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Abstract 

 

Although societies have developed strategies to mitigate human-carnivore conflicts, the 

rise of social conflicts between people who value carnivores and those who do not has sometimes 

affected the use of mitigation strategies, whether lethal or non-lethal. Here, in Chapter 1 “The twin 

challenges of preventing real and perceived threats to human property and livelihoods”, I lay out 

an integrative theoretical framework for understanding the implementation of interventions for 

coexistence and conflict, which includes both the effect in preventing future damages (functional 

effectiveness “FE”) and the individual human perceptions of effectiveness of an intervention 

(perceived effectiveness “PE”). Here, I expose the cause-and-effect logic underlying people’s 

decisions to intervene or not, where both explicit and hidden mechanisms are considered. 

In Chapter 2, I tested the hypothesis that perceived livestock losses match verified losses. 

I investigated whether the attributes of sites of verified losses are consistent with attributes of sites 

of unverified losses (defined as people’s perceived losses) in southern Chile. Here, I could identify 

that people’s perception of losses matched verified losses, providing groups of interests (e.g. 

livestock owners and agencies) with an opportunity to collaboratively move towards cost-effective 

coexistence strategies. 

Finally, in Chapter 3, I provide evidence on the effectiveness of a non-lethal method 

(Foxlights®) using a gold-standard experiment with a cross-over design. Here, I could draw strong 

inference about the effectiveness of this method, which may help in promoting coexistence 

between pumas and people in Chile. I also describe and provide evidence that gold-standard 

experiments are possible to apply under extensive, wild field conditions for both livestock and 

predators, where the design implemented as well as the use of an engagement process for recruiting 

farmers helped to overcome such challenges. 
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Introduction  

 

Interactions between people and wildlife have been documented since the early hominids 

(Nyhus 2016). These interactions depend on wildlife, humans, space and time. Both positive 

(e.g. cultural symbolism) and negative (e.g. livestock predation) interactions have been described 

in the literature. Despite the previous, most conservation attention has been focused on negative 

interactions, where both people and wildlife have been framed as conscious antagonists (i.e. 

human-wildlife conflicts) (Peterson et al. 2010; Redpath et al. 2013). This aligns with the case of 

carnivores, where attention has focused predominantly on mortalities caused by humans 

(Woodroffe & Ginsberg 1998). For instance, carnivores have been subject to strong pressures 

because their requirements conflict with people (e.g. protein-rich diet and wide-ranging habits) 

(Treves & Karanth 2003), where retaliatory or preventive killing of carnivores has been 

described as a major factor driving their decline (Treves & Karanth 2003, Treves & Bruskotter 

2014; Woodroffe & Ginsberg 1998). Moreover, special concerns arise for carnivore populations, 

mainly because of their low density, which makes them prone to extinction under conditions 

where small carnivore populations interact with humans (Woodroffe & Ginsberg 1998).   

In recent times, rapid ecological and social changes might have increased the risk of 

conflicts worldwide. For instance, recovery of habitats due to land-use change has allowed 

recolonization of carnivores (Chapron et al. 2014, LaRue et al. 2012; Lescureux & Linnell 2013, 

Rigg et al. 2011), which in some cases has led to new or revived conflicts with people 

(Lescureux & Linnell 2013; Ohrens et al. 2016, Rigg et al. 2011; Treves et al. 2002). On the 

other hand, human population growth has led to encroachment into wild habitats, increasing the 

probability of encounters and conflict with wildlife, such as carnivores (Goodrich & Miquelle 

2005; Holmern et al. 2007; Thornton & Quinn 2009; Treves et al. 2004). In addition, socio-

political conditions have added complexity in the ways to approach and manage the problem, 

which necessitates an integrated understanding of both the ecological and human dimensions of 

the conflict, and development/use of interventions based upon local and empirical knowledge, as 

well as management policies that are socially acceptable (Treves & Karanth 2003; Treves et al. 

2009; Dickman 2010). Interventions that seek a win-win approach for both parties (e.g. 

carnivores and people) can support both carnivore conservation and the protection of people’s 
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property and livelihood (Shivik 2006, Treves & Bruskotter 2014; Woodroffe et al. 2005; 

Redpath et al. 2013).  

The importance of reducing carnivore-poaching goes beyond preventing extinction risk 

because there has been growing concern about the role of large carnivores in ecosystems. For 

instance, in the last decade, there have been several studies trying to understand the influence of 

large predators on prey populations and ecosystems (e.g. top-down regulation) (Middleton et al. 

2013; Ripple et al. 2014). Ripple et al. (2014) reviewed the case of 31 species of large carnivores 

and found well-documented evidence for trophic cascades on 7 species, where they could 

quantify the effects of carnivores on ecosystems. This highlights the importance of conserving 

large carnivores beyond their risk of extinction; specially, considering the role and impact of 

human-induced mortalities on carnivore populations inside and outside protected areas, and the 

ecosystem degradation that follows. This suggests a change in paradigm, from classic wildlife 

management practice that eradicates and controls predators to one more sustainable that view 

them as beneficial, where creative strategies are developed to facilitate coexistence (Ripple et al. 

2014). Despite the above, focus on costs of these interactions instead of the benefits (e.g. trophic 

cascades, ecosystem services) might be explained by the difficulty and capacity to carry on 

research that require time (e.g. long-term) and resources (Ripple et al. 2014).  

 The puma, Puma concolor, is an emblematic top predator of the Andean mountains 

(Franklin et al. 1999; Walker & Novaro 2010). This species, as described by Ripple et al. (2014), 

are an especially important component of biodiversity. Pumas have recently been considered as 

one of six felids facing higher conservation priorities globally (Dickman et al. 2015). Indeed 

Chile was singled out as high priority for conservation of felids, and a country where 

conservation investments were more likely (Dickman et al. 2015). Although the IUCN has 

classified the puma as “least concern” range-wide (IUCN 2012), in many regions, pumas are 

classified as threatened or almost extinct (Hornocker and Negri 2010). For example in Chile, 

pumas are categorized as threatened in the tropical Andes eco-region and vulnerable in the rest 

of the country (southern range) (Laundré & Hernández 2010, SAG 2011). Besides this 

classification, the law specifies that pumas are under legal protection and cannot be hunted or 

captured throughout the Chilean territory (Ley de Caza No 19.473, SAG 2017).  Despite their 

status, very few studies have been done in Chile (Walker & Novaro 2010), which challenges 

puma conservation. 
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The threats to pumas can best be understood from their diet and human reactions to puma 

behavior. Pumas are described as opportunistic predators, relying on several terrestrial mammals 

(Logan & Sweanor 2001, Murphy & Ruth 2010). For pumas, declines in native prey may 

produce a switch to more common ones, like livestock and nonnative species (Crawshaw & 

Quigley 2002; Polisar et al. 2003; Murphy 2010). In Chile, scat studies show that pumas preyed 

mostly on non-native mammals, like hares (Lepus europaeus) and livestock (Rau & Jiménez 

2002; Murphy 2010; Guarda et al. 2015). Studies (based on scats) in the southern cone of South 

America suggest that native guanacos (Lama guanicoe) and vicuñas (Vicugna vicugna), as well 

as livestock comprise their main diet (Rau & Jiménez 2002; Pacheco et al. 2004; Walker & 

Novaro 2010; Leichtle 2013, Guarda et al. 2015).  

Predation on livestock could pose a direct threat to pumas by triggering retaliation from 

livestock owners (Mazzoli et al. 2002; Conforti & De Acevedo 2003; Polisar et al. 2003; 

Bonacic et al. 2007; Amar 2008; Lucherini & Merino 2008; Palmeira et al. 2008; Cattan et al. 

2010; Murphy & MacDonald 2010; Walker & Novaro 2010, Ohrens et al. 2016). In response, 

people hunt and poison pumas, as reported in Argentina (González et al. 2012; Lucherini & 

Merino 2008; Lucherini et al. 2008, Kissling et al. 2009) and Chile (Silva-Rodriguez et al. 2007). 

Human-caused mortality is a major threat to puma populations (Laundré & Hernández 2010). 

Even if people do not lose livestock or do not retaliate against pumas, they may develop negative 

attitudes that seem to shape many behaviors (Thornton & Quinn 2010; Inskip et al. 2014; Treves 

& Bruskotter 2014). In Chile, pumas are perceived as a threat for humans and their livestock 

(Silva-Rodríguez et al. 2007; Amar 2008; Murphy & Macdonald 2010; Villalobos & Iriarte 

2014; Ohrens et al. 2016). For instance, in the last decade, the government agency reports (or 

perceives) there has been an increase in complaints of various forms of puma-human conflict 

nationwide, which mainly include puma attacks on livestock. Although systematic study of 

attitudes did not support the claim of declining tolerance (Ohrens et al. 2016), no studies have 

directly measured illegal killing of pumas. Although we know little of the sociopolitical and 

biological mechanisms that affect illegal killing of pumas in South America, the evidence is clear 

that livestock owners are central and protection of their livestock might produce benefits for 

pumas a well as for human well-being. However, the puma is not the only species responsible for 

livestock attacks, where one other native predator, the Andean fox (Lycalopex culpaeus) has 

been perceived by people to be a threat (Murphy & Macdonald 2010; Ohrens et al. 2016; Rau & 
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Jiménez 2002). Moreover, people have introduced a non-native predator of livestock to many 

ecosystems, the domestic dog (Canis familiaris) (A. Albert, wildlife department [SAG], personal 

communication 2015), adding complexity in ways to target and focus conflict mitigation 

strategies. Although, dogs are not of conservation concern, the effect that they might have on 

perceptions of native predators is unknown, as in most studies of carnivore-livestock 

interactions. In addition, the potential ecological effect on native Chilean predators is largely 

unknown and, might be negative as reported elsewhere (Vanak & Gompper 2010; Young et al. 

2011). 

 The overarching goals of this dissertation are to improve carnivore conservation 

outcomes by reducing the justification to legally or illegally kill them. Such killing is inferred to 

be the main direct threat for most of them. Real or perceived predation on livestock can also fuel 

an indirect threat, as local communities may oppose carnivore conservation politically. Adding to 

the complexity of the problem, several responsible government agencies lack the information, 

skills, or capacities to manage this human-carnivore conflict scientifically, cost-effectively and 

acceptably for human society. Specifically, the government lacks the capability to target 

resources to high-risk conflict areas and lacks the abilities to support the use of non-lethal 

methods by farmers wishing to prevent livestock predation without harming carnivores.  

The research goals of this dissertation work towards the conservation outcomes described 

above by combining technical (changing the environment by using non-lethal methods) and 

cognitive interventions (changing attitude or behavior through participatory intervention 

planning, building risk maps (Treves et al. 2011) and improving procedures to evaluate 

rigorously both perceived and functional effectiveness of interventions to mitigate conflict. With 

this, I expect to benefit carnivore conservation by helping livestock producers avoid predation on 

their herds (non-lethal methods), and government agencies by fortifying their capacities and 

knowledge (risk maps and effective non-lethal interventions). Finally, this would place carnivore 

conservation and livestock protection on a firmer scientific footing and advance coexistence 

strategies. 

Using Chile as a case-study, I investigated the twin challenges of preventing real and 

perceived threats to human property and livelihoods with a theoretical framework of cause-and-

effect (Chapter 1), spatially examining the relationship between perceived and real 

characteristics and landscape attributes of human-carnivore conflicts in southern Chile (Chapter 
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2), and examining the functional effectiveness of non-lethal method in reducing conflict with 

pumas and Andean foxes (Chapter 3). 

Although societies have developed strategies to mitigate human-carnivore conflicts, the 

rise of social conflicts between people who value carnivores and those who do not has 

sometimes affected the use of mitigation strategies, whether lethal or non-lethal. Here, in Chapter 

1 “The twin challenges of preventing real and perceived threats to human property and 

livelihoods”, I lay out an integrative theoretical framework for understanding the implementation 

of interventions for coexistence and conflict, which includes both the effect in preventing future 

damages (functional effectiveness “FE”) and the individual human perceptions of effectiveness 

of an intervention (perceived effectiveness “PE”). Here, I expose the cause-and-effect logic 

underlying people’s decisions to intervene or not, where both explicit and hidden mechanisms 

are considered. My hypothesis is that a scientifically-proven functionally effective intervention 

(high FE) is more likely to be adopted if PE ≥ FE, than if PE < FE. Alternatively, an ineffective 

intervention (FE low) is more likely to be adopted if PE > FE, than if PE is low. Under this 

integrative framework, I hypothesize that the successful adoption of proven effective 

interventions are more likely if functional and perceived effectiveness align (PE ≥ FE and FE is 

high), which in the long term should promote and foster coexistence. 

To prevent and mitigate human-carnivore conflicts cost-effectively it is important to 

predict how and where these conflicts may occur. Following the framework and FE – PE 

hypothesis presented in Chapter 1, here I tested the hypothesis that perceived livestock losses 

match verified losses. In this chapter titled “Perceived livestock losses resemble verified losses to 

carnivores in the southern temperate region of Chile”, I investigated whether the attributes of 

sites of verified losses are consistent with attributes of sites of unverified losses (defined as 

people’s perceived losses) in southern Chile. Here, I could identify that people’s perception of 

losses matched verified losses, providing groups of interests (e.g. livestock owners and agencies) 

with an opportunity to collaboratively move towards cost-effective coexistence strategies. 

