Cognition of common mammal mesopredators and implications for their management

Louis Lazure

A Thesis in
The Department
of

Biology

Presented in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy
(Biology) at Concordia University

Montréal, Québec, Canada

November 2023

© Louis Lazure, 2023



CONCORDIA UNIVERSITY
School of graduate studies

This is to certify that the thesis

prepared by: Louis Lazure
entitled: Cognition of common mammal mesopredators and implications for their
management

and submitted in partial fulfillment of the requirements for the degree of
Doctor of Philosophy (Biology)

complies with the regulations of the University and meets the accepted standards with respect to
originality and quality.

Signed by the final Examining Committee:

Chair

Dr. Andreas Bergdahl

External Examiner

Dr. Simon Reader

Arms-length Examiner

Dr. Grant Brown

Examiner

Dr. James Grant

Examiner

Dr. Dylan Fraser

Thesis Supervisor

Dr. Robert Weladji

Approved by

Dr. Robert Weladji, Graduate Program Director
/_ /2024

Dr. Pascale Sicotte, Dean, Faculty of Arts and Science



ABSTRACT

Cognition of common mammal mesopredators and implications for their management
Louis Lazure, Ph.D.
Concordia University, 2023

An animal’s cognitive abilities can modulate its interaction with humans and exacerbate
conflicts. Mesopredator mammals demonstrate innovation and learning through their behaviour,
especially in a generalist and widespread species like the common raccoon (Procyon lotor). The
aim of this thesis is to combine wildlife management with the study of cognition to provide better
coexisting conditions between humans and mesopredators. I first conducted a narrative synthesis
to characterize the contexts in which conflicts occur with the raccoon, the red fox (Vulpes vulpes)
and the striped skunk (Mephitis mephitis), and a meta-analysis to rigorously evaluate the efficacy
of the mitigation techniques in reducing the intensity of conflicts. Although lethal interventions
are regularly applied with relatively high efficacy, many nonlethal options are also effective.
Many methods are based on a profound understanding of animal behaviour and cognition.
Shifting toward cognitive studies, I experimentally tested problem-solving and learning
performances of wild raccoons in three Québec national parks. I demonstrated innovative
problem-solving in raccoons, and that task difficulty level has a clear effect on success
probability and time to solve the problem. Higher exploratory diversity was linked to success, but
not persistence. I also found evidence of learning, by an improved performance in term of success
probability over consecutive trials. Raccoons living in a zone of the park more affected by the
human presence also present more pronounced learning performance, which likely relates to their
strong propensity to forage on human food. There are also indications that the improved
performance gained through learning is retained over the winter season. Indeed, we found the
success rates of the last trial from a summer to be similar to that of the first trial of the following
summer. Basing mitigation interventions on scientifically proven methods and better integration
of animal behaviour, may improve mesopredators management. Expanding our knowledge of
cognition in common species contributes to our appreciation and tolerance toward wildlife.
Overall, my findings could facilitate reaching a balanced coexistence between humans and

mesopredators.
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Chapter 1.  General introduction
1.1 Human-wildlife conflicts

Interactions between the human species and non-human animals take on different forms in
different settings. In a world that is increasingly urbanized and populated by Homo sapiens,
conflicts between human and wildlife (so called human-wildlife conflicts, HWC) are becoming
more common, as evidenced by the growing literature and communications on the subject. The
context where those conflicts happen are varied (Distefano 2005; IUCN 2020; Nyhus 2016;
Redpath et al. 2012; Torres et al. 2018) and subject to be amplified under global climate changes
(Abrahms et al. 2023). Animals that are more often cited in HWC are large carnivores, elephants
and primates (Distefano 2005; Inskip and Zimmerman 2009; Nyhus 2016; Seoraj-Pillai and
Pillay 2017; Torres et al. 2018).

Human-wildlife conflicts can happen during nature-oriented activities, when the goals of
humans (leisure, relaxation, access to nature) are negatively impacted by wildlife through disease
transmission, annoyances such as odour and noise, food stealing, damages to material, or fear
(Hudenko 2012; Jacobs 2012). Conversely, wildlife needs (food, space, reproduction, survival)
are disrupted by human presence and activities (Green and Giese 2004; Knight and Gutzwiller
1995; Reed and Merenlender 2008; Taylor and Knight 2003). Recreational activities within
protected areas affect wildlife activity pattern (Patten and Burger 2018) and frequently lead to
HWCs. Outdoor activities are among the main contexts of HWC in Québec (Prescott 2011).
Protected areas, like national parks in the Sépaq (Société des établissement de plein air du
Québec) network, combine the dual objectives of preserving biodiversity and give access to
nature to the public (Sépaq 2023). Protected areas in themselves do not prevent HWCs and may
even be an important cause of conflict in parts of the world (Anthony and Szabo 2011; Nyhus
2016; Woodroffe and Ginsberg 1998).

Much has been done to manage HWCs in the past, and a lot of management actions are
based on one-to-one transmission of information, as I learned discussing the topic with various
stakeholders. There is a need for evidence-based interventions to tackle HWCs (Treves and
Santiago-Avila 2020). It is even more important considering poorly informed mitigation
measures can worsen a conflict (IUCN 2020). Solutions are varied and can be preventive or

reactive, simple or complex, cheap or costly, lethal or not (DiStefano 2005; Torres et al. 2018).



Systematic surveys and meta-analysis are powerful tools to search and synthetize research
evidence (Koricheva et al. 2013; Pullin and Stewart 2006). They have covered topics such as
wildlife conservation, natural resources management, animal behaviour and more recently HWC
(e.g., Inskipp and Zimmermann 2009; Kansky et al. 2014; Seoraj-Pillai and Pillay 2017; Snijders
et al. 2019). A systematic review will be useful in exploring the link between mitigation methods
and the animal behavioural responses to determine the efficacy of the intervention (Greggor et al.

2016).
1.2 Mesopredators

Mesopredators are midranking predators within an ecosystem (Prugh et al. 2009). More
restrictive definitions only include members of the order Carnivora, weighing between 1-15 kg
(Buskirk and Zielinski 2003, Gehrt and Clark 2003, Roemer et al. 2009). In addition, a
mesopredator cannot self-regulate its population density, in comparison to large apex predators
(Wallach et al., 2015). In Québec, mammal mesopredators are a recurring source of nuisance to
protected areas users and no mitigation measure has yielded satisfactory results so far (Dellarosa
2012; Denis 2017a,b). Within those parks and in the south of the province in general, common
raccoons (Procyon lotor, rarely called northern raccoons), striped skunks (Mephitis mephitis) and
red foxes (Vulpes vulpes) exhibit widely varying behaviours between and within species, are
widely distributed and abundant, and are involved in frequent interactions with humans (Fournier
2013; Prescott 2011). In term of HWCs, mesopredators are less studied than larger or apex
predators (Lozano et al. 2019).

Raccoons, family Procyonidae, are abundant in North America and are well established
elsewhere in the world following successful albeit accidental introductions. The distribution of
the raccoon extends from the Canadian boreal forest to Central America, and it was introduced in
Europe and Asia, approximately 100 and 50 years ago, respectively (Lotze and Anderson 1979,
Ikeda et al. 2004). The favourable geographic areas for raccoons under future climate scenarios
will expand significantly to the north (Lariviere 2004; Louppe et al. 2019). During winter in
Canada, raccoons do not hibernate but become less active, and winter severity is inversely
correlated to overwinter survival (Pitt et al. 2008; Reid 2006). Raccoons are generalist, known as
active problem-solvers and can adapt to complex and changing environment (Bateman and

Fleming 2012; Daniels et al. 2019; Prange et al. 2003). They are omnivorous and opportunistic



foragers, and are well adapted and successful in anthropogenic landscapes such as rural and urban
arcas (Bozek et al. 2007; Daniels et al. 2019; Hadidian et al. 2010; Lotze and Anderson 1979;
Prange et al. 2004). Raccoons have a reputation of being “intelligent” (Cole 1907; Daniels et al.
2019; Justice 2021; Pettit 2010). The behaviour of the pervasive raccoon is not very well
understood in conflict situations, and information on their responses to different control strategies
is incomplete and scattered (Curtis and Hadidian 2010). The red fox was originally found in
North America, Europe, North Africa, and Asia and was introduced to Australia in the nineteenth
century, making it the terrestrial carnivore with the widest geographical distribution (Larivicre
and Pasitschniak-Arts 1996; Macdonald and Reynolds 2004). It is strictly carnivorous and mostly
nocturnal (Lariviére and Pasitschniak-Arts 1996). It is discrete, widespread and adaptable to
different habitats, including highly anthropogenic ones (Lariviere and Pasitschniak-Arts 1996).
The striped skunk distribution is limited to North America; in the USA it overlaps with four other
skunk species in the genus Mephitis, Spilogale and Conepatus (Wilson and Reeder 2005). It is
primarily insectivorous but is nevertheless highly opportunistic (Wade-Smith and Verts 1982).
The striped skunk is mainly crepuscular and nocturnal (Wade-Smith and Verts 1982).

Mesopredators are interesting to study because of their relatively high cognitive abilities.
Among the three species aforementioned, the raccoon is especially renowned for is mental
prowess (Bozek et al. 2007; Daniels et al. 2019; Prange et al. 2004; Stanton 2020; Stanton et al.
2022). Much less cognitive work has been conducted on red foxes and striped skunks. We could
liken the cognitive abilities of red foxes to other Canidae, but most studies involved captive
animals. Wolves (Canis lupus) and dogs (Canis familiaris) show some skills, but no higher form
of cognition (Berghénel et al. 2022). Few studies also specifically targeted the striped skunk, but
they tend to show comparable cognitive performance to other mesopredators (Stanton et al.
2021). The relatively high cognitive abilities of some mesopredators can increase the risk that
they get involve in HWC, because they find ways to exploit anthropogenic resources (Benson-
Amram et al. 2022; Goumas et al. 2020; Schell et al. 2021). Finally, common species are
important to study because of their ecological impact as widespread keystone components of their
communities (Lidicker 2015). None of the three species has a threatened status either at the
global, federal or provincial levels (Government of Québec 2023; Government of Canada 2023;
ITUCN 2023). Globally, according to the IUCN Red List (2023), the striped skunk and red fox are

considered stable, and the raccoon is increasing.



