is equal to abundant regrowth of more than 30% regeneration.   373 

The abundance of invasive vegetation was also classified on a categorical scale of one to five, 374 

whereby the value of one indicates that no invasive vegetation is present, the value of two 375 

indicates that less than 10% of the riverbank is covered with invasive species, the value of 376 

three indicates that between 10% and 40% is covered, the value of four indicates that between 377 

40% and 60% is covered, and the value of two indicates that more than 60% of the riverbank 378 

is covered. We used this categorical data to examine the relationship between stock 379 

exclusion, and the abundance of juvenile trees and invasive species on sites in CMA C.  380 

-------------------------------------Table 1 about here----------------------------------------------------- 381 

Effectiveness of assessment 382 

The quality of vegetation data were central to our analysis of the condition assessment 383 

methods employed by each CMA. For example, we anticipated that it would be possible to 384 

compare vegetation condition data to EVC benchmarks, as stipulated by the Victorian EVC 385 

guidelines (DSE, 2004). Thus, the effectiveness of assessment was judged based on whether 386 

we could compare data to EVC benchmarks. We also considered whether it was possible to 387 

compare vegetation condition data between the three CMAs involved in the research. The 388 

Victorian Catchment Management Council (VCMA) conducts five-yearly reviews of all 389 
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available data from the ten Victorian CMAs about the state-wide condition of catchments, 390 

including the condition of riparian vegetation (VCMC, 2017). Thus, it would be beneficial if 391 

vegetation condition data were comparable across multiple regions.  392 

RESEARCH AIMS AND HYPOTHESES  393 

There were three purposes of the research. The first purpose was to determine how many 394 

landholders continue to graze in riparian areas after the establishment of fencing, compared to 395 

those that have excluded stock entirely. We also examined whether those landholders that 396 

continue to graze follow key recommendations outlined in the Victorian grazing guidelines 397 

(DELWP, 2016), including the recommendation to exclude stock entirely for 3-5 years 398 

following revegetation, and excluding stock in spring and early summer. Further, we 399 

investigated whether grazing has ceased on sites in CMA A with less than or up to 25% 400 

native vegetation cover, as stipulated in the Victorian grazing guidelines.  401 

The second purpose of the research was to investigate whether stock exclusion is associated 402 

with an improved condition of riparian vegetation. It was not possible to obtain data about 403 

vegetation condition prior to the establishment of stock exclusion projects. Therefore, rather 404 

than a before-after approach (e.g., Roberston & Rowling, 2000), we used an experimental-405 

control approach that involved testing whether the condition of vegetation was different for 406 

sites with exclusion and sites with continued grazing. We tested seven hypotheses about the 407 

relationship between stock exclusion and vegetation condition. These hypotheses, and the 408 

statistical data analysis methods, are summarized in Table 2.  409 

-------------------------------Table 2 about here----------------------------------------------------------- 410 

 411 

The third purpose of the research was to investigate the quality of data collected by CMA 412 

staff, and thus, whether CMA methods of assessing stock exclusion are effective.  We 413 
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considered whether the available data from three CMAs were sufficient for determining the 414 

ecological outcomes of stock exclusion projects, and whether the data collected by three 415 

CMAs were comparable. 416 

RESULTS 417 

The assessment of riparian restoration projects conducted by CMA staff across three regions 418 

included the evaluation of 231 landholder properties. However, the evaluation data indicated 419 

that some properties no longer run cattle, while others do not currently have riverbank 420 

fencing. Therefore, the sample size varies for the statistical analyses used to test each 421 

hypothesis, as described below.  422 

Figure 3 suggests that the annual average rainfall varies considerably between regions. 423 

ANOVA confirmed that there was a significant difference between the three regions for the 424 

long-term average rainfall, and the average rainfall of the two years during which the 425 

research was conducted (2013-2014). The long-term average rainfall of CMA B (M = 426 

1030.28, SD = 216.16) was significantly higher than the long-term average of CMA A (M = 427 

405.93, SD = 50.48) and CMA C (M = 764.73, SD = 229.86), F (2, 78), = 3.12, p = .00. 428 

Similarly, the average rainfall for 2013 and 2014 of CMA B (M = 925.20, SD = 188.42) was 429 

significantly higher than the two-year average of CMA A (M = 334.27, SD = 29.86) and 430 

CMA C (M = 652.36, SD = 198.29), F (2, 78), = 3.11, p = .00. 431 

 432 

--------------------------Figure 3 about here------------------------------------------------------------------------- 433 

 434 

In addition, a t-test was computed to investigate whether the average rainfall in all three 435 

regions for 2013 and 2014 was different to the long-term average, as suggested by the 436 

columns marked ‘total’ in Figure 3. A t-test found that the average rainfall of all 93 437 

landholder properties was significantly lower in 2013 and 2014 (M = 742.78, SD = 312.12) 438 
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compared to the long-term average (M = 645.22, SD = 285.88), t (82) = 2.09, p = 0.02. Thus, 439 

rainfall was taken into consideration for interpreting our findings about vegetation condition.  440 

 441 

Descriptive results  442 

Grazing practices 443 

The number of sites in CMAs A, B and C where stock were grazed or excluded, and where 444 

either the landholders no longer run stock or the data were insufficient to determine stock 445 

access, is summarized in Table 3.  446 

------------------------------------------Table 3 about here------------------------------------------------ 447 

 448 

Of the sub-sample of 93 landholders that completed the social survey, 53 (57%) continue to 449 

graze restoration sites, and 40 (43%) practice total exclusion of stock from restoration sites. 450 

Of those landholders that continue to graze, 41 responded to the survey item asking 451 

landholders to report the time of year that grazing occurs. Most landholders graze in spring 452 

(N = 14) or summer (N = 17). Two landholders reported grazing all year round, and two 453 

landholders reported grazing only when the river is high. Of those that graze, 30 landholders 454 

responded to the survey item about the length of time since the establishment of the stock 455 

exclusion project after which grazing resumed. Four reported that grazing resumed less than 456 

one year after the establishment of stock exclusion projects, half reported that grazing 457 

resumed less than three years after, and the remainder reported that grazing resumed more 458 

than three years after.  459 

Data from CMA A were analysed to determine if grazing continues on sites with less than or 460 

equal to 25% total native vegetation coverage. Of the 65 sites that were grazed, 20 contained 461 

less than or equal to 25% total native vegetation coverage.  462 
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 Vegetation condition  463 

Table 4 displays the means and standard deviations for measures of vegetation condition 464 

from sites in CMA A. Of the 137 site assessments conducted in CMA A, four records were 465 

missing data related to the coverage of juvenile trees and the total coverage of native 466 

vegetation, and ten records were missing data related to the total coverage of invasive 467 

species. Therefore, the sample sizes vary for these measures (Table 4). The standard 468 

deviation of juvenile tree cover shows little variability (SD = 7.79), while the standard 469 

deviation of native vegetation cover (SD = 22.54) and invasive species cover (SD = 18.77) 470 

shows considerable variability.  471 

The means and standard deviations for measures of vegetation condition from sites in CMA 472 

C are also displayed in Table 4. Of the 44 site assessments conducted in CMA C, all records 473 

contained the data related to the abundance of juvenile trees and the abundance of invasive 474 

species. The mean score for juvenile tree cover was close to the value of ‘3’ on the 475 

categorical scale. Thus, according to the scale, most sites contained ‘up to 10% cover’. The 476 

standard deviation indicates very little variability (SD = 2.66). The mean score for the 477 

abundance of invasive species coverage indicates that on average, sites in CMA C contain 478 

between 10% and 40% coverage. The standard deviation suggests there is moderate 479 

variability (SD = 1.13). 480 

-------------------------------------Table 4 about here----------------------------------------------------- 481 

 482 

 Fence condition  483 

Of the 232 site assessments conducted in CMA A, CMA B, and CMA C, 30 records were 484 

missing data related to fence condition. In total, 70% of sites contained fences in ‘good’ 485 

condition (N = 141) and 30% of sites contained fences in ‘poor’ condition (N = 61). Further, 486 

Chi Square analysis revealed that fence condition varied between regions, x2(2, N=202) = 487 
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3.05, p = .000. Of 118 sites in CMA A, 80% (N = 94) were in good condition. Similarly, of 488 

38 sites in CMA C, 79% (N = 30) were in ‘good’ condition. By contrast, of 46 sites in CMA 489 

B, only 37% (N = 17) were in ‘good’ condition.   490 

Relationships between grazing, vegetation condition, and fence condition  491 

This section presents results for the relationship between grazing, vegetation condition, and 492 

fence condition. Hypotheses 1, about the relationship between stock exclusion and fence 493 

condition, was supported as there was no relationship between fence condition and grazing, 494 

x2(1, N=124) = .411, p = .52. Hypothesis 2 was supported as sites in CMA A that were 495 

grazed (M = 1.68, SD = 4.14) contained less juvenile tree cover than sites with full exclusion, 496 

(M = 4.77, SD = 9.87), t (131) = -2.32, p = .02. Hypothesis 3 was partially supported as 497 

grazed sites contained less than 5% juvenile tree coverage, and sites with total exclusion 498 

contained only marginally less than 5%. Hypothesis 4 was supported as there was no 499 

difference between grazed sites (M = 21.69, SD = 21.21) and sites with total exclusion (M = 500 

23.38, SD = 23.83) for the amount of native species coverage, t (131) = -.43, p = .67.  501 

Similarly, Hypothesis 5 was not supported as there no difference between grazed sites (M = 502 

25.19, SD = 18.13) and sites with total exclusion (M = 29.95, SD = 19.20) for the amount of 503 

invasive species coverage, t (125) = -1.44, p = .154.  504 

Hypothesis 6 was not supported as there was no difference between grazed sites (M = 2.63, 505 

SD = .62) in CMA C and sites with total exclusion (M = 2.67, SD = .88) for the abundance of 506 

juvenile trees, t (41) = -.17, p = .868. Hypothesis 7 was supported as there was no difference 507 

between grazed sites (M = 3.25, SD = 0.87) and sites with total exclusion (M = 3.39, SD = 508 

0.52) for the abundance of invasive species, t (27) = -0.51, p = 0.31. According to the 509 

categorical weed scale, all sites contained between 10% and 40% coverage of invasive 510 

vegetation.  511 
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Data quality and the consistency between CMA vegetation measures 512 

The research investigated the effectiveness of vegetation condition assessments from two 513 

perspectives; firstly, whether the data were of sufficient quality to determine the influence of 514 

stock exclusion projects on vegetation condition, and secondly, whether it was possible to 515 

meaningfully compare data between the three CMAs. We found that the quality of vegetation 516 

condition data varied considerably between CMAs. We were able to statistically analyse data 517 

collected by CMA A and CMA C. The analysis explored whether the abundance of native 518 

vegetation, juvenile trees, and invasive vegetation, was different for grazed sites compared to 519 

sites with complete stock exclusion. In addition, it was possible to compare data from CMA 520 

A against the relevant EVC baselines. However, we were unable to compare data from CMA 521 

B or CMA C against baseline conditions.  522 

We also found that it was not possible to compare vegetation data between the three CMAs, 523 

or to summarize the overall condition of vegetation across the three regions. Thus, with the 524 

exception of the abundance of juvenile trees in CMA A, it is difficult to conclude whether 525 

stock exclusion projects are effective for improving the condition of degraded riparian 526 

vegetation in Victoria.  527 

DISCUSSION  528 

To be effective, stock exclusion projects must be monitored, assessed, and maintained 529 

indefinitely. We examined data from an evaluation of stock exclusion projects in three CMA 530 

regions in Victoria. The purpose was threefold; firstly, to establish if landholders maintain 531 

projects and if fence condition is a suitable proxy measure of stock access to riparian areas; 532 

secondly, examined the ecological outcomes of stock exclusion, specifically, whether riparian 533 

vegetation in sites with total exclusion was in better condition than vegetation in sites with 534 

continued grazing; thirdly, we considered the quality of vegetation condition data, and 535 
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whether data were comparable between the three CMA regions. Here we discuss the main 536 

outcomes of our study.  537 

Maintenance of fences and stock exclusion 538 

Despite that fact that approximately 70% of fences on stock exclusion sites were in ‘good’ 539 

condition’, stock grazing continues on nearly half of the sites examined in the research. Ede 540 

