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Abstract 

Foxes (Vulpes vulpes) and feral cats (Felis catus) are serious threats to the 

survival of many native Australian fauna. Policies to control populations of these 

introduced invasive predators have multiple aspects—ecological, geographic, 

economic and social—which must be considered during decision-making to select 

projects that deliver the greatest net benefits. The benefits of fox and feral cat control 

largely exist as intangible ecological and socio-economic values of the threatened 

species being protected. Research additionally, shows that social value depends in 

part on the strategies used to achieve conservation benefits, and not just the 

conservation benefits themselves.  

This thesis examines how the prioritisation of projects to control foxes and feral 

cats to protect threatened species can be affected by the inclusion of socio-economic 

values for the species and social values for fox and feral cat control strategies. It 

focuses on two endangered marsupials—Numbats (Myrmecobius fasciatus) and 

Woylies (Bettongia penicillata ogilbyi)—and their conservation through fox and feral cat 

control in an ecologically important conservation site in Western Australia —Dryandra 

Woodland. The overarching aim to improve guidance on prioritisation of conservation 

projects is achieved through three questions answered in four research papers.  

Since benefits of threatened species’ conservation are largely intangible, 

research question 1 seeks to understand what are the economic values of threatened 

species and, what are the factors affecting willingness to pay (WTP) for threatened 

species? Factors affecting WTP were statistically determined through a clustered 

robust meta-regression analysis of global non-market valuation studies of threatened 

species conducted over the last 34 years. Average total WTP was $414/household1 but 

there was large variation in reported values owing to the species and survey context. 

                                                
1 In 2016 US dollars. 
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WTP was found to be significantly higher for charismatic and threatened species, but 

was not affected by a country’s development status, or the use of coloured 

photographs of species in the survey. However, available literature was limited—most 

studies were from developed countries on charismatic mammals, several lacked a 

baseline or counterfactual to the scenario being valued, and many did not report WTP 

or demographic statistics. Given these limitations, this meta-regression model might 

not be appropriate for use in benefit transfer even though it provided reasonably 

reliable WTP estimates, with average absolute within-sample- and out-of-sample 

transfer errors of 17% and 48%, respectively. Instead, we recommend using 

contextually compatible primary studies cautiously in unit transfers if necessary, but 

undertaking dedicated primary valuation studies if budgets permit. 

Research question 2 asks a) What are the economic values of Numbats and 

Woylies and of the various strategies used to control foxes and feral cats in Dryandra 

Woodland?, and b) Do preferences of different stakeholders differ for Numbats, 

Woylies and for various fox and feral cat control strategies? This question is addressed 

through a discrete choice experiment (DCE) administered to a sample of the West 

Australian general public, conservation experts, landholders directly bordering the 

Woodland, and the wider local community surrounding it. DCE data was analysed 

using (i) Mixed models applied only to the general public dataset, and (ii) scale-

adjusted latent class (SALC) models applied to all stakeholders. Both mixed logit and 

SALC models showed that people significantly valued the threatened species and had 

preferences for the type of invasive predator control strategy employed. SALC models 

identified a segment averse to the status quo strategy of 1080 baiting, and one 

unwilling to pay for strategies or species. However, most people preferred increased 

populations of Numbats and Woylies albeit with a diminishing marginal utility as 

populations grow, although WTP was species dependent. Preferences were not 
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dependent on the sample the respondent came from but on other individual 

characteristics. 

Results from the DCE were used to answer research question 3: which fox and 

feral cat control strategy(ies) for Dryandra Woodland would provide the largest net 

benefits? Specifically, this question compared the prioritisation of projects using cost-

effectiveness analyses (CEAs) and benefi- cost analyses (BCAs) including BCAs with 

and without social values for strategies to control foxes and feral cats for threatened 

species recovery. All seven alternative projects that could be realistically implemented 

were found to be attractive, with robust net benefits, and benefits exceeding costs, on 

average, by a factor of 700. The ranking of projects, including the top-ranked project, 

was changed by using a CEA rather than a BCA. Further, the details of the BCA 

approach mattered, with different project rankings with or without accounting for social 

values for different predator control strategies (beyond their ecological outcomes) and 

with or without accounting for the risks of project failure. The study demonstrates that 

decisions about the specific techniques used to analyse environmental project options 

can make an important difference to environmental outcomes, and highlights the 

possible adverse consequences of poorly designed analyses. 
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Chapter 1 Introduction 

1.1 Background: The threat of foxes and feral cats to 

native species 

Foxes (Vulpes vulpes) and feral cats (Felis catus) seriously threaten the survival 

of many faunal species globally. They are, therefore, listed among the world’s 100 

worst invasive species (Lowe et al., 2000). In Australia, they are a serious predatory 

threat to many native species listed under the Federal Environment Protection and 

Biodiversity Conservation (EPBC) Act. Feral cats have been found to prey on over 400 

Australian vertebrates including 28 species on the IUCN Red-list (Doherty et al., 2015). 

Owing to the threat that they pose to the survival of native fauna, foxes and feral cats 

were included as key threatening processes under the EPBC Act (1999). 

Foxes and feral cats are adaptable and opportunistic carnivores with a versatile 

dietary range. Their ecological and geographic flexibility allowed them to thrive in 

diverse terrains in Australia and quickly overrun the continent from the time they were 

introduced by Europeans in the late 18th century (Denny and Dickman, 2010, Saunders 

et al., 2010). Feral cats have been implicated in the local extinction of up to 16 

Australian mammals, and along with foxes, in island and regional-scale extinctions of 

several avian, and small- and medium-sized mammalian species (Banks and Dickman, 

2007, Denny and Dickman, 2010). Since native Australian fauna did not evolve with 

foxes or feral cats, they have few defences against these predators. In fact, they either 

do not recognise the predators as a danger or adopt incorrect anti-predator responses 

(Banks and Dickman, 2007). The success of the establishment of these introduced 

invasive predators in Australia and the consequent loss of native species can be 
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attributed to two main factors: (i) the introduction and proliferation of European rabbits 

(Oryctolagus cuniculus) for which foxes and cats were introduced as control agents 

(Denny and Dickman, 2010, Saunders et al., 2010), and (ii) destruction and/or 

extensive modification of landscapes for farming and subsequent grazing by introduced 

herbivores that resulted not only in the loss of natural habitat but also in the removal of 

vital refuges, especially understorey cover, that could have served as means of 

escaping from these introduced predators (Banks and Dickman, 2007). 

Reintroductions of native Australian species to reserves and conservation sites in 

mainland Australia have often failed on account of predation by foxes and feral cats 

(Fancourt, 2014, Saunders et al., 2010, Short et al., 1992, Sinclair et al., 1998). Short 

et al. (1992) documented an 8% success rate when macropods were reintroduced in 

Australian mainland and island sites where fox control had not been implemented, 

compared to a success rate of 82% when it was implemented. It is, consequently, 

necessary to control fox and feral cat numbers to increase native species’ populations 

and also the chances of their survival (Friend, 1994, Kinnear et al., 2010, Marlow et al., 

2015). 

1.2 Controlling foxes and feral cats to increase the 

chances of threatened species’ survival 

Foxes and feral cats are well-established across Australia. Therefore, their 

complete eradication from the mainland is practically impossible owing to limitations in 

available resources and applicable techniques. However, they have been successfully 

eliminated from off-shore Australian islands and from fenced reserves on the mainland 

(DEWHA, 2008a, DoE, 2015a). Common strategies to control foxes and feral cats in 

Australia have included lethal baiting using the compound 1080 (sodium 

monofluoroacetate) incorporated in either dried or fresh meat, exclusion-fencing, 
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shooting, and trapping using either cage-style or padded leg-hold traps (DEWHA, 

2008a, DoE, 2015a). Additionally, strategies to control foxes have included den 

fumigation with carbon monoxide and den destruction (Saunders and McLeod, 2007). 

Other methods of dispersing toxins for lethal control of these foxes and feral cats 

include grooming traps and canid pest ejectors. Grooming traps2 utilize the oral 

grooming behaviour of feral cats and foxes. Sensors on these traps activate when 

foxes or cats walk past, triggering an application of a gel containing the poison PAPP 

(para-aminopropiophenone) on the animal. When the predator grooms itself and 

ingests a fatal dose it dies from anoxia (Read et al., 2014).Canid pest ejectors are 

spring-activated devices that deliver toxin capsules directly into the mouth of canid 

predators, such as foxes, as they pull the bait that is attached to the ejector. The force 

required to dislodge the baits can be achieved only by canids, making this a target-

specific method of toxin delivery (ACTA, 2015). A strategy to control foxes and feral 

cats could include fertility control. However, there are technological and social hurdles 

to its large-scale implementation (DoE, 2015a). 

Each strategy has its benefits, disadvantages, and degree of effectiveness at 

reducing fox and feral cat numbers. Different strategies also have varying degrees of 

suitability for application depending on the area to be managed, and the type and 

density of introduced predators, non-target species and threatened species on site. 

Poison baiting is preferred by conservation managers when the site to be managed is 

large and when primary food sources (rabbits, mice, native species) are absent or in 

low numbers (DoE, 2015a). Poison baiting may not be effective in the long term as the 

target species may develop an aversion, tolerance or resistance to the poison being 

used (Hayward and Kerley, 2009). Other lethal control techniques such as shooting 

and trapping are more labour intensive and expensive as well as less effective than 

poison baiting over very large areas. They are generally not preferred by managers for 

                                                
2 Still in the development stage. See (Read et al., 2014) for more details. 
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broad-scale control but are effective in smaller areas (DoE, 2015a, Saunders et al., 

2010).  

Exclusion fencing is a practical and effective strategy that creates ‘islands’ free of 

foxes and feral cats allowing native species to thrive within the boundary. Exclusion 

fences, however, are expensive to construct and time-consuming and labour- and cost-

intensive to manage since they require ongoing surveillance and maintanence. They 

are also not 100% effective at preventing fox and feral cat incursions. Fences also 

have ecological costs: (1) they can result in inbreeding, and/or genetic isolation, 

thereby restricting the evolutionary potential of species; (2) they can lead to an 

abundance of native fauna within the enclosure that could be detrimental to native 

vegetation and/or other in situ fauna species; (3) they can stop or interfere or restrict 

natural movement patterns of fauna, and (4) they can lead to the mortality of species. 

For example, in Australia, birds, bats, snakes, lizards, tortoises and kangaroos have 

been killed after becoming trapped in wire netting or being electrocuted if the fence is 

electrified. In other parts of the world the same has happened to ungulates and large 

mammals such as elephants (Hayward and Kerley, 2009, Long and Robley, 2004). 

Exclusion fences can also modify species’ behaviour and cause them to develop 

naiveté or reduced wariness towards introduced predators (Jolly et al., 2018a, Jolly et 

al., 2018b). Fences are also not independent of other control strategies since foxes and 

feral cats within the fenced area need to be eradicated anyway, at least initially, and 

possibly later on as well in case of breaches (Long & Robley, 2004). 

1.3 Socio-economic considerations in fox and feral cat 

control 

Ecological or geographic facets are not the only aspects that need to be taken 

into account when deciding which introduced predator control strategy(ies) to employ. 
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Conservation takes place in a social context, and conservation schemes are largely 

funded by public tax revenue, especially if they are being implemented by federal or 

state government agencies. Research has shown that people have preferences not 

only for conservation outcomes but also for the means of achieving them. Johnston 

and Duke (2007) found that respondents in Connecticut and Delaware in the United 

States significantly preferred state conservation easements over other techniques to 

preserve agricultural lands. Rogers (2013b) found benefits to West Australian residents 

for the same marine ecology conservation outcomes to be management dependent: 

respondents preferred schemes that were less restrictive of their use of marine 

reserves. Recently, Sheremet et al. (2017) found public support for forest disease 

control to be dependent on the control measures used. Socio-economic considerations 

are, therefore, important to make certain that conservation policies are supported by 

people and are eventually successful. In the context of this research, for example, 

although strategies to manage feral cats could include biological control through 

disease such as feline panleucopaenia, which was introduced to control feral cats on 

Marion Island in the Indian Ocean in the 1970s (Denny and Dickman, 2010), it would 

be difficult to gain public support for the implementation of biological strategies that 

could impact domestic cat populations, since cats have the status of being both pests 

and pets in Australia (DoE, 2015a). Another example is the use of poison baiting– 

although people may value increased populations of threatened species, they may be 

averse to the use of poison baits, which they may perceive to be inhumane on account 

of the suffering caused to animals that consume the baits and may, therefore, prefer 

more humane methods for the control of introduced predators. 

Conservation experts are often consulted by decision-makers for scientific advice 

when formulating policies. Research has shown that the values and preferences of the 

conservation experts may not always align with those of the public and other relevant 

stakeholders (Carlsson et al., 2011, Norden et al., 2017, Rogers et al., 2017, Seymour 
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et al., 2011). A significant divergence in preferences between the public and experts 

could adversely affect public support for conservation policies and may hinder the 

success of conservation policies. It can, therefore, be important to understand the 

preferences of the general public as well as those of other stakeholders such as the 

community living in close proximity with the conservation site, along with the advice of 

conservation experts. 

Research has shown that the public is not homogeneous in their preferences for 

various environmental or conservation policies. These differences may be attributed to 

variation in socio-demographic characteristics (Hakansson et al., 2011), or different 

levels of awareness of the issue at hand (Rogers, 2013a) or simply different 

preferences (Maguire, 2004). These aspects need to be understood and considered 

when drafting conservation policies to increase the likelihood of public support for 

policies.  

1.4 Benefit-cost analysis to prioritise conservation 

investments  

The discussions above show that policies for threatened species’ recovery often 

have multiple aspects—ecological, geographical, economic and social that need to be 

taken into account during decision-making. The selection of a decision-making 

framework, which considers all these aspects, to prioritise limited conservation funding 

is, therefore, important. Cost-effectiveness analyses (CEAs) are commonly used to 

guide conservation decision-making for threatened species’ recovery (Bode et al., 

2012, Busch and Cullen, 2009, Campos et al., 2017, Clapperton and Day, 2001). 

CEAs, however, consider only the economic costs and the ecological outcomes of 

conservation programs but neglect considering social preferences for strategies that 

produce those outcomes. Since conservation takes place in a social context, and 
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because people are likely to have preferences for conservation strategies, it is 

important for social preferences to be considered along with economic and ecological 

aspects to select projects that are socio-economically and ecologically optimal. The 

possible detrimental consequences of relying merely on economic and biological 

factors not including social utility was demonstrated by Clark (1973)— decimating a 

species could easily be shown to be a more favourable policy rather than conserving it 

depending on biological and economic conditions, even though such a policy would 

very likely not be socially optimal. 

A benefit-cost analysis (BCA) is a more appropriate tool to prioritise conservation 

investments since it can systematically compare the benefits of a project (quantified in 

monetary terms) to the costs of a project to select projects that provide the greatest net 

benefits for the allocated budget. These benefits and costs can include both tangible or 

market ones and intangible or non-market ones. In the context of threatened species 

conservation, BCAs have been used to demonstrate the value of greater protection for 

species as opposed to development (Jin et al., 2008, Solomon et al., 2004) as well as 

the efficiency of strategies for threatened species’ recovery and also for invasive 

species control (Becker et al., 2009, de Lange and van Wilgen, 2010). They have also 

been used to economically justify the eradication of invasive species (Mwebaze et al., 

2010). 

To the best of my knowledge, there are no BCA studies to guide the prioritisation 

of investment into threatened species’ recovery programs, particularly studies that 

investigate the impact of including people’s preferences for conservation strategies on 

the ranking of projects. de Tores and Marlow (2012) used a framework loosely based 

on a BCA to investigate the relative merits of fencing and fox-baiting in five 

conservation sites in Western Australia (WA) but treated the benefits qualitatively 

rather than quantitatively.  
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While budgetary costs to implement conservation programs are relatively easy to 

calculate, the benefits of a conservation project are often difficult to quantify in 

monetary terms. This usually limits the application of BCAs for prioritising investment 

into conservation programs, and makes CEAs a preferred prioritisation tool (Shwiff et 

al., 2013). However, neglecting to consider the monetary-equivalent benefits of 

conservation programs or the social preferences for various strategies to achieve those 

benefits in decision-making could alter the rank of the projects being prioritised, and 

possibly lead the selection of sub-optimal projects. Often, the benefits of threatened 

species’ recovery programs including those aimed at controlling introduced invasive 

predators, largely exist in the form of the values attached to the species being 

protected. These cover anthropocentric socio-economic values but may also include 

non-anthropocentric values (i.e. ecological/environmental and intrinsic3). To the best of 

my knowledge, techniques to monetarily quantify non-anthropocentric values are 

currently unavailable. However, there are well-established techniques4 to monetarily 

quantify the anthropocentric socio-economic values of environmental assets including 

threatened species. Estimating socio-economic values of threatened species using 

these techniques will allow part of the benefits of fox and feral cat control to be 

quantified and better enable the use of a BCA to guide investment prioritisation for 

conservation programs. 

1.5 The economic values of threatened species and 

their estimation 

The anthropocentric economic values of public goods like threatened species are 

seldom captured in existing markets since they are not explicitly traded in these 

markets. Economic values of threatened species include use values—both direct 

                                                
3 Values that goods or objects, in this case species, possess by virtue of their nature, and independent of 
anthropocentric utility (Johansson-Stenman, 1998, O'Neill, 1992) 
4 These techniques do not attempt to value environmental assets in terms of their non-anthropocentric intrinsic values. 
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(hunting, fishing, use in medicine and recreation through viewing, photography, 

elephant safaris etc.), and indirect (ecosystem services such as soil formation, 

pollination, nutrient cycling, photosynthesis, pest regulation, scavenging etc.). 

However, most threatened species primarily have passive use values that include 

existence, altruistic/bequest, and option values. Existence values are the “utility derived 

knowing that the species exists for its own sake regardless of their current or future 

use” (Jakobsson and Dragun, 1996). Altruistic/bequest values are the worth that people 

place on the opportunity of leaving a species for the enjoyment of others or for future 

generations, while option values are the utility derived knowing that species will be 

available for use in the future, either directly or indirectly, even though the possibility of 

the individual making use of the species is slim or non-existent (Jakobsson and 

Dragun, 1996). While people do value some species, including threatened species, for 

their direct and indirect use, studies have shown that passive use values, specifically 

existence values was the major reason that people supported the conservation of 

species (Hageman, 1985, Kontogianni et al., 2012, Kontoleon and Swanson, 2003, 

Stevens et al., 1991) 

The best way to quantitatively measure societal value for threatened species is 

through well-established non-market valuation (NMV) survey techniques that estimate 

people’s willingness to pay (WTP) for species’ conservation. NMV techniques are 

broadly classified into revealed-preference and stated-preference techniques. 

Revealed-preference techniques such as the travel-cost method use data of people’s 

actual behaviour to quantify monetary values of assets and as such, can only be used 

to capture a subset of the total economic value of the environmental good, namely, its 

use value. The travel-cost method uses visitors’ travel cost data to a recreational site 

as a proxy to quantify the consumer surplus that represents the recreational value of 

the site (Navrud and Mungatana, 1994). If the recreational site is a habitat which allows 
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species to be viewed in their natural environments, then either the entire or part or of 

the economic value or the site can be attributed to the species being valued.  

Stated-preference techniques are survey-based where respondents are provided 

with a hypothetical market and asked to explicitly make a choice about the value of 

various policy options (Bateman et al., 2002). Stated-preference techniques include 

contingent valuation (CV) and choice experiments (CE). These techniques can be used 

to value the entire suite of economic benefits, including passive use values, and have 

been widely used to measure people’s preferences for various environmental 

programs, including elicitation of mean WTP estimates of threatened species around 

the world from elephants to whales, butterflies to earthworms, and even endangered 

plants (Bandara and Tisdell, 2005, Cerda et al., 2013, Decker and Watson, 2016, 

Diffendorfer et al., 2014, Loomis and Larson, 1994, Mitani et al., 2008). Results from 

stated-preference surveys with statistically large response rates from a random sample 

representative of the demographics of the region being assessed can be extrapolated 

to the entire region and provide policy makers with insights on the mean value 

estimates for the population being surveyed. 

The validity of non-market values estimated from stated-preference surveys has 

sometimes been questioned, primarily due to the hypothetical nature of its questions. 

Respondents valuing unfamiliar resources such as little-known species which they may 

never likely view in person can be prone to cognitive limitations (Bateman et al., 2002). 

However, well-designed stated-preference surveys where respondents are provided 

with realistic scenarios, adequate and un-biased knowledge about the resource being 

valued, and also assured that their responses will be consequential and influence 

policy decision making can elicit plausible estimates of non-market values (Arrow.et al., 

1993).  

CV surveys present respondents with hypothetical markets to measure their WTP 

to purchase resource(s) for specific improvements in the resource(s). There are several 
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CV formats including discrete choice5–either single- or double-bounded, open-ended, 

and payment card. In the single-bounded discrete choice format, respondents are 

presented with a specific dollar amount and asked their WTP for that amount (payable 

either once or annually) for the environmental change being valued. The dollar 

amounts are randomly selected from a predetermined range and randomly assigned to 

respondents (Reaves et al., 1999). In the double-bounded format, respondents are 

asked a second valuation question in which they are presented with a higher (lower) 

dollar amount depending on whether they answer yes (no) to the first valuation 

question. In the open-ended format, respondents are asked how much they would be 

willing to pay for the environmental change being valued. In the payment card format, 

respondents are presented with a range of values and asked to choose the one that is 

representative of their WTP for the environmental change being valued. 

Of the three CV formats, the U.S. National Oceanic and Atmospheric 

Administration (NOAA)’s contingent valuation panel (Arrow et al., 1993) recommend 

the use of the discrete choice CV format for its ease as a yes-or-no design and for 

better resembling a typical market where people choose to buy goods at market price 

or not. The open-ended format is less preferred since it may be difficult for many 

respondents to put a dollar value on unfamiliar goods like lesser-known species, and is, 

therefore, unlikely to provide a reliable estimate of value (Reaves et al., 1999). 

In CEs respondents are presented with a series of choice sets. Each choice set 

contains two or more hypothetical alternatives that describe the outcomes of 

environmental policies. One of the alternatives is the baseline or status quo which 

involves no change in policy. Each alternative is described by different characteristics 

called attributes, one of which is usually the cost of the outcome to the respondent. 

Attributes have different levels that vary across alternatives. By selecting their most 

                                                
5 Also called the dichotomous choice format. Sometimes called the closed-ended, take-it-or-leave-it, or the referendum 
format (Reaves et al., 1999). 
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preferred alternative from the choice set, respondents implicitly reveal the trade-offs 

they make between the attributes and their levels. Since CEs involve trade-offs 

between costs and benefits they are very well suited for studies where disparate policy 

decisions can have different impacts on environmental or ecological services (Bateman 

et al., 2002). Also, because in a CE respondents are not asked to explicitly state their 

WTP but are instead asked to assess trade-offs between benefits and costs of different 

policy options they are preferred in many cases to avoid people from overstating their 

WTP – a potential problem with the commonly used contingent valuation method where 

the “warm glow” effect (Andreoni, 1990)—the moral satisfaction derived from the act of 

giving (Nunes and Schokkaert, 2003)— may bias responses especially when 

charismatic species are being valued (Zander et al., 2014). CEs have been widely used 

to estimate non-market values of threatened species around the world, including by 

Adamowicz et al. (1998), Bartczak and Meyerhoff (2013), Decker and Watson (2016), 

Han et al. (2010), and Wallmo and Lew (2012). 

1.6 Study site, research objectives and approach 

1.6.1 Study Site 

This doctoral research examines socio-economic considerations associated 

with the implementation of additional fox and feral cat control strategies at a 

conservation site in Western Australia. The case study area – Dryandra Woodland, is 

an ecologically important conservation site located 160 km southeast of the Western 

Australian capital, Perth (Figure 1.1). It not only supports the largest area of remnant 

native vegetation in the Wheatbelt region of WA, but is also home to over 200 native 

vertebrate species including Numbats (Myrmecobius fasciatus) and Woylies (Bettongia 

penicillata ogilbyi), which are the focal species at the site and also the species of 

interest in this research. Dryandra Woodland is one of only two sites in Australia with 
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original populations of the endangered6 Numbat and one of only three sites with 

original populations of the critically-endangered7 Woylie, and one of two sites with 

original populations of both species (de Tores and Marlow, 2012). 

The Woodland is highly fragmented—it exists as 17 discrete segments scattered 

across a 50 km radius and surrounded by farmland (Figure 1.2). Segments range in 

size from less than 1 km2 to 125 km2 with a total area of 280 km2  (DEC, 2011). Feral 

cats and foxes can move easily between the site and the surrounding farms, which 

may offer additional food and shelter resources. The fragmentation means that there is 

a high perimeter-to-area ratio, making fox and feral cat control challenging. The 

proximity of farmland means that carrying out fox and feral cat control will require an 

understanding of the preferences of the farmers directly bordering the Woodland and 

also the wider local community surrounding the site to maximize their social welfare 

and increase the likelihood of their support for conservation programs. 

 

Figure 1.1. Location of Dryandra Woodland relative to Perth and Western Australia 

                                                
6 Under the Western Australia Wildlife Conservation Act of 1950 (DPaW, 2017). 
7 Under the Western Australia Wildlife Conservation Act of 1950 (Yeatman and Groom, 2012). 
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Figure 1.2. Dryandra Woodland (outlined in green) is fragmented and surrounded by 

farmland 

 

1.6.2 Research objective and questions 

The over-arching aim of this research is to improve decision-making for 

threatened species’ recovery by helping prioritise conservation projects. 

This objective will be achieved through the following three research questions:  

Research Question 1: 

What are (a) the economic values of threatened species and (b) what are the factors 

affecting WTP for threatened species? 

Research question 1 broadly examines the socio-economic values of 

threatened species from non-market valuation studies conducted globally over the past 

34 years. Information from these studies is systematically collated and statistically 

analysed through a meta-regression analysis (MRA) to answer the research question. 

Research Question 2: 
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(a) What are the economic values of Numbats and Woylies and of the various 

strategies used to control foxes and feral cats at Dryandra Woodland? 

(b) Do preferences of different stakeholders differ for Numbats and Woylies and for 

various fox and feral cat control strategies? 

Research question 2 pertains to the values of threatened species specific to the 

case-study site—Numbats and Woylies. Part a) seeks to determine the socio-economic 

values of the species and also social value for strategies to control population of foxes 

and feral cats. Part b) ascertains whether the preferences of various stakeholders (the 

general public of WA, conservation experts, surrounding landholders and local 

community around Dryandra Woodland) differ for species populations and for fox and 

feral cat control strategies. 

This research question is addressed through a CE survey that was 

administered to the general public of WA, conservation experts across Australia, 

agricultural landholders directly bordering Dryandra Woodland, and the wider local 

community around the Woodland (i.e., within 50 km). The analysis was carried out in 

two parts: simpler mixed logit models were first applied to the general public dataset, 

after which more complex and sophisticated scale-adjusted latent class (SALC) models 

were applied to the entire dataset (i.e., all stakeholder samples).  

Research Question 3: 

Which fox and feral cat control strategy(ies) for Dryandra Woodland would provide the 

largest net benefits?  

This research question is addressed through a Benefit-Cost Analysis of various 

fox and feral cat control strategies that can realistically be implemented at Dryandra 

Woodland. This chapter specifically compares the prioritisation of conservation projects 

using cost-effectiveness analysis and benefit-cost analysis including BCAs with and 

without social preferences for threatened species and for strategies to control foxes 

and feral cats. 
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1.7 Research Significance 

This research addresses an important information gap in conservation 

management literature– how incorporating socio-economic aspects into conservation 

decision-making can better guide spending of limited funds available for conservation. 

This work is significant as there have been no prior studies that comprehensively 

review the costs and benefits of various strategies for threatened species’ recovery to 

prioritise those that are socio-economically and ecologically optimal.  

This PhD project was carried out in collaboration with conservation experts at the 

Western Australian Department of Biodiversity, Conservation and Attractions (DBCA). 

The DBCA is keen to understand the preferences of various stakeholders for 

management actions, especially those of the direct landholders, as it is possible that 

the landholders directly bordering the conservation site may have different preferences 

for conservation management compared to the general public who live further away 

since they are either directly benefitted or affected by strategies undertaken. This will 

enable the DBCA to engage in management that maximises social welfare and 

encourages cooperation from the surrounding community. Stakeholder preference 

assessment in conservation management is an important aspect in conservation policy 

decision-making around the world including the US and Europe (Koontz and Hoag, 

2005, Durham et al., 2014). Since foxes and feral cats are a predatory threat to the 

survival of native species in a number of countries, and because the control strategies 

assessed in this study are also used in other parts of the world, our insights into 

stakeholder preferences for various strategies will be internationally applicable. 

1.8 Thesis Outline 

This thesis is presented as a series of papers that can be read either individually 

or as part of the thesis. Except for the Introduction, Theoretical foundation of 
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Methodology and Discussion and Conclusions (Chapters 1, 2 and 7, respectively), 

each thesis chapter is a research paper containing its own introduction, and detailed 

sections on methodology, results and discussion. Additionally, each chapter is 

referenced independently.  

Chapter 2 presents a detailed picture of the theoretical foundations of the three 

techniques used in this study: meta-regression analysis, discrete choice experiments 

and benefit-cost analysis, and the models commonly used in data analysis. 

Chapter 3 collates relevant NMV literature for threatened species’ conservation 

from around the world, examines meta-regression models, and explores determinants 

of WTP for threatened species, thereby answering question 1. Chapter 3 also inspects 

whether the meta-regression model developed could be used for benefit transfer to 

determine the non-market values for the threatened species in this study.  

Chapters 4 and 5 describe the CE survey and present results from the survey 

analysis to answer research questions 2a and 2b. Chapter 4 details results from the 

analysis of the general public dataset using mixed logit models, while Chapter 5 

presents results using the dataset of all four stakeholder samples analysed using SALC 

models. Chapter 5 specifically explores whether preference heterogeneity among 

respondents are determined by the stakeholder group that the respondent belongs to 

or by the individual’s characteristics. 

Chapter 6 presents results from the benefit-cost analysis of fox and feral cat 

control strategies for Dryandra Woodland. This chapter specifically explores whether 

the use of a particular decision-support tool (CEA versus BCA), and the inclusion (or 

not) of social preferences for the strategies to achieve conservation outcomes could 

alter the rank of the projects being considered for prioritisation. In undertaking the BCA, 

this Chapter uses estimates of the socio-economic values for Numbats, Woylies and 

social values for fox and feral cat control strategies calculated in Chapters 4 and 5 to 
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determine the benefits for various projects to control foxes and feral cats at Dryandra 

Woodland.  

Chapter 7 summarises findings from Chapters 3 through 6 and the overall 

research findings and identifies future research that could be carried out.  
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Chapter 2 Methodological Theory 

2.1 Meta-regression analysis 

Meta-analysis or the “analysis of analyses” was first proposed by Glass (1976) as 

a tool to systematically integrate and statistically evaluate findings across a large 

number of primary empirical studies on a particular topic. It was first adopted into 

economics in 1989-1990 with studies by Stanley and Jarrell (1989) and Jarrell and 

Stanley (1990). 

Most meta-analyses in economics employ the technique of meta-regression 

analysis where, a statistical function is derived to estimate relationships between the 

dependant variable and the explanatory variables of the primary studies considered 

(Bergstrom and Taylor, 2006, Nelson and Kennedy, 2009). The dependent variable in a 

meta-regression analysis is called the effect size, which is a metric or summary statistic 

drawn from each study that standardises findings across all the studies (e.g. WTP, 

odds-ratio etc.) (Glass, 1976). The independent (/explanatory /moderator) variables 

can include characteristics of the study design, method and data including 

demographic data. 

There are several purposes of conducting a meta-regression analysis including 

(Bergstrom and Taylor, 2006, Nelson and Kennedy, 2009): (1) synthesising findings 

from a large number of primary studies on the topic in order to take stock of the 

available literature (2) calculating a “combined” estimate of the effect size; (3) 

determining the causes of heterogeneity in the effect sizes by determining which 

variables have an effect on the effect size and how significant they are; (4) using the 
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regression function to predict effect size estimates for other contexts as part of a 

benefit transfer8. 

Fixed-effect and random-effect models are commonly used in meta-regression 

data analysis. Fixed-effect models assume that the effect size is the same across all 

the studies (i.e., there is one true effect size) and the observed differences are due to 

random sampling error (Van Houtven, 2008). Random-effects models, on the other 

hand, assume heterogeneity in the effect size to be study-specific. Modelling therefore, 

takes place assuming that the effect size estimates are random draws from a 

distribution (Nelson and Kennedy, 2009). Observed heterogeneity in random-effect 

meta-analysis models are attributed to (1) within-study sampling error, and (2) 

between-study heterogeneity. 

These differences in assumptions lead to differences in treatment of the data 

during analysis, particularly the weighting of the effect sizes. Weighting the effect size 

is required in a meta-analysis to account for the difference in precision of these 

estimates (Van Houtven, 2008). Heterogeneity in the variances of effect sizes (called 

heteroscedasticity) occur due to differences in samples sizes, models used to 

estimates data, study design etc. and needs to be corrected to give more reliable effect 

sizes greater weight (Nelson and Kennedy, 2009). Meta-analysis that are not weighted 

can be problematic because heterogeneity in the dataset cannot be properly assessed 

especially the within-study and between-study heterogeneity. Also, unweighted meta-

analyses can increase the influence the effect of small studies, which have been found 

to have greater variation than larger studies (Gurevitch et al., 2018). A standard 

practice in meta-regression analysis is inverse variance weighting that weights each 

effect size estimate by the inverse of its variance. This enables studies with a smaller 

                                                
8 A benefit transfer involves the prediction of values or benefits for a site where a policy is to be implemented using 
values estimated for a similar context from previous study(ies) but tweaked to the characteristics of the policy cite. Such 
a transfer of benefit estimates is called a unit transfer. The prediction of benefits can also be made using a regression 
function from a meta-analysis of comparable studies, again tweaked to the characteristics of the policy cite. Such a 
transfer of benefit estimates is called a function transfer. 
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variance of the effect size to be given more weight in the analysis since estimates with 

smaller variances are considered to be more reliable (Nelson and Kennedy, 2009, Van 

Houtven, 2008). Many primary studies fail to report the variances of their effect sizes or 

summary statistics from which they can be calculated. In such cases, the sample size 

of the primary study is used as a proxy for the variance of the effect size (Nelson and 

Kennedy, 2009, Van Houtven, 2008). The use of the sample size at best provides only 

an approximation of the variance of the effect size being measured since the sample 

size is not the only factor determining variance (Gurevitch et al., 2018, Van Houtven, 

2008). 

Fixed-effect meta-analysis models are more appropriate if the included studies 

are homogeneous in some way: they are either conducted on the same population or 

include treatments given in the same manner or have outcomes measured in the same 

way for all studies. However, if the studies included in the meta-analysis are a random 

sample of all possible studies that meet the inclusion criteria for the analysis then the 

populations sampled for each of those studies are very likely heterogeneous. In the 

presence of such heterogeneity, random-effect meta-analysis models are preferable 

since they weight the studies relatively more equally than fixed-effect meta-analysis 

models (Hedges and Vevea, 1998). 

Other considerations that affect the treatment of data in a meta-analysis include 

the panel structure of the data if present (Van Houtven, 2008). It often happens that 

many primary studies can produce more than one effect size if more than one model 

was used by authors in their data analysis or if multiple respondent samples or study 

designs were considered or if the same respondent samples were used to estimate 

more than one effect size. Multiple effect size estimates from a single primary study or 

from the same respondent sample cannot be treated as independent. The estimates 

are always dependent due to a correlation of effect size parameters or a correlation of 

estimation errors (Hedges et al., 2010). Correlated effect size estimates mean that their 
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variances are biased (Nelson and Kennedy, 2009). In such cases, it is important to 

account for the “panel” or “cluster” nature of the meta-data set. To do so, fixed-effect 

panel models and random-effect panel models are often used. The interpretation of 

“fixed-effect” and “random-effect” in the context of a panel dataset is that fixed-effect 

panel models involve estimating a separate constant (fixed effect) for each cluster in 

the dataset while a random effects panel models involve estimating a cluster-specific 

error term (random effect) (Van Houtven, 2008). 

2.1.1 Meta-regression model forms 

2.1.1.1 Fixed-effect meta-regression model 

A fixed-effect meta-regression function having explanatory variables to interpret 

the heterogeneity in the data takes the form (Nelson and Kennedy, 2009): 

𝜇𝑖 =  𝛼0 + ∑ 𝛼𝑘𝑥𝑖𝑘
𝐾
𝑘=1 +  𝑒𝑖   , for i = 1, 2,… N   (2.1) 

Where, μi is the effect size, α0 is the intercept9, αk (k = 1 to K) are the coefficients, and 

xik (k= 1 to K) are the K explanatory variables and ei is the sampling error term of each 

of the i (i= 1 to N) studies in the analysis. The sampling errors ei are assumed to be 

normally distributed with mean zero and variance 𝜎𝑖
2.  

The coefficients in equation (2.1) are estimated using weighted-least-square 

regression where weighting takes place using the inverse of the variances of the effect 

size estimates to correct for heteroscedasticity in the data. 

2.1.1.2 Random-effect (or mixed-effect) meta-regression model 

It is possible that all heterogeneity in the data cannot be explained by the 

observed variables. To account for unobservable effects or account for the assumption 

that the studies in a meta-analysis are randomly drawn from a distribution, the meta-

                                                
9 α0 can be understood as the effect size for the null case because explanatory variables a meta-analysis are mostly in 
the form of binary dummy variables (Nelson and Kennedy, 2009). 
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regression function in a random- or mixed-effect model takes the form (Nelson and 

Kennedy, 2009): 

𝜇𝑖 =  𝛼0 + ∑ 𝛼𝑘𝑥𝑖𝑘
𝐾
𝑘=1 + 𝑢𝑖 + 𝑒𝑖  , for i = 1, 2,… N  (2.2) 

Where, ui is an error term to account for the unobservable heterogeneity for 

effect size μi that is assumed to be normally distributed with mean Zero and 

variance 𝜏2. ui and the sampling error ei are assumed to be independent. Therefore, 

the variance of the composite error term (ω2) is given by: 

𝜔𝑖
2 =  𝜎𝑖

2 +   𝜏2        (2.3) 

The random-effects model is estimated by the generalised least-squares 

regression using inverse-weighted composite error variances (i.e. 1/𝜔𝑖
2). The value of 

 𝜏2  is determined from 𝜎𝑖
2 values using either a maximum likelihood procedure or a 

moments estimator (Nelson and Kennedy, 2009). 

2.1.1.3 Correlated effect size meta-regression models 

When a primary study yields more than one effect size estimate, there is 

correlation between the effect sizes and/or correlation between their error variances. 

To correct for this correlation the meta-regression function takes the form (Nelson and 

Kennedy, 2009): 

𝜇𝑖𝑗 =  𝛼0 + ∑ 𝛼𝑘𝑥𝑖𝑗𝑘
𝐾
𝑘=1 + 𝑢𝑖 + 𝑒𝑖𝑗  , for i = 1, 2,… N  (2.4) 

Where, subscript i now denotes the ith cluster/group/primary study10 and 

subscript j denotes the jth observation in the ith study such that the total number of 

observations across all studies is 𝑀 =  ∑ ∑ 𝑗𝐽
𝑗=1

𝑁
𝑖=1            (2.5) 

The random intercept for the ith cluster is given by 𝛼0 + 𝑢𝑖. However this 

specification assumes that the random intercept is uncorrelated with the explanatory 

                                                
10 The grouping criterion is an important consideration in correlated-effect meta-regression. Clusters must be carefully 
chosen preferably based on the primary study (Nelson and Kennedy, 2009). 
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variables, which is generally not the case (Nelson and Kennedy, 2009).To address the 

above issue a panel-data regression approach is usually applied to estimate correlated 

effect size meta-regression models. This approach assumes that each cluster or group 

of data points from a study provides a panel of observations.  

There are two kinds of panel-data regression approaches–fixed-effect and 

random-effect. A fixed-effect panel data model assumes that the intercepts are fixed 

parameters, whereas the random-effects panel data model assumes the intercepts to 

be random draws from a distribution (Nelson and Kennedy, 2009). Random-effect 

panel models are preferred over fixed-effect panel models, as it is difficult to separate 

the fixed effect in a cluster and the effect of variables having small variations within 

each cluster in the latter model (Van Houtven, 2008). Hausman tests11 (Hausman, 

1978) can be used to determine whether fixed-effect or random-effect panel data 

models are more suitable for the given dataset. Nelson and Kennedy (2009) 

recommend OLS regression for correlated effect size models but recommend 

calculating robust standard errors to appropriately infer the results. 

2.2 Discrete choice experiments 

Choice experiments are underpinned by two economic frameworks—

Lancaster’s Characteristics demand theory (Lancaster, 1966) and the random utility 

maximization (RUM) theory (Luce, 1959, McFadden, 1974). According to Lancaster’s 

(1966) theory, individuals derive utility from the characteristics that make up a good. 

This allows their change in preferences to be predicted when the good’s characteristics 

are modified. RUM theory assumes individuals to be rational decision-makers who act 

in ways that maximize their utility, including when selecting alternatives in a choice set. 

                                                
11 The Hausman specification test (also called the Durbin-Wu-Hausman test or the augmented regression test for 
endogeneity) is a statistical hypothesis test that detects endogenous predictor variables in a model. Having endogenous 
regressors in a model violates the assumption that there is no correlation between the regressors and the error term. In 
panel data analysis, this test is used to choose between the fixed effects and the random effects model, with the null 
hypothesis being that the random effects model is the preferred model (i.e. there is no correlation between the errors 
and the regressors in the model) (Hausman, 1978).  
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The researcher, however, cannot discern their choices with certainty. Therefore, the 

utility (U) of respondent (i) for alternative j in choice set t is composed of a deterministic 

or observable part (V) as well as a stochastic or random part (ε) as (McFadden, 1974): 

𝑈𝑖𝑡𝑗 = 𝑉𝑖𝑡𝑗 + 𝜀𝑖𝑡𝑗       (2.6) 

Vitj is assumed to be an additive and linear function of the explanatory variables 

including attributes and levels in the choice set, socio-economic characteristics of the 

respondent and descriptors of the decision context, that is: 

 𝑉𝑖𝑡𝑗 = 𝛽′𝑖𝑋𝑿𝑖𝑡𝑗        (2.7) 

Where, βiX is a vector of coefficients of the matrix of explanatory variables, X for 

individual i. 

2.2.1 Conditional Logit model 

A common model for discrete choice data is the conditional logit, which 

assumes the εitj to be independent and identically distributed (IID) random variables 

with mean zero and extreme value type 1 (Gumbel) distribution. The probability (P) of 

individual i choosing alternative j (among J alternatives) in choice set t (among T choice 

sets) in a conditional logit model is then given by (McFadden, 1974):  

𝑃𝑖𝑡𝑗 =
exp (𝜆𝑖𝑉𝑖𝑡𝑗)

∑ exp (𝜆𝑉𝑖𝑡𝑗)
𝐽
𝑗=1

.       (2.8) 

Where, λi is a ‘scale parameter’ for individual i that is inversely proportional to 

the standard deviation of the Gumbel error distribution i.e.:  

𝜆𝑖 =
𝜋

√6  𝜎𝜀
         (2.9) 

Where, σε is the standard deviation of the error distribution.  

In all choice models one actually estimates β* = λβ.The coefficients are, 

therefore, confounded with the standard deviation of the error distribution (Louviere and 
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Eagle, 2006). The scale factor, however, is assumed to not vary across individuals i.e., 

their error variance is assumed to be homogeneous in a conditional logit model. In 

applications, λ is taken to be one for all individuals and therefore cancels out of the 

equation allowing the coefficients/welfare estimates to be calculated (Caussade et al., 

2005). Therefore, equation (2.8) becomes, 

𝑃𝑖𝑡𝑗 =
exp (𝛽𝑖

′́𝑿𝑖𝑡𝑗)

∑ exp (𝛽𝑖
′́𝑿𝑖𝑡𝑗)

𝐽
𝑗=1

       (2.10) 

2.2.2 Mixed Logit model 

The IID property of the error terms introduces a limitation to the conditional logit 

model namely the independence of irrelevant alternatives (IIA) property. According to 

this property, the relative probabilities of two options being selected are not influenced 

by the addition or removal of other alternatives in the choice set (Bateman et al., 2002). 