1.3  Cognition

Carnivores’ cognition tends to be understudied compared to other taxa (Benson-Amram et
al. 2022). However, their ecological and behavioural diversity makes them stimulating research
subjects and allows comparative cognitive studies. In addition, exposure to humans can drive
changes in their behaviour and cognitive abilities (Benson-Amram et al. 2022) which makes them

good candidates to study the impact of anthropogenic changes.

The field of animal behaviour is replete with terms with inconsistent definitions. For this
reason, it is important to establish the definitions of the terms that are used in this thesis and put
them in relation to one another. Cognition is the process by which animals interpret, retain, and
act on information collected through their senses (Morand-Ferron et al. 2016; Shettleworth 2010),
and it has the potential to modulate HWC (Barrett et al. 2019; Blackwell et al. 2016; Higham and
Shelton 2011; Lowry et al. 2013; Sarmento and Berger 2017). Cognitive process can lead to an
innovation, which is the invention of a new behaviour or modification of an existing one (Griffin
and Guez 2014; Reader et al. 2016). Ramsey and colleagues (2007) add that the innovation
cannot be the result of social learning or environmental induction. Innovation is required to solve
a new problem, which helps wildlife thrive in environments where there are novel challenges
(Barrett et al. 2019; Griffin et al. 2017). Innovation can be considered at the individual level (as
we do in this thesis) or at a higher level (group, population or species; Ramsey et al. 2007).
Problem-solving consists in finding a novel mean to reach a goal when direct means are
unavailable, and it is a sign of behavioural flexibility (Barrett et al. 2019; Benson-Amram et al.
2022; Griffin and Guez 2014; Lea et al. 2020; Seed and Call 2010). Behavioural flexibility is the
ability to adapt efficiently to variation in environment, by altering its behaviour, freed from
intrinsic constraint (Audet and Lefebvre 2017; Coppens et al. 2010; Lea et al. 2020). Learning is
a change in response (behaviour) to a stimulus (Chow et al. 2016; McFarland 2014; Papaj et al.
2019). It is the mechanism by which innovation is consolidated and integrated in the behavioural
repertoire (Daniels et al. 2019; Ramsey et al. 2007). There are multiple variants of learning, and
this thesis is interested in operant learning, when the animal learns of a predictive relationship

between an action and an outcome (Griffin et al. 2015).

Both problem-solving and learning are highly contextual and vary between individuals.

Cognitive performance varies with taxonomy (Benson-Amram et al. 2016, 2022), and between



populations and individuals (Barrett et al. 2019; McDougall et al. 2006; Merrick and Koprowski
2017; Thornton and Lukas 2012). The environment has an immense influence on the cognitive
process (Owen et al. 2017). Innovation and learning can be adaptive as they can provide access to
novel resources, particularly in relation to human induced changes (Benson-Amram et al. 2022;
Daniels et al. 2019; Johnson-Ulrich et al. 2022; Lea et al. 2020; Papaj et al. 2019). Learning is
part of a raccoon foraging strategy (Dalgish and Anderson 1979), and probably for other species
as well, and is involved in food extraction tasks. As a result, cognition allows organisms to adapt
to novel or changing environment (Mettke-Hofmann 2014, Sol et al. 2016). We need to be careful
when drawing conclusions from animal cognition studies, assessing cognitive skills on the basis
of their adaptive value for the study species and not from an anthropocentric viewpoint (Brauer et

al. 2020).

With its apparent intelligence, the common raccoon started to be considered an interesting
model to study behaviour at the start of the 20" century (Cole 1907, 1912, 1915; Davis 1907;
Gregg and McPheeters 1913). Practical and scientific considerations slowly contributed to the
demise of the raccoon as a study subject about two decades later (Pettit 2010). For many years
onward, we saw a handful of mostly laboratory-based studies of the raccoon cognition (Dalgish
and Anderson 1979; Davis 1984; Elder and Nissen 1933; Johnson and Michels 1958; Michels et
al. 1961; Warren and Warren 1962). Meanwhile, more abundant studies focused on other aspects
of the raccoons’ behaviour like foraging, dispersal and mating mostly out of public health
interests and nuisance concerns (e.g., Beasley and Rhodes 2010; Hauver et al. 2010; Judson et al.
1994; Reynolds et al. 2015; Robert et al. 2012; Rosatte et al. 2010). The cognitive buffer analysis
states that large brain size relative to the body is associated with better cognitive abilities (Sol
2009) and that holds true within Carnivores (Benson-Amram et al. 2016). Raccoons fit in this
paradigm as a potentially performing species because of their relatively large brain and neuron
density (Jardim-Messeder et al. 2017). Even within raccoons, those that are better problem-
solvers exhibit more cells in the hippocampus region of the brain (Jacob et al. 2021), and urban

raccoons exhibit higher relative brain size (Anderson 2020).
1.4  Linking behaviour and management

Wildlife managers often overlook animal behaviour when addressing HWCs (Berger-Tal

et al. 2011; Blackwell et al. 2016; Caro 2007; Edelblutte et al. 2022; McDougall et al. 2006).



They tend to only see the big picture: the population effect of mitigation methods and net results
to stakeholders. In reality, conservation actions and their efficacy are tightly linked to wildlife
behaviour and cognition (Greggor et al. 2014, 2020; Merrick and Koprowski 2017). Merging
behavioural studies with conservation is regarded as a way to optimize protected area planning
and wildlife management (Blumstein and Fernandez-Juricic 2010; Berger-Tal and Saltz 2016;
Caro and Sherman 2011; Graeme 2019; Greggor et al. 2016; Marzluff and Swift 2017; Mumby
and Plotnik 2018). Information about cognition helps with conservation measures by shedding
light on the motivation and obstacles for engaging in a behaviour (Edelblutte et al. 2022; Mumby
and Plotnik 2018) and the various stages of the cognitive process (Barrett et al. 2019; Greggor et
al. 2014). Although more and more recognized as important, the connection between behaviour
and conservation has been understudied (Barrett et al. 2019; Berger-Tal et al. 2016; Blumstein
and Fernandez-Juricic 2004; Merrick and Koprowski 2017). Greggor et al. (2016) highlighted
research priorities for the integration of the two domains, including questions on the behavioural
responses to human recreation activities, protected area management and behavioural
characteristics involved in conflicts. From a research standpoint, studying behaviour in wild
settings informs us on the ecological drivers of cognition (Cauchoix et al. 2017; Fehlmann et al.
2020; Griffin et al. 2017; MacDonald and Ritvo 2016). High cognitive abilities can have an
adverse effect on the species itself, as it can lead to more conflicts with humans (Barrett et al.
2019; Greggor et al. 2016). Furthermore, if we can identify intraspecific variation in cognitive
ability, we can implement more targeted mitigation method toward problematic individuals

(Barrett et al. 2019; Swan et al. 2017).
1.5  Partnership and stakeholders’ engagement

Human-wildlife conflicts are often more about discordance between different (human)
group of interests (Peterson et al. 2010; Redpath et al. 2015). This is why stakeholders’
engagement is important to truly address the roots of conflicts (Konig et al. 2021; Marchini 2014;
Nyhus 2016; Treves et al. 2006, 2009). Researchers also need to partner with wildlife managers
to optimize the use of all the data they can obtain in the field. And in the end, researchers need to
reach out to various stakeholders with easily comprehensible and practical recommendations

(Sutherland and Wordley 2017).



In the specific context of this thesis, managers of protected areas and experts in wildlife
control and trapping are identified as stakeholders on the topic and were contacted to obtain their
point of view and possibly access unpublished documentation. Sépaq has been involved in the
research project from the start, including discussion on the scope of the study, research questions
and methodology for the experimental stage. We contacted wildlife control professionals and
trappers through their respective associations in Québec, to obtain additional literature on which
they might base their practices and to have their opinion on the subject. Contacting stakeholders
is an essential albeit overlooked part of systematic reviews (Haddaway et al. 2017; White and

Ward 2010).

All field work for this thesis was conducted in collaboration with Sépaq in national parks
in southern Québec (Fig. 1.1). In January 2019, we met with the head of conservation which gave
us the greenlight to go ahead, working directly with parks management. I selected parks with the
most severe HWC issues with raccoons (Fig. 1.1). The parks themselves are divided in zones
based on usage, from intensive recreation to extreme preservation zones, through service areas.
Three field seasons were conducted in Yamaska and iles-de-Boucherville national parks, two
seasons in Plaisance national park, and only exploratory field work was done in Oka national

park.
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Figure 1.1 National parks in southern Québec categorized according to severity of HWC

involving raccoons (source: Denis, 2017a).

Concordia University, Sépaq and the Québec Minister of the Environment, the Fight
Against Climate Change, Wildlife and Parks (MELCCEFP) all emitted permits and authorizations

to conduct the research.
1.6  Objectives

With this thesis I aimed to assess two cognitive traits in a common nuisance species (the
raccoon) and use that information to improve current mitigation methods applied to conflicts
between mesopredators and humans. To achieve this goal, I took two main approaches. First, I
looked to available information through a systematic search to define conflicts between humans
and mesopredators, and evaluated mitigation strategies used in the past. Then I set up an
experimental study to obtain behavioural data on raccoons when they are exposed to cognitive
tasks. Through these experiments, I studied their cognitive abilities, more precisely problem-

solving and learning. I finally combined information about mesopredators management and their



cognition to integrate the two fields. Combining all those results, I set out to link the study of
cognition to the management of wildlife. This gives my results more relevance when translated
into the context of HWC that requires management actions. Because this project was developed
with the input of various stakeholders, I will seek out opportunities to offer practical management
input based on the results of these studies. I will be able to make recommendations about which
mitigation methods would be the most appropriate to deal with the innovative raccoon in many

conflictual situations in Québec.