(2011) assumed that intact fences successfully excluded stock. However, we found that there 541 

was no relationship between fence condition and evidence of grazing, suggesting that fence 542 

condition is not an appropriate proxy for actual stock access to riverbanks. Of the 93 543 

landholders who complete the social survey, 53 continue to graze the fenced frontage. The 544 

Victorian grazing guidelines suggest that stock should be excluded from riverbank areas 545 

during spring and early summer, and that grazing should cease for between 3 to 5 years after 546 

the establishment of restoration sites. Of the 53 landholders that continue to graze, more than 547 

half graze in spring and summer. More than half reported that grazing recommenced less than 548 

3 years after the establishment of projects. The grazing guidelines also stipulate that full 549 

exclusion should occur on sites with less than 25% total cover of native vegetation. Grazing 550 

continues on 65 sites in CMA A, and nearly one third of those sites contain less than 25% 551 

total coverage of native vegetation.  552 

These results suggest that many landholders do not follow the Victorian grazing guidelines. 553 

This could be explained by numerous factors, including whether the original agreement 554 

reflects the grazing guidelines (or if landholders are even aware of them), and if the 555 

individual landholder chooses to uphold the terms of the agreement. At least some 556 

landholders entered into voluntary agreements before the establishment of the grazing 557 

guidelines. Given that CMA records are incomplete, the exact number of landholders in 558 

agreements that predate the grazing guidelines is not known.  559 
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Abundance of vegetation 560 

Native vegetation 561 

The relationship between total native vegetation cover and stock exclusion is only assessed 562 

by data from CMA A. On average, sites in CMA A contained less than 10% native vegetation 563 

cover. We hypothesized that sites with stock excluded would contain a greater abundance of 564 

native species (e.g., Hough-Snee et al., 2013; Schulz & Leininger, 1990). In contrast to Ede 565 

(2011), stock exclusion did not increase the amount of native vegetation in the fenced 566 

frontage, compared to sites in CMA A with continued grazing. However, it is likely that two 567 

years of below average rainfall reduced the growth of native species. Thus, our data may not 568 

reflect the true benefits of stock exclusion for increasing the abundance of native vegetation. 569 

Further research should consider how appropriate stock exclusion projects are in varying 570 

climates. In the context of climate change and drought events in Australia, native vegetation 571 

may struggle to out-compete invasive species, particularly in the absence of effective weed 572 

management (e.g., Morris & Reich, 2013). 573 

Juvenile trees 574 

Consistent with Robertson & Rowling (2000), sites in CMA A with continued grazing 575 

contained less cover of juvenile trees than sites with stock excluded. Grazed sites contained 576 

less than half the amount of cover stipulated as the EVC baseline for juvenile trees, while 577 

sites with stock excluded contained only marginally less than the baseline. This suggests that 578 

excluding stock might contribute to an increase in the abundance of juvenile trees.  579 

Sites in CMA C were ranked on a scale of 1 to 5 in relation to juvenile tree coverage. This 580 

approach is not dissimilar to the method employed by Ede (2011). In contrast, we found that 581 

there was no difference for juvenile tree coverage between stock grazing and juvenile tree 582 

cover in sites in CMA C. This may be due to the fact that our sample size was much smaller, 583 
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or that the data rankings may have obscured any genuine differences between grazed and 584 

ungrazed sites. 585 

Invasive vegetation  586 

According to the terms of management agreements, the landholders involved in our research 587 

are required to perform weed management (DSE, 2004). Thus, we hypothesized that there 588 

would be no difference in the abundance of invasive vegetation between sites with continued 589 

grazing and sites with stock excluded. As predicted, there was no relationship between the 590 

abundance of weeds and grazing on sites in CMA A and sites in CMA C. All sites in CMA A 591 

contained low (between 5% and 25%) abundance of invasive species. All sites in CMA C 592 

contained between 10% and 40% abundance of invasive species. This suggests that 593 

landholders are performing weed management.  594 

The fact that sites in CMA C contain a greater abundance of invasive species compared to 595 

sites in CMA A may be related to climate. During 2013 and 2014, CMA A experienced 596 

significantly less rainfall than sites in CMA C (Figure 3). Thus, the amount of invasive 597 

vegetation may reflect rainfall rather than the amount of weeding performed by landholders.  598 

Overall, our results about fence condition, grazing, and vegetation, suggest that landholders 599 

maintain some aspects of stock exclusion projects better than others. Most landholders 600 

maintain fences, while approximately half continue some amount of grazing. Thus, fence 601 

condition does not reflect stock grazing. Policy makers envisage that river restoration projects 602 

involve stock exclusion, fence maintenance, and weed management. Our study suggests that 603 

landholders treat these components as separate tasks; those who maintain fences do not 604 

necessarily continue to exclude stock from grazing, and those who exclude stock do not 605 

necessarily manage weeds effectively. 606 
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Further, with the exception of juvenile trees, there is little relationship between grazing and 607 

vegetation. However, this may be because the time between the establishment of projects and 608 

assessment varies considerably between sites. Unfortunately, we were unable to obtain exact 609 

dates for when each project was established. Juvenile trees of between 0.3m to 60cm in 610 

height can grow within a year of seeding or planting saplings (Di Stefano, 2002). Thus, it is 611 

possible that not enough time has elapsed since the establishment of some projects to find 612 

significant changes in the abundance of native vegetation. Our results may also be 613 

confounded by two years of below average rainfall.  Finally, the differences between CMA A 614 

and CMA C are almost certainly influenced by the different methods of condition assessment 615 

employed.  616 

Effectiveness of condition assessment  617 

Adaptive management of river restoration projects involves the cyclic transition through at 618 

least four phases: design, implementation, maintenance, and monitoring and assessment 619 

(Rutherfurd et al., 2001). Stock exclusion projects are now one of the most common types of 620 

river restoration in Australia (Brooks & Lake, 2007) and America (Kondolf et al., 2007). 621 

Thus, design and initial implementation has been successful. In a report about the 622 

effectiveness of the CMAs, the Auditor-General emphasized the need to improve the quality 623 

and consistency of data collection across the state of Victoria (Victorian Auditor-General, 624 

2014). Similarly, Moore and Rutherfurd (2017) suggest that the maintenance of stock 625 

exclusion projects, among other river restoration projects, is often neglected. The current 626 

study suggests that poor data quality, and lack of consistency between agencies, are ongoing 627 

problems that continue to present challenges for the assessment and management of river 628 

restoration projects.  629 
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The vegetation condition assessment methods used by the three CMAs involved in the 630 

research differed markedly. Only CMA A followed a method consistent with EVC 631 

guidelines. We were unable to use the vegetation data provided by CMA B. Staff from CMA 632 

C followed the rapid assessment habitat hectares method. This method should show if 633 

vegetation condition had improved between condition assessments. However, CMA staff 634 

informed us that few sites had been assessed prior to restoration. Further, much like Ede 635 

(2011), the scales used to measure condition specified in the rapid assessment method do not 636 

match the categories specified in EVC guidelines. For example, the scale related to the 637 

condition of juvenile trees is not specific enough to determine if coverage meets the 5% 638 

benchmark specified in the EVC guidelines. On average, sites in CMA C scored 2.66 on the 639 

scale of 1 to 5. Point 2 on the scale refers to ‘less than 1%’ cover, while point three refers to 640 

‘between 1% and 10%’ cover. Most sites contain between 1% and 10% juvenile tree cover. 641 

However, it was impossible to determine how many sites contained the baseline of 5% or 642 

above, and how many contained less than 5% coverage. Thus, it is likely the juvenile trees 643 

measurement scale does not capture ecologically meaningful differences between grazed and 644 

ungrazed sites.  645 

These observations demonstrate the importance of linking measures of condition assessment 646 

to benchmark targets for vegetation recovery, and highlight a fundamental problem with 647 

vegetation condition assessments conducted by regional authorities: at least some data are of 648 

such poor quality that the ecological outcomes of restoration cannot be determined, and 649 

methods of assessment vary considerably between the three regions examined in our study. 650 

As a result, it will be difficult to assess how successful riparian restoration projects are at the 651 

state-scale, or whether projects are likely to achieve the desired ecological outcomes over the 652 

long-term. Further research is needed to identify why these problems persist. State-wide 653 

guidelines for conducting condition assessment exist, such as the EVC guidelines (DSE, 654 
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2004). This suggests that the problem might be related to information asymmetries between 655 

government departments and regional authorities, and ineffective top-down governance. 656 

Government agencies should strive to improve the dissemination of information about 657 

conducting condition assessments, and thus, the consistency of CMA practices. 658 

Management arrangements 659 

To be effective, voluntary agreements should stipulate measurable targets, and reinforce 660 

strong links between restoration activities, and the ecological processes that are involved for 661 

achieving those targets (Danne, 2003). We have identified four challenges associated with the 662 

effective use of VAs for excluding stock from riverbanks to improve the condition of 663 

vegetation (Danne, 2003). The first challenge is to ensure that grazing regimes are established 664 

on the basis of scientifically grounded restoration targets, and that measures of condition 665 

assessment reflect these targets. Currently, little connection can be established between 666 

grazing regimes, measures of vegetation condition, and restoration targets. For example, 667 

some landholders continue to graze when new vegetation is most vulnerable, such as during 668 

spring and summer. They also graze within three years of restoration, and they graze sites 669 

that contain less than 25% total native vegetation coverage. 670 

The second challenge is to determine why landholders maintain some elements of stock 671 

exclusion projects more than others. We found that landholders who maintain fences do not 672 

necessarily maintain stock exclusion, and landholders who maintain stock exclusion do not 673 

necessarily practice effective weed management. These three components of projects involve 674 

different activities, and therefore, may face unique barriers for landholders (Moore & 675 

Boldero, 2017).  From a policy perspective, it may be more effective to treat each component 676 

separately (e.g., Akers, Estabrooks, & Davy, 2010). For example, landholders who maintain 677 

stock exclusion may benefit from additional incentives to continue weed management.  678 
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The third challenge is to improve the consistency of measures of condition between regional 679 

authorities, and identify why state-sanctioned methods, such as the EVC guidelines (DSE, 680 

2004) are not used more widely. The fourth challenge is to identify the root cause of the 681 

problems related to grazing regimes and measures of vegetation condition. For example, it is 682 

not clear if landholders that graze in spring and summer do so because the terms of their 683 

individual agreements are inconsistent with the Victoria grazing guidelines, if they are 684 

unaware of the guidelines, or if these are cases of active non-compliance. Further, there are 685 

multiple factors that may can account for the variation in condition assessment methods 686 

employed between the three CMAs examined in this study, such as the availability of staff 687 

and finances to conduct more detailed assessments.  688 

LIMITATIONS 689 

There are four limitations of the current study that may have influenced our data and our 690 

findings. Firstly, most agricultural sites have histories related to past land use practices. Past 691 

land use can influence the success of current restoration practices. For example, a longer 692 

history of grazing prior to the current landholder is likely to make it more difficult to 693 

revegetate the riverbank (Belsky et al., 1999). Similarly, the time since stock exclusion, and 694 

thus the amount of recovery, varied between sites. Secondly, many stock exclusion projects 695 

were established during the recent decade-long drought in Victoria. Reduced rainfall may 696 

have reduced vegetation growth (Jansen & Robertson, 2001). Thirdly, while most sites 697 

included in this study ran cattle, approximately one quarter also ran sheep. Given that sheep 698 

have less impact on riverbanks, this is not likely to affect the main outcomes of our study, 699 

other than to under-represent the true impact of cattle on riverbanks. Thirdly, evidence of 700 

grazing does not always reflect on landholder practices. In some cases stock from properties 701 

opposite to those that actively exclude cattle can gain access to restoration sites by crossing 702 

the river channel. This is a known issue and one that CMAs are actively addressing. Fourthly, 703 
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this study does not account for landscape-scale factors, including the availability of upstream 704 

seedbanks, and flood regimes. 705 

CONCLUSIONS 706 

In Australia (Brooks & Lake, 2007), and America (Bernhardt et al., 2007), the use of 707 

voluntary agreements has been effective for engaging landholders to fence riparian areas and 708 

exclude stock. There has been very little focus on how well these projects are assessed, or 709 

whether they are achieving ecological outcomes. Our analysis suggests that stock exclusion 710 

projects in Victoria have had some success in improving the condition of riverbank 711 

vegetation, including the abundance of juvenile trees. Currently, restoration sites with stock 712 

excluded are likely to achieve the EVC target for juvenile tree coverage, and thus the 713 

recovery of riparian canopy, while sites with continued stock access may not. Thus, to be 714 

effective, voluntary agreements should contain specific terms that are consistent with the 715 