However, it is important to mention that this finding does not necessarily mean that PE = FE, but 

rather that owners and verifying agencies may begin at a similar starting point so any subsequent 

differences in PE and FE do not stem from different perceptions of the original conflict. The 

theory I develop in chapter 1 suggests the next possible difference between agencies and owners 

arises from other differences, such as social norms or perceived behavioral control. 
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In Chapter 3, “Randomized, cross-over trial protects camelids from pumas”, I provide 

evidence on the effectiveness of a non-lethal method (Foxlights®) using a gold-standard 

experiment with a cross-over design. Here, I could draw strong inference about the effectiveness 

of this method, which may help in promoting coexistence between pumas and people in Chile. I 

also describe and provide evidence that gold-standard experiments are possible to apply under 

extensive, wild field conditions for both livestock and predators, where the design implemented 

as well as the use of an engagement process for recruiting farmers helped to overcome such 

challenges. Although, this study attempted to integrate several criteria of PE proposed in chapter 

1 (e.g. perceived behavioural control and uncertainty of effectiveness), it did not measure social 

norms explicitly and has not yet demonstrated long-term adoption of Foxlights®. Nevertheless, 

this experimental approach may serve as an example for future conflict mitigation efforts in sites 

identified as high-risk, producing evidence-based science to inform policy-making that will 

promote coexistence between wild animals and humans. Also, I showed that livestock owners 

will accept the placebo control treatment and cross-over design, and that variability in wild agro-

ecosystems does not swamp a treatment effect. 

 

Recommendations 

The use of the integrative framework developed in Chapter 1, encourages a better 

understanding of how FE and PE relate. Consequently, this may help to improve intervention 

design and implementation, and ultimately, conservation and coexistence efforts. I recommend 

addressing current gaps in the use of gold-standard designs by evaluating both FE and PE of 

methods and their implications for carnivore and wildlife conservation in general.  

Potential benefits of understanding the relationship between perceived and verified losses 

studied in Chapter 2, could improve the data base on which risk models and maps are built. For 

instance, improving the efficiency of verification efforts, might allow agencies to save resources 

that could be devoted to prevention initiatives targeted at high-risk clustered sites. A combined 

strategy that includes the implementation of effective and evidence-based coexistence 

interventions (e.g. non-lethal methods) within identified high-risk areas might be an important 

first step in improving human-carnivore conflicts in southern Chile. 

Conducting participatory research and action involving several actors (i.e. lay persons, 

non-profit and government agencies, etc.) have been described as important methods to achieve 
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successful conservation interventions (Reed 2008). However, from my experience in Chapter 3, I 

would say that the level of engagement with actors needed to develop research might be the most 

challenging part. As said by Reed (2008), “different levels of engagement are likely to be 

appropriate in different contexts, depending on the objectives of the work and the capacity for 

stakeholders to influence outcomes” (p. 2419). I developed a typology of participation, where 

communication and information was exchanged between different actors. Here, higher level of 

engagement was needed to develop the goals that were proposed. Although previous work and 

engagement helped to overcome such challenges (Ohrens et al. 2016), not all participants 

presented the same level of engagement. For instance, farmers and local government agencies 

(PRODESAL, PDTI and CONAF) presented higher levels of engagement compared to the 

Agriculture & Livestock Service (SAG), who did not participate in any workshop organized and 

scheduled in advance with all parties. As measurement of participatory workshop outcomes was 

not the main goal of this research, I was not able to record possible factors that might explain the 

difference in engagement levels. However, I would say that a disconnect between the Agriculture 

& Livestock Service and people’s interest, might be an important factor. For instance, less 

interest and acceptance of participatory processes in decision-making, might hinder engagement 

of empowered parties. Considering these power inequalities and differences between participants 

in advance of future experiences would be fundamental in achieving successful engagement 

processes. 
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1. Twin challenges of preventing real and perceived threats to human interests 

 

Humans and other species have historically competed over resources and space, often 

resulting in interspecies conflict. As one example, humans have hunted or domesticated wild 

herbivores for protein, which are also consumed by predators. This leads to conflict between 

predators and humans over food resources, subsequently leading people to retaliatory killing of 

carnivores, which poses a major threat to predator populations (Woodroffe & Ginsberg 1998; 

Chapron et al. 2014). Although societies have developed mitigation strategies to reduce such 

conflicts, the rise of social conflicts between people who value carnivores (i.e. their role in 

ecosystem biodiversity) and those who do not has sometimes affected the use of mitigation 

strategies, whether lethal or non-lethal (Treves & Karanth 2003; Treves et al. 2006; Redpath et 

al. 2013; Treves & Bruskotter 2014; Woodroffe & Redpath 2015). Differences in interests 

between people can lead to imposed solutions that benefit some people over others due to power 

relations or prevailing attitudes (Redpath et al. 2013; Treves et al. 2015). Because of this 

imbalanced decision-making, a proposed method may not be implemented as planned (Fishbein 

& Yzer 2003) or may be dismantled later (Karanth & Madhusudan 2002), even when 

functionally effective.  

The non-implementation of solutions to human-carnivore conflict highlights hidden 

cognitive mechanisms that have been described by social psychologists’ theories (e.g., Ajzen’s 

Theory of Planned Behaviour (hereafter TPB); see Text Box 1.1), in which a complex mix of 

social norms, emotions and external conditions can influence people’s decisions and actions 

(Fishbein & Yzer 2003; Wieckzorek Hudenko 2012; Schlüter et al. 2017; Amit & Jacobson 

2017). The cognitive dimensions of human behaviour interact with both individual appraisals of 

effectiveness - which does not necessarily correlate with functional effectiveness - and 

uncertainty about effectiveness to alter implementation. I use the term effective (powerful in 

effect; producing a notable effect, www.oed.com) and effectiveness because these allow me to 

address both the potential of individual actors to achieve coexistence and the efficacy of 

technical devices to attain that goal. I do not use the term efficacy as it is more limited (not used 

as an attribute of personal agents, www.oed.com) and avoid efficient because of its emphasis on 

relative costs and potential for confusion with feasible (capable of being done, accomplished or 

carried out; possible, practicable, www.oed.com). I also focus on evidence for effectiveness of 

http://www.oed.com/
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an intervention from actual experimental trials under working conditions (not under laboratory 

conditions), not idealized claims of effectiveness that have not yet been realized through real-

world testing. 

 

 

Scientific research has shown that numerous methods of intervention can promote 

coexistence between people and carnivores (Inskip & Zimmermann 2009; Treves et al. 2009; 

McManus et al. 2015). However, few have been scientifically evaluated along multiple criteria of 

effectiveness, cost-efficiency, environmental consequences, social acceptability (Shivik et al. 

2003; Breitenmoser et al. 2005; Inskip & Zimmermann 2009; Treves et al. 2009; Zarco-

González & Monroy-Vilchis; 2014; McManus et al. 2015) and adequacy of implementation. 

Text Box 1.1. Theory of Planned Behavior (adapted from Ajzen 1991) 

 

This theoretical framework describes how intentions to perform certain behaviours are 

predicted by cognitive variables such as attitudes toward the behaviour (i.e. evaluation of the 

behaviour in question), subjective norms (i.e. social pressure to perform the behaviour), and 

perceived behavioural control (i.e. self-efficacy or perceived capacity to perform the 

behaviour).  

 
 

BehaviourIntention
Subjective

norm

Attitude

toward the

behaviour

Perceived

behavioural

control
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Here, I lay out an integrative framework for understanding the implementation of interventions 

for coexistence and conflict, which includes both the effect in preventing future damages 

(functional effectiveness, ‘FE’ hereafter) and the individual human perceptions of 

effectiveness of an intervention (perceived effectiveness, ‘PE’ hereafter). In some cases, 

conflicting perceptions of effectiveness and functional effectiveness can lead to negative 

outcomes for wildlife or property owners, where the goals of conservation and coexistence with 

wild animals may be jeopardized. I expose the cause-and-effect logic underlying decisions to 

intervene or not, where both explicit and hidden mechanisms are considered. By understanding 

better how FE and PE relate, I believe the field can avoid a sterile debate claiming that people 

are irrational on the one hand or that technical experts have no common sense on the other hand. 

Avoiding such misunderstandings may improve intervention design and implementation, 

conservation and coexistence efforts, policy, conflict resolution, and scientific analysis of human 

wildlife-conflict and coexistence (HWCC). 

 

1.1 The theory behind FE and PE 

Functional effectiveness (FE) in our context of HWCC measures whether the intervention 

reduces future attacks of concern to humans by wildlife (Treves et al. 2016). Because empirical 

measurement of wildlife damage and its attribution to wildlife is a technical skill with a 

measurable rate of errors (e.g. Plumer et al. 2018), FE differs markedly from human opinion of 

the effectiveness of an intervention, to which I return below. Nevertheless, FE is difficult to 

evaluate rigorously. Biomedical sciences have pioneered experiments yielding strong inference 

about the FE of interventions. For instance, randomized control trials (gold-standard hereafter; 

see Text Box 1.2), are the most robust methods to estimate the effectiveness of an intervention 
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(Grimshaw et al. 2000; Mukherjee 2010). Avoiding biases at several stages and reducing the 

effect of confounding variables are indispensable advantages of this method. For instance, there 

have been four recent reviews on the FE of methods to reduce carnivore predation on livestock, 

which revealed diverse interpretations and standards of evidence (Miller et al. 2016; Treves et al. 

2016; Eklund et al. 2017; van Eeden et al. 2018). One of the main results of all four reviews was 

the high variability in the effectiveness of interventions. Moreover, all four reviews concurred 

that strong inference was scarce because of a lack of experimental controls. Because there has 

been little consensus until now on standards of evidence for FE, at least one of the above reviews 

used measures of PE (did the livestock owner report satisfaction or perceive reduction in losses 

of livestock?).  

 

Text Box 1.2 Definition of gold, silver and platinum-standard experiments (see Treves et al. 

2016)  

 

Gold-standard 

Random assignment of treatments and controls, without detectable biases in sampling, 

treatment, measurement, or reporting. It produces the strongest inference and evidence of 

effectiveness of an intervention. Examples of this were reported in Treves et al. (2016). 

 

Silver-standard  

Non-random assignment of treatments. Includes quasi-experimental designs with haphazard 

assignment of treatments, such as case-control or Before-After Control-Impact (hereafter 

BACI) designs. Produces weaker inference because of potential pre-existing differences 

between treatment and control replicates, and because of confounding temporal effects 

coincident with the treatments.  

 

Platinum standard 

A gold-standard experiment in which ‘blinding’ prevents intervenors from influencing 

measurers and vice versa, and other recommendations from Ioannidis (2005) are put in place 

by researchers, such as registered reports in which the methods are peer-reviewed before the 

experiment begins. 
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Because strong inference depends on careful experiments that seek evidence about null 

hypotheses (Platt 1964), Treves et al. (2016) emphasized that only a handful of studies in North 

America and Europe had ever produced strong inference about interventions to prevent predation 

on livestock. Although their goal was to review studies that fulfilled the gold-standard criteria, 

only two tests of non-lethal method met that standard between 1973 and 2016 and zero for lethal 

methods of intervention. Therefore, they had to relax the criteria to include silver-standard 

studies (a total 10 studies under this criteria) (see Text Box 1.2 for definition). Furthermore, a 

2018 re-evaluation of one of the tests of lethal methods led to its removal from the list of 

functionally effective methods (Santiago-Ávila et al. 2018a), given concerns related to their 

identification of study subjects (potential sampling bias) and the construction of their dependent 

variable (potential measurement bias). In summary, I highlight the importance of implementing 

rigorous and robust designs that measure functional effectiveness with strong inference. This will 

prevent implementation of ineffective interventions that would lead to wasted resources and 

harm to animals (wild and domestic) and, therefore, not promote coexistence. I also conclude 

that after more than 40 years of studies with weak inference or flawed designs, societies seeking 

evidence-based policy on wildlife control may find little certainty. That can lead to choices of 

interventions based solely on PE. In the next section, I define PE so future research will maintain 

a clear separation between FE and PE. 

Perceived effectiveness (PE) in the context of HWCC measures aggregate measures of 

individual’s perceived reduction in damages of an intervention. For example, most readers 

would accept that two individuals could perceive the same effect differently from each other and, 

neither PE may be identical to the scientific measurement of a functional effect. The logical 

inference in both cases is that PE relies on subjective cues that can be accurate or not. Human 
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brains and senses are not scientific tools for unbiased measurement. For instance, several studies 

have demonstrated the influence that factors like experience, context, cognition, and perceptual 

biases (e.g. preconceived ideas about something) have on filtering individual observations (Starr 

1969; Kellert 1985; Slovic 1987; Finucane et al. 2000; Wieczoreck Hudenko 2012). In this 

section, I attempt to explain more precisely the conditions under which FE and PE do and do not 

overlap, and the role that overlap plays in fostering or hindering coexistence with others, 

especially nonhuman others. 

 

1.1.1 PE components and development of framework 

 Differences of perception between two persons relates both to physical constraints on 

perceptual abilities (e.g. sensory and motor constraints) and to psychological factors that 

influence appraisals (Starr 1969; Slovic 1987). Psychological factors include both biophysical 

reactions (as discussed below) and cultural, educational, and personal experiences. This mixture 

is particularly interesting in the case of reactions to carnivores because humans have strong 

innate reactions to large predators and have millennia of social and cultural interactions that have 

tempered reactions.  

The field of psychology has a long history of investigating appraisals and two major 

conclusions have emerged. Human brains make rapid appraisals on the order of milliseconds, 

using more ancient regions of the brain such as the amygdala (Whalen et al. 1998; Morris et al. 