Objective 1: Describe the context in which HWCs involving three common species of
mammal mesopredators happen and evaluate the efficacy of various mitigation methods to
decrease these HWCs. In chapter 2, I conducted a narrative synthesis with the papers collected
through a systematic search. I applied rigorous search and review protocols, based on available
standards. | searched for mitigation methods applied on the common raccoon, the red fox and the
striped skunk, and extracted information about the conflict, the context, the publication and the
mitigation methods. I followed with a meta-analysis on the efficacy of experimentally tested
methods. Meta-analytical calculations summarized which methods were efficient or not. Finally, I

highlighted the limitations and knowledge gaps in literature pertaining to this subject.

Objective 2: Study the problem-solving ability of raccoons (chapter 3), under the
hypothesis that problem-solving will vary in relation to external factors and behavioural traits.
My sub-objectives were 1) to compare raccoons foraging in different zones of protected areas
based on the human activity, 2) compare raccoons foraging alone or with conspecifics, 3)
estimate the between individuals’ variability in problem-solving, and 4) test two different
cognitive tasks (puzzles). Raccoons are excellent study subjects because they are already known
to have good cognitive abilities (relative to other mammals), are abundant in southern Québec
and are involved in frequent conflicts with humans. Studying cognition in wild animals, free to

interact with the experimental devices, puts those results in an ecologically relevant framework.

Objective 3: Study the learning ability of raccoons (chapter 4), under the hypothesis that
learning will vary in relation to external factors and behavioural traits. I used the same
experimental setup as the previous objective, evaluating problem-solving performance on two
cognitive tasks over consecutive trials. I identified raccoons individually from the video records

and was able to document if they participated in the experiment on different nights, which were



considered trials. I considered the effect of exposure to humans (different zones within the parks)
and task difficulty. I also explored the effect of two behavioural traits on learning: persistence and
exploratory diversity. Finally, we predict that learned solution will be retained for long periods, so
I tested for the effect of the off-season (no experimentation for many months between field
seasons) on their performances. Evaluating learning in addition to problem-solving offered a
better picture of the raccoons’ cognitive abilities and how it can explain their success in different

environments.
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Chapter 2. Methods to mitigate human-wildlife conflicts involving common mesopredators:

A meta-analysis

Lazure, L. and Weladji, R.B. 2023. Methods to mitigate human-wildlife conflicts involving

common mesopredators: A meta-analysis. Journal of Wildlife Management. €22526.
2.1 Abstract

Conlflicts between humans and mesopredators are frequent and widespread. Over the last
decades, conflicts have led to the development and application of different mitigation methods to
diminish the costs and damage caused by such conflicts. We conducted a systematic literature
search and meta-analysis to assess the influence of different mitigation methods on 3 common
nuisance species: raccoons (Procyon lotor), red foxes (Vulpes vulpes), and striped skunks
(Mephitis mephitis). A majority of the studies, from 1963-2022, were conducted in North
America, followed by Australia, and Europe. The predation of wildlife species of conservation
concern by nuisance species is the main reported source of conflict in the published literature.
Lethal control is the most commonly tested method and is generally effective at reducing
conflicts based on the calculated effect size. Barriers have mixed effects, with electric fences and
nest exclosures both being effective, whereas conventional fences seem to be less effective.
Repellents mimicking predators (e.g., guard animal, predator smell) are also effective.
Conditioned taste aversion is a promising approach, but no precise product or chemical has
proven to be effective. Many interventions suffered from a lack of wvalidation through
experimental approach. Research on human-mesopredator conflict mitigation would benefit from
repeated studies using the same methods in similar contexts thus reducing heterogeneity in the

results and by testing new and innovative methods.
2.2 Introduction

In the era of the Anthropocene, coexistence between humans and wildlife inevitably leads
to interactions. They vary in scale and intensity, and can be positive, negative, or neutral
(Peterson et al. 2010, Prescott 2011, Nyhus 2016, Lozano et al. 2019, Hill, 2021). The term
human-wildlife conflict (HWC) is used when there is a real or perceived threat to humans or their
interests, leading to negative effects on humans and frequent retaliation against fauna

(International Union for Conservation of Nature [IUCN] 2020, Su et al. 2022). Human-wildlife
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conflicts often prompt the introduction of mitigation measures, which seek to reduce, contain, or

remove damages (Messmer 2000, Marchini 2014, Conover and Conover 2022).

Increasing human tolerance to interactions with wildlife would be an important first step
to deal with HWCs but is either underemphasized or overlooked completely (Messmer 2000,
Treves et al. 2009, Curtis and Hadidian 2010, Baruch-Mordo et al. 2011, Dubois et al. 2017).
Historically, lethal solutions have been put forward to mitigate HWCs (Treves and Naughton-
Treves 2005, McManus et al. 2015), and their use persists today. Lethal methods have the
advantage of directly decreasing the size of the problematic population, thus reducing the risk of
damage in the short-term (Drake 2014). A survey among ranchers in Wyoming, USA,
demonstrated that lethal methods were perceived to be more effective than nonlethal ones against
a range of predators, including foxes (Scasta et al. 2017). It has also been reported to be more
simple and cheaper to implement, but it is not always the case (McManus et al. 2015). It is often
an effective method that yields concrete welfare benefits for remaining animals (Hampton et al.
2018). Despite its extensive use, lethal management has been increasingly unpopular and
controversial with the public and is currently under regulatory oversight and ethical
considerations (Liss 1997, Reiter et al. 1999, Dubois et al. 2017, Boulet et al. 2021, Conover and
Conover 2022). Lethal control remains more acceptable against mesopredators compared to more
charismatic megafauna (Glas 2016) and is more acceptable toward introduced or pest species
(van Eeden et al. 2020). Acceptability also differs by the demographics and attitudes toward
wildlife of the person surveyed (van Eeden et al. 2019, Baker et al. 2020).

For social acceptability and ethical considerations, nonlethal management approaches
should be considered if not currently prioritized in mitigating human—wildlife conflicts (Shivik
2006, Drake 2014). Even for the control of large predators, nonlethal approaches are favored by
the public, from rural to urban areas in Ohio, USA (Stanger et al. 2022). Such methods are novel
and largely untested, or established but understudied, and their effectiveness needs to be
compared to lethal methods in a scientifically-sound manner (Sillero-Zubiri et al. 2007).
Nonlethal methods include physical barriers (i.e., any structure that can impede access to a
particular place or object [fences, exclosures]), aversive and disruptive stimuli, guard animals and
conditioned taste aversion (CTA; Treves and Karanth 2003, Baker et al. 2007a). Apart from
barriers, nonlethal methods are often based on cognitive mechanisms such as learning, neophobia

(fear of novelty), and categorization (process of classifying or differentiating cues; Greggor et al.
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2014). For example, by combining food with a chemical compound resulting in a negative
stimulus, CTA draws on the cognitive mechanisms of association and learning (Schulte 2016,
Snijders et al. 2021). Although animal cognition is extensively studied, its applicability to

wildlife management has been the subject of less investigation.

In North America, 3 native mammalian species are often mentioned in HWCs: the
common raccoon (Procyon lotor), the striped skunk (Mephitis mephitis), and the red fox (Vulpes
vulpes; Gehrt et al. 2010, Bateman and Fleming 2012, Glas 2016). The distribution of the raccoon
extends to Central America, and it was introduced in Europe and Asia, approximately 100 and 50
years ago, respectively (Lotze and Anderson 1979, Ikeda et al. 2004). The red fox was originally
found in North America, Europe, North Africa, and Asia and was introduced to Australia in the
19" century, making it the terrestrial Carnivore with the widest geographical distribution
(Lariviere and Pasitschniak-Arts 1996, Macdonald and Reynolds 2004). Among terrestrial
vertebrate species in the United States, raccoons, striped skunks and red foxes rank respectively
2md 31 and 10" in the number of complaints received by the United States Department of
Agriculture Animal and Plant Health Inspection Service (USDA APHIS) Wildlife Services
between 2014-2021 (Cassini 2022). Those species qualify as mesopredators: a midranking
predator within an ecosystem (Prugh et al. 2009). More restrictive definitions only include
members of the order Carnivora, weighing between 1-15 kg (Buskirk and Zielinski 2003, Gehrt
and Clark 2003, Roemer et al. 2009). In addition, a mesopredator cannot self-regulate its

population density, in comparison to large apex predators (Wallach et al., 2015).

Under the mesopredator release hypothesis, environmental changes, including
anthropogenic effects, drive large carnivores away from a territory, releasing competition and
creating an expansion in density or distribution of mesopredators (Crooks and Soulé 1999, Prugh
et al. 2009). This can lead to more frequent HWCs with mesopredators as they become more
pervasive in an area (Curtis and Hadidian 2010). These common species are important to study
because of their ecological influences as widespread keystone components of their communities
(Lidicker 2015). Literature on human-carnivore conflicts is strongly biased toward large species
(such as wolves, bears, and big cats), whereas the medium-sized families Mephitidae and
Procyonidea are underrepresented (Lozano et al. 2019). Furthermore, we included raccoons, red
foxes, and striped skunks in the same study because any mitigation method used against one

could be relatively easily adapted to the others. We excluded coyotes (Canis latrans) from the
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study despite them being sometimes classified as mesopredators (Buskirk and Zielinski 2003,
Prugh et al. 2009, Bateman and Fleming 2012, Glas, 2016). Due to their larger size, the severity
of the conflicts and more negative human perception (Fox 2006, Curtis et al. 2007, Bateman and
Fleming 2012, Elliot et al. 2016), they require mitigation methods that are not easily transferable
to the 3 selected species. Furthermore, with the range contraction of wolves (Canis lupus) and
other large carnivores in North America (Berger and Gese 2007, Ripple et al. 2014), coyotes are
now functionally and ecologically apex predators in many ecosystems (Crooks and Soulé 1999,

Roemer et al. 2009, Prugh et al. 2009, Wallach et al. 2015).