Victorian grazing guidelines, and policy makers should enforce non-compliance with those 716 

guidelines, or explore alternative incentives for compliance.  717 

Government agencies should increase the capacity of regional authorities to conduct adaptive 718 

management, including appropriate condition assessments, and to ensure consistency 719 

between state-wide assessment methods. For example, measures of fence condition are not an 720 

appropriate proxy for the actual access of cattle to riverbanks; for the purpose of evaluating 721 

projects, evidence of grazing, such as the condition of vegetation and the presence of hoof 722 

prints, is more appropriate. However, conducting more in depth assessments of riverbanks, 723 

and vegetation condition is likely to be costly and time consuming. Regional authorities may 724 

require additional funding, resources, and training in order to conduct condition assessments 725 

that produce data that is consistent with EVC indices.  726 
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Stock grazing in river basins is one of the single greatest contributors to the degradation of 727 

river systems worldwide (Belsky et al., 1999). Projects to exclude stock from grazing 728 

riverbanks are amongst the most common river restoration projects in Australia (Brooks & 729 

Lake, 2007), and North America (Kondolf et al., 2007). The next challenge is to ensure these 730 

projects are assessed and maintained to the degree that is required to improve the ecological 731 

condition of river systems. Addressing this challenge will involve the following: identifying 732 

the barriers to practice for each separate component of river restoration projects, most 733 

importantly for continued stock exclusion and effective weed management, determining 734 

where in the chain of administration the link between the stock grazing policy and landholder 735 

practices has broken, and ensuring that CMAs in Victoria employ consistent methods for 736 

condition assessment.  737 
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Landholder Information Sheet:  

“Understanding landholder practices: 
Drivers and barriers of river management in Victoria” 

 
My name is Harriet Moore and I invite you to participate in the above research project, which is 
being conducted as part of my Doctoral (PhD) project at The University of Melbourne, within the 
Melbourne School of Land and Environment. This survey is part of a larger study conducted across 
multiple Catchment Management Authorities that is designed to examine landholder practices in 
riparian restoration projects and how well current management arrangements work for 
maintaining projects.  
 
The aim of this survey is to gather accurate and detailed information about how government 
agencies can improve projects to meet the needs of landholders. Landholders contribute 
significantly to environmental management in river catchments across Victoria. In the X CMA region 
alone hundreds of landholders have undertaken works, such as riparian fencing and revegetation on 
highly-valued riverbanks. Between 2012-2013 you, along with nearly 100 other landholders 
participated in a X CMA review of riparian works. These surveys and site assessments are important 
ways of communicating the needs and values of landholders to CMAs and government agencies, and 
of recognizing the ongoing effort and work undertaken by thousands of landholders to improve the 
condition of river environments. To be successful, river management must reflect the needs of 
regional communities.  

Landholders who participate in this survey will receive a two page summary of the survey findings, 
including important lessons for future river management policy and practice. Each of the 
approximately 100 participants will also go into a draw to win one of three prizes. The three prize 
winners can choose from a Leatherman CHARGE AL Multi-tool or a $150 voucher at a local 
supermarket of your choice.  

If you choose to participate in this study it is important to note that this study will not affect any 
existing agreements with the CMA or influence any future opportunities to participate in CMA 
projects. Participation is completely voluntary.  Should you wish to withdraw from the study at any 
stage, or to withdraw any data you have supplied, you are free to do so without prejudice. All 
landholder feedback is confidential. Individual landholder information, such as landholder names, 
properties, or CMA identification numbers will not be made available to government agencies or to 

Associate Professor Ian Rutherfurd (primary 
supervisor) 
Department of Resource Management & Geography 
Ph: +61 3 83443172 
 
Associate Professor Jennifer Boldero (secondary 
supervisor) 
Melbourne School of Psychological Sciences 
Ph: +61 3 8344 6363 
 
Ms Harriet Moore (PhD student) 
Department of Resource Management & Geography 
Ph: 0438394222 
hemoore@unimelb.edu.au 
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anybody else. I have no connection with government agencies. Information collected in this survey 
will be used as part of my thesis and may be used for reports and articles. 
 
The first part of this project involves completing the enclosed survey which will take about 10 to 15 
minutes. It includes questions about your farming practices, about your riparian projects, and about 
your environmental values. You will note that some questions may appear to overlap or duplicate 
slightly. This is necessary to ensure that meaningful data is collected to allow for a rigorous 
investigation. To improve understanding of riparian projects, I would also like to review information 
from the recent site assessment conducted by X CMA.   
 
For the second part of this project I would like to conduct some phone interviews with landholders 
to help me more accurately understand factors that influence landholder decision-making about 
riparian projects. The length of interviews will be at your discretion and will depend on your 
availability. With your consent phone interviews will be recorded without any identifying 
information and will not be accessed by anyone other than myself. This is because it is important for 
me to understand your survey responses and interpret your comments accurately. It is up to you 
whether you wish to participate in follow-up phone interviews. All identifying information will be 
kept separately from survey data in a locked facility at The University of Melbourne for the duration 
of my Doctorate Following the completion of my Doctorate all data will be stored securely at my 
personal premises and will be destroyed after a period of 5 years. If you would like to participate, 
please indicate that you have read and understood this information by ticking the boxes below and 
signing below. Please complete the survey and return using the self-addressed envelope provided.  
 
This study has received clearance by the Human Research Ethics Committee. The HREC project 
number is 1441618.1. This plain language statement is the final version as approved by the ethics 
committee. Should you require any further information, or have any concerns, please do not hesitate 
to contact either of the researchers on the numbers given above. Should you have any concerns 
about the conduct of the project, you are welcome to contact the Executive Officer, Human Research 
Ethics, The University of Melbourne, on ph: 8344 2073, or fax: 9347 6739.  
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Landholder Survey 
 
This survey contains questions about land management practices, attitudes, and beliefs. Some 
questions about practices might not be relevant to your management. For example, if you have 
not established off stream watering skip the questions about these management works or 
write “not applicable or NA” in the response box. 
 

1. What size is your 
property?  

 
(please tick appropriate 
box) 

□   >0-200 acres 

□   200-500 acres 

□   500-1000 acres 

□   1000-3000 acres 

□   3000-6000 acres 

□   >6000 acres 
 

2. Do you irrigate on 
your property? 

□ Yes                □ No 

3. What category best 
describes your 
property? 

 
(please tick appropriate 
box) 

□   Cattle                  □   Sheep   □   Dairy               □   Fodder production 

□   Horticulture          □   Cropping 
□   Lifestyle               □   Viticulture 
□   Other:  
 

4. When did you enter your current management agreement for riparian 
works with the CMA? 

 

5. Are you currently involved in Landcare?    □  Yes 

  □ No   
If yes, for how long have you been involved? 
 

If no, have you previously been involved? How long ago and for how long? 
 

6. Are you currently involved in another conservation or resource 
management group?  

  □  Yes 

  □ No   
If yes what is the name of the group? How long have you been involved for?  
 

If no, have you previously been involved in another group? How long ago? For how long? What was the 
name of the group? 
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7. What proportion of your income comes from the land? (Please give an 
approximate percentage e.g., 50%) 

 

8. In an average year do you hire farm hands? If so how many? 
 

 

9. In an average rainfall year approximately how many hours do you spend 
repairing riparian fences?  

 

10. In an average rainfall year approximately how many hours do landholders who are the same type of 
farmers as you area spend repairing riparian fences? 
(e.g., If you are a dairy farmer, the same type of farmers will be other dairy farmers) 
 

11. In a drought year approximately how many hours do you spend repairing riparian fences?  
 
 

12. In a drought year approximately how many hours do landholders who are the same type of farmers as you 
spend repairing riparian fences? 
(e.g., If you are a dairy farmer, the same type of farmers will be other dairy farmers) 
 

13. How many kilometres of riparian fencing are there on your property? 
 
 

What are the main reasons for maintaining riparian fences?  

 

 

 

 

14. What factors influence the amount of riparian fence maintenance you undertake regularly?  
(Please list in order of priority e.g., number of farm hands, ecological goals, availability of capital) 

 

 

 

 

15. Do you graze within the fenced frontage?  
(Please tick appropriate box) 

  □  Yes 

  □ No  (If no,  skip to Q17) 

If you do graze in the fenced frontage, how many years following the 
completion of works did grazing commence? 
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What animals do you graze in the fenced frontage area?   

What time/s of year do you graze? 
(please specify months and seasons) 

 

              For what reasons do you graze within the fenced frontage?  List in order of importance. 

 

 

 

In an average rainfall year on any one occasion, approximately how long 
do you graze in the fenced frontage for?  
(Please specify days/weeks e.g., For two weeks or 5 days on one 
occasion) 

 

In an average rainfall year, on how many separate occasions do you 
graze in the fenced frontage? (e.g., 5 week-long blocks in a year) 

 

16. Do you graze within the fenced frontage during periods of drought?  
(Please tick appropriate box) 

  □  Yes 

  □ No  (If no,  skip to Q18) 

              For what reasons do you graze within the fenced frontage during periods of drought?  List in order of   
              importance. 
 
 
 
 
 

In a drought year on any one occasion, approximately how long do you 
graze in the fenced frontage for?  
(Please specify days/weeks e.g., For two weeks or 5 days on one 
occasion) 

 

In a drought year, on how many separate occasions do you graze in the 
fenced frontage? (e.g., 5 week-long blocks in a year) 

 

17. In an average rainfall year approximately how many weeks do you use 
off-stream watering points for stock?  

 

In a drought year approximately how many weeks do you use off-stream 
watering points for stock? 

 

               Do any factors prevent you from using off stream watering points for stock? List in order of importance. 
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18. What percentage (%) of landholders who are the same type of farmers as 
you graze within the fenced frontage?  (e.g., If you are a dairy farmer, the 
same type of farmers will be other dairy farmers) 

   
   

The next three questions relate to the percentage of landholders who do 
graze within the fenced frontage: 

 

What time/s of year do you think landholders who are the same type of 
farmers as you graze? (please specify months and seasons) 

 

In an average rainfall year on any one occasion, how long do estimate 
that landholders who are the same type of farmers as you graze in the 
fenced frontage for? (Please specific days/weeks e.g., For two weeks or 5 
days on one occasion) 

 

In an average rainfall year, on how many separate occasions do you 
estimate that landholders who are the same type of farmers as you graze 
in the fenced frontage? (e.g., 5 week-long blocks in a year) 

 

19. What percentage (%) of landholders who are the same type of farmers as 
you do you estimate graze within the fenced frontage during periods of 
drought? (e.g., If you are a dairy farmer, the same type of farmers will be 
other dairy farmers) 

   
   

The next two questions relate to those landholders who do graze within 
the fenced frontage during periods of drought: 

 

In a drought year on any one occasion, approximately how long do you 
estimate that landholders who are the same type of farmers as you graze 
in the fenced frontage for? (Please specify days/weeks e.g., For two 
weeks or 5 days on one occasion) 

 

In a drought year, on how many separate occasions do you estimate that 
landholders who are the same type of farmers as you graze in the fenced 
frontage? (e.g., 5 week-long blocks in a year) 

 

20. In an average rainfall year approximately how many weeks do you 
estimate that landholders who are the same type of farmers as you use 
off-stream watering for stock?  

 

In a drought year approximately how many weeks do you estimate that 
landholders who are the same type of farmers as you use off-stream 
watering for stock?  

 

21. In a year approximately how many hours do you spend undertaking 
weed control in the fenced frontage? 

 

In a year approximately how many hours do you estimate that 
landholders who are the same type of farmers as you spend undertaking 
weed control in the fenced frontage? (e.g., If you are a dairy farmer, the 
same type of farmers will be other dairy farmers) 

 

22. Are there any factors that prevent you from undertaking weed control more regularly? If so, list in order of 
importance.  
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23. Please indicate the extent to which you agree 
or disagree with the following statements, 
where 1 indicates ‘strongly disagree’, 7 
indicates ‘strongly agree’, and 4 indicates that 
you neither agree or disagree. 
 