1999). Rapid appraisals (e.g. emotions - fear of snakes) often have high survival value and are 

difficult to modulate by the slower, cortical regions of the brain (Öhman & Mineka 2001; Barrett 

2006; Lindquist et al. 2012). Fast appraisals captured by the amygdala may even go unnoticed by 

the perceiver, who simply may not be aware of the stimulus (i.e. unconscious pathway) (Esteves 
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& Öhman 1993; Whalen et al. 1998). Human brains also make slower appraisals on the order of 

tenths of seconds, using more recently evolved regions of the brain such as the frontal cortex 

(Ajzen 1991; Treves & Pizzagalli 2002; Kahnemann 2003). For instance, when humans face 

obstacles or threats, their preferred solutions reflect both the rapid-affective (as simple as like or 

dislike) and slower-cognitive responses (should I like or dislike this?), which may integrate 

numerous criteria that reflect both the characteristics of the obstacle or threat, and the perceiver’s 

own attributes including experiences and perceived social norms (e.g. how others perceive the 

situation and what they expect from the subject) (Kahnemann 2003; Wieczorek Hudenko 2012). 

The way the different appraisals replace each other or integrate is not yet well understood 

generally and largely unknown for HWCC. In summary, there is a mixed route of decision-

making relevant to behaviour based on a rapid, automatic pathway (e.g. affective) combined with 

a slower, reasoned one (e.g. conscious) (Kahnemann 2003).  

Building on the above research into cognition and behaviour, investigators of HWCC 

decision-making suggest that both cognitive (rational) and affective (emotional) components are 

relevant and important in understanding human behaviour. This is significant given that 

emotions (e.g. fear) will most likely predominate during these initial interactions and, therefore, 

would influence human behaviour (Johansson & Karlsson 2011; Wieczorek Hudenko 2012; 

Frank et al. 2015; Sponarski et al. 2015). Thus, in our treatment of PE, I restrict myself to 

referring simplistically and similarly to a mixture of affect (rapid responses) and cognition 

(slower responses) rather than the exclusive use of one or the other. 

Observers or non-evaluators may disagree with scientific measurement of FE and will, 

therefore, behave differently from evaluators. For instance, confirmation bias can be understood 

loosely as a tendency to ignore information that conflicts with pre-existing beliefs, and to focus 
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on information that conforms to a person’s beliefs (Dunwoody 2007; Wieczorek Hudenko 2012). 

Related but sometimes acting separately, humans may change their perceptions, and behaviours 

that follow from those perceptions, if the bearer of the new message is familiar and trusted 

versus unfamiliar or untrusted (Dunwoody 2007; Powell et al. 2007). For instance, trust and 

familiarity have been addressed through research on social norms. Addressing HWCC explicitly, 

Heberlein (2012) described norms as behavioural regularities and as being closely related to 

one’s role in a social group. Social norms can trump attitudes when it comes to shaping 

behaviours and expectations (Kinzig et al. 2013). Further, norms of acceptable behaviour and 

those enforced by social pressure can govern over alternate rules or motivations (e.g. laws or 

mechanistic explanations for behaviour such as income needs), as in the case of illegal 

behaviours (Jones et al. 2008; Marchini & Macdonald 2012). For example, social norms strongly 

influenced the intention to kill jaguars in Brazil more so than retaliation due to livestock 

predation. People’s intention to kill carnivores was driven by the thought that their social peers 

killed carnivores (Marchini & Macdonald 2012). Furthermore, the decision to act may depend on 

the individual’s perceived behavioural control over that action or the phenomenon being 

perceived (e.g. social equity in relation to distribution of costs and benefits) (Ajzen 1991; 

Fishbein & Yzer 2003; Halpern et al. 2013; Klein et al. 2015; Amit & Jacobson 2017). 

Discriminating the two cognitive mechanisms (social norms or behavioural control) may be very 

difficult because of the hidden nature of cognitive processing that precedes action or inaction. 

Finally, perceptions might change following an intervention event or before, during and after an 

intervention took place. For example, a farmer may ask himself questions like: (1) Will this 

intervention reduce damages or threats? (before implementation), (2): Is this reducing damages? 

(during), (3) Do I like the outcome?, Were there any unexpected consequences? (immediately 
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after), and; (4) Would I try it again? (longer after; see PE in Fig. 12.1). Some authors (Ajzen 

1991; Fishbein & Yzer 2003) predict that events may produce changes in intentions or in 

perceptions of behavioural control, with the effect that the original measures of these variables 

no longer permit accurate prediction of behaviour. 

Here, I build and expand on the TPB (Ajzen 1991) as well as more recent work on 

behaviour change in the literature on human-environment interactions (Fishbein & Yzer 2003; 

Wieczorek Hudenko 2012; Amit & Jacobson 2017; Schlüter et al. 2017) to offer a schematic 

figure both to illustrate the complexity of human cognition as it relates to PE, and as a heuristic 

tool for partitioning the process of PE into more manageable components for analysis, as 

discussed previously (Figure 1.1). For instance, Amit & Jacobson (2017) described an expanded 

model adapted from Ajzen’s TPB (1991) applied to human-carnivore conflict mitigation 

strategies. This expanded model included additional factors such as emotions and situational 

variables (i.e. livestock mortality rates by carnivores, income from livestock production and size 

of the property) that may influence farmers’ decision-making behaviour related to the adoption 

of an intervention or not. Here I simplify intervention choice or implementation down to the 

most important causal variables so that we can integrate FE and PE. Integration of both will help 

us to identify and understand the circumstances when they do or do not align and, therefore, 

focus on where and how we should put our efforts on interventions aimed at coexistence.  
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Figure 1.1 Perceived effectiveness framework adapted from social-psychological decision-

making theories. In this adapted framework, human cognition variables are laid out 

chronologically from the upper left running clockwise from pre-implementation of an 

intervention to long-term post-implementation. The dashed arrow indicates the possibility of re-

starting the process adaptively if the implementers are not satisfied.  

  

 

1.1.2 Integrative framework: theory of relationship between functional and perceived 

effectiveness 

Perceived Effectiveness

Before: 

Will this intervention 

reduce damages?

During: 

Is the implemented 

intervention reducing damages 

as planned?

Immediately after: 

Do I like the outcome?

Long after: 

Would I try this again?

1. Before: Pre-conceived attitudes and values

about situation and intervention, perceived

behavioural control, social norms 

2. During: Short-term observations, perceptual bias, 

confirmation bias, tolerance for uncertainty 

3. Immediately after: Perceptual bias, confirmation

bias, and rapid appraisals of outcomes and 

unexpected consequences

4. Long after: New observations of situation, social 

norms responding to outcomes, slower appraisal of

outcomes relative to unexpected consequences
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So far, I have described the theory behind FE and PE independently. Now, I want to 

integrate the two concepts to propose a hypothesis. My hypothesis is that, a scientifically-proven 

functionally effective intervention (high FE) is more likely to be adopted if PE ≥ FE, than if PE < 

FE. Alternatively, an ineffective intervention (FE low) is more likely to be adopted if PE > FE, 

than if PE is low (Figure 1.2).  

 

Figure 1.2. Hypothesis that integrates concepts of perceived effectiveness (PE) and functional 

effectiveness (FE). 

 

This hypothesis highlights two cases of important conservation and coexistence concern. 

I predict that (1), non-adoption of a functionally effective intervention, (high FE and low PE, 

lower left in Figure 12.2) leads to political conflicts between researchers and stakeholders in 

addition to adoption of another intervention method, which might in turn lead to (2), the adoption 

of an ineffective intervention (low FE and high PE, upper right in Figure 12.2). I predict outcome 

Low

Low

High

High

Least likely to be adopted

Less likely to be adopted

More likely to be adopted

Most likely to be adopted

PE

FE
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(2) leads to wasted resources and harm to animals without improving coexistence. In both cases, 

my goal is to predict the factors that are influencing the decisions and suggest outcomes for 

coexistence. Conversely, high FE and low PE leads to low long-term sustainability of a practice 

(low cultural and political acceptance). 

 Here, I propose three cognitive processes that may influence PE and the decision to 

implement an intervention: (1) uncertainty about FE, (2) ecological and social side-effects and 

outside interest groups influences (e.g. social norms), and (3) ability to implement (e.g. 

feasibility, social equity, behavioural control1). These cognitive processes do not act separately, 

presenting levels of overlap and correlation between them (Ajzen 1991; Fishbein & Yzer 2003; 

Amit & Jacobson 2017). Nevertheless, all of the cognitive processes underlying PE might 

contribute to the decision to act (implement an intervention), which I defined as an area where all 

three processes overlap in Figure 12.3. Because two of the three cognitive processes have 

nothing to do with FE (social norms and perceived behavioural control), I predict in many 

instances FE ≠ PE. I predict that FE is more likely to equal PE and that appropriate action would 

follow when a trusted messenger demonstrates the intervention or testifies to its usefulness 

(Dunwoody 2007) (reducing uncertainty), when unintended side-effects are minimized or 

eliminated, and when resource or technical aid is provided to improve perceived control over the 

intervention or costs are perceived to be equally distributed among groups of interest (Halpern et 

al. 2013; Klein et al. 2015).  

 

                                                 
1 The degree to which an individual perceives a behaviour is under their control. 
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Figure 1.3. Integrative framework for effectiveness of interventions regarding human-wildlife 

conflicts. Decision-making variables span different groups and levels, indicated by overlapping 

circles. The overlapped area indicates the co-occurrence of PE variables. Examples of questions 

are provided for each variable (circle) which might influence decision-making. The bottom right 

circle relating to uncertainty is meant to predict that FE (scientific evidence) is still filtered 

through a cognitive process relating to uncertainty if the FE applies to the subject in question. 

 

A framework should guide the testing of a hypothesis, if the predictions are articulated 

properly and measured appropriately. Our integrative framework helps to explain why an 

The ability to implement an

intervention

Do I have the skills, knowledge, and 

resources to install and maintain this

intervention?

Uncertainty about

effectiveness

Do I believe this will solve 

my problem?

Side-effects and outside

interest group influences

If implemented, what are the

unwanted effects (social

norms, constraints or

other activities)?

All PE

criteria met

Feasible and 

acceptable by all social 

and practical criteria but 

perceived as 

ineffective

Perceiv
ed as

 fe
asib

le 

and effe
ctiv

e but 

unwanted consequence
s

Perceived as effective

and acceptable by all 

social and practical 

criteria but not 

confident about 

successful

implementation



 

  26 

 

 

implementer may decline or dismantle an intervention that shows evidence of FE, because FE 

does not address side-effects, social norms, feasibility or social equity. Likewise, our framework 

helps to explain why technical experts often disapprove of the actual methods in use by lay 

persons. For instance, the implementation was feasible and accepted by social norms but the 

technical expert may see a design flaw that precludes FE. Our framework would improve future 

coexistence if it exposes mismatches between PE and FE so that intervention designers and 

implementers can include persuasive interventions if needed. 

Below I explore some cases in which PE ≠ FE yet FE is high. Our first example addresses 

a non-lethal intervention in which social norms are favourable and uncertainty is low but 

individuals seem to rate the feasibility (perceived control) as low. A proven intervention such as 

Livestock Guarding Dogs (LGDs hereafter) can reduce livestock losses in a variety of situations 

(Gehring et al. 2010; Treves et al. 2016), but many livestock owners express concerns about their 

ability to raise, maintain, and train such dogs or share the belief that these dogs do not work on 

large, open pastures despite evidence of the contrary (Espuno et al. 2004). If I am correct that 

other components of PE are moderate to highly conducive to adoption but a perceived lack of 

behavioural control or ability to implement an LGD is widespread (issues and asisstance with 

proper training and caring for guarding dogs), then adoption might be promoted by training and 

demonstration projects with owners.  

Other methods of intervention seem to be perceived as feasible (high perceived 

behavioural control) yet are not adopted widely. For example, in Sweden subsidized fencing to 

protect livestock has not led to widespread installation by farmers (Frank & Eklund 2017), 

although individuals accepted the help initially and this intervention has substantial evidence of 

FE (Karlsson & Sjöström 2011; Ängsteg et al. 2014). According to our hypotheses and its 
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predictive framework, some component of PE must be low or missing. I predict that a social 

norm exists against the subsidized fencing or that after installation farmers are discovering side-

effects or infeasible aspects.  

It is tempting for scholars to assume that when PE ≠ FE, the lay person needs more 

information (the information-deficit hypothesis). Our framework suggests instead that other 

important cognitive processes may be blocking adoption and maintenance of the implemented 

method. Uncertainty and novelty of methods can dampen adoption. For example, differences 

between sites where FE experiments take place and the actual site of implementation could 

elevate uncertainty. Small differences in livestock husbandry, carnivore species, or landscapes 

can raise doubts about FE in even the most willing adopter. Even after implementation, a person 

might abandon the method if outcomes are not as promised. Slower appraisals that arise from 

unexpected outcomes, as well as dynamic social norms might lead to dismantling or defection of 

implementers. Moreover, the farmer may oppose the general view of effectiveness due to 

disagreement over conservation goals and might, therefore, dismiss and contest research 

(Redpath et al. 2013; Woodroffe & Redpath 2015). Therefore, the presentation of information 

and its acceptance by various audiences is best understood by studying the communication 

process and participants, more than by the content of the communication. 

It is widely believed that owners of domestic animals should be engaged actively in 

decision-making to help build trust and meet PE criteria. For example, participant engagement 

approaches have been described as helpful when promoting adoption of interventions (Treves et 

al. 2006, 2009; Reed et al. 2008; Woodroffe & Redpath 2015). Nevertheless, it does not 

necessarily follow that participants must be engaged in groups to decide on each other’s 

interventions. That might amplify social norm imposition (peer pressure); or lead to opposed 
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views and confrontations between participants due to perceived or real inequity in relation to 

distribution of costs or benefits (Halpern et al. 2013) that could drive PE further from FE. The 

ideal scenario for coexistence in HWCC is for both people and wildlife to be protected with FE 

interventions that meet PE criteria. The ideal scenario would be researchers measuring the 

cognitive components of PE before attempting an intervention. What I am proposing here has not 

yet been fully tested but promising projects are underway (see Text Box 12.3 below).  