In other words, IIA assumes an equal proportion substitution between alternatives. The 

model also assumes that respondents have the same preferences (βX) or that 

preferences are dependent on observable characteristics (Hole, 2013). These are 

rather restrictive assumptions, and potentially unrealistic, given that individuals are 

likely to vary in their preferences (βiX) and in the variability of their choices (εi).  

The mixed logit model overcomes the limitations of the conditional logit model 

by allowing the coefficients of the model to vary across respondents, thereby allowing 

for heterogeneous preferences across respondents. To do this, the coefficients βi from 

Eq. (2.10) are additively partitioned into the mean of the population β̅ and the individual 

deviation, ηi that denotes the characteristics of individual i relative to the average of the 

sample (Train, 1998). The expression of random utility for a mixed logit model for 

respondent i who selects alternative j in the choice set t is now (Train, 1998): 

𝑈𝑖𝑡𝑗 = 𝛽 ̅ 𝑋𝑖𝑡𝑗 + 𝜂𝑖𝑋𝑖𝑡𝑗 + 𝜀𝑖𝑡𝑗      (2.11) 
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While β̅  can be estimated, the term, [𝜂𝑖𝑋𝑖𝑡𝑗 + 𝜀𝑖𝑡𝑗] is now the unobserved 

portion of utility. 𝜂𝑖,also called the mixing term, is random with mean zero and depends 

on data related to individual i, and εitj is again a random variable with mean zero having 

the IID property that is independent of the underlying parameters or data with extreme 

value type 1 (Gumbel) distribution (Hensher and Greene, 2002).  

The researcher assumes that the coefficients vary over respondents and have a 

cumulative distribution function 𝐹(𝛽|𝜃) that can be discrete or continuous (Hess and 

Train, 2017). The distribution function depends on parameters θ that represent, for 

example, the mean and standard deviation of the preferences of the respondents 

(Train, 1998). 

If the distribution is continuous, the probability of respondent i choosing 

alternative j in choice set t is now (Train, 1998): 

𝑃𝑖𝑡𝑗 = ∫ 𝐿𝑖𝑡𝑗(𝛽) 𝑓(𝛽|𝜃)𝑑𝛽      (2.12) 

If the distribution is discrete, the probability of respondent i choosing alternative 

j in choice set t is now (Hess and Train, 2017): 

𝑃𝑖𝑡𝑗 = ∑ 𝐿𝑖𝑡𝑗(𝛽𝑟)𝜋𝑟 (𝛽𝑟|𝜃)𝑟∈𝑍       (2.13) 

Where, 𝐿𝑖𝑡𝑗 =
exp (𝛽𝑖

′́𝑋𝑖𝑡𝑗)

∑ exp (𝛽𝑖
′́𝑋𝑖𝑡𝑗)

𝐽
𝑗=1

       (2.14) 

And f and π are the probability density function and probability mass function, 

respectively, that are associated with F. Z is the support set for the probability mass 

function with elements indexed by r (Hess and Train, 2017): The researcher specifies 

the distribution F and estimates its parameters θ. 

The probability that individual i makes a particular sequence of choices in a 

choice set is given by (Hole, 2013): 



Chapter 2 Methodological Theory 

34 
 

𝑃𝑖 = ∫ ∏ ∏ [
exp (𝛽𝑖

′́𝑋𝑖𝑡𝑗)

∑ exp (𝛽′𝑋𝑖𝑡𝑗)
𝐽
𝑗=1

]

𝑦𝑖𝑡𝑗
𝐽
𝑗=1

𝑇
𝑡=1 𝑓(𝛽|𝜃)𝑑𝛽 (2.15) 

Where, yitj = 1 if individual i chose alternative j in choice situation t and 0 

otherwise. The parameters of θ are estimated by maximizing the simulated log-

likelihood function (Hole, 2013): 

𝑆𝐿𝐿 = ∑ 𝑙𝑛 {
1

𝑅
∑ ∏ ∏ [

exp (𝛽𝑖
[𝑟]

𝑋𝑖𝑡𝑗)

∑ exp (𝛽𝑛
[𝑟]

𝑋𝑖𝑡𝑗)
𝐽
𝑗=1

]

𝑦𝑖𝑡𝑗
𝐽
𝑗=1

𝑇
𝑡=1

𝑅
𝑟=1 }𝑁

𝑛=1   (2.16) 

Where 𝛽𝑖
[𝑟]

 is the r-th draw for individual i from the distribution of β. 

2.2.3 Scale-adjusted latent class model 

In scale-adjusted latent class (SALC) models, each respondent is assumed to 

implicitly belong to one of C preference classes and one of S scale classes. Latent 

class models are mixed logit models of the form in Eq. (2.13), where each element r of 

set Z represents a class (c) of respondents (Hess and Train, 2017). Preferences of 

individuals within a preference class are constant, but are different from those in other 

preference classes (Magidson and Vermunt, 2007). The researcher estimates the 

coefficients of utility (βc) and the probability mass function (π(βc)) for each class (Hess 

and Train, 2017).  

If preferences in a population are homogeneous, then the best-fit SALC model will 

include just one preference class. However, if there is heterogeneity in preferences, 

then the best-fit model will probably include multiple preference classes.  

To elucidate, the utility of individual i for alternative j of choice set t belonging to 

preference class c now becomes: 

𝑈𝑖𝑡𝑗|𝑐 = 𝑉𝑖𝑡𝑗|𝑐 + 𝜀𝑖𝑡𝑗|𝑐   (2.17) 

Where 𝑉𝑖𝑡𝑗|𝑐  =  𝛽′𝑐𝑿𝑖𝑡𝑗 ; a function of the vector of coefficients (βc) specific to 

preference class c, and matrix explanatory variables, X. Individuals within a preference 
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class have the same coefficients for attributes, which differ from those for individuals 

belonging to another preference class. The stochastic component of utility ε is 

assumed to be IID with a Type I extreme value distribution. 

The probability of individual i choosing alternative j of choice set t conditional on 

belonging to preference class c (𝑃𝑖𝑡𝑗|𝑐) is now given by (Boxall and Adamowicz, 2002) :

 𝑃𝑖𝑡𝑗|𝑐 =  
exp (𝜆𝑖𝛽𝑐

′𝑿𝑖𝑡𝑗)

∑ exp (𝜆𝑖𝛽𝑐
′𝑿𝑖𝑡𝑗)

𝐽
𝑗=1

      (2.18) 

Where, λi is a scale parameter defined in Eq. (2.9). 

In most applications, λ is set to one for individuals in all preference classes, 

thus assuming homogeneity in error variance (or response certainty) for all individuals. 

However, SALC models allow response certainty to vary between respondents in 

different scale classes (Louviere and Eagle, 2006).  

Accounting for S different scale classes along with C multiple preference 

classes leads to (Boxall and Adamowicz, 2002): 

𝑃𝑖𝑡𝑗|𝑐,𝑠 =  
exp (𝜆𝑠 𝛽𝑐

′   𝑿𝑖𝑡𝑗)

∑ exp (𝜆𝑠 𝛽𝑐
′   𝑿𝑖𝑡𝑗)

𝐽
𝑗=1

      (2.19) 

Where λs is the scale parameter specific to scale class s. One scale parameter needs 

to be set equal to 1 and the other S-1 are estimated. 

The overall log likelihood L for N respondents is given by (Burke et al., 2010): 

ln 𝐿 =  ∑ 𝑃𝑖
𝑁
𝑖=1 = 𝑙𝑛[∑ ∑ 𝑃𝑖|𝑠𝑃𝑖𝑐|𝑠

𝐶
𝑐=1

𝑆
𝑠=1 ∏ 𝑃𝑖𝑡𝑗|𝑐,𝑠

𝑇
𝑡=1 ]   (2.20) 

Where, 𝑃𝑖𝑐|𝑠 and 𝑃𝑖|𝑠 are the probabilities of the individual being in preference class 

c and scale class s, respectively, and are given by (Burke et al., 2010): 

𝑃𝑖𝑐|𝑠  =  
exp (𝜃𝑐

′𝑿𝒊)

∑ exp (𝜃𝑐
′𝑿𝑖)𝐶

𝑐=1
        (2.21) 

𝑃𝑖|𝑠  =  
exp (𝛾𝑠

′𝑿𝑖)

∑ exp (𝛾𝑠
′𝑿𝑖)𝑆

𝑠=1
        (2.22) 
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Where, Xi is a matrix of relevant covariates including attributes, observable 

characteristics, or socio-demographic or other variables describing individual i, and θ and 

γ are the respective vectors of coefficients of these Xi covariates. Membership in both 

preference and scale classes can, thus be determined using socio-demographic or other 

variables describing individual characteristics. 

 

For each of the random utility models described above, once preferences for the 

different attributes are estimated, one can calculate respondents’ marginal willingness to 

pay (MWTP) for a specific attribute as the ratio of the negative of that attribute’s 

coefficient to the cost coefficient i.e.:  

𝑀𝑊𝑇𝑃 =
−𝛽𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒

𝛽𝑐𝑜𝑠𝑡
      (2.23) 

 

The standard error of the MWTP can then be calculated usually using the delta 

method (Oehlert, 1992). 

 

2.3 Benefit-cost analysis 

A benefit-cost analysis (or a cost-benefit analysis) is primarily a decision making 

technique that systematically quantifies and compares all possible benefits and costs 

(gains and losses) of a project or a policy to determine whether the benefits exceed the 

costs over the lifetime of the project and, therefore, whether the intended project or 

policy should be implemented. This judgement is made from a social standpoint–if the 

total present value of benefits exceed the total present value of costs, then society as 

the whole is made better off if the project is implemented (Hanley and Barbier, 2009). It 

can be thought of as a formal way of understanding the impacts of a project or policy, 
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and can serve as a means of deliberating those merits and losses, while also ensuring 

transparent and organised decision making. The first official use of a benefit-cost 

analysis was in the United States for appraising the construction of new dams following 

the Flood Control Act of 1936. By 1981, cost-benefit analyses were required for 

appraising all new federal laws in USA pertaining to health and safety, and the 

environment (Hanley and Barbier, 2009). This technique, or at least frameworks loosely 

based on it, is now part of policy decision making in many countries.  

2.3.1 Theoretical foundations of benefit-cost analysis 

Benefit-cost analysis (BCA) is theoretically rooted in welfare economics where 

the utility to rational individual decision-makers aggregated to the whole society serves 

as a guide to select projects or polices that maximise social welfare. Benefits are 

characterised as increasing social utility while costs are characterised as reducing this 

utility (Pearce et al., 2006). In order for benefits and costs to be equitably compared 

and also aggregated across society they need to be measured in the same unit. In a 

BCA this unit of measurement is money. However, the notional basis is still utility 

(individual/social). A monetary measurement is, therefore, used as a means to 

understand change in utility—how much an individual is willing to pay to secure an 

increase in their utility or how much they are willing to accept for a decrease in their 

utility assuming that the utility is fixed at level before the intended project or policy 

change (Hanley and Barbier, 2009). These form the basis for individual valuations of 

benefits and costs in a BCA.  

2.3.2 Calculations in a benefit-cost analysis 

Conducting a BCA requires following a logical sequence of steps (Boardman et al., 

2014): (1) Identifying the goal or objective of the BCA. This step includes identifying the 

timeframe over which the benefits and costs will accrue and need to be calculated; (2) 
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Determining the baseline12 and the alternative projects (or the with versus without 

scenarios); (3) Identifying all possible benefits and costs that the projects generate, and 

which costs and benefits to include in the analysis; (4) Quantifying the relevant costs 

and benefits including the range for those values; (5) Identifying and quantifying risks to 

the project failing to achieve its expected benefits; (6) calculating the benefits and costs 

including discounting future benefits and costs to present values and computing the 

decision metrics; (7) Addressing uncertainty including conducting a sensitivity analysis; 

and (8) Making recommendations based on findings. 

The benefits of a project are the change in values generated as a result of the 

project. They are calculated as the difference in benefits generated by that project and 

those generated under a baseline scenario. Since benefits and costs accrue over a 

period of time, those that occur in the future will need to be discounted to present-value 

terms to compare them to current benefits. 

The total present value of benefits (B) and costs (C) for a project having a duration 

of T years, given a discount rate r is calculated as (Boardman et al., 2014): 

𝑃𝑉(𝐵) =  ∑
𝐵𝑎𝑡− 𝐵𝑏𝑡

(1+𝑟)𝑡
𝑇
𝑡=0         (2.24) 

𝑃𝑉(𝐶) =  ∑
𝐶𝑎𝑡− 𝐶𝑏𝑡

(1+𝑟)𝑡
𝑇
𝑡=0         (2.25) 

Where, subscripts a and b represent the alternate and the baseline programs 

respectively, and t denotes the year in which the benefits occur. 

The key underlying principle in a BCA that allows decisions on the feasibility of 

projects to be made is the Kaldor-Hicks criterion. This principle allows an analyst to 

determine whether an intended project or policy would bring about a Potential Pareto 

Improvement. This means, would those who gain from the project (those willing to pay 

more for the project to go ahead) be able to (in theory) compensate those who lose out 

                                                
12 The baseline may be a do-nothing scenario.  
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(derive a disutility) from the project (Boardman et al., 2014, Hanley and Barbier, 2009). 

In a BCA this Potential Pareto Improvement is inferred on the basis of two metrics: the 

Net Present Value (NPV) and the Benefit-Cost Ratio (BCR) calculated as: 

𝑁𝑃𝑉 = 𝑃𝑉(𝐵) − 𝑃𝑉(𝐶)      (2.26) 

𝐵𝐶𝑅 =  
𝑃𝑉(𝐵)

𝑃𝑉(𝐶)
        (2.27) 

A project is feasible if its NPV > 0 or if the BCR > 1. This implies that the benefits of 

the project exceed its costs. Projects that are determined to be feasible in a BCA would 

be economically efficient to undertake provided that a sufficient budget is available to 

implement and maintain the project. Decisions between projects are usually taken on 

the basis of their BCRs, because the BCR provides an estimate of which project 

delivers the greatest benefits for a given budget (Boardman et al., 2014, Pannell, 

2015). Boardman et al. (2014), however, caution the use of the BCR to rank projects 

since the BCR is sensitive to (i) the scale of the projects, and (ii) whether negative 

benefits are subtracted from benefits or added to costs. These issues can confound the 

decision process if BCRs are used as a decision metric. Also, to rely solely on the BCR 

to prioritise projects, two conditions must be met: (1) the budget to implement the 

project must be limited; and (2) the set of projects being considered must be 

independent of each other. If either of these conditions are not satisfied then the NPV 

should be used to rank projects with the rule that the project with the highest NPV for 

the available project costs should be selected. Additionally, when ranking mutually 

exclusive projects, the NPV is the ranking criterion to be used (Boardman et al., 2014). 

Certain benefits and costs can be estimated from existing market prices of goods 

and services e.g. the costs of equipment, labour etc. However, in many cases, 

especially for environmental goods, social benefits and costs are often intangible 

necessitating the use of revealed and stated preference non-market valuation 

techniques including travel cost method, hedonic pricing, contingent valuation, and 
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choice experiments, to estimate the value of such goods for inclusion in a BCA. 

Benefits and costs calculated using these non-market valuation techniques are 

calculated at the level of the individual and then aggregated across people to obtain 

gains and losses for the society as a whole.  

2.3.3 Costs and benefits under uncertainty 

Often, calculations of project feasibility, as well as the prioritisation of projects 

may change depending on several considerations such as discount rate, risk of the 

project failing the deliver its intended benefits, uncertainty in the expected benefits or 

negative externalities generated, as well as uncertainty in the magnitude and value of 

the benefit and cost estimates themselves. A sensitivity analysis is a systematic way of 

assessing whether the outcomes of a BCA change given the variations in values of 

factors described above. The identification of sensitive parameters allows decision-

makers to undertake forecasting/modelling to improve the prediction of the precise 

value of the parameter or to monitor the parameter as carefully as possible if the 

project has already commenced. Rather than vary each parameter individually, 

Boardman et al. (2014) recommend undertaking Monte Carlo sensitivity analyses 

whereby, several of the parameters are varied simultaneously to determine their 

combined effect on the decision metrics (NPV and BCR). In a Monte Carlo sensitivity 

analysis, analysts typically specify the best estimate and ranges for the uncertain 

parameters. Parameters can also be modelled probabilistically as various distributions 

(normal, triangular etc.) with the mean and standard deviation of the distributions 

obtained from empirical estimates, or in the absence of empirical data, on best 

judgement (Boardman et al., 2014). Simulations are then carried out that involve taking 

a random draw from the distribution of each unknown parameter and computing the 

decision metrics (NPV and BCR) for that draw. These simulations are then repeated 

many times (preferably at least 1,000). The resulting distribution of the decision metrics 

from these random draws allows both sensitivity to the parameter value and uncertainty 
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in the parameter range to be assessed simultaneously to determine the robustness of 

the output and improve the credibility of the recommendations from the BCA. By 

undertaking a sensitivity analysis to identify whether and how the BCA results change 

depending on the values of variables or other considerations, policy recommendations 

can be made more credible, compelling and understandable (Pannell, 2018). 
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3.1 Abstract 

Clustered robust meta-regression analysis is applied to 109 willingness to pay (WTP) 

estimates for threatened species from 47 stated-preference studies in 19 countries. 

Our study updates previous meta-analyses on the topic and tests the effect of 

important variables not previously considered—species’ threat status, use of coloured 

photographs of species in a survey, and a country’s development status, on WTP. We 

also compared model results obtained from weighting observations by the inverse 

standard error of WTP and inverse sample size values. Inverse-standard error-

weighted model results were more aligned with published research and economic 

theory and had a better fit than inverse-sample size-weighted model results. Average 

total present value of WTP was $414/household13, but variation in reported values was 

large owing to the survey context. WTP was significantly higher for charismatic and 

threatened species. Using coloured photographs, or a country’s development status 

did not significantly affect WTP. Average absolute within-sample- and out-of-sample 

transfer errors were estimated to be 17% and 48%, respectively. One-fourth out-of-

sample transfers had an error of 10% or less. We discuss limitations and issues in 

current literature and propose recommendations that will allow future studies to be 

used in meta-analyses and benefit transfer. 

Keywords: choice experiment; contingent valuation; endangered species; species’ 

charisma; species’ endangerment level 

3.2 Introduction 

The economic valuation of threatened species can provide valuable information 

for managers and policy makers to understand the trade-offs involved in prioritising 

conservation investments. Weighing the benefits and costs of conservation is, 

                                                
13 In 2016 US dollars 
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however, challenging since societal value of pure public goods like threatened species 

is seldom captured in existing markets. Several non-market valuation (NMV) 

techniques, particularly stated-preference methods14, have been used to quantify the 

anthropocentric benefits (Loomis and White, 1996) of threatened species. These 

measured benefits are largely in the form of passive-use values15, namely, existence 

and bequest values. Conducting original NMV studies can, however, be expensive, 

time-consuming and impractical to carry out for each individual species (Richardson 

and Loomis, 2009). As such, the benefit transfer (BT) technique of extrapolating 

willingness to pay (WTP) estimates from primary studies to contextually compatible 

policy sites is seen as a practical and cost-saving alternative (Baker and Ruting, 2014, 

Hanley and Barbier, 2009). A meta-regression analysis is a useful BT tool that 

systematically combines WTP results from several comparable primary studies to 

estimate statistical models controlled for heterogeneity, methodological differences, 

and biases among primary studies, which can be applied to calculate values (here, 

WTP estimates) adjusted to the characteristics of a policy site (Lindhjem and Navrud, 

2008, Richardson and Loomis, 2009, Shrestha and Loomis, 2001). 

Existing meta-regression analyses of threatened-species-specific NMV literature 

(Loomis and White, 1996, Richardson and Loomis, 2009), are, limited in terms of their 

geographic focus, NMV technique used, the range of species included in the analyses, 

and the age of the reviews (i.e. the latest of these analyses is a decade old). Both 

these papers analysed contingent valuation (CV) studies from the United States with 

the exception of a single choice experiment (CE) study included in the meta-analysis of 

Richardson and Loomis (2009). Pandit et al. (2015) reviewed and qualitatively 

discussed global non-market valuation studies of threatened species, but did not 

conduct a meta-analysis. There are a few meta-analyses on global WTP for 

                                                
14Contingent valuation (CV) and choice experiment (CE) studies.  
15 Spash and Vatn (2006) point out the incorrectness of the commonly used term “non-use” to denote passive-use 
values stating that “there are no non-use values in economics because all economic value derives from the utility it 
provides humans.” 
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biodiversity conservation. However, they combine disparate valuations making it 

problematic to value particular species. Specifically, they either include WTP estimates 

for both species and habitats (wetlands, forests, deserts, agricultural lands etc.), water 

quality and riparian vegetation and other biodiversity features in their analyses 

(Jacobsen and Hanley, 2009, Lindhjem and Tuan, 2012), or they combine disparate 

studies that value both individual species and groups of species, including threatened 

plants indistinguishable by type (Saloio, 2008). Additionally, the meta-analysis by 

Saloio (2008) also included studies focusing solely on use values (hunting and fishing) 

and policies aimed at indirectly increasing species’ populations such as dam removal, 

in-stream flow etc. The limitations in scope of the above studies makes it difficult for a 

decision maker seeking non-market values for judgements about conserving 

threatened species to use models from these analyses to derive WTP estimates. 

The primary objective of our paper, therefore, is to address the above limitations 

by reviewing and conducting a meta-regression analysis of NMV studies of threatened 

species from around the world published up until 2017, including studies that use both 

CV and CE survey techniques to identify global determinants of WTP for threatened 

species. We also test the effect of several potentially-important variables not 

considered in previous meta-analyses such as a species’ threat status, the use of 

coloured photographs in the survey and a country’s development status. 

A secondary objective of our paper is to demonstrate the importance of using the 

correct metric for weighting in a meta-regression model. Weighting the values of the 

dependent variable (WTP estimates, in our case) ensures that within- and between-

study heterogeneity can be separated, and corrects the consequences of differences in 

sample sizes and other effects (e.g. from the survey format), which can affect the 

precision of WTP estimates from the various primary studies (Gurevitch et al., 2018, 

Van Houtven, 2008). While inverse variance (or standard error) weighting is 

recommended and preferred (Gurevitch et al., 2018, Van Houtven, 2008), most meta-
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analyses (e.g., Bergstrom and Taylor, 2006; Ma et al., 2015; Van Houtven et al., 2017) 

use inverse sample-size weighting since most primary studies fail to report the 

standard error of the WTP estimate. We, therefore, compared results from inverse-

standard error-weighted and inverse-sample size weighted clustered robust regression 

models to determine the effect of the metric used for weighting in this paper. While not 

a primary objective of this paper, the significance of the weighting metric became 

apparent to us when conducting our meta-regression analysis. The comparison of 

different weighting metrics is, therefore, presented here to illustrate the importance of 

choosing the weighting metric appropriately. This crucial aspect has not been 

previously examined in the threatened species or biodiversity conservation meta-

analysis literature. 

We also test the validity and reliability of WTP estimates from our meta-

regression model by comparing WTP estimates from our meta-regression model with 

those from primary NMV studies and discuss the implications of transfer errors from 

the model estimates.  

As a consequence of the review, we also critically examined global NMV studies 

published to date and discuss common methodological and reporting issues that we 

found. We propose recommendations for reporting for future NMV studies that will 

enable them to be used in meta-analyses and benefit transfer. 

Our paper is structured as follows: in Section 3.3 we describe our methodology, 

including literature search, moderator variables and models used. Section 3.4 presents 

model results and discusses the effect of the weighting metric on the regression 

results. In Section 3.5 we test the validity and reliability of WTP estimates from our final 

meta-regression model by estimating within-sample and out-of-sample transfer errors. 

Finally, we discuss the limitations of our data set and issues in current NMV literature 

of threatened species, and provide reporting recommendations for future NMV studies. 
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3.3 Methodology 

We follow reporting guidelines for meta-regression analysis summarised in 

Nelson and Kennedy (2009) and Stanley et al. (2013). We also follow the specification 

and estimation guidelines for meta-functions outlined in Bergstrom and Taylor (2006) to 

ensure the consistency of the economic, welfare change, commodity, and study design 

variables used in our models. 

3.3.1 Data sources and refinement 

We searched online databases EBSCO, JSTOR, ProQuest, Scopus, Web of 

Science and Google Scholar for relevant NMV literature on threatened species. We 

also searched the Environmental Valuation Reference Inventory (EVRI) and the US 

Fish and Wildlife Service Conservation Library. Keywords included in the search were 

“non-market value” or “non-market valuation” or “non-market benefits” or “economic 

value” or “economic benefits” or “contingent valuation” or “choice modelling” or “choice 

experiment” or “conjoint analysis” or “discrete choice” or “willingness to pay” and either 

“endangered species” or “threatened species”. Web of Science produced the greatest 

number of relevant peer-reviewed studies. Some studies were obtained from citations 

in other papers as well as from the meta-analyses of Richardson and Loomis (2009) 

and Saloio (2008). The search was completed on 1 May 2017 and produced 184 

primary studies published between 1983 and 2017.  

The 184 studies were examined and coded primarily by the first author with 

assistance from the other authors. Studies focusing on the total economic values of 

specific animal species with passive use as the dominant value were considered. 

Studies valuing wildlife or species in general without specifying particular species, 

studies valuing threatened plants and studies that grouped different species together 

making it difficult to calculate WTP for individual species, were also excluded. Studies 

focusing on use values alone (hunting, fishing or viewing) were not included. Studies 
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that did not directly value species but instead valued environmental enhancements that 

would lead to a gain (or avoiding loss) in species populations were also excluded. 

Studies valuing gains in species’ populations as enhancements to their threat status 

but not as specific percentages were also excluded from the analysis since it was not 

clear what benefit the elicited values related to. This data refinement resulted in 47 

primary studies and 109 observations of WTP from 19 countries on which the meta-

regression was performed. Chapter 8 (supplementary material for this chapter) 

presents some characteristics of the studies included in our meta-analysis such as 

species valued, survey year, total WTP and its standard error, among others.  

3.3.2 Effect size 

The dependent variable, called the effect size in a meta-analysis, standardizes 

findings across studies enabling them to be directly and easily compared (Ma et al., 

2015). The effect size in our study is the respondent’s (total) WTP for a certain change 

in the population of a threatened species (% gain/ avoid % loss/ avoid extinction/ 

maintain) compared to the baseline scenario stated in the survey. Our meta-regression 

function, therefore, takes the form: 

𝑊𝑇𝑃 =  ∑ 𝛽𝑖𝑀𝑖𝑖        (3.1) 

Where, βi are the coefficients and Mi are the moderator variables. 

Since the reported WTP values differed across studies depending on the survey 

location (country), survey year, and the frequency and duration of the payment, they 

were standardized i.e., converted to a common metric to enable comparison. The 

previous meta-analyses of NMV studies of threatened species used the annual WTP in 

US dollars as the effect size (Jacobsen and Hanley, 2009, Loomis and White, 1996, 

Richardson and Loomis, 2009, Lindhjem and Tuan, 2012). We chose to use a total 

WTP i.e., a lump sum payment instead of annual to enable us to straightforwardly 

compare respondents’ valuation of the conservation scenario presented to them. The 
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common metric in our study was, therefore, the total WTP (in 2016 US dollars). It was 

systematically obtained for each reported estimate using the following steps:  

1. Monthly or annual payments over a number of years were converted to the total 

present value over the proposed duration of payments using a 5% real discount 

rate16 as used by Ma et al. (2015).  

2. This total present value of WTP in local currency was then converted into US$ for 

the survey year using the purchasing power parity (PPP)-adjusted exchange rate 

for the survey year from the World Bank (2017). The PPP-adjusted exchange rate 

equalizes purchasing power across countries and is, therefore, more appropriate 

for currency conversion than the financial exchange rate (Ready and Navrud, 

2006).  

3. The total WTP in survey year US dollars was then inflated to 2016 US dollars using 

the consumer price index for the US (BLS, 2017).  

In the case of choice experiments, we used the reported marginal for the change in 

species’ population being valued and extrapolated it to calculate the total WTP in 

2016 dollars using steps 1 through 3 described above. 

3.3.3 Moderator variables used 

The moderator variables included in our analysis (Table 3.1) were selected after 

examining our refined database as well as other meta-analyses and were included to 

provide consistency in study design variables, the commodity being valued and the 

welfare change being measured as advocated by Bergstrom and Taylor (2006). These 

variables account for differences in sample characteristics, species type, the 

magnitude and type of change in species population being valued, differences in 

                                                
16 We explored a range of discount rates for doing this but found that it made no difference to the statistical results, so 
we used 5% for all studies with payments that extended over more than one year. Urban and Melichar (2009) also 
tested discount rates from 0.5% to 3% in their study and recommend using a discount rate of between 4 and 6% for 
developed countries. 89% of the WTP observations included in our meta-regression were from developed countries. 
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survey method, mode of administration, payment vehicle, and payment duration, 

among other things. 

Table 3.1. Moderator variables used in the meta-regression analysis and their 

summary statistics 

Variable  Description Mean  
Standard 
Deviation 

Range 

TWTP2016 
Total WTP (per household) in 2016 US 
dollars 

414.12 791.94 [1.28 – 4,423.88] 

SE2016 Standard error of WTP in 2016 US dollars 34.83 56.408 [0.05 – 304.60] 

Sample size Number of valid survey responses 417 759 [19 – 7,376] 

Survey year Year in which the survey was conducted 2001 7 [1984 - 2012] 

lncome2016 
Sample or national mean of annual 
household income in 2016 US dollars 

45,781 23,131 [3,244 – 109,934] 

Developed 
Whether the country was developed (=0) or 
not (=1) 

0.11 _ [0 , 1] 

Speciesa 

Mammal=0 (baseline); Marine mammal or 
Reptile (turtles) =1; Bird =2; Fish = 3; Other 
=4 

_ _ [0 - 4] 

Charisma If the species is charismatic (=1) or not (= 0) 0.66 _ [0 , 1] 

Threat 
Statusb 

If the species is threatened (=1) or not (=0) 0.50 _ [0 ,1] 

Mode of 
administration 

Survey administration format (mail or drop-
off =0; in-person or telephone =1; online =2) 

_ _ [0 - 2] 

Photoc 
If a coloured photo (=1) was used in the 
survey or not (=0) 

0.50 _ [0 , 1] 

Formatd DC =0 (baseline); OE =1; PC = 2; CE =3 _ _ [0 - 3] 

Payment 
Vehicle 

Tax =0; Donation =1; Fee/Surcharge/Other 
=2 

_ _ [0 - 2] 

Payment 
duration 

One-time or Annual up to 5 years =0; 
Annual ≥ 6 years to perpetuity =1 

0.28 _ [0 , 1] 

Change 
Gain =0; Avoid Loss / Avoid Extinction =1; 
Maintain =2 

_ _ [0 - 2] 

Percentage 
gain 

Percentage of population gain presented in 
the survey 

167 297 [10 – 1,900e] 

a Reptiles included only turtles, and were, therefore, combined with marine mammals.; b IUCN threat status used: 
baseline includes species with threat status of least concern, or data deficient, or not listed or near threatened. 

Threatened includes species whose threat status is vulnerable, or endangered or critically endangered. ; c baseline 
included surveys that used no photographs or black and white drawings or black and white photographs or those that 

did not state whether they used photographs or not; d DC = dichotomous choice contingent valuation (CV), OE= open-
ended CV, PC = payment card CV, CE = choice experiment. e The Han et al. (2010) study estimated WTP for an 
increase from 10 to 200 Korean mountain gorals (Naemorhedus caudatus), which gives the percentage of 1,900. 
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Respondent’s income is often a significant determinant of WTP for biodiversity 

conservation (e.g., Jacobsen and Hanley (2009). The effect of sample income on WTP 

for species was, therefore, controlled by including the mean sample household income 

as a moderator variable. When the mean sample income was not reported, we first 

tried to obtain the average income from the geographical location where the survey 

was conducted, failing which, we used the national mean household income obtained 

from the country’s government database. 

Qualitative evidence from Richardson and Loomis (2012) suggests that a 

country’s development status influences WTP with households in developing countries 

willing to pay a higher percentage of their income to conserve nationally symbolic 

species than those in developed countries. However, in general we expected 

households in developing countries to be willing to pay less in absolute terms to 

conserve species. Therefore, a country’s development status, taken from the World 

Bank website, was also included as a moderator variable. 

The survey year was included to capture possible unobserved advancements in 

study design, methodology and changes in public attitudes over time towards 

threatened species (Jacobsen and Hanley, 2009, Loomis and White, 1996).  

Species characteristics included as moderator variables were the type/class of 

animal (mammal, bird, fish, etc.), charisma, and species endangerment level (threat 

status). Since different countries have different criteria for classifying the threat status 

of species, we based the threat status of species on their IUCN threat status, which is 

a global criterion to classify the endangerment level of species. This ensures 

consistency in comparing species' threat status across countries. However, this also 

meant that many of the species in our meta-analysis that were threatened in particular 

countries or regions but not globally threatened under the IUCN criteria ended up being 

classified under lower threat levels unless they were recognised as being part of small 

and declining populations in those regions and, therefore, accorded a higher IUCN 
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threat level. Also, some of our species were “data-deficient” according to the IUCN. 

This resulted in only 50% of the species in our meta-analysis being threatened 

according to the IUCN (i.e. having a threat status of vulnerable, or endangered or 

critically endangered) (Table 1). Some studies have found species' charisma to be a 

significant determinant of WTP (Metrick and Weitzman, 1996, Richardson and Loomis, 

2009, Colleony et al., 2017) but not others (Tisdell et al., 2007). Determining the 

“charismatic” nature of a species is subjective, and there are various definitions of the 

term (Richardson and Loomis, 2009). However, it is generally agreed that charismatic 

species are typically large vertebrates (megafauna) that instinctively appeal to humans 

such as, elephants, pandas, and whales (Metrick and Weitzman, 1996). Species were 

treated as charismatic if they had been characterized as such in the original study, or 

elsewhere, for example in other studies, or other publications, including online 

publications. 

We also included moderator variables to measure the effect of the type of change 

in species’ population being valued—gain, avoid loss, avoid extinction and maintain 

with the baseline being the population at the time of the survey. We also recorded the 

magnitude of the percentage benefit (e.g. of gain in population size) in the expectation 

that greater benefits would result in higher WTP albeit at a lower marginal rate for 

larger gains (Loomis and White, 1996). Percentage gain or loss was either directly 

reported in the study as a percentage, or was calculated from respondents being told 

about the population of the species before and after the conservation was implemented 

(or, in the case, of loss, the consequence of the conservation program not being 

implemented.) 

Lastly, we also included variables to account for differences in survey format 

(single or double bounded dichotomous choice (DC), open-ended (OE), payment card 

(PC), choice experiment (CE)), mode of administration (online, mail, drop off, in-person 

and telephone), payment vehicle (tax, donation, fee and surcharge) and payment 
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duration (one-time, annual). Survey format has been found to be a significant 

determinant in WTP with DC formats producing significantly higher WTP estimates 

compared to OE and PC formats (Jacobsen and Hanley, 2009, Reaves et al., 1999, 

Richardson and Loomis, 2012). Evidence about the effect of survey mode on WTP for 

non-market goods is mixed, with some studies finding that telephone surveys produce 

lower WTP values compared to in-person surveys (Maguire, 2009). To capture the 

diversity amongst studies regarding payment duration–with some having a single 

payment, and others having multiple annual payments, we included payment duration 

as a moderator variable as well.  

WTP estimates may also be influenced by how realistically a survey 

questionnaire is presented including the use of photographs in the survey. The 

influence of photographs, especially colour photographs, on WTP estimates has been 

unresolved since the Arrow et al. (1993) NOAA Panel Report on contingent valuation 

(Shr and Ready, 2016). Since then there have been mixed findings about the influence 

of colour photographs (Labao et al., 2008, Subroy et al., 2018). We tested its effect on 

WTP by including the use of colour photographs of species in surveys as a dummy 

variable in the analysis. 

We emailed the authors of primary studies if details about the survey including 

the survey year, payment vehicle, payment duration, the type or magnitude of change, 

the use of photographs, modelled observations, sample size or socio-demographic 

data, had not been provided in the article or report. Almost all authors were emailed. 

About 80% responded and provided answers to our questions, enabling us to use their 

studies in our meta-analysis. 

3.3.4 Meta-regression models  

Many NMV studies provide more than one WTP estimate. As a result, a meta-

analysis dataset ends up having an unbalanced panel structure (Jacobsen and Hanley, 
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2009, Lindhjem and Tuan, 2012). Two main methods used to account for the panel 

structure are fixed-effect panel data models and random-effect panel data models 

(Rolfe et al., 2015, Van Houtven, 2008). However, there are problematic considerations 

of both fixed-effects and random-effects models17 in meta-regression analysis. 

Clustered robust regression can be used to address the issue of panel-effects in meta-

analysis. It applies a nonparametric Huber-White method to correct standard errors for 

potential correlation within clusters and variances across clusters (Van Houtven, 2008). 

Clustered robust regression has been used in several prior meta-analyses (Smith and 

Osborne, 1996, Van Houtven et al., 2007, Van Houtven et al., 2017). We clustered by 

sample to correct for the correlation of errors18 that would arise because the same set 

of respondents answered more than one WTP question.  

Weighting each observation of the meta-dataset by different metrics is often used 

to separate within-study and between-study variation and also to correct for the biases 

in the precision of WTP estimates from multiple studies that may arise as a 

consequence of differences in sample sizes and other effects, such as from survey 

formats. Weighting using the inverse variance or standard error of the WTP estimate is 

recommended and preferred in meta-regression (Gurevitch et al., 2018, Van Houtven, 

2008). However, many meta-analyses of NMV studies face the problem of lack of 

reporting of the standard errors of WTP estimates or other statistics from which the 

standard error can be calculated. Instead inverse-sample size-weighting has become a 

common practice in meta-analysis (e.g., Bergstrom and Taylor, 2006; Ma et al., 2015; 

Van Houtven et al., 2017). We estimated two clustered regression models19 to test the 

                                                
17 Both fixed-effect and random-effect considerations can be problematic in meta-analysis modelling—the former 
because it can be difficult to separate variables having relatively small variation and the fixed-effect constant within a 
group, and the latter because of the issue of regression weighing that is often required but not included in most random-
effect panel models See Van Houtven (2008) for more details. 
18 Multiple WTP value estimates from a single primary study or from the same respondent sample cannot be treated as 
independent. The estimates are always dependent due to a correlation of effect size parameters or a correlation of 
estimation errors (Hedges et al., 2010). 
19 Our meta-regression model esentially takes the following form based on standard practice for clustered ordinary least 
squares regression given by (Lindhjem and Navrud, 2015): 

ln(𝑊𝑇𝑃𝑠𝑖) = 𝛽0 + 𝛽1 ln(𝐼𝑛𝑐𝑜𝑚𝑒𝑠𝑖) + ∑ 𝛽𝑘𝑀𝑠𝑖𝑘 (𝑘) + 𝜀𝑠𝑖  …………(3) 
where, ln(WTPsi) and ln(Incomesi) are the natural log of willingness to pay, and income, respectively, for estimate i  of 
cluster s, β0 is the constant term, and βk the k coefficients of the k moderator/explanatory variables (M). 
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effect of the weighting metric on regression output—an inverse-standard error-

weighted model (Model SE), and an inverse-square root of sample size-weighted 

model (Model SS). We anticipated different regression results from Model SE and 

Model SS as we found the standard errors (SEs) and the sample size (Figure 3.1) to 

only be weakly correlated (r = 0.21). For studies that did not report SEs of the WTP 

estimates, we calculated the SEs from other metrics if reported–either the standard 

deviations along with the sample size or the confidence intervals of the WTP 

estimates20. We present the results of both models (Table 3.2). Stata/IC 14 (Statacorp 

LLC, USA) was used to analyse the data. 

 

Figure 3.1. Scatter plot of natural log of sample size and standard error of total WTP 

(in 2016 US dollars) of the studies used in the meta-analysis 

 

                                                
20 Studies that did not report the standard errors, standard deviations or the confidence intervals of the WTP estimates 
could not be included in the meta-regression analysis. Of the 165 observations from 71 stated preference studies that 
could possibly have been included in the meta-regression analysis, we could only include 109 observations from 47 
studies in the analysis (i.e. we have excluded 56 observations from 24 studies, or about one-third of the total 
observations because the standard errors, standard deviations or the confidence intervals of the WTP estimates were 
not reported in these studies). There was no particular pattern in terms of the species that were omitted from these 
studies. 
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3.4 Results 

3.4.1 Some descriptive statistics from primary studies 

Although the average total WTP (TWTP) was $414 per household, its standard 

deviation, which was nearly twice the TWTP value ($792), and the wide range in TWTP 

values (Table 3.1), indicate that there is a huge variation in WTP for threatened 

species across the globe. Charismatic species accounted for two-thirds of the 

observations in the data-set, while there was an equal percentage of WTP 

observations of threatened and non-threatened species (50%). Welch’s t-tests 

indicated a significantly higher (p < 0.0001) average TWTP for charismatic species 

($572) compared to non-charismatic species ($106), but no statistically significant 

difference in average TWTP for non-threatened species ($445) compared to 

threatened species ($383). Even though our dataset was skewed towards NMV studies 

from developed countries (89%), Welch’s t-tests indicated that there was no significant 

difference between the average TWTP per household for threatened species in 

developed countries ($426) compared to developing countries ($318). Surveys with 

coloured photographs accounted for 50% of the observations in the dataset but t-

tests21 indicated that there were no significant differences in average total WTP values 

for surveys containing coloured photographs of threatened species ($499) and those 

that did not ($330).  

                                                
21 Results from t-tests can serve as indicators and are useful for initial discussions about the possible effect of various 
independent variables on WTP. However, the effects of multiple variables (some discrete and some continuous) from 
multiple studies on WTP can only be ascertained using a regression analysis. Therefore, the results of the meta-
regression analysis in section 3.4.2 supersede those from the t-tests. 
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3.4.2 Significant determinants of WTP from regression models 

Though both regression models fit the data well, the higher coefficient of 

determination (R2) and the lower root-mean-square error (RMSE) values of Model SE 

indicate that this model provides a more superior fit than Model SS (Table 3.2).  

Species’ charisma as well as its threat status significantly affected WTP for its 

conservation in Model SE (Table 3.2). Results from other studies highlight the 

importance of a species’ perceived “charisma” with the general public, for example, by 

finding either greater conservation budgets allocated to charismatic over endangered 

species (Metrick and Weitzman, 1996) or, finding participants more likely to donate 

money to adopt charismatic species over endangered species in zoo conservation 

programs (Colleony et al., 2017). In Model SS, the coefficient for both charisma and for 

a higher threat status were negative (Table 3.2, which contradict our expectations, and 

also the findings of Richardson and Loomis (2009). 

WTP for marine mammals and turtles was significantly higher than for non-marine 

mammals whereas WTP for birds, fish and for other species that included crustaceans 

and insects was not significantly different than for non-marine mammals (SE model in 

Table 3.2). This was partly in line with the findings of the meta-analyses of Loomis and 

White (1996) and Richardson and Loomis (2009) who found WTP for marine 

mammals, birds and fish to be significantly higher compared to mammals. It is likely 

that species’ charisma might be a bigger factor affecting WTP for conservation over the 

type of species on a global scale. Results from Model SS, however, implied that WTP 

was not species-dependent, which may not necessarily be true. 

Model SE indicated that respondents significantly valued avoiding loss or avoiding 

extinction of a species, and also maintaining a species population relative to a baseline 

of a gain in population. In line with economic theory and findings of previous meta-

analyses (Loomis and White, 1996, Richardson and Loomis, 2009), respondents 
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positively and significantly valued higher population gains. In Model SS, however, the 

type of change in species’ population or the magnitude of the gain in populations were 

insignificant factors, which contradicts both economic theory and our expectations. 