 
  
Strongly                                         Neither                                    Strongly  
Disagree                                                                                          Agree 

A. Landholders should be responsible for 
managing their land in ways that protect 
the environmental health of rivers.  

   
        1            2            3            4            5            6          7 

B. Landholders should keep stock out of 
riparian areas to improve the 
environmental health of rivers. 

 
        1            2            3            4            5            6          7 

C. Allowing native vegetation to re-establish 
on previously grazed riverbanks is 
important for the environmental health of 
rivers.  

 
        1            2            3            4            5            6          7 

D. Landholders should be financially 
compensated for making sure stock does 
not degrade the natural environment of 
rivers.  

 
        1            2            3            4            5            6          7 

 
 

The next question is about capacity to maintain river restoration projects in changing conditions. 
Please consider your response to the previous question and how weather conditions and farm 

productivity might affect decision-making about maintenance.  
 

In thinking about river restoration projects in your area, please tell us to what extent landholders 
are responsible for maintaining the following aspects of river management projects in the 

following conditions by selecting the number that best represents your opinion. 
 

24. In thinking about river restoration projects in your area, please tell us to what extent landholders are 
responsible for maintaining the following aspects of river management projects in the following conditions 
by circling the number that best represents your opinion:  
 

A. Landholders should be prepared to replace or repair fences only in years of good water availability  
   

         1                          2                           3                           4                           5                           6                         7                                                                                                                                                                                                                                 

     strongly                                                                                            neither                                                                                             strongly 
     disagree                                                                                                                                                                                                       agree            

B. Landholders should be prepared to replace or repair fences even in years of drought 

 

         1                          2                           3                           4                           5                           6                         7      

     strongly                                                                                             neither                                                                                             strongly 
     disagree                                                                                                                                                                                                       agree        

C. Landholders should be prepared to maintain and use off-stream watering points for cattle only in years of 
good water availability 
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          1                          2                           3                           4                           5                           6                         7                                                                                                                                                                               

      strongly                                                                                             neither                                                                                            strongly 
     disagree                                                                                                                                                                                                       agree                   

D. Landholders should be prepared to maintain and use off-stream watering points for cattle even in years of 
drought 

 

          1                          2                           3                           4                           5                           6                         7                                                                                                                                                                               

        strongly                                                                                            neither                                                                                             strongly 
        disagree                                                                                                                                                                                                       agree      

     

E. Landholders should be prepared to exclude stock from fenced frontage only in years of good water 
availability 

 

         1                          2                           3                           4                           5                           6                         7 

      strongly                                                                                            neither                                                                                             strongly 
     disagree                                                                                                                                                                                                       agree    
 

F. Landholders should be prepared to exclude stock from fenced frontage even in years of drought 

 

         1                          2                           3                           4                           5                           6                         7 

     strongly                                                                                            neither                                                                                             strongly 
     disagree                                                                                                                                                                                                       agree   

 

 

G. Landholders should be prepared to replace or repair fences only in years of high farm productivity 
 

           1                          2                           3                           4                           5                           6                         7                                                                                                                                                                                                  

     strongly                                                                                            neither                                                                                             strongly 
     disagree                                                                                                                                                                                                       agree    

 

H. Landholders should be prepared to replace or repair fences even in years of low farm productivity 

 

         1                          2                           3                           4                           5                           6                         7 

      strongly                                                                                            neither                                                                                             strongly 
      disagree                                                                                                                                                                                                       agree    

 

I. Landholders should be prepared to maintain  and use off-stream watering points for cattle only in years of 
high farm productivity 
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           1                          2                           3                           4                           5                           6                         7 

       strongly                                                                                            neither                                                                                             strongly 
       disagree                                                                                                                                                                                                       agree    
 
 
 

J. Landholders should be prepared to maintain and use off-stream watering points for cattle even in years of 
low farm productivity 

   

           1                          2                           3                           4                           5                           6                         7 

      strongly                                                                                            neither                                                                                             strongly 
     disagree                                                                                                                                                                                                       agree    

K. Landholders should be prepared to exclude stock from fenced frontage only in years of high farm 
productivity 
 

           1                          2                           3                           4                           5                           6                         7 

      strongly                                                                                            neither                                                                                             strongly 
     disagree                                                                                                                                                                                                       agree    

L. Landholders should be prepared to exclude stock from fenced frontage even in years of low farm 
productivity 
 

           1                          2                           3                           4                           5                           6                         7 

        strongly                                                                                            neither                                                                                             strongly 
        disagree                                                                                                                                                                                                       agree    

25. Please rate how important the following factors 
are for making decisions about the amount of 
maintenance you perform on riparian works 
over the course of a year, on the scale of 1-7 
where ‘1’ is ‘not at all important’ and ‘7’ is 
‘extremely important’.  
 

 
  
 
Not at all                                                                                       Extremely  
important                                                                                     important 

A. Help available on farm 1             2            3            4            5            6          7 

B. Ecological importance of restoration 1             2            3            4            5            6          7 

C. Regular contact with CMA 1          2            3            4           5            6           7 

D. Crown license agreement         1             2            3            4            5            6          7 

E. Condition of environment for next 
generation 

  1             2            3            4            5            6          7 

F. Community expectations to improve river 
health 

  1             2            3            4            5            6          7 

G. Finances   1             2            3            4            5            6          7 

H. Water availability       1            2            3            4            5            6           7 
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I. Value of farm in the future       1            2            3            4            5            6           7 

J. Importance of restoration for Landcare 
groups 

      1            2            3            4            5            6           7 

K. Feed availability        1            2            3            4            5            6           7 

L. Responsibility to contribute to restoration 
efforts of farmers in my area 

      1            2            3            4            5            6           7 

26. This question is about climatic events in Victoria 
over the past decade. Please tell us to what 
extent you feel your farm business has been 
affected by droughts and floods by circling the 
number that best represents your experience: 

 
Not at all                                                                                     extremely    
affected                                                                                      affected 

A. Farm business affected by prolonged 
drought 

     1            2            3            4            5            6           7 

B. Farm business affected by floods      1            2            3            4            5            6           7 

27. What are the main ways that prolonged drought has affected your farm in the past decade? Please list in 
order of importance.  
 
 
 
 

28. What are the main ways that floods have affected your farm in the past decade? Please list in order of 
importance.  
 
 
 
 

29. Are you required to maintain restoration projects under Crown license agreement? If yes, what are you 
required to do? 

 

 

 

30. Are there any other problems or concerns that you would like the CMA or policy makers to know about to 
improve riparian projects? 

 

 

 
 
 

 
Thank you for completing this survey. Your time and feedback are much appreciated.  
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Cheers,  
Harriet Moore 



Appendix I: Sample of traditional injunctive norm survey items (Ajzen, 2017) 
 

The scale is a 7-point Likert scale from ‘extremely likely’ to ‘extremely unlikely’.  

1. My parents think that I should attend the meeting of this class on a regular basis.  
2. My close friends think that I should attend the meeting of this class on a regular basis.  
3. My classmates think that I should attend the meeting of this class on a regular basis.  
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Appendix J: Landholder responses to descriptive norm survey items 
 

Survey items:  

1. What percentage (%) of landholders who are the same type of farmers as you graze 
within the fenced frontage?  (e.g., If you are a dairy farmer, the same type of farmers 
will be other dairy farmers) 

2. What time/s of year do you think landholders who are the same type of farmers as you 
graze? (please specify months and seasons) 

3. In an average rainfall year on any one occasion, how long do estimate that 
landholders who are the same type of farmers as you graze in the fenced frontage for? 
(Please specific days/weeks e.g., For two weeks or 5 days on one occasion) 

4. In an average rainfall year, on how many separate occasions do you estimate that 
landholders who are the same type of farmers as you graze in the fenced frontage? 
(e.g., 5 week-long blocks in a year) 

5. What percentage (%) of landholders who are the same type of farmers as you do you 
estimate graze within the fenced frontage during periods of drought? (e.g., If you are a 
dairy farmer, the same type of farmers will be other dairy farmers) 

6. In a drought year on any one occasion, approximately how long do you estimate that 
landholders who are the same type of farmers as you graze in the fenced frontage for? 
(Please specify days/weeks e.g., For two weeks or 5 days on one occasion) 

7. In a drought year, on how many separate occasions do you estimate that landholders 
who are the same type of farmers as you graze in the fenced frontage? (e.g., 5 week-
long blocks in a year) 
 

Landholder Comment 
47 Not many, care factor seems to be low 
54 I don't know any other farmers… 
64 everyone has different amounts of fencing. Could do more or less in an average year 
65 NA. depends on the fencing type and the stock 
67 NA - if it floods they would. Most don't fence the river. It's a high running river.  
68 0. takes exceptional rain to cause flooding (and hence damage to fencing) 
70 same. People with 50 acres. If you got a creek running through it.  
71 some who do on smaller rivers - get more flooding 
76 NA- not much. Post-fire more trees falling. Damage done to mine in particular because 

lots of trees 
77 <5hrs. Not much. Difficult to estimate because each property is different 
78 NA depends on how concerned/dedicated the farmer is 
79 NA. All weekenders so I don't take notice 
81 (depends on individual circumstances) - say someone owns a couple thousand acres on 

a river front and couple ks of frontage compared to small amount of fencing - could be 2 
days for larger farms 

82 NA - they have lost interest in Landcare because of the mentality that they don't have to 
lock it up.  

85 they would be always doing it. Can't put figure on it.  
90 most don't fence off 
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93 same. Once up it's not a huge effort unless a natural disaster happens like a flood/fire 
51 only 4 dairy farmers now - 2 fence out, 2 don't  
77 can't give a reliable answer pure guess work. Increase on normal. Most ppl round here 

run cattle and (cattle) are more troublesome 
9 no other dairy farmers in our area 
11 one farmer within our area 
18 Non, that I am aware of 
20 I don't know what they do/no idea because they not direct neighbours to me 
31 most don't fence 
32 Most farmers do not have fenced frontage  
40 I don't know probably most of them 
42 I really have no idea what others do.  
43 I have no knowledge of this.  
48 I don't know but my guess is a high percentage 
64 none. Except where the landholder owns the riverbank, not where there is crown land.  
65 hard to say. NA 
66 90% assuming they have fencing cause not many farmers have it. Becoming more 

accepted now 
69 not the ones fronting onto state park but otherwise any opportunity they will 
70 NA but most would 
71 90% most farmers don't have it but most of the ones that do would 
73 a lot. Hard to know 
74 NA - but if any it would be crash grazing mainly 
75 not many on our creek cause not many riverbanks fenced off. A lot don't graze that have 

fencing. Holiday farmers. 
79 NA. most do. Most are fenced off. 
80 A guess- maybe 80% 
82 some would some wouldn't. everyone gonna be different. 
89 70%- big proportion because most are running cattle 
91 100% In this area most would.  
66 depends on their strategies. Maybe spring to stop grass growing.  
70 NA. I don’t know what other farmers do, silly question 
74 NA - I don't know of any who actively use frontages for grazing 
77 same as us & some all year round. Neighbours think they mad for fencing off grazing 

land but it's Crown land on two spots. Never regarded it as their land. 
35 can't compare 
71 neighbours. Some do all the time. So more than me & tree damage across the river.  
35 can't answer accurately 
59 unknown - after riparian veg has matured some fenced areas are grazed continuously by 

some landholders 
71 very individual. All the time some bits would be open. Some not at all. 
73 all different. Depends on the area eg. if it's flood prone 
68 NA - ppl get desperate. Assume other landholders have had same advice from CMA 

about crash grazing and times to graze. Would be in their agreement. 10 year 
agreement. 