 

1.2 Case studies on perceived effectiveness of methods to reduce damages to livestock 

 I reviewed various case studies regarding PE of interventions with the goal of comparing 

them with the proposed integrative framework, and then give guidance on how to design a study 

to measure these components. I selected three studies where I addressed at least one of the 

cognitive processes or components described in our integrative framework (see Text Box 1.3). 

 

[Start Text Box 1.3]  

 

Case study 1: Integrating proposed framework to improve coexistence between pumas and 

people in Chile 

Research began by measuring attitudes among Aymara indigenous people in northern Chile 

towards pumas and perceptions of methods to protect livestock. These baseline data revealed low 

perceived behavioural control (owners felt they needed help to implement any intervention), and 

that non-lethal methods were viewed as an option by respondents (i.e. permissive social norms) 

(Ohrens et al. 2016). Furthermore, researchers had very weak evidence about FE of any method 

for the predator, the livestock, or the region. Subsequently, authors offered help to interveners 

(owners) by attempting a participatory intervention planning workshop (see methods in Treves et 

al. 2009) to select a non-lethal method of their preference. This participatory process (i.e. local 

engagement) might have helped to overcome PE about what would be effective and what would 
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not, given equal uncertainty among methods. Additionally, researchers attempted to improve 

participants’ perceptions of behavioural control. Only one of 12 participants in the experiment 

abandoned the project midway, the remaining 11 accepted the placebo control in a cross-over 

(reverse-treatment) design, and after the end of the experiment all 11 requested to keep the light 

deterrent device they had tested. Although this example attempted to integrate several criteria of 

PE, it did not measure social norms explicitly and does not yet demonstrate long-term adoption. 

Case study 2: Lethal interventions against jaguars in Brazil 

The second study, done in Amazonia and Pantanal, Brazil (Marchini & Macdonald 2012), 

measured social norms regarding lethal control of jaguars. To gather specific variables that could 

help to predict behaviour and intentions to use lethal methods, the authors followed the TPB 

(Ajzen 1991) and separated social norms into several components (e.g. descriptive norm, social 

identity) to measure cognitive aspects of coexistence or illegal killing of jaguars. The authors 

concluded that peer group pressures and other social norms (cultural beliefs about men and 

jaguars) were important predictors of the intention to kill jaguars, independently from wealth or 

economic losses, which did not predict that intention well. Apparently, respondents believed that 

killing jaguars would save cattle despite lack of evidence of FE (low uncertainty about the 

method), and that belief was amplified by social norms. Nevertheless, farmers who expressed an 

intention to kill jaguars reported substantial variation in their ability to do so (Marchini & 

Macdonald 2012). In sum, implementation (illegally killing a jaguar) was predicted strongly by 

behavioural control and the expected positive social benefits of doing so. In such a situation, 

measuring FE or intervening to raise uncertainty about the effectiveness of killing jaguars to 

protect cattle may be irrelevant. Conservationists aiming at coexistence should address the social 

norm affecting those individuals who intended to kill jaguars or report the ability of those 

individuals to act on their beliefs. 
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Case study 3: Perceived effectiveness of interventions in South Africa 

I combined two studies that similarly presented measurements on uncertainty of effectiveness, 

and retention of interventions over time. The first study, from McManus et al. (2015), applied a 

pseudo-control design to measure the effect of lethal interventions compared to subsequent non-

lethal ones. The authors found that livestock losses and related costs declined after implementing 

a variety of different non-lethal methods. Therefore, FE of non-lethal was concluded to be higher 

than FE of lethal methods. Follow-up interviews revealed that 6 of the 11 farmers continued the 

effective non-lethal methods 12 months after the team stopped measuring livestock losses. 

However, after 36 months only 4 of 11 farmers continued the effective non-lethal interventions. 

The reasons that 7 farmers abandoned the non-lethal methods included unexpected outcomes 

(dog that may have killed livestock was shot by neighbour), ability to implement (farmer found 

easier to implement lethal method) and uncertainty of effectiveness (lethal method perceived 

more effective). I infer that FE was not sufficient to assure long-term adoption of a non-lethal 

method. Several components of PE resurfaced over time and a lower FE method supplanted the 

method with higher FE (McManus et al. 2015). 

The second study conducted by Rust et al. (2013) applied a quasi-experimental design 

(before-and-after), without controls, to measure attitudes of farmers to the performance of LGDs 

in protecting livestock from cheetahs as well as costs associated with their implementation. 

Researchers documented that LGDs were perceived as cost-effective in reducing livestock 

predation by carnivores. Mean perceived annual predation for the total participating farms 

(n=70) were reduced by 33 to 100% after LGD placement. The authors reported that from a total 

of 97 LGDs, 22% (n=21 dogs) were removed from farms. Reasons for dog removal were mostly 

reported to be related to farmer’s perception of dog’s behaviour and capacity (uncertainty of 

effectiveness) followed by a few cases that were related to owner’s capacity to implement dog 
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training or husbandry properly (ability to implement). Again, an FE method in the short-term 

proved to have longer-term problems in a minority of cases or at least the PE of the method 

diminished over time. 

[End Text Box 1.3]  

 

 

The three examples have highlighted discrepancies between PE and FE, but do not serve 

to test the hypothesis rigorously. I lack a study of FE combined with measures of PE at the same 

site that are both focused on the same intervention, regardless of how many subjects benefited 

from the intervention (i.e. a continuous measure of FE). With a sufficient sample of respondents, 

such a study could test our hypothesis by correlating PE to each PE component and to individual 

experiences of FE across subjects.  

Alternately, we would need a study across many sites that compares aggregated PE 

measures for each site to the binary variable of FE (i.e. was it effective at that site or not?). 

Under those conditions, the intervention does not need to be the same across sites because site-

specific PE and FE are being compared to each other (within-subject correlation). Such a study 

would provide a more general test of our hypothesis, but would lack the specificity to reveal 

clearly which component of PE was responsible for any observed mismatch because different 

biophysical, socio-political, and intervention designs would cloud the interpretation of results. 

Regardless, either type of study would help to advance research on preventing HWCC. I expect 

coexistence would be more likely to be promoted as a result. 
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1.3 Guidelines to measure perceived effectiveness of interventions  

For this purpose, I present guidelines and steps in designing and conducting research 

regarding our PE criteria. I will focus on the intent of coexistence interventions, and how they 

affect PE, and each of its components. For example, we need to: (1) use the integrative 

framework to target and focus on components that have not been addressed in former studies 

conducted in the same locations (e.g. define research questions), (2) select robust designs to 

reduce all sorts of biases (e.g. design of studies), (3) develop methods to target research 

questions (e.g. questionnaires, appropriate framing and design of questionnaires) (see Marchini 

& Macdonald 2012; St. John et al. 2014), and (4) consider temporality within study design (e.g. 

before, during, after and follow-up measurements) (see McManus et al. 2015) (see summary in 

Table 1.1). 

 

1.3.1 Study design for PE 

I propose to randomly solicit responses from farmers to questionnaires within a study area, a 

common method in social sciences, to measure our proposed components (Newing et al. 2011). 

The focus of questionnaires may depend on the amount and type of existing information that is 

related to our framework and available at the site. However, for our purposes I will target all 

components described earlier (Figure 1.1 and 1.3). I recommend that questionnaires follow the 

time-scale presented in our PE framework; with questions that target information before, during, 

immediately and long after implementation of interventions. At the same time, I suggest 

following the construct of our proposed integrative framework to design questions that measure 

each component. For example, questions can be in the form of statements for each variable 

within components, using Likert scale answers (from strongly agree to strongly disagree) 
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(Newing et al. 2011). This is a commonly used method to measure latent constructs such as 

attitudes and behaviours. Here are some examples of statements for each component: (1) I am 

confident about continuing to use the intervention (ability to implement), (2) I feel social 

pressure to use a specific intervention (side-effects and outside group influences), (3) The 

intervention has been very effective in reducing attacks on livestock (uncertainty of 

effectiveness) (see Marchini & Macdonald 2012; St. John et al. 2014). To test, we can use a 

general linear model (GLM) between integrative framework variables as predictors (e.g. ability 

to implement, uncertainty of effectiveness, social norms) and the binary result of the intention or 

not (0 or 1) to implement the proposed intervention as response variable. 

 

Table 1.1 Guidelines to measure perceived effectiveness of interventions. 

Timing relative 

to 

implementation 

Response 

Variable 

Predictors 

Uncertainty of 

effectiveness 

Social Norms 

(measured within 

participants and 

outside interest 

groups) 

Ability to 

implement 

Before 
Intention to 

implement? 

Measure the 

participant’s 

appraisal of 

future 

effectiveness 

- Measure the likely 

gain or loss of social 

status if they 

implement (based on 

perceptions relative to 

others)  

- Measure side-effects 

from outside interest 

groups as perceived by 

participant and 

associates 

Measure 

anticipated 

feasibility (cost, 

skill, time, side-

effects other than 

social ones) 
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During 
Maintain 

implementation? 

Measure the 

participant’s 

appraisal of 

ongoing 

effectiveness 

Measure the actual 

gain or loss of social 

status as perceived by 

participant, associates, 

and outside interest 

groups (based on 

perceptions relative to 

others) 

Measure ongoing 

actualized 

feasibility (cost, 

skill, time, side-

effects other than 

social ones) 

Shortly after 
Appraisal of 

outcomes? 

Measure the 

participant’s 

conclusion 

about 

effectiveness 

Measure the actual 

gain or loss of social 

status as perceived by 

participant, associates, 

and outside interest 

groups (based on 

perceptions relative to 

others) 

Measure final, 

actualized 

feasibility (cost, 

skill, time, side-

effects other than 

social ones) and 

the benefits – costs 

of outcomes 

Long after 

Adopt and 

promote with 

others? 

Measure the 

participant’s 

willingness to 

continue use or 

communicate 

outcomes to 

others 

Measure the actual 

gain or loss of social 

status as perceived by 

participant, associates, 

and outside interest 

groups (based on 

perceptions relative to 

others) 

Measure long-term 

side-effects and 

the costs and the 

benefits – costs of 

outcomes 

 

1.4 Conclusions: tying back to coexistence  

Interventions aim at promoting coexistence by reducing negative interactions between 

wildlife and humans. Under this integrative framework, I hypothesize that the successful 

adoption of proven effective interventions are more likely if functional and perceived 

effectiveness align (PE ≥ FE and FE is high), which in the long term should promote and foster 
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coexistence. Similarly, Heberlein (2012) argued that to approach environmental problems 

successfully, more than one of his proposed fixes (e.g. technical, cognitive and structural) need 

to be addressed. Analogously, our framework is proposing to address both technical (i.e. 

technical solution to reduce livestock losses - functional effectiveness) and structural-cognitive 

fixes (indirect solution that attempts to address peoples attitudes and behaviours towards wildlife 

- perceived effectiveness, also see Treves et al. 2006, 2009) to improve coexistence. I 

recommend interdisciplinary measurement of both human cognition and behaviour as well as 

experimental tests of functional effectiveness. By promoting PE and FE alignment, we fall to the 

right side of the conflict-to-coexistence continuum, aimed at improving positive 

attitudes/behaviours towards wildlife (Frank 2016). 

Our framework (Figure 1.2) predicts that political conflicts will arise in two different 

ways when FE ≠ PE. When PE > FE and FE is low, technical experts will object to the 

implementation of an ineffective intervention, and the cultural and political conflicts and 

disputes that follow will be on trust in science, as well as legitimacy of unscientific decisions, 

among others. If opposing interest groups are involved, the interest group that either 

ideologically prefers the intervention or prefers science-based decision-making will take sides. 

When PE < FE and FE is high (case study 3), I predict technical experts will find themselves 

trying to persuade lay people to implement something they are resistant to try. If technical 

experts fail, then the likely outcome would be the case where a lower FE method is implemented 

(PE > FE, FE is low). 

 Without evidence for high FE, PE tends to sway decisions and will determine which 

intervention is implemented. Confirming that FE is high before implementing an intervention is 

especially important if decision-makers perceive that nonhuman animals do not deserve moral 
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consideration. If an intervention has low FE and is implemented nonetheless, nonhuman animals 

- wild and domestic - are likely to suffer. Moreover, our inability to deliberate fairly with 

nonhumans and the power asymmetry between parties may undermine coexistence between 

humans and nonhumans (Favre 1979; Hutchins & Wemmer 1986). Within this social and 

structural context, the implementation of interventions with PE > FE that can be harmful or lethal 

to nonhuman animals (e.g. lethal methods, translocation) should be viewed most skeptically by 

youth and future generations and by current adults concerned with ethics, legitimacy, and 

precautionary principles. Here, emerging fields such as compassionate conservation and 

practices such as predator-friendly farming can help in providing principles and guidance on the 

implementation of socially acceptable interventions that promote animal well-being (Ramp & 

Bekoff 2015; Wallach et al. 2015; Johnson & Wallach 2016). By emphasizing coexistence with 

individual nonhumans, these fields promote the moral standing of nonhumans and attempt to 

equitably consider their interests when deciding to intervene in their lives (Santiago-Ávila et al. 

2018b).  

  

1.5 Recommendations and future directions 

• Strengthen the rigor of science for understanding adoption and maintenance of 

interventions for coexistence.  

• Collect both ecological (FE) and social-psychological (PE) variables when evaluating an 

intervention aimed to reduce conflict. This would enable a more balanced 

interdisciplinary understanding of social–ecological systems, such as human-wildlife 

interactions. 

• Test hypotheses of particular interventions in a rigorously designed study. This would 
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help in better design and implementation of interventions to reduce conflicts (see 

guidelines in Table 1.1). 