A lot of HWC management actions are based on a limited and informal transmission of
information based on discussions with various stakeholders (e.g., trappers, pest control
professionals, protected area managers, municipal service managers). Human-wildlife conflict
management is very context-dependent, so the accumulation of studies produces a corpus of data
from experiments varying in terms of species, habitats, sample characteristics, research designs,
analytic strategies, and sampling errors (Cooper and Hedges 2009, IUCN 2020). An ideal HWC
management plan needs to select appropriate mitigation methods and tools and elaborate on their
known (or unknown) effectiveness (Can 2021). Systematic surveys and meta-analyses are
powerful tools to regroup and synthetize research evidence (Pullin and Stewart 2006, Koricheva
et al. 2013, Pullin et al. 2013). In the past, they have covered topics such as wildlife conservation,
natural resources management, animal behaviour and more recently HWCs (Inskip and
Zimmermann 2009, Kansky et al. 2014, Seoraj-Pillai and Pillay 2016, Snijders et al. 2019). A
systematic review is therefore important in exploring the link between mitigation methods and
the animal behavioural responses to determine the efficacy of the intervention (Greggor et al.

2016).

Here, we present an analytical review of mitigation methods toward 3 common mammal
mesopredators (raccoon, red fox, striped skunk). Our objectives were to survey the mitigation
methods that have been tested and the context in which the studies have been conducted, obtain a

general picture of their efficacy, and identify knowledge gaps.
2.3 Methods

We first conducted a systematic literature search and then conducted a meta-analysis on a

subset of selected studies (Pullin and Stewart 2006). We designed a rigorous search methodology
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to handle unavoidable challenges in exploring an ecologically and sociologically complex topic
such as inconsistent reporting, and disparity in the methods and contexts between studies (Inskip

and Zimmermann 2009, Holland et al. 2018).
2.3.1 Literature Search

We followed the guidelines and standards for systematic reviews and maps (Haddaway et al.
2018; Appendix 2.7.1). We gathered articles and other documents published in English and
French in Web of Sciences, ProQuest, bioRxiv, and Google Scholar. In addition, we consulted 35
websites related to wildlife conservation and management (Appendix 2.7.2). In search engines,
we combined 2 keywords: 1 corresponding to the focus species (common or scientific name) and
lcorresponding to the topic of interest, among the following terms: conflict, control, habituation,
mitigation, nuisance, persecution, pest, and problem. Additionally, we analysed the reference
sections of found articles allowing us to incorporate additional articles in our study. We first
screened the retrieved literature based on their title, then the abstract and finally the full text.
Inclusion was conservative, meaning that when in doubt, we included an article to be reviewed in
the next stage. An article containing quantitative data on a method’s effectiveness was eligible for
inclusion. We included studies with before—after, control-impact or a combined research design,
and that explicitly stated the studied population, intervention, comparison and outcome (Berger-
Tal et al. 2019). Causes of exclusion at the full-text screening stage included: incompatible goal
of study, wrong species or context, issue in research design, missing methodological details,

unreported sample size, inadequate comparators, and not reporting new data.
2.3.2 Data extraction and synthesis

We read selected studies and coded extracted data to manage the discrepancy in measures
from one study to another (Table 2.1). We assigned each study to a conflict type: wildlife killing
(when the mesopredator preys are species of conservation concerns, which conservationists are
monitoring or actively managing for their protection), livestock killing, disease spread, vehicle
collision, annoyance, or multiple concurrent conflicts. We did not quantitatively evaluate the
severity of conflicts for each publication. Instead, we described the severity using criteria
reported by previous studies (Inskip and Zimmerman 2009, Seoraj-Pillai and Pillay 2016), which
was quite subjective given that only limited information was provided by each study. We

categorized mitigation methods in the following categories (and sub-categories within
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parenthesis): lethal methods (poison, shooting, traps), barriers (conventional fences, electric
fences, exclosures), repellents (competitor signals, predator signals, sensory stimuli, guard
animals), CTA (different chemical compounds), diversionary feeding, reduction of attractants,
and the combination of more than one method applied simultaneously. We then recorded if these
methods were reported by the authors as successful at reducing HWCs, made them worse or had
no effect. We collected metadata on a variety of aspects of the study, including bibliographical
information, study year, location characteristics, target species, and intervention (Snijders et al.
2019). We calculated descriptive statistics of the metadata, allowing us to better understand the

published literature on human-mesopredator conflicts and its management.

Table 2.1 Extracted data from selected publications after systematic literature search on
mitigation of conflicts with common mammal mesopredators to describe literature on human-
mesopredators conflicts, describe the context of the conflicts, report mitigation experiments, and

calculate effect sizes.

Literature Conflict Mitigation Effect size

Authors Habitat Method (main types) Sample size

Country Species Method (sub-types) Mean of control/after
group

Journal (or type of Human antagonist ~ Experimental design Mean of

publication) treatment/before group

Title Severity of conflict Response variables Standard deviation of

control/after group

Year of publication Type of conflict Duration of Standard deviation of
experiment treatment/before group
Effect as reported by
authors

Variation (%) of

outcome
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The selected studies covered different contexts, species, methods, durations, and response
variables. As a result, heterogeneity (confounding factors) in the data is high and raises issues of
comparability. To address these concerns, we took 4 precautions: we described the different
contexts and methods seen in the literature; we analysed the data at different levels, by mitigation
methods and by species; we explored the potential of publication bias and knowledge gap; and

we carefully and conservatively interpreted the results.

We organized the data and determined the response variables used by the authors to test
mitigation efficacy. This could reflect a direct (e.g., mesopredator density) or indirect (e.g.,
survival of a prey species) effect. We then calculated the mean results, the standard deviations

and sample sizes for the control and treatment.
2.3.3 Estimating effect sizes

To assess the effectiveness of mitigation methods, we calculated the Hedges’ d effect size
from each study (Rosenberg et al. 2013). We extracted the mean of conflict metric when
mitigation was applied (treatment, ¥;) or not (control, Y) and applied the following formula:

Y,— ¥
d- — 4 c -!

| , ,
((n,—1)s; + (n,—1)s;
‘ul n.+n,—2

Eq. 2.1

where, n is the sample size, s is the standard deviation, and J is a correction for small sample size.

3
=1 —
Eq. 2.2 / 4(n,+n, —2)—1

Hedges’ d effect size ranges from —oo to +oo. We interpreted the magnitude of effect size
using the following conventional and expanded rule of thumb (Cohen 2013, Sawilowsky 2009):
0.2 small, 0.5 medium, 0.8 large, 1.2 very large and 2.0 huge. The directionality (positive or

negative) was interpreted depending on the metric calculated in each study.

We calculated the sampling variance (v;) as (Rosenberg et al. 2013):

n, + n, d-
Eﬁ:‘d =

Eq.2.3 B n,mn. * 2(n, +n,)’
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We calculated a grand mean effect size (£) by combining effect sizes using a random effects

model (Rosenberg et al. 2013):

_ w8,
g = x
Eq. 2.4 2w,
with variance
- 1
Eq = —=—.
Eq. 2.5 P Zw,

We used the inverse of the variance to weight observations:

Eq. 2.6 5

We conducted categorical meta-analyses where categorical variables were treated as
random effects because we expected the true effect may vary among studies (Gurevitch and
Hedges 1999, Borenstein et al. 2009). We refer to methods which mean effect size with 95% CI
are positive, to be effective. Alternatively, a method will be considered more effective relative to
another if its mean effect size is higher. After obtaining Hedges’ d effect size values, we

calculated heterogeneity to characterize the data in more details. We calculated 2 distinct relative

measures:
Eq. 2.7 Q- = Z W (Es - [—7]:
and
—(n—1
12 = max [n.mu X M]
Eq 2.8 T

The Q test (Qr) assesses the heterogeneity among effect sizes, by following a chi-square
distribution (Huedo-Medina et al. 2006). I?> describes the percentage of variation across studies
that is due to heterogeneity rather than chance (Higgins et al. 2003) and is complementary to Qr
(Huedo-Medina et al. 2006). A significant Qr or high I? suggest that there may be some additional

unexamined factor influencing the effect sizes (Higgins and Thompson 2002).