69 more desperate times (so could be more) a lot of rednecks will overgraze 
71 same 90%. But individual. 2006/2007 most trees were too small to graze 
73 more because river bank stays green 
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81 80% if conditions right. Most would. Don’t' want to sell stud animals - try to hang onto 
prize animals 

82 more maybe 

83 Hopefully nil 

18 As far as I am aware they do not graze here even during drought.  
40 I don't know probably most of them 
68 depends how hard up for feed people are. Prob more than me. 
71 more inclination in drought year because of feed 
74 I don’t think any farmers I know deliberately use their frontages (where fenced) as part 

of their grazing regime 
81 depends on how much space they have. Could be weeks or if a little area a day 
66 3 to 4. even if they don't want to they get desperate. They can flog these areas and they 

will recover.  
71 more inclination in drought year because of feed 
78 most ppl with river frontages have the licenses and have pumps for stock dams. 2ML is 

plenty. 
18 The landholders I know do not use off stream watering for stock 
31 very few in our area 
48 In my area the creeks are ephemeral so most people would have off stream watering 

available all of the time. 
51 most use underground fed troughs when the creek doesn't run  
59 Unknown but I believe there would be few 
68 Most of the time would have dams. Some would rely on a permanent creek 
69 52 - because not many landholders have property rights up to the water 
71 (always) not many have troughs one small hobby farmer does. CMA subsidized next 

door. One I manage 50/50 troughs and dams.  
74 52 mostly. Some smaller farmers on the river may not (and just access river). Bigger 

farms can't survive without. 
81 most have stock dams - 52 
82 NA- many of them don't have fences so have access to the river 
85 some do some don't all year round. Some have permits (for river water) 
88 none or 52 weeks. Don't know anyone who does both. Either on the river or entirely off-

stream 
35 An increased % 
56 all the time during the drought 
64 52- shift towards this away from watering on river frontage. Been here 33.5 years and 

seen this change. 
68 less. Dams get low. Higher % rely on streams for a longer-time.  
71 most ppl let cattle have access to the river 
77 80% or higher would all year but many would pump for domestic and stock use 
78 some landholders have old dams that go dry and would have to pump on the river for 

stock. Most properties have a dam (all year round) 
81 52- but dams do dry up and silt up so depends. iF they clean them out and dig deeper 

won't evaporate as much 
88 same. But usually access to watering on river point 
32 would assume same time for same area  
58 some farmers control and spray whilst others do not.  
59 unknown - some neglectful 
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66 Some people get really into it and keep on top of them more than others 
71 I know one not far away who hasn't done anything for years. Completely variable. 

Problem with fisherman around here. Work was to improve access for fisherman. So 
much grass fisherman didn't want to access the riverbanks. 

78 anywhere that is crown frontage is the responsibility of the CMA 
81 depends on size of property 
90 depends on the individual. Could be many hours. One neighbour doesn’t manage weeds 

well. 
91 variable. Still a bit problem. Not everyone does an annual spray. 
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Abstract 10 

Governments often use voluntary agreements to encourage landholders to adopt environmental 11 
practices, such as excluding stock from grazing riverbanks. In Victoria, Australia, government 12 
agencies subsidize the adoption of these projects, while landholders are required to continue 13 
maintaining stock exclusion indefinitely. In the absence of further financial or legal enforcement, 14 
landholder compliance depends on the motivation and decision-making of individual 15 
landholders. Social beliefs about the responsibility of landholders to improve the condition of 16 
degraded riverine ecosystems, known as social norms, influence farmers to adopt new 17 
environmental practices. The influence of social norms on behaviour weakens when people 18 
perceived themselves to be constrained. Landholders in Victoria have endured more than ten 19 
years of persistent drought that has reduced productivity, and income. Drought conditions may 20 
influence whether landholders continue to exclude stock over the long-term, despite holding 21 
positive social norms. However, behaviour is influenced by perceptions of constraint; landholder 22 
perceptions may not reflect drought severity. Perceived drought affectedness may also be related 23 
to the amount of income obtained from farm activities. This study examined the relationship 24 
between social factors, including injunctive and descriptive social norms, and symbolic and 25 
instrumental social beliefs, perceived drought affectedness, actual drought severity, and the 26 
percentage of overall income that landholders obtain from farm activities. The research found 27 
that landholders who continue to graze riverbanks hold weaker social norms about excluding 28 
stock in drought conditions. Grazing behaviour was explained by social norms, and perceived 29 
drought affectedness together. Perceived drought affectedness was best explained by drought 30 
severity and the amount of income obtained from farming activities, rather than either factor 31 
independently. Policy makers should consider using drought relief funding to subsidize the 32 
purchase of additional stock feed during droughts to encourage farmers to continue stock 33 
exclusion, particularly when farmers rely on farm activities for most of their income. 34 

1. Introduction 35 

Efforts to improve environmental management in river basins often include engagement with 36 
rural communities and projects with individual landholders. One of the most common projects in 37 
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Australia (Brooks & Lake, 2007) and the United States of America (Kondolf et al., 2007) 38 
involves establishing voluntary agreements with landholders for excluding stock from grazing 39 
riverbanks to promote ecological recovery. In Victoria, Australia, government agencies subsidize 40 
the cost of adopting environmental behaviours for stock exclusion, such as constructing 41 
riverbank fencing, while landholders are legally responsible for continuing to exclude stock from 42 
the fenced riverbank (Department of Sustainability and Environmnet, 2011). To be successful, 43 
stock exclusion behaviours must be maintained indefinitely (Moore & Rutherfurd, 2017). 44 
Ideally, compliance should be monitored and enforced (Gunningham, 2003). However, in 45 
practice, stock exclusion projects are rarely assessed, and, to our knowledge, non-compliance has 46 
never been penalized. In the absence of legal repercussions, the long-term success of these 47 
projects depends on the motivation of individual landholders.  48 

An underlying assumption of using voluntary agreements is that landholders are 49 
motivated by non-monetary incentives (Danne, 2003), such as beliefs about social pressure to 50 
behave or not behave in a certain way, known as social norms (Armitage & Conner, 2001). 51 
Numerous studies suggest that environmental social norms influence landholders to adopt 52 
environmental behaviours, including stock exclusion (e.g., Greiner & Gregg, 2011; Wauters, 53 
Bielders, Poesen, Govers, & Mathijs, 2010). However, no research has previously explored 54 
whether environmental social norms also motivate landholders to maintain stock exclusion over 55 
the long-term.  56 

Stock exclusion involves different activities and costs for adoption and maintenance. 57 
Thus, landholders may be influenced by different motivations and barriers for adoption 58 
compared to maintenance (Moore & Boldero, 2017). The adoption of stock exclusion is 59 
subsidized, however maintenance involves costs associated with growing or purchasing 60 
additional feed for stock to compensate for lost fodder after the exclusion of stock from grazing 61 
riverbanks; riverbanks can produce up to 25% more fodder for stock than pastures (Aarons, 62 
Melland, & Dorling, 2013). Furthermore, the cost of maintaining stock exclusion is exacerbated 63 
during periods of drought. Reduced pasture growth, and, thus farm incomes, simultaneously 64 
increases the need to purchase stock feed, and reduces the financial capacity to do so. Perceived 65 
constraints, such as cost or financial loss, can lessen the influence of social norms, on behavior 66 
(Ajzen, 1991). Between 1997 and 2010 (Steffen, 2015) landholders in Victoria experienced the 67 
most persistent and severe drought in the period of European occupation (known as the 68 
Millennium Drought), resulting in reduced agricultural productivity and increased debt 69 
(Horridge, Madden, & Wittwer, 2005; Mpelasoka, Hennessy, Jones, & Bates, 2008). Thus, while 70 
environmental social norms may motivate landholders to adopt stock exclusion behaviour, the 71 
costs associated with purchasing stock feed, particularly in the context of the Millennium 72 
Drought and continuing financial hardship, may reduce the influence of social norms on the 73 
maintenance of stock exclusion.  74 
 The current study investigated the relationship between the continued maintenance of 75 
stock exclusion behaviour, environmental social norms, and drought, in three regions of Victoria, 76 
Australia. The purpose of the research was two-fold. Firstly, we explored whether social norms 77 
influence the maintenance of stock exclusion, and therefore the effectiveness of using voluntary 78 
agreements for river restoration projects that involve landholders. Rural research about the 79 
relationship between agricultural environmental behaviour and social beliefs often uses very 80 
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broad measures of social beliefs (e.g.,Greiner & Gregg, 2011), rather than measures of specific 81 
cognitive constructs, such as different types of social norms (Burton, 2004). Behavioural 82 
research makes several distinctions between types of social norms that have important 83 
implications for the design of interventions to promote environmental behaviour in rural 84 
communities. For example, Cialdini, Reno, and Kallgren (1990) distinguish between social 85 
norms about how an individual believes they ‘ought’ to behave, known as injunctive norms, and 86 
social norms about how an individual believes significant others ‘actually’ behave, known as 87 
descriptive norms. This distinction is important because each type of norm has distinctly 88 
different conceptual and motivational foundations (Cialdini, 2007). Injunctive norms are 89 
“concerned with perceived social pressure, that is, the person’s potential to gain approval or 90 
suffer sanctions from significant others for engaging in a behaviour” (Rivis & Sheeran, 2003, p. 91 
219). Descriptive norms are beliefs about the prevalence of behaviour and, thus, are influenced 92 
by information about how important others actually behave (Lapinski & Rimal, 2005).  93 

Interventions can promote either descriptive or injunctive norms to encourage pro-94 
environmental beahviour(Biel & Thøgersen, 2007; Cialdini, 2007; Göckeritz et al., 2010). With 95 
one exception (Minato, Curtis, & Allan, 2010), rural research does not distinguish between 96 
injunctive and descriptive norms (e.g.,Fielding, Terry, Masser, & Hogg, 2008). Minato et al. 97 
(2010) analysed landholder responses to open-ended survey questions and identified injunctive 98 
and descriptive social norms, rather than using direct measures of these constructs. Thus, we 99 
examine the relationship between stock exclusion and both injunctive and descriptive social 100 
norms. 101 

Further, Cary (1993) suggests that landholders can simultaneously hold two types of 102 
beliefs about how they ‘ought’ to behave in relation to environmental projects. Positive beliefs 103 
about the importance of environmental behaviour tend to be symbolic in nature; symbolic beliefs 104 
may contribute meaningfully to social identity but do not necessarily result in the performance of 105 
environmental behaviour. Rather, the performance of environmental behaviour is influenced to a 106 
greater degree by beliefs about the practical value of the behavior, such as the impact that 107 
performing the behaviour will have on farm businesses. These instrumental beliefs may conflict 108 
with symbolic beliefs held about the same behaviour (Noppers, Keizer, Bockarjova, & Steg, 109 
2015).  For example, landholders may believe that ideally they ‘ought’ to maintain stock 110 
exclusion, while simultaneously believing that in reality they ‘ought not’ to maintain stock 111 
exclusion if there are negative repercussion for their farm business.  112 

We integrated this conceptual framework about the nature of beliefs into our research 113 
about social norms. Our study examined whether farmers hold different injunctive social norms 114 
about maintaining stock exclusion in two scenarios: (1) an ideal scenario that present no negative 115 
repercussions for their farm businesses; compared to (2) a less than ideal scenarios that present 116 
negative repercussions for their farm businesses. The scenarios were related to the presence or 117 
absence of drought conditions. We anticipated that injunctive norms about maintaining stock 118 
exclusion in scenarios of good water availability and high farm productivity would be symbolic 119 
in nature, and thus not related to whether landholders maintain stock exclusion. In contrast, we 120 
expected that injunctive norms about maintaining stock exclusion in scenarios of drought and 121 
low farm productivity would be instrumental in nature, and thus related to whether landholders 122 
maintain stock exclusion.  123 
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Another purpose of the current study was to explore the relationship between drought and 124 
the maintenance of stock exclusion projects. Drought conditions can prevent landholder from 125 
adopting environmental practices (Curtis, McDonald, Mendham, & Sample, 2008). Ajzen (1991) 126 
argued that perceptions of barriers lessen the influence of social norms on the performance of 127 
behaviour. However, landholder perceptions about the impact of drought on their farm 128 
businesses do not necessarily reflect the actual climatic severity of drought conditions. For 129 
example, Lukasiewicz et al (2012) found that landholder beliefs about climate change are based 130 
on local experiences rather than a scientific understanding of climatic conditions. Along with 131 
actual climatic conditions, perceptions of drought affectedness may also be influenced by how 132 
heavily landholders rely on farm businesses for their financial security. Nelson, Kokic, Elliston, 133 
and King (2005) found that landholders who have multiple sources of income tend to be more 134 
resilient to external stressors, such as climatic events, compared to those with only a single 135 
source of income. Similarly, Kebede (1992) found that landholders with incomes from both 136 
agricultural activities and off-farm activities were more likely to adopt environmental behavior. 137 
Riparian areas produce significantly greater amounts of fodder than pastures, and preventing 138 
cattle from grazing can result in financial losses, both in terms of the additional cost of 139 
purchasing extra fodder, and in terms of needing to allocate additional pasture to fodder, that 140 
would otherwise be used for commercial production (Aarons et al, 2013). In times of drought 141 
and low farm productivity, landholders who obtain a higher percentage of their overall income 142 
from off-farm employment may be more capable of purchasing feed, and, as a result, more likely 143 
to maintain stock exclusion from the river frontage. Therefore, drought severity and the amount 144 
of income obtained from farm activities may influence perceptions of drought affectedness, and 145 
in turn whether landholders maintain stock exclusion.  146 