• Address current gaps in the use of gold-standard designs to evaluate both FE and PE of 

methods and their implications for carnivore and wildlife conservation in general.  

• Address current gaps in knowledge on possible unexpected effects of non-lethal 

interventions on predators and other wildlife (e.g. disruption of behaviour and social 

organization). 
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2. Perceived livestock losses resemble verified losses to carnivores in the southern 

temperate region of Chile  

 

Large carnivores play an important role in maintaining ecosystem function and biodiversity 

(Ripple & Beschta 2006; Estes et al. 2011; Ripple et al. 2014). Despite wide recognition of this, 

the maintenance and recovery of their populations faces important challenges due to direct and 

indirect competition with people over resources and space (Woodroffe & Ginsberg 1998; 

Chapron et al. 2014). For instance, carnivore predation on livestock represents one of the main 

causes of human-carnivore conflict worldwide (Treves & Karanth 2003), leading to human 

retaliation and pre-emptive killing that are major threats to carnivore populations. Pre-emptive 

and retaliatory killing of predators might be reduced by prediction and prevention of negative 

encounters between people and predators (Abade et al. 2014; Lescareaux & Linnell 2013; Treves 

et al. 2011).  

 Risk maps are a helpful method to identify particular conditions and locations of hazards 

where to target interventions (Venette et al. 2010; Treves et al. 2011; Miller 2015). Particularly, 

maps of risk of livestock loss can help to focus interventions and develop management strategies 

to prevent interactions between livestock and carnivores (Treves et al. 2004; Kissling et al. 2009; 

Venette et al. 2010; Treves et al. 2011; Miller 2015). The computational methods used to identify 

attributes of risky locations allow one to integrate human behaviors such as livestock 

management methods, as well as carnivore attributes, such as abundance or predatory behavior, 

and landscape characteristics simultaneously into a single model of risk (Miller 2015). 

 In the southern cone of South America, the puma (Puma concolor) has been described as 

one of the most problematic species for loss of livestock (Kissling et al. 2009; Lucherini & 

Merino 2008; Walker & Novaro 2010). For example, in Chile, puma predation on livestock is 
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perceived as a major threat to farmers’ livelihoods (Murphy & Macdonald 2010; Ohrens et al. 

2016; Silva-Rodríguez et al. 2007), which sometimes leads humans to kill pumas (Thornton & 

Quinn 2010; Inskip et al. 2014; Treves & Bruskotter 2014). Preventing negative encounters 

might produce benefits for pumas and humans alike. Although the use of effective and cost-

efficient non-lethal methods could improve the interaction between carnivores and farmers 

(Shivik et al. 2003), the difficulty of implementing these at a large scale, highlights the 

usefulness of risk maps to focus mitigation strategies (e.g. non-lethal methods) on livestock most 

at risk of predation (Miller 2015). Ideally risk maps can help to prevent conflicts between 

predators and farmers in high-risk areas and, therefore, facilitate coexistence.  

 To develop a predation risk model, one needs information on actual kill sites and sites 

without livestock loss represented as presence-absence data (Treves et al. 2011, Miller 2015).  

Most of those data are gathered and managed by wildlife authorities in charge of investigating 

reports from livestock owners, with the purpose of authorizing some sort of compensation (e.g. 

financial, support for preventive methods). These data may include valuable and detailed 

information related to each mortality event, such as type of livestock (species, age, number of 

animals, health), species of carnivore involved, characteristics of predation (date and time, 

dragging of prey, organs consumed), time of report and investigation, as well as habitat 

characteristics (Miller 2015). Moreover, well trained verifiers using science may be able to 

accurately identify the predator responsible and distinguish predation from scavenging (López-

Bao et al. 2017; Plumer et al. 2018). However, the quality of these data will depend on how 

accurately and precisely the verification programs are performed. For example, the remoteness of 

sites, social trust and, training of verifiers may all be influential (Miller 2015; López-Bao et al. 

2017). Even trained field verifiers may be mistaken when checked against other sources of 
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information such as genetic analyses of the saliva left on livestock carcasses (Plumer et al. 2018). 

The following examples from Chile illustrate how uncertainty about livestock losses arise and 

may be difficult to overcome. 

In 2010, Chile’s the Servicio Agrícola y Ganadero (hereafter ‘SAG’) created a 

nationwide verification system with the goal to measure the actual levels of predation and 

identify responsible species, and thereby, to develop and support the adoption of measures to 

prevent the loss of livestock (Guarda et al. 2010). However, the verification system 

(implemented in 2012) has not been funded adequately or enforced to ensure that field agents 

investigate all claims in a scientific manner; e.g., remote sites or lack of government agent 

availability to verify predation claims promptly have undermined accuracy and trust (Ohrens 

2015; A. Albert, national manager of the verification system at the Renewable Natural Resources 

Unit of the Agriculture and Livestock Service [SAG], personal communication 2015). The 

results can be perceived losses rather than verified losses or poor evidence after verifications. In 

addition, a climate of resentment and distrust has prevented farmers from reporting livestock 

losses to the agency in charge (Murphy & Macdonald 2010; Ohrens et al. 2016).  

Despite the above-mentioned biases and problems in the Chilean verification system, an 

important number of complaints have been verified by the agency since 2012 (through 2016 a 

total of 819 cases), where more or less accurate field investigations have been made. These 

conditions in Chile are not unusual, where similar results have been reported elsewhere (Baruch-

Mordo et al. 2008; Karanth et al. 2012). Considering the limitations and biases inherent to 

verification systems, researchers seeking to construct models of risk must account for uncertainty 

and bias when analyzing and interpreting livestock kill data, as well as the implications for 

conflict mitigation efforts based on these data. For instance, a mismatch between real and 
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perceived threats to livestock might hinder and aggravate mitigation efforts due to social tension 

(e.g. distrust and resentment climate) between farmers and agencies (Ohrens et al. 2016). 

In situations where verification is incomplete or inaccurate, researchers and managers 

alike may have to rely on other sources of information, such as livestock owners’ complaints. 

Owners finding one of their animals dead may conclude that a predator was involved, rather than 

the animal having died from another cause. Even with evidence of predator activity, the behavior 

might have been scavenging and not predation. Furthermore, an owner may jump to an inference 

about which predator was responsible. In ecosystems with multiple predators, including both 

wild and domestic, from related species (e.g., foxes and feral dogs) identifying the culprit species 

can be difficult without necropsy. Some researchers have approached this by comparing 

verification to another scientific method (e.g., DNA analysis) (Plumer et al. 2018). But the 

overwhelming number of complaints worldwide are never verified so another potentially more 

useful and less expensive method is to compare the attributes of livestock losses that were 

verified to those that were not verified in the same region. On the other hand, local knowledge is 

often heralded as an important asset to managers and researchers who cannot verify all accounts 

of wildlife actions (Armitage et al. 2011).  

I investigated whether the attributes of sites of verified losses match with the attributes of 

sites of people’s perceived losses in southern Chile. I tested the hypothesis that perceived losses 

are predicted by verified losses. I used two models that I constructed with spatial-ecological 

predictors of past locations of verified and perceived livestock killed by three main carnivores: 

pumas (Puma concolor), Andean foxes (Lycalopex culpaeus) and Feral dogs (Canis familiaris) 

in the southern temperate landscape of Chile. I constructed one model comparing verified sites of 

livestock loss with the highest confidence to random unaffected sites and the second model using 
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perceived losses of livestock or those verified with lower confidence to another set of random 

unaffected sites. If the two models corresponded (same predictors in the same directions) this 

would suggest that the perceived losses resembled verified losses. If the predictors differed in 

direction of relationship or presence in the models then perceived losses likely did not resemble 

verified losses. Results might reveal the relationship between real and perceived threats, which 

could improve the data base on which risk models and maps are built. My findings could also 

improve the efficiency of verification efforts, thereby saving resources of management agencies, 

which they could devote to prevention.   

 

2.1 Methods 

2.1.1 Source data 

 I used the nationwide database provided in August of 2016 by SAG, which includes 819 

investigations conducted between 2012 and 2016, to test if verified loss locations and perceived 

loss locations are similar or dissimilar, I built a predictive spatial model for carnivore attacks on 

livestock in regions where sufficient data were collected.  

 All field investigations were supposed to follow procedures and criteria developed by 

Guarda et al. (2010). I did a preliminary analysis to understand the nature of the data base and 

from there develop selection criteria (defined below) used for analysis. The first criterion has to 

do with the response time of the agency in verifying a complaint (i.e. time lag between attack 

and actual verification). Guarda et al. (2010) gives high priority to investigations that fall within 

the first 4 days since the attack occurred, increasing the likelihood of providing evidence that is 

often unequivocal and conclusive (e.g. presence of carcass, tracks, prey dragging). The second 

criterion is related to the subjective level of certainty of the verifier in determining the cause of 
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death and carnivore species involved in the attack. For this study, I focused only on the first three 

levels: ‘definite’, ‘probable’, and ‘indeterminate’, and the? carnivore species involved. The level 

of certainty reflects the actual presence of carcasses. If carcass present, the verifier should have 

been able to identify the species involved with one of the two highest levels of certainty 

‘definite’ or ‘probable’, depending on the time-lag. If a carcass was not present, the highest 

possible level of certainty should have been ‘indeterminate’. Finally, I required that each 

complaint have a GPS location collected by the verifier near the kill site. 

Based on screening the source data and following the criteria explained above, I found in 

42% of the 819 investigations throughout Chile implicated pumas, followed by feral dogs (26%), 

other species and indeterminate species (26%), and foxes (6%). Less than half (43%) of 

investigations were done within 48 hours (2 days) of the loss, suggesting that a majority of 

verifications (57%) would include high levels of uncertainty because of scavenging or 

decomposition. Half of the cases (55%) reported the presence of carcass(es). Of all 819, 41% of 

investigations were reported with the highest level of certainty (i.e. ‘definite’). However, of this 

41% e, only two-thirds had carcasses present, which suggests that in one-third of the cases 

verifiers self-reported their own confidence instead of following Guarda’s et al. (2010) criteria. 

Finally, 10% of the data did not have a GPS location associated with the investigation.  

Locations of the investigations in Chile combined with an example of landscape layers 

(e.g. land cover and rivers), showed that most data come from central-south Chile (Fig. 1).  
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Figure 1. Past locations of livestock attacks (2012-2016) mapped across Chile using two 

examples of layers (river and landcover). a) inset map of two puma kill sites in the Tarapacá 

region of Chile, b) inset map of a puma kill site and a dog kill site in the Araucanía region of 

Chile. 
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2.1.2 Selection criteria for verified versus perceived losses data 

 Investigations were concentrated in south-central Chile (Fig. 1). To avoid framing bias 

due to landscape differences (following Treves et al. 2011), I concentrated the analysis in the 

southern temperate regions of Chile (Araucanía, Los Ríos and Los Lagos) and focused on the 

three main carnivores (puma, Andean fox, feral dog) as the species of interest. I refer to all three 

simply as carnivores regardless of whether the animal is wild, feral, or a free-running domestic 

dog.   

Of the 320 investigations conducted in the three regions mentioned above, and another 

screening criteria (GPS location) left me with 274 investigation records. Next, I developed 

selection criteria to separate the remaining 274 records into verified loss versus perceived loss 

subsets. I used Guarda et al.’s (2010) criteria and coded verified losses as records that contained 

all the following elements: a) one of the two highest levels of confidence (definite or probable); 

b) investigated within the first 4 days after attack occurred and; c) carcasses were present.  

In addition, I wanted to avoid statistical dependence between records using spatial and temporal 

criteria. Events were defined to be independent when: a) located more than 1.4 km apart; b) 

attacks occurred in different day (> 0-day difference) or; c) a different predator was involved in 

incidents that failed both (a and b). I defined the distance for spatial independence from dog and 

fox hunting strategies (i.e. coursing behavior during attack), due to canids’ longer pursuit 

distances than pumas and other felids. Successful hunts by wolves (Canis lupus) cover a distance 

between 76 and 237 m (Gervasi et al. 2013). In the case of feral dogs, Sweeney et al. (1971) 

reported an average distance of 3.8 km when chasing white-tailed deer. However, these data 

were based on chasing distances of wild prey, not just those that were successful. Because I was 

dealing with domestic animals within fenced paddocks, I also considered the maximum distance 
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between any two investigation records on the same day was 1.1 km. I used 1.4 km to be 

conservative about GPS precision error and then I merged any reports on the same day by the 

same predator and within 1.4 km of each other as presumed non-independent events. I set a 

centroid equidistant from each point for collecting landscape features (see below). That left me 

with 89 verified losses (affected sites for the verified losses model) and 176 perceived losses 

(affected sites for the perceived losses model).   

 

2.1.3 Random placement of unaffected buffers for both models 

To construct a model that discriminates between affected and unaffected sites (sites 

absent of kills), one needs a set of comparison data. Unlike Treves et al. (2011), I expected a 

potentially large number of unreported incidents of predation on livestock. Therefore, I was 

concerned about pseudo-absence data weakening the predictive power of my model. If I 

classified randomly placed points as unaffected but they had in fact been affected during the 

study period but not reported, then the eventual model would detect few differences between 

affected sites and unaffected sites. Although the error would be conservative (less chance of 

rejecting the null hypothesis), the model might inaccurately convey that predation on livestock 

was unpredictable or ubiquitous. Therefore, I followed recommendations in the literature on 

selecting a disproportionately high number of unaffected sites. Following recent work on species 

distribution modelling (Barbet-Massin et al. 2012), I randomly assigned 1200 unaffected sites 

(approximately 10 times the number of affected points). I assigned these random unaffected 

locations a random predator species in proportion to each carnivore species’ representation in 

both the affected verified (puma-59%, dog-38%, fox-3%) and perceived data (puma-74%, dog-

14%, fox-12%) and equally (e.g. one-third in each region) distributed across regions. I excluded 
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the randomly placed sites that overlapped the sites of verified and perceived losses (Gervasi et al. 