We used the MetaWin software (version 3.0.7) to perform the meta-analysis calculations

(Rosenberg 2022). We also assessed whether the outcome reported by the authors (i.e., was the
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effect of the mitigation method good, bad, mixed, or neutral) aligned with calculated effect sizes.
To do this, we calculated a 1-way analysis of variance comparing effect sizes of the 4 possible
outcomes. We followed up with a post hoc Tukey Honestly Significant Difference, to do pairwise
comparisons between the outcomes reported in the publications. We conducted a linear regression
between effect size and experiment duration (squared root days) to determine if long-term
mitigation methods yielded higher effect sizes than short-term techniques. We used R (4.2.3, R
Core Team 2023) to calculate the analysis of variance and linear regression, and set the

significance level at o = 0.05.
2.3.4 Assessing publication bias

We used a rank correlation test (Spearman's p) to determine whether there was a
significant correlation between sample size and effect size, which would suggest a bias toward
publication of tests with larger effects (Begg and Mazumdar 1994, Branton and Richardson
2011). We also performed a cumulative meta-analysis, ordered by year of publication (Leimu and
Koricheva 2004). We randomly assigned orders to experiments published within the same paper.
We also used 2 methods to estimate the number of missing studies necessary to change the results
of the meta-analysis from significant to nonsignificant. We performed the trim and fill procedures
to find unpublished results (Moller and Jennions 2001, Jennions and Meller 2002). We used 3
estimators (Ro, Lo, Qo) and reported the 3 results (Duval and Tweedie 2000, Shi and Lin 2019).
We also calculated a fail-safe number (Rosenberg method, N+) to estimate the number of
unreported non-significant studies needed to change an overall significance to non-significance
(Rosenthal 1979, Rosenberg 2005, Branton and Richardson 2011). We will compare N+ to
Rosenthal (1979) rule of thumb of 5k + 10 (kK = number of studies in the meta-analysis) indicating
vulnerability to publication bias. We calculated Spearman’s p with the program R (4.2.3, R Core
Team 2023) and ran the other analyses with MetaWin (Rosenberg 2022).

2.4 Results
2.4.1 Attribute of literature

As expected, we obtained a low specificity (proportion of retrieved material judged
relevant; Pullin and Stewart 2006; Appendix 2.7.3). We retained 218 experiments from 148
different published sources in the descriptive review (Appendix 2.7.4). The 3 oldest papers
selected are from Balser et al. (1968), Chessness et al. (1968) and Mann (1968). There was a
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steady increase (from 0.5-1.43 times) in the number of papers over the decades up until the
2000s, and a plateau between the 2000s and 2010s. Scientific journals were the main source of
data (129/148), followed by proceedings (7), reports (5), thesis (5), patent (1) and book (1).
Among peer-reviewed articles, wildlife management journals were the most common including
The Journal of Wildlife Management (21/129), Wildlife Society Bulletin (11), Wildlife Research
(11), Biological Conservation (10) and Journal of Applied Ecology (9) with all other sources
representing <5 each. The United States was the most represented country in the literature

(74/148; Fig. 2.1), followed by Australia (38), the United Kingdom (11) and Canada (7).
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Figure 2.1 Source countries of studies found through the systematic review from 1968 to 2022
regarding mitigation methods to manage human-wildlife conflicts involving raccoons, red foxes
and striped skunks. The legend represents the number of articles per country. Scale is only true at

the Equator.
2.4.2 Mesopredator-human conflicts description

The red fox was the most common subject of the studies (106/218), followed by raccoons
(38) and striped skunks (15). An additional 59 studies looked at mitigation aimed at multiple
species, including >2 of the species of interest. In North America, all 3 species were identified in
the publications, often concomitantly (raccoons in 36 studies, striped skunks 14, red fox 12, and
58 studies with more than 1 species). In Australia, Europe and the Middle East, all interactions

were about the red fox. Overall, severity levels qualified as either low or moderate. Most
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experiments related to conflicts over wildlife killing (154), especially predation of shorebirds and
turtles’ nests. Other type of conflicts that prompted testing mitigation methods were livestock
killing (19), annoyance or nuisance (6), risk of disease transmission (6) and collision with
vehicles (3). In urbanized settings, material damage and annoyance were the most common form
of nuisance. Some conflicts were multifaceted (7), and 22 studies did not report a specific
conflict. Different types of conflicts affected all species, but foxes were involved in all livestock
killing and multifaceted conflicts and were never reported as a source of annoyance. Wildlife
managers were the most common human antagonists in conflicts with mesopredators (156),
whereas farmers and ranchers were the second most affected group (20). Other groups (< 6 each)
included: public health managers, pest control professionals, hunters, drivers, and the general
public. No specific human antagonists were identified in 20 studies. Studies were most
commonly carried out in forested habitats (62), followed in order by agricultural lands (32),
seashores (32), prairies (26), wetlands (25), arid regions (12), urban/suburban areas (11),

freshwater habitats (7), in captivity (4) and in 7 studies, it was not determined.
2.4.3 Mitigation methods

A wide range of mitigation methods has been tested, with lethal methods representing 112
studies. The relative number of lethal method evaluations remained between 36 and 86% every
decade up until the 2020s. The other represented mitigation methods were barriers (36),
repellents (26), CTA (19), and diversionary feeding (9). Most studies (121) collected data >1 year
from the start of the experiment. Very few (6) tested immediate effects (<1 day). On average,
experiments and the monitoring of effects lasted slightly > 3 years. A majority (58%) of the
studies measured mitigation effects (response variable) through indirect measures such as nest
success, prey population size and predation rates. Most experiments were designed as
control-impact (122), others being before—after (38) or the combination of both designs (43). A
remaining 15 studies did not provide information on the study design or involved another type of

study (e.g., modelling).
2.4.4 Effectiveness of interventions

We included 137 experiments in the meta-analysis, from 88 distinct publications. Mean
global effect size was 1.019 (95% CI= 0.830-1.209), which is a large effect. Heterogeneity
measures were Qr = 213.07 (df = 136, P <0.001) and I* = 36.17%. When we pooled all species
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together, some mitigation methods stood out as being effective (Fig. 2.2). Lethal methods
produced a large effect size (ES = 1.161, 95% CI = 0.899-1.424; Fig. 2.2). Exclosures over nests
(ES = 1.219, 95% CI = 0.714-1.723) and electric fences (ES = 1.192, 95% CI = 0.607-1.777)
seemed to be effective, whereas traditional fences were not (ES = 0.224, 95% CI= -
0.587-1.034). Guard animals (ES = 1.983, 95% CI = 0.132-3.834) and predator smells (ES =
1.415, 95% CI= 0.356-2.473) were very efficient methods to repel mesopredators, whereas
competitor mimics (ES = -0.934, 95% CI = -2.457-0.590) and lights (ES = -0.105, 95% CI = -
2.312-2.103) were not. Conditioned taste aversion was effective (ES = 0.849, 95% CI=
0.262—-1.436), but no single product was sufficiently tested to prove to be a good option.
Diversionary feeding (ES = 0.387, 95% CI = -0.556—1.329), reduction of attractants (ES = 1.437,
95% CI= -0.650-3.524) and the combination of >1 method (ES = 1.242, 95% CI= -
0.480-2.964) all had non-significant results. Other mitigation methods that were reported in the
literature but were not included in the meta-analysis (either not tested, not adequately reported or
insufficient sample size) are: field borders, sensory-based repellents, fertility control, human

presence, and other combinations of different methods.

22



LETHAL (71) | ——
1
1
1
1
1
1
BARRIER (24) ! —
1
1
1
(2] 1
o
8 |
£ 1
g REPELLENT (16) | —
1
[ T
o 1
© 1
il 1
= |
1
CONDITIOND TASTE AVERSION (13) D —————
1
1
1
1
DIVERSIONARY (6)] L—e
REDUCTION OF ATTRAGTANTS (2) : .
COMBINED (2) : .
2 E 0 1 2 3

Mean with 95% CI

Figure 2.2 Effect sizes (mean with 95% CI) by types (black) and sub-types (if n>1; grey) of
mitigation methods against human-wildlife conflicts involving raccoons, red foxes and striped
skunks, following a meta-analysis covering 1963-2022. The sample size is within the parenthesis

next to the methods.

An analysis by species showed that mitigation methods tended to be successful against
raccoons (ES = 1.213, 95% CI= 0.712-1.715, n = 20) and red foxes (ES = 1.138, 95% CI =
0.852-1.425, n = 65). Lethal methods and repellents showed very large effect sizes against
raccoons, unlike barriers and CTA (Table 2.2). Barriers, diversionary feeding, reduction of
attractants and repellents did not show significant effect size against red foxes; on the other hand,
CTA and lethal methods (more precisely the use of poison baits) had very large effect sizes (Table
2.2). There have been less experiments conducted with skunks, and there was no indication that
mitigation methods have been successful (ES = 0.128, 95% CI= -0.696-0.951, n= 8). The
efficacy of mitigation also differed depending on the type of conflict (Table 2.3).
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Table 2.2 Effect size with 95% CI and sample size of different types and sub-types of mitigation
methods effect, following a meta-analysis on 3 common mammal mesopredators. CTA =

conditioned taste aversion.

Species Mitigation Effect size 95% CI Sample size
Raccoon Barriers 0.764 -0.689-2.218 3
CTA 0.695 -0.501-1.891 4
Estrogen 0.608 -0.935-2.150 3
Lethal 1.323 0.398-2.248 7
Traps 1.306 0.230-2.382 6
Repellents 1.835 0.776-2.894 5
Predator mimic 2.037 0.775-3.299 4
Red fox Barriers 0.426 -0.646-1.498 6
Exclosures 0.800 -0.755-2.354 3
Fences -0.143 -1.929-1.643 2
CTA 1.195 0.349-2.042 8
Thiram 0.081 -0.649-1.538 5
Diversionary feeding 1.376 -0.135-2.887 3
Lethal 1.375 0.971-1.778 38
Poison 1.657 1.191-2.123 30
Shooting 1.342 -0.459-3.143 2
Traps 0.081 -0.932-1.094 6
Reduction of attractants 1.439 -0.787-3.665 2
Repellents 0.033 -0.976-1.043 7
Competitor mimic -1.404 -3.228-0.421 2
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Guard animals
Light
Striped skunk Lethal
Traps
Repellents

Predator mimic

1.373

-0.105

0.570

0.647

-0.078

0.226

-0.664-3.410

-2.092-1.883

-0.525-1.664

-0.539-1.834

-0.947-0.790

-0.633-1.084
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Table 2.3 Effect size with 95% CI and sample size of mitigation efforts on different type of

conflicts involving common mammal mesopredators. CTA = conditioned taste aversion.