While respondents in developing countries had lower WTP for species’ 

conservation compared to those in developed countries, the effect of a country’s 

development status on WTP was not significant in Model SE. In Model SS, however, 

WTP for species’ conservation was significantly higher in developing countries 

compared to those in developed countries. In both models, visitors were significantly 

less willing to pay for species’ conservation than were local residents, which is in 

contrast to the findings of Loomis and White (1996) and Richardson and Loomis 

(2009). It could be that the values expressed by visitors were mostly use values for the 

threatened species, whereas locals derived both use and passive-use values from 

species. 
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Table 3.2. Clustered robust regression models results weighted by (1) the inverse of 

the standard error of WTP estimates (Model SE) and by (2) the inverse of the square 

root of sample size (Model SS). 

 Model SE (1) Model SS (2) 

Independent Variable Coefficient 
Robust 

standard 
error 

t-statistic Coefficient 
Robust 

standard 
error 

t-statistic 

Survey context       

Survey year-2016 0.004 0.031 0.120   0.004 0.033 0.130 

loga (Income) 0.378 0.273 1.380 0.664*** 0.229 2.910 

Developing country 
(baseb: Developed country) 

-0.572 0.808 -0.710 1.268*** 0.560 2.260 

Visitors (base b: locals) -0.446** 0.226 -1.970 -0.570* 0.317 -1.800 

Species    

Marine Mammal or Turtle 
(baseb: Mammals)  

1.155*** 0.240 4.820 0.130 0.326 0.400 

Bird 
(baseb: Mammals) 

-0.025 0.315 -0.080 -0.601 0.429 -1.400 

Fish  
(baseb: Mammals) 

0.268 0.371 0.720 -0.544 0.689 -0.790 

Other species typec 

(baseb: Mammals) 
-0.364 0.353 -1.030 -0.566 0.603 -0.940 

Threatened speciesd 1.021*** 0.202 5.040 -0.054 0.263 -0.200 

Charismatic speciese 0.539*** 0.232 2.320 0.547 0.371 1.480 

Survey administration   

In-person or Telephone 
(baseb: Mail or Drop-off) 

0.297 0.631 0.470 0.162 0.487 0.330 

Online 
(baseb: Mail or Drop-off) 

0.965 0.842 1.150 -0.049 0.740 -0.070 

Survey design f     

OE (baseb: DC) -0.852*** 0.350 -2.430 -0.605*** 0.299 -2.020 

PC (baseb: DC) -1.506*** 0.376 -4.000 -1.277*** 0.399 -3.200 

CE (baseb: DC) -0.616 0.642 -0.960 -0.207 0.503 -0.410 

Coloured picg 0.376 0.520 0.720 0.145 0.439 0.330 

Payment vehicle    

Donation (baseb: Tax) 0.128 0.297 0.430 -0.443 0.313 -1.410 

Other h (baseb: Tax) -0.439 0.280 -1.570 -1.039*** 0.367 -2.830 

Payment duration i   

Annual >=6 years to 
perpetuity 

3.881*** 0.536 7.240 2.509*** 0.406 6.180 

Type of change    

Avoid Loss/ Avoid extinction 
(baseb: Gain in population) 

2.503*** 0.407 6.160 0.878 0.705 1.250 

Maintain population 
(baseb: Gain in population) 

1.031*** 0.369 2.800 0.524 0.724 0.720 

loga (Magnitude of gain) 0.389*** 0.067 5.840 0.074 0.151 0.490 

   

constant -3.262 3.438 -0.950 -3.149 2.374 -1.330 

   

Dependent variable loga (WTP) loga (WTP) 

Observations 109 109 

Clusters 71 71 

R2 0.909 0.824 

RMSE j 0.326 0.753 

a log refers to natural log; b base refers to baseline; c Other species type include crustaceans and insects d Threatened 
includes species whose threat status is vulnerable, or endangered, or critically endangered with the baseline being 
species whose threat status is least concern, or data deficient, or not listed, or near threatened; e baseline is species 
that are not charismatic; f DC = dichotomous choice contingent valuation (CV), OE= open-ended CV, PC = payment 
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card CV, CE = choice experiment; g baseline included surveys that used no photographs, or black and white drawings, 
or black and white photographs, or those that did not state whether they used photographs or not; h Other payment 

vehicles included fees, surcharges and trust funds; i baseline for payment duration included one-time payments or 
annual payments up to five years; j RMSE = Root-mean-square error. 
 

The survey year coefficient was positive indicating an increase in WTP for 

threatened species over time possibly due to improvements in public attitudes toward 

or knowledge of threatened species over time. However, this coefficient was not 

significant for both models (Table 3.2). Income was found to have positive but 

insignificant effect on WTP for species conservation in Model SE, similar to the findings 

of Richardson and Loomis (2009). In Model SS, income had a positive and significant 

effect on WTP similar to the findings of the Jacobsen and Hanley (2009) meta-analysis. 

Survey administration was not a factor affecting WTP in this meta-analysis: the 

coefficients for online mode and in-person or telephone mode relative to the baseline of 

mail and drop-off22 were insignificant in both models. This agrees with the findings by 

Olsen (2009) and Nielsen (2011) who find no significant difference in WTP between 

online and mail stated preference surveys, or between online and in-person stated 

preference surveys, respectively. However, Richardson and Loomis (2009) and 

Maguire (2009) found that mail surveys and telephone surveys resulted in significantly 

lower WTPs compared to in-person surveys. In their comprehensive review comparing 

the internet with other modes of survey administration, (Lindhjem and Navrud, 2011) 

found no substantial difference in quality or validity between internet and mail or 

telephone or in-person modes with welfare estimates mostly equal across the 

administration modes, and possibly sometimes lower for internet surveys. More 

surveys in the future will be conducted online; therefore, it is encouraging that WTP 

values from online surveys were not significantly different from in-person or mail 

surveys in our analysis. 

                                                
22 Drop-off surveys were combined with mail surveys since they can be thought of as imitating the latter in that they had 
to be filled on paper and in the respondent’s own time. Similarly telephone and in-person surveys were combined. In 
models where drop-off and telephone surveys (13 and 4 WTP values in total, respectively) were assigned their separate 
dummy variables, the coefficients were not found to be significant. Therefore, in the interest of parsimony, variables 
denoting mail and drop-off and telephone and in-person surveys were combined. 
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Open-ended (OE) and payment card (PC) type contingent valuation elicited 

lower WTP values than dichotomous choice (DC) type contingent valuation surveys, 

with OE and PC eliciting significantly lower WTP values in both models (Table 3.2). 

This is consistent with the findings from many other studies (Reaves et al., 1999) as 

well as other meta-regressions (Jacobsen and Hanley, 2009, Richardson and Loomis, 

2012). Choice experiments (CE), however, did not elicit significantly lower WTP 

estimates compared to DC contingent valuation surveys. This does not agree with the 

findings of Richardson and Loomis (2009) who found WTP estimates to be significantly 

higher from CE studies. However, their study included just one CE study having five 

WTP estimates whereas ours included 22 CE observations.  

The coefficient for coloured photographs was positive but not significant in both 

models, indicating that the inclusion of coloured photographs of threatened species in 

surveys on the whole did not significantly affect WTP for their conservation relative to 

not including photographs or including black and white photographs. These findings 

are in line with those from Subroy et al. (2018) who found WTP to be independent of 

the inclusion of coloured photographs of species in their NMW survey on West 

Australian households’ WTP for threatened native species and conservation 

management, but different from the findings of Labao et al. (2008) who found coloured 

photographs to elicit a significantly higher WTP for the preservation of the Philippine 

Eagle. It is possible that more studies may be necessary to resolve the issue of the 

influence of coloured photographs of species on WTP. 

We found that other payment vehicles23—donations, fees or surcharges—did 

not elicit significantly different WTP compared to taxes in Model SE, whereas fees and 

surcharges but not donations were seen to elicit a significantly lower WTP in Model SS. 

Usually voluntary payment vehicles such as donations are seen to elicit lower WTP 

                                                
23 In general, Johnston et al. (2017) recommend avoiding nonbinding payment vehicles that do not provide incentives 
for truthful demand revelation such as donations. 
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values owing to “free-riding” by many individuals who like to enjoy the benefits of public 

goods without having to contribute to the cost of providing the goods themselves 

(Stithou and Scarpa, 2012).The Jacobsen and Hanley (2009) meta-analysis on 

biodiversity conservation found donations to elicit a higher but not significantly higher 

WTP compared to taxes, while Lindhjem and Tuan (2012) found mandatory payments 

(taxes, etc.) to elicit significantly higher WTP than voluntary payments in their meta-

analysis of species’ valuation in Asia and Oceania.  

Expectedly, total WTP was significantly higher for longer payment durations 

than for one-time payments or annual payments up to five years24 in both models. 

From our results it is sufficiently clear that the metric used for weighting 

significantly alters model output. To select the preferred model for our analysis, we 

consider the following arguments. First, inverse-standard error-weighting is considered 

more accurate than inverse-sample size-weighting owing to the incorporation of 

information on the precision of the effect size, which the latter weighting scheme does 

not provide, and also because of the possible biases than can be introduced by 

weighting with sample size (Gurevitch et al., 2018, Van Houtven, 2008). Second, for 

stated preference studies the information from variation in experimental design and 

elicitation format cannot be captured using sample size, and as such, results from 

inverse weighting using sample size only provides an approximation and are a practical 

second-best alternative when data on WTP statistics are unavailable (Van Houtven, 

2008). Finally, the coefficients of several important variables especially those on 

species’ type, threat status, charisma, the type of change in population being 

measured (avoid loss relative to gain) and the percentage of gain being measured 

were not statistically significant in Model SS, which contradicts published literature and 

                                                
24 We tested different categorical combinations of payment durations. We found no significant difference in coefficients 

for annual payments of 6 to 10 years than those for annual payments > 10 years to perpetuity. These two categories 

were therefore combined. Results also suggested no significant difference in annual payment up to 5 years compared 

to one-time payments resulting in just two categories as outlined in Table 3.1. 



Chapter 3 A meta-analysis of global non-market values of threatened species 

66 
 

also economic theory. We, therefore, selected Model SE as our preferred model, and 

used it in the next section to test the reliability of the WTP estimates determined by this 

meta-regression. 

3.4.3 Reliability of WTP estimates 

As recommended by Bergstrom and Taylor (2006) we determined the reliability of 

WTP estimates from our meta-regression model (Model SE) for use in benefit transfer 

by comparing WTP estimates determined by the model with those derived from primary 

NMV studies. We estimated both within-sample and out-of-sample transfer errors using 

the procedure outlined in Lindhjem and Navrud (2008). To calculate within-sample 

transfer errors we compared the WTP from the primary study used in the meta-analysis 

with the WTP predicted by Model SE. Out-of-sample transfer errors were calculated by 

leaving study clusters out systematically, and calculating the model on the remaining 

clusters, then using the model to predict WTP values for the observations in the cluster 

that was left out, and comparing predicted WTP values with the ones estimated in the 

primary studies. The absolute transfer error (TE) for each observation was calculated 

as (Lindhjem and Navrud, 2008): 

𝑇𝐸 =  
|𝑊𝑇𝑃𝑝− 𝑊𝑇𝑃𝑎|

𝑊𝑇𝑃𝑎
 x 100%    (2) 

Where, subscripts p and a denote the model-predicted WTP and the actual WTP 

values from the primary study, respectively. 

Expectedly, out-of-sample TEs were found to be higher than within-sample TEs 

(Figure 3.2). Also, see Table S.2 in the supplementary data. Mean and median within-

sample TEs were found to be 17%, and 14%, respectively, while mean and median 

out-of-sample TEs were found to be 48% and 21%, respectively. About 53 out-of-

sample transfers or 48.6% of our data showed TEs of 20% or less, with 25 out-of-

sample transfers or 23% of the data having TEs of 10% or less. 39.5% of in-sample 
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transfers showed errors of 10% or less. As with the results by Lindhjem and Navrud 

(2008) and Brander et al. (2007), TEs were seen to be higher at the lower WTP values, 

and lower at higher WTP values (i.e. the meta-function over-estimates at lower values 

and under-estimates at higher values). Correlation between within-sample- and out-of-

sample- predicted values of WTP was high (92.5%), indicating a good agreement 

between within-sample-predicted values of WTP and out-of-sample-predicted values of 

WTP in most cases (Figure 3.2).  

TEs for our meta-model are comparable to the meta-analysis of endangered 

species in Asia and Oceania by Lindhjem and Tuan (2015), who found a mean out-of-

sample TE to be 45% for their full model where all variables were used. Within-sample 

TEs from our model were lower than those determined by Richardson and Loomis 

(2009), who found mean within-sample TEs to vary between 34-45% depending on 

whether the payment was annual or lump sum. Our TEs are also in the range reported 

by meta-analyses in other contexts—Shrestha and Loomis (2001) reported an average 

absolute TEs of 28% in their meta-analysis on international outdoor recreation, 

Lindhjem and Navrud (2008) found mean TEs of between 39-62% in the validity testing 

of a meta-analysis model of non-timber benefits of CV studies from Norway, Sweden 

and Finland, and Brander et al. (2006) found mean transfer errors of 74% in their meta-

analysis on wetland valuation. Our meta-function, therefore, provides reasonably 

reliable WTP estimates with TEs in the range reported by other studies.  
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Figure 3.2. Plot of the natural log of total willingness to pay (log(TWTP)) estimates 

from the original study, and their within-sample and out-of-sample model-predicted 

values. TWTP values from the original studies have been sorted in ascending order. All 

values are in 2016 US dollars. 

3.5 Discussion and Conclusions 

Our meta-regression analysis is the first we are aware of that considers NMV 

studies (both contingent valuation and choice experiments) for threatened species of 

animals globally. Some of our findings are similar to previous meta-analyses of WTP 

for biodiversity conservation and individual species, namely the influence of survey 

format (a significant influence on WTP) and the payment vehicle (an insignificant 

influence). Others results such as the insignificance of income and survey year are in 

contrast to published meta-analyses on the topic. The average total present value of 

WTP for a threatened species from all primary studies in our meta-dataset was 

US$414 per household (in 2016 dollars). However, the large variation in the range of 

reported values indicate that there is a huge variation in WTP for threatened species 

across the globe depending on the species and the survey context. 
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We tested the effect of several variables not considered in prior meta-analyses—

species’ threat status, the use of coloured photographs of species in the survey, and a 

country’s development status. In line with expectations and economic theory, we found 

endangered species to be valued significantly more highly than non-threatened 

species. The development status of a country, however, did not influence WTP 

estimates, and neither did the inclusion of coloured photographs of species in the 

survey.  

An important contribution of this paper is the demonstration of the effect of the 

choice of weighting metric on the output of a regression model. We found that the 

inverse-standard error-weighted model provided significant coefficients of important 

variables that were in line with economic theory and with published literature. In 

agreement with the reviews of Gurevitch et al. (2018) and (Van Houtven, 2008) we 

recommend future meta-regression models to use inverse-standard error (or variance)-

weighting rather than inverse-sample size-weighting as far as possible.  

It would have been interesting to explore the influence of pro-environmental 

attitudes or ethical beliefs towards preservation in this meta-regression analysis, as 

they have been found by Kotchen and Reiling (2000), Ojea and Loureiro (2007) and 

Subroy et al. (2019) to significantly influence WTP for species’ conservation. However, 

very few papers reported asking such questions. Subsequent meta-analyses may 

benefit if future NMV surveys of threatened species include questions about 

environmental attitudes or ethical beliefs of respondents. 

Our meta-analysis is limited in terms of the availability of primary studies–it 

included a higher proportion of studies from developed countries as well as on 

terrestrial mammals and marine mammals compared to lesser charismatic species 

such as insects and crustaceans. The only NMV study on insects in our meta-analysis 

(Diffendorfer et al., 2014) was on a charismatic species–the Monarch butterfly, while all 

the reptiles in the primary studies were turtles that are also a charismatic species. 
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Thus, even though our meta-regression model provides reasonably reliable WTP 

estimates, it may not always be possible to use it to estimate economic values for 

threatened species from developing countries or, for say, threatened insects or non-

charismatic reptiles given the lack of availability of primary studies. A greater number of 

primary studies from developing countries as well as more studies on less charismatic 

species would improve the applicability of future meta-functions on WTP for threatened 

animal species. Also, for endemic species, particularly those having a limited 

geographical range, it would be more appropriate to conduct original NMV studies 

rather than deriving WTP estimates from a meta-regression model. Another aspect that 

cannot yet be accurately captured in a meta-regression model of threatened species 

valuation is the diminishing marginal utility of the WTP estimate. There is insufficient 

evidence in the existing literature to provide a general estimate of how rapidly the 

marginal value of a threatened species declines as the population size increases. 

3.5.1 Limitations of current NMV studies and reporting 

recommendations for future studies 

Preparing data for meta-analysis is challenging because relevant data needs to be 

extracted from original studies conducted in diverse contexts. Identifying effect-size or 

the commodity (here the change of species population) being valued is a difficult task 

when it comes to the valuation of species. Many of the reviewed studies were vague in 

defining the scenario being valued, stating “protection or conservation of species” or 

some such similarly ambiguous statement without any reference to a baseline. In the 

absence of a baseline, we could not know what change in species’ populations was 

exactly being valued, and had to regrettably reject those studies from our meta-

analysis. Only a few studies explicitly specified the counterfactual scenario; that is, 

what would happen if the conservation program was not carried out—would the 

species’ population drop, increase or stay the same? Failure to specify the 
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counterfactual scenario means that it is left to the respondent to guess or imagine what 

the counterfactual would be or to try to infer it from clues in the question. This is highly 

likely to introduce unnecessary randomness into the set of responses. We recommend 

that future non-market valuation studies of threatened species should be explicit about 

the counterfactual in the wording of the survey question.  

Many studies failed to report essential information such as the survey year, the 

standard errors or confidence intervals of the WTP estimates, sociodemographic 

characteristics of the sample (age, income, gender, education etc.), payment vehicle 

and payment duration. Many studies also lacked clarity about the survey instrument 

including whether photographs were used, details about survey administration and 

survey response rate. Such information can enrich a meta-analysis and provide a more 

complete picture of factors affecting WTP for species. 

Meta-analyses help provide a comprehensive picture of phenomena being studied 

and understand sources of heterogeneity (Gurevitch et al., 2018). To support future 

meta-analyses and benefit transfers for threatened species valuation, we urge 

researchers in this area to (i) explicitly define the counterfactual scenario in their survey 

instruments; (ii) quantitatively express the effect sizes being measured; and (iii) report 

these details along with essential information on the payment vehicle, payment 

duration, survey design (e.g. use of photographs), sample sociodemographics, and 

either standard errors or confidence intervals for the WTP estimates, which will allow 

these studies to be incorporated in future meta-analyses and benefit transfers.  
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4.1 Abstract 

Foxes and feral cats are invasive predators threating biodiversity in many places 

around the world. Managing these predators to protect threatened species should 

involve careful consideration of biological, geographic, economic, and social aspects to 

ensure informed and effective decision-making. This study investigates people’s 

preferences for fox and feral cat control strategies at a conservation site in Western 

Australia using a discrete choice experiment. We further aim to quantify the non-market 

values of two native threatened species protected by management; Numbats and 

Woylies. The attributes evaluated in the survey included: increased populations of 

Numbats and Woylies, cost of management, and a range of fox and feral cat control 

strategies (1080 baiting, fencing, trapping, and community engagement). Results show 

that respondents prefer a combination of predator control strategies over the strategy 

of 1080 baiting that is currently being implemented, particularly combinations that 

include trapping and community engagement. There is also strong public support for 

increased Numbat and Woylie populations. Willingness to pay was, on average, $21.76 

for 100 Numbats and $7.95 for 1,000 Woylies. Including images of the threatened 

species in the choice sets did not influence willingness-to-pay estimates. We further 

discuss how familiarity with the species influences value. Our results feed into the 

conservation decision making process about fox and feral cat control in the region. 

Keywords: endangered species; introduced predator control; non-market benefits; non-

market valuation; social benefits; social value 

4.2 Introduction 

Introduced predators such as European red foxes (Vulpes vulpes) (hereafter, 

foxes) and feral cats (Felis catus) seriously threaten biodiversity in many parts of the 

world and are listed amongst the world's worst invasive species (Lowe et al., 2000). In 
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Australia, predation by foxes and feral cats were listed as key threatening processes in 

the Federal Environment Protection and Biodiversity Conservation (EPBC) Act (DoE, 

2013, DoE, 2015a, DoE, 2015b). Feral cats and foxes are opportunistic predators with 

a wide dietary range. Their adaptability allowed them to exploit diverse habitats and 

rapidly colonize the Australian mainland after being introduced by Europeans in the 

19th century (Denny and Dickman, 2010, Saunders et al., 2010). Feral cats prey on 400 

Australian vertebrate species including 28 IUCN-listed threatened species (Doherty et 

al., 2015), and have been linked to the early extinctions of seven mammalian species 

(Denny and Dickman, 2010). Foxes and feral cats are currently a predatory threat to 

103 and 142 EPBC-listed threatened species, respectively (DoE, 2013, DoE, 2015a, 

DoE, 2015b).  

Controlling foxes and feral cats is imperative for increasing native species’ 

populations (Friend, 1994, Kinnear et al., 2010, Sharp et al., 2014, Short et al., 1992). 

In many cases, protection or reintroduction of native wildlife is more successful if 

integrated fox and feral cat control is carried out (Marlow et al., 2015).  

Strategies to control fox and feral cat populations have commonly focused on 

lethal methods like poison baiting, shooting, and trapping with soft-jaw or cage-style 

traps, and non-lethal methods like predator-exclusion fencing (DEWHA, 2008a, DoE, 

2015a). Poisoned meat baits are often used when managing large sites, and when 

primary food sources (rabbits, mice, native species) are absent or in low numbers 

(DoE, 2015a). Shooting and trapping are more labour intensive and expensive and are 

generally not preferred for broad-scale control but are effective in smaller areas (DoE, 

2015a, Saunders et al., 2010). Other fox control techniques include den fumigation, 

den destruction, and fertility control (Saunders et al., 2010), while those for cats have 

also included the use of specially trained dogs and the introduction of feline 

panleucopaenia (Denny and Dickman, 2010).  
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The complete eradication of foxes and feral cats at a conservation site using 

lethal techniques is near impossible (unless the site is a small island), because they 

disperse over large areas and can reappear after predator control been carried out—

unless it is implemented periodically (Moseby et al., 2009). In such cases, exclusion-

fencing can be an effective strategy to mitigate threats to native species, and is being 

favoured in many regions including Australia, New Zealand, and southern Africa 

(Hayward and Kerley, 2009). Once introduced predators and other invasive species 

within the enclosure have been eradicated, fencing creates feral-free ‘islands’ allowing 

native species to thrive. Exclusion fences, however, have high installation costs, are 

not 100% effective at preventing predator incursions, and require frequent maintenance 

which can be time-consuming and labour- and cost-intensive. Ecological costs such as 

inbreeding and poorly developed threat-defence mechanisms can result from 

preventing the movement of animals (Hayward and Kerley, 2009). Fences are also not 

independent of other control strategies since foxes and feral cats within the enclosure 

need to be eradicated anyway (Long and Robley, 2004).  

Although the aim of fox and feral cat control is to safeguard threatened species 

and increase their survivability, it is not simply the end result that matters. Conservation 

takes place in a social context, making community preferences for different strategies 

to achieve conservation outcomes necessary to consider. It is likely that people have 

preferences for the means of achieving conservation outcomes as well as for the 

outcomes themselves. This has been shown by, for example, Johnston and Duke 

(2007), who found that respondents significantly preferred state conservation 

easements over other techniques that can be used to preserve agricultural lands. 

Similarly, in a study on marine ecology conservation in Western Australia, Rogers 

(2013b) found that utility for the same conservation outcomes differed depending on 

the management process specified: respondents typically preferred processes that 

were less restrictive in terms of human use of the marine reserve. More recently, 



Chapter 4 Public preferences for conservation management in Western Australia 

81 
 

Sheremet et al. (2017) also concluded that public support (for forest disease control) is 

conditional on the type of control measures used. On the other hand, Hanley et al. 

(2010) found that respondents were largely indifferent to how conservation objectives 

(for raptors in Scottish moorlands) were achieved, implying that the benefits are 

roughly equal across management alternatives if the same level of environmental 

protection is achieved. Our study contributes to this literature by assessing whether 

people have different preferences for different methods to control introduced invasive 

species, specifically, foxes and feral cats. 

Wildlife policies to increase populations of threatened and endangered species 

should involve careful consideration of biological, geographic, economic, and social 

aspects to ensure informed and inclusive decision-making and, ultimately, policy 

success (Rogers, 2013b). Understanding the socio-economic impact of conservation 

decisions enables a more efficient use of limited resources available for the task. 

Economic research can guide policy decision-making by analysing the cost-

effectiveness of conservation actions e.g. Busch and Cullen (2009), Helmstedt et al. 

(2014). Of interest to the current study are the socio-economic (non-market) benefits 

that different eradication strategies may generate. Quantifying the non-market benefits 

of conservation actions, as well as the values of the species being protected, allows 

these benefits to be included in a benefit-cost analysis to assess which conservation 

policy options will be optimal from a social welfare perspective. While there exist a 

small number of non-market valuation studies for threatened species in Australia 

(Jakobsson and Dragun, 2001, Tisdell and Nantha, 2007, Wilson and Tisdell, 2007, 

Zander et al., 2014) there are, to the best of our knowledge, no studies quantifying the 

social welfare impacts of fox and feral cat control. There are some studies that estimate 

households’ willingness to pay (WTP) for the control of other invasive species in other 

parts of the world. For example, Florida residents’ WTP to control invasive plants in 

state Parks (Adams et al., 2011); French households’ WTP to reduce nuisance from 
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invasive Asian ladybirds (Chakir et al., 2016); and UK households’ WTP for tree 

disease control programs in UK forests (Sheremet et al., 2017). 

We focus on the socio-economics of fox and feral cat control at a fragmented 

conservation site in southwest Western Australia (WA); Dryandra Woodland, to ensure 

the survival of two of the state’s threatened species at the site; the endangered Numbat 

(Myrmecobius fasciatus) and the critically endangered Woylie (Bettongia penicillata 

ogilbyi). The site has a high concentration of feral cats and foxes. The objectives of this 

paper are (i) to determine people’s preferences for different strategies to control fox 

and feral cat populations in Dryandra Woodland, and (ii) to quantify the non-market 

values of Numbats and Woylies in monetary terms.  

We use a discrete choice experiment (DCE) to estimate non-market values 

associated with additional fox and feral cat control for Numbat and Woylie 

conservation. The DCE was carried out in collaboration with the Department of Parks 

and Wildlife (DPaW), Western Australia. Results of this survey may be used to inform 

conservation policies for fox and feral cat control in Western Australia.  

4.3 Methodology 

4.3.1 Conservation site 

Dryandra Woodland is a conservation site about 160 km south-east of Perth, 

WA (Figure 4.1). It exists as 17 discrete fragments scattered across 50 km with a total 

area of 28,066 hectares with blocks ranging from 87 to 12,283 hectares (DEC, 2011). It 

is surrounded by farmland and has a high concentration of feral cats and foxes. Being 

extremely fragmented, it has a high perimeter to area ratio which makes the 

implementation of fox and feral cat control challenging. Apart from supporting the 

largest area of remnant vegetation in the region, the Woodland has high conservation 

value as it is home to over 200 native vertebrate species (DEC, 2011). It is one of two 
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sites in Australia with original populations of the endangered Numbat, and one of three 

sites supporting original populations of the critically-endangered Woylie (de Tores and 

Marlow, 2012), and is the only conservation site with original populations of both 

Numbats and Woylies—the species of interest in our study. Along with biodiversity 

conservation, the Woodland is used for recreation, timber production, and Aboriginal 

land use (DEC, 2011). The importance of the Woodland for conservation and cultural 

uses mean that its management is also likely to be of interest to the broader WA 

community.  

 

Figure 4.1. Location of Dryandra Woodland relative to Perth and Western Australia 

 

Both Numbats and Woylies were widely distributed prior to European arrival in 

Australia, with Woylies distributed across the continent south of the tropics (Figure 4.2). 

The population of Numbats in Dryandra Woodland declined from about 800 mature 

individuals in 1992 to about 80 at present (J.A. Friend, DBCA, pers. comm.). The 

population of Woylies in the Woodland declined from about 30 000 mature individuals 

in 2001 to about 2,000 at present (A.F. Wayne, DPaW, pers. comm.). Natural native 

predators of Numbats and Woylies include the western quoll (Dasyurus geoffroii), 
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Carpet Pythons, and raptors. Along with land clearing, predation by foxes and feral cats 

remain key processes that threaten the survival of both species (Yeatman and Groom, 

2012, DPaW, 2017). Numbats are listed as Endangered (DPaW, 2017) since their 

population is small and declining, with less than 1,000 mature adults currently present 

in the wild including the 80 at Dryandra Woodland. Woylies are listed as Critically 

Endangered (Yeatman and Groom, 2012) as their population declined by over 90% 

since 1999, with about 15,000 mature adults currently present in the wild including the 

2,000 at Dryandra Woodland. Currently, translocations of Numbats bred in captivity at 

Perth zoo, and translocations of Woylies from natural populations at the Upper Warren 

region in WA, are carried out to augment their wild populations at Dryandra Woodland 

and to increase their genetic diversity (Friend, 2014, Wayne and Wnuk, 2015). 

 

 

Figure 4.2. Past and current Numbat and Woylie distribution sites in Australia. Numbat 

and Woylie distribution maps adapted from Cooper (2011), and Yeatman and Groom 

(2012), respectively. 
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4.3.2 Control strategies for foxes and feral cats in Dryandra 

Woodland 

Lethal baiting using the poison sodium monofluoroacetate (compound 1080) 

encapsulated in dried meat is the primary strategy to control foxes and feral cats in 

Dryandra Woodland. 1080 is a pesticide widely used in many countries for the control 

of invasive vertebrate species (Littin et al., 2009). 1080 baiting has by far been the 

most effective technique in reducing fox and feral cat populations on Australian islands 

and in reserve sites across mainland Australia (Algar et al., 2002, Twyford et al., 2000, 

Moseby and Hill, 2011, Saunders et al., 2010). 1080-poisoned meat baits work very 

well in a WA context because non-native species including foxes and feral cats are 

highly susceptible as well as intolerant to the poison. Native species of southwest WA 

have coexisted with fluoroacetate-bearing native plants for several thousand years and 

are therefore tolerant to the poison (King et al., 1978, Twigg and King, 1991). Currently, 

the baits for foxes, called Probait®, are salami-like sausages injected with 1080 and 

then dried to make them hard and less appetizing for native species. The baits for feral 

cats, called Eradicat®, are smaller and moister 1080-infused sausages. Although 

monthly fox baiting with 1080-poisoned meat baits has been ongoing since 1989 at 

Dryandra Woodland, a simultaneous feral cat baiting program was not carried out until 

2015.  

Other strategies that are being carried out by DPaW on a smaller-scale, or 

being considered for implementation at Dryandra Woodland, include trapping, fencing 

and community engagement. Trapping using padded leg-hold or cage traps is carried 

out occasionally in certain sections of the Woodland but not on a broad-scale. Fencing 

parts of the Woodland is also being considered. The size and the number of fenced 

areas are under consideration but fenced areas may be as large as 12,500 hectares. 
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Since foxes and feral cats can move between surrounding private land and the 

Woodland, it makes sense to also implement fox and feral cat control on surrounding 

private land. The community engagement strategy, therefore, encourages fox and feral 

cat control by the landholders on surrounding private agricultural land. It involves 

providing equipment and training to landholders about fox and feral cat control and may 

potentially involve funding for surrounding landholders to cover costs of carrying out fox 

and feral cat control on their property. 

4.3.3 Attribute selection for the discrete choice experiment 

Discrete choice experiments (DCEs) are a well-established method that can be 

used to measure the social welfare impacts of a change in (environmental) policy. They 

provide a framework to help guide decision-making by revealing which aspects of the 

policy are most preferred by people. DCEs have been used to determine non-market 

values for many species around the world (Boxall et al., 2012, Decker and Watson, 

2016, Jin et al., 2010, Langford et al., 2001, Loomis and Ekstrand, 1997). They have 

also been used to measure social welfare for various conservation processes 

(Johnston and Duke, 2007, Hanley et al., 2010, Rogers, 2013b). 

In DCEs, respondents are presented with choice sets that describe the impacts 

of two or more hypothetical policy alternatives on a set of characteristics (called 

attributes). These attributes capture the outcomes of each policy alternative. One of the 

attributes included is typically the cost of the policy to the respondent. The attributes 

are ascribed different levels which vary between the alternatives. Respondents are 

asked to select their most preferred alternative from the ones in a choice set, implicitly 

making trade-offs between the levels of the various attributes. 

The attributes and levels for our choice experiment (Table 4.1) were decided 

after extensive consultations with the DPaW. Since the aim of fox and feral cat control 

in our study was to increase the survivability of Numbats and Woylies at Dryandra 
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Woodland, Numbat and Woylie populations were included as attributes in the choice 

experiment along with strategies to control fox and feral populations and cost25.  

The levels for Numbats and Woylies represented a low (status quo), medium, or 

high increase in the populations of mature adults in five years’ time. Estimates were 

provided by conservation experts at the DPaW. A low, medium, and high increase for 

Numbats was defined as 100, 250, and 400 mature individuals respectively (from the 

current level of 80), and 2,500, 5,000 and 7,500 mature individuals for Woylies (from 

the current level of 2,000). The status quo option in our DCE was the continuation of 

DPaW’s current 1080 baiting program in Dryandra Woodland. This is expected to lead 

to a low increase in Numbat and Woylie populations (to 100 and 2,500 individuals 

respectively) at zero cost.  

The control strategies included every combination of the following four 

strategies, which were selected by the DPaW as the most feasible to implement in the 

Woodland: 1080 baiting, fencing, trapping, and community engagement. It was implicit 

that management effort would be increased to improve the conservation outcome 

(higher Numbat and Woylie numbers). 

  

                                                
25 A reviewer suggested that management strategies could also have been used as labels in the DCE. We included the 
management strategies as attributes because we are explicitly interested in people’s preferences for different fox and 
feral cat control strategies, and in their trade-offs between attributes. It has been shown that unlabelled DCEs are more 
suitable to investigate trade-offs between attributes than labelled experiments (de Bekker-Grob et al., 2010, Chakir et 
al., 2016).   
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Table 4.1. Attributes and levels used in the Dryandra Woodland discrete choice 

experiment 

Attribute Description Levels Variable Name 
Management 
strategy 

Strategy to control fox and feral cat 
populations in Dryandra Woodland 

1080 baiting 1080  
(current strategy) 

Trapping TRAP 
Fencing FENCE 
Community engagement CE 
   + combinations of the 
above (15 levels in total) 

 

  

Numbat Numbat population in 5 years' time 
in Dryandra Woodland 

100 NUM100  
(status quo) 

  250 NUM250 

  400 NUM400 

Woylie Woylie population in 5 years' time 
in Dryandra Woodland 

2,500 WOY2500 
(status quo) 

  5,000 WOY5000 

  7,500 WOY7500 

Costa Annual cost to West Australian 
households each year for the next 
5 years 

$0, $20, $50, $100, $150, 
$250, $400 

COST 

Notes: Variables are dummy coded where they = 1 if selected; 0 otherwise; aCost modelled as a continuous variable 
with $0 representing the status quo 

 

Focus group testing was carried out in August 2016 with two focus groups of 

ten participants each. The focus groups tested the survey questionnaire for clarity of 

the wording, the number of choice questions considered suitable to answer before 

mental fatigue set in, and the number of alternatives deemed adequate for each choice 

question. We also tested the appropriateness of the pictures included in the survey. 

Participants were shown pictures related to foxes and feral cats preying on native 

species, the control strategies (including images of animals caught in traps), and of 

Numbats and Woylies. The images that were included in the survey were those that 

participants considered to be a realistic representation of what is happening in the 

area, and that did not induce an emotive response (e.g. warm and cuddly towards the 

native species). 

Following Rolfe and Windle (2012), we used a combination of increased taxes, 

increased council rates, and increased prices of certain goods and services as the 

payment vehicle in order to avoid a protest response relating to any particular payment 
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vehicle. This mix of payment vehicles also ensured that it would be applicable to the 

broader population that we were sampling to include those who do not pay taxes but 

for whom higher prices of goods might be a more realistic payment (Johnston et al., 

2017). Respondents were told that higher Numbat and Woylie numbers could be 

achieved by increasing fox and feral cat control using a combination of strategies. 

However, funds from all WA households would need to be collected to implement these 

strategies. Payment was stated to be annually for the next five years. The maximum 

levels of the cost attribute were based on the focus group discussions, with bids 

ranging from $0 – $50026. 

4.3.4 Survey design 

The survey was designed in Ngene (Choice Metrics Pty. Ltd.) using a D-

efficient main effects design. The priors for management were set to zero because 

there was no consistent evidence about whether preferences would be positive or 

negative toward the various invasive predator control strategies. The priors for Numbat 

and Woylie conservation were kept positive and that for cost was kept negative. The 

design included 24 choice scenarios divided into four blocks of six choice questions 

each. Each respondent was randomly allocated one of the blocks. Each question had 

four unlabelled alternatives (A, B, C and D). Alternative A was the status quo with 1080 

baiting as current strategy, a low improvement in Numbat and Woylie numbers (100 

and 2,500, respectively), and no additional annual cost to respondents. The other three 

alternatives presented additional strategies (alone or in combination) and potential 

improvements in Numbat and Woylie numbers, at a cost to the respondent. 

The choice experiment survey was programmed online (Qualtrics LLC, Provo, 

UT, USA) with three sections. The first included background information on Dryandra 

Woodland, Numbats, Woylies, foxes and feral cats, and about the various control 

                                                
2626 All $ expressed in 2016 Australian dollars. 
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strategies. Respondents were also asked about their familiarity with the conservation 

site, their prior knowledge of the threatened species, foxes, and feral cats. The second 

section described the need to improve Numbat and Woylie populations by 

implementing additional fox and feral cat control strategies and introduced the payment 

vehicle. It then described the management outcomes on Numbat and Woylie 

populations (low, medium, and high population increases) and showed an example 

choice question. Respondents then answered six choice questions. The last part of the 

survey contained debriefing questions about the choice experiment, questions related 

to attribute nonattendance, on membership with conservation organizations, and on 

socio-demographics. Respondents who had selected the status quo (no-cost 

alternative) in all six choice questions were asked their reason for doing. This meant to 

ascertain whether the respondent holds a true-zero value for the attribute(s) or whether 

they ‘protested’ against the payment vehicle or against having to pay—in which case 

their true values may not be zero (Barrio and Loureiro, 2013). An example survey 

instrument presented to the general public sample is provided in the supplementary 

material for this chapter (Chapter 9). 

Before being shown the choice questions, respondents were presented with a 

’consequential script’ similar to that described in Rogers (2013a), which stated that the 

findings of the study may be used to inform policies and practices for managing fox and 

feral cat populations at conservation sites in WA. Consequential statements are 

recommended to reduce hypothetical bias towards stated preference survey questions 

and encourage honest responses (Johnston et al., 2017). 

We also tested the influence of photographs on willingness-to-pay (WTP) for 

improved conservation. The use of photographs in non-market valuation and their 

influence on WTP estimates has been unresolved since the NOAA Panel Report on 

Contingent Valuation by Arrow et al. (1993) (Shr and Ready, 2016). There are very few 

non-market valuation studies that test differences in people’s WTP when they are 
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shown photographs of the attributes in question. Labao et al. (2008) found coloured 

photographs to be value-enhancing compared to black and white ones, while Shr and 

Ready (2016) concluded that respondents have a higher WTP when shown both 

images and text rather than only images or only text. This paper contributes to the 

discussion on the use of photographs in non-market valuation surveys. We explored 

whether showing respondents images of the threatened species (Numbats and 

Woylies) in the choice sets would influence their WTP for increasing populations of the 

species. A split-sample design was employed where half the respondents saw choice 

sets with attribute levels as text only, while the other half included photographs of 

Numbats and Woylies in the choice sets as well as the text (Figure 4.3). 

The survey was administered via an online internet panel managed by an online 

market research company to a sample of the WA population in December 2016. The 

sample was stratified to ensure that it was representative of the WA population in terms 

of age, gender and education. Respondents from the local area were not included in 

the analysis presented in this paper because their experiences and preferences are 

likely to be significantly different from the general WA population.27  

 

                                                
27 A sample was also drawn from the communities surrounding the conservation site. However, that analysis will be 
presented elsewhere. 
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Figure 4.3. Example choice question with images of the species. For respondents who 

were not shown images in their choice sets, the images of Numbats and Woylies were 

not included. 

 

4.3.5 Data analysis 

The survey data was analysed using Stata/IC 14 (Statacorp LLC, USA). 

Conditional logit and mixed logit models were estimated. In the initial models28, all 

variables and interactions were considered, and these were refined step by step to 

arrive at the final model that included only significant attribute level variables and 

interactions. The mixed logit model is used in our analysis, as this model can account 

for preference heterogeneity across respondents by estimating the coefficients as 

random parameters that follow a distribution specified by the researcher. Conditional 

                                                
28 Results of initial conditional logit and mixed logit models where only attributes and their levels were considered are 
provided in Chapter 9 (Table 9.1 and Table 9.6). 
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logit models are detailed in McFadden (1974). Train (2009) and Hensher and Greene 

(2002) provide a comprehensive description of mixed logit models. Likelihood ratio 

tests were performed to determine models’ goodness of fit. Insignificant variables and 

interactions were omitted from the final models. We estimated respondents’ marginal 

willingness to pay (WTP), also called the implicit price or part-worth, for an attribute as: 

𝑊𝑇𝑃𝑘  =
−𝛽𝑘

𝛽𝐶
        (4.1) 

Where, βk and βC are the coefficients of the attribute k and cost C, respectively.  

For the mixed logit models, we specified a normal distribution on all attributes 

except cost, which was kept fixed to avoid behaviourally implausible positive estimates 

on costs. An alternative specific constant (ASC) was included for the status quo 

alternative. The ASC measures the utility associated with the status quo alternative that 

cannot be explained by other variables included in the model. Two dummy variables 

(each) were used for the Numbat and Woylie attributes– one representing a medium 

level gain (250 and 5,000, respectively) and the other representing the high level gain 

(400 and 7,500, respectively) compared to their status quo levels. Wald tests29 were 

used to determine whether the medium- and high-level coefficients for the species’ 

attribute levels were significantly different from each other. 

4.4 Results 

We obtained 500 completed surveys from the West Australian population. Sample 

demographics were in line with WA demographics, with an almost equal number of 

females and males (Table 4.2) but slightly older and better educated respondents than 

the general population of WA.  

  

                                                
29 The Wald test evaluates the degree to which the explanatory power of the restricted model (where the coefficients of 
the attribute levels are confined to be equal to each other) would differ from the unrestricted model having no such 
limitations (Rogers, 2013b). 
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Table 4.2. Socio-demographic characteristics of respondents. 

Characteristic 
Number of respondents 

(% of total surveyed) 
WA 

population 

Gender   

Males 256 (51.2%) 50.6 (%) 

Females 244 (48.8%) 49.4 (%) 
   

Region   

Perth Metropolitan Area 389 (77.8%) 78.3 (%) 

Regional 111 (22.2%) 21.7 (%) 
   

Average age of respondents 46.3 36* 

Average annual income of respondents 93,989 69,056 
   

Respondents with prior knowledge of   

Dryandra Woodland 100   (20.0%)  

    Dryandra Woodland & who had visited the site 65   (13.0%)  

Numbats 427   (85.4%)  

    Numbats had seen & a live Numbat 267   (53.4%)  

    Numbats & aware of threat status 230   (46.0%)  

Woylies 177   (35.4%)  

    Woylies & had seen a live Woylie 93   (18.6%)  

    Woylies & aware of threat status 117   (23.4%)  

The threat of foxes to native species 409   (81.8%)  

The threat of feral cats to native species 410   (82.0%)  

Members of species' conservation organizations 147   (29.4%)  

Prior or current involvement in fox and/or feral cat control 79   (15.8%)  

* Median age 

 

One-fifth of all respondents knew about Dryandra Woodland as a conservation 

site prior to the survey (Table 4.2). Of the 100 people who knew the site, 65% had 

visited it, with 40% visiting it once in the past 5 years. A larger proportion of the sample 

(85.4%) had prior knowledge of Numbats than of Woylies (35.4%). Of the 427 

respondents with prior knowledge of Numbats, 62.5% had seen a live Numbat either in 

the wild or in the zoo and 54% were aware of their populations being in decline. Of the 

177 respondents with prior knowledge of Woylies, 52.5% had seen a live Woylie either 

in the wild or in the zoo and 66% were aware of their populations being in decline. The 

majority of respondents were aware of the predatory threat of foxes (81.8%) and feral 

cats (82%). 