2013; Treves et al. 2011), as well as places that could not have predators (e.g., water bodies, 

dense urban areas, permanent ice fields), leaving 1097 unaffected sites for my first model 

construction. In the case of the perceived losses model, I repeated the same procedures for a new 

set of 1610 unaffected sites. This repetition of the procedure avoided the pseudo-replication that 

might arise if the random unaffected sites were unusual simply by chance and I rejected the null 

hypothesis spuriously. 

 

2.1.4 Design of buffers  

I created circular areas (hereafter’ buffers) around affected and unaffected sites to collect 

and extract variables, from which potential risk predictors could be identified. The size of 1.5-

km2 buffers (1.4 km diameter) around sites was defined using the same distance criteria set for 

independent events (see above). I designed a buffer around all points (verified, perceived, 

unaffected), which would eliminate potential micro-site-specific differences around carcasses 

(Gervasi et al. 2013; Blake & Gese 2016). Because SAG’s database does not necessarily contain 

precise locational information for kill sites, my buffers were chosen at a size likely to contain the 

actual kill site (Blake & Gese 2016; Laundré & Hernández 2003).  

 

2.1.5 Identification of predictors  

Prior work reveals that the following types of variables are strong predictors of the sites 

where wild predators attack livestock: predator population ranges, livestock susceptibility (e.g. 

livestock management, calving season, etc.), carnivore hunting strategies, and temporal patterns 

(e.g. prey and predator seasonality) (Miller 2015). Several authors have reported that landscape 
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attributes (e.g. vegetation cover, proximity to rivers and roads) can predict livestock risk (Edge et 

al. 2011; Treves et al. 2004). Other studies have reported that landscape attributes as well as 

livestock management variables are the most predominant predictors in predation risk models 

(Kaufmann et al. 2007; Michalski et al. 2006). For instance, landscape features such as 

vegetation and topography may predict predation risk. Pumas are ambush predators that attack 

their prey from concealment including dense and tall vegetation, as well as canyons and 

rockslides (Blake & Gese 2016; Laundré & Hernández 2003; Zarco-González et al. 2012; 2013). 

In general, vegetation structure can affect the hunting success of carnivores where thick 

vegetation would pose a greater risk to livestock (Kissling et al. 2009; Miller 2015; Miller et al. 

2015; Zarco-González et al. 2013). Coursing predators, such as most canids pursue their prey for 

longer periods, so may not be as dependent on concealment. Indeed, canids may benefit from 

open habitat allowing them to watch their prey at a distance before selecting one that looks 

vulnerable (Treves & Palmqvist 2007). Human infrastructure development, which is related to 

the presence of villages and roads, is considered important for predicting the risk posed by wild 

predators (Blake & Gese 2016; Merkle et al. 2011). Because there have been few studies of free-

running dogs and their behavior around livestock, I examined a large number of variables to find 

strong predictors. 

For this study, I derived landscape attributes (e.g. slope (TPI), distance proxies, 

vegetation density and cover) from ArcMap using different types of imagery (Table 1) 

(Alexander et al. 2006; Edge et al. 2011; Kaufmann et al. 2007; Treves et al. 2011). First, I 

estimated two proximity measures using the Near tool in ArcGIS Version 10.5.1 (ESRI, 

Redlands, California): (1) distance to the closest river in kilometers and (2) the distance to the 

closest road of any type in kilometers (Table 1). For landcover types, I first collapsed the 



 

  55 

 

 

vegetation classes within the Landcover of Chile types (Zhao et al. 2016) into five general 

agriculture and vegetation classes: pastures, forests, grasslands, shrublands and agriculture. 

Then, I collected the percentage of the area of all buffers in each of the twelve-remaining land-

cover classes (30-meter [m] resolution; Zhao et al. 2016). Regarding topography, I used the 

topography position index (Dickson & Beier 2006) derived from USGS Multi-resolution Terrain 

Elevation Data (60-m resolution), following Jenness (2006) procedures for ArcGIS to create a 

total of three topography classes (bottom of canyon, flat, and top or ridgeline) (Table 1). I used 

this index as they have been defined as being better descriptors of complex landscape features 

that motivates patterns of animal habitat selection and behavior (Dickson & Beier 2006). I then 

collected the percentage of the area of all buffers in each class. The literature also reveals that 

good estimates of livestock vulnerability to predation are: prey characteristics (e.g. type of 

livestock), livestock management (e.g. herd size, supervision) and, age and condition of livestock 

(Michalski et al. 2006, Ohrens et al. 2016; Polisar et al. 2003). Here, I used type of livestock 

data, as the most reliable and available information of SAG’s data.  
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Table 1.  Description of predictors and source of data used to build prediction model  

 

 

2.1.6 Modeling 

  I used logistic regression model to discriminate between buffered affected and 

randomly assigned unaffected sites (Alexander et al. 2006; Kaufmann et al. 2007; Llaneza et al. 

2011; Merkle et al. 2011; Olson et al. 2014; Treves et al. 2011). The first step was to screen 

predictors following similar selection criteria developed by Treves et al. (2011). That risk map 

for wolf predation on livestock was validated using reserved data (Treves et al. 2011) and then 

later verified with newly collected data (Treves & Rabenhorst 2017). 

 Univariate screening: I began screening with the most powerful predictor in a univariate 

logistic regression with binary response variable (unaffected or affected). I retained predictors if 

a) the beta coefficient ± the standard error did not include zero, maintaining a stable direction of 

relationship (following Mazerolle 2006); b) significant at alpha = 0.05, c) Bayesian Information 

Predictors Variable Unit Data Source Resolution

Vegetation type

Pastures, grasslands, 

shrublands, forests, wetlands, 

agriculture, water bodies, 

barren land, impervious 

surface, snow and ice, clouds, 

NA

Percentage (%) Zhao et al. 2016 Land cover Chile
30 m spatial resolution with 3 

levels of classification scheme

Topography
Topography Position Index 

(TPI): bottom, flat, top
Percentage (%)

Global Multi-resolution Terrain 

Elevation Data 2010, USGS (TPI 

derived from Jeness 2006 tool for 

ArcGIS 10)

60 m resolution

Proximity measures Distance to roads and rivers Kilometers

Road map of Chile, hydrology of 

Chile (distances derived from 

ArcGIS 10)

-

Livestock management Type of  livestock Category

Agriculture & Livestock Service 

(SAG) nationwide database on 

verified livestock attacks (distances 

derived from ArcGIS 10)

-
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Criterion (BIC) value was lower than the intercept-only model. I used BIC criterion instead of 

Akaike’s Information Criterion (AIC), as a conservative approach (Burnham and Anderson 

2004; Kaartinen et al. 2009); and finally, d) also improve the area under the curve score for the 

receiver operating characteristic (ROC), which is an estimate of discriminating power, by  1% 

(following Treves et al. 2011). Stringent screening of individual predictors in univariate logistic 

regression models is useful before including them in the final multivariate model, to reduce the 

possibility that I would overfit the final model (Alexander et al. 2006; Edge et al. 2011; 

McPherson et al. 2004; Merkle et al. 2011; Olson et al. 2014).  

Multivariate screening: If the next most powerful predictor was retained in the univariate 

screening described above, then I removed if its collinearity with the preceding, stronger 

predictor had a correlation coefficient of r > |0.7|. In case the newest predictor successfully met 

the above criteria, it was retained in the model and then I tested for its interaction with stronger 

predictors in the model following the same criteria (Treves et al. 2011). My screening presents a 

conservative approach that reduces the number of predictors considered informative in models of 

this type. 

As both the verified and the perceived models used unbalanced samples (number of 

affected << number of unaffected buffers), I used a prevalence ratio (number of presences to the 

total number of data points used in model building) as the cut-off probability threshold to 

produce unbiased presence/absence estimates for a given location (Jiménez-Valverde et al. 2006; 

2009). I derived these thresholds using confusion matrices (Fielding & Bell 1997), which consist 

of a table describing the performance of a classification model (in this case a binary 

classification model), on a set of data for which the true values are known. The table classifies 

the data into true and false positives, and true and false negatives. 
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 The final models predict the probability based on the prevalence ratio and cut-off 

threshold that a given buffer will be affected or unaffected. That represents an estimate of risk of 

carnivore predation on livestock and can be color-coded and mapped across many such buffers 

within the area from which affected and unaffected locations arose. I mapped risk across the 

southern temperate regions of Chile (a total of 98,855 km2) for each 30-m pixel, as an average 

across a 1.5-km2-radius moving window (following Treves et al. 2011).  

 To test the hypothesis that sites of perceived losses resemble sites of verified losses, I 

used the predict function in R incorporating the perceived losses dataset as the testing data. I 

used the verified losses model cut-off threshold to maintain consistency and reliability of 

prediction. I used confusion matrices to determine and evaluate model accuracy and 

predictability. All statistical analyses were done in R studio 1.0.143. 

 

2.2 Results 

2.2.1 Verified losses model 

Of 15 initial variables, eight survived screening in univariate logistic regression 

discriminating between affected (n = 89) and unaffected buffers (n =1097). All survived 

screening (Table 2).  None of these predictors were collinear in pairwise comparisons (|r| <0.7). 

After univariate screening, I started with the strongest predictor, pastures (percentage of area that 

was pasture), and added the next stronger predictor to the multivariate model, in order of 

decreasing ROC (Table 2).  

The multivariate model for verified losses showed that the probability that a given area of 

1.5 km2 will be affected by carnivore attack on livestock is best predicted by the percentage of 

the area under pastures, distance to the nearest road, and percentage of area under grasslands 
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without interaction terms (Table 3). This model revealed that the probability of carnivore attacks 

on livestock is higher in buffers with more pasture ( = 0.028  0.004 SE), closer to roads ( = -

0.22  0.095 SE), and more grassland ( = 0.036  0.01 SE). The probability cut-off threshold 

for this model was 0.4 (close to the prevalence ratio of 89 affected / 1097 unaffected), with 91% 

sensitivity for the affected sites (83 of the 89 affected sites were identified correctly) and 59% 

specificity for the unaffected sites (648 of the 1097 unaffected sites were identified correctly) 

(Fig. 2).  

 

Table 2. Predictors that discriminate buffers of carnivore attacks from unaffected buffers in the 

southern temperate regions of Chile in univariate logistic regression models. Predictors are 

presented in order of decreasing ROC. 

 

 

 

 

 

 

Predictors log-likelihood P-value BIC ROC

Pastures (percentage of area) -285.95 < 0.0001 586 0.78

Flat TPI (percentage of area) -302.43 < 0.0001 619 0.71

Forests (percentage of area) -295.28 < 0.0001 605 0.69

Distance to roads (in kilometers) -296.29 < 0.0001 607 0.69

Top TPI (percentage of area) -303.20 < 0.0001 621 0.67

Bottom TPI (percentage of area) -311.98 0.004 638 0.60

Distance to rivers (in kilometers) -310.82 0.004 636 0.59

Grasslands (percentage of area) -313.95 0.03 642 0.59
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Table 3. Multivariate logistic regression model of carnivore attack on livestock in the southern 

template region of Chile.  

 

 

Figure 2. Predicted probabilities of a) verified and b) perceived risk of carnivore attack on 

livestock in southern Chile. The colors categorize risk by pixel (30-meter resolution) such that 

unaffected pixels are dark green. Other colors represent P(affected) > 0.4 and P(affected) > 0.5.  
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Figure 3. Three predictors that survived univariate screening to produce a multivariate model for 

carnivore predation on livestock. Figure represents the average of each landscape predictor in a 

1.5-km2-radius.  

 

 

2.2.2 Perceived losses model 

I found one less predictor than the previous model, because 7 out of 15 initial variables 

survived screening by univariate logistic regression (n = 176 affected buffers, n= 1786 

unaffected buffers; Table 4). All were non-collinear in pairwise comparisons (|r| < .7). I started 

with the strongest predictor, pasture, followed with the next stronger predictor in order of 

decreasing ROC.  
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The final multivariate model of perceived losses resembled the verified losses model 

above. The probability that a given area of 1.5 km2 would experience a perceived loss of 

livestock is best explained by percentage of the area under pasture ( = 0.02  0.003 SE), 

distance to roads ( = -0.28  0.07 SE), and percentage of the area under grasslands ( = 0.04  

0.007 SE), without interaction terms (Table 5). The probability cut-off threshold was 0.5 (close 

to the prevalence ratio of 176/1786). With this threshold and using the confusion matrix, the 

model discriminated sites of perceived loss with 78% sensitivity for the affected sites (138 of the 

176 affected sites were identified correctly) and 66% specificity for the unaffected sites (1055 of 

the 1610 unaffected sites were identified correctly) (Figure 2). The predictive power of the 

model for perceived losses was lower (ROC = 0.75) than that for verified losses (ROC = 0.79) 

(Table 3,5). 

 

Table 4. Predictors that discriminate sites of perceived carnivore attacks in the southern 

temperate regions of Chile in univariate logistic regression models. Predictors presented in 

decreasing order of ROC. 

 

 

Predictors log-likelihood P-value BIC ROC

Pastures (percentage of area) -540.84 < 0.0001 1097 0.75

Distance to roads (in kilometers) -538.11 < 0.0001 1091 0.69

Forests (percentage of area) -550.98 < 0.0001 1117 0.66

Flat TPI (percentage of area) -566.70 < 0.0001 1148 0.64

Grasslands (percentage of area) -569.15 0.0003 1153 0.64

Top TPI (percentage of area) -566.47 < 0.0001 1148 0.60

Distance to rivers (in kilometers) -567.97 0.0008 1151 0.58
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Table 5. Model of perceived carnivore attack on livestock in the southern template region of 

Chile. 