Type of conflict

Effect

size

95% CI

Sample size per type of mitigation

used

Annoyance
Vehicle collision

Disease spread

Livestock killing

Multiple concurrent conflicts

Wildlife killing

Not defined

-0.347

-0.057

1.153

0.939

0.657

1.080

1.061

-2.145-1.451

-1.129-1.015

0.248-2.059

0.137-1.740

-0.624-1.937

0.864-1.297

0.449-1.673

2 Repellent

3 Barrier

4 Lethal

1 CTA

5 Repellent

2 Reduction attractants
2 Lethal

1 Barrier

2 Lethal

1 Barrier

61 Lethal

18 Barrier

11 CTA

6 Diversionary feeding
3 Not defined

2 Combined

9 Repellent

2 Lethal

1 CTA
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When considering the effect sizes, 75% study results were positive, 14% neutral, and 11%
negative. Reported outcomes were mostly positive (62% of experiments), while a third (33%) of
the studies reported no effect or mixed results of mitigation methods, and 5% obtained worse
results following mitigation actions. The mean effect sizes difference was very strong between
the reported outcomes (F3,127=23.68, P <0.001): better (ES = 1.618, 95% CI=1.418-1.817, n =
82), mixed (ES = 0.750, 95% CI = 0.189-1.311, n = 11), none (ES = 0.037, 95% CI = -
0.264-0.337, n = 33) and worse (ES = -1.494, 95% CI = -2.266—0.722, n = 6). Most pairwise
comparisons showed moderate to very strong evidence that they differed, except for better versus
mixed (P = 0.059) and mixed versus none (P = 0.400) that showed moderate to no evidence.
There were little to no evidence of a relation between experiment duration and effect size (F1,123 =
0.05, P =0.826; Fig. 2.3). Direct (ES = 0.956, 95% CI = 0.646—-1.266, n = 48) and indirect (ES =
1.053, 95% CI = 0.873—1.288, n = 89) measures yielded similar effect sizes.
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Figure 2.3 Scatterplot, including trendline, of effect size (d) versus total study duration (square
root days) of mitigation methods against human-wildlife conflicts involving red foxes, raccoons
and striped skunks, following a meta-analysis covering 1963-2022. Symbol size is proportional to

the variance (V) weight of each effect size.
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2.4.5 Publication bias

There is strong evidence that studies with larger effect sizes were more likely to be
published than those with smaller effect sizes (Spearman’s p = 0.32, P < 0.001; Koricheva et al.
2013). In the cumulative analysis, we attained a significant and positive effect size (the 95% CI
was >0) starting at the combination of 8 studies (published by 1972). The global effect size
reached a very high level (>1) and remained there by the 79" study (published in 2008). The trim
and fill method found missing studies (n = 2) with only 1 (Ro) of the 3 calculated estimators,
reducing the mean effect size to 0.956 (95% CI = 0.760—-1.152). The fail-safe number N+ = 2,448

is higher than the threshold set at 655, indicating more stable and robust results.
2.5 Discussion

Lethal methods have been the focus of most of the mitigation evaluations and that they
proved to be effective. Based on our results, nonlethal alternatives that also contribute to reducing
conflicts include nest exclosures, electric fences, and some variations on CTA and repellents. We
are still lacking data on behavioural based mitigation, and from studies conducted in urban and

suburban settings.
2.5.1 Conflicts with mesopredators

Raccoons, red foxes and striped skunks are found in various habitats, and their
carnivorous or omnivorous diets make them important predators of other species of conservation
and agricultural interest; wildlife and livestock killings are the most often reported source of
conflicts, in all regions of the world. Mesopredators are known to often prey on eggs from bird
and turtle nests (Conover and Conover 2022). Mitigation was generally effective when the goal
was to control livestock and wildlife killing, and disease spread. On the contrary, vehicle
collisions, annoyance and nuisance, and complex conflicts (>1 type) were more difficult to

mitigate.
2.5.2 Effectiveness of mitigation methods

We calculated a significantly positive ES for 74% percent of studies. This is high
considering studies on large carnivores did not find most mitigation methods effective in
protecting livestock (Eklund et al. 2017) and would indicate that conflicts with mesopredators are

easier to manage. There was not a significant relationship between the duration of an experiment
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and the reported effectiveness of mitigation methods. This could be explained by the nature of the
target species, especially raccoons. Animals with high cognitive abilities have the potential to
find a solution to circumvent an imperfect mitigation method (Blumstein 2016, Barrett et al.
2019). It is possible that long-term application, consistency, and repetitions are necessary for

successful mitigation.

Combining different methods is one area where testing has not been explicit and sufficient
to draw conclusions, but some propose that it might be the key to dealing with problematic
animals (Madden 2004, Shivik 2006, Blackwell et al. 2016, Miller et al. 2016, Baynham-Herd et
al. 2019). Our very limited sample (n = 2) of studies combining multiple methods does not allow
to draw any conclusion on effectiveness. Multiple methods must be deployed simultaneously,
must be designed, and installed with a particular species in mind, and must be modified
periodically to avoid habituation by target species (Treves and Karanth 2003, Baker et al. 20075).
A combination of techniques might also be more effective and last longer (Stringham and
Robinson 2015, Miller et al. 2016). A random rotation of methods could also avoid habituation
(Greggor et al. 2014), and multiple methods can account for individual behaviour differences

(Merrick and Koprowski 2017).
2.5.2.1 Lethal practices

Lethal management practices commonly include shooting, trapping (either immediately
lethal, or followed by euthanasia), and poison. Lethal methods show high efficiency in addressing
HWCs involving raccoons or red foxes. They are also the most common methods used to address
conflicts related to wildlife killing and disease spread, and probably influence the large positive
effect sizes associated with these conflicts (Table 2.3). This efficiency might be limited in time,
such as in Rosatte et al. (2007) control campaign, which saw a return to pre-control population
levels after only 1 year. Baiting campaigns, especially against the red fox in Australia, and lethal
trapping give out relatively consistent results. Shooting for control and hunting tend to have a
positive effect as well, but with more variability in the results. Controlling at the population level
through lethal practices is very labour-intensive and must be maintained over the long-term
(Conover and Conover 2022). On the other hand, individual-based (selective) lethal methods can
be more challenging but might be more readily socially accepted (Swan et al. 2017). Although

lethal methods can be effective, their social and ethical concerns should incite wildlife managers
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to explore nonlethal methods before implementing lethal actions. Lethal control is negatively
perceived by an increasing portion of the public and warrants a conservative approach in its
application (Treves and Naughton-Treves 2005). For proponents of animal rights ethics, lethal
methods should not even be considered, whereas a cost-benefit analysis might make it the best
option for proponents of conservation or welfare ethics (Hutchins 2007, Hampton et al. 2018),

which still makes them relevant albeit unpopular.
2.5.2.2 Barriers

Two main types of barriers are used as mitigation methods: fences and exclosures. Fences
are a traditional and widely used method to keep wildlife away (Breitenmoser et al. 2005,
Hayward and Kerley 2009, Somers and Hayward 2012, Vantassel and Groepper 2016). The
addition of electric wires is common, and Khorozyan and Waltert (2019) reported a sustained
positive effect of electric fences against larger carnivore species. Exclosures, as described in the
literature, are relatively small devices placed on the ground, commonly used to protect birds or
turtles’ nests for the duration of incubation (Yerli et al. 1997, Mabee and Estelle 2000, Beaulieu et
al. 2014, Stringham and Robinson 2015, Bougie et al. 2020). Our results indicate that electrical
fences and exclosures are more effective against mesopredators than regular fences. Electrical
fences should be designed to optimize efficiency based on height and tension (Tsukada et al.
2019, Honda 2022), however there are obvious limitations to an electric fence versus a non-
electric fence. Other than the increased cost, the reliability of the electrical system (e.g., faulty
wires, limited battery life, insufficient solar power) can potentially reduce their efficacy. Care
must be taken when considering barriers, because when applied at large scales they can have
unintended, negative consequences such as limiting movement of other species, disrupting daily
activity and migration, causing injuries, or impending gene flow (Somers and Hayward 2012,

Schell et al. 2021).
2.523CTA

Our results indicate an overall positive effect of CTA, but this is when considering results
from many different chemicals and in different contexts. The application of conditioning is
typically aimed at being aversive to a unique target species and relies on using the appropriate
product (Snijders et al. 2021). We therefore cannot point to an effective chemical to use with

mesopredators in general or for a specific species, thus highlighting the need for more research
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on the subject. Nevertheless, CTA is promoted as a relevant tool to manage endangered species
rehabilitation, pest or invasive species, crop-raiding, and animal tourism (Sarabian et al. 2023).

Snijders et al. (2021) offer guidelines in implementing a CTA program.
2.5.2.4 Diversionary feeding

In line with our results, the review by Kubasiewicz et al. (2016) concluded that
supplementary food is inconsistently taken by target species (mammals, birds); and even when
taken, it does not always reduce conflicts. Diversionary feeding was partially successful to
protect duck nests using dead fish to lure skunks in Utah (Crabtree and Wolfe 1988), but
inefficient against mesopredators in another experiment in North Dakota (Conover et al. 2005). A
study on larger carnivores indicated that supplementary feeding even led to an increase in
damage (Khorozyan and Waltert 2019). Over longer periods of time, supplemental feeding may
have a counterproductive effect by increasing local population size (Conover and Conover 2022).
There is also a risk of spreading disease by concentrating individuals at a feeding site (Castillo et
al. 2011, Moller et al. 2014). Due to the poor success reported, the high cost, and the risk of
worsening conflicts by using diversionary feeding, a thorough evaluation of the target species and
context of HWC is essential if this mitigation should be considered (Kubasiewicz et al. 2016,

Conover and Conover 2022).
2.5.2.5 Repellents

Repellents are a very appealing method to the public because they are nonlethal and seen
as humane (Liss 1997). Methods mimicking predators (smell or sound, guard animal), were more
efficient than methods mimicking competitors and artificial lights, underlining that incorporating
biologically relevant stimuli to the target animal might be more successful (Baker et al. 2007b).
In a comparison of multiple methods, chemical repellents yielded the best results against larger
carnivore species, but with huge variability between studies (Miller et al. 2016). Chemical
repellents also wear off over time and need to be reapplied (Conover and Conover 2022). The
effect of repelling strategies is thought to be short-term and labor-intensive, with animals
habituating (Draulans 1987, Vantassel and Groepper 2016, Khorozyan and Waltert 2019, Petracca
et al. 2019, Conover and Conover 2022) or acquiring a coping mechanism through their cognition

(Daniels et al. 2019, Barrett et al. 2019). In addition, because of their conspicuous visual,
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olfactory or auditory components, repellents can disturb other wildlife and people (Conover and

Conover 2022).