There were 30 respondents who protested against having to pay (see Section 

4.3.4). Most protesters (19) disagreed with paying for conservation and felt that it was 



Chapter 4 Public preferences for conservation management in Western Australia 

95 
 

the duty of the government to pay for it. Five respondents did not feel qualified to make 

the decisions and five did not want to make choices between the given options. 

Following regular practice in the DCE literature, these protest responses were removed 

from further analysis. 

Interaction of the ASC with covariates such as age, gender, income, residence 

in the Perth Metropolitan Area, prior knowledge of Dryandra Woodland and predatory 

threat of foxes and feral cats, conservation organization membership or support, prior 

or current involvement in fox and/or feral cat control were not found to be significant. 

Only interacting the ASC with respondents who felt that their responses would 

influence future policy decisions (ASCxPOLINF) was significant in the final model 

(Table 4.3). Respondents with prior experience with fox and/or feral cat control did not 

have significantly different preferences for strategies compared to respondents with no 

previous experience. Therefore, prior experience with fox and/or feral cat control was 

not included as a variable in the final model. 

We tested the influence of including Numbat and Woylie images on the 

propensity to choose the status quo and on the WTP for increased Numbats or Woylie 

populations. None of these interactions were found to be significant and were therefore 

omitted from further analysis.  

Likelihood ratio tests established that mixed logit models fit our data better than 

conditional logit models. We will therefore discuss the results of the final mixed logit 

model (Table 4.3). Respondents who believed that their choices would influence future 

conservation policies30 were more likely to choose one of the conservation strategies 

over the status quo option, as indicated by the negative coefficient on ASCxPOLINF31. 

Preference for the status quo itself was not significant (no significant coefficient on the 

                                                
30 The variable ‘POLINF’ captures respondents’ agreement to the question “How likely you think it is that the results of 
this study will influence future policy decisions about fox and feral cat management” measured as -1 = very/somewhat 
unlikely, 0 = neither likely nor unlikely, and 1 = somewhat/very likely. 
31 A reviewer commented on this result, querying the consequentiality of the survey. This outcome does not necessarily 
suggest that respondents did not answer the questions honestly. Instead, it shows that some respondents have no faith 
that policy makers will listen to the results of this study. As one might expect, those respondents were more likely to 
choose the status quo where no policy changes would occur.  
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ASC). However, the standard deviation on the ASC, which captures heterogeneity in 

respondents’ preferences, was large (3.133), showing highly variable preferences for 

the status quo.  
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Table 4.3. Final Mixed logit model with standard errors of the coefficients 

Variable Coefficient Standard Error Probability 

COSTa -0.007 0.001 0.000 

ASCb -0.431 0.321 0.178 

ASCxPOLINF -1.023 0.363 0.005 

NUM250xDK -0.060 0.226 0.792 

NUM400xDK -0.241 0.283 0.395 

NUM250xKNOW 0.480 0.094 0.000 

NUM400xKNOW 0.488 0.123 0.000 

WOY5000 0.476 0.086 0.000 

WOY7500 0.297 0.113 0.009 

TRAP 0.422 0.222 0.058 

TR+CE 0.962 0.208 0.000 

1080+FE+TR 0.596 0.244 0.014 

1080+FE+CE 0.292 0.243 0.229 

1080+TR+CE 0.696 0.239 0.004 

FE+TR+CE 0.749 0.255 0.003 

FENCE 0.605 0.261 0.020 

CE -0.656 0.391 0.093 

1080+FE -0.177 0.270 0.512 

1080+TR 0.233 0.207 0.261 

1080+CE 0.414 0.234 0.078 

FE+TR 0.577 0.246 0.019 

FE+CE 0.374 0.308 0.225 

1080+FE+TR+CE 0.674 0.262 0.010 
    

Standard deviation    

ASCb 3.133 0.230 0.000 

NUM250xDK 0.756 0.336 0.024 

NUM400xDK 1.290 0.352 0.000 

NUM250xKNOW 0.351 0.272 0.196 

NUM400xKNOW 1.274 0.155 0.000 

WOY5000 -0.080 0.169 0.636 

WOY7500 0.981 0.129 0.000 

FENCE 1.635 0.309 0.000 

CE -2.634 0.428 0.000 

1080+FE 1.688 0.352 0.000 

1080+TR 0.563 0.351 0.108 

1080+CE 0.905 0.265 0.001 

FE+TR 1.268 0.298 0.000 

FE+CE -1.502 0.348 0.000 

1080+FE+TR+CE 1.801 0.589 0.002 

    

# of choice observations 11,280   

Log likelihood -3169.61   

AIC 6415.23   

BIC 6693.80   

Notes: aAnnual for the next five years; b Alternative specific constant = 1 for the status quo option;  
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Having prior knowledge of Numbats (yes/no) was interacted with the discrete 

Numbat attribute levels. Variables NUM250xDK and NUM400xDK capture the 

preferences of respondents without prior knowledge of Numbats for 250 and 400 

Numbats respectively (relative to the status quo). NUM250xKNOW and 

NUM400xKNOW capture the preferences of respondents with prior knowledge of 

Numbats for 250 and 400 Numbats. Respondents without prior knowledge of Numbats 

were indifferent to population increases (NUM250xDK and NUM400xDK were not 

significant), whereas respondents with prior knowledge of Numbats significantly 

preferred higher Numbat populations than the status quo level (NUM250xKNOW and 

NUM400xKNOW both positive and significant— Table 4.3). The coefficients on 

NUM400xKNOW and NUM250xKNOW were not significantly different from each other 

(p= 0.952). This suggests that, while respondents preferred an increase in population 

from the status quo, they are—on average—indifferent between increases to 250 or 

400 Numbats. 

Even the significant standard deviations on the NUM250xDK and NUM400xDK 

coefficients indicate that among respondents without prior knowledge of Numbats there 

was considerable preference heterogeneity for increasing Numbat populations to 250 

or 400. Among those with prior knowledge, there was significant heterogeneity in 

preference for increasing Numbat populations to the highest level (400) as indicated by 

the significant standard deviation on NUM400xKNOW.  

Unlike Numbats, respondents’ preferences for higher Woylie numbers (both 

5,000 and 7,500) were not influenced by prior knowledge of the species. We therefore 

did not include prior knowledge of Woylies in the final model. Increases in Woylie 

populations over the status quo scenario (WOY5000 and WOY7500) were significantly 

different from zero (Table 4.3) which shows that people prefer a population increase 

over status quo levels. As with Numbats, there was significant heterogeneity in 

preference for increasing Woylie populations to the highest level (7,500) as indicated 
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by the significant standard deviation on WOY7500 (Table 4.3).  The coefficients of 

WOY5000 and WOY7500 were significantly different from each-other (p= 0.089) 

indicating that respondents decidedly preferred a medium increase (5,000 Woylies) 

over a high increase (7,500 Woylies) (as shown by the smaller coefficient estimate for 

WOY7500).  

Coefficients for all predator control strategies except two were positive and 

significant at the 90% level of confidence or above (Table 4.3). Trapping and fencing 

were preferred over the status quo strategy of 1080 baiting, while the coefficient on 

community engagement on its own was negative (respondents did not prefer this 

strategy over 1080 baiting). Combinations of strategies generally had the largest 

coefficient estimates, with the combination of trapping + community engagement 

(TR+CE) being the most preferred, followed by fencing + trapping + community 

engagement (FE+TR+CE) and 1080 baiting + trapping + community engagement 

(1080+TR+CE). There was little preference heterogeneity towards trapping, trapping + 

community engagement, and combinations involving three strategies. Therefore, 

coefficients for these strategies were kept fixed in the final model. Respondents did 

show significant variation in preferences for some of the other predator control 

strategies. For example, even though 1080 baiting plus fencing (1080+FE) was not 

significantly preferred over 1080 baiting alone, there was considerable heterogeneity in 

preference for these strategies as seen by their large standard deviations. There was 

considerable variation in preference for the combination of all four strategies in spite of 

it being significantly preferred over the status quo of 1080 baiting.  

Marginal WTP (part-worths) were calculated for increases in Numbat and 

Woylie numbers using the ‘nlcom’ command in STATA (Table 4.4). These confirm that 

respondents were indifferent to population increases in Numbats over the baseline, 

with WTP estimates for medium or high increases not being significantly different from 

each other. Respondents who have prior knowledge of Numbats are, on average, 
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willing to pay $0.22 per Numbat (per year for five years) for an increase from the status 

quo of 100 to 400 Numbats, with WTP being $0.43 per Numbat for an increase from 

100 to 250 Numbats, and only $0.007 per Numbat for an increase from 250 to 400 

Numbats. In the case of Woylies, respondents have a higher WTP for a medium 

increase than for a high increase. Respondents are willing to pay, on average, $0.008 

per Woylie for an increase from 2,500 to 7,500 Woylies, with the WTP for the first 

increase from 2,500 to 5,000 Woylies being $0.025 per Woylie. These numbers may 

appear small, but remember that populations consist of several hundred Numbats and 

several thousand Woylies, which means that an increase in Woylie population from 

2,500 to 5,000 has a part-worth of $63.72 ceterus paribus. 

Table 4.4. Annual marginal willingness to pay (MWTP) per household in 2016 

Australian dollars, along with the standard error, and 95% confidence intervals (CI) for 

all significant attributes and levels above the status quo. 

 

Variable MWTP Standard Error 95% CI 

NUM250xKNOWa 64.30 12.41*** (39.98 - 88.62) 

NUM400xKNOWa 65.29 15.66*** (34.60 - 95.99) 

WOY5000 63.73 10.66*** (42.83 - 84.63) 

WOY7500 39.75 14.20*** (11.93 - 67.58) 

FENCE 80.98 34.92** (12.55 - 149.42) 

TRAP 56.45 29.20* (-0.78 - 113.68) 

CE -87.86 52.64* (-191.03 - 15.31) 

1080+CE 55.37 31.05* (-5.48 - 116.22) 

FE+TR 77.33 32.68** (13.29 - 141.37) 

TR+CE 128.76 27.49*** (74.88 - 182.64) 

1080+FE+TR 79.84 32.59** (15.97 - 143.71) 

1080+TR+CE 93.20 31.73*** (31.01 - 155.40) 

FE+TR+CE 100.34 33.73*** (34.23 - 166.46) 

1080+FE+TR+CE 90.25 35.57** (20.54 - 159.96) 

Notes: a For respondents with prior knowledge of Numbats; *, **, *** denote significance at the 90%, 95% and 99% level 
of confidence, respectively. 
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4.5 Discussion and Conclusions 

This study seeks to determine preferences for, and quantify part of the benefits 

of, fox and feral cat control. To the best of our knowledge, there has been very little 

research in this area. Clapperton and Day (2001) performed a cost-effectiveness 

analysis on fencing versus lethal control for stoat control at a recovery site in New 

Zealand but did not account for social welfare impacts of these strategies. de Tores 

and Marlow (2012) investigated the relative merits of fencing versus fox-baiting, but 

treated benefits in a qualitative rather than quantitative manner. Including costs, 

benefits, and social preferences in an analysis provides valuable information for more 

efficient decision-making. 

In line with previous valuation studies on threatened species we find that WA 

community members hold a positive value for an increase in Numbat and Woylie 

populations over their status quo levels. Respondents are willing to pay $0.22 per 

Numbat (per year for five years) for an increase from 100 to 400 Numbats and $0.008 

per Woylie for an increase from 2,500 to 7,500 Woylies annually. It seems that 

Numbats are more highly valued, per individual, than Woylies. This may be because a 

lot more respondents (about 85%) had prior knowledge of Numbats compared to 

Woylies (about 35%). The familiarity of respondents with Numbats is due to the 

Numbat being WA’s faunal emblem. Indeed, previous studies (Metrick and Weitzman, 

1996, Colleony et al., 2017, Morse-Jones et al., 2012) have found that the charisma of 

a species is a significant determinant of willingness to pay. Additionally, there have 

been multiple campaigns by the State Government and advocacy groups (for example, 

Project Numbat) to educate the public about Numbat recovery. The same is not true for 

the Woylie, even though the species’ is critically endangered. Following these findings, 

conservation agencies could consider using a charismatic species to obtain funding for 

conservation programs that also target other species. 
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A further reason for the value difference between the two species lies in the 

absolute numbers of the species’ populations, rather than their threat status. Although 

respondents were reminded about the critically endangered status of the Woylie, they 

may have thought that the absolute number of 5,000 Woylies protected by the medium 

level increase is sufficiently high simply because it is a large number (even though that 

number is only one-sixth of the 2001 Woylie population in Dryandra Woodland). 

Numbat populations, on the other hand, are much lower with just 80 mature adults left 

in Dryandra Woodland, which sounds more dramatic and may have therefore attracted 

higher values. 

For Numbats, there was no difference between the value estimates for 250 or 

400 Numbats. This indicates that respondents want to see an improvement in Numbat 

populations over the baseline, but are indifferent between a medium or a high increase. 

For Woylies, people valued the first step increase in populations higher than the 

second (equal) step. This indicates that, while they derive positive utility from an 

increase in Woylie population, that utility is lower when the population increases are 

very high. Future choice experiment studies could use more than three attribute levels 

to obtain more accurate information about the marginal utility that people receive from 

different levels of threatened species’ populations. 

As far as predator control strategies are concerned there emerged no clear single 

‘winner’. With the exception of community engagement on its own, and 1080 baiting + 

fencing combined, all strategies were preferred over the status quo strategy of 1080 

baiting. The positive willingness to pay for most conservation strategies shows that 

respondents prefer those over the current program of 1080 baiting. It may be that 

respondents view strategies with 1080 baiting as cruel and are therefore not supportive 

of them. The use of 1080-poisoned meat baits is contentious owing to the perceived 

inhumaneness of the poison on pest animals and on unintended non-target species 

including pet dogs (Marks et al., 2004). The visible signs of fluoroacetate poisoning 
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(see Sherley (2007)) may be distressing to onlookers and usually interpreted as the 

animal being in pain and distress (Marks et al., 2000). This means that conservation 

managers may need to consider alternative strategies to 1080 baiting if they wish to 

increase public support for fox and feral cat control. Indeed, we show that the most 

preferred predator control strategies were those combinations that included trapping 

and community engagement (TR+CE, FE+TR+CE, 1080+TR+CE, 1080+FE+TR+CE). 

Our results provide a clear message for conservation managers that—if they wish to 

increase social welfare from their policies—they should (i) use multiple strategies 

instead of just one strategy, and (ii) include trapping and community engagement in the 

combination.  

This study investigated people’s preferences for fox and feral cat control 

strategies to ensure the survival of native WA species, and aimed to estimate the 

values that people place on two native threatened species: Numbats and Woylies. We 

found significant support among the WA population for a medium increase in the 

species’ numbers. Including photographs of the species in the choice sets did not 

significantly affect people’s WTP for species’ conservation. We recommend that 

conservation policy makers use a combination of strategies to control foxes and feral 

cats over the use of a single strategy to increase social welfare and include trapping 

and community engagement in the combination. 
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5.1 Abstract 

We examined preferences for fox and feral cat control for threatened species’ survival 

at a fragmented conservation site in Western Australia. Stakeholders included the 

Western Australia general public, agricultural landholders directly bordering the site, 

the broader community surrounding the site, species’ conservation experts. A discrete 

choice experiment with the following attributes was used: increased populations of the 

focal species being protected at the site—Numbats and Woylies, fox and feral cat 

control strategies (1080 baiting, fencing, trapping, and community engagement), and 

the cost of implementing control strategies. Through scale-adjusted latent class 

models, we identified four preference classes, which did not neatly match the sample 

that the respondent belonged to indicating that sample was not the best determinant of 

class membership. Class membership was, instead, explained by individual 

characteristics —respondents’ support (financial/volunteering) for 

environmental/species conservation organisations, and their involvement (prior or 

current) in fox and/or feral cat control. Most respondents (65%) preferred a combination 

of strategies to control foxes and feral cats over strategies implemented as stand-alone 

management. Interestingly, there was also a class of respondents who only preferred 

the no-cost status quo 1080 baiting strategy, as well as a class significantly averse to 

1080 baiting. On balance, we suggest that conservation managers use combinations 

with minimal1080 baiting to maximise benefits to society, and to target communication 

campaigns towards the segment that is unwilling to pay. 

Keywords: endangered species; non-market valuation; scale-extended latent class; 

social benefits 
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5.2 Introduction 

Conservation policies are most successful when they are informed by the attitudes 

and preferences of affected stakeholders. Stakeholders can include local communities 

living in close proximity to the conservation site, the general public, as well as 

conservation experts. While stakeholder consultation allows decision-makers and 

conservation managers to gauge public support (or opposition) for different policies 

(Decker and Bath, 2010), it is impractical and expensive to undertake detailed public 

consultation for every conservation policy (Rogers et al., 2015). Instead, policy makers 

often rely on conservation experts for scientific advice (Rogers et al., 2017). Expert 

opinions, however, may not adequately align with those held by the general public 

because of (a) a difference in awareness and understanding of the issue, or (b) a 

genuine divergence in public and expert values (Maguire, 2004). A significant 

divergence in expert and public preferences could adversely affect public support for 

conservation policies (Rogers et al., 2013). It is therefore useful for conservation 

managers and policy makers to know whether expert and public preferences diverge 

for significant or expensive conservation decisions and, if so, how.  

The preferences of the general public cannot be treated homogeneously either. 

Research has found preferences for conservation policies to differ between people 

living in close proximity to a conservation site and those living far away from such sites 

(Chambers and Whitehead, 2003, Ericsson et al., 2008). Distance decay effects—

where willingness to pay for environmental improvements is lower the further one lives 

away from the conservation site—have also been documented (Hannon, 1994, Pate 

and Loomis, 1997, Sutherland and Walsh, 1985). Therefore, spatial heterogeneity of 

public preferences also needs to be understood if policy makers wish to maximise the 

social welfare of conservation policies.  
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Our study employs a discrete choice experiment (DCE) survey to explore potential 

differences between stakeholders’ preferences for native species and introduced 

invasive predator (specifically, fox and feral cat) control at a fragmented conservation 

site in rural Western Australia (WA). DCEs are a suitable technique for our purpose 

because they allow the preferences of multiple stakeholder groups to be directly 

compared (Carlsson et al., 2011). There is no guidance in the literature to predict 

potential differences in opinions between multiple stakeholders. Some DCE studies 

have found limited differences in the values and priorities of public and experts in the 

contexts of risk reduction, the provision of public rights of way, marine conservation, 

and flood impact mitigation—(Carlsson et al., 2012, Colombo et al., 2009, Rogers, 

2013, Spegel, 2017). Others studies have found expert values to be higher for marine 

and atmospheric environmental quality (Carlsson et al., 2011), while Norden et al. 

(2017) observed members of the general public to have significantly higher values than 

expert forest managers and officials for forest biodiversity and its protection.  

In a DCE, one can account for potential differences in preferences between 

stakeholder groups in multiple ways. One could split the overall sample into several 

samples, for example public and experts (Carlsson et al., 2011, Colombo et al., 2009, 

Norden et al., 2017, Spegel, 2017), or include the respondent’s group as an 

explanatory variable in the model. Both of these ways presume a priori that 

respondents within each sample or group would have relatively uniform preferences. 

Random parameter logit models (Train, 2009) could account for within-group 

preference heterogeneity, but there is still an a priori assumption that respondents 

belong to one particular sample or the other. 

In this paper, we compare preferences across different groups of stakeholders 

without a priori assigning respondents to different groups. We account for preference 

heterogeneity within and between samples by using a scale-adjusted latent class 

(SALC) model (Magidson and Vermunt, 2007). SALC models (sometimes called ‘scale 
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extended latent class models’) account for preference heterogeneity in the sample, and 

also for scale heterogeneity32 (or response consistency) within each preference class 

(Hess and Train, 2017). Rogers et al. (2017) used this approach to model river 

conservation preferences of a general public and multiple expert samples. We broaden 

this line of study by comparing conservation experts’ opinions with multiple public 

samples: the general public of WA, farmers directly bordering the conservation site, 

and people in the wider local community surrounding the site (i.e., within 50 km). We 

test to see whether preferences are determined by the sample the respondent belongs 

to, or by an individual’s characteristics or knowledge of the issue, or because of where 

they are located. It is possible that people living near the site will have different 

preferences for conservation management compared to the general public who live 

further away since they are either directly benefitting or affected by strategies 

undertaken. For example, agricultural landholders may be expected to be more averse 

to poison baiting because of its adverse impacts that could directly affect their 

livelihood i.e., the accidental poisoning of farm dogs. Understanding the preferences of 

different stakeholder groups, especially the farmers, is important to the WA Department 

of Biodiversity, Conservation and Attractions (DBCA) to undertake management that 

increases social welfare and encourage cooperation from the surrounding community.  

Stakeholder preference assessment in conservation management is an important 

aspect in conservation policy decision-making in many places around the world such 

as the USA and Europe among others (Koontz and Hoag, 2005, Durham et al., 2014). 

As foxes and feral cats pose a predatory threat to the survival of native species around 

the world, and because management strategies assessed in this study are also used in 

other parts of the world, our insights into stakeholder preferences for various strategies 

will be internationally applicable.  

                                                
32 Scale heterogeneity is the variation across individuals in the impact on factors not included in the model to the factors 
that are included (Hess and Train, 2017).  
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5.3 Methodology 

5.3.1 Conservation site 

The conservation site, Dryandra Woodland, is located 160 km southeast of the 

Western Australian capital, Perth (Figure 5.1). It exists as 17 discrete segments with a 

total area of 280 km2 surrounded by farmland, with segment sizes ranging from less 

than 1 km2 to 125 km2 (DEC, 2011). The Woodland’s extreme fragmentation (and 

therefore high perimeter to area ratio) makes effective fox and feral cat control 

challenging. The proximity of farmland means that implementing fox and feral cat 

control requires an understanding of the preferences of farmers and local communities 

surrounding the site to maximize their social welfare and ensure their support for the 

success of conservation programs. 

The Woodland is ecologically important as it not only supports the largest area 

of remnant native vegetation in WA but is also home to over 200 native vertebrate 

species including the threatened species of interest in our study—Numbats and 

Woylies (DEC, 2011). In fact, it is one of only two sites in Australia with original 

populations of the endangered33 Numbat and one of three sites with original 

populations of the critically-endangered34 Woylie, and it is the only site with original 

populations of both these species (de Tores and Marlow, 2012). 

From being widely distributed prior to European arrival in Australia, Numbats 

and Woylies are now found only in reserves and conservation sites. Their populations 

declined due to land clearing for agriculture and urbanisation and predation by 

introduced invasive species (foxes and feral cats). The total population of wild Numbats 

was less than 1,000 mature individuals at the time of our survey (2016). This number 

includes the approximately 80 Numbats at Dryandra Woodland—a 90% decline from 

                                                
33 Under the Western Australia Wildlife Conservation Act of 1950 (DPaW, 2017). 
34 Under the Western Australia Wildlife Conservation Act of 1950 (Yeatman and Groom, 2012). 
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their population of 800 mature adults in 1992 (J.A. Friend, DBCA, pers. comm.). 

Similarly, the overall Woylie population in the wild was about 15,000 mature adults at 

the time of our survey, including about 2,000 mature adults in Dryandra Woodland—a 

93% decline from the population of 30,000 mature individuals found in the Woodland in 

2001 (A.F. Wayne, DBCA, pers. comm.). Habitat alteration and disturbance, predation 

by foxes and feral cats, altered fire regimes, and diseases remain key threats to the 

survival of these two species (DPaW, 2017, Yeatman and Groom, 2012). 

 

Figure 5.1. Location of Dryandra Woodland relative to Perth and Western Australia. 

5.3.2 Fox and feral cat control strategies 

Baiting using dried meat baits containing the poison sodium monofluoroacetae 

(compound 1080) is presently the primary strategy to control both fox and feral cat 

numbers in Dryandra Woodland. Compound 1080 works very well in the southwest of 

WA because the native animals in this region have coexisted with naturally occurring 

fluoroacetae-bearing native plants of the Gastolobium genus for millennia and are, 

therefore, tolerant of the poison (Twigg and King, 1991). Introduced invasive predators 
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such as foxes and cats are, however, easily affected by 1080, making it a suitable 

target specific poison for broad-scale use at the study site. 

Other strategies that are ongoing on a smaller scale, or that may be carried out 

at Dryandra Woodland by the DBCA, include trapping, fencing, and community 

engagement. Trapping using cage traps or soft-jaw/padded leg-hold traps is 

occasionally undertaken at the Woodland. The creation of a fenced reserve35 1,000 ha 

in area was underway at the Woodland at the time of the survey and is now complete. 

Since foxes and feral cats move between the Woodland and the surrounding farms, an 

approach to control their populations on the surrounding farmland is likely to comprise 

a community engagement strategy as well. This would potentially involve providing 

equipment (traps) and training (for 1080 user permits) to surrounding farmers to control 

foxes and feral cats on their properties. It could also involve monetary payment to the 

farmers for undertaking such actions. 

5.3.3 Discrete choice experiment (DCE) survey 

5.3.3.1 Attributes and levels in the DCE 

DCEs are a well-recognised and effective technique to quantify social welfare 

changes of policies, and have been widely used to measure the benefits of 

environmental programs around the world, including those aimed at conserving 

threatened species (Boxall et al., 2012, Han et al., 2010, Subroy et al., 2018, Wallmo 

and Lew, 2011). 

In a DCE, respondents are presented with a series of choice sets. Each choice set 

consists of two or more alternatives that describe the outcomes of an environmental 

policy. Often, one of the alternatives is a status quo situation where current policy 

continues. The outcomes of the current and proposed policies are described by 

                                                
35 Foxes and feral cats within the fenced area will first be eliminated using baiting and/or trapping and/or shooting, and 
only then will threatened native species be introduced into the fenced area. 
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different characteristics (called ‘attributes’). One of the attributes is usually the cost of 

the policy to the respondent. Attributes have different levels that vary across 

alternatives. By selecting their most preferred alternative from the choice set, 

respondents implicitly reveal the trade-offs they make between the attributes and their 

levels (Bennett and Blamey, 2001).  

The attributes and levels in this DCE were developed after comprehensive 

discussions with the DBCA. The outcome of controlling foxes and feral cats in our 

study was to ensure the survival of the focal species of the site: Numbats and Woylies. 

Therefore, attributes included Numbat and Woylie populations, control strategies that 

could be realistically implemented at Dryandra Woodland (1080 baiting, trapping, 

fencing, and community engagement), and the cost to the respondent (Table 5.1).  

The Numbat and Woylie attributes had three population levels each: 100, 250 and 

400 individuals of Numbats, and 2,500, 5,000 and 7,500 individuals of Woylies. These 

ranges were determined by conservation experts at the DBCA. The management 

attribute included every combination of the four predator control strategies selected by 

the DBCA i.e., 15 levels in total (Table 5.1). The status quo option in our choice sets 

was the present primary strategy of 1080 baiting that has been predicted to lead to a 

low level of improvement from current populations of 80 to 100 Numbats and 2,000 to 

2,500 Woylies in five years’ time, at no additional cost to the respondent. 
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Table 5.1. Attributes and levels used in the Dryandra Woodland discrete choice 

experiment 

Attribute Description Levels Variable Name 
Management 
strategy 

Strategy to control fox and feral cat 
populations in Dryandra Woodland 

1080 baiting 1080  
(current strategy) 

Trapping TRAP 
Fencing FENCE 
Community engagement CE 
   + combinations of the 
above (15 levels in total) 

 

  

Numbat Numbat population in 5 years' time 
in Dryandra Woodland 

100 NUM100  
(status quo) 

  250 NUM250 

  400 NUM400 

Woylie Woylie population in 5 years' time 
in Dryandra Woodland 

2,500 WOY2500 
(status quo) 

  5,000 WOY5000 

  7,500 WOY7500 

Costa Annual cost to West Australian 
households each year for the next 
5 years 

$0, $20, $50, $100, $150, 
$250, $400 

COST 

a All attribute levels (except cost) were dummy coded i.e., their values were 1 if they were selected and 0 otherwise; b 

The status quo represents the baseline strategy and improvements in Numbat and Woylie numbers at zero cost; c Cost 
was modelled as a continuous variable with $0 representing the status quo 

 

Our payment vehicle, which describes how the hypothetical cost is to be collected 

from respondents, was presented as a combination of increased taxes, and/or 

increased council rates, and/or increased prices of certain goods and services to avoid 

protest responses relating to any particular payment vehicle (compare Rolfe and 

Windle (2012)) . Opting for such a combination also made the costs relevant for a wider 

section of the population—for example, those who do not pay taxes but who could be 

affected by increased council rates or by increased prices of other goods (Johnston et 

al., 2017).  

Prior to designing the choice sets we conducted two focus groups in August 2016 

consisting of 10 participants each to garner feedback on several aspects of the survey: 

the amount and lucidity of information given, the payment vehicle used, and the optimal 

number of choice questions and alternatives. We also asked participants their 
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maximum annual willingness to pay for five years for the conservation scenario to 

obtain an upper bound for the cost attribute in our survey. 

5.3.3.2 Survey design and programming 

The survey was designed in Ngene (Choice Metrics Pty. Ltd.) using a D-efficient 

main effects design (Scarpa and Rose, 2008) that assumed preferences for Numbats 

and Woylies would be positive, and those for cost would be negative. Preferences for 

management parameters were set to zero since there was no information on whether 

the predator control strategies would be looked upon favourably or not. The final design 

included 24 choice sets that were blocked into four groups of six choice questions. 

Each respondent was randomly assigned to answer one of the four blocks. An example 

choice set is presented in Figure 5.2. 

 

Figure 5.2. Example choice question shown to respondents in the Dryandra Woodland 

DCE survey. 
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The survey was programmed online in Qualtrics (Qualtrics LLC, Provo, UT, USA). It 

had three sections. The first section provided information about the conservation site, 

Numbats, Woylies, the predatory threat of foxes and feral cats, and the management 

strategies to control fox and feral cat numbers at Dryandra Woodland. This section also 

asked respondents about their prior knowledge of the predatory threat of foxes and 

feral cats and prior knowledge about the endangerment of Numbats and Woylies. The 

next section provided information on possible conservation outcomes; that is, 

improvements in Numbat and Woylie populations that could be achieved by employing 

additional fox and feral cat control strategies. The payment vehicle was then 

introduced, followed by an example choice set. Respondents were then presented with 

six choice questions. The last section collected information about respondents’ 

answers to the choice questions including attribute nonattendance, socio-

demographics, membership in or support (financial or otherwise) to environmental or 

species conservation organisations and prior involvement in fox and/or feral cat control. 

Additionally, protesters were identified in this section and removed from further analysis 

as is usually done (Mitchell and Carson, 1989). An example survey instrument 

presented to the general public sample is given in Chapter 9. The surveys presented to 

the conservation experts, landholders, and the surrounding community were similar to 

the general public survey but included additional debriefing questions36 at the end.  

5.3.3.3 Survey administration 

The survey was administered online and in-person with an electronic version of the 

survey downloaded onto tablets. The general public survey was administered in 

December 2016 through a market research company’s online panel of respondents. 

The sample was stratified to ensure that it was representative of the WA population in 

terms of age, gender, education, and location (Perth Metropolitan Region versus the 

                                                
36 Conservation experts were asked about the nature and length of their expertise, direct landholders were asked about 
the implementation of fox and/or feral cat control on their farms, while the surrounding community was asked about 
farming experience in addition to questions about experience implementing fox and/or feral cat control. 
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rest of WA). Respondents from the local community of Dryandra Woodland were 

captured in the surrounding community sample and not the general public sample. 

The expert sample included ecologists from DBCA (who had not contributed to the 

development of the survey), experts from other conservation agencies in Australia 

(government and private), and researchers at Australian universities who are involved 

in introduced invasive predator (especially fox and feral cat) control or native species 

conservation. Only those experts whose contact details were publicly available were 

contacted via email. A personalized link to complete the survey was sent to 150 

experts, followed by up to three reminders.  

A total of 33 landholders were first contacted via telephone, briefed about the 

survey, and invited to participate in it. Their contact details were provided by the DBCA 

who have been working closely with landholders to implement additional fox and feral 

cat control strategies at the site. Those who agreed were emailed a personalized link to 

the survey, followed by up to two reminder emails. One landholder who requested to 

complete the survey in-person was administered the electronic version using a tablet.  

For the surrounding community, the six shire offices within 50 km of Dryandra 

Woodland were contacted and requested to forward flyers containing the link to the 

online survey to their community members. Flyers were also delivered to shire offices 

and community resource centres (libraries, agricultural offices, etc.) in the shires to 

reach community members visiting those locations. In-person surveys37 using tablets 

were also conducted in the six shires between March and May 2017. We intercepted 

local people outside libraries, supermarkets, post offices, at community events etc., as 

well as surveying local store owners. The survey was, therefore, administered more 

                                                
37 We included a dummy variable in our models to test whether in-person survey responses were significantly different 
from online responses and found that they were not. 
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randomly38 to the surrounding community sample compared to the other samples.  

Table 5.2 summarises the survey administration to the various stakeholder samples. 

Table 5.2. Survey administration details for the four stakeholder samples 

 Sample 

 General 
public 

Conservation 
Experts 

Direct Landholders 
Surrounding 
Community 

Source of sample Online panel Online Online and in 
persona 

Online and in 
person a 

Survey period December 
2016 

February - April 2017 February 2017 February - May 
2017 

Completed 
responses 500 58 22 117 

Response rate (%) nab 38.7 81.5 nac 

a In person surveys carried out using tablets to mimic an online platform. b We could not informed about the number of 
online panel members to whom the survey invite was sent. Therefore, we could not determine the response rate for the 
general public sample. c In addition to in-person surveys that most agreed to participate, flyers with the survey link were 
dropped off at community resource centres, making it difficult to determine the exact number of people who were 
contacted, and therefore, a response rate.  

 

5.3.4 Scale-adjusted latent class (SALC) models 

Choice experiments are underpinned by Lancaster’s characteristics demand 

theory (1966) and random utility maximization (RUM) theory (Luce, 1959, McFadden, 

1974). According to Lancaster’s (1966) theory, individuals derive utility from the 

characteristics of the good, allowing their change in preferences to be predicted when 

the good’s characteristics are modified. The RUM theory assumes individuals to be 

rational decision-makers who act in ways that maximize their utility, including when 

selecting alternatives in a choice set. The researcher cannot, however, discern their 

choices with certainty. Therefore, the utility (U) of respondent (i) for alternative j in 

choice set t is composed of a deterministic or observable part (V) as well as a 

stochastic or random part (ε) as (McFadden, 1974): 

𝑈𝑖𝑡𝑗 = 𝑉𝑖𝑡𝑗 + 𝜀𝑖𝑡𝑗       (5.1) 

                                                
38 This does not invalidate the results of this study. Self-selection bias is common for all surveys with only those 
interested in the topic generally taking time out to answer surveys. 
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Vitj is assumed to be an additive and linear function of the explanatory variables 

including attributes and levels in the choice set, socio-economic characteristics of the 

respondent and descriptors of the decision context, that is: 

𝑉𝑖𝑡𝑗 = 𝛽′𝑖𝑋𝑿𝑖𝑡𝑗        (5.2) 

Where βiX is a vector of coefficients of the matrix of explanatory variables, X for 

individual i. 

A common model for discrete choice data is the conditional logit, which assumes 

that preferences β and error variances are homogeneous across individuals in a 

population. This is a rather restrictive assumption, and potentially unrealistic given that 

individuals are likely to vary in their preferences (βi) and in the variability of their 

choices εi. In this research, we use a scale-adjusted latent class (SALC) model, which 

relaxes the preference homogeneity assumption within the sample and also account for 

differences in individuals’ error variance (Magidson and Vermunt, 2007). In a SALC 

model, each respondent implicitly belongs to one of C preference classes and one of S 

scale classes. Preferences of individuals within a preference class are constant, but 

are different from those in other preference classes. If preferences in a population are 

homogeneous, then the best-fit SALC model will include just one preference class. 

However, if there is heterogeneity in preferences, then the best-fit model will likely 

include multiple preference classes. A scale-adjusted latent class model is, therefore, 

preferable to the standard latent class model since it correctly classifies respondents 

who are homogeneous in their preferences but differing in their response certainty as 

belonging to the same preference class (with differing scales/ or error variances) rather 

than incorrectly classifying them into different preference classes (Louviere and Eagle, 

2006). 

The utility of individual i for alternative j of choice set t belonging to preference class 

c now becomes: 
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𝑈𝑖𝑡𝑗|𝑐 = 𝑉𝑖𝑡𝑗|𝑐 + 𝜀𝑖𝑡𝑗|𝑐       (5.3) 

Where, 𝑉𝑖𝑡𝑗|𝑐  =  𝛽′𝑐𝑿𝑖𝑡𝑗  : a function of the vector of coefficients (βc) specific to 

preference class c, and explanatory variables (which can include policy attributes of the 

alternative and choice set, and sociodemographic characteristics of the respondent, 

Xitj). Thus, individuals in a preference class have the same coefficients for attributes, 

which differ from those for individuals belonging to another preference class. The 

stochastic component of utility, ε, is assumed to be IID with a Type I extreme value 

distribution. 

The probability of individual i choosing alternative j of choice set t conditional on 

belonging to preference class c (𝑃𝑖𝑡𝑗|𝑐) is now given by (Boxall and Adamowicz, 2002) : 

𝑃𝑖𝑡𝑗|𝑐 =  
exp (𝜆𝑖𝛽𝑐

′𝑿𝑖𝑡𝑗)

∑ exp (𝜆𝑖𝛽𝑐
′𝑿𝑖𝑡𝑗)

𝐽
𝑗=1

      (5.4) 

Where, λi is a ‘scale parameter’ for individual i that is inversely proportional to 

the standard deviation σε of the error distribution: 𝜆𝑖 =
𝜋

√6  𝜎𝜀
  (5.5) 

In most applications, λ is set to one for individuals in all preference classes, 

thus assuming homogeneity in error variance (or response certainty) for all individuals. 

However, SALC models enable response certainty to vary, allowing for respondents to 

have different preference certainty (Louviere and Eagle, 2006). Individuals in a scale 

class have a homogeneous error variance (or response certainty) that differs from the 

response certainty of individuals in other scale classes.  

Accounting for S different scale classes along with C multiple preference 

classes leads to (Boxall and Adamowicz, 2002): 

𝑃𝑖𝑡𝑗|𝑐,𝑠 =  
exp (𝜆𝑠 𝛽𝑐

′   𝑿𝑖𝑡𝑗)

∑ exp (𝜆𝑠 𝛽𝑐
′   𝑿𝑖𝑡𝑗)

𝐽
𝑗=1

      (5.6) 
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Where λs is the scale parameter specific to scale class s. One scale parameter needs 

to be set equal to 1 and the other S-1 are estimated. The scale parameter is, therefore, 

the same for individuals in a scale class. 

The overall log likelihood L for N respondents is given by (Burke et al., 2010): 

ln 𝐿 =  ∑ 𝑃𝑖
𝑁
𝑖=1 = 𝑙𝑛[∑ ∑ 𝑃𝑖|𝑠𝑃𝑖𝑐|𝑠

𝐶
𝑐=1

𝑆
𝑠=1 ∏ 𝑃𝑖𝑡𝑗|𝑐,𝑠

𝑇
𝑡=1 ]   (5.7) 

Where, 𝑃𝑖𝑐|𝑠 and 𝑃𝑖|𝑠 are the probabilities of the individual being in preference class 

c and scale class s, respectively, and are given by (Burke et al., 2010): 

𝑃𝑖𝑐|𝑠  =  
exp (𝜃𝑐

′𝑿𝑖)

∑ exp (𝜃𝑐
′𝑿𝑖)𝐶

𝑐=1
       (5.8) 

𝑃𝑖|𝑠  =  
exp (𝛾𝑠

′𝑿𝒊)

∑ exp (𝛾𝑠
′𝑿𝑖)𝑆

𝑠=1
      (5.9) 

Where, Xi is a matrix of relevant covariates including attributes, observable 

characteristics, or socio-demographic or other variables describing individual i, and θ and 

γ are the respective vectors of coefficients of these Xi covariates. Membership in both 

preference and scale classes can, therefore, be determined using socio-demographic or 

other variables describing individual characteristics. 

When preferences for the different attributes are estimated, one can calculate 

respondents’ marginal willingness to pay (MWTP) for a specific attribute as the ratio of 

the negative of that attribute’s coefficient to the cost coefficient i.e.:  

    𝑀𝑊𝑇𝑃 =
−𝛽𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒

𝛽𝑐𝑜𝑠𝑡
           (5.10) 

We used the Latent GOLD® 5.1 Choice software (Statistical Innovations, Belmont, 

MA, USA) to test one to three scale classes and one to seven preference classes. We 

also estimate models that include sociodemographic covariates to explain class 

membership. The best-fit SALC model was selected based on the lowest Consistent 

Akaike Information Criterion (CAIC) (Dziak et al., 2015, Nylund et al., 2007). 
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5.4 Results 

The general public, conservation expert, direct landholder and surrounding 

community samples yielded 500, 58, 22, and 117 completed responses, respectively 

(Table 5.3). Compared to the general public sample, which had been stratified for 

demographic representativeness of WA’s population, there was a significantly higher 

proportion of males in expert and landholder samples39 (p=0.03 and p =0.0006, 

respectively). Welch’s t-tests showed that landholders were, on average, not 

significantly older than the other samples, and that the average annual income was not 

significantly different across sub-samples. As one might expect, the expert sample had 

a significantly higher (p<0.0001) proportion of respondents with an undergraduate 

degree or above (95%) compared to the other samples, as well as a significantly higher 

(p<0.0001) proportion (71%) who actively contributed either by volunteering for or 

financially to environmental or species’ conservation organisations.  

The general public sample was distinctly different from the other samples in that 

it contained a significantly lower proportion of respondents with prior knowledge of 

Numbats, Woylies, and the threat of foxes and feral cats to native species (Table 5.3). 

The fraction of respondents with prior knowledge of Numbats, and the threat of foxes 

and feral cats was not significantly different between the expert, landholder, and 

surrounding community samples. However, the surrounding community had a 

significantly lower proportion of respondents with prior knowledge of Woylies compared 

to the experts and landholders. The percentage of experts or landholders involved in 

fox and or feral cat control (either currently or in the past) was significantly higher than 

that of the general public or surrounding community sample. 

 

                                                
39 Higher proportions of males in expert/landholder samples probably reflects those populations (with the landholder 
responsible for farm management decisions likely to be the male if a property is family owned). 
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Table 5.3. Socio-demographic characteristics (as a percentage of the survey respondents) in each of the four samples (standard deviation in 

parentheses) 

Characteristic 

Sample 

General Public of WA 
(n =500) 

Conservation Experts 
(n =58) 

Direct Landholders 
(n =22) 

Surrounding Community 
 (n=117) 

Female 48.8% 36.2% 13.6% 69.2% 

Average age (years) 46.3 
(16.8) 

47.5 
(13.2) 

55.6 
(15.6) 

50.5 
(14.9) 

Average income (in 2016 AU$/year) 70,489 
(57,177) 

126,536 
(52,887) 

79,818 
(59,692) 

74,998 
(59,326) 

Undergraduate degree or above 27.2% 94.8% 22.7% 23.1% 

Respondents who actively supported 
environmental or species' 
conservation organizations 
financially or by volunteering 
(CONSERVE) 

29.4% 70.7% 27.3% 37.6% 

Prior or current involvement in fox 
and/or feral cat control 

15.8% a 86.2% 90.9% 66.7% a 

Prior knowledge of Numbats 85.4% b 100% 100% 98.3% 

Prior knowledge of Woylies 35.4% b 94.8% 100% 83.8% c 

Prior knowledge of the predatory 
threat of foxes 

81.8% b 100% 100% 98.3% 

Prior knowledge of the predatory 
threat of feral cats 

82.0% b 100% 100% 98.3% 

a  Significantly lower than the conservation experts or direct landholders (p < 0.00001 for the general public sample and p ≤ 0.024 for the surrounding community sample); b Significantly lower than 
the conservation experts, direct landholders, or surrounding community (p ≤ 0.053); c Significantly lower than the conservation experts or direct landholders (p ≤ 0.056).
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Initial models40 evaluated multiple (1–7) preference and scale (1-3) classes, and 

included SAMPLE as a covariate to test if it was a significant determinant of preference 

class membership. The four-preference class, two-scale class model was selected on 

the basis of the CAIC. In this ‘Model 1’, Preference Class 1 was the largest (47.6%) 

and there were three other equal-sized (17-18%) classes. In Preference Class 3, the 

coefficients of all attributes except the ASC and COST were found to be insignificant 

and therefore restricted to zero in this class following Magidson and Vermunt (2005) 

(Table 5.4). 