 

 

2.2.3 Testing the hypothesis that verified losses predicted perceived losses  

 I used the perceived losses dataset as the testing data to evaluate the predictability of the 

verified losses model. I maintained the verified losses model cut-off threshold for consistency 

and reliability. The confusion matrix output revealed that the verified model predicted sites of 

perceived loss with 83% sensitivity for the affected sites (146 of the 176 affected sites were 

identified correctly) and 60% specificity for the unaffected sites (963 of the 1610 unaffected sites 

were identified correctly).  

 

2.3 Discussion 

I found consistent support for the hypothesis that sites of verified livestock losses caused 

by carnivores resembled sites where people perceived livestock losses caused by carnivores. 

Both risk models based on livestock attacks in the southern temperate region of Chile showed 

that losses were more likely to occur in sites near roads where more pasture and grassland 

habitats occurred. Moreover, perceived losses were predicted by the verified losses model. 

Few studies assessed relationships between perceived and verified predation sites (Miller 

et al. 2016). For instance, the correlation between perceived and verified threat to human 
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property has showed mixed results in other parts of the world (Miller et al. 2016; Naughton-

Treves 1998; Naughton-Treves et al. 2003; Suryawanshi et al. 2013). For instance, Naughton-

Treves (1998) reported quite large differences between perceived and measured losses and 

perceived worst species for crop damage versus the species most frequently measured, which 

could challenge mitigation efforts. Moreover, a study in Nepal found similar differences between 

observed livestock losses versus perceived conflict with snow leopards and wolves (Suryawanshi 

et al. 2013). Although perceived conflict is shaped by perceived losses (Naughton-Treves 1998), 

they are not the same and need to be interpreted cautiously, as perceived conflict might be 

magnified due to other factors, such as cultural symbolism, social norms, and divisions and 

differences between interest groups (e.g. farmers, wildlife managers), respondent identity, etc. 

(Sillero et al. 1997, Naughton-Treves & Treves 2005). My study suggests that verifiers and 

livestock owners with perceived losses will agree on the landscape features that are higher risk 

and perhaps on which sites are classified as predation. They may not agree beyond that point, but 

I did not investigate subsequent steps in management. 

It is tempting to argue on the one hand that my research supports a suggestion that 

verification is not needed because of the statistical agreement between the two models, or on the 

other hand, that verification of all complaints would eliminate the small number of misclassified 

sites. However, in general, models should be cautiously interpreted, especially by considering the 

nature and quality of the data used in model building (Jiménez-Valverde & Lobo 2006; 

McPherson et al. 2004; Venette et al. 2010). Accurate verification with independent validation is 

essential. Previous work showed that accurately assessing livestock losses depends on the timely 

observation and complaint of the farmer, followed by a careful examination of the affected 

animal and the site after a rapid response time of verifiers to avoid the disappearance of evidence 



 

  65 

 

 

(e.g. decaying carcasses or visits by scavengers) (Gese et al. 2004; Lee 2011; Horstmann & 

Gunson 1982; Maheshwari et al. 2014). Prior work has demonstrated inaccurate assessments 

(López-Bao et al. 2017; Plumer et al. 2018). Therefore, one must consider the possibility that 

both verified and perceived losses were inaccurate in similar ways (e.g., blaming pumas when 

feral dogs were responsible). On the other hand, the models may be similar because they all 

reflected where verifiers could access complainants easily.  For example, the three variables that 

emerged in both models (Fig. 3), suggest a potential convenience sample bias. For instance, 

higher risk in sites closer to roads might have several interpretations. There might have been 

measurement bias if verifiers collected GPS locations from the entrance of farms or households 

without examining the alleged site of loss (e.g. face-to face conversations between verifiers and 

complainants were more convenient near the roads). Alternately, there might be a reporting bias 

such that farms far from large roads would be less likely to complain or to receive verifiers. 

Third, all the open habitat variables I found to be strong predictors might reflect the ease with 

which dead livestock are detected or avoidance of open areas by scavengers that remove 

evidence. In sum, I would emphasize the modeling revealed similarities between timely 

verification with high confidence from the verifier versus less timely verification in which the 

verifier did not examine evidence. 

If the landscape predictors I identified as risky for livestock are accurate and not biased 

by the observation process described above, then one might draw a new inference about 

livestock and predators in Chile’s temperate forest regions. Higher risk of interaction with 

wildlife has been associated with intermediate level of land use intensity or development, such as 

rural areas (Kretser et al. 2008; Merkle et al. 2011), where distance to roads might serve as a 

proxy. By visually inspecting risk maps, I observed that high-risk clusters occur mainly in the 



 

  66 

 

 

central valley of the study area, where both agriculture and forest use activities occur (Figure 2 & 

3) (Echeverría et al. 2012; Wilson et al. 2005). This supports observations that livestock or other 

human property is more vulnerable to interactions with wildlife in mixed landscapes that attract 

wildlife and host human crop and livestock production (Hoare 1999; Naughton-Treves 1998).  

 Open pasture and grassland sites were strongly and positively correlated with risk to 

livestock in both models, probably associated with the presence and density of livestock. This is 

consistent with previous studies by many (reviewed in Treves et al. 2011). Farms close to wild 

habitats (pastures + grasslands) seem to be at risk, where wildlife or predators may incidentally 

encounter livestock or crops when searching for wild food (Gubbi 2012, Odden et al. 2008). 

Although the occurrence of wildlife and carnivores are closely associated to forests (Kissling et 

al. 2009; Blake & Gese 2016; Pita et al. 2009), it did not predict risk. A measure that reflects the 

risk associated to closeness to wild forested habitats (e.g. distance to forests or dense vegetation) 

(Miller et al. 2015; Treves et al. 2011; Zarco-González et al. 2012) might be a stronger predictor 

of risk.  

Risk might be driven by a trade-off between livestock density and the ecology of the 

predator involved (Rostro-García et al. 2016). For instance, carnivore species may present 

important prey selection variations at a population or individual level. A study in the Chilean 

Patagonia revealed that few individual pumas selected and specialized on sheep in a multi-prey 

landscape (Elbroch et al. 2013). Similar findings, showed that a few habituated wolf packs are 

more likely to prey on livestock than other packs in the same area (Treves et al. 2002). 

Importantly, neither attraction to livestock, incidental encounter or predators foraging strategies 

could be evaluated in this study, as detailed information on livestock and prey densities, and 

predator ecology were lacking. Therefore, incorporating detailed information on known predator 
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individuals or groups, as well as prey availability (i.e. livestock and wild prey), might help to 

improve the models.  

Interestingly, both models were unable to discriminate between the different carnivore 

species involved in livestock attacks, which might have to do with the nature and quality of the 

data (e.g. small sample sizes for each carnivore species), as well as the scale of analysis. Miller 

et al. (2015) proposed that analysis at finer spatial grains (<100 meter-resolution) can offer better 

guidance and results on attributes that predict risk. For instance, for pumas, topographic features 

have been related to predation risk (Jacobs & Main 2015; Kissling et al. 2009; Zarco-González et 

al. 2012, 2013). Although both models included a three-level topographic layer at a 60-m-

resolution, it did not discriminate between carnivore species. Here, feral or free-running dogs 

might have confounded the effect of topographic variables, as the presence of dogs is highly 

associated with farms, where they are used to guard people’s property (Silva-Rodríguez et al. 

2010). In some cases, these are the same dogs that occasionally attack livestock (A. Albert, 

national manager of the verification system at the Renewable Natural Resources Unit of the 

SAG, personal communication 2015). Because farms were located across almost the entire range 

of topographies, the effect of a generalist predator like the dog might reduce the model’s 

predictive power for an ambush predator like pumas. Considering the above-mentioned issue, 

might allow to develop distinct risk models for each species, which would help managers and 

livestock owners to target and prevent livestock losses more effectively by adaptively applying 

methods that are specific for each carnivore species (Miller et al. 2016).  

Risk maps provide important information, visual guidance to hazards and help set 

priorities, which can help wildlife and livestock managers as well as stakeholders in developing 

management policies that are targeted in reducing risk and promoting coexistence in the long 
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term. Moreover, this tool can help managers to focus prevention cost effectively in high-risk 

areas. Based on the results, researchers and managers could rely on livestock owners’ 

complaints, improving the data base on which risk models and maps are built. For instance, the 

outcomes suggest that resources from the verification system could be reallocated from agent 

verification because farmers’ perception and capacity in discriminating livestock losses seem to 

resemble losses verified by a trained agent. Saved funds might then be devoted to support 

farmer’s prevention initiatives. However, a lack of on-the-ground work and capacities of 

agencies might still hinder and challenge future efforts to reduce and prevent conflict. Technical 

and financial support to farmers in implementing effective preventive measures have not yet 

been developed and provided, which might reduce farmers’ incentives to complain. At the same 

time, relying more on people’s perception might increase inaccuracy of data, in case there is a 

difference between verified and perceived losses that was not detected by the models. It is known 

that perceptions between complainants (i.e. source data) and non-complainants can be quite 

different in some cases. For instance, Ohrens et al. (2016) concluded that a vocal minority of 

Aymara people perceived higher risk to pumas, supporting the idea that complaints are generally 

done by individuals seeking and attracting government for some sort of compensation (Montag 

2003; Naughton-Treves et al. 2003; Nyhus et al. 2003). Therefore, continuing with on-the-

ground work in verification and field investigations, might help to maintain the accuracy of data 

by assessing perceptions, and incentivize government agencies to support farmers. Not 

addressing the above issues promptly, will still give farmers the justification to illegally kill 

carnivores suspected of killing livestock. Future work that combines the implementation of 

effective and evidence-based coexistence strategies (e.g. non-lethal methods) (Treves et al. 2016; 

Van Eeden et al. 2017; Eklund et al. 2017) within identified high-risk areas might be an 
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important first step in improving human-carnivore conflicts in southern Chile, leading to the 

protection of top predators, such as pumas, and its role in the ecosystem. 
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3. Randomized, cross-over trial of non-lethal light device protects camelids from pumas  

 

Predator population declines have resulted in ecosystem degradation and loss of 

biodiversity and ecosystem services worldwide (Crooks and Soulé 1999; Jackson et al. 2001; 

Myers et al. 2007; Estes et al. 2011). Human-caused mortality is the primary cause of global 

endangerment of large carnivores (Woodroffe and Ginsberg 1998; Ripple et al. 2014). For 

terrestrial carnivores, much of that human-caused mortality results from retaliation or pre-

emptive responses to real or perceived threats to human interests. Sound policy to reduce 

conflicts between people and predators would balance human needs with environmental 

protection (Chapron et al. 2014; Treves et al. 2015), which is a constitutional command in three-

quarters of the world’s nations (Boyd 2011; Treves et al. 2018). 

Non-lethal methods to protect human property hold the greatest promise to balance both 

nature preservation and human needs (Treves et al. 2016). Traditionally, threats to domestic 

animals prompted lethal retaliation. Few methods whether lethal or non-lethal, have been 

rigorously evaluated for functional effectiveness (i.e. effect in preventing future damages) in 

reducing predation on livestock (Miller et al. 2016; Treves et al. 2016; Eklund et al. 2017; Van 

Eeden et al. 2017). The strong inference one can draw from controlled experiments would be 

necessary to prevent implementation of interventions that are ineffective yet popular and, which 

could lead to wasted resources and harm to animals, both wild and domestic.  

 Rigorous experiments using random-assignment and methods that avoid bias in 

sampling, treatment, measurement, or reporting (‘gold-standard’ hereafter) (Platt 1964; Ioannidis 

2005) will be required, given widespread promotion of methods based on perceived 

effectiveness, small sample sizes, or flawed research designs (Miller et al. 2016; Treves et al. 

2016; Eklund et al. 2017; Van Eeden et al. 2017). Here I present evidence on the effectiveness of 



 

  77 

 

 

a non-lethal light deterrent (Foxlights®), on pumas (Puma concolor) and Andean foxes 

(Lycalopex culpaeus) approaching alpacas (Vicugna pacos) and llamas (Lama glama) in the 

Andean plateau (‘altiplano’ hereafter) of Chile. This is the first of its kind on pumas, the first on 

any predator in Latin America, and the first to evaluate protections for camelids (Miller et al. 

2016; Treves et al. 2016; Eklund et al. 2017; Van Eeden et al. 2017). Evidence-based policies 

for both conservation and livestock husbandry stand to benefit from experiments that provide 

strong inference (Sutherland et al. 2004). 

A previous study in Chilean altiplano study area, revealed that both species were 

negatively viewed by the Aymara residents. Aymara blamed pumas for an average 10% loss per 

herd every year. In the same survey, local people showed preference for the adoption of non-

lethal deterrents with support from a local government agency to reduce predation on livestock 

(Ohrens et al. 2016). This groundwork and baseline information allowed me to attempt a 

participatory intervention planning workshop (Treves et al. 2009) and to use a randomized 

experiment to evaluate the method elected by owners. This finding suggest that 1) Foxlights ® 

could benefit livestock owners in reducing puma attacks to livestock, and 2) that randomized 

experiments can be feasible with livestock owners in large, wild ecosystems.  