Drought relief funding for stock management is available for landholders on the basis of 147 
drought severity; the Victorian Government uses climate data obtained from the Bureau of 148 
Meteorology to make decisions about the eligibility of landholders for financial aid (Victoria 149 
State Government, 2017). Drought relief packages could be used to encourage landholders to 150 
continue stock exclusion during drought events. However, the effectiveness of this approach 151 
depends on whether landholders’ perceptions reflect actual drought severity. Thus, our study 152 
examined the relationship between drought perception and the maintenance of stock exclusion 153 
behavior, and the relationship between perceived drought affectedness, actual drought severity, 154 
and the amount of overall income that landholders obtain from farm activities.  155 

The current research was conducted with landholders from three regional authorities in 156 
Victoria, known as Catchment Management Authorities (CMAs). The study makes three 157 
contributions to rural studies, research about environmental behavior, and environmental policy 158 
in agricultural communities. Firstly, rural research about environmental behaviour often 159 
examines broad social factors rather than specific cognitive constructs (Burton, 2004). However, 160 
understanding the precise nature of social beliefs is important for designing effective 161 
interventions (Cialdini, 2003, 2007). Thus, we distinguish between injunctive social norms about 162 
how landholders believe they ‘ought’ to behave, and descriptive social norms about how 163 
landholders perceive others ‘actually’ behave. Secondly, we also distinguish between symbolic 164 
social norms about how landholders believe they should behave in ideal scenarios, and 165 
instrumental social norms about how landholders believe they should behave in less than ideal 166 
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scenarios that have negative repercussions for farm businesses. The third contribution of this 167 
research is about the relationship between perceived drought affectedness, actual drought 168 
severity and the amount of income that landholders obtain from farm activities.  169 
 170 
2. Hypotheses and research questions 171 
 172 
The hypotheses and research questions outlined below were informed by feedback from 173 
landholders and CMA staff about the structure of our social survey items. Our study was the first 174 
to develop social norm measures for stock exclusion behaviour. Draft surveys were reviewed by 175 
ten landholders and six CMA staff. During interviews these participants indicated that most 176 
landholders would be unlikely to respond to injunctive norm survey items structured in the 177 
traditional format (Ajzen, 2017), which is ‘how do others think you should behave’. This is 178 
consistent with the results of a survey of 794 landholders in Victoria conducted by Curtis et al. 179 
(2008). The survey included two personal norm items and one injunctive social norm item. 180 
While most landholders who completed their survey responded to the personal norm items, 52% 181 
of participants either did not respond to the injunctive norm item or responded ‘N/A’. Following 182 
discussions with the landholders who reviewed our draft survey, we developed an alternative 183 
measure of injunctive norms. Our item structure was ‘landholders should’ rather than ‘other 184 
people think landholders should’. Thus, while non-conventional, our items do capture beliefs 185 
about how landholders think they ‘ought’ to behave, which is the foundation of injunctive social 186 
norms.  187 
 Descriptive norm survey items were also altered following feedback. All of the ten 188 
landholders who reviewed our draft survey indicated that farmers would not be able to answer 189 
questions about ‘how other farmers in your area behave’ because of the regional variability of 190 
farming enterprise. Therefore, the items were revised to ask about ‘how other farmers like you 191 
behave (e.g., if you are a cattle grazer, other cattle grazers in your region)’.  192 
 The ten hypotheses examined in the current study about the relationship between stock 193 
grazing, social norms, drought, and income are summarized in Table 1 and expounded below.  194 
 195 
2.1. Injunctive norms 196 
 197 
Cary (1993) suggested that while landholders can hold conflicting symbolic and instrumental 198 
beliefs about an issue or activity, their behaviour is more consistent with their instrumental 199 
beliefs about the practical value of performing an activity. We assessed injunctive norms 200 
reflecting symbolic beliefs that landholders should exclude stock from riverbanks in scenarios of 201 
good water availability and high farm productivity. We also assessed injunctive norms reflecting 202 
instrumental beliefs that landholders should exclude stock from riverbanks in scenarios of 203 
drought and low farm productivity. We expected that there would be no relationship between 204 
symbolic norms and stock grazing, and, thus, that there would be no difference between 205 
landholders that graze and landholders who do not graze for norms about excluding stock in 206 
years of good water availability (H1) and years of high farm productivity (H2).  207 
 Research suggests that drought, resulting in low farm productivity, and financial 208 
insecurity, are barriers to the adoption of environmental behaviour in agricultural communities 209 
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(e.g., Curtis et al., 2008). Thus, we expected that landholders who continue to graze the 210 
riverbank would report weaker instrumental norms about excluding stock in years of drought 211 
(H3) and in years of low farm productivity (H4), compared to landholders who do not graze. In 212 
addition, both social norms and perceptions of barriers, such as financial insecurity, can 213 
influence behaviour (Ajzen, 1991). Thus, we expected that the injunctive social norm about 214 
excluding stock in drought conditions, and perceived drought affectedness would explain greater 215 
variance in whether or not landholders continue to graze the riverbank than the social norm alone 216 
(H5). 217 
 218 
2.2. Drought affectedness, drought severity, and income 219 
 220 
Drought conditions negatively impact farm businesses (Mpelasoka et al., 2008). We anticipated 221 
that landholders who graze the riverbank would report higher drought affectedness than those 222 
who exclude stock from the riverbank (H6). Furthermore, perceived drought affectedness may be 223 
influenced by actual climatic conditions, as well as the degree that landholders rely on 224 
agricultural activities for income. Accordingly, we predicted that there would be a positive 225 
relationship between actual drought severity and perceived drought affectedness (H7), and the 226 
percentage of overall income obtained from farm activities and perceived drought affectedness 227 
(H8). We also examined the relationship between perceived drought affectedness and drought 228 
severity at the regional scale. A preliminary examination of climate data indicated that during the 229 
Millennium Drought, landholders in CMA C experienced greater drought severity compared to 230 
landholders in CMA A and CMA B. Thus, we expected that landholders in CMA C would report 231 
higher drought affectedness than those in CMA A and CMA B (H9). We also expected that, 232 
together, drought severity and the percentage of overall income obtained from farm activities, 233 
would predict greater variance in perceived drought affectedness than either variable individually 234 
(H10). 235 
 236 
2.3. Descriptive social norms 237 
 238 
In addition to the above hypotheses, we anticipated that landholders would report that ‘others 239 
like them’ behave in a similar way to themselves (Goldstein, Cialdini, & Griskevicius, 2008). 240 
For example, we expected that landholders who report they graze frequently, would also report 241 
that ‘others like them’ graze frequently.   242 
 243 
Table 1. Hypotheses 244 
 245 

Hypotheses about stock exclusion & social norms 

1 No difference between those landholders that graze and those that do not graze, for the item about 
excluding stock in years of good water availability. 

2 No difference between those landholders that graze and those that do not graze, for the item about 
excluding stock in years of high farm productivity.  

3 Landholders who graze the riverbank would report weaker injunctive norms about excluding stock in years 
of drought.    
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4 Landholders who graze the riverbank would report weaker injunctive norms about excluding stock in years 
of low farm productivity. 

5 The injunctive social norm about excluding stock in drought conditions, and perceived drought affectedness 
would predict greater variance in whether or not landholders continue to graze the riverbank than the 
normative belief alone.  

Hypotheses about stock exclusion, drought & income 

6 Landholders who continue to graze the riverbank would report higher drought affectedness than those who 
exclude stock from the riverbank.  

7 There will be a positive relationship between actual drought severity and perceived drought affectedness. 
8 There will be a positive relationship between the percentage of overall income obtained from farm 

activities and perceived drought affectedness 
9 Landholders in CMA C would report higher drought affectedness than landholders in CMA A and CMA B. 
10 Drought severity and the percentage of overall income obtained from farm activities would predict greater 

variance in perceived drought affectedness than either variable individually. 
 246 

 247 
3. Methods 248 

3.1. Research design and sampling 249 

The current research involved three methods of data collection. Firstly, data about evidence of 250 
stock exclusion or continued grazing on riverbanks was collected CMA staff during monitoring 251 
and assessment projects conducted between 2013 and 2014 in three regions of Victoria referred 252 
to here as CMA A, CMA B, and CMA C. In total 231 assessments were conducted at landholder 253 
properties in CAM A (N = 137), CMA B (N = 50), and CMA C (N = 44). These landholders 254 
were involved in projects funded by CMAs to fence riverbanks to exclude stock from gazing the 255 
riparian area. The assessment projects were funded by the Victorian State Government. 256 
Secondly, data about social norms, perceived drought affectedness, and the amount of income 257 
landholders obtain from farm activities were collected using a social survey that was distributed 258 
by mail to the 231 landholders involved in CMA assessments. In total, 93 landholders (40% 259 
return rate) completed and returned usable surveys. A small number of landholders completed 260 
the survey by phone due to mail delays in regional Victoria. Finally, data about drought severity 261 
was obtained from the Bureau of Meteorology. This research was approved by a Behavioural 262 
Sciences Human Research Ethics board.  263 

3.2. Measures of behaviour, social norms, drought, and income  264 
 265 
Stock exclusion behaviour was measured by CMA staff during visual inspections of landholder 266 
properties. Evidence of continued stock grazing on the riverbank included hoof marks, eaten 267 
vegetation, and the presence of cows.  268 