Although SAMPLE was a significant determinant of preference class 

membership in Model 1 (p = 0.033), the conditional probabilities of class membership 

for SAMPLE (Figure 5.3) showed that the four preference classes did not neatly match 

the four stakeholder samples. This means that there are likely other characteristics that 

determine preference class membership rather than only the SAMPLE covariate. 

  

                                                
40 Results of conditional logit and mixed logit models where only attributes and their levels were considered are provided 
in Chapter 9.These models were run for each of the four samples separately and also combining responses from all four 
samples. In each case (i.e. for conditional logit models and for mixed logit models), likelihood ratio tests reject the null 
hypothesis of having a single (combined) model for all four samples.  
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Figure 5.3. Conditional probabilities of class membership showing the likely distribution 

of the general public, experts, direct landholders and surrounding community samples 

in Model 1. 
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Table 5.4. Scale-adjusted latent class model results with estimated coefficients and their corresponding standard errors (SE) for model 

containing SAMPLE as a covariate (Model 1). 

  
Preference Class 1 Preference Class 2 Preference Class 3 Preference Class 4 

Coefficient  SE Coefficient  SE Coefficient  SE Coefficient  SE 

Preference Class sizes 47.6% 17.3% 17.9% 17.2% 
  

ASC -3.400 *** 0.627 -12.962  7.998 2.460 *** 0.678 -2.461 ** 1.243 

NUM250 0.683 *** 0.153 0.737 *** 0.285 .  . 4.341 *** 1.456 

NUM400 1.064 *** 0.191 1.012 *** 0.300 .  . 4.788 *** 1.593 

WOY5000 1.024 *** 0.177 0.923 *** 0.298 .  . 1.223 *** 0.454 

WOY7500 0.928 *** 0.187 1.237 *** 0.266 .  . 1.679 *** 0.829 

FENCE -0.340  0.307 2.047 *** 0.634 .  . -0.800  1.341 

TRAP -0.339  0.335 0.811  0.668 .  . 3.412  2.216 

CE -1.031 ** 0.453 1.810 *** 0.565 .  . 0.331  1.743 

1080+FE 0.183  0.282 -1.234  0.831 .  . 3.843 *** 1.528 

1080+TR -0.158  0.263 0.074  0.643 .  . 2.546  1.625 

1080+CE 0.214  0.301 -0.520  0.620 .  . 1.798  1.341 

FE+TR 0.618 * 0.354 1.373 *** 0.529 .  . -0.883  1.510 

FE+CE -0.098  0.377 2.356 *** 0.608 .  . -1.565  1.154 

TR+CE 0.528 * 0.325 1.831 *** 0.563 .  . 1.455  1.384 

1080+FE+TR 1.288 *** 0.415 -0.742  0.700 .  . -0.237  1.789 

1080+FE+CE 1.947 *** 0.560 -1.743  1.104 .  . 4.302  2.205 

1080+TR+CE 1.321 *** 0.402 -1.764  0.930 .  . -2.471  1.856 

FE+TR+CE 0.525  0.353 2.082 *** 0.694 .  . 3.499 *** 1.491 

1080+FE+TR+CE 1.728 *** 0.354 -2.385  1.461 .  . 0.206  1.273 

COST -0.011 *** 0.002 -0.002 *** 0.001 -0.025 *** 0.012 -0.110 *** 0.029 
             

Covariates for Preference Class membership 

SAMPLE: General public 0  . 0.000  . 0.000  . 0.000  . 

SAMPLE: Experts 0  . -0.304  0.429 -1.799 ** 0.743 -0.841 * 0.488 
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SAMPLE: Landholders 0  . -0.834  0.797 -1.543  1.036 -0.124  0.602 

SAMPLE: Surrounding 
Community 

0  . -0.518  0.362 -0.212  0.306 -1.343 ** 0.518 

  

Scale Classes             

 Scale Class 1 Scale Class 2          

Scale estimates 1 0.262          

Scale Class sizes 0.594 0.406          

             

Number of respondents 656            

Number of choices 3936            

Log likelihood (LL) -4076.496            

BIC(LL) 8646.056            

CAIC(LL) 8722.056                       

*, **, *** and **** indicate significance at the 90%, 95% and 99% levels of confidence, respectively 

a ASC measures the marginal utility associated with the status quo, above and beyond the utility associated with the attributes in that option.; b Class 1 was taken to be the baseline class; c The 
general public of WA was taken to be the baseline sample; d Modelled number without protestors, Number of protest responses were 31, 2, 0, and 8 in the general public, conservation expert, direct 
landholder, and surrounding community samples, respectively. 
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We then systematically tested various other sociodemographic and knowledge 

variables as covariates to explain preference class membership. The only significant 

variables to explain class membership were whether the respondent supported 

environmental or species’ conservation organisations either financially or through 

volunteering (CONSERVE) (p = 0.007), and whether the respondent had prior or current 

involvement with fox and/or feral cat control (INVOLVE) (p = 0.001). We further tested 

whether the distance between a respondents’ home location and the conservation site could 

explain preference class membership but found it to be insignificant. To confirm the 

preferred model specification, we repeated the search over multiple preference (1-7) and 

scale classes (1-3) with CONSERVE and INVOLVE included as covariates. All models were 

run 500 times to ensure the stability of the results. The model with the lowest CAIC value 

(8676.4) was a four-preference, two-scale class model: this was chosen as our final model 

(Model 2). As with Model 1, there was one preference class (3) in Model 2 where all attribute 

coefficients except the ASC and COST were insignificant. As before, these coefficients were 

restricted to zero following Magidson and Vermunt (2005) (Table 5.5). Our subsequent 

discussions will focus only on the results of Model 2. 

Conforming a priori expectations, the cost coefficient was negative and significant in 

all four classes (Table 5.5). Members in preference class 3 significantly prefer the status quo 

(as indicated by the positive and significant ASC value) and are not willing to pay for any 

further improvements in Numbat and Woylie numbers. This could be because they care 

greatly about cost or do not value or care about further population improvements. We will 

call this class the Status Quo class.  

The statistically significant and negative coefficient on the ASC for Preference 

Classes 1, 2 and 4 indicates that these individuals were likely to choose the conservation 

improvements over the status quo scenario. Respondents in these classes significantly 
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preferred higher Numbat and Woylie populations over the baseline of 100 and 2,500 

animals, respectively.  

Members of preference classes 1, 2 and 4 diverged in their values for the different 

predator control strategies. Members in Classes 1 and 2 significantly preferred combinations 

of strategies over the status quo strategy of 1080 baiting. They did not prefer strategies 

implemented separately (i.e. only fencing or trapping or community engagement) over 1080 

baiting, thus, possibly viewing combinations as being more effective to control foxes and 

feral cats than strategies implemented singly (Subroy et al., 2018). Preference Class 1 

preferred combinations of two predator control strategies that did not include 1080 baiting or 

combinations of three or more predator control strategies. Preference Class 1 also had a 

higher WTP for management than Preference Class 2 (Table 5.6). We will call Preference 

Classes 1 and 2 the Combined Management-High and the Combined Management-Low 

classes, respectively. Together these preference classes accounted for 65% of all 

respondents (Table 5.5). 

Members of Preference Class 4 significantly preferred all strategies that excluded 

1080 baiting indicating that, while they value higher numbers of Numbats and Woylies, they 

did not favour the use of poison baiting to bring about such an increase. Preference class 4 

will be labelled the No 1080 class (Table 5.5). 

With respect to explaining class membership, environmental predisposition of 

respondents, assessed as “support for environmental or species’ conservation organisations 

either financially or through volunteering” (CONSERVE), could be used as a measure of a 

pro-environmental behaviour. While there was no significant difference in the pro-

environmental behaviour of members in the Combined Management-High, Combined 

Management-Low and No 1080 classes, the support for environmental or species’ 

conservation organisations was significantly lower among members in the Status Quo class 

(p=0.0008; Table 5.5). Members of the Status Quo, Combined Management-Low, and No 
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1080 classes all had significantly less involvement (p<0.025) with fox and/or feral cat control 

(INVOLVE) compared to the base Combined Management-High class (Table 5.5). 

The conditional probabilities of class membership obtained from model results indicate 

that individuals who supported conservation organisations were more likely to belong to the 

Combined Management-High and No 1080 classes (54% and 22%, respectively) compared 

to those who did not support conservation organisations (44% and 14%, respectively) 

(Figure 5.4(a)). However, it is interesting to note that there were individuals who supported 

conservation organisations but who were still likely to belong to the Status Quo class, 

although the probability of this was lower (10%) compared to respondents who did not 

support conservation organisations (22%).  

Individuals with involvement (either current or prior) in fox and/or feral cat control were 

more likely to belong to the Combined Management-High class (62%) than those who were 

not involved in fox and/or feral cat control (41%), whereas the Combined Management-Low 

and Status Quo classes had a higher probability of including individuals without involvement 

in fox and/or feral cat control (21% and 20%, respectively). The No 1080 class had an 

almost equal probability of including individuals with involvement (18%) and without (16%) 

(Figure 5.4(b)). 
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Table 5.5. Final scale-adjusted latent class model results (Model 2) with estimated coefficients and their corresponding standard errors (SE). 

  

Combined Management-
High 

Combined Management-
Low 

Status Quo No 1080 

Coefficient  SE Coefficient  SE Coefficient  SE Coefficient  SE 

Preference Class sizes 47.7% 17.4% 17.8% 17.1% 
  

ASC -3.403 *** 0.610 -2.137 ** 1.048 2.663 *** 0.649 -11.632 *** 7.205 

NUM250 0.660 *** 0.148 3.566 *** 1.139 .  . 0.756 *** 0.282 

NUM400 1.038 *** 0.183 4.210 *** 1.301 .  . 1.024 *** 0.295 

WOY5000 0.998 *** 0.171 1.121 *** 0.390 .  . 0.933 *** 0.301 

WOY7500 0.897 *** 0.180 1.558 *** 0.760 .  . 1.242 *** 0.266 

FENCE -0.351  0.303 -0.637 *** 1.176 .  . 2.075 *** 0.634 

TRAP -0.359  0.332 2.772  1.983 .  . 0.838  0.663 

CE -1.034 ** 0.440 0.261  1.489 .  . 1.810 *** 0.561 

1080+FE 0.163  0.278 3.421 *** 1.298 .  . -1.225  0.823 

1080+TR -0.172  0.260 2.259 ** 1.371 .  . 0.107  0.629 

1080+CE 0.207  0.297 1.860  1.232 .  . -0.507  0.617 

FE+TR 0.591 * 0.350 -0.666  1.248 .  . 1.399 *** 0.529 

FE+CE -0.120  0.373 -1.244  0.975 .  . 2.375 *** 0.606 

TR+CE 0.520 * 0.320 1.340  1.145 .  . 1.827 *** 0.561 

1080+FE+TR 1.245 *** 0.404 0.647  1.558 .  . -0.757  0.699 

1080+FE+CE 1.876 *** 0.544 3.737 ** 1.831 .  . -1.738  1.109 

1080+TR+CE 1.287 *** 0.397 -1.756  1.540 .  . -1.772  0.927 

FE+TR+CE 0.523  0.350 3.110 ** 1.256 .  . 2.096 *** 0.695 

1080+FE+TR+CE 1.712 *** 0.350 0.441  1.114 .  . -2.523  1.543 

COST -0.011 *** 0.002 -0.098 *** 0.024 -0.021 ** 0.010 -0.002 ** 0.001 
             

Covariates for Preference Class membership 

CONSERVE 0  0 -0.252  0.277 -0.741 ** 0.307 0.387  0.280 

INVOLVE 0  0 -1.049 *** 0.309 -0.716 ** 0.289 -0.654 ** 0.289 
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Scale Classes             

 Scale Class 1 Scale Class 2         

Scale estimates 1 0.271          

Scale Class sizes 0.601 0.399          
             

Number of respondents 656            

Number of choices 3936            

Log likelihood (LL) -4064.944            

BIC(LL) 8603.377            

CAIC(LL) 8676.377                       

*, **, *** and **** indicate significance at the 90%, 95% and 99% levels of confidence, respectively 

a ASC measures the marginal utility associated with the status quo, above and beyond the utility associated with the attributes in that option.; b The Combined Management-High class was taken to 
be the baseline class; c Modelled number without protestors, Number of protest responses were 31, 2, 0, and 8 in the general public, conservation expert, direct landholder, and surrounding 
community samples, respectively. 
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Figure 5.4. Conditional probabilities of class membership showing the likely distribution 

of (a) support for conservation organisations, and (b) involvement in fox and/or feral cat 

management within the four preference classes. 
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classes had a significant and positive MWTP for increased Numbat and Woylie 

numbers (Table 5.6). In line with economic theory and prior literature (e.g.,Bandara and 

Tisdell (2005), Han et al. (2010), Loomis and Larson (1994)) there was a diminishing 

marginal utility for increased Numbat and Woylie populations. For the first increase 
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from 100 to 250 Numbats, the MWTP was $0.40, $0.24 and $2.43 per Numbat for the 

Combined Management-High, Combined Management-Low, and No 1080 classes, 

respectively. This decreased to $0.23, $0.04 and $0.86 per Numbat for each class 

respectively, for the next equal improvement step from 250 to 400 Numbats. From 

these results, the weighted average WTP for Numbats was calculated to be 

$0.66/Numbat/household for the increase from 100 to 250 animals, and 

$0.47/Numbat/household for the increase from 100 to 400 animals. 

Similarly, for the first increase from 2,500 to 5,000 Woylies the MWTP was 

$0.04, $0.005 and $0.18 per Woylie for the Combined Management-High, Combined 

Management-Low, and No 1080 class, respectively. This decreased to -$0.004, $0.002 

and $0.06 per Woylie for the Combined Management-High, Combined Management-

Low, and No 1080, respectively, for the next equal improvement step from 5,000 to 

7,500 Woylies (Table 5.6). Thus, the Combined Management-High class derived a 

disutility from the increase to the highest Woylie populations (i.e. to 7,500). The MWTP 

estimates indicate that Numbats are more highly valued per individual than Woylies by 

all except those in the Status Quo class. From these results, the weighted average 

WTP for Woylies was calculated to be $0.05/Woylie/household for the increase from 

2,500 to 5,000 animals, and $0.03/Woylie/household for the increase from 2,500 to 

7,500 animals.  

Members in the Combined Management-High, Combined Management-Low, 

and No 1080 classes also had a significant and positive MWTP for various strategies to 

control fox and feral cat populations (Table 5.6). Members in the No 1080 class had a 

much higher MWTP for strategies that do not include 1080 baiting (including single 

strategies such as fencing or community engagement) compared to those in the 

Combined Management-High and Combined Management-Low classes. These high 
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WTP estimates may reveal the intensity41 of their preferences for management that 

does not include 1080 baiting. 

Table 5.6. Annual marginal willingness to pay (MWTP) per household (in 2016 

Australian dollars) with the standard error (SE) of MWTP for all significant attributes 

and attribute levels relative to the status quo. 

Attribute 

Combined 
Management-High 

Combined 
Management-Low 

Status Quo No 1080 

MWTP SE MWTP SE MWTP SE MWTP SE 

ASC . . . . 125.66 82.26 . . 

NUM250 60.41 12.33 36.45 5.83 . . 364.24 218.80 

NUM400 94.95 12.12 43.03 6.01 . . 493.75 260.36 

WOY5000 91.30 10.72 11.46 3.88 . . 449.60 223.85 

WOY7500 82.10 10.97 15.92 6.55 . . 598.58 243.85 

FENCE . . . . . . 1000.30 463.35 

CE . . . . . . 872.72 346.91 

1080+FE . . 34.96 7.84 . . . . 

1080+TR . . 23.09 11.42 . . . . 

FE+TR 54.03 29.33 . . . . 674.24 307.33 

FE+CE . . . . . . 1144.75 419.64 

TR+CE 47.59 27.48 . . . . 880.87 373.42 

1080+FE+TR 113.91 31.06 . . . . . . 

1080+FE+CE 171.67 42.75 38.20 13.11 . . . . 

1080+TR+CE 117.74 32.24 . . . . . . 

FE+TR+CE . . 31.79 8.43 . . 1010.35 477.85 

1080+FE+TR+CE 156.61 36.59 . . . . . . 

 

Our model also revealed two scale classes within each preference class (Table 

5.5) with about 60% of respondents predicted to belong to Scale Class 1 and 40% in 

scale class 2. The estimated scale factor parameter for Scale Class 2 was -1.3068 

(recall that Scale Class 1 was set to unity in the estimation). The actual scale factor is 

obtained by taking the exponential of the estimated parameter, yielding a scale of 0.27 

for Scale Class 2. This implies that respondents in Scale Class 2 exhibit about 27% 

more variability, and are less certain about their choices than those in Scale Class 1. 

The smaller utility coefficients of individuals in Scale Class 2 also indicate that their 

                                                
41 We tested whether respondent income could explain high MWTP in the No 1080 class but found it not to be 
significant.  
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choices could more likely be affected by factors outside the model compared to those 

in Scale Class 1 (Hess and Train, 2017).  

5.5 Discussion and Conclusions 

This study aimed to assess the heterogeneity of the values that multiple 

stakeholders have for native species and introduced invasive predator (fox and feral 

cat) control at a conservation site in WA. The stakeholders included the general public 

of WA, conservation experts, direct landholders, and local communities surrounding 

the site. We used a scale-adjusted latent class model to understand whether 

preferences for conservation management policies varied because of the stakeholder 

group a respondent belongs to, or because of respondents’ individual characteristics. 

We found four distinct preference classes that did not neatly match the four 

stakeholder samples. Instead, individuals from all four stakeholder groups were found 

in all four preference classes indicating that sample was not the primary determinant of 

class membership. Some of our results match previous work, which found public and 

expert preferences for environmental policies to overlap and also diverge (Carlsson et 

al., 2011, Carlsson et al., 2012, Colombo et al., 2009, Norden et al., 2017, Rogers, 

2013, Rogers et al., 2017, Spegel, 2017). Our work goes a step further and also 

reveals preference heterogeneity between and within different public samples. Most 

importantly, our work demonstrates that individual characteristics are more 

consequential and can have a more profound effect on preferences than the 

stakeholder group that a respondent belongs to. This means that it is likely to be 

inappropriate to put an a priori group label on people. In our study, the environmental 

behaviour of a respondent (i.e. whether they supported a conservation organisation) 

and their involvement (either prior or current) in fox and/or feral cat control were more 

significant predictors of preference class membership than the sample the respondent 

belonged to.  
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Most respondents (65%) preferred employing a combination of strategies to 

control fox and feral cat populations as opposed to implementing single strategies. 

Members in the No 1080 class show that there is a section of society that highly values 

improvements in the populations of native species but do not approve the use of 1080 

poisoned baits to bring about those improvements. Members in this class had a much 

higher WTP for predator control strategies not involving 1080 baiting. The use of 

compound 1080 in baits is factious owing to its implications for animal welfare—the 

poison is perceived to be inhumane causing acute physiological distress to animals 

that consume the baits especially in the early stages of 1080 toxicosis, which can be 

disturbing to onlookers (Marks et al., 2000, Sherley, 2007). This includes non-target 

species such as pet dogs that have sometimes been accidently poisoned. Even though 

the No 1080 class represents just under a fifth of the sample, the higher WTP for 

alternative strategies in this class could translate into substantial social benefits, when 

aggregated across the population, for the minimisation or the exclusion of 1080 baiting 

from introduced invasive predator control. The majority preference for combinations of 

strategies could further support minimising use of 1080. A benefit-cost analysis of the 

alternative strategies could indicate to managers whether exclusion of 1080 baiting 

from conservation management programs is feasible. 

Individuals in all preference classes, except the Status Quo, valued 

improvements to Numbat and Woylie numbers albeit at a diminishing rate that are in-

line with economic theory and prior literature. Numbats were more highly valued than 

Woylies across all classes. Possible reasons could be that respondents may have 

been looking at the absolute numbers of the species in the survey (e.g. 80 Numbats 

versus 2,000 Woylies) and not at their threat status. A lower absolute value could have 

been perceived as threat status, even though the survey described Numbats as 

endangered and Woylies as critically-endangered. Respondents may also be more 

familiar with the charismatic Numbat than with Woylies. The Numbat is the faunal 
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emblem of Western Australia and the target of many campaigns by government and 

private organisations to save the species. Research has shown that charismatic 

species attract greater funding for their conservation compared to non-charismatic 

species (Colleony et al., 2017, Metrick and Weitzman, 1996, Tisdell and Nantha, 

2007). The difference in economic values between the two species here, and the 

significantly lower proportion of the general public and surrounding community with 

prior knowledge of the Woylie, means we need to better inform the public about various 

species, including the non-charismatic ones, especially if the species are ecologically 

important. It is, however, important to note that the values of the species in this paper 

are relative to each other (i.e. they are not absolute values) and should be interpreted 

in the choice context presented. 

Often, multi-stakeholder sample preferences are analysed by grouping 

respondents according to the sample that they are drawn from. Our research has 

demonstrated that such a priori assumptions may not, in fact, be useful or correct. 

Individual characteristics have a more significant impact on preferences than the 

sample the respondent belongs to. Therefore, rather than estimating different models 

for different stakeholder groups, future stated preference studies could explore SALC 

models to efficiently untangle preferences, and to group the population into segments 

that have similar preferences for environmental management strategies.  

The heterogeneity of preferences in the form of four distinct preference classes 

implies that any conservation policy will impact various groups differently. 

Consideration of the equitable distribution of social utility will, therefore, be needed 

when selecting which policies to implement. To keep most people happy, and 

maximise benefits to society, combinations that have minimal proportions of 1080 

baiting, should be employed. Such a policy direction will still displease a proportion of 

the population that prefers the current status quo and derives a disutility from paying 

for additional conservation. This “unwilling to pay” fraction chiefly includes people from 
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the general public and surrounding community. A challenge to decision-makers lies in 

effectively communicating the benefits of conservation policies to this segment.  
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6.1 Abstract 

Cost-effectiveness analysis (CEA) is often used in conservation decision-making, but 

this does not take into account the socio-economic values of conservation outcomes. 

Such socio-economic values should be systematically and objectively factored into 

decision-making along with ecological and geographical aspects to select management 

projects that maximize overall benefits for a given budget. Benefit-cost analyses 

(BCAs) allow decision makers to evaluate the social costs and benefits of management 

in a more comprehensive framework than cost-effectiveness analysis. We compare 

results from a CEA with those from a BCA for selecting the best policy to control 

invasive foxes and feral cats at a conservation site in Western Australia. We analysed 

seven alternative management projects in addition to the current policy of 1080 poison 

baiting. These seven alternatives include realistic combinations of 1080 baiting, 

fencing, trapping and integrated off-reserve management, and have different benefits in 

terms of the expected populations of two threatened species—Numbats and Woylies—

that can be realistically achieved in 25 years’ time. All seven projects were highly 

attractive to implement, with robust net benefits, and benefits exceeding costs, on 

average, by a factor of 700. The ranking of projects, including the top-ranked project, 

was changed by using a CEA rather than a BCA. Since the NPV criterion used in the 

BCA would deliver the highest net benefits, basing decisions on a CEA would probably 

result in a loss of environmental benefits in this case study. Monte Carlo simulations for 

uncertain variables showed the results to be robust. We also show that excluding the 

values people hold for the predator control strategies used to bring about conservation 

outcomes, or excluding the risk of project failure from the analysis can alter the rank of 

projects being considered for implementation and may lead to the selection of sub-

optimal policies. 

Keywords: discrete choice experiment; endangered species; non-market valuation; 

latent class analysis; social welfare 
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6.2 Introduction 

Decisions about controlling invasive species to improve the chance of survival of 

threatened native species must consider ecological, geographical, economic and social 

aspects (Rogers, 2013). Cost-effectiveness analyses (CEAs) are frequently used to 

guide conservation decision-making for threatened species’ recovery (Bode et al., 

2012, Busch and Cullen, 2009, Campos et al., 2017, Clapperton and Day, 2001). 

CEAs, however, consider only the financial costs and ecological outcomes of 

conservation projects, while neglecting their social benefits and costs. Social benefits 

include the values that people hold for conservation outcomes, and for the means of 

achieving those outcomes. These values are a quantitative measure of the satisfaction 

that objects or goods, in this case threatened species and conservation outcomes, 

bring individual human beings (Farber et al., 2002). Research has shown that people’s 

preferences for strategies to achieve conservation outcomes can be as significant as 

their values for the outcomes themselves (Johnston and Duke, 2007, Rogers, 2013, 

Rolfe and Windle, 2013, Subroy et al., 2018). For example, while most people may 

prefer increased populations of threatened species, some may disapprove the use of 

poison baiting to control invasive predators (Subroy et al., 2019). Therefore, it is 

important for policy makers to consider the socio-economic aspects of management 

processes along with their ecological effectiveness if they are to make socially optimal 

conservation decisions.  

To that end, benefit-cost analysis (BCA) has a clear advantage because it allows 

the benefits (quantified in monetary terms) of a project to be systematically evaluated 

along with costs. This includes both tangible or market benefits and costs as well as 

intangible or non-market (e.g., social, ecological) ones. BCAs have been widely-used in 

decision-making on diverse environmental issues. For example, BCAs have been used 

to assess the economic benefits and costs of protecting endangered species, for 

example, in the Danish heathland (Strange et al., 2007). They have been used to 
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demonstrate that the value of protecting a species is greater than the value of 

commercial development (Jin et al., 2008, Solomon et al., 2004). They have also been 

used to demonstrate the efficiency of strategies for threatened species’ recovery and 

for invasive species control (Becker et al., 2009, de Lange and van Wilgen, 2010). 

They have also been used to economically assess the eradication of invasive species 

(Mwebaze et al., 2010). 

To the best of our knowledge, BCAs have not been used to compare and rank 

projects for threatened species’ recovery to select the one(s) that generate the most 

benefit for the available budget. In most cases, benefits of projects are usually 

expressed in ecological terms. Sometimes these ecological benefits are expressed 

quantitatively, but they are rarely expressed in monetary-equivalent terms. For 

example, de Tores and Marlow (2012) used a framework loosely based on a BCA to 

investigate the relative merits of fencing and fox-baiting in five case studies in Western 

Australia (WA), but captured the benefits qualitatively. Non-quantification or non-

monetisation of benefits of a project makes it difficult to systematically and objectively 

compare those benefits with the monetary costs of a project. The perceived difficulty of 

monetising the benefits of conservation projects is usually the factor that limits the 

application of BCAs for prioritising projects for threatened species’ recovery, and 

instead makes cost-effectiveness the preferred decision-making technique (Shwiff et 

al., 2013).  

We hypothesise that the prioritisation between conservation projects, and hence 

the spending of limited resources on conservation, will be affected by the type of 

analysis used (CEA versus BCA) and whether social preferences for conservation 

outcomes or the means of achieving them are included. We use a case-study of an 

ecologically important reserve in the Wheatbelt of Western Australia (WA)—Dryandra 

Woodland—where management strategies aim to decrease numbers of introduced 

invasive foxes (Vulpes vulpes) and feral cats (Felis catus) to reduce predation on two 
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threatened species: the endangered42 Numbat (Myrmecobius fasciatus) and the 

critically-endangered43 Woylie (Bettongia penicillata ogilbyi). Specifically, our objectives 

are to understand how the prioritisation of conservation projects change (1) using CEA 

compared to BCA, and (2) with and without the inclusion of social preferences for 

strategies to achieve conservation outcomes in a BCA. To the best of our knowledge, a 

comparison of decision-making techniques to prioritise projects has not been reported 

in the conservation literature before. A particular novelty in our research is the inclusion 

of social values for conservation outcomes and strategies in decision-making. Our 

research was carried out in collaboration with the WA Department of Biodiversity, 

Conservation and Attractions (DBCA) who are responsible for the management of 

threats to conservation on lands they manage, and are interested in evaluating the 

costs, benefits and effectiveness of recovery actions to implement those that maximise 

conservation and social benefits.  

The paper is arranged as follows: in the methodology section we first describe 

our case study area, identify the baseline and alternative management projects, the 

benefits and costs considered, and describe their quantification. In the results section 

we discuss the computed decision metrics: cost-effectiveness ratio (CER), benefit-cost 

ratio (BCR) and net present value (NPV)–and the sensitivity of our results to discount 

rates and project risks. Finally we discuss the implications of our results for 

conservation decision-making more broadly.  

                                                
42 Under the Western Australia Wildlife Conservation Act of 1950 (DPaW, 2017). 
43 Under the Western Australia Wildlife Conservation Act of 1950 (Yeatman and Groom, 2012). 
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6.3 Methodology 

6.3.1 Conservation site 

Dryandra Woodland is a group of reserves surrounded by farmland (Figure 1.1) 

located 160 km southeast of the Western Australian capital, Perth. It has a total area of 

280 km2, consisting of 17 blocks ranging in size from less than 1 km2 to 125 km2 (DEC, 

2011). Dryandra Woodland is an important conservation site as it one of the largest 

areas of remnant native vegetation in the western Wheatbelt region of WA, and is 

home to over 200 native vertebrate species (DEC, 2011). The DBCA is responsible for 

managing the reserves, including implementing introduced invasive predator (fox and 

feral cat) control strategies to reduce the impact of predation on the survival of 

threatened species. The high perimeter to area ratio within Dryandra Woodland makes 

effective fox and feral cat control challenging. Dryandra Woodland is critically important 

to the survival of two iconic threatened mammals that are the site’s focal species: 

Numbats and Woylies. Dryandra Woodland is one of only two conservation sites in 

Australia with original populations of Numbats, one of only three conservation sites with 

original populations of Woylies, and one of only two sites with original populations of 

both these species (de Tores and Marlow, 2012). In 2016, the total population of wild 

Numbats was estimated to be less than 1,000 mature individuals. This included 

approximately 80 mature animals at Dryandra Woodland (down from 800 in 1992, J.A. 

Friend, DBCA, pers. comm.). Likewise, the total population of wild Woylies was 

estimated to be around 15,000 mature individuals in 2016, including about 2,000 in 

Dryandra Woodland (down from 30,000 in 2001, A.F. Wayne, DBCA, pers. comm.). 

The legacy of historical habitat loss and fragmentation, predation by foxes and feral 

cats, altered fire regimes, and diseases are key factors responsible for the decline of 

these two species and remain key threats to their survival (DPaW, 2017, Yeatman and 

Groom, 2012).  
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Figure 6.1. Dryandra Woodland (outlined in green) is fragmented and surrounded by 

farmland 

6.3.2 Fox and feral cat control strategies 

Predation by foxes and feral cats is one of the key threats to Numbats and 

Woylies in southwest WA. Strategies that can realistically be implemented at Dryandra 

Woodland by the DBCA to control foxes and feral cats include lethal baiting using the 

poison 1080, predator-exclusion fencing, trapping, and integrated off-reserve 

management.  

Dried meat baits containing the poison sodium monofluoroacetate (compound 

1080) are the primary means of controlling foxes and feral cats in Dryandra Woodland. 

Compound 1080 is a widely-used vertebrate pest poison in many parts of the world 

(Littin, 2010). It works very well in the context of southwest of WA since native fauna of 

the region have evolved for millennia with fluoroacetae-bearing plants from a number of 

genera, in particular, species of the Gastolobium genus and have, therefore, some 

tolerance to the toxin (Twigg and King, 1991). However, species not native to 

southwest WA including introduced invasive predators such as foxes and feral cats are 
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more susceptible to 1080, making it a useful broad-scale and target-specific poison in 

southwest WA.  

Trapping using cage traps or soft-jaw/padded leg-hold traps is occasionally 

undertaken at Dryandra Woodland. The creation of a fenced sanctuary 1,000 ha in 

area designed to exclude introduced predators in the Woodland was recently 

completed. One potential management scenario could involve the creation of a much 

larger fenced sanctuary (8,300 ha in area) if other predator control strategies fail to 

ensure Numbats and Woylies persist in Dryandra Woodland in the future. Since foxes 

and feral cats freely move between the Woodland and the surrounding farms, 

controlling their populations on the surrounding farmland is also an important option 

through an integrated off-reserve management approach. Firstly, this consists of 

community engagement particularly with the landholders directly bordering Dryandra 

Woodland and may involve providing equipment (traps) and training (for 1080 user 

permits) to surrounding landholders to undertake fox and feral cat control on their 

farms. The second element is professional off-reserve management that may involve 

using professional or recreational shooters to undertake fox and feral cat control 

(baiting/shooting/trapping) on surrounding farmland with the permission of the 

landholder.  

6.3.2.1 Baseline and alternative management projects 

Here we define a project as a combination of different actions to control foxes 

and feral cats. The baseline project which represents current practice is the strategy of 

1080 baiting that is presently being carried out by the DBCA. In consultation with 

experts at the DBCA, we developed seven alternative projects that could realistically be 

implemented at Dryandra Woodland. They are: (1)1080 baiting+Fencing 1,000 ha, (2) 

Fencing 8,300 ha, (3) 1080 baiting+Integrated off-reserve management, (4) 1080 

baiting+Trapping, (5) 1080 baiting+Trapping+Fencing 1,000 ha, (6) 1080 
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baiting+Trapping+Integrated off-reserve management, and (7) 1080 baiting+Fencing 

1,000 ha+Trapping+ Integrated off-reserve management. 

We used expert knowledge to identify the expected Numbat and Woylie 

population sizes if these alternative projects were fully implemented, as well as their 

management costs and risks (Section 6.3.5) 

6.3.3 Cost-effectiveness analysis 

A cost-effectiveness analysis compares the present value of costs required to 

implement a project and the conservation outcomes generated by the project 

measured as, for example, difference in population numbers of threatened species with 

the project and without the project (or, in other words, with the baseline project). In our 

case, the conservation benefits are the increases in populations of Numbats and 

Woylies. Since project costs accrue over a period of time, those that occur in the future 

need to be discounted to present-value terms to compare them to current costs as 

(Boardman et al., 2014):  

𝑃𝑉(𝐶) =  ∑
𝐶𝑎𝑡− 𝐶𝑏𝑡

(1+𝑟)𝑡
𝑇
𝑡=0        (6.1) 

Where, T is the duration of the project, t denotes the year in which the costs occur, 

subscripts a and b represent the alternative and the baseline projects respectively, and 

r is the discount rate.  

The cost-effectiveness ratio is the measure of the cost required to achieve a unit 

improvement in conservation outcome i.e., improvement in population, and is 

measured in $/animal. The project with the lowest CER can be considered the most 

effective to implement. The CER for the alternative management projects in this study 

are calculated as: 

𝐶𝐸𝑅 =  
𝑃𝑉(𝐶)

𝑃𝑎−𝑃𝑏
        (6.2) 
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Where, PV(C) is the present value of costs and Pa and Pb denote the change in 

population of species with the alternative and the baseline projects respectively. 

6.3.4 Benefit-cost analysis 

A benefit-cost analysis can quantify all possible benefits and costs of a project in 

monetary terms and systematically compare them. The benefits of a project are 

calculated as the difference in benefits generated by that project and those generated 

by the baseline project (Pearce et al., 2006). Like costs, benefits accrue over a period 

of time. Therefore, benefits that occur in the future need to be discounted to present-

value terms to compare them to current benefits or to costs. The process of discounting 

applies a lower weight to benefits and costs occurring in the future than those occurring 

in the present. (Pearce et al., 2006). The higher the discount rate the lower the present 

value of future benefits and costs. 

As with costs, the total present value of benefits (PV(B)) for a project of duration, T 

years, given a discount rate r is calculated as (Boardman et al., 2014): 

𝑃𝑉(𝐵) =  ∑
𝐵𝑎𝑡− 𝐵𝑏𝑡

(1+𝑟)𝑡
𝑇
𝑡=0        (6.3) 

Where, subscripts a and b represent the alternative and the baseline projects 

respectively, and t denotes the year in which the benefits occur. 

Decisions on the feasibility of projects are taken based on two metrics: the Net 

Present Value (NPV) and the Benefit-Cost Ratio (BCR). The NPV is the difference 

between the present value of benefits and the present value of costs of a particular 

project. The BCR is the ratio of the present value of benefits to the present value of 

costs of a project. A project is feasible if its NPV > 0 or, equivalently, if the BCR > 1, 

meaning that the benefits are larger than the costs. Decisions on the prioritisation of 

projects are usually taken on the basis of their BCRs, since the BCR is essentially a 

measure of the benefits achieved per dollar invested into the project (Pannell, 2015). 
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Boardman et al. (2014), however, caution the use of the BCR to rank projects since the 

BCR is sensitive to (i) the scale of the projects, and (ii) whether negative benefits are 

subtracted from benefits or added to costs. These issues can confound the decision 

process if a BCR is used as a decision metric. Also, to rely solely on the BCR to 

prioritise projects, two conditions must be met: (1) the budget to implement the project 

must be limited; and (2) the set of projects being considered must be independent of 

each other. If either of these conditions are not satisfied then the NPV should be used 

to rank projects with the rule that the project with the highest NPV for the available 

project costs should be selected. Additionally, when ranking mutually exclusive 

projects, as in this study, the NPV is the ranking criterion to be used (Boardman et al., 

2014). 

6.3.5 Project costs and benefits 

Costs to carry out the alternative projects were provided by the DBCA (Table 6.1). 

Projects that involve 1080 baiting include expenses for fox and feral cat baits, 

personnel and fleet (vehicle) costs for each baiting event. Projects involving trapping 

include costs for traps, personnel, and fleet costs for each trapping event. Projects that 

involve fencing include capital costs to construct the fence ($600,000 for Projects 1, 5, 

and 7 and $2.4 million for Project 2)44, and also costs for ongoing operation, 

maintenance and management that are proportional to the enclosed area and length of 

the fence. These costs include surveillance, track maintenance, habitat management, 

fauna management translocations (in and out of fenced area), bushfire risk mitigation 

(firebreaks, prescribed burning), and invasive predator control if foxes or feral cats get 

into the sanctuary. Projects that involve integrated off-reserve management include 

costs for community engagement, education and communication, costs to fund off-

reserve fox and feral cat control (baiting, trapping and shooting), costs for habitat 

                                                
44 All costs and benefits in this paper are given in 2017 Australian dollars (AU$) 
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protection and off-reserve revegetation, and management of prey species such as 

rabbits, etc. that sustain fox and feral cat populations.  

Table 6.1. Expected conservation benefits (Numbat and Woylie populations), project 

costs, and expected risks to achieving those benefits for baseline and alternative 

management projects to manage fox and feral cat populations in Dryandra Woodland. 

Project Description (abbreviation) 

Expected 
Numbat 

populationa 

Expected 
Woylie 

populationa 
Annual cost 

of project 

(2017 AU$)b 

Average 
anticipated risk 
to project (%) 

(Low–High) 
Average  

(Low–High) 

Average  

(Low–High) 

Baseline 1080 baiting (1080) 151 

(96–184) 

11,498 

(8,000–14,931) 

30,100 31% 

(31–31) 

Project 1c 1080 baiting +Fencing 1,000 ha 
(1080+FE1000) 

155  

(110–184) 

12,489  

(9,000–15,887) 

70,100 33% 

(31–35 ) 

Project 2d Fencing 8,300 ha  

(FE8300) 

86  

(50–96) 

13,347 

(10,950–15,187) 

181,500 46% 

(28–62 ) 

Project 3 1080 baiting + Integrated off-
reserve management  

(1080+IOR)e 

177 

(127–204) 

12,982 

(10,000–15,887) 

238,000 55% 

(41–68) 

Project 4 1080 baiting +Trapping (1080+TR) 184 

(151–204) 

13,962 

(10,000–17,755) 

40,100 35% 

(35–36) 

Project 5c 1080 baiting +Trapping +Fencing 
1,000 ha  

(1080+TR+FE1000) 

186  

(151–208) 

15,411  

(11,000–19,554) 

80,100 33% 

(32–35) 

Project 6 1080 baiting +Trapping +Integrated 
off-reserve management 
(1080+TR+IOR) 

187 

(151–209) 

16,360  

(11,000–21,278) 

278,100 52% 

(41–63) 

Project 7 1080 baiting +Fencing 1,000 ha 
+Trapping +Integrated off-reserve 
management 
(1080+FE1000+TR+IOR) 

190 

(151–212) 

18,212  

(11,994–23,713) 

318,100 58% 

(41–71 ) 

a Likely sustainable population in 5 years’ time for a given project. The range represents the uncertainty in expected 
benefits determined from expert consultation; b Annual operation and maintenance costs. b Projects 1, 5, and 7 include 
an additional AU$600,000 in capital costs for fence construction; b Project 2 includes an additional AU$ 2.4 million in 
capital costs for fence construction; e Integrated off-reserve management involves 50% community engagement and 
50% professional off-reserve management. 

 

An assessment timeframe of 25 years was chosen for our BCA and CEA as 

realistic and best suited for the projects’ goals of increasing Numbat and Woylie 

populations.  
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The benefits of fox and feral cat management in Dryandra Woodland, are largely in 

the form of socio-economic non-market values45 of the threatened species being 

protected, particularly the site’s focal species—Numbats and Woylies. These values of 

conservation outcomes and of the strategies to achieve those outcomes can be 

measured through well-established non-market valuation survey techniques such as 

discrete choice experiments (DCEs). DCEs estimate socio-economic values in the form 

of willingness to pay (WTP) for specific conservation improvements or for conservation 

actions. We used estimates of the Western Australian population’s WTP for increases 

in Numbat and Woylie numbers, and also for fox and feral cat control strategies to 

achieve those outcomes estimated by Subroy et al. (2019). WTP was estimated as a 

weighted46 average annual payment collected over a five-year period (Subroy et al., 

2019) and given in Table 6.2. This annual WTP per household was converted to total 

WTP per household in present value terms (2017 AU$), assuming a discount rate of 

7% (as recommended by the Australian Government) (2016). The present value of total 

WTP per household was multiplied by the number of WA households (994,154) (ABS, 

2017) to obtain the WTP for the entire WA population. This extrapolation took into 

account that a proportion of respondents were unwilling to pay for conservation 

management (Subroy et al., 2019). 

The benefits of increased Numbat and Woylie populations included an additional 

calculation step to those explained above. The Subroy et al. (2019) study estimated the 

annual WTP for increased Numbat and Woylie populations at Dryandra Woodland in 5 

years’ time from the time of the survey (2017). We, therefore, had to determine the 

population of both species in 5 years’ time (i.e., 2022)47 at Dryandra Woodland for the 

various projects. This was done using logistic growth models with inputs of population 

growth rates and carrying capacity. The population growth rates for Numbats were 

                                                
45 Values may also include non-anthropocentric (e.g. ecological/environmental and intrinsic) values of species. 
However, to the best of our knowledge, techniques to monetarily quantify non-anthropocentric values are currently 
unavailable. 
46 Weighted according to the size of the latent preference classes from Subroy et al. (2019). 
47 2017 was taken as Year 0. 
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estimated from data on sightings of the species in Dryandra Woodland (Friend and 

Thomas, 1994), and for Woylies using trapping data from Dryandra Woodland and a 

model based on Wayne et al. (2013), to convert percentage trap success to population 

size. The carrying capacity was assumed to be the likely sustainable population in 25 

years’ time (See Table 10.1 in the supplementary material for this chapter, Chapter 10) 

and varied according to the strategies implemented. We first multiplied the weighted 

average WTP per individual (Table 6.2) by the difference in expected species 

populations in five years between the baseline and the alternative project (Table 

6.1).This weighted average for the total increase in population was converted into 

present values (2017 AU$) per household, which was then extrapolated to the whole of 

the WA population using the steps described in the preceding paragraph.  