 

3.1 Methods 

3.1.1 Study area 

The study area covers one district (Colchane) of the Tarapacá region in the altiplano of 

Chile, at an altitude of 3500-5000 m. Here, the Aymara indigenous people, who live on 

agriculture and livestock, co-occur with the puma and the Andean fox (Ohrens et al. 2016).  
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3.1.2 Experimental design 

I evaluated the effectiveness of Foxlights®, a light deterrent (explained below). I used a 

randomized 2x2 cross-over design, in which each experimental unit (a camelid herd in a sleeping 

site) received each treatment Foxlights® and placebo control for 2 months each by random 

assignment. Each experimental unit (N=11) was managed by a different livestock owner who 

was not blinded to the treatment (the lights were too obvious to conceal whether an owner’s herd 

was subject to treatment or control). This design reduced the likelihood that pre-existing 

differences and chance events during a trial would confound any treatment effects (Jones and 

Kenward 1989; Quinn and Keogh 2002). Moreover, this moderate sample of 11 units over many 

km (Figure 1) reduced the likelihood of sampling bias affecting all units in one treatment or 

period. The trial overlapped the 4-month calving season between November 2016 and March 

2017. I carried out the experiment during this period because the presence of newborn calves 

makes the population of livestock more vulnerable to predation by both predators, because the 

Andean foxes appear only to be capable of taking small animals.  

 

3.1.3 Treatments  

Participants and the lead author installed two light deterrents on either end of an 

imaginary ellipse surrounding a sleeping area, separated by 50-200 m (depending on the size of 

the sleeping area) and high enough to be seen by predators (depending on vegetation and 

topography) (Figure 2). Foxlights® continuously emit randomly varying, flashing lights in 3 

colors directed upward and outward. They are triggered by declining light at dusk and shut off by 

increasing light at dawn. 
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Each farmer attended the treated sleeping site for about an hour for a maximum of 3 

dusks, to detect if the lights disturbed the livestock. Farmers reported no livestock left the 

sleeping sites after dark during the 4-month trial.  

 

3.1.4 Detecting predator presence 

To confirm that predators were present in the vicinities of the units during the 

experimental period, I deployed camera traps, conducted transect searches for feces and tracks, 

and collected field observations from farmers, to complement the direct measurement of 

predation events by independent verifiers (see below). I placed two cameras (Bushnell Trophy 

Cam) at each sleeping area. One camera was placed <50 m from each sleeping area and the 

second camera was placed approximately 1 km away; both were positioned on the edges of 

ravines, hills, or where we found carnivore tracks or feces (Figure 3). To complement cameras, I 

walked circular transects of radius 100 m around each sleeping area to find tracks and feces of 

carnivores. Finally, I asked participants and neighbors about observations of carnivores during 

the trial. 

 

3.1.5 Verifying predation 

 I trained park rangers and wildlife officers from three government agencies to conduct 

field investigations of predation complaints. I supplemented two verifiers’ reports with farmers’ 

self-reported losses at the end of both periods. I provided no incentives for data or for any 

outcomes. Previous work had built trust and all participants spoke Spanish (Ohrens et al. 2016), 

the lead author’s native tongue. Long distances between villages and reduced phone coverage are 

the main problems farmers encounter when wanting to complain about predators to the 
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government verifiers (V. Malinarich, regional manager of the Renewable Natural Resources Unit 

of the Agriculture and Livestock Service [Servicio Agrícola y Ganadero, henceforth SAG], 

personal communication 2015; Ohrens et al. 2016). Farmer self-reporting might present a source 

of bias (non-random error) if owners unintentionally wanted the Foxlights® to deter pumas, so 

blamed foxes for losses in treated herds. However, several sources of evidence give me 

confidence that measurement error would be random if it existed at all (Webpanel 1).  

 

3.1.6 Participant enrolment and workshop design  

I used a participatory engagement process involving 54 affected and interested parties 

(livestock owners and government agencies). I divided workshops in 5 sections: 1) introduction 

to the subject and aim of the workshop; 2) presentation of a wide range of possible interventions 

used to reduce predation on livestock; 3) discussion of interventions in small groups (buzz 

groups of maximum 5-6 people) assisted by facilitators; 4) presentation of exemplars of 

interventions selected by the whole group; and finally, 5) closing and discussing in relation to the 

selected intervention (Treves et al. 2006, 2009; Newing et al. 2011). During workshops, I 

encouraged participants to select feasible and cost-efficient methods to reduce predation on 

livestock (Treves et al. 2006; 2009). Because carnivores are protected by law in Chile, I offered 

a menu of non-lethal options (e.g., barriers, guards, deterrents, etc.). I used audiovisuals (e.g. 

powerpoint, videos) of non-lethal interventions to help participants visualize how these 

interventions work in the field. I gave participants the opportunity to share and exchange 

knowledge and experiences of carnivores and livestock. I moderated disagreements. I facilitated 

the individual process of considering scientific evidence with local, practical decisions about 

cost-efficiency, and acceptability. Participants selected Foxlights® themselves. I explained the 
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cross-over design of the experiment and, described fully the entire trial (Reed 2008). Participants 

did not place any conditions on this experiment. 

Those farmers that agreed to the crossover design and presented pre-established sleeping 

areas for livestock were recruited for the experiment and moved on to the randomization step. I 

randomly assigned the first six units to a treatment-control sequence and then another six units 

were assigned to the converse control-treatment sequence. One unit began but did not complete 

the experiment after the farmer could not be recontacted, leaving me with 11 units for analysis 

(N=22 replicates). I had funding for only 12 Foxlights®. One light failed during the second 

period; I was not able to replace it. However, the replicate did not experience any depredation 

event in either period so I retained it for analysis.  

 

3.1.7 Data analysis 

I used a conservative approach by presenting multiple statistical tests of effectiveness. 

First, I used two tests, a Shapiro–Wilk test and Analysis of Variance (ANOVA) to assess non-

normality and the distribution of residuals. Data for predator presence and treatment effect were 

non-normal, which led me to use a nonparametric test. For predator presence, I used a Wilcoxon 

rank sum test to compare differences between treatments and periods. To test for the effect of 

Foxlights© I used three approaches. a) a nonparametric approach for factorial design ANOVA-

type-statistic based on ranks (Brunner et al. 2002; Noguchi et al. 2012); b) a split-plot ANOVA 

with treatment (lights and control), block (each unit or subject) and period as the explanatory 

variables (Díaz-Uriarte 2002) and; c) Hills-Armitage procedure (Jones and Kenward 1989; Díaz-

Uriarte 2002). In the Hills-Armitage procedure I first computed the difference in predation 

between the first and the second period for each subject (experimental unit). Then, I used a 
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Wilcoxon rank sum test to compare the values between the two sequences. I tested for inequality 

of carry-over effects to confirm that the results for treatment effect were not biased by the 

treatment in the preceding period (Jones and Kenward 1989; Díaz-Uriarte 2002). I adopted a 

one-tailed test because the a priori hypothesis was that Foxlights® are deterrents not attractants 

(Ruxton and Neuhäuser 2010). Finally, I calculated the proper effect size following (Nakagawa 

et al. 2007; Fritz et al. 2012) by quantifying the size of the experimental effect or the difference 

between groups (r > 0.5: strong effect, 0.5 > r > 0.3: intermediate effect, 0.3 > r > 0.1: small 

effect)  

 

3.2 Results 

3.2.1 Predator presence  

I confirmed the presence of both carnivores within the study area repeatedly – using 

camera traps (independent events involving 4 puma visits and 8 fox visits) (Figure 3), circular 

transects searched for tracks (4 puma, 0 fox), and direct and indirect field observations reported 

by farmers (12 puma, 3 fox) – establishing that risk persisted for all experimental units during 

the trial (Bomford and O’Brien 1990). The presence of predators analyzed separately and 

together did not vary between treated units (Wilcoxon two-tailed, P > 0.05) or periods (Wilcoxon 

two-tailed, P > 0.05). I detected pumas relatively near treated herds, so I conclude the treatments 

did not drive pumas far from the experimental units (Figure 1).  

 

3.2.2 Effect of treatment 

Treated herds experienced zero losses to pumas compared to 7 losses in control herds 

(ANOVA-type statistic df = 1, F = 5.49, P = 0.0019; Split-Plot ANOVA df = 1, F = 5.21, P = 
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0.045; Wilcoxon one-tailed, P = 0.075, Effect size r = 0.57; Figure 4a). Treated and control herds 

experienced more fox predation, but not significantly more (25 total attacks on treated herds 

compared to 15 in control herds) (ANOVA-type statistic df = 1, F = 0.47, P = 0.49; Split-Plot 

ANOVA df = 1, F = 0.48, P = 0.5; Wilcoxon one-tailed, P = 0.79, Effect size r = 0.18; Figure 

4b). I did not find carry-over effects (Wilcoxon two-sided P > 0.05) (Table 1). 

 

3.3 Discussion  

This is, to my knowledge, the largest randomized experiment without bias ever conducted 

on livestock predation, and the first in Latin America (Shivik et al. 2003; Davidson-Nelson and 

Gehring 2010; Gehring et al. 2010; Treves et al. 2016). Moreover, this is the first random-

assignment experimental evaluation of predator deterrent using Foxlights®, on pumas, or on 

camelids (alpacas and llamas). I used random-assignment to treatment to draw strong inference 

about whether the light device was functionally effective in preventing predation on the 

camelids. I found the light device deterred pumas, but had no significant effect on the Andean 

fox. Given the higher but non-significant effect of higher losses to foxes on treated herds, I 

recommend further testing with a higher sample size to evaluate if Foxlights® attracted foxes 

instead of deterring them or possibly that deterrence of pumas made space for foxes. 

 Progress in predator management has been hampered by two widespread assumptions. 

First, that gold-standard experiments are infeasible under typical field conditions for livestock 

and predators. For instance, the many potentially confounding variables in wild ecosystems and 

working livestock farms do hamper experimental control, but I showed that reverse-treatment 

and moderate control over recruiting participants overcame such challenges; also see (Quinn and 

Keough 2002; Donnelly and Woodroffe 2012; Treves et al. 2016). Second, some authorities 
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assume that livestock owners will refuse the placebo control. Such refusals might lead to 

selection and response biases (Groves 2006; Creswell 2009). The 11 participants disproved that 

assumption, probably due to a long-term engagement process, the lack of other sources of 

external support, and the cross-over design in which all owners eventually had the opportunity to 

try the Foxlights®.  

However, I wish to sound two cautions about this research design. First, it was 

impossible to blind the participants to their treatments because the night-time lights were so 

conspicuous. That could lead to a form of measurement bias called confirmation bias, if the 

owners believed the Foxlights® would be effective. I partially countered the potential 

measurement bias by recruiting independent verifiers from the government agency in charge of 

livestock protection; the verifiers did not visit all incident sites but owners did not know this 

ahead of time. It is not clear why verifiers or owners would have intentionally or unintentionally 

skewed results toward effectiveness against pumas but not foxes, especially given the name of 

the light devices. I call for future experimenters to engage independent verifiers or train owners 

and verify their reports (McManus et al. 2015). Second, I could not evaluate the duration of 

effectiveness and whether habituation to the Foxlights® would set in for either species. 

However, protecting camelid young for a four-month period might protect them long enough to 

reach market or achieve a size at which their vulnerability to predation is reduced by innate 

defenses. 

 Scarcity of evidence and weak inference about effectiveness has important consequences 

for all parties. For instance, implementation of ineffective methods might aggravate social 

conflicts over biodiversity by increasing the suffering of domestic animals and wildlife in 

addition to economic costs. In the face of social conflicts, people might revert to traditional lethal 
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control, regardless of its effectiveness (Treves and Bruskotter 2014; Woodroffe and Redpath 

2015). Also, when governments promote methods that show no evidence of being effective or, 

worse yet, invest in disseminating untested methods, trust in the government or confidence in its 

recommendations might erode. I expect that this experimental approach will help to inform 

evidence-based policy for wildlife and livestock alike. Only strong inference will produce sound 

policy that can promote coexistence between wild animals and humans. 
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Figures 

Figure 1. Study area with experimental units and evidence of carnivores. Inset maps show a) 

Tarapacá region within Chile and b) the study area within Tarapacá region. Experimental units 

follow same numbering scheme as table 1. This figure was produced using ArcGIS 10.4.1 

(http://support.esri.com/Products/Desktop/arcgis-desktop/ 

arcmap/10-4-1) and edited in Adobe Illustrator 22.0.1 

(https://www.adobe.com/creativecloud.html, license through UW-Madison) using free clip art 

for both carnivores (http://www.clker.com). 

 

Figure 2. Foxlights® implemented by farmers and researchers in the field. 

 

Figure 3. Predators captured in camera traps deployed around experimental units. (a) A male 

puma (Puma concolor), (b) an Andean fox (Lycalopex culpaeus). 

 

Figure 4. Predator attacks on livestock by treatment or placebo control. (a) plot of puma attacks, 

means ± standard errors (boxes, n = 11), bars span the range of each, and statistical significance 

(** P < 0.05 using a nonparametric ANOVA-type statistic for factorial designs, ** P < 0.05 split-

plot ANOVA using a rank transform procedure, ** P = 0.075 with strong effect size r > 0.5 for 

Wilcoxon rank sum test), (b) plot of fox attacks, means ± standard errors (boxes, n = 11), bars 

span the range of each, and statistical significance (* not significant). 
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Table 1. Number of puma and fox attacks by experimental unit and periods presenting herd sizes 

and sequence of treatments. 

Units Herd size Treatment 

sequence 

Puma attacks on 

livestock 

Fox attacks on livestock 

Period 1 Period 2 Period 1 Period 2 

1 100 Light-

Control 

0 1 0 0 

2 380 Light-

Control 

0 4 5 1 

3 60 Light-

Control 

0 0 8 1 

4 160 Control-

Light 

0 0 0 0 

5 38 Light-

Control 

0 1 0 1 

6 80 Control-

Light 

0 0 0 0 

7 22 Light-

Control 

0 0 0 0 

8 180 Control-

Light 

0 0 4 0 

9 280 Control-

Light 

0 0 8 12 
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10 46 Control-

Light 

1 0 0 0 

11 69 Light-

Control 

0 0 0 0 
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