Injunctive social norms about stock exclusion were assessed with four 7-point Likert 269 
scale items that were included on the social survey. Participants indicated the extent to which 270 
they agreed with each item using a 1 (“strongly disagree” to 7 (“strongly agree”) response scale, 271 
where 4 indicates “neither agree nor disagree”. Two items assessed the symbolic beliefs that 272 
landholders should be prepared to exclude stock from grazing the riverbank in years of good 273 
water availability, and in years of high farm productivity. Two items assessed the instrumental 274 
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beliefs that landholders should exclude stock from gazing the riverbank in years of drought, and 275 
in years of low farm productivity.  276 
 Descriptive social norms were assessed by comparing how an individual behaves with 277 
their beliefs about how other people behave (Cialdini, 2007). Our social survey included items 278 
asking landholders to self-report about their own grazing behaviour, and items asking 279 
landholders to estimate how other landholders ‘like them’ behave. Items included asking 280 
landholders to describe the duration, regularity, and seasonality of their own grazing regimes and 281 
of other landholders’ grazing regimes. We intended to examine whether landholders’ descriptive 282 
norms reflected their own behaviour.  283 
 Drought affectedness and the amount of income obtained from farm activities were 284 
assessed using one 7-point Likert scale survey item and two open-ended survey items. The Likert 285 
scale item assessed participants’ perception of their drought affectedness in terms of the impact 286 
of drought on their farm business. Participants indicated the extent of their perceived drought 287 
affectedness using a 1 (“not at all affected”) to 7 (“extremely affected”) response scale. Two 288 
open-ended items asked participants to report the percentage of overall income obtained from 289 
farming activities, and to list the main ways that drought affected their farm business.  290 
 Drought severity was determined using gridded daily precipitation data from the Bureau 291 
of Meteorology’s Australian Water Availability Project (AWAP) dataset (Jones, Wang, & 292 
Fawcett, 2009). For each farm property, daily precipitation was extracted from an AWAP grid 293 
cell (0.05° x 0.05°, approximately 5km x 5km) representative of the farm’s latitude and longitude 294 
for the period 1900-2016. The daily values were summed to calendar year values. Drought 295 
severity was computed by dividing the average precipitation value for the drought years (1997-296 
2010) by the average value for the entire period on record (1900-2016), to produce a ratio 297 
representing drought severity for each farm property. The coefficient of variance for the years 298 
1900-2016 was also calculated for each site. The drought severity ratio indicates the extent that 299 
the average precipitation during the Millennium Drought deviated from the average precipitation 300 
of the year 1990-2016 for each landholder property. Drought severity ratio values range from 0 301 
to 1; high values indicate no deviation and low values indicate high deviation. A high drought 302 
severity ratio, such as .9, might suggest an area has experienced only minimal reduced 303 
precipitation during the drought. However, a low coefficient of variability, such as .1, indicates 304 
that even a slight deviation from the average precipitation is likely to be climatically significant.  305 
 306 
3.3. Data analysis  307 
 308 
Our research involved both qualitative and quantitative data. Therefore multiple methods of data 309 
analysis were used, including statistical analysis and thematic content analysis.  310 
 311 
 Statistical analysis. Hypotheses 1 to 4 about the relationship between injunctive norms 312 
and stock grazing were examined using t-tests. Hypothesis 5 about the amount of variance of 313 
grazing behaviour explained by the social norm for excluding stock in drought conditions, and 314 
perceived drought affectedness, was examined by computing a stepwise multiple regression.  315 
 Hypothesis 6 about the relationship between perceived drought affectedness and stock 316 
grazing was examined using a t-test. Hypotheses 7 about the relationship between perceived 317 
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drought affectedness and actual drought severity was addressed by computing a Pearson’s 318 
correlation coefficient. Hypothesis 8 about the relationship between perceived drought 319 
affectedness and the amount of income landholders obtain from farm activities was also 320 
addressed by computing a Pearson’s correlation coefficient. Hypothesis 9 about differences of 321 
perceived drought affectedness between CMA A, CMA B, and CMA C was addressed by 322 
computing a one-way ANOVA. Finally, a stepwise multiple regression was used to examine 323 
Hypothesis 10 about the amount of variance of perceived drought affectedness explained by 324 
drought severity and income together.  325 
 326 
 Thematic analysis of open-ended survey responses. Responses to open-ended survey 327 
items about descriptive norms and the ways that drought as impacted farm businesses were 328 
thematically analysed and coded. Common themes were determined by identifying objects and 329 
categories in respondent data (H. Jansen, 2010), and recording the frequency of mentions 330 
(Castro, Kellison, Boyd, & Kopak, 2010).  331 
 332 
4. Results 333 
 334 
 335 
4.1 Descriptive results 336 
 337 

Stock exclusion. CMA data about evidence of grazing indicated that of the 93 landholders 338 
who completed the social survey, 53 (57%) grazed in the fenced frontage, whereas 40 (43%) did 339 
not. 340 
 341 
 Injunctive norms. Table 3 displays the means, standard deviations, and correlations for 342 
landholder responses to injunctive norm survey items. There was a strong positive correlation 343 
between the symbolic beliefs about excluding stock from grazing in the ideal scenario of good 344 
water availability and beliefs about excluding stock in the ideal scenario of high farm 345 
productivity. There was also a strong positive correlation between the instrumental beliefs about 346 
the responsibility of landholders to exclude stock in times of drought, and the instrumental 347 
beliefs about excluding stock in times of low farm productivity. There was no relationship 348 
between symbolic beliefs and instrumental beliefs.  349 
 350 
Table 2. Correlations between injunctive norms. 351 

 N Mean SD 1 2 3 4 

1.Good water availability 92 3.68 2.29 - .09    .82**   .16 

2.Drought conditions 91 4.36 2.33  - .08  .72** 

3.High farm prod 91 3.73 2.31   -    .20 

4.Low farm prod 91 4.58 2.25    - 

     **p < .01 352 
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 353 

 Descriptive social norms. It was anticipated that landholders would estimate what ‘other 354 
people like them’ do in relation to stock grazing, and that these estimations would reflect their 355 
own behaviour (Goldstein et al., 2008). However, 65% of responses to the descriptive norm 356 
items were ‘NA’ or ‘I don’t know’. Only 15% of responses estimated what other landholders do 357 
and, of these, only 7% gave responses that were consistent with their own behaviour.  358 

Responses also included more than 100 comments that suggest the participants do not 359 
hold strong descriptive norms about grazing behaviour. Three themes emerged from the thematic 360 
analysis of these comments. Firstly, 24% of comments indicated that stock exclusion is not 361 
normative behaviour, rather landholders perceive their involvement in exclusion projects as the 362 
behaviour of a minority. For example, comments included “Most don’t fence the river”, and “the 363 
neighbours think we’re mad for fencing off grazing land”.   364 

Secondly, 33% of comments indicated that landholders are unable to estimate others’ 365 
behaviour because they lack the appropriate knowledge, and that lack of knowledge is at least in 366 
part related to the geographical isolation of stock farmers, from others ‘like them’. Comments 367 
included “I don’t know what other farmers do, silly question!”, and “no other dairy farmers in 368 
our area”. Thirdly, 43% of comments indicated that others’ behaviour is highly contextual, and 369 
thus cannot be estimated. For example, in response to an item about the percentage of other 370 
landholders that graze the fenced frontage, one participant commented that “Some would, some 371 
wouldn’t, everyone is different”. 372 
 373 

Perceived drought affectedness and farm income. Table 3 displays the means and 374 
standard deviations for landholder responses to survey items about drought affectedness and 375 
farm income. Farm businesses are moderately affected by drought conditions. On average, 376 
farmers obtain 50% of income from farm activities, although the standard deviation indicates 377 
considerable variability. There was no difference for percentage income from on-farm activities 378 
between landholders in CMA A (M = 58.85, SD = 40.59), CMA B (M = 53.43, SD = 42.63), and 379 
CMA C (M = 38.20, SD = 39.67), F (2, 84) = 1.91, p = .15.   380 

 381 
Table 3. Results of ANOVA for the difference of percentage income from on-farm activities 382 
between CMA A, CMA B, and CMA C  383 

 DF SS MS F P 

% income 2 6439.97 3219.99 1.91 .15 

      *DF = degrees freedom, SS = sum of squares, MS = mean square, F = F-statistic,  384 
P = P-value 385 

 386 
Responses to the open-ended survey item about the ways that drought has impacted farm 387 

businesses were analysed and coded. In total, 81 landholders responded to the open-ended survey 388 
item about the ways that drought has impacted their farm businesses. Common themes included 389 
the psychological impact of drought on farming communities, the ecological impact of drought 390 
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on riverbank vegetation, and the impact of drought on water availability, stock management, and 391 
financial security.  392 

The most common impacts were related to financial security (N = 42), such as reduced 393 
income and increasing debt, and stock management (N = 39), such as shortage of fodder and 394 
being forced to destock. Two landholders reported spending between $200, 000 and $500, 000 395 
on additional feed. One landholder reported depleting his retirement funds to subsidize the cost 396 
of additional feed. Further, landholders who continue to graze mentioned these themes more 397 
frequently than landholders who exclude stock from grazing. The impact of drought on financial 398 
security was mentioned by 50% of landholders who continue to graze, and 40% of landholders 399 
who exclude stock from grazing. The impact of drought on stock management was also 400 
mentioned by 50% of landholders who continue to graze, and 35% of landholders who exclude 401 
stock.  402 
 403 
Table 4. Correlations between perceived drought affectedness, and income.  404 
 405 

 N Mean SD 1 2 

1.Drought affected 90 5.12 2.071 - .45** 

2.Farm income % 87 50.58 41.406  - 

**p < .01 406 

 Drought severity. On average, the drought severity ratio for the study sites was high (M = 407 
.86, SD = .02), however, the coefficient of variance was low (M = .26, SD = .04). Thus, the ratio 408 
indicates a significant deviation of rainfall from the average. ANOVA analysis revealed that 409 
there was a significant difference for both drought severity, and variance between the three 410 
regions. CMA C (M = .84, SD = .02) experienced higher drought severity than CMA A (M = .99, 411 
SD = .01) and CMA B (M = .86, SD = .02). CMA C (M = .23, SD = .04) also experienced higher 412 
variance of rainfall than CMA A (M = .29, SD = .02) and CMA B (M = .25, SD = .02). Table 5 413 
presents the ANOVA analysis for difference of drought severity ratio and coefficient of variance 414 
between the three CMAs. 415 
  416 
Table 5. Results of ANOVA for the difference of drought severity ratio, and the difference of 417 
coefficient of variance, between CMA A, CMA B, and CMA C  418 

 DF SS MS F P 

Drought severity ratio 2 .03 .01 46.93 .00 

Coefficient of variance 2 .04 .02 31.07 .00 

      *DF = degrees freedom, SS = sum of squares, MS = mean square, F = F-statistic,  419 
P = P-value 420 

 421 
4.2. Relationships between injunctive norms, stock grazing, and drought affectedness 422 
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 423 
Overall, our predictions about the distinction between symbolic and instrumental social norms 424 
were supported. Hypothesis 1 was supported as there was no difference between landholders 425 
who graze (M = 3.53, SD = 2.23) and those who do not graze (M = 3.88, SD = 2.39), for the 426 
symbolic social norm about excluding stock from grazing in the scenario of good water 427 
availability, t (91) = -.71, p = .48. Hypothesis 2 was also supported, as there was no difference 428 
between landholders who graze (M = 4.20, SD = 2.37), and landholders who exclude stock from 429 
grazing (M = 3.35, SD = 2.22), for the symbolic social norm about excluding stock from grazing 430 
in the scenario of high farm productivity, t (91) = -1.76, p = .082.  431 

Hypothesis 3 was supported as landholders who graze (M = 3.73, SD = 2.32) reported 432 
weaker instrumental norms about excluding stock from grazing in drought conditions than 433 
landholders who exclude stock (M = 5.18, SD = 2.10), t(91) = -3.09, p = .003. Hypothesis 4 was 434 
also supported as landholders who graze (M = 4.02, SD = 2.41) reported weaker instrumental 435 
social norms about excluding stock from grazing in the scenario of low farm productivity, 436 
compared to landholders who exclude stock (M = 5.30, SD = 1.81), t (91) = -2.79, p = .006.  437 
    A stepwise multiple regression analysis revealed that together drought affectedness (β = -.22, 438 
p = .028) and the injunctive norm about drought conditions (β = .31, p = .002) accounted for 439 
15.2% of the variance (p = .001) in grazing behavior, whereby β represents the regression 440 
coefficient. Hypothesis 5 was supported as these two variables together explain a significantly 441 
greater percentage of variance, compared to the injunctive norm individually, which accounted 442 
for 10.3% of variance.    443 
 444 
4.3. Relationships between drought affectedness, drought severity, income, and stock grazing 445 
 446 
Hypothesis 6 was supported, as landholders who graze (M = 5.54, SD = 1.90) reported higher 447 
perceived drought affectedness than landholders who exclude stock (M = 4.55, SD = 2.18), t (90) 448 
= 2.28, p = .025. Hypothesis 7 was partially supported as there was a weak positive relationship 449 
between landholder perceptions of drought affectedness and actual drought severity, r(82) = .50, 450 
p<.00. Hypothesis 8 was supported as there was a weak positive correlation between landholder 451 
perceptions of drought affectedness and the percentage of overall income that landholders obtain 452 
from farming activities, r(85) = .45, p<.01. In contrast to our expectations, landholders from 453 
CMA A (M = 6.07, SD = 1.53) reported higher perceived drought affectedness than landholders 454 
from CMA B (M = 5.55, SD = 1.50) and CMA C (M = 3.81, SD = 2.34), F (2, 87) = 12.61, p = 455 
.00. However, there was no difference between CMA A and CMA B; t(57) = 1.30, p = 0.20. 456 
Thus, Hypothesis 9 was not supported; despite the fact that the region of CMA C experienced the 457 
greatest drought severity between the drought years of 1994 to 2010, landholders in CMA A and 458 
CMA B reported higher drought affectedness than landholders in CMA C.  459 