 

Table 6.2. Weighted average annual willingness to pay (WTP) per household for 

Numbats, Woylies and management strategies for WA population (in 2017 Australian 

dollars). Standard deviations of WTP are given in brackets. Source: Subroy et al. 

(2019). 

Species/  
Management strategy 

Weighted-average annual WTP 
(2017 AU$) 

Standard deviation of weighted 
average annual WTP 

(2017 AU$) 

Numbata 0.66 0.26 

Woylieb 0.029 0.008 

1080+FE 6.21 1.39 

FE 174.01 80.11 

1080+IORc _ _ 

1080+TR 4.10 2.02 

1080+TR +FE 55.35 15.00 

1080+TR+IORc 57.21 15.57 

1080+FE+TR+IORc 76.10 17.67 

a WTP per Numbat per household per year for five years; b WTP per Woylie per household per year for five years; c The 
Subroy et al. (2019) study determined WTP for the community engagement strategy and not for the integrated off-
reserve management strategy (i.e. considering fox and feral cat control on surround farmland by the landholders alone, 
and not including possible involvement by professional or recreational shooters). We assumed that WTP for the 
integrated off-reserve management strategy for this BCA and CEA was the same as WTP for the community 
engagement strategy determined by Subroy et al. (2019).  
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6.3.6 Sensitivity analysis 

The ranges of expected Numbat and Woylie populations and expected risks to 

realising these increases are given in Table 6.1. These ranges were provided by the 

DBCA after extensive discussions among the conservation experts. In the case of cost, 

we assumed that project costs varied by 10% around the average values given in 

Table 6.1. The standard deviation of estimated average marginal WTP for threatened 

species (Table 6.2) was used in the sensitivity analysis for those variables. Following 

the majority of Australian State and Federal Treasury departments, we tested the 

sensitivity of our results in our analyses to low, default, and high discount rates of 4%, 

7% and 10%, respectively (GoA, 2016).  

Sensitivity analysis was first carried out for each of the uncertain variables 

individually at their low, average and high values. The values of all other variables was 

kept at their average values. Then a full uncertainty analysis was carried out where the 

values of all uncertain variables were allowed to vary within their expected range 

(Table 6.1, Table 6.2 and Table 10.1). This was done through Monte Carlo simulations 

(50,000 for each project) using the @Risk software (Palisade, Ithaca, NY, USA). A full 

uncertainty analysis allowed robustness of the results from BCA and CEA to be tested, 

identify which variables most influenced the results and also determine the probabilities 

of the NPV being larger than zero for each of the projects. For simplification, the project 

cost, project benefits (increases in Numbat and Woylie populations), risk of project 

failure and discount rates were modelled as triangular distributions. WTP for threatened 

species and for fox and feral cat control strategies were modelled as normal 

distributions. The variables were assumed to move independent of each other in the 

Monte Carlo simulations. 
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6.4 Results 

6.4.1 CEA and BCA with and without the inclusion of social values 

for threatened species and control strategies 

Project implementation costs varied greatly between control strategies (Table 

4.2). Except for Project 4 (1080 baiting+trapping), all projects had high annual 

operating and maintenance costs, and in the case of fencing, had substantial capital 

costs as well to construct the fence. Project 4 cost the least at $126,500, whereas 

Project 2 (fencing the main block of 8,300 ha) cost the most: $4.3 million over a 25 

year-time period.  

The present value of benefits ranged from $0 for protecting Numbats in Project 

2, to $910 million for protecting Woylies for the expected improvement achieved in 

Project 7 (combination of all four management strategies) (Table 6.3). The expected 

increase in Numbat population in 5 years’ time under Project 2 was lower than that for 

the baseline project of 1080 baiting (Table 6.1). In the absence of information about 

WTP for lower numbers than the base case, the average weighted WTP for the change 

in Numbat population for Project 2 was set at $0. Values held for fox and feral cat 

control strategies were found to be substantial: up to a maximum of $803 million for the 

strategy of fencing employed by Project 2.  This results stems from a relative aversion 

to 1080 baiting expressed by a proportion of the respondents of the Subroy et al. 

(2019) DCE survey. 

At the average values of all variables, the cost-effectiveness ratio (CER) varied 

between $49/animal for Project 4 (1080+TR) to $1,670/animal for Project 3 (1080 

baiting+IOR) (Table 6.3). Project 4 is, therefore, the most favourable to implement 

when using cost-effectiveness analysis as a decision-support tool. The CER for the 

1080+TR project was between 6 and 34 times lower than for other alternative projects.  
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All projects were highly favourable relative to the baseline of 1080 baiting (i.e. 

NPV>0 and BCR>1) (Table 6.3). The net benefits of projects varied between $277 

million and $1,374 million when social values for predator control strategies was 

included in the calculations. The BCR of Project 4 was the highest (BCR=3,421 or 

BCR=3,570 depending on whether or not social benefits of control strategies were 

included), and was between 5 and 35 times higher than the alternative projects. This 

was largely because the cost to implement this project was the lowest among the 

alternative projects. However, the NPV of Project 7 (1080+FE1000+TR+IOR) was the 

highest (NPV=$1,023 million or NPV = $1,374 million), and it was between 1.3 and 8 

times higher than the other alternative projects (Table 4.2). Thus, if there are no budget 

constraints, Project 7 is the most favourable of all projects to implement based on its 

NPV. This differs from the ranking using a CEA framework, where Project 4 is seen to 

be the most favourable. The prioritisation of projects is, thus, altered depending on 

whether a BCA or a CEA framework is used. However, decision makers typically 

operate under a limited budget. In that case, the decision should be to select the 

project with the highest NPV that fits within the available budget. For example, if the 

project budget is $1.5 million over the time frame of 25 years, then only Project 1 

(1080+FE1000), Project 4 (1080+TR) and Project 5 (1080+TR+FE1000) would be 

affordable. Of these three projects, Project 5 has the highest NPV, and consequently 

would be the most favourable to implement. In this case study, a BCA or a CEA will 

only select the same most favourable project to implement if the budget is highly 

constrained (Project 4 if the budget is less than $1 million).  

As expected, the inclusion of social benefits of control strategies increased the 

NPV and the BCR. Using the NPV and assuming an unconstrained budget, the most 

favourable project to implement remained Project 7. However, including social benefits 

of control strategies in the BCA altered the rank of the projects (Table 6.3). For 

example, the second most favourable project to implement when social benefits of 
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control strategies were not included was Project 6 (1080+TR+IOR), but when these 

benefits were included the second most favourable project was Project 2 (FE8300). This 

was because of the very high WTP for the strategy of fencing ($803 million). 

Results show that social benefits of threatened species and control strategies 

are substantial, making them important to consider during decision-making. Since 

social benefits (as well as costs) can be included in calculations in a BCA but not in 

CEA, the former is the more appropriate tool to use. The results and discussions that 

follow will, therefore, be based on a BCA framework that includes social values for 

threatened species and for control strategies. The prioritisation of projects will be 

discussed based on the NPV. 

6.4.2 Inclusion of risk of project failure in calculating benefits 

The anticipated risks48 of project failure relate to the risk that a project would fail 

to achieve the expected increases in populations of Numbats and Woylies given in 

Table 6.1. These risks are expressed as percentages and were derived after extensive 

consultations with experts at the DBCA (Table 6.1). The expected benefits of a project 

are, therefore, proportional to the probability of the project not failing (Pannell, 2015). 

The inclusion of risk scales down the intended benefits since the calculation considers 

factors (technical, non-cooperation, socio-political, financial and managerial) that could 

lead to a project failing to achieve these benefits, making the estimated benefits of a 

project more realistic. Projects involving fencing or integrated off-reserve management 

had higher risks of project failure particularly due to financial reasons (i.e. ensuring 

                                                
48 Factoring risks and adoption modifies the calculation of benefits in Error! Reference source not found.) as, 
(Pannell, 2015): 

𝑃𝑉(𝐵) =  ∑
(𝐵𝑎𝑡−𝐵𝑏𝑡)× (1−𝑅) 

(1+𝑟)𝑡
𝑇
𝑡=0        (6.4)  

Where, R is the risk (as a probability) of the program failing to achieve its expected benefits. R  is calculated factoring in 
technical, non-cooperation, socio-political, financial and managerial risks as, (Pannell, 2015): 

𝑅 = 1 − [(1 − 𝑅𝑡) × (1 − 𝑅𝑐)  × (1 − 𝑅𝑠) × (1 − 𝑅𝑓) × (1 − 𝑅𝑚)]   (6.5)  

Where, subscripts t, c, s, f and m are the technical, non-cooperation, socio-political, financial and managerial risks 
respectively, of the project failing to achieve its expected benefits, expressed as probabilities. These risks are treated as 
binary variables with an all or nothing outcome, and were calculated for the overall project, and not a yearly basis. 
Underpinning Equation 6.5 is an assumption that the four risk types are independent.  
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continuity of funding for annual operating and maintenance costs). Projects 3, 6 and 7 

that involved integrated off-reserve management also had higher anticipated risks of 

project failure but also higher uncertainty in risk estimates. This was mainly due to the 

potential for non-cooperation by the surrounding landholders to carry out fox and feral 

cat control on their farms. Including anticipated risk will lower the expected benefits for 

various projects and, therefore, the NPV and the BCR (Table 6.3). NPVs with the 

inclusion of project risk were on average 33% lower than NPVs without the inclusion of 

risk. Table 10.2 in the supplementary material section (Chapter 10) shows the results 

of including and excluding risk of project failure in calculating benefits in greater detail.  

Including the risk of project failure in calculating benefits also altered the rank of 

the projects (Table 6.3). The most favourable projects to implement when risks of 

project failure were not considered compared to when they were considered were 

Project 7 and Project 2 respectively. This is because even though Project 7 had higher 

expected benefits in terms of increased Numbat and Woylie populations it also had a 

higher risk of project failure (58%) compared to Project 249 (46%) (Table 6.1). Since 

there is a possibility of projects failing to achieve their expected benefits it would be 

prudent to include anticipated risk of project failure for calculating benefits. Therefore, 

the BCA calculations in the next section include the anticipated risk of project failure for 

calculating benefits. 

 

 

                                                
49 Project 2 was the most favourable to implement even when the benefits of increased Numbat population was allowed 
to be negative rather than zero for this project. The zero WTP was assumed since the Numbat population under Project 
2 was expected to be lower in Year 5 of the calculations compared to the baseline scenario of 1080 baiting. Since the 
Subroy et al. (2019) survey had not measured WTP for decrease in species’ populations, we simplified our calculations 
by assuming a zero WTP for this decrease in Numbat populations.  
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Table 6.3. Present value of costs and benefits (Numbats, Woylies, and Management strategies), the cost-effectiveness ratio (CER in 

AU$/animal), net present value (NPV in 2017 AU$) and benefit: cost ratio (BCR in 2017 AU$) and rank of the seven alternative projects using a 

default 7% discount rate. 

Project a 

Present 
Value of 

Costs 
(in 2017 

AU$ 
‘000) 

Present value of benefits 
(in millions of 2017 AU$) 

CER 

BCA resultsb 
(Excluding social 

values for predator 
control strategies) 

BCA resultsb 
(Including social 

values for predator 
control strategies) 

BCA results 
(Including social 

values for predator 
control strategies and 

project risks) 

Project 
rankc 

Numbats Woylies 
Predator 
control 

strategies 

NPV 
(in millions of 
2017 AU$) 

BCR 
NPV 

(in millions of 
2017 AU$) 

BCR 

NPV 
(in millions 

of 2017 
AU$) 

BCR  

Project 1  
(1080+FE1000) 

1,106 12 134 29 1,095 146 133 174 158 126 115 6 

Project 2  
(FE8300) 

4,315 NAd
 251 803 953 246 58 1,049 244 934 217 1 

Project 3  
(1080+IOR) 

2,630 78 201 NSe 1,670 277 106 277 106 122 48 7 

Project 4  
(1080+TR) 

126 99 334 19 49 433 3,421 452 3,570 300 2,370 5 

Project 5  
(1080+TR+FE1000) 

1,232 107 530 255 300 636 517 891 724 680 553 3 

Project 6  
(1080+TR+IOR) 

3,138 110 659 264 614 766 245 1,030 329 627 201 4 

Project 7  
(1080+FE1000+TR+IOR) 

4,244 117 910 351 596 1,023 242 1,374 325 781 185 2 

a Abbreviations for management strategies: 1080: 1080 baiting, FE1000: Fencing a satellite block 1,000 ha in area, FE 8300: Fencing the main block 8,300 ha in area, TR: Trapping, IOR: Integrated off-
reserve management. b The calculation of benefits here exclude risks to realising project benefits (i.e. they exclude the risk to achieving expected improvements in Numbat and Woylie populations) c 

The rank of the projects was derived from the NPV assuming an unconstrained budget where benefits were calculated including social benefits for introduced predator control strategies and also 
risk of not achieving expected improvements in Numbat and Woylie populations. d The expected increase in Numbat population in 5 years’ time under Project 2 was lower than that for the baseline 
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project of 1080 baiting (see Table 6.1). This increase was also lower than the zero cost status quo number of 100 animals in the Subroy et al. (2019) survey. Since the survey did not calculate WTP 
for a decrease in Numbat populations from those in the baseline, the weighted average WTP for Numbats for Project 2 was taken to be $0 to simplify the calculations. e The WTP for 1080 
baiting+IOR was not significantly different from zero from the Subroy et al. (2019) DCE survey.
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6.4.3 Sensitivity analysis for individual variables 

Sensitivity analysis on project cost, project’s benefits (expected populations of 

Numbats and Woylies), the risk of the project failing to deliver its expected benefits, 

the WTP for Numbats, Woylies and the control strategies, and the discount rate are 

presented in Figure 6.2. Ranges for parameter values are shown in Table 6.1 and 

Table 6.2 and explained in Section 6.3.6. 

The NPV was found to be most sensitive to the WTP for the threatened species 

and for fox and feral cat control strategies as indicated by steep curves in Figure 

6.2(a). NPV was on average 62% lower and 62% higher, at the lower and at the upper 

limits of WTP (Table 10.3, Table 10.4). The ranking of projects especially at the lower 

limit of WTP was altered compared to the ranking at average WTP values. Project 2 

(FE8300) appeared to be most sensitive to the change in WTP—it was ranked as the 

fourth best project if all projects were assessed using the lower limit of WTP (NPV = 

$121 million), but the most favourable project to implement if all projects were 

assessed at the average (NPV = $934 million) or the upper limit of WTP (NPV = 

$1,747 million). This can be attributed to the large standard deviation in WTP for this 

strategy ($80), which was nearly half the value of the WTP of itself ($174) (see Table 

6.2).  

The NPV was also found to be somewhat sensitive to the anticipated risk of 

projects failing to achieve the expected increases in Numbat and Woylie populations 

(Figure 6.2(b)). NPV was, on average, 11% higher at the lower limit of project risk, and 

on average 10% lower at the upper limit of project risk. The ranking of projects at 

lower and at higher risks was different from that at average risk. Project 5 was the 

most sensitive to changing project risk—its ranking changed from 4 at the lower limit 

of risk to 2 at the upper limit of risk (Table 10.3, Table 10.4). 
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The ranking of the projects at the lower and upper limits of expected conservation 

benefits (increased populations of Numbats and Woylies) remained the same as 

evaluation at their average values. The NPV, and hence the rank of projects, do not 

appear to be sensitive to projects’ costs or the discount rates (Figure 10.1, Table 10.3, 

Table 10.4).  
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Figure 6.2. Sensitivity of Net Present Value (NPV) to the most sensitive variables (a) 

low, average and high willingness to pay (WTP) for Numbats, Woylies and fox and feral 

cat control strategies, and (b) low, average and high anticipated risks of failure to 

benefits. See Tables C and D in Appendix II for values of benefits, costs and NPVs and 

BCRs for the sensitivity analyses presented here and for sensitivity to project cost, 

project’s benefits (expected populations of Numbats and Woylies) and discount rate. 
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6.4.4 Sensitivity analysis using Monte Carlo simulations 

Monte Carlo simulations were carried out to examine the combined effect of 

uncertainty in individual variables on BCA results. Ranking of projects was found to be 

reasonably robust to joint changes in variables. 

Table 6.4 shows the NPV results from 50,000 Monte Carlo simulations. The 

probability that NPV< 0 was zero for all projects except Project 2 (FE8300), where the 

probability was 0.006 (Table 6.4). 

This shows that even with the uncertainty in the values of variables all the 

projects are highly likely to yield positive net benefits and are favourable to implement. 

All projects had wide variations in mean NPV values with Project 2 (FE8300) 

having the widest variation in NPV ($375 million) compared to the other projects. Even 

though Project 2 had the widest variation, it was still the most favourable to implement. 

(Table 6.4). It is possible that other rankings may have occurred in the individual Monte 

Carlo simulations. However, the @Risk software did not record the results for each run 

from which the project ranking for that run could be discerned.  

The variables that most influenced the BCA results were the WTP estimates for 

Woylies and WTP for fox and feral cat control strategies (Table 6.5). This means that 

the ranks of projects being considered for prioritisation can be altered if the precise 

values of these variables are not known. This is evident from the sensitivity analysis for 

individual variables, where the ranks of several projects, particularly Project 2 was 

significantly altered at the low, average and high WTP values for threatened species 

and especially for control strategies. Investing in eliciting accurate population-averaged 

WTP values is therefore highly recommended to reduce uncertainty in the projects’ 

benefit estimates. 
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Table 6.4. Mean, standard deviation of the mean (SD), median, 25th and 75th 

percentile values of Net Present Value (NPV) (in millions of 2017 AU$), and probability 

that NPV <0 for the different projects from 50,000 Monte Carlo simulations. The rank of 

the projects based on the mean, median, 25th and 75th percentiles are also shown. 

Also included for comparison is the NPV of the projects calculated at the average 

values of all variables. 

 

Project 1  

(1080+FE1000) 

Project 2  

(FE8300) 

Project 3  

(1080+IOR) 

Project 4  

(1080+TR) 

Project 5  

(1080+TR+ 
FE1000) 

Project 6  

(1080+TR 
+IOR) 

Project 7  

(1080+FE1000 

+TR+IOR) 

25% Percentile of 
NPV 

111.1 670.9 99.4 257.5 593.4 537.1 671.3 

Median NPV 128.9 923.8 121.8 302.6 679.8 620.3 773.3 

Mean NPV 

(SD) 

128.9 

(26.6) 

924.5 

(375.0) 

124.4 

(35.5) 

304.4 

(69.4) 

681.2 

(127.7) 

625.2 

(128.1) 

782.5 

(161.4) 

75% Percentile of 
NPV 

146.8 1,178.0 146.5 350.1 766.6 707.8 884.8 

Probability (NPV≤ 0) 0.00 0.006 0.00 0.00 0.00 0.00 0.00 

NPV at average 
values of uncertain 
variables 

125.8 934.1 122.4 299.8 680.2 627.1 780.9 

Project 
ranking 
based 

on 

Mean 
NPV 

6 1 7 5 3 4 2 

Median 
NPV 

6 1 7 5 3 4 2 

 

Table 6.5. The first three most important variables that affect the Net Present Value 

(NPV) in order of importance (1 = most important) determined from Monte Carlo 

simulations for the seven alternative projects. 

Project 
Variables affecting NPV 

1 2 3 

Project 1 (1080+FE1000) 
WTP 

(Woylies) 
WTP 

(Control strategy) 
Benefits 

(Numbat population increase) 

Project 2 (FE8300) 
WTP 

(Control strategy) 
Benefits 

(Woylie population increase) 
WTP 

(Woylies) 

Project 3 (1080+IOR) 
WTP 

(Woylies) 
Risk of project failure 

WTP 
(Numbats) 

Project 4 (1080+TR) 
WTP 

(Woylies) 
WTP 

(Numbats) 
Benefits 

(Woylie population increase) 

Project 5 (1080+TR+ FE1000) 
WTP 

(Woylies) 
WTP 

(Control strategy) 
WTP 

(Numbats) 

Project 6 (1080+TR +IOR) 
WTP 

(Woylies) 
WTP 

(Control strategy) 
Benefits 

(Woylie population increase) 

Project 7 (1080+FE1000+TR+IOR) 
WTP 

(Woylies) 
WTP 

(Control strategy) 
Risk of project failure 
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6.5 Discussion and Conclusions 

Our paper compared how CEA and BCA can be used to guide the selection of 

projects to control foxes and feral cats at a conservation site in WA to protect the 

threatened focal species at the site—Numbats and Woylies. The quantifiable benefits 

of fox and feral cat management in our study largely exist in the form of the non-market 

values of the threatened species that are protected at the site. We used results from a 

discrete choice experiment to estimate the non-market benefits of Numbats and 

Woylies as well as people’s preferences for the strategies to control foxes and feral 

cats. These values were included in the BCA to determine the optimal policy that could 

be implemented to ensure realistically viable target populations of Numbats and 

Woylies at the site in 25 years.  

All seven projects that could realistically be implemented in Dryandra Woodland 

were highly attractive (BCR > 1 and NPV > 0). Despite project costs being calculated 

over a 25 year timeframe and estimated benefits only being available for a 5 year 

timeframe, the net benefits of all projects were extremely large and varied between 

AU$ 125.7 and 934.1 million. These net benefit estimates account for the values 

people derive from different fox and feral cat control strategies and for the risks of 

project failure. The values attached to fox and feral cat control strategies were 

themselves substantial and varied from $18.9 million to $803 million. The most 

preferred strategy was fencing on its own. On average, the benefits of introduced 

predator control strategies constituted about one-third (34%) of the total benefits 

(benefits derived from species conservation and benefits from the control strategies) 

but constituted 86% of the total benefits for Project 2 (fencing only). 

Project 4, which implements 1080 baiting+trapping, was the most favourable to 

implement when using cost-effectiveness as the decision rule. The cost-effectiveness 

ratio of Project 4 was $49/animal, which is between 6 and 34 times lower than the 
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alternative projects. The benefit-cost ratio of Project 4 (BCR= 2,370) was between 4 

and 50 times higher that of the other projects when adjusted for project risk and 

including values held for introduced invasive predator control strategies. This is 

because the costs to carry out this project were just marginally higher than the baseline 

project of 1080 baiting, while it yielded considerable expected benefits (improvements 

in Numbat and Woylie populations). 

Decisions based on BCAs would typically favour those strategies that yield the 

greatest net benefits (i.e. highest NPV). Despite the BCR of Project 4 being the highest 

among all the projects, the project with the highest NPV was Project 2—making it the 

most favourable project to implement if costs were unconstrained. The very high social 

value of fencing ($803 million) makes this project highly attractive. It must be reiterated 

that Project 2 is also very costly, and hence this recommendation only holds if there are 

no budget constraints. As seen in section 6.4.1, if project budgets are limited then other 

projects (with the highest net benefits within the given budget) will be more favourable 

to implement. 

Sensitivity analysis using Monte Carlo simulations found the result of high NPVs 

to be robust in the expected range of uncertainty for the key variables. All projects 

consistently had a NPV > 0, except Project 2 where the probability of NPV≤0 was 

extremely low (P=0.006). The variables that most affected the BCA results for all 

projects were the willingness to pay (WTP) for Woylies and WTP for fox and feral cat 

control strategies. Other variables affecting the BCA output in some of the projects 

included the increases in the populations of threatened species, the risk of project 

failure and the discount rate. This stems from the considerable heterogeneity in WTP 

for the threatened species and the fox and feral cat control strategies. Therefore, future 

work should focus on getting accurate context-specific WTP estimates for threatened 

species and for conservation strategies to ensure that they can be reliably used in 

benefit-cost analyses. 
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The sensitivity of results to the risk of project failure has several implications for 

managers. The results highlight that it is important for conservation managers to 

identify potential risks of project failure so that they can consider steps that can be 

taken to mitigate those risks. For example, in the case of the strategy of integrated off-

reserve management, financial incentives could be given to the surrounding 

landholders to carry out the required fox and feral cat control on their farms, thus, 

lowering the risk of project failure. However, this could increase the project’s cost 

substantially, and may still not enable the project to deliver the highest benefits, 

especially if the budget is limited.  

The ranking of projects differed significantly when a cost-effectiveness analysis 

was used compared to a benefit-cost analysis. Even within the benefit-cost, the rank of 

projects was altered with the inclusion of social value for introduced invasive predator 

control strategies. Since the values of threatened species, and their conservation 

strategies were found to be substantial (Subroy et al., 2019), it is important to include 

them in policy decision making for conservation projects.  

We had to make assumptions about the economic values of species and 

predator control strategies estimated by Subroy et al. (2019) to calculate the benefits in 

our BCA. (1) The strategy of fencing in their survey did not examine respondents’ 

preferences for different fence sizes. Accordingly, we assumed that the socio-economic 

values of fencing were the same irrespective of the size of the enclosure. This may not 

necessarily be true. Different–sized fenced enclosures would very likely impact species 

differently, consequently yielding different conservation benefits, and hence, different 

values for those benefits. (2) The survey estimated respondents’ preference for 

community engagement rather than ‘integrated off–reserve management’. In our BCA, 

the integrated off–reserve management strategy included community engagement of 

local landholders and off–reserve management by professionals employed by the 

DBCA. We assumed respondents’ preferences for integrated off-reserve management 
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were the same as that for the community engagement strategy. Again, this assumption 

may not necessarily be correct. People’s values for professional shooters and local 

landholders carrying out fox and feral cat control on surrounding farmland may be 

different than for just the local landholders carrying out fox and feral cat control on their 

properties. (3)To estimate Numbat and Woylie populations in Year 5 of our timeframe 

we modelled growth using a logistic growth model. In the model, we fixed the carrying 

capacity for each project based on expert opinion of realistic estimates of population 

carrying capacities populations achievable under that project in 25 years. We also 

assumed that the initial growth rate was the same under all management strategies 

which may not be true. This is a significant issue in conservation projects where 

accurate data may not be available until the work is implemented. It is recommended to 

implement pilot projects that include monitoring programs to inform adaptive 

management. This would enable conservation outcomes to be recalculated once new 

information becomes available. 

Our BCA did not include the non-market values that people may hold for other 

native threatened species at Dryandra Woodland that also benefit from fox and feral 

cat control. These include the Red-tailed Phascogale (Phascogale calura), the 

Burrowing Bettong (Bettongia lesueur lesueur), and the Western Quoll (Dasyurus 

geoffroii), among others. These non-market values are likely to primarily be existence 

and bequest values, as is the case with most other threatened species. But it is also 

likely that these species provide use value that comes from being able to view the 

species in their natural habitat. Therefore, the overall benefits calculated in this BCA 

can be thought of as a conservative estimate of the actual benefits of fox and feral cat 

control in the Woodland.  

Even though Project 2 provides the highest NPV, it involves the strategy of 

fencing which may not be acceptable to conservation agencies owing to its potential 

ecological costs (e.g. predator naiveté in species Jolly et al. (2018)), or loss or 
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diminished gene flow – (Hayward and Kerley, 2009), among others). Moreover, the 

population of Numbats was expected to be, on average, 46% lower under Project 2 

than under the baseline scenario of 1080 baiting. We assumed that the benefits of 

Numbat population changes would be zero for Project 2. Nevertheless, even when 

assuming a negative WTP under Project 2 the NPV of this project when adjusted for 

risk was still the highest among all the projects (NPV = $827.6 million), implying that it 

is still the most preferred management strategy. The benefit estimates for Project 2 are 

largely driven by the values people hold for the strategy of fencing on its own. It seems 

odd that people valued the strategies used to achieve conservation outcomes more 

than the outcomes themselves. It is possible that people’s WTP for this strategy would 

not be so high had they been explicitly informed about the possibility of a lower 

increase in Numbat populations compared to the base case of baiting. Moreover, as 

was seen in the sensitivity analysis, the rank of Project 2 was substantially altered at 

the lower end of WTP for species and for predator control strategies. We would, 

therefore, be cautious in drawing strong conclusions about Project 2.  

Ultimately, trade-offs between project budgets, social values for conservation 

benefits and also for strategies to achieve those benefits, as well as the risks of project 

failure are essential in selecting socio-economically and ecologically optimum 

conservation policies preferably through a benefit-cost analysis. 
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Chapter 7 Discussion and Conclusions 

7.1 Introduction 

Introduced foxes and feral cats are a serious threat to native fauna in Australia 

and in other parts of the world. The populations of these predators should be controlled 

to improve the chance of survival of native species. The benefits of introduced predator 

control are largely in the form of the values of the threatened species being protected. 

These include anthropocentric socio-economic values but may also include non-

anthropocentric values (i.e. ecological/environmental). While techniques to monetarily 

quantify non-anthropocentric values are currently unavailable, there are well-

established techniques to monetarily quantify the anthropocentric socio-economic 

values of threatened species. However, they are not often utilised to inform 

conservation decision making. Since conservation takes place in a social context, 

neglecting to consider the socio-economic values of threatened species as well as 

social preferences for recovery strategies may lead to the selection of sub-optimal 

strategies, and possibly waste limited conservation budgets. It is, therefore, important 

that policies for threatened species’ conservation and recovery consider social aspects 

along with ecological, geographic and financial ones.  

Using a case-study site in Western Australia, the over-arching aim of this thesis 

was to improve decision making for threatened species’ recovery by demonstrating 

how incorporating socio-economic values for threatened species and for conservation 

strategies could better guide the spending of limited conservation funding. This aim 

was operationalised through three research questions and four papers. The key 

findings, challenges, and limitations of the research are summarised below. This is 

followed by a discussion on the policy implications and the contribution and 
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significance of the research. The chapter concludes with limitations of current research 

and suggestions for future research.  

7.2 Discussion of findings 

7.2.1 Research Question 1 

What are (a) the economic values of threatened species and (b) what are the factors 

affecting WTP for threatened species? 

The first paper (Chapter 3) set out to examine existing global non-market 

valuation studies of threatened species to assess determinants of WTP for species, as 

well as review the state of the existing literature on the topic. The scope of this chapter 

was initially limited to a qualitative review of existing literature. However, given the 

diversity of species, valuation contexts, study designs, and payment vehicles and 

durations, among other things, it became apparent that a meta-regression analysis 

(MRA) would be a more appropriate as well as rigorous approach that would allow 

information and findings across studies to be systematically integrated, and significant 

causes of heterogeneity to be statistically determined. Another objective of the MRA 

was to examine whether the meta-regression function could be used as a benefit 

transfer tool to estimate WTP for the threatened species in this study—Numbats and 

Woylies.  

From the meta-regression analysis conducted on a refined dataset of 109 WTP 

estimates from 47 studies across 19 countries, we found WTP to be significantly 

impacted by several factors, namely species type, charisma and threat status, the type 

of change in population being valued (avoided loss versus gain), the magnitude of gain 

and survey format. We found marine mammals to be valued more highly relative to 

terrestrial mammals, threatened species to be valued more highly than non-threatened 
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species, and charismatic50 species to be valued more highly than non-charismatic 

species. In line with prior literature we found that respondents valued avoiding loss of a 

species’ population higher than a gain in population. Agreeing with findings by 

Jacobsen and Hanley (2009) and Reaves et al. (1999), we found open-ended and 

payment-card type CV surveys to yield significantly lower WTP estimates than the 

discrete choice CV format but not lower than choice experiments. A respondents’ 

annual income and a country’s development status (expected to be significant) turned 

out to be insignificant factors. Other insignificant factors in the MRA included the use of 

coloured photographs in a survey, the difference in WTP between visitors and 

households, the mode of survey administration and the payment vehicle. 

A particular challenge in conducting this meta-regression analysis was the 

refining and coding of the meta-dataset, especially the latter owning to the diversity of 

species, valuation contexts, models, and study designs. However, prior to conducting 

the analysis itself the failure by many authors to report essential survey information 

presented a challenge. Examples of commonly missing information included survey 

year, valuation context, payment vehicle, payment duration, as well as statistics of 

WTP estimates and demographic information. In order to include as many studies as 

possible, we contacted the authors and requested them to supply the missing 

information. Even so, there were studies that had to be excluded for lack of 

information51 required to conduct the MRA. 

Crucially, the lack of information on the variance or standard error of the WTP 

estimates in many studies highlighted the importance of using the correct weighting 

metric for the MRA. Our results revealed that models weighted using the square root of 

the sample size (which is often recommendation when standard errors for WTP are not 

                                                
50 It is generally agreed that charismatic species are typically large vertebrates (megafauna) that instinctively appeal to 
humans such as, elephants, pandas, and whales (Metrick and Weitzman, 1996). Species were treated as charismatic if 
they had been characterized as such in the original study, or in other websites or studies. 
51 The study’s authors either did not get back even after two follow up emails, or they could not locate the information 
requested since the study had been conducted a long time ago. 
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available) were significantly different from those weighted using the standard error of 

the WTP estimates. The coefficients of several important variables were not statistically 

significant in the inverse-sample size-weighted model, including those on species’ type, 

threat status, charisma, the type of change in population being measured (avoid loss 

versus a gain) and the percentage of gain being measured. These results differ from 

published literature and also economic theory. Keeping these findings in mind, and in 

agreement with recommendations by others (Gurevitch et al., 2018, Van Houtven, 

2008), we recommend using inverse-variance- or standard error-weighted models in 

meta-regression analyses as far as possible. For this reason also it is important for 

authors of stated-preference studies to present the standard errors or confidence 

intervals of the WTP estimates. 

Conducting the meta-regression allowed existing non-market valuation studies 

of threatened species to be critically reviewed. We found that many studies were vague 

in defining the valuation scenario with statements such as “conservation or protection 

of species” or something similarly ambiguous without any reference to a baseline or 

counterfactual, that is, what would happen if the conservation program was not carried 

out. Very few of the analysed studies explicitly specified the counterfactual scenario. 

Failure to specify the counterfactual scenario means that it is left to the respondent to 

guess what would happen in the absence of the program. This is likely to introduce 

unnecessary randomness into the set of responses. However, it also very importantly 

brings into question what the study was actually valuing, and whether those values 

could be used in a benefit transfer. 

The primary studies available for the meta-analysis were limited in their 

scope—they were largely from developed countries on charismatic terrestrial and 

marine mammals, and to a lesser extent birds and fish. Studies on reptiles assessed 

values only for charismatic turtles, while the single study on insects also valued a 

charismatic species—the Monarch butterfly. There were a handful of studies on non-
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charismatic species such as crustaceans. Hence, even though our meta-regression 

model provides reasonably reliable WTP estimates for certain contexts with average 

absolute within-sample- and out-of-sample transfer errors of 17% and 48%, 

respectively, it may not always be possible to use it to estimate economic values for 

threatened species from developing countries or for species for which there is a lack of 

primary results, such as insects or non-charismatic reptiles.  

Given the limitations of the primary studies, and the fact that the species being 

valued for this thesis were endemic with a limited geographic range, the best approach 

for the study context in this thesis was to conduct an original non-market valuation 

survey, specifically, a discrete choice experiment. Conducting an original study also 

enabled me to assess the preferences of the various stakeholders at my study site and 

to answer research question 2. 

7.2.2 Research Question 2 

a) What are the economic values of Numbats and Woylies and of the various 

strategies used to control foxes and feral cats at Dryandra Woodland? 

b) Do preferences of different stakeholders differ for Numbats and Woylies and for 

various fox and feral cat control strategies? 

Research question 2a was the focus of the second and third papers (Chapters 

4 and 5), while question 2b was answered in Chapter 5. Chapter 4 used a mixed logit 

model to examine the preferences of the West Australian general public for Numbat 

and Woylie population improvements, and for strategies to control foxes and feral cats 

to bring about those improvements. Chapter 5 used a scale-adjusted latent class 

(SALC) model to assess whether preferences differed among the different stakeholders 

(i.e. the general public of WA, conservation experts, landholders directly bordering the 

Woodland and the wider community surrounding the Woodland). Since preferences 

and values for resources change over time depending on several factors, the WTP 
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estimates from this research should be understood as presenting a snapshot of social 

values at a certain time and given a particular context. 

The DCE survey found that people derived utility from improvements to Numbat 

and Woylie populations but, in line with economic theory, there was a diminishing 

marginal utility for such improvements. Despite informing survey respondents that 

threat status for Woylies (Critically-endangered) was higher than that for Numbats 

(Endangered), the weighted average WTP per household was higher for the Numbat 

($0.66/Numbat) than the Woylie ($0.03/Woylie). More respondents had prior 

knowledge of Numbats (89.5%) compared to Woylies (50.8%)—the Numbat being the 

faunal emblem of Western Australia, and also the face of many campaigns by 

government and private conservation agencies to save the species. This difference in 

values is in-line with results from prior studies (e.g. Richardson and Loomis (2009)) and 

also the findings of the meta-regression analysis in Chapter 3. The difference in WTP 

may also be because respondents paid attention to the absolute numbers of the 

species’ existing populations in the survey rather than their endangerment levels (i.e. 

2,500 Woylies versus 100 Numbats).  

While $0.66/Numbat and $0.03/Woylie may seem small amounts per 

household, when these numbers are aggregated over the entire population of Western 

Australia, the benefits are substantial. This was shown through the benefit-cost 

analysis in Chapter 6. The important conclusion from my choice experiment survey is 

that people significantly value increased populations of Numbats and Woylies at 

Dryandra Woodland. This highlights the importance of including social values in 

benefit-cost analyses to determine the desirability of conservation projects for 

threatened species’ recovery. 

Results also showed that people care not just about the ecological outcomes, 

but about the practices used to achieve those outcomes. Both the mixed logit and the 

SALC models determined that people significantly preferred combinations of strategies 
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to control foxes and feral cats at Dryandra Woodland. The SALC model also found a 

small segment of the respondents (17%) to be averse to 1080 baiting and, therefore, 

had substantially higher WTP for strategies that did not contain 1080 baiting. For 

example, the WTP for members of the No 1080 segment for the strategy of fencing 

was found to be $1,00052 per household/year for five years. The SALC model also 

found a similar sized segment (17%) who preferred the status quo of 1080 baiting and 

were unwilling to pay for improvements in Numbat and Woylie populations. In addition 

to the four latent preference classes, the SALC model also found two latent scale 

classes with preferences of those in one Scale class (40% of the sample) more 

uncertain relative to another (60%). As these results show, there is heterogeneity in 

social preferences for conservation benefits and the strategies to achieve those 

benefits. This heterogeneity must be accounted for when conservation decisions are 

taken or when policies are being framed. In the case of a benefit-cost analysis, this 

means weighting the WTP values of different population segments by their population 

sizes. Failing to account for this heterogeneity in preferences and, hence, in WTP, can 

lead to an under or an over estimation of the socio-economic benefits, and could alter 

decision making relating to the prioritisation of projects.  

Both the mixed logit and the SALC models allow heterogeneity in respondent 

preferences—the former by allowing preferences to vary for each respondent, and the 

latter by assuming that respondents implicitly belong to one of a finite number of latent 

preference classes. An advantage of the SALC model is that it can account for the 

degree of certainty (or error variance) in respondents’ preferences. If this error variance 

is significant, then it can also be used to scale down the WTP (and hence, benefits) of 

the respondents belonging to the scale class(es) with higher error variance. Thus, 

rather than having a mean WTP for people belonging to a region, segmenting 

individuals into classes on the basis of their latent preferences and also by their degree 

                                                
52 In 2016 Australian dollars 
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of certainty allows WTP to plausibly vary by choices and choice certainty. It also makes 

the calculation of benefits of projects to a region from the WTP estimates derived from 

such models more credible.  

The SALC model results also contributed to research question 2b. Results 

showed that preference heterogeneity among the respondents could not be attributed 

to the stakeholder sample that the respondent belonged to. Instead, an individual’s 

characteristics had a more profound effect on their preferences. Those characteristics 

included the respondent’s prior knowledge of introduced predator control strategies, 

and their pro-environmental behaviour (i.e. whether they supported an environmental 

or species’ conservation organisation). Prior studies by Kotchen and Reiling (2000) and 

Ojea and Loureiro (2007) have also shown respondents’ environmental attitudes to be 

significant factors affecting their WTP for threatened species. 

In the experimental design of the DCE, it would have been ideal to have more 

population levels for Numbats and Woylies to construct better demand curves for these 

attributes. The three levels for each of these attributes (one of which was the status 

quo) made it difficult to model the demand curves accurately. Including more levels 

would have helped us to more accurately estimate the benefits the protecting the 

species, and could, therefore, have influenced the results of the BCA. 

In the DCE it would have also been ideal to test people’s preferences for 

different strategies and their potential impacts on the populations of the threatened 

species. For example, we saw that employing a strategy of fencing a large block of 

Dryandra Woodland would mean that the population of Numbats could potentially be 

impacted negatively. Knowledge about these impacts could mean that willingness to 

pay for such a strategy might be lower than what was estimated from our survey.  
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7.2.3 Research Question 3 

Which fox and feral cat control strategy(ies) for Dryandra Woodland would provide the 

largest net benefits?  

The socio-economic values of conservation benefits estimated from the SALC 

model in Chapter 5 were used in a benefit-cost analysis (BCA) to answer research 

question 3 (Chapter 6). This chapter compared seven alternative projects to control 

invasive foxes and feral cats to conserve threatened Numbats and Woylies at Dryandra 

Woodland using both a cost-effectiveness analysis (CEA) and BCA to select the best 

project. In a CEA, the best project would be the most cost-effective project (in this case 

ecologically effective) at the least cost. In a BCA, the best project would be that which 

delivers the greatest net benefits (i.e. net present value).  

All seven projects were found to be highly attractive to implement from a benefit-

cost perspective (i.e. their NPV>0 and the BCR>1). Any of these projects would be far 

better than the status quo.  

We found that the rank of projects was altered depending on the decision 

criterion used (BCA or CEA), and also depending on whether socio-economic values 

and risk of project failure were included in the BCA criterion. Project 4, which 

implements the combination of 1080 baiting + trapping, was the most favourable when 

a cost-effectiveness framework was used, whereas Project 2, which involves fencing 

an 8,300 ha block of the Woodland, was the most favourable based on Net Present 

Value including social benefits for predator control strategies, risk of project failure, and 

assuming an unconstrained budget. If, however, the budget is constrained then the 

most favourable project would be the one with the highest Net Present Value that can 

be afforded. For example, if the project budget is constrained to say $1.5 million, then 

of all the projects that can be financed, Project 5 (1080 baiting+ trapping+ fencing a 

1,000 ha area of the Woodland) would be the most favourable to implement with net 
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benefits of about $680 million. Project 4 would be the most favourable to implement 

from a BCA standpoint only if the project budget is less than $1 million. 

Our findings imply that decision-makers could select sub-optimal policies if they 

do any of the following four things: (a) fail to consider socio-economic values for 

conservation benefits; (b) ignore social preferences for the strategies used to achieve 

the conservation outcomes, (c) fail to account for the probabilities that the different 

projects will fail to deliver their intended benefits, or (d) use an inappropriate decision 

rule (cost-effectiveness instead of NPV) to select projects. Knowing the risks to the 

realisation of a project’s benefits can also be worthwhile if steps can be taken by 

conservation managers to mitigate the risks. However, such mitigation measures 

usually come at an additional cost. Factoring these lower risks and also higher costs 

into decision-making help to promote good-quality decision making. 

Owing to the difficulty in reliably predicting the populations of Numbats and 

Woylies and their annual growth rates for the alternative projects, there was 

considerable uncertainty in their expected populations over the timeframe of our 

analysis. We used a logistic growth model to estimate Numbat and Woylie populations 

in year 5 of the timeframe for the BCA. While the growth rate for the species was 

calculated from actual trapping data, we also assumed that the growth rate was the 

same irrespective of the conservation strategy being implemented, but that populations 

varied because the carrying capacity for each species was different for each strategy. 

While these assumptions have limitations, they were specified by the collaborating 

conservation experts, reflecting the difficulty of making reliable predictions for species’ 

conservation projects—accurate data is simply not available until a project is 

implemented.  

Monte Carlo simulations were carried out to understand the impacts of 

uncertainty of several factors on BCA results. These factors included project cost, 

project benefits (populations of Numbats and Woylies), risks to a project’s expected 

benefits, discount rates, and marginal WTP for threatened species and for conservation 
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strategies. These simulations showed the BCA results to be highly robust with 

probability of NPVs < 0 being zero for all projects53 using the range of expected values 

of all uncertain factors. The rank of the projects using metrics of mean and median 

NPVs estimated from simulation outputs was the same as that estimated in the 

deterministic analysis using the average values for all parameters.  