Fear conditioning, through frightening devices, is a variation of the repellent methods, as
it teaches animal to anticipate a negative consequence (aversive stimulus) by responding to a
neutral stimulus (Greggor et al. 2020). The creation of a landscape of fear implies that an animal
will avoid or reduce its activities in an area where perceived risks are higher (e.g., predation) and
secured places within the habitat are removed (Conover and Conover 2022). Fear conditioning is
difficult to implement, because managers must be cautious about what associations are being
taught and habituation may occur (Greggor et al. 2020). Against species with higher cognitive
capacities, frightening devices that incorporate different sensory stimuli may be among the most
promising nonlethal mitigation methods to test (Blumstein 2016). Some other repelling
mitigation methods that were not tested within the systematic review include: pyrotechnics,
effigies and scarecrows, sounds, bright or flashing lights, lasers, reflectors, shock collars, fladry
and flags, gas-guns, drones, motion activated devices, predator models, ultrasounds, hazing by
humans and high-pressure water sprayers (Smith et al. 2000, Baker et al. 2007b, Reidinger and
Miller 2013, Blumstein 2016, Conover and Conover 2022). Fladry barriers seem effective against
larger canids (Musiani et al. 2003, Young et al. 2019, Windell et al. 2021), therefore this might

have potential against foxes.
2.5.2.6 Reduction of attractants

Attractive signals (most often food odours) are often at the root of HWCs. The
distribution of carnivores in urban and agricultural areas is closely related to anthropogenic food
resources (Rivest and Bergeron 1981, Prange et al. 2004, Curtis and Hadidian 2010). Although
our measure of the effect size from a single paper is imprecise, sound waste disposal appears to
be very effective in reducing conflicts with the red fox (Bino et al. 2010). Generally, feeding
wildlife poses high risks of causing conflicts and should be avoided in most cases (Dubois and
Fraser 2013, Griftin and Ciuti 2023). Management already integrates this principle in some
contexts (national parks, campgrounds, cities), but more research is required to validate this

approach.

32



2.5.2.7 Other potential methods

Other mitigation methods were not included in our meta-analysis due to a lack of
published studies evaluating them, such as: fertility control (Ransom et al. 2014), evolutionary
traps involving attracting a target species to a fitness negative resource or situation, thus reducing
survival or reproductive success (Robertson et al. 2017), chemical camouflage consisting in
covering naturally attractive odour with non-rewarding odours (Selonen et al. 2022), or

translocation (Massei et al. 2010; Hill et al. 2023).

Because some methods such as barriers and population reduction measures (e.g., trapping
and poison-baiting campaign) might have far-reaching and unintended consequences, a targeted
approach towards problematic individuals (selective management, profiling) might be sufficient
and is increasingly favored (Sillero-Zubiri et al. 2007, Curtis and Hadidian 2010, Swan et al.
2017, Barrett et al. 2019, Conover and Conover 2022). For innovative species or individuals,
there is a risk that mitigation efforts create novel challenges, therefore only providing a
temporary solution (Barrett et al. 2019). The integration of cognition in developing innovative

mitigation methods is needed and could be promising (Greggor et al. 2020).
2.5.3 Improving reporting

Good data analysis and reporting is dependent on properly conducted studies and
experiments (Warburton and Norton 2010, Reddiex and Forsyth 2006). In our meta-analysis, we
had to exclude 62% of the studies at the full-text screening level, mostly due to issues with the
study design, choice of comparative treatments and goal of the study itself. These are missed
opportunities to learn, what Warburton and Norton (2010) called a failure to increase knowledge
and achieve outcomes. The literature on the mitigation of human-mesopredators conflicts has
increased over time and will likely increase in the coming years as seen in the HWC literature in
general (Su et al. 2022). Wildlife management publications remain favoured scientific outlets to
evaluate and report management practices and techniques, however, it still lacks in its diversity of
contexts studied. Although a variety of habitats is covered in the literature, research in urban
settings is underrepresented considering that mesopredators are strongly associated with cities in
the wildlife management and animal behaviour fields (Prange et al. 2004, Bateman and Fleming
2012, Drake 2014, Barrett et al. 2019, Schell et al. 2021). Additionally, most studies come from

North America, Australia, and a few European countries. Red foxes and raccoons are found in
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numerous countries as native and introduced species (Lotze and Anderson 1979, Lariviére and
Pasitschniak-Arts 1996, Hohmann et al. 2002, Tkeda et al. 2004, Stope 2023). This could be due
to a language barrier but searching French literature did not contribute a single study to the meta-
analysis data set. A single thesis from Québec (Bélanger-Smith 2014) and 1 article from France

(Lieury et al. 2015) were published in English.

Heterogeneity measures suggest that there is substantial heterogeneity and that all studies
do not share a common effect size. This level of heterogeneity makes it more strenuous to draw
overall conclusions (Higgins and Thompson 2002), which is explained by the variety of species,
contexts and methods used in the analysis. Measures of robustness against publication bias (trim-
and-fill method and fails-safe number) do not indicate vulnerability. On the other hand, we
believe that the early positive effect of mitigation measures, as reported by the cumulative meta-
analysis, is explained by a bias of publishing highly successful methods. It is essential to publish
unsuccessful methods and the reason why these methods were unsuccessful (Dubois 2019). A
meta-analysis on the effectiveness of road-kill mitigation also showed a publication bias toward
significant effectiveness in peer-reviewed publications (Rytwinski et al. 2016). Transparency (by
sharing inefficient or failed mitigation experiments and attempts) and more transdisciplinary
approaches will contribute to finding solutions to HWCs (Konig et al. 2020). As in many other
disciplines, we highlight the importance to publish results in easily accessible repositories, such
as scientific publications. On the other hand, pest control specialists and wildlife managers might
not always be able to conduct in-depth research or have access to scholarly publications,
therefore great efforts should be deployed to broadcast relevant results to them, and even
accompany them in integrating review findings in their own practices (Haddaway et al. 2017). In
relation to the meta-analysis itself, the complexification of experimental design and data analysis
renders difficult the extraction and interpretation of data from more recent papers. Complex
models with multiple covariables complicates the extraction of means and standard deviations

from control and experimental samples, necessary to calculate effect size.
2.6 Management implications

Human-wildlife conflicts are complex and not easy to solve, and a poorly informed or
designed intervention can make matters worse. There is no magic bullet to resolve HWC, and a

single technique cannot be expected to work in all situations. Mitigation methods need to be
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chosen based on the species involved, the environment within which it exists, and the type of
conflict. In many cases, highly technical interventions are not practical within the socioeconomic
constraints of developing countries or rural communities, but we demonstrate that rather simple
and accessible methods can be efficient. The integration of more animal behaviour and cognition
studies has the potential to lead to more targeted and efficient mitigation methods, and steer away
from lethal interventions. Successful mitigation methods should facilitate respectful engagement
with wildlife by considering a species ecological requirements, behaviour and preferences to find

a common solution to conflicts.
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2.7 Appendices
Appendix 2.7.1 ROSES review report

Systematic review report following the Reporting standards for systematic evidence
syntheses (ROSES) guidelines, on the effect of mitigation methods to manage conflict with 3
common species of mammal mesopredators: common raccoons (Procyon lotor), red fox (Vulpes

vulpes) and striped skunk (Mephitis mephitis).
Background

During nature-oriented activities, the goals of humans (leisure, relaxation, access to
nature) are sometimes negatively influenced by wildlife (disease transmission, annoyances such
as odour and noise, damages to material, fear). Conversely, wildlife needs are disrupted by
human presence and activities. Recreational activities within protected areas frequently lead to
human-wildlife conflicts (HWC), and wildlife managers often overlook animal behaviour when
addressing such situations (McDougall et al. 2006, Caro 2007, Berger-Tal et al. 2011, Blackwell
et al. 2016).

Behavioural data sheds light on motivations and obstacles for engaging in risky
behaviours (Mumby and Plotnik 2018) and the various stages of the cognitive process (Greggor
et al. 2014, Barrett et al. 2019), thereby influencing the effectiveness of conservation measures.
When behavioural elements are not considered, conflict mitigation methods against species with
high cognitive abilities are often only temporarily successful (Barrett et al. 2019). Mitigation
methods based on behaviour are varied (Shivik and Martin 2000) and can be aversive (stimuli
causing a negative experience paired with specific behaviours), disruptive (undesirable stimuli
that alter the behaviour) or involve some form of training to attain cooperative mitigation (Barrett
et al. 2019). Different species require different approaches (Vantassel and Groepper 2016) and, at
a finer scale, conflicts can be addressed more precisely with problem individuals if they can be
identified (Merrick and Koprowski 2017, Swan et al. 2017). Cost, feasibility, and acceptance are
also to be considered in addition to effectiveness when devising a management intervention

(Snijders et al. 2019).