Finally, while drought severity and the percentage of income from farm activities were 460 
weakly correlated with perceptions of drought affectedness, together these variables explained a 461 
significantly greater amount of variance, compared to either alone. A stepwise multiple 462 
regression analysis revealed that income (β = .39, p = .00) and drought severity (β = .29, p = .00) 463 
accounted for 30% of the variance (p = .00) in perceived drought affectedness. Thus, Hypothesis 464 
10 was supported. 465 
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 466 
5. Discussion 467 
 468 
An underlying assumption of using voluntary agreements to implement environmental projects 469 
in rural communities, such as stock exclusion, is that landholders are motivated by non-monetary 470 
incentives, including social norms (Danne, 2003). The results of this study suggest that whether 471 
or not landholders maintain environmental behaviour is related to both instrumental social norms 472 
about the responsibility of landholders to exclude stock from grazing the riverbank in drought 473 
conditions, and perceived drought affectedness. Drought reduces farm productivity and increases 474 
the amount of stock feed that landholders must purchase. Landholders who perceive themselves 475 
to be more drought affected are more likely to graze stock on the fenced riverbank. Further, 476 
landholders with a higher proportion of overall income from farm activities perceive themselves 477 
to be more drought affected, and are more likely to graze cattle on the riverbank. Finally, 478 
responses to descriptive norm survey items suggest that landholders believe that participating in 479 
stock exclusion projects sets them apart from most other landholders, rather than reinforce their 480 
social identity.   481 
 482 
5.1. Injunctive social norms, drought and stock exclusion  483 
 484 
Our findings are consistent with Cary (1993) who found that althou farmers hold both symbolic 485 
and instrumental social beliefs, their behaviour reflects the pragmatic value of environmental 486 
management for their businesses. Landholders’ behaviour is related to their instrumental 487 
injunctive social norms about the responsibility of farmers to exclude stock from grazing during 488 
times of drought and low farm productivity. As anticipated, there was no relationship between 489 
behaviour and symbolic social norms about grazing in ideal conditions of good water availability 490 
and high farm productivity. In contrast, there was a relationship between behaviour and 491 
instrumental social norms; landholders who continue to graze also hold weaker instrumental 492 
social norms than landholders who exclude stock entirely. 493 

Further, landholders who graze report higher perceived drought affectedness than 494 
landholders who do not graze. Landholders who graze also reported that drought conditions 495 
resulted in reduced pasture for stock fodder and high costs associated with purchasing additional 496 
feed more frequently than landholders who exclude stock entirely, although the difference was 497 
not statistically significant. Importantly, landholders who graze reported higher drought 498 
affectedness and weaker instrumental social norms. These findings support the concept that 499 
behaviour is influenced by social norms and constraining variables (Ajzen, 1985, 1991).  500 

From a policy perspective, landholders who perceive they experience less drought 501 
affectedness may be motivated by injunctive social norms to continue maintaining stock 502 
exclusion behaviours. Landholders who perceive their businesses are more affected by drought 503 
may require additional support to continue excluding stock from riverbanks. In Victoria, drought 504 
relief funding, including funding for stock management, is allocated based on climate data about 505 
the severity of drought conditions. This funding could be used to subsidize the purchase of stock 506 
feed, and thus, encourage landholders to continue excluding stock from riverbanks during 507 
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drought conditions when riverine ecosystems are highly vulnerable to stock grazing (A. Jansen & 508 
Robertson, 2001).  509 

However, perceptions of drought affectedness are related to both actual drought severity, 510 
and the amount of overall income that landholders obtain from farm activities. Between 1994 511 
and 2010 CMA C experienced greater drought severity than either CMA A or CMA B. However, 512 
landholders in CMA A and CMA B reported higher drought affectedness. On average, 513 
landholders in CMA C obtain 20% less income from farm activities than landholders in CMA A, 514 
and 15% less income than landholders in CMA B. While the difference is not statistically 515 
significant, these observations are consistent with previous findings that on average landholders 516 
in CMA C obtain a high proportion of income from off-farm activities, compared to other 517 
regions in Victoria (e.g., Wilson, Jansen, Curtis, & Robertson, 2003). Thus, to be effective, 518 
agencies that offer drought relief funding should consider the dynamics of regional employment. 519 
Landholders who receive a larger proportion of their income from farm activities perceive 520 
themselves as more drought affected, and are more likely to continue grazing the fenced 521 
frontage, compared to landholders who receive a smaller portion of their income from farm 522 
activities. During drought events government agencies, could encourage the maintenance of 523 
stock exclusion behaviours by subsidizing stock feed for landholders who rely heavily on farm 524 
businesses for income.          525 

Taken together, our findings suggest that landholder behaviour is related to instrumental 526 
social norms about the responsibility of farmers for environmental management in drought 527 
conditions, as well as perceived drought affectedness. Perceived drought affectedness is related 528 
to both actual drought severity and the amount of income that landholders obtain from farm 529 
activities. Figure 1 demonstrates that social beliefs and perceptions of drought account for 530 
greater variance of behaviour than either factor alone. Drought severity and income account for 531 
greater variance of perceived drought affectedness than either factor alone.  532 
 533 
Figure 1. Multiple regression model for: the variance of grazing behaviour explained by the 534 
instrumental social norm about drought and perceived drought affectedness; and the variance of 535 
perceived drought affectedness explained by drought severity and the percentage of overall 536 
income obtained from farm businesses.  537 
 538 

 539 
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 540 
 541 
 542 
5.2. Descriptive social norms 543 
 544 
Responses to the seven descriptive norm items were unexpected. We anticipated that landholders 545 
would estimate how others behave and that their responses would be consistent with their own 546 
behaviour. For example, landholders who graze should report that others like them graze more 547 
frequently than landholders who do not graze (Cialdini, 2007). Responses to descriptive norm 548 
items suggest that most landholders were unable to estimate how others like them behave for 549 
three reasons. Firstly, responses suggest that our participants believe that performing 550 
environmental behaviour (whether or not that behaviour is successfully maintained) distinguishes 551 
themselves from most other landholders. Behaviour can be motivated by both the desire for 552 
social acceptance and by the need to confirm self-identity (Conner & Armitage, 1998).  Thus, 553 
landholders who participate in stock exclusion projects may do so to reinforce their own self-554 
identity as environmental stewards, rather than to fulfil social expectations.  555 

Secondly, responses indicate that landholders do not have enough knowledge about how 556 
others behave to form descriptive norms. Landholder properties are often boarded by farms and 557 
farmers that are not ‘like them’; a cattle farmer may have neighbours that farm fruit trees. 558 
Descriptive norms form when people have information about how others behave (Lapinski & 559 
Rimal, 2005). Geographic and social isolation from other farmers involved in similar 560 
environmental behaviours may limit the amount of knowledge landholders have about how other 561 
farmers involved in stock exclusion projects actually behave. 562 
  Thirdly, responses indicated that landholders believe the behaviour of others like them is 563 
highly contextual, and varies between individuals. Our participants suggested that landholders 564 
may behave differently in times of good water availability, compared to times of drought, 565 
particularly if drought conditions result in shortages of stock feed produced on farm properties. 566 
Thus, landholders do not appear to hold salient descriptive norms about stock exclusion projects.  567 

These results suggest two avenues for environmental policy and improving the outcomes 568 
of voluntary instruments in rural communities. Firstly, educating landholders about the 569 
prevalence and nature of environmental behaviour in farming communities may promote a sense 570 
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of group membership and activate accurate descriptive social norms (Cialdini, 2003). Secondly, 571 
appealing to self-identity, such as designing interventions directed stewardship and the unique 572 
contribution of landholders in remote areas, may reach landholders who do not perceive 573 
themselves to be a member of a group of environmentally-minded agriculturalists.   574 
 575 
6. Conclusion  576 
 577 
To improve the condition of river ecosystems stock exclusion behaviours must be maintained 578 
indefinitely (Moore & Rutherfurd, 2017). In the absence of further financial incentives, or the 579 
enforcement of non-compliance, the maintenance of these projects rests on the motivation of 580 
individual landholders. An underlying assumption of using voluntary instruments is that 581 
landholders are motivated by non-monetary incentives, such as pro-environmental social norms 582 
(Danne, 2003). Curtis et al. (2008) observed that despite holding pro-environmental social norms 583 
about environmental behaviour, many landholders choose not to adopt those behaviours for 584 
financial reasons. Policies address financial constraints by subsidizing the initial cost of adopting 585 
stock exclusion behaviour, such as the cost of riverbank fencing (Department of Sustainability 586 
and Environmnet, 2011). While social norms influence the adoption of agricultural 587 
environmental behavior, such as stock exclusion behaviour (e.g., Greiner & Gregg, 2011; 588 
Wauters et al., 2010), over time constraints related to drought conditions may weaken the 589 
influence of social norms on the continued maintenance of stock exclusion (Ajzen, 1985, 1991). 590 
This study examined the relationship between social norms, drought, and the maintenance of 591 
stock exclusion behaviour.  592 

Our results support behavioural theory about the importance of social norms (e.g., Ajzen, 593 
1991), and suggest that the distinction between symbolic and instrumental beliefs is relevant for 594 
understanding the maintenance of agricultural environmental behaviour in rural communities. 595 
We found that grazing behaviour is explained by both instrumental injunctive social norms about 596 
grazing, and perceived drought affectedness. Landholders who graze hold weaker injunctive 597 
social norms about how landholders like them ‘ought’ to behave; they agree less that it is the 598 
responsibility of landholders to exclude stock during droughts when farm productivity is 599 
reduced. Landholders who graze also reported higher perceived drought affectedness compared 600 
to landholders who maintain stock exclusion. Perceived drought affectedness is related to both 601 
actual drought severity, and the amount of income that landholders obtain from farm activities. 602 
Interestingly, landholders do not appear to hold salient descriptive norms about stock exclusion.  603 

Overall, these findings suggest that landholders who perceive themselves to be more 604 
drought affected hold weaker social norms about stock exclusion, and are more likely to continue 605 
grazing stock on riverbanks. In the context of future climate change, voluntary agreements are 606 
likely to be effective for ensuring stock exclusion behaviour is maintained for landholders who 607 
obtain income from multiple sources, and, thus, are less dependent on farm productivity.  608 

We make three observations that are relevant for future environmental policy, and research 609 
about understanding landholder behaviour:  610 
 611 

• Education is often used to encourage the adoption of environmental behaviours in 612 
agricultural communities. This approach could also be used to promote descriptive social 613 
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norms about maintenance. Nearly half the landholders involved in this study continue to 614 
maintain stock exclusion. Information about what others ‘actually’ do could activate 615 
descriptive social norms (Cialdini, 2007) and encourage landholders to maintain stock 616 
exclusion behaviours;  617 

• Drought relief packages already include funding for stock management. This could be 618 
targeted towards landholders involved in stock exclusion projects. Subsidizing the cost of 619 
additional feed could encourage landholders to exclude their stock from riverbanks 620 
during drought events, when riverbank vegetation is most vulnerable (A. Jansen & 621 
Robertson, 2001); 622 

• Rural research often considers the relationship between social factors and landholder 623 
behaviour (e.g., Greiner & Gregg, 2011). Behavioural theory draws distinctions between 624 
multiple cognitive constructs related to social beliefs. The distinction between injunctive 625 
and descriptive social norms, and symbolic and instrumental social norms have important 626 
implications for understanding landholder behaviour and designing interventions to 627 
promote environmental projects in rural areas. Rural research often includes very general 628 
measures of social factors, rather than specific cognitive social constructs (Burton, 2004). 629 
These nuances offer an avenue for future research, and the design of interventions.  630 
 631 

Understanding the factors that influence landholders’ perceptions of drought affectedness is 632 
essential for designing policies to remove barriers to practice and encourage the voluntary 633 
maintenance of stock exclusion behaviours. Voluntary agreements that offer financial incentives 634 
for landholders to exclude stock from waterways have been effective for promoting the adoption 635 
of stock exclusion behaviours in Victoria. The next challenge is to ensure those behaviours are 636 
maintained indefinitely. This will involve a more nuanced understanding of the relationship 637 
between social norms and environmental behaviour in rural communities, and targeting drought 638 
relief packages to remove barriers to the continued maintenance of stock exclusion.  639 
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