Our DCE survey estimated values for only the threatened focal species at 

Dryandra Woodland, and not for the other threatened and common fauna at the site 

that also benefit from fox and feral cat control. Thus, the benefits quantified in this 

study can be considered as a conservative estimate of the actual benefits of fox and 

feral cat control at Dryandra Woodland. Also, while this study did quantify people’s 

preferences for conservation strategies, thereby capturing some potential utilities and 

disutilities of conservation strategies, it could not explicitly quantify the negative 

externalities of some of the strategies to society and to species themselves. That 

includes things like the psychological distress to people if their pet dogs are poisoned 

after accidently consuming 1080 baits, or the knowledge that there are some negative 

ecological impacts to species from fencing either through loss or diminished gene flow 

(Hayward and Kerley, 2009) or the development of predator naiveté (Jolly et al., 2018). 

These are possible considerations in future studies that measure the costs and benefits 

of species’ conservation projects.  

7.3 Thoughts about values 

The valuations carried out in this research relate to instrumental anthropocentric 

values, which reflect the satisfaction that objects or goods, in our case threatened 

species, bring individual human beings (Farber et al., 2002). Nature or biodiversity is 

valued differently by various people. There are people who recognise intrinsic values 

for threatened species—non-instrumental values that species possess by virtue of their 

                                                
53 The probability that NPV < 0 was 0.006 for Project 2 (Fencing an 8,300 hectare area of the Woodland). 
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nature, and independent of anthropocentric utility (Johansson-Stenman, 1998, O'Neill, 

1992). Some who believe that species have intrinsic values argue against putting dollar 

values on biodiversity including threatened species (e.g. Ehrenfeld (1988). This aspect 

of assigning dollar values to nature including, threatened species was not a focus of 

this thesis. Instead, the purpose was to estimate and utilise WTP measures.  

Economic values of most threatened species are largely in the form of 

existence values (Bandara and Tisdell, 2003a, Hageman, 1985, Han and Lee, 2008, 

Kontogianni et al., 2012, Kontoleon and Swanson, 2003, Stevens et al., 1991b, 

Whitehead, 1993). WTP for existence values are motivated by the knowledge that a 

species or resource exists irrespective of the individual ever consuming it in any way. 

However, they may also be motivated by a commitment stemming from an ethical 

concern that may not necessarily be utility-maximising, and therefore, should not be 

used in a normative benefit-cost analysis (Brookshire et al., 1986). Efficiency and 

ethical concerns may often be confounded in WTP estimates from stated-preference 

studies (i.e. a WTP because of individual-utility maximisation and a WTP because it is 

the correct thing to do) (Brookshire et al., 1986). Stevens et al. (1994) found that WTP 

estimates in their study partly included payment for ethical/moral satisfaction in addition 

to paying for the value of the wildlife existence, implying that underlying assumptions of 

utility theory that individuals merely act and make choices in ways that maximise their 

self-utility do not always hold. This confounding between efficiency and ethical 

concerns is not easy to untangle.  

It is being recognised that ethical beliefs play an important part of people’s 

preferences (Johansson-Stenman, 1998). While environmental attitudes were partly 

assessed in this research and found to significantly influence respondent preferences, 

their reasons for payment, or the ethical beliefs or the type of value held by the 

respondent were not explicitly tested unlike in other studies (e.g. Kotchen and Reiling 

(2000), Ojea and Loureiro (2007), Spash and Hanley (1995), Spash (2000), Stevens et 

al. (1991a)). Ethical beliefs were found by these studies to be important to understand 



Chapter 7 Discussion and Conclusions 

199 
 

variability in WTP estimates. It is possible that people respond to stated preference 

surveys partly as citizens with ethical beliefs and moral responsibilities and not only as 

consumers seeking to maximise their own utility (Blamey et al., 1995). Such ethical 

preferences must be included in decision-making to reflect social preferences 

meaningfully. To do so, it is important for future stated preference studies on 

threatened species, biodiversity or natural resource conservation to explicitly determine 

reasons for payment, and respondents’ environmental and ethical attitudes, and also 

possibly develop a new scale or technique to do so. Group deliberations where small 

groups of citizens come together to derive group-consensus values that can guide 

environmental policy can be an alternative to the individual-based stated preference 

survey approach that is commonly used (Farber et al., 2002). Such deliberative or 

discourse-based approaches are advantageous since they (1) can enhance knowledge 

of complex and unfamiliar environmental goods and allow their valuation of to be made 

easier (Macmillan et al., 2002, Spash, 2008), and (2) enable informed decisions to be 

made on environmental resources not on the basis of their utility to individuals but to 

society as a whole and allows an approximation of the social value of environmental 

resources to be obtained (Farber et al., 2002). In their study on cultural eco-system 

service values for proposed UK marine parks, Kenter et al. (2016) found that 

deliberated group WTP values from workshops were lower than non-deliberated 

individual WTP values for the same survey obtained from an online panel. Deliberation, 

however, increased subjective wellbeing, and also increased the confidence that the 

survey participants had in their responses compared to the online survey respondents. 

Given that societal values including cultural and spiritual values from species, 

biodiversity, ecosystems, etc. are often subtle and implicit, deliberation, including using 

storytelling, can be an important technique to give a more complete perspective, and 

also reveal the full value of these public goods (Kenter et al., 2016). More research on 

a comparison of WTP estimates from individual and group-deliberative approaches 

needs to be carried out. These deliberative values can be used in mainstream 
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environmental valuation and cost-benefit analyses to create more ethically-conscious 

environmental policies. 

Finally, the valuation carried out in this research and the values discussed in the 

preceding paragraphs relate to a Western philosophical tradition. Other philosophies 

have a different worldview—Eastern Dharmic teachings, and indigenous cultures 

honour the Earth as a sacred living being and emphasise maintaining harmonic 

relationships between people, the planet, and other living beings (Pascual et al., 2017). 

Dharmic teachings particularly emphasise the importance of individual duties and 

responsibilities towards one’s family, the society, and the planet itself. These types of 

valuations are not part of mainstream economic thought yet but should be considered 

in the future to make inclusive decisions recognising and respecting a broad range of 

worldviews. However, as has been made amply evident all around the world over the 

years, merely assigning monetary values to nature does not necessarily prevent its 

destruction. There has to be a fundamental shift in people’s perception of their 

relationship with nature and our planet to enable its preservation without resorting to 

extensive deliberations on numerical values assigned to an individual of a species. 

Such shifts, however, take time to happen. In the meanwhile, economic valuation 

approaches can serve as a means to quantify part of the value of biodiversity and 

natural resources to humans, and hopefully allow them to be conserved. The absence 

of such valuations would mean that even these conservative numbers may not be 

captured.  

7.4 Policy Implications 

Several findings from this research have implications for policy. Firstly, from my 

critical review of current non-market valuation studies on threatened species for the 

meta-analysis, I found the available studies to be limited in the following ways: (1) 

studies were mostly from developed countries, and valued charismatic species, 
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especially mammals, with some studies of birds and fish but very few valuing non-

charismatic species or insects, reptiles, crustaceans, etc. (2) many studies did not 

report statistics of WTP estimates or demographic data making it difficult to include 

them in the meta-regression analysis or use them for decision making, and (3) many 

studies did not specify a baseline or counterfactual for policy scenario being valued, 

making it difficult to understand what exactly was being valued. While benefit transfer, 

especially a meta-function transfer, is much sought after in the conservation policy 

sphere (Spash and Vatn, 2006), given the limitations in available threatened species 

non-market valuation (NMV) literature, we are not at the stage where we can use a 

meta-function to estimate non-market values of threated species from around the 

world. Most non-market valuation studies, including the discrete choice experiment 

(DCE) study in my research, are context- and stakeholder-specific. If applying benefit 

transfer and the policy site/context is very similar to the primary study, I would 

recommend cautiously using unit transfers to estimate values for the policy site. Care 

must be taken, however, to thoroughly understand the valuation context, survey, and 

the models and assumptions used to determine values in the primary study before 

transferring them, since transfer errors from unit transfer can be high (Lindhjem and 

Navrud, 2008). Therefore, if time and budgets permit, and particularly if the decision 

being made is expensive or important, I would recommend undertaking a dedicated 

primary study.  

Secondly, the DCE findings have a number of implications for conservation 

management in Dryandra Woodland. First, the mixed logit and the SALC models 

suggest employing a combination of strategies with minimal use of 1080 baiting to 

control foxes and feral cats in Dryandra Woodland to maximise social welfare. 

However, results from the BCA suggest using a strategy that fences 8,300 hectares of 

Dryandra Woodland to maximise net benefits to species and to society. Notably, 86% 

of the total benefits of this project (i.e. $1054 million) consisted of the benefits of the 
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strategy of fencing on its own ($803 million), independent of the ecological outcomes 

achieved. It may be considered surprising that people valued the strategies used to 

achieve conservation benefits more than the conservation benefits themselves. From 

Chapter 5, the WTP for the strategy of fencing on its own was significant only for a 

certain class comprising 17% of the respondent sample. Members of this class were 

averse to the use of 1080 baiting, and, were therefore, willing to pay about $1020 

annually per household for five years for the strategy. It was this very high willingness 

to pay by a relatively small part of the population that resulted in the favourable ranking 

of Project 2. The DCE survey did not ask questions to understand what was behind 

peoples’ preferences for or against different control strategies, so we can only 

speculate on what is behind it. It is difficult to know how robust the result is, without 

conducting further studies. We could speculate that the conservation agency may 

prefer to give greater weight to the WTP results for ecological outcomes rather than the 

control strategies. In that case, Project 2 may be ranked below Project 7, the most 

comprehensive set of actions. Another possible reason for caution about the results for 

Project 2 is that the DCE survey did not specify to respondents that the strategy of only 

fencing a large area of Dryandra Woodland would likely result in an initial decrease in 

Numbat populations. It is possible that people’s elicited WTP for this strategy would 

have been lower had they known this.  

As noted, these observations bring into focus the project with the second highest 

net present value: Project 7. Under Project 7 the expected increases to Numbat and 

Woylie populations are the highest among all the projects, and the social benefits of the 

combination of strategies is the second highest among the other projects. These 

prospects make Project 7 attractive to implement. It is important to reiterate here that 

these results hold only if the budget to implement a project is fixed. If that is not the 

case then other projects will be selected. For example, if the budget was constrained to 

say, $1.5 million over 25 years, then of the feasible projects, Project 5 
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(1080+TR+FE1000) would be the most favourable to implement. If the project budget 

was less than $1 million over 25 years, then the only project that can be implemented 

is Project 4 (1080 +TR). 

The second policy implication relates to the population that is unwilling to pay for 

conservation improvements. This group could be targeted through education 

campaigns to inform them about the importance of employing additional strategies to 

control introduced predator populations for threatened species’ recovery. Third, the 

diminishing marginal utility for population improvements implies that socially optimal 

population levels for Numbats and Woylies could be estimated. If this level is lower 

than ecologically sustainable population levels, the conservation agency might find it 

worthwhile to run campaigns to educate people about the importance of having 

minimum viable populations to sustain species in the long term. Research has shown 

that people’s preferences and WTP for threatened species conservation can change 

when they are given greater information about the species (including minimum viable 

populations) or the conservation practices (Tisdell, 2006, Wilson and Tisdell, 2007). 

Finally, my results reinforce common practice by conservation agencies of using 

charismatic species in communication and other campaigns to procure conservation 

funding. 

Thirdly, in Chapter 6, I showed that the selection of a recommended strategy is 

sensitive to the type of analysis used to evaluate the conservation management 

options. Cost-effectiveness analyses, although commonly used to prioritise 

conservation investment, has two important weaknesses: (i) it fails to account for social 

preferences for different conservation outcomes, and (ii) it is not suitable for ranking 

mutually exclusive projects because it fails to consider the scale of the project, only its 

benefit per unit of investment. Although this is less problematic when comparing 

independent projects, it can be highly misleading when ranking mutually exclusive 

projects, such as the set of projects examined in this thesis. For both of these reasons 
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benefit-cost analysis is superior to cost-effectiveness analysis when prioritising the 

spending of limited conservation budgets, particularly when comparing mutually 

exclusive projects.  

Results were also sensitive to the estimated social benefits and costs attributable 

to the strategies to achieve conservation outcomes. We confirmed previous research 

findings that the community cares not just about conservation outcomes, but also about 

the means by which those conservation outcomes are achieved.  

We also investigated the importance of explicitly representing the risk of project 

failure. Many BCAs do not adjust their benefits to reflect these risks, but in cases where 

the risks for the various projects are different (as in this study) this omission can result 

in changes in the ranking of the projects (as was shown in our BCA). If project risk is 

not accounted for, the organisation may select a strategy that appears attractive, but is 

substantially more risky than other options. Focusing on project risk also allows 

decision-makers to take steps to mitigate those risks. While this could usually mean 

that a project’s cost increases, it could be worthwhile for the organisation to consider 

whether the benefits of reduced project risk outweighs those addition costs. Given the 

uncertainty in future populations of the species, as well as factors such as population 

growth rate and the risk to the realisation of increased populations, a recommendation 

would be to implement pilot projects that include monitoring and use an adaptive 

management approach. This would enable BCA results to be recalculated once new 

information about conservation outcomes becomes available. 

7.5 Research Significance 

Government and non-government agencies are increasingly seeking to include 

the economic values of threatened species into conservation decision-making, as well 

as to understand social preferences for conservation polices. This research advances 

knowledge in this area by assessing how the inclusion of such socio-economic 
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considerations could better guide the spending of limited resources for conservation. 

By exploring determinants of WTP for threatened species, and estimating the economic 

values of threatened species endemic to the southwest of Western Australia, and 

social value for strategies to control the populations of introduced predators, it showed 

that excluding the socio-economic values of these aspects has the potential to 

substantially impact decision-making on prioritising conservation investment. 

Chapter 3 presents the first global meta-regression analysis on NMV studies for 

threatened species. Prior analyses on the same topic by Loomis and White (1996) and 

Richardson and Loomis (2009), contain NMV studies from the United States alone, and 

mostly in the CV format. They also did not critically review the available literature. The 

latest of the two studies is nearly a decade old. Thus, apart from systematically 

synthesising available literature to determine significant causes of heterogeneity in 

WTP for threatened species, Chapter 3 is also a much-needed update and critical 

review on the state of NMV studies currently available. The findings of this chapter 

show that many gaps still need to be addressed in threatened species’ valuations. 

Importantly, Chapter 3, also explicitly showed the effect that the weighting metric can 

have on MRA results. 

While some limited literature exists to show that social preferences for the 

strategies to achieve conservation outcomes matter (e.g. Johnston and Duke (2007); 

Rogers (2013); Rolfe and Windle (2013); Sheremet et al. (2017)), these preferences 

have not been assessed for strategies to control introduced foxes and feral cats for the 

recovery of threatened species’ populations. Understanding these preferences will help 

decision-makers to select policies that maximise social welfare. This is especially true 

when conservation sites are located close to agricultural communities, and the strategy 

used can directly impact the members in those communities. Importantly, the results of 

Chapter 5 showed that rather than assigning respondents to a priori groups such as 

experts versus the public as is usually done, it would be more appropriate to use scale-
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adjusted latent class (SALC) models to segregate classes of people with homogeneous 

preferences. While there are many studies that have used latent class analysis to 

analyse social preferences for conservation (e.g.  Lantz et al. (2013), Trenholm et al. 

(2017)), very few have also considered the effect of response uncertainly (i.e. scale) on 

preferences. If this is not done, one can incorrectly assign people with similar 

preferences but different preference certainty to different preference classes when they 

should actually belong to the same preference class. Their utilities for attribute levels in 

the alternate scale class(es) should be adjusted according to the scale factor (or error 

variance) to avoid under-or-over- estimating welfare (Louviere and Eagle, 2006). Even 

if heterogeneity in scale is not significant in a particular study, Davis et al. (2018) 

emphasise that it should be tested for. 

Chapter 6 of this research demonstrated the importance of using the correct 

decision-making tool to rank conservation projects, as well as the importance of 

including social value for conservation strategies and the expected risk of project 

failure. Each of these is novel to some degree. CEAs are commonly used to guide 

conservation decision-making for threatened species’ recovery. However, results from 

Chapter 6 showed that the rank of projects can be altered depending on whether a 

CEA or a BCA is used. Chapter 6 also showed that the inclusion of social values for 

conservation strategies and also risk of project failure to calculate benefits can also 

significantly alter the prioritisation of projects. Neglecting to consider these aspects 

could lead to the selection of sub-optimal projects, and importantly, reduce the 

effectiveness of conservation investments.  

7.6 Future research 

This research has contributed to better understanding the impact of socio-

economic values in conservation decision-making, and how such considerations can 
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influence the spending of limited resources for threatened species’ conservation. In 

doing so, it has also identified several areas of future research.  

An obvious research option is to fill some of the large gaps that exist in the 

literature on non-market valuation of threatened species. There are few existing NMV 

studies of threatened species in developing countries, and few in any countries on 

threatened insects, reptiles, crustaceans, molluscs, or amphibians. Species that are 

endemic to relatively narrow geographical locations are also neglected. The WTP for 

these distinct species and valuation contexts cannot be reliably obtained from existing 

NMV literature— either a unit or a function transfer.  

Another relatively obvious option is to investigate the effect of different specific 

methods for estimating NMVs on the estimated WTP values. For example, the DCE 

survey instrument could have explicitly tested the impact of different payment 

schedules on people’s WTP. Time is an important aspect in the provision and financing 

of conservation benefits because the time period of a project’s costs and its realisation 

of benefits can be substantially different (Bond et al., 2009). To the best of my 

knowledge limited research exists that explicitly tests the impact of different payment 

schedules on people’s WTP for conservation goods (e.g. Bond et al. (2009), Stevens et 

al. (1997)). It would have interesting to test the impact of different payment schedules, 

say a one-time versus an annual for 5 years, 10/15 years and 20/25 years or so, on 

people’s WTP, and therefore, on the results of the BCA itself.  

The Dryandra Woodland site also has an animal sanctuary, Barna Mia, where 

threatened native animals can be viewed in their natural setting (DEC, 2011). A 

revealed preference travel cost method could be employed to estimate additional non-

market values, specifically the recreational use values of threatened species at 

Dryandra Woodland. A comparison of the recreational use values with the largely 

passive use values estimated from DCE survey would enable the conservation agency 

to not only understand people’s preferences for the site including for its threatened 
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species, but also allow them to take adaptive measures to improve visitation and 

donation. Of course, the net benefits estimated in this study were so large that 

estimating additional benefits will not alter conclusions about the overall desirability of 

each practice, although it may influence the ranking of the project options.  

Although CEAs appear to be widely used in practice, it is not clear how widely 

they are used. In this study we found that use of CEA could result in highly inferior 

decision making and outcomes in the particular case study examined. It is not known 

whether agencies using CEA are doing so in similar decision contexts to this (mutually 

exclusive project option) or in situations where its use would be less costly 

(independent projects). Research into the decision practices of a range of 

environmental agencies could help to reveal the extent to which use of CEA is a 

problem.  

An interesting focus for future research could be the inclusion of ethical values 

into mainstream non-market valuation. As has been discussed in section 7.3, ethical 

values have been found to play an important role in people’s preferences especially for 

conservation policy outcomes—people have been found to select policies not because 

they maximised their utility but because they believed it was ethically the right thing to 

do. While this behaviour is not in line with economic theory it seems to be an important 

aspect of understanding people’s preferences for conservation policies. While the 

aspect of ethical values was not the focus of my research it would be an interesting and 

important aspect to explore in future research, particularly using group-deliberative 

techniques. Disentangling ethical and efficiency concerns and including them in 

decision making would allow the selection of more ethically conscious conservation 

policies. 

As my final observation in this thesis, I return to the underlying aim of this work: 

to improve decision making about environmental management, resulting in outcomes 

that are both ecologically positive and socially desirable. My results imply that, in some 
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cases, there could be substantial benefits from changes in the ways that environmental 

agencies do the analyses that inform their decisions. However, I recognise that 

agencies may find it difficult to make the changes suggested. Nevertheless, I believe 

that it is important for decision making about threatened species be broadened to 

explicitly consider multiple aspects, and in that context, the work reported in this thesis 

could be useful. 
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Chapter 8 Supplementary material for Chapter 3 

8.1 Studies used in the meta-analysis (Chapter 3) along with total willingness to pay (TWTP) estimates and 

standard errors of total WTP (SE) estimates in 2016 US dollars. 

 

Paper Reference Study used in the 
Richardson and Loomis 
(2009) meta-analysis? 

Document 
type 

Country Survey 
Year 

Sample Observation 
ID 

Species Population 
change 

measured 

Magnitude 
of change 

(%) 

TWTP 
(2016 US 
dollars) 

SE  
(2016 US 
dollars) 

1 
Adamowicz et 

al. (1998) 
No 

Journal 
article 

Canada 1995 

1 1 Woodland Caribou Gain 50 3717.58 85.8 

2 2 Woodland Caribou Gain 50 2390.58 48.84 

2 
Aldrich et al. 

(2007) 
Yes 

Journal 
article 

USA 1997 

3 3 Peregrine Falcon Gain 87.5 36.74 1.24 

4 4 Shortnose Sturgeon Maintain  17.67 0.85 

3 
Bandara and 
Tisdell (2005) 

No 
Journal 
article 

Sri Lanka 2001 5 

5 Asian Elephant Maintain  480.78 35.3 

6 Asian Elephant Gain 25 507.4 36.79 
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7 Asian Elephant Gain 50 523.11 37.75 

8 Asian Elephant Gain 75 531.06 38.27 

9 Asian Elephant Loss 25 511.42 37.4 

10 Asian Elephant Loss 50 555.93 39.45 

11 Asian Elephant Loss 75 616.07 42.51 

4 
Baral et al. 

(2007) 
No 

Journal 
article 

Nepal 2004 6 12 
White-rumped 

Vulture 
Loss 100 9.82 17.46 

5 
Bartczak and 

Meyerhoff 
(2013) 

No 
Journal 
article 

Poland 2011 7 13 Eurasian Lynx Gain 66.67 337.99 95.7 

6 
Becker et al. 

(2009) 
No 

Journal 
article 

Israel 2003 

8 

14 
Eurasian Griffon 

Vulture 
Loss 60 13.21 1.02 

15 
Eurasian Griffon 

Vulture 
Loss 100 17.43 1.31 

9 

16 
Eurasian Griffon 

Vulture 
Gain 100 10.83 0.85 

17 
Eurasian Griffon 

Vulture 
Gain 260 11.77 0.91 

10 18 
Eurasian Griffon 

Vulture 
Gain 100 9.57 0.78 
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19 
Eurasian Griffon 

Vulture 
Gain 260 9.76 0.78 

7 
Bednar-Friedl et 

al. (2009) 
No 

Journal 
article 

Austria 2006 

11 20 Rock Partridge Gain 30 9.54 0.08 

12 21 Austrian Ibex Maintain  12.03 0.09 

8 
Boman and 

Bostedt (1994) 
No Report Sweden 1993 13 

22 Gray Wolf Loss 100 320.98 134.78 

23 Gray Wolf Loss 100 70.63 8.99 

9 
Cerda and 

Losada (2013) 
No 

Journal 
article 

Chile 2011 14 

24 Moon-toothed Degu Gain 10 1.28 0.44 

25 Moon-toothed Degu Gain 25 1.43 0.46 

26 Moon-toothed Degu Gain 50 2.1 0.61 

10 
Cummings et al. 

(1994) 
Yes 

Journal 
article 

USA 1994 15 27 
Colorado 

Pikeminnow 
Loss 100 13.75 2.96 

11 
Diffendorfer et 

al. (2014) 
No 

Journal 
article 

USA 2012 16 28 Monarch Butterfly Loss 100 32.57 1.41 

12 Dong (2010) No Thesis China 2009 17 29 
Yangtze finless 

Porpoise 
Gain 50 32.5 6.34 



Chapter 8                 Supplementary material for Chapter 3 

 

217 
 

18 30 
Yangtze finless 

Porpoise 
Gain 50 19.33 1.94 

19 31 
Yangtze finless 

Porpoise 
Gain 50 21.81 3.1 

13 
Ericsson et al. 

(2007) 
No 

Journal 
article 

Sweden 2004 20 32 Wolverine Gain 37 1387.88 109.07 

14 Fredman (1994) No Thesis Sweden 

1993 21 33 
White-backed 
Woodpecker 

Loss 100 73.46 20.81 

 22 34 
White-backed 
Woodpecker 

Loss 100 77.62 45.23 

15 
Giraud and 

Valcic (2004) 
Yes 

Journal 
article 

USA 2000 23 35 Steller Sea Lion Gain 100 122.9 21.27 

16 

Loomis and 
Ekstrand 

(1998);Giraud et 
al. (1999a); 
Giraud et al. 

(1999b) 

Yes 
Journal 
article 

USA 1996 24 36 Mexican Spotted Owl Gain 100 77.25 20.72 

17 
Hageman 

(1985) 
Yes Report USA 1984 25 

37 Bottlenose Dolphin Loss 50 40.95 4.15 

38 Elephant Seal Loss 97.5 42.25 4.26 

39 Sea Otter Loss 93.33 47.93 4.55 

40 Blue Whale Loss 61.24 55.32 6.03 

41 Gray Whale Loss 91.875 55.32 6.03 
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18 
Han and Lee 

(2008) 
No 

Journal 
article 

South 
Korea 

2005 26 42 Asian black Bear Maintain  8.04 12.18 

19 
Han et al. 

(2010) 
No 

Journal 
article 

South 
Korea 

2008 27 

43 Long-tailed Goral Gain 400 19.3 0.22 

44 Long-tailed goral Gain 1900 26.69 0.23 

20 
Hanley et al. 

(2010) 
No 

Journal 
article 

United 
Kingdom 

2009 28 

45 Hen Harrier Maintain  459.72 65.62 

46 Hen Harrier Gain 20 567.3 79.38 

47 Golden Eagle Maintain  661.85 83.49 

48 Golden Eagle Gain 20 782.47 99.44 

21 Harper (2012) No Thesis Canada 2011 29 

49 Woodland Caribou Gain 50 3035.7 31.82 

50 Woodland Caribou Gain 250 4423.88 20.1 

22 
Hynes and 

Hanley (2009) 
No 

Journal 
article 

Ireland 2006 30 51 Corncrake Gain 448.78 10.9 0.58 

23 Jin et al. (2008) No 
Journal 
article 

China 2005 31 52 Black faced Spoonbill Maintain  28.7 2.81 
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32 53 Black faced Spoonbill Maintain  61.37 10.76 

24 
Johansson 

(1999) 
No Thesis Sweden 1996 

33 54 African Elephant Loss 100 41.66 5.72 

34 55 African Elephant Loss 100 116.67 12.04 

35 56 African Elephant Loss 100 256.61 28.29 

36 57 African Elephant Loss 100 42.78 5.44 

25 
Kim et al. 

(2012) 
No 

Journal 
article 

South 
Korea 

2010 

37 58 Spotted Seal Maintain  38.57 3.18 

38 59 Spotted Seal Maintain  46.74 5.41 

26 
Kontogianni et 

al. (2012) 
No 

Journal 
article 

Greece 2009 39 60 
Mediterranean Monk 

Seal 
Loss 100 139.22 12.3 

27 
Kontoleon and 

Swanson (2003) 
No 

Journal 
article 

United 
Kingdom 

1998 40 61 Giant Panda Gain 150 21.88 1.32 

28 
Kotchen and 

Reiling (2000) 
Yes 

Journal 
article 

USA 1997 

3 62 Perigrine Falcon Gain 87.5 38.56 6.46 

4 63 Shortnose Sturgeon Maintain  39.82 17.57 

29 

Langford et al. 
(1998); 

Langford et al. 
(2001) 

No 
Journal 
article 

Greece 1995 41 64 
Mediterranean Monk 

Seal 
Loss 100 26.93 7.13 
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30 
Lew et al. 
(2010a) 

No 
Journal 
article 

USA 2007 

42 

65 Steller Sea Lion Gain 73.08 1331.48 127.4 

66 Steller Sea Lion Gain 92.31 1683.4 153.27 

67 Steller Sea Lion Gain 169.23 2289.53 183.23 

68 Steller Sea Lion Gain 246.15 2001.39 290.52 

43 

69 Steller Sea Lion Gain 11.11 542.5 73.93 

70 Steller Sea Lion Gain 55.56 1863.68 164.74 

71 Steller Sea Lion Gain 100 2350.59 217.47 

44 

72 Steller Sea Lion Gain 16.67 529.32 46.83 

73 Steller Sea Lion Gain 50 1269.52 132.07 

31 
Loomis and 

Larson (1994) 
Yes 

Journal 
article 

USA 1991 45 74 Gray Whale Gain 50 570.22 37.71 
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75 Gray Whale Gain 100 639.3 40.88 

32 
Loureiro and 
Ojea (2008) 

No 
Journal 
article 

Spain 2005 46 76 Common murre Gain 300 29 1.66 

33 
MacMillan et al. 

(2004) 
No 

Journal 
article 

United 
Kingdom 

2000 

47 77 Wild goose Maintain  127.33 22.23 

48 78 Wild goose Loss 10 175.07 37.68 

49 79 Wild goose Gain 10 254.65 80.96 

50 80 Wild goose Gain 10 334.23 80.3 

34 
Macmillan et al. 

(2002) 
No 

Journal 
article 

United 
Kingdom 

2000 51 81 Wild goose Gain 10 243.35 76.67 

35 Myers (2014) No 
Journal 
article 

USA 2010 52 82 Atlantic Red Knot Gain 185.71 17.14 1.63 

36 
Ojea and 

Loureiro (2007) 
No 

Journal 
article 

Spain 2005 

46 

83 Common murre Gain 300 34.01 3.07 

37 
Ojea and 

Loureiro (2009). 
No 

Journal 
article 

Spain 2005 

84 Common murre Gain 300 44.65 2.79 

85 Common murre Gain 1100 41.4 3.3 

38 
Reaves et al. 

(1999) 
Yes 

Journal 
article 

USA 1992 

53 86 
Red-cockaded 
Woodpecker 

Gain 171.43 22.67 3.76 

54 87 
Red-cockaded 
Woodpecker 

Gain 171.43 14.28 3.66 
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55 88 
Red-cockaded 
Woodpecker 

Gain 171.43 17.59 4.02 

39 Stanley (2005) Yes 
Journal 
article 

USA 2001 56 89 
Riverside Fairy 

shrimp 
Loss 100 851.59 304.6 

40 
Stithou and 

Scarpa (2012) 
No 

Journal 
article 

Greece 2003 

57 90 Loggerhead Turtle Maintain  25.78 4.8 

58 91 Loggerhead Turtle Maintain  29.68 6.89 

59 92 Monk Seal Maintain  23.44 3.79 

60 93 Monk Seal Maintain  39.58 11.05 

41 

Swanson et al. 
(1998); 

Swanson et al. 
(2002) 

No Thesis 
United 

Kingdom 
1996 61 94 Black Rhino Gain 198.5 32.7 2.33 

42 Syring (2003) No Thesis USA 2002 62 

95 Lake Sturgeon Maintain  84.14 24.48 

96 Lake Sturgeon Maintain  135.33 32.15 

43 Tanguay (1994) No Thesis Canada 1992 63 97 Woodland Caribou Maintain  132.49 27.88 
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64 98 Woodland Caribou Maintain  1961.79 60.82 

65 99 Woodland Caribou Maintain  122.46 17.51 

66 100 Woodland Caribou Maintain  1223.78 19.12 

44 
Tisdell et al. 

(2005) 

No 
 

 

 

Journal 
article 

Australia 2002 67 

101 Mahogany Glider Maintain  24.88 4.01 

102 Mahogany Glider Maintain  35.51 6.47 

103 Mahogany Glider Maintain  28.76 3.7 

45 Truong (2005) No Thesis Vietnam 2004 68 104 Javan Rhino Maintain  3.65 0.07 

46 
Tseng and 

Chen (2008) 
No 

Journal 
article 

Taiwan 
(China) 

2006 69 

105 Taiwan trout Loss 39.58 19.6 0.09 

106 Taiwan trout Loss 65.26 31.07 0.05 

107 Taiwan trout Loss 90.94 40.59 0.12 

47 
Veisten et al. 

(2004) 
No 

Journal 
article 

Norway 1992 70 108 
White-backed 
Woodpecker 

Loss 100 49.26 15.12 
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71 109 
White-backed 
Woodpecker 

Loss 100 93.89 24.15 
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Chapter 9 Supplementary material for Chapters 4 and 5 

9.1 Example Dryandra Woodland discrete choice experiment survey for the general public 

sample. 

 

The University of Western Australia Research Project 

Your preferences for conservation policies and management in WA 

 

Dear Sir/Madam, 

Thank you for participating in this online survey that is part of my PhD project at the University of Western Australia (UWA). 

You have been selected at random from the Western Australian population to participate in this research. If you agree to complete the survey it will take 
approximately 15 minutes of your time. 

This survey is about your preferences for conservation management in WA to ensure the survival of native Australian animals. 

It is an independent research project at UWA. The findings from this study may be used to inform conservation policies and management in Western 
Australia. 

Your help with this research is greatly appreciated. Your participation is voluntary and you are free to withdraw at any time from the survey. Your answers will 
be kept confidential and will only be reported in aggregate and de-identified form. Continuing to the next screen of the questionnaire will be taken as your 
consent to participate. If you have any questions please feel free to contact us on the details given below, or the Human Research Ethics Office at UWA at 
humanethics@uwa.edu.au or on (08) 6488 3703. You can download a copy of the information on this page here, to keep for future reference. 

Kind Regards, 

https://uwa.qualtrics.com/CP/File.php?F=F_4JcQMZxfgHp1fQ9
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Vandana Subroy 
PhD Candidate, School of Agricultural and Resource Economics 
University of Western Australia  
P: (8) 6488 4195 
E: Vandana.Subroy@research.uwa.edu.au 

Dr. Abbie Rogers 
Research Fellow, School of Agricultural and Resource 
Economics 
University of Western Australia  
P: (8) 6488 5506  
E: Abbie.Rogers@uwa.edu.au 

Approval to conduct this research has been provided by The University of Western Australia, in accordance with its ethics review and approval procedures. Any person 
considering participation in this research project, or agreeing to participate, may raise any questions or issues with the researchers at any time.  
In addition, any person not satisfied with the response of researchers may raise ethics issues or concerns, and may make any complaints about this research project by 
contacting the Human Research Ethics Office at The University of Western Australia on (08) 6488 3703 or by emailing to humanethics@uwa.edu.au. 
All research participants are entitled to retain a copy of any Participant Information Form and/or Participant Consent Form relating to this research project. Ethics Ref: 
RA/4/1/8443. 

mailto:Abbie.Rogers@uwa.edu.au
mailto:humanethics@uwa.edu.au
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Screening Questions: 

1. Please state your postcode: ______ 
 
2. Please indicate your age group: 
 18-24 years 
 25-34 years 
 35-44 years 
 45-54 years  
 55-64 years 
 65 years and over  
 
3. Please select your gender: 
 Female   Male 
 
4. Please state the highest education level you completed so far: 
 Year 11 or below (includes Certificate I/II) 
 Year 12  
 Certificate III/IV  
 Advanced Diploma and Diploma  
 University Undergraduate/ Bachelor Degree 
 University Graduate Diploma/ Graduate Certificate  
 Postgraduate Degree (Masters or PhD) 
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PART 1 of 3: 
 
BACKGROUND INFORMATION ABOUT THE STUDY AREA: DRYANDRA WOODLAND 
 
Dryandra Woodland is located 160 kilometres southeast of Perth near the towns of Cuballing and Narrogin. The total area is 
280 km2 (28,066 ha), with patches ranging in size from less than 1 km2 (87 ha) to 122 km2 (12,283 ha). 
 

Characteristics of Dryandra Woodland 
 

 Contains some of the largest remaining patches of original vegetation in the Wheatbelt 
 

 Home to over 175 species of mammals, birds and reptiles 
 

 Home to one of the last remaining original populations of Numbats and Woylies 
 

 The Woodland exists in fragments (patches) surrounded by farmland 
 

 Patches range in size from less than 1 km2 (87 ha) to 122 km2 (12,283 ha) 
 

 Its patchy nature makes it difficult to manage the area because animals can easily move between the Woodland and surrounding farms 
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1. Before this survey did you know about Dryandra Woodland as a conservation area? 

 Yes    No 

 

2.  Have you ever visited Dryandra Woodland? 

 Yes    No 

 

[Answer question 3 only if you answered ‘Yes’ to question 2 above] 

3.  How many times have you visited Dryandra Woodland in the last 5 years? ________________ 
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Dryandra Woodland is home to the Numbat, a small endangered animal.  

Information about Numbats 

 Current population in the wild: less than 1000 

 Population in Dryandra Woodland declined from about 800 in 1992 to about 80 at present 
 

 Were widely distributed in the past 

 Population declined due to introduced foxes, feral cats and land clearing 

 Now they only exist in conservation sites* in NSW, SA and WA, including Dryandra Woodland 

 Listed as Endangered since their population is small and declining 

 Natural native predators include the Chuditch, Carpet Pythons and birds of prey 
 
*Includes state forests, sanctuaries and nature reserves on government and private land 
 
 

 

https://www.environment.gov.au/biodiversity/threatened/recovery-plans/comment/draft-recovery-plan-myrmecobius-fasciatus-numbat
https://www.iucnredlist.org/species/14222/21949380
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4. Before this survey, had you ever heard of Numbats? 

 Yes    No 

 

5.  Have you ever seen a live Numbat (e.g., in the wild or in a zoo)? 

 Yes    No 

 

6. Before this survey, were you aware that Numbat populations are in decline? 

 Yes    No 
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Dryandra Woodland is also home to the Woylie, a small critically endangered animal. 

Information about Woylies 

 Current population in the wild: about 15,000 

 Population in Dryandra Woodland declined from about 30,000 in 2001 to about 2,000 at present 
 

 Were widely distributed in the past across most of Australia 

 Population declined due to introduced foxes, feral cats and land clearing 

 Now they only exist in conservation sites* in NSW, SA and WA, including Dryandra Woodland  

 Listed as Critically Endangered since their population declined by more than 90% since 1999 

 Natural native predators include the Chuditch, Carpet Pythons and birds of prey 
 
*Includes state forests, national parks, and sanctuaries and nature reserves on government and private land 
 
 

 

https://www.environment.gov.au/biodiversity/threatened/recovery-plans/national-recovery-plan-woylie-bettongia-penicillata-ogilbyi
https://www.iucnredlist.org/species/2785/21961347
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7. Before this survey, had you ever heard of Woylies? 
 Yes    No 

 

8.  Have you ever seen a live Woylie (e.g., in the wild or in a zoo)? 

 Yes    No 

 

9. Before this survey, were you aware that Woylie populations are in decline? 

 Yes    No 
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A major threat to the survival of many native animals, including Numbats and Woylies is predation by foxes and feral cats. 

Information about foxes and feral cats 
 
 Arrived with European settlers and spread rapidly across Australia 

 Present in many areas including Dryandra Woodland 

 Foxes and feral cats prey on many native Australian animals 

 They threaten the survival of over 100 native animals, including Numbats and Woylies 
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10. Before this survey were you aware that foxes were a threat to the existence of native Australian animals, including Numbats and Woylies? 

   Yes    No 

  

11. Before this survey were you aware that feral cats were a threat to the existence of native Australian animals, including Numbats and Woylies? 

   Yes    No 
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Fox and feral cat management strategies 

Managing foxes and feral cats is important to protect threatened native animals. 

 

The screens that follow contain information about fox and feral cat management strategies. These strategies can protect populations of threatened native 
animals in conservation sites. They would be coordinated by the Department of Parks and Wildlife, WA. 

 

These strategies include: 

 1080 Baiting (primary strategy) 

 Trapping (other strategy) 

 Fencing (other strategy) 

 Community Engagement (other strategy) 

 

1080 baiting is the primary strategy being used for fox and feral cat management. The other strategies are used to a lesser extent. However, use of these 
other strategies could be increased to achieve more conservation benefits and/or reduce reliance on 1080 baiting.  
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Primary strategy: 1080 Baiting 

 

 Carried out using meat baits injected with 1080 poison 

 1080 is poisonous to foxes and feral cats 

 The 1080 dosage in baits is safe for native animals in WA 

 1080 is also poisonous to domestic pets 

 Baits, and the remains of poisoned animals, can remain toxic for many months 

 Baited areas are checked regularly to remove affected animals 
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Other strategy: Trapping 

 Padded leg-hold traps or cage traps (or both) may be used 

 Traps are inspected at least twice daily 

 Trapped animals are euthanized following ethical guidelines 

 Traps can distress animals; traps can occasionally cause injuries and capture non-target species such as native animals 
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Other strategy: Fencing 

 All foxes and feral cats inside the fence are initially eradicated using baiting, trapping and/or shooting 

 The size of the fenced area size can vary, and may be as large as 125 km2 

 Fences restrict the movement of native animals and may not be suitable for all native species 

 Fences will prevent recreation and other land uses in fenced areas of Dryandra Woodland 
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Other strategy: Community Engagement 

 Foxes and feral cats can move between surrounding private land and the Woodland 

 Community Engagement encourages fox and feral cat management by landholders on surrounding private land 

 Involves providing equipment, education and training to landholders about fox and feral cat management 

 This strategy could potentially involve funding for surrounding landholders to cover the costs of carrying out fox and feral cat management on 
their property 
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Investing in additional fox and cat management strategies in Dryandra Woodland 
 
Currently about $40,000 is spent annually for fox and feral cat baiting in Dryandra Woodland by the Department of Parks and Wildlife, WA. 

 

Higher Numbat and Woylie numbers could be achieved by increasing fox and feral cat management using a combination of the strategies previously 

described. However, additional funding would be needed to implement this new management. 

 

This funding would be collected from all Western Australian households through a combination of:  

 Increased taxes; and/or 

 Higher rates to local councils; and/or  

 Higher prices for some goods and services.  

 

The funds would be collected annually for the next 5 years. 

 

The additional funds collected will only be used to implement fox and feral cat management strategies to improve populations of the threatened species. 
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PART 2 of 3: FOX AND FERAL CAT MANAGEMENT SCENARIOS 

We will now show you different hypothetical management scenarios to manage fox and feral cat populations. Management aims to improve Numbat and 

Woylie populations in Dryandra Woodland. We are interested in your preferences for these management scenarios. 

 

The table below summarizes the information about Numbats and Woylies. Under the current management of 1080 baiting, their populations are expected to 

increase slightly in 5 years’ time (see last column). 

 

Animal Threat Status 
Current population in 

the wild 

Current population in 

Dryandra Woodland 

Expected population in Dryandra Woodland in 5 years’ 

time, under current management 

Numbat Endangered About 1,000 About 80 About 100 

Woylie 
Critically 

Endangered 
About 15,000 About 2,000 About 2,500 

 

The table below summarizes information about different fox and feral cat management strategies. 

Management Strategy Involves 

1080 Baiting Use of 1080 poisoned meat baits 

Trapping Use of padded leg-hold and/or cage traps 

Fencing Building fenced enclosures to keep out foxes and feral cats 

Community Engagement 
Implementing one or more strategies described above on surrounding private property with the 

involvement of landholders 
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Please read the following guidelines before proceeding further 

We are surveying people in Western Australia, conservation scientists and surrounding landholders and local community of Dryandra Woodland to find out 

what preferences different people have for different management strategies.  

The findings from this study may be used to inform policies and practices for managing fox and feral cat populations at conservation sites in Australia. 
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On the next 7 screens, you will see choice questions that describe fox and feral cat management strategies, and their impacts on Numbat and 

Woylie numbers. Here is how to answer the questions: 

 

 Please treat each question independently of the others. 

 

 Each question contains four choice options. Each choice option is a package of four features:  

(1) A combination of one or more management strategies; (2) Possible improvements in Numbat numbers; (3) Possible improvements in Woylie 

numbers; and (4) the additional annual cost to your household if this option were implemented. 

 In each question, please choose the ONE option that you most prefer.  

 

 When making your choices, keep in mind your own financial situation, i.e. consider how much annual additional cost you can realistically afford to 

pay, given your current household income and personal expenses. 

 

 The impact of management on Numbat and Woylie populations in 5 years is represented by the number of individual animals in Dryandra Woodland.  