Québec's network of protected areas offers good opportunities to shed light on the role of
animal behaviour in HWC. Mammal mesopredators (1-15 kg; Prugh et al. 2009) are a recurring

source of nuisance to park users and no mitigation measure has yielded satisfactory results so far
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(Dellarosa 2012; Denis 2017a,b). Within those parks and in the south of the province in general,
raccoons (Procyon lotor), striped skunks (Mephitis mephitis) and red foxes (Vulpes vulpes)
exhibit varying behaviours between and within species, are widely distributed and abundant, and
are involved in frequent interactions with humans. The behaviour of the pervasive raccoon is not
very well understood in conflict situation, and information on their responses to different control
strategies is incomplete and scattered (Curtis and Hadidian 2010). Common species are also
important to study because of their ecological significance as widespread keystone components

of their communities (Lidicker 2015).
Stakeholder engagement

The main stakeholder is the national parks authority (Sépaq). The network of protected
areas has been involved in the research project from the start, including discussion on the scope
of the study, research questions and methodology for the experimental stage. They will be
notified regularly through the systematic review process. Pest management experts will be
contacted to obtain additional literature on which they might base their practices and to have their

opinion on the subject.
Questions

What mitigation methods have been tested to deal with conflict with the 3 target mesopredator

species?

What type of conflict did it address?
Which methods proved effective?

Over what period of time was it effective?

Search components (population, intervention, comparator, outcome [PICO])

Population = Free-living raccoons, red foxes, stripped skunks involved in human-wildlife
conflicts.
Intervention = Techniques or devices intended to prevent the occurrence, or reduce the

frequency or intensity, of conflict.

Comparator =  No intervention in time, space or both. Alternative intervention in time, space or

both.
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Outcome = Human-wildlife incidents (e.g., number of complaints, attacks, undesired close

encounters), material damage, predation, approach of human-populated areas.
Searches

We will gather articles and other documents through a search on different search engines,
in English and French: Web of Sciences, Google Scholar (if no new relevant article is found after
going through 10 pages, the search is completed), ProQuest, bioRxiv. In addition, we will consult

21 websites related to wildlife conservation and management.

We expect a low specificity (proportion of retrieved material judged relevant). We will
browse the references sections of articles for further references. We will search all possible

combinations of the following keywords:

Term 1: species common name or scientific name

Term 2: conflict, control, habituation, mitigation, nuisance, persecution, pest, problem
We will not make an a priori selection of benchmark studies.

Screening strategy

We will first screen the retrieved literature on basis of title then abstract and finally full
text. Inclusion will be conservative, meaning that when we are in doubt, we will include an article
to be reviewed in the next stage. We will automatically transfer articles with relevant titles but no
abstract to the full text screening stage. For consistency checking, all research was conducted or

reviewed by the senior author.
Inclusion

Refer to PICO for inclusion criteria. We will provide reasons for exclusion at full text

screening level.
Appraisal

We will include any study that fit comply to the PICO criteria and has been published in
peer-reviewed journals. Studies that have not been published in peer-reviewed journals need to
have been rigorously conducted and analyzed, based on the scientific method and before—after
and control—intervention study designs. We will qualify the 3 categories of study as high,

medium and low quality in the synthesis.

38



Data synthesis

Description of the conflicts will be a narrative synthesis, but we will assess the
effectiveness of mitigation method quantitively. We will code extracted data, to manage the
discrepancy in measures from one study to another. We will qualitatively evaluate the intensity of
severity based on the authors' statements in their article. We will define the types of conflict
according to Peterson et al. (2010). Human-wildlife conflict measures will depend on each study.
These can be number of complaints, number of animals trapped or killed, extent of damages,
percentage of survey respondent reporting conflict. We will record mitigation techniques only if
they were implemented (not proposed) and quantitative results are available. We will record if
they were successful at reducing HWC, had no effect, or worsen the situation. We will calculate

the effect size (Eklund et al. 2017).
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Appendix 2.7.2 Websites consulted for systematic literature search on the effect of mitigation

methods to manage conflict with mammal mesopredators.

Animal Damage Control [ADC, under the U.S. Deparmtent of Agriculture].
<www.aphis.usda.gov/aphis/ourfocus/wildlifedamage>. Accessed 20 May 2020.

Canadian Parks and Wilderness Society. <http://cpaws.org>. Accessed 20 May 2020.
Center for Conservation and Research. <www.ccrsl.org>. Accessed 20 May 2020.

Commonwealth Scientific and Industrial Research Organisation (CSIRO).

<www.csiro.au/en/Publications>. Accessed 24 April 2023.
Conservation Evidence. <www.conservationevidence.com>. Accessed 24 April 2023.

Database Carnivore Ecology and Conservation. <www.carnivoreconservation.org>. Accessed 20

May 2020.
Defenders of Wildlife. <https://defenders.org/publications>. Accessed 20 May 2020.

Department of Environmental Science, Policy and Management, University of California

Berkeley. <https://ourenvironment.berkeley.edu>. Accessed 20 May 2020.

Department of Renewable Resources, Government of the Northwest Territories, Canada.

<www.enr.gov.nt.ca/en/resources>. Accessed 20 May 2020.

Environment and Climate Change Canada. <www.canada.ca/en/environment-climate-

change.html>. Accessed 18 May 2023.
Fauna & Flora International. <www.fauna-flora.org/documents>. Accessed 20 May 2020.

Food and Agriculture Organisation of the United Nations. <www.fao.org/publications/en>.

Accessed 20 May 2020.
Institute for Wildlife Studies. <www.iws.org>. Accessed 20 May 2020.

ITUCN-Directory of Specialist Groups, Red List Authorities, Task Forces of the Species Survival

Commission [SSC]. <www.iucn.org/ssc-groups>. Accessed 20 May 2020.

ITUCN-Human Wildlife Conflict Task Force [HWCTF] Document Library.

<www.hwctf.org/resources/document-library>. Accessed 17 April 2023.

40


https://www.aphis.usda.gov/aphis/ourfocus/wildlifedamage/
http://cpaws.org/
http://www.ccrsl.org/
https://www.csiro.au/en/Publications
http://www.conservationevidence.com/
http://www.carnivoreconservation.org/
https://defenders.org/publications
https://ourenvironment.berkeley.edu/
http://www.enr.gov.nt.ca/en/resources

TUCN—World Commission on Protected Areas [WCPA]. <www.iucn.org/theme/protected-
areas/publications>. Accessed 20 May 2020.

Little Blue Society — Human-Animal Conflict Resolution. <www.littlebluesociety.org>. Accessed

20 May 2020.
Nature Conservation Foundation. <http://ncf-india.org>. Accessed 20 May 2020.

National Wildlife Research Center — [NWRC, under the U.S. Department of Agriculture].
<www.aphis.usda.gov/aphis/ourfocus/wildlifedamage/programs/nwrc/sa_publications/ct resear

ch_gateway>. Accessed 20 May 2020.

Organisation for Economic Co-operation and Development [OECD] iLibrary. <www.oecd-

ilibrary.org>. Accessed 20 May 2020.
Parks Canada. <www.pc.gc.ca/en/index>. Accessed 20 May 2020.

Research Institute for Agriculture, Fisheries and Food. <www.ilvo.vlaanderen.be/language/en-

US/EN/Research.aspx#. WnRSwa7iblU>. Accessed 20 May 2020.
The Nature Conservancy. <www.nature.org>. Accessed 20 May 2020.
United Nations Environment Programme. <www.unenvironment.org>. Accessed 20 May 2020.
U.S. Environmental Protection Agency. <www.epa.gov>. Accessed 20 May 2020.
U.S. Fish & Wildlife Service. <www.fws.gov>. Accessed 20 May 2020.
U.S. Government Publications. <www.science.gov>. Accessed 20 May 2020.
U.S. National Park Services. <www.nps.gov>. Accessed 20 May 2020.

W.A. Franke College of Forestry & Conservation, University of Montana.
<www.cfc.umt.edu/research/default.php>. Accessed 20 May 2020.

WildCRU. <www.wildcru.org/research/theme/all-projects>. Accessed 20 May 2020.
Wildlife Conservation Society. <https://library.wcs.org>. Accessed 20 May 2020.
WildSmart. <www.wildsmart.ca>. Accessed 20 May 2020.

World Wildlife Fund [WWF]. <www.worldwildlife.org>. Accessed 20 May 2020.
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https://library.wcs.org/

Yale School of Forestry and Environmental Studies. <http://environment.yale.edu>. Accessed 20

May 2020.

Zoological Society London [ZSL]. <www.zsl.org/science/publications/scientific-publications>.

Accessed 20 May 2020.
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Appendix 2.7.3 Figure A2.1

Figure A2.1 Systematic search flow diagram based on the ROSES (Reporting standards for
systematic evidence syntheses) form including the number of selected articles or studies for each
step. The diagram was used to conduct the narrative synthesis and the meta-analysis on the
effectiveness of mitigation methods toward 3 common mesopredators: common raccoon

(Procyon lotor), red fox (Vulpes vulpes) and striped skunk (Mephitis mephitis).
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Haddaway N.R., B. Macura, P. Whaley, and A. S. Pullin. 2017. ROSES flow diagram for systematic reviews. Version 1.0.
DOI: 10.6084/m9.figshare.5897389
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Appendix 2.7.4 Studies included in the systematic review analysis and the meta-analysis on the
effectiveness of mitigation methods toward 3 common mesopredators: common raccoon
(Procyon lotor), red fox (Vulpes vulpes) and striped skunk (Mephitis mephitis). Studies included

in the meta-analysis are marked with (*).

Abraham, C. J. 1996. Non-toxic animal repellent. U.S. Patent Serial Number 