These possible impacts are described in the table below: 

Management 

Impact 

Number of individual Numbats in Dryandra 

Woodland 

Number of individual Woylies in 

Dryandra Woodland 

Low (current) 100 2500 

Medium 250 5000 

High 400 7500 
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Below is an example of the choice questions you will see. (This is just an example. You do not have to answer yet). Please remember to: 

 Read each column – each column represents one option 

 Keep in mind what you can realistically afford to pay when considering the cost of each option 

 Choose the one option you most prefer out of the 4 available 

 Treat each choice question independently of the others 
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Choice question 1 of 6: Consider the 4 choice options given below for Dryandra Woodland. Assume that these are the only options available, which 

ONE would you choose? Please bear in mind your financial situation when making a choice. Any amount spent here will reduce the funds available 

for other expenses. Consider this question independent of the others. 

 

 

  

Which ONE of the 
four options 
would you 
choose? 
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Choice question 2 of 6: Consider the 4 choice options given below for Dryandra Woodland. Assume that these are the only options available, which 

ONE would you choose? Please bear in mind your financial situation when making a choice. Any amount spent here will reduce the funds available 

for other expenses. Consider this question independent of the others. 

 

 

  

Which ONE of the 
four options 
would you 
choose? 
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Choice question 3 of 6: Consider the 4 choice options given below for Dryandra Woodland. Assume that these are the only options available, which 
ONE would you choose? Please bear in mind your financial situation when making a choice. Any amount spent here will reduce the funds available 
for other expenses. Consider this question independent of the others. 

 

 

  

Which ONE of the 
four options 
would you 
choose? 
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Choice question 4 of 6: Consider the 4 choice options given below for Dryandra Woodland. Assume that these are the only options available, which 
ONE would you choose? Please bear in mind your financial situation when making a choice. Any amount spent here will reduce the funds available 
for other expenses. Consider this question independent of the others. 

 

 

  

Which ONE of the 
four options 
would you 
choose? 
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Choice question 5 of 6: Consider the 4 choice options given below for Dryandra Woodland. Assume that these are the only options available, which 
ONE would you choose? Please bear in mind your financial situation when making a choice. Any amount spent here will reduce the funds available 
for other expenses. Consider this question independent of the others. 

 

 

  

Which ONE of the 
four options 
would you 
choose? 
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Choice question 6 of 6: Consider the 4 choice options given below for Dryandra Woodland. Assume that these are the only options available, which 
ONE would you choose? Please bear in mind your financial situation when making a choice. Any amount spent here will reduce the funds available 
for other expenses. Consider this question independent of the others. 

 

 

  

Which ONE of the 
four options 
would you 
choose? 
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PART 3 of 3: 

Thank you very much for your effort so far! We would now like to ask you a few questions about the way you answered the choice questions: 
 
 
1. [Answer only if you selected Option A for all 6 Choice Questions]  
You selected the primary management strategy of 1080 baiting in each of the 6 Choice Questions. What was your main reason for doing so? [choose one] : 
 
 1080 baiting does a good enough job to manage fox and feral cat populations  
 I care about Numbats and Woylies, but I cannot afford to pay 
 I care about Numbats and Woylies, but disagree with paying- the government should get money from elsewhere for fox and feral cat management 
 I care about Numbats and Woylies, but disagree with the management strategies for fox and feral cat populations 
 I am not qualified to make these decisions 
 I did not want to make a choice between the given options 
 I found it confusing to choose between the options, so I always ticked the first box 
 I do not think Numbats and Woylies need further protection 
 Other (please provide your reason in the box below):  
 
 
 
 
 
 
 
 
 
2. Did you consider all the four features when you answered the choice questions (i.e., Type of management strategy, Numbat population, Woylie population, 
Annual cost to your household)? 
 Yes. I considered all the four features. 
 No. I did not consider all the four features. 
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3. [Answer question 3 only if you answered ‘No’ to question 2 above] 
 Please indicate which feature(s) you ignored in an option [tick all that apply]: 

 Management strategy  
 Numbat 
 Woylie 
 Annual cost to your household 
 
 
 
4. (A) Did you find the 6 choice questions confusing to answer?  

 Yes  

 No  
 
(B) Did you find it difficult to make tradeoffs between Numbat population increases and Woylie population increases when making your choices?  
 Yes  

 No  
 
(C) Did you find it difficult to make tradeoffs between the management strategies and increases in Numbat or Woylie populations when making your choices?  
 Yes  

 No  
 
(D) Did you find it difficult to make tradeoffs between the Annual cost and increases in Numbat or Woylie populations when making your choices?  
 Yes  

 No  
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5. Please indicate how certain you were of the choices you made: 
 

Very 
uncertain 

1 

Somewhat 
uncertain 

2 

Neither certain 
nor uncertain 

3 

Somewhat 
certain 

4 
 

Very 
certain 

5 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
6. Please indicate how likely you think it is that the results of this study will influence future policy decisions (about fox and feral cat management): 
 

Very 
unlikely 

1 

Somewhat 
unlikely 

2 

Neither likely  
nor unlikely 

3 

Somewhat 
likely 

4 
 

Very 
likely 

5 
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Finally we ask a few questions about you. Please remember that your individual responses to this survey will remain confidential and we will only use the data 

collected in aggregate form.  

7. Do you actively support any environmental groups or organizations associated with native species conservation (e.g., the World Wildlife Fund, Australian 
Wildlife Conservancy, Project Numbat etc.)? Your support may be through financial donations or volunteering your time. 
 Yes  

 No  
 
 
8. Are you currently actively involved, or have you ever been actively involved, with fox and/or feral cat management 
 Yes, currently involved 

 Yes, involved in the past 

 No  

 
9. Please indicate your current gross annual household income (i.e. before tax and including all people living in your household): 
 Nil Income 

 $1-$10,399 ($1-$199/week)  

 $10,400-$15,599 ($200-$299/week)  

 $15,600-$20,799 ($300-$399/week) 

 $20,800-$31,199 ($400-$599/week)  

 $31,200-$41,599 ($600-$799/week)  

 $41,600-$51,999 ($800-$999/week)  

 $52,000-$64,999 ($1,000-$1,249/week)  

 $65,000-$77,999 ($1,250-$1,499/week)  

 $78,000-$103,999 ($1,500-$1,999/week)  

 $104,000 or more ($2000 or more/week) 

 
10. In the past 5 years, did you usually pay [tick all that apply]: 
 Income tax  

 Property rates  

 Neither of these  
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If you have any comments/suggestions regarding this survey please state it in the box below: 

 

 

 

 
 
 
For more information about Dryandra Woodland please refer to:  
https://parks.dpaw.wa.gov.au/park/dryandra-woodland 
 
For more information about the Department of Parks and Wildlife’s Western Shield Fauna Recovery Program please refer to: 
https://www.dpaw.wa.gov.au/management/pests-diseases/westernshield 

 

 

https://parks.dpaw.wa.gov.au/park/dryandra-woodland
https://www.dpaw.wa.gov.au/management/pests-diseases/westernshield
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Table 9.1. Attribute-only conditional logit model results for the general public sample 

(n=470) with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC 0.2828 0.1402 0.0440 

NUM250 0.3306 0.0639 0.0000 

NUM400 0.4252 0.0656 0.0000 

WOY5000 0.2795 0.0607 0.0000 

WOY7500 0.3105 0.0688 0.0000 

FE 0.6595 0.1608 0.0000 

TR 0.2788 0.1682 0.0970 

CE 0.3731 0.1679 0.0260 

FE+1080 0.2630 0.1545 0.0890 

TR+1080 0.3417 0.1528 0.0250 

CE+1080 0.4753 0.1578 0.0030 

FE+TR 0.6703 0.1572 0.0000 

FE+CE 0.5009 0.1681 0.0030 

TR+CE 0.6931 0.1534 0.0000 

FE+TR+1080 0.5344 0.1741 0.0020 

FE+CE+1080 0.4984 0.1762 0.0050 

TR+CE+1080 0.4819 0.1812 0.0080 

FE+TR+CE 0.6427 0.1835 0.0000 

FE+TR+CE+1080 0.6807 0.1617 0.0000 

COST -0.0048 0.0003 0.0000 

    
Number of respondents 470   

Number of observations 11,280   

Log likelihood -3,698.58   
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Table 9.2.  Attribute-only conditional logit model results for the conservation expert 

sample (n=56) with estimated coefficients and their corresponding standard errors. 

 

  

 Coefficient Standard error p-value 

ASC -0.3462 0.4330 0.4240 

NUM250 1.1473 0.2130 0.0000 

NUM400 1.5978 0.2120 0.0000 

WOY5000 0.4725 0.1873 0.0120 

WOY7500 0.4105 0.2084 0.0490 

FE -0.9703 0.4982 0.0510 

TR -0.5560 0.4824 0.2490 

CE -1.1924 0.5034 0.0180 

FE+1080 -0.6997 0.4810 0.1460 

TR+1080 -0.2587 0.4335 0.5510 

CE+1080 -0.5703 0.4670 0.2220 

FE+TR -0.7430 0.4582 0.1050 

FE+CE -0.5017 0.4751 0.2910 

TR+CE -0.5318 0.4579 0.2450 

FE+TR+1080 -0.3136 0.5049 0.5340 

FE+CE+1080 0.5113 0.5220 0.3270 

TR+CE+1080 0.1146 0.4941 0.8170 

FE+TR+CE -0.0218 0.5159 0.9660 

FE+TR+CE+1080 0.7332 0.4405 0.0960 

COST -0.0036 0.0010 0.0000 

    
Number of respondents 56   

Number of observations 1,344   

Log likelihood -375.77   
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Table 9.3.  Attribute-only conditional logit model results for the direct landholder 

sample (n=22) with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC -0.4999 0.6338 0.4300 

NUM250 0.5235 0.3447 0.1290 

NUM400 0.8611 0.3174 0.0070 

WOY5000 0.0167 0.3262 0.9590 

WOY7500 0.0945 0.3585 0.7920 

FE -0.4150 0.7593 0.5850 

TR -0.7620 0.8110 0.3470 

CE -0.9384 0.8243 0.2550 

FE+1080 0.3086 0.6657 0.6430 

TR+1080 0.0281 0.6378 0.9650 

CE+1080 -0.6137 0.7499 0.4130 

FE+TR -1.4382 0.9464 0.1290 

FE+CE -0.0672 0.7290 0.9270 

TR+CE -0.5047 0.7062 0.4750 

FE+TR+1080 1.5991 0.8428 0.0580 

FE+CE+1080 0.8107 0.8166 0.3210 

TR+CE+1080 1.2721 0.8159 0.1190 

FE+TR+CE 0.1466 0.7993 0.8540 

FE+TR+CE+1080 1.3402 0.7253 0.0650 

COST -0.0034 0.0017 0.0470 

    
Number of respondents 22   
Number of observations 528   

Log likelihood -148.39   
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Table 9.4.  Attribute-only conditional logit model results for the surrounding community 

sample (n=109) with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC -0.2476 0.2902 0.3940 

NUM250 0.1384 0.1337 0.3010 

NUM400 0.3247 0.1363 0.0170 

WOY5000 0.3708 0.1241 0.0030 

WOY7500 0.2394 0.1435 0.0950 

FE -0.0380 0.3410 0.9110 

TR -0.0069 0.3522 0.9840 

CE -0.4265 0.3700 0.2490 

FE+1080 -0.0922 0.3178 0.7720 

TR+1080 0.0121 0.3088 0.9690 

CE+1080 0.0443 0.3288 0.8930 

FE+TR 0.3976 0.3298 0.2280 

FE+CE 0.4117 0.3481 0.2370 

TR+CE 0.7025 0.3153 0.0260 

FE+TR+1080 0.4427 0.3494 0.2050 

FE+CE+1080 0.6402 0.3573 0.0730 

TR+CE+1080 0.5315 0.3755 0.1570 

FE+TR+CE 0.2324 0.3841 0.5450 

FE+TR+CE+1080 1.0200 0.3313 0.0020 

COST -0.0049 0.0007 0.0000 

    
Number of respondents 109   

Number of observations 2,616   

Log likelihood -827.71   
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Table 9.5.  Attribute-only conditional logit model results for pooled samples (general 

public, conservation experts, direct landholders, and surrounding community, n=657) 

with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC 0.1038 0.1165 0.3730 

NUM250 0.3571 0.0542 0.0000 

NUM400 0.5143 0.0551 0.0000 

WOY5000 0.2972 0.0509 0.0000 

WOY7500 0.2938 0.0579 0.0000 

FE 0.3757 0.1348 0.0050 

TR 0.1211 0.1401 0.3880 

CE 0.0784 0.1412 0.5790 

FE+1080 0.1107 0.1284 0.3890 

TR+1080 0.2240 0.1258 0.0750 

CE+1080 0.2774 0.1316 0.0350 

FE+TR 0.4568 0.1314 0.0010 

FE+CE 0.3601 0.1392 0.0100 

TR+CE 0.5574 0.1274 0.0000 

FE+TR+1080 0.4692 0.1436 0.0010 

FE+CE+1080 0.5254 0.1443 0.0000 

TR+CE+1080 0.4772 0.1495 0.0010 

FE+TR+CE 0.4986 0.1523 0.0010 

FE+TR+CE+1080 0.7301 0.1327 0.0000 

COST -0.0047 0.0003 0.0000 

    
Number of respondents 657   

Number of observations 15,768   

Log likelihood -5,139.25   
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Table 9.6.  Attribute-only mixed logit model results for the general public sample 

(n=470) with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC -0.0064 0.0004 0.0000 

NUM250 -0.9072 0.2416 0.0000 

NUM400 0.3783 0.0775 0.0000 

WOY5000 0.3479 0.0978 0.0000 

WOY7500 0.4192 0.0758 0.0000 

FE 0.2880 0.0982 0.0030 

TR 0.7560 0.2172 0.0010 

CE 0.3724 0.2074 0.0730 

FE+1080 -0.2672 0.3113 0.3910 

TR+1080 -0.0186 0.2183 0.9320 

CE+1080 0.3131 0.1853 0.0910 

FE+TR 0.5240 0.2007 0.0090 

FE+CE 0.7993 0.1932 0.0000 

TR+CE 0.4947 0.2376 0.0370 

FE+TR+1080 0.9165 0.1890 0.0000 

FE+CE+1080 0.6039 0.2236 0.0070 

TR+CE+1080 0.3483 0.2230 0.1180 

FE+TR+CE 0.6034 0.2297 0.0090 

FE+TR+CE+1080 0.7224 0.2323 0.0020 

COST 0.8213 0.1991 0.0000 

 
Standard Deviation 

   

ASC 3.1904 0.2330 0.0000 

NUM250 0.2021 0.1735 0.2440 

NUM400 0.9846 0.1078 0.0000 

WOY5000 0.1753 0.1259 0.1640 

WOY7500 0.9269 0.1248 0.0000 

FE 0.9786 0.3354 0.0040 

TR 0.4159 0.2549 0.1030 

CE 2.1599 0.3846 0.0000 

FE+1080 1.2084 0.2723 0.0000 

TR+1080 0.5198 0.2538 0.0410 

CE+1080 -0.3799 0.2924 0.1940 

FE+TR -0.2935 0.3709 0.4290 

FE+CE 0.9366 0.3213 0.0040 

TR+CE -0.2975 0.2555 0.2440 

FE+TR+1080 -0.1730 0.4560 0.7040 

FE+CE+1080 -0.3035 0.3398 0.3720 

TR+CE+1080 0.4847 0.4344 0.2640 

FE+TR+CE 0.1898 0.3478 0.5850 

FE+TR+CE+1080 0.8816 0.3280 0.0070 

    
Number of respondents 470   

Number of observations 11,280   

Log likelihood -3,196.25   

 

  



Chapter 9                     
        Supplementary material for Chapters 4 and 5 

 

268 
 

Table 9.7.  Attribute-only mixed logit model results for the conservation expert sample 

(n=56) with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC -0.0059 0.0015 0.0000 

NUM250 -1.4128 0.8026 0.0780 

NUM400 2.0100 0.3979 0.0000 

WOY5000 2.6017 0.4926 0.0000 

WOY7500 0.5373 0.2970 0.0700 

FE 0.5081 0.3345 0.1290 

TR -1.4160 0.9461 0.1340 

CE -0.3787 0.6638 0.5680 

FE+1080 -1.9058 0.7137 0.0080 

TR+1080 -1.3485 0.8550 0.1150 

CE+1080 -0.2088 0.6549 0.7500 

FE+TR -0.9039 0.7441 0.2240 

FE+CE -1.0601 0.7035 0.1320 

TR+CE -0.5857 0.7065 0.4070 

FE+TR+1080 -0.7474 0.6489 0.2490 

FE+CE+1080 -1.6436 1.0827 0.1290 

TR+CE+1080 2.0272 1.3113 0.1220 

FE+TR+CE 0.4292 0.6538 0.5120 

FE+TR+CE+1080 0.7380 0.8167 0.3660 

COST 1.1247 0.6027 0.0620 

 
Standard Deviation 

   

ASC 2.7987 0.9271 0.0030 

NUM250 -0.1121 0.3336 0.7370 

NUM400 1.2955 0.3433 0.0000 

WOY5000 -0.6640 0.3996 0.0970 

WOY7500 0.3833 0.4649 0.4100 

FE 1.7525 0.8001 0.0290 

TR -0.6274 0.6753 0.3530 

CE -0.7278 0.6954 0.2950 

FE+1080 2.8618 1.0416 0.0060 

TR+1080 1.6911 0.6369 0.0080 

CE+1080 -2.6254 0.8070 0.0010 

FE+TR 1.6200 0.6096 0.0080 

FE+CE 1.0163 0.6167 0.0990 

TR+CE 0.0476 0.5362 0.9290 

FE+TR+1080 3.4361 1.4195 0.0150 

FE+CE+1080 -4.7388 2.1468 0.0270 

TR+CE+1080 -0.0646 0.6883 0.9250 

FE+TR+CE -1.4371 0.9071 0.1130 

FE+TR+CE+1080 -0.0675 0.5718 0.9060 

    
Number of respondents 56   

Number of observations 1,344   

Log likelihood -337.16   

 

  



Chapter 9                     
        Supplementary material for Chapters 4 and 5 

 

269 
 

Table 9.8.  Attribute-only mixed logit model results for the direct landholder sample 

(n=22) with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC -0.0129 0.0052 0.0140 

NUM250 0.4712 1.9343 0.8080 

NUM400 1.4695 0.8400 0.0800 

WOY5000 2.9641 1.4431 0.0400 

WOY7500 -2.2480 0.9150 0.0140 

FE -1.1192 0.9591 0.2430 

TR 0.7294 2.1195 0.7310 

CE 0.4914 2.1891 0.8220 

FE+1080 -1.3017 2.2776 0.5680 

TR+1080 2.3607 2.0137 0.2410 

CE+1080 1.8554 2.0248 0.3590 

FE+TR 0.3665 2.1507 0.8650 

FE+CE -6.3845 3.7194 0.0860 

TR+CE 2.6186 2.2351 0.2410 

FE+TR+1080 -0.8507 1.9088 0.6560 

FE+CE+1080 11.1442 4.2220 0.0080 

TR+CE+1080 2.5415 2.1324 0.2330 

FE+TR+CE 3.2950 2.5741 0.2010 

FE+TR+CE+1080 -0.7529 2.8065 0.7880 

COST 8.4685 3.4840 0.0150 

 
Standard Deviation 

   

ASC 2.9903 0.7802 0.0000 

NUM250 2.7421 1.2738 0.0310 

NUM400 5.7429 2.1234 0.0070 

WOY5000 1.8289 0.8560 0.0330 

WOY7500 3.9874 1.7792 0.0250 

FE -4.0732 2.5315 0.1080 

TR -1.8647 1.1584 0.1070 

CE 0.1705 1.1400 0.8810 

FE+1080 3.7371 2.0630 0.0700 

TR+1080 0.1112 1.0230 0.9130 

CE+1080 -2.5003 0.8834 0.0050 

FE+TR 3.3831 1.8096 0.0620 

FE+CE 4.8970 1.6145 0.0020 

TR+CE -2.0102 1.0772 0.0620 

FE+TR+1080 7.8424 3.4123 0.0220 

FE+CE+1080 -5.0193 2.7972 0.0730 

TR+CE+1080 -15.6602 6.9880 0.0250 

FE+TR+CE 11.9294 4.5748 0.0090 

FE+TR+CE+1080 -7.2941 3.6881 0.0480 

    
Number of respondents 22   

Number of observations 528   

Log likelihood -115.48   
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Table 9.9.  Attribute-only mixed logit model results for the surrounding community 

sample (n=109) with estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error p-value 

ASC -0.0070 0.0011 0.0000 

NUM250 -1.4373 0.7445 0.0540 

NUM400 0.2240 0.1844 0.2240 

WOY5000 0.2911 0.2390 0.2230 

WOY7500 0.5400 0.1815 0.0030 

FE 0.2374 0.1903 0.2120 

TR -0.3350 0.5905 0.5700 

CE 0.3858 0.4794 0.4210 

FE+1080 -1.3685 0.9213 0.1370 

TR+1080 -0.1066 0.4624 0.8180 

CE+1080 0.1677 0.4054 0.6790 

FE+TR -0.0096 0.4980 0.9850 

FE+CE 0.6673 0.4473 0.1360 

TR+CE 0.4571 0.6080 0.4520 

FE+TR+1080 1.1141 0.4447 0.0120 

FE+CE+1080 0.8243 0.5092 0.1050 

TR+CE+1080 0.9631 0.5059 0.0570 

FE+TR+CE 0.8458 0.5305 0.1110 

FE+TR+CE+1080 0.5569 0.5598 0.3200 

COST 1.1826 0.5122 0.0210 

 
Standard Deviation 

   

ASC 4.8728 0.8468 0.0000 

NUM250 0.3960 0.3583 0.2690 

NUM400 1.2684 0.2593 0.0000 

WOY5000 0.2314 0.2441 0.3430 

WOY7500 -0.1649 0.2730 0.5460 

FE 1.7219 0.5780 0.0030 

TR -0.3079 0.4760 0.5180 

CE -2.3526 1.0900 0.0310 

FE+1080 -1.2931 0.6609 0.0500 

TR+1080 0.7925 0.4073 0.0520 

CE+1080 1.4599 0.5135 0.0040 

FE+TR 0.2326 0.3924 0.5530 

FE+CE 2.1989 0.7610 0.0040 

TR+CE 0.0284 0.3715 0.9390 

FE+TR+1080 0.5756 0.4782 0.2290 

FE+CE+1080 -0.1311 0.4807 0.7850 

TR+CE+1080 -0.2380 0.5855 0.6840 

FE+TR+CE 0.7062 0.6468 0.2750 

FE+TR+CE+1080 2.0109 0.7331 0.0060 

    
Number of respondents 109   

Number of observations 2,616   

Log likelihood -675.45   
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Table 9.10. Attribute-only mixed logit model results for pooled samples (general public, 

conservation experts, direct landholders, and surrounding community, n=657) with 

estimated coefficients and their corresponding standard errors. 

 Coefficient Standard error Probability 

ASC -0.0058 0.0004 0.0000 

NUM250 -1.1470 0.2073 0.0000 

NUM400 0.3903 0.0648 0.0000 

WOY5000 0.4536 0.0810 0.0000 

WOY7500 0.3770 0.0613 0.0000 

FE 0.2602 0.0771 0.0010 

TR 0.3749 0.1860 0.0440 

CE 0.2122 0.1688 0.2090 

FE+1080 -0.2234 0.2357 0.3430 

TR+1080 -0.0733 0.1839 0.6900 

CE+1080 0.1945 0.1490 0.1920 

FE+TR 0.2314 0.1701 0.1740 

FE+CE 0.5239 0.1607 0.0010 

TR+CE 0.3052 0.2058 0.1380 

FE+TR+1080 0.6982 0.1572 0.0000 

FE+CE+1080 0.5405 0.1818 0.0030 

TR+CE+1080 0.5099 0.1790 0.0040 

FE+TR+CE 0.6375 0.1817 0.0000 

FE+TR+CE+1080 0.5859 0.1889 0.0020 

COST 0.8339 0.1714 0.0000 

 
Standard Deviation 

   

ASC 3.1725 0.2166 0.0000 

NUM250 0.1254 0.1428 0.3800 

NUM400 1.0456 0.0889 0.0000 

WOY5000 0.0761 0.1141 0.5040 

WOY7500 0.6908 0.1092 0.0000 

FE 0.8723 0.3532 0.0140 

TR 0.1757 0.2343 0.4530 

CE 1.2427 0.3781 0.0010 

FE+1080 0.9330 0.2920 0.0010 

TR+1080 0.3066 0.2748 0.2650 

CE+1080 0.5641 0.2114 0.0080 

FE+TR 0.2431 0.2674 0.3630 

FE+CE 0.9466 0.2660 0.0000 

TR+CE -0.3194 0.2094 0.1270 

FE+TR+1080 -0.2631 0.3330 0.4300 

FE+CE+1080 -0.0596 0.3504 0.8650 

TR+CE+1080 0.2363 0.3945 0.5490 

FE+TR+CE 0.1368 0.3249 0.6740 

FE+TR+CE+1080 1.1992 0.3248 0.0000 

    
Number of respondents 657   

Number of observations 15,768   

Log likelihood -4,457.55   
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Chapter 10 Supplementary material for Chapter 6 

Table 10.1. Conservation benefits as expected Numbat and Woylie populations in 25 years’ time for the baseline and alternative management 

projects to control foxes and feral cats in Dryandra Woodland. 

Project Description (abbreviation) 

Expected Numbat 
population  

Expected Woylie 
population  

Average  
(Low-High) 

Average  
(Low-High) 

Baseline 
1080 baiting  
(1080) 

200  
(100 - 300) 

11,500  
(8,000 -15,000) 

Project 1 1080 baiting + Fencing 1,000 ha  
(1080 +FE1000) 

210  
(120 – 300) 

12,500  
(9,000 - 16,000) 

Project 2 Fencing 8,300 ha  
(FE8300) 

230  
(60 – 400) 

16,000  
(12,000 - 20,000) 

Project 3 
1080 baiting+  
Integrated off-reserve management (1080 + IOR) 

275 
(150 – 400) 

13,000  
(10,000 - 16,000) 

Project 4 
1080 baiting + Trapping  
(1080 + TR) 

300 
(200 – 400) 

15,000  
(10,000 - 20,000) 

Project 5 1080 baiting + Trapping Fencing 1,000 ha  
(1080 + TR + FE1000) 

310  
(200 – 420) 

15,500  
(11,000 - 20,000) 

Project 6 
1080 baiting + Trapping + Integrated off-reserve 
management  
(1080 + TR + IOR) 

315 
(200 – 430) 

16,500  
(11,000 - 22,000) 

Project 7 

1080 baiting + Fencing 1,000 ha + Trapping + 
Integrated off-reserve management  
(1080 + FE1000 + TR + IOR) 

325 
(200 – 450) 

18,500  
(12,000 - 25,000) 
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Table 10.2. Present value of costs (in ‘000 of 2017 AU$) and benefits (Numbats, Woylies, and fox and feral cat control strategies) (in millions of 

2017 AU$), net present value (NPV) (in millions of 2017 AU$) and benefit-cost ratio (BCR) excluding and including risk to the realisation of the 

project’s benefits using a default (7%) discount rate. 

 

BCA calculations (Excluding risk but including social value for threatened species and for fox and feral cat control strategies) 

Project 
Discount 
rate (%) 

Present Value of 
Costs (in '000 of 2017 

AU$) 

Present value of benefits (in millions of 2017 
AU$) 

BCA results 

Numbats Woylies 
Predator control 

strategies 

NPV (in 
millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 12 134 29 174 158 

Project 2 (FE8300) 7% 4,316 0 251 803 1,049 244 

Project 3 (1080 + IOR) 7% 2,631 78 201 0 277 106 

Project 4 (1080 + TR) 7% 127 99 334 19 452 3,570 

Project 5 (1080 + TR +  FE1000) 7% 1,233 107 530 255 891 724 

Project 6 (1080 + TR +IOR) 7% 3,138 110 659 264 1,030 329 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 117 910 351 1,374 325 
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BCA calculations (Including risk and also including social value for threatened species and for fox and feral cat control strategies) 

Project 
Discount 
rate (%) 

Present Value of 
Costs (in '000 of 2017 

AU$) 

Present value of benefits (in millions of 2017 
AU$) 

BCA results 

Numbats Woylies 
Predator control 

strategies 

NPV (in 
millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 8 90 29 126 115 

Project 2 (FE8300) 7% 4,316 0 135 803 934 217 

Project 3 (1080 + IOR) 7% 2,631 35 90 0 122 48 

Project 4 (1080 + TR) 7% 127 64 217 19 300 2,370 

Project 5 (1080 + TR +  FE1000) 7% 1,233 71 355 255 680 553 

Project 6 (1080 + TR +IOR) 7% 3,138 52 314 264 627 201 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 50 384 351 781 185 
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Table 10.3. Sensitivity results including the present value of costs, benefits (Numbats, Woylies, and fox and feral cat control strategies), net 

present value (NPV) and benefit-cost ratio (BCR) at the lower and upper values of project cost, project benefits (increase in Numbats and 

Woylie populations), risk of project failure, willingness to pay (WTP) and discount rate. 

 

BCA calculations at average values of cost, project benefits (increase in Numbats and Woylie populations), risk of project failure, willingness to pay, and discount rate 

Project 
Discount 

rate 

Total Present 
Value of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 

AU$) 

Total benefits  
(Numbats + Woylies 
+ control strategies) 

(millions of 2017 
AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 $8 $90 $29 $127 $126 115 

Project 2 (FE8300) 7% 4,316 $0 $135 $803 $938 $934 217 

Project 3 (1080 + IOR) 7% 2,631 $35 $90 $0 $125 $122 48 

Project 4 (1080 + TR) 7% 127 $64 $217 $19 $300 $300 2,370 

Project 5 (1080 + TR +  FE1000) 7% 1,233 $71 $355 $255 $681 $680 553 

Project 6 (1080 + TR +IOR) 7% 3,138 $52 $314 $264 $630 $627 201 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 $50 $384 $351 $785 $781 185 
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BCA calculations at Lower values of Cost. All other variables kept at their average values. 

Project 
Discount 

rate 

Total Present 
Value of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 996 $8 $90 $29 $127 $126 127 

Project 2 (FE8300) 7% 3,884 $0 $135 $803 $938 $935 242 

Project 3 (1080 + IOR) 7% 2,368 $35 $90 $0 $125 $123 53 

Project 4 (1080 + TR) 7% 114 $64 $217 $19 $300 $300 2,634 

Project 5 (1080 + TR +  FE1000) 7% 1,109 $71 $355 $255 $681 $680 614 

Project 6 (1080 + TR +IOR) 7% 2,824 $52 $314 $264 $630 $627 223 

Project 7 (1080 + FE1000 + TR + IOR) 7% 3,820 $50 $384 $351 $785 $781 206 

         

BCA calculations at Upper values of Cost. All other variables kept at their average values. 

Project 
Discount 

rate 

Total Present 
Value of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,217 $8 $90 $29 $127 $126 104 

Project 2 (FE8300) 7% 4,747 $0 $135 $803 $938 $934 198 

Project 3 (1080 + IOR) 7% 2,894 $35 $90 $0 $125 $122 43 

Project 4 (1080 + TR) 7% 139 $64 $217 $19 $300 $300 2,155 

Project 5 (1080 + TR +  FE1000) 7% 1,356 $71 $355 $255 $681 $680 503 

Project 6 (1080 + TR +IOR) 7% 3,452 $52 $314 $264 $630 $627 183 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,669 $50 $384 $351 $785 $781 168 
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BCA calculations at the lower 95% of CI of WTP for species and for control strategies. All other variables kept at their average values.  

Project 
Discount 

rate 

Total Present 
Value of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 $2 $41 $16 $59 $58 53 

Project 2 (FE8300) 7% 4,316 $0 $62 $64 $125 $121 29 

Project 3 (1080 + IOR) 7% 2,631 $8 $41 $0 $49 $46 19 

Project 4 (1080 + TR) 7% 127 $15 $99 $0 $114 $114 898 

Project 5 (1080 + TR +  FE1000) 7% 1,233 $16 $162 $117 $295 $294 239 

Project 6 (1080 + TR +IOR) 7% 3,138 $12 $143 $120 $275 $272 88 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 $11 $175 $188 $374 $370 88 

         

BCA calculations at the upper 95% of CI of WTP for species and for control strategies. All other variables kept at their average values.  

Project 
Discount 

rate 

Total Present 
Value of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 $15 $139 $42 $195 $194 176 

Project 2 (FE8300) 7% 4,316 $0 $209 $1,543 $1,752 $1,747 406 

Project 3 (1080 + IOR) 7% 2,631 $62 $139 $0 $201 $199 76 

Project 4 (1080 + TR) 7% 127 $114 $335 $38 $486 $486 3,843 

Project 5 (1080 + TR +  FE1000) 7% 1,233 $126 $548 $394 $1,068 $1,067 867 

Project 6 (1080 + TR +IOR) 7% 3,138 $93 $485 $408 $985 $982 314 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 $88 $594 $514 $1,196 $1,192 282 
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BCA calculations at the lower value of risk to realisation of project's benefits. All other variables kept at their average values.  

Project 
Discount 

rate 

Total Present 
Value of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator  

control strategies 
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 $9 $93 $29 $130 $129 118 

Project 2 (FE8300) 7% 4,316 $0 $181 $803 $984 $980 228 

Project 3 (1080 + IOR) 7% 2,631 $46 $118 $0 $165 $162 63 

Project 4 (1080 + TR) 7% 127 $65 $219 $19 $302 $302 2,387 

Project 5 (1080 + TR +  FE1000) 7% 1,233 $73 $363 $255 $691 $690 560 

Project 6 (1080 + TR +IOR) 7% 3,138 $65 $388 $264 $717 $714 228 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 $69 $536 $351 $956 $952 225 

         

BCA calculations at the upper value of risk to realisation of project's benefits. All other variables kept at their average values. 

Project 
Discount 

rate 

Total Present 
Value of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 $8 $87 $29 $124 $123 112 

Project 2 (FE8300) 7% 4,316 $0 $96 $803 $899 $894 208 

Project 3 (1080 + IOR) 7% 2,631 $25 $65 $0 $90 $88 34 

Project 4 (1080 + TR) 7% 127 $64 $215 $19 $297 $297 2,350 

Project 5 (1080 + TR +  FE1000) 7% 1,233 $70 $347 $255 $672 $671 545 

Project 6 (1080 + TR +IOR) 7% 3,138 $41 $243 $264 $548 $545 175 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 $34 $261 $351 $646 $642 152 
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BCA calculations at the lower value of project's benefits (increase in Numbat and Woylie populations). All other variables kept at their average values. 

Project 
Discount 

rate 

Total Present Value 
of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies 
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 $0 $87 $29 $116 $114 104 

Project 2 (FE8300) 7% 4,316 $0 $19 $803 $822 $818 190 

Project 3 (1080 + IOR) 7% 2,631 $29 $58 $0 $86 $84 33 

Project 4 (1080 + TR) 7% 127 $41 $176 $19 $236 $236 1,867 

Project 5 (1080 + TR +  FE1000) 7% 1,233 $49 $272 $255 $577 $575 468 

Project 6 (1080 + TR +IOR) 7% 3,138 $37 $194 $264 $495 $492 158 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 $37 $229 $351 $617 $613 145 

         

BCA calculations at the upper value of project's benefits (increase in Numbat and Woylie populations). All other variables kept at their average values. 

Project 
Discount 

rate 

Total Present Value 
of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 7% 1,106 $28 $91 $29 $148 $147 134 

Project 2 (FE8300) 7% 4,316 $0 $216 $803 $1,019 $1,015 236 

Project 3 (1080 + IOR) 7% 2,631 $43 $121 $0 $165 $162 63 

Project 4 (1080 + TR) 7% 127 $110 $249 $19 $377 $377 2,982 

Project 5 (1080 + TR +  FE1000) 7% 1,233 $113 $419 $255 $788 $787 639 

Project 6 (1080 + TR +IOR) 7% 3,138 $81 $410 $264 $754 $751 240 

Project 7 (1080 + FE1000 + TR + IOR) 7% 4,244 $72 $503 $351 $926 $921 218 

         

  



Chapter 10                                                                                                                          Supplementary material for Chapter 6 

 

281 
 

BCA calculations at the lower value of discount rate (i.e. 4%). All other variables kept at their average values. 

Project 
Discount 

rate 

Total Present Value 
of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
predator control 

strategies  
(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 4% 1,265 $9 $96 $31 $136 $134 107 

Project 2 (FE8300) 4% 4,917 $0 $145 $858 $1,003 $998 204 

Project 3 (1080 + IOR) 4% 3,456 $38 $96 $0 $134 $130 39 

Project 4 (1080 + TR) 4% 166 $69 $232 $20 $321 $321 1,929 

Project 5 (1080 + TR +  FE1000) 4% 1,431 $76 $379 $273 $728 $727 509 

Project 6 (1080 + TR +IOR) 4% 4,122 $56 $335 $282 $674 $670 163 

Project 7 (1080 + FE1000 + TR + IOR) 4% 5,387 $53 $411 $375 $839 $834 156 

         

BCA calculations at the upper value of discount rate (i.e. 10%). All other variables kept at their average values. 

Project 
Discount 

rate 

Total Present Value 
of Costs  

('000 of 2017 AU$) 

Total benefits 
of Numbats  
(millions of 
2017 AU$) 

Total benefits 
of Woylies  
(millions of 
2017 AU$) 

Total benefits of 
control strategies 

(millions of 2017 AU$) 

Total benefits 
(Numbats + Woylies + 

control strategies) 
(millions of 2017 AU$) 

NPV  
(millions of 
2017 AU$) 

BCR 

Project 1 (1080 + FE1000) 10% 1,003 $8 $85 $27 $119 $118 119 

Project 2 (FE8300) 10% 3,926 $0 $127 $754 $882 $878 225 

Project 3 (1080 + IOR) 10% 2,095 $33 $85 $0 $118 $115 56 

Project 4 (1080 + TR) 10% 101 $60 $204 $18 $282 $282 2,796 

Project 5 (1080 + TR +  FE1000) 10% 1,104 $67 $333 $240 $640 $639 580 

Project 6 (1080 + TR +IOR) 10% 2,499 $49 $295 $248 $592 $590 237 

Project 7 (1080 + FE1000 + TR + IOR) 10% 3,502 $47 $361 $330 $738 $734 211 
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Table 10.4. Sensitivity of Net Present value (NPV) (in millions of 2017 AU$) and the rank of alternative projects at the low, average and high 

values of project cost, project benefits (increase in Numbats and Woylie populations), risk of project failure, willingness to pay (WTP) for 

threatened species and for introduced predator control strategies and discount rate. 

Project 
NPV 

(Low cost) 
NPV 

(Average cost) 
NPV 

(High cost) 
Project rank 
(Low cost) 

Project rank 
(Average cost) 

Project rank 
(High cost) 

Project 1 (1080 + FE1000) 126 126 126 6 6 6 

Project 2 (FE8300) 935 934 934 1 1 1 

Project 3 (1080 + IOR) 123 122 122 7 7 7 

Project 4 (1080 + TR) 300 300 300 5 5 5 

Project 5 (1080 + TR +  FE1000) 680 680 680 3 3 3 

Project 6 (1080 + TR +IOR) 627 627 627 4 4 4 

Project 7 (1080 + FE1000 + TR + IOR) 781 781 781 2 2 2 
       

Project 
NPV 

(Low benefits) 

NPV 
 (Average 
benefits) 

NPV 
 (High benefits) 

Project rank 
(Low benefits) 

Project rank 
(Average 
benefits) 

Project rank 
(High benefits) 

Project 1 (1080 + FE1000) 114 126 147 6 6 7 

Project 2 (FE8300) 818 934 1,015 1 1 1 

Project 3 (1080 + IOR) 84 122 162 7 7 6 

Project 4 (1080 + TR) 236 300 377 5 5 5 

Project 5 (1080 + TR +  FE1000) 575 680 787 3 3 3 

Project 6 (1080 + TR +IOR) 492 627 751 4 4 4 

Project 7 (1080 + FE1000 + TR + IOR) 613 781 921 2 2 2 
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Project 
NPV 

(Low risk) 
NPV 

(Average risk) 
NPV 

(High risk) 
Project rank 
(Low risk) 

Project rank 
(Average risk) 

Project rank 
(High risk) 

Project 1 (1080 + FE1000) 129 126 123 7 6 6 

Project 2 (FE8300) 980 934 894 1 1 1 

Project 3 (1080 + IOR) 162 122 88 6 7 7 

Project 4 (1080 + TR) 302 300 297 5 5 5 

Project 5 (1080 + TR +  FE1000) 690 680 671 4 3 2 

Project 6 (1080 + TR +IOR) 714 627 545 3 4 4 

Project 7 (1080 + FE1000 + TR + IOR) 952 781 642 2 2 3 
       

Project 
NPV 

(Low WTP) 
NPV 

(Average WTP) 
NPV 

(High WTP) 
Project rank 
(Low WTP) 

Project rank 
(Average WTP) 

Project rank 
(High WTP) 

Project 1 (1080 + FE1000) 58 126 194 6 6 7 

Project 2 (FE8300) 121 934 1,747 4 1 1 

Project 3 (1080 + IOR) 46 122 199 7 7 6 

Project 4 (1080 + TR) 114 300 486 5 5 5 

Project 5 (1080 + TR +  FE1000) 294 680 1,067 2 3 3 

Project 6 (1080 + TR +IOR) 272 627 982 3 4 4 

Project 7 (1080 + FE1000 + TR + IOR) 370 781 1,192 1 2 2 
       

Project 
NPV 

(Low discount 
rate (4%)) 

NPV 
(Default discount 

rate (7%)) 

NPV 
(High discount 

rate (10%)) 

Project rank 
(Low discount 

rate) 

Project rank 
(Default 

discount rate) 

Project rank 
(High discount 

rate) 

Project 1 (1080 + FE1000) 134 126 118 0 0 6 

Project 2 (FE8300) 998 934 878 0 0 1 

Project 3 (1080 + IOR) 130 122 115 0 0 7 

Project 4 (1080 + TR) 321 300 282 0 0 5 

Project 5 (1080 + TR +  FE1000) 727 680 639 0 0 3 

Project 6 (1080 + TR +IOR) 670 627 590 0 0 4 

Project 7 (1080 + FE1000 + TR + IOR) 834 781 734 0 0 2 
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Figure 10.1. Sensitivity of Net Present value (NPV) (in millions of 2017 AU$) to (i) low, 

average and high cost; (ii) low, average and high expected benefits (i.e. increases in 

populations of Numbats and Woylies); and (iii) low (4%), default (7%) and high (10%) 

discount rates. 

 

 

0

200

400

600

800

1,000

N
P

V
 (

in
 m

ill
io

n
s
 o

f 
2
0
1
7
 A

U
$
)

Cost-10%                          Average Cost                         Cost+10%

(i)

Project 1 (1080 + FE1000) Project 2 (FE8300)

Project 3 (1080 + IOR) Project 4 (1080 + TR)

Project 5 (1080 + TR +  FE1000) Project 6 (1080 + TR +IOR)

Project 7 (1080 + FE1000 + TR + IOR)

0

200

400

600

800

1,000

N
P

V
 (

in
 m

ill
io

n
s
 o

f 
2
0
1
7
 A

U
$
)

Low benefits                 Average benefits                  High benefits

(ii)

Project 1 (1080 + FE1000) Project 2 (FE8300)

Project 3 (1080 + IOR) Project 4 (1080 + TR)

Project 5 (1080 + TR +  FE1000) Project 6 (1080 + TR +IOR)

Project 7 (1080 + FE1000 + TR + IOR)



Chapter 10 Supplementary material for Chapter 6 

 

285 
 

 

0

200

400

600

800

1,000
N

P
V

 (
in

 m
ill

io
n
s
 o

f 
2
0
1
7
 A

U
$
)

4%                                            7%                                          10%

(iii)

Project 1 (1080 + FE1000) Project 2 (FE8300)

Project 3 (1080 + IOR) Project 4 (1080 + TR)

Project 5 (1080 + TR +  FE1000) Project 6 (1080 + TR +IOR)

Project 7 (1080 + FE1000 + TR + IOR)



 

286 
 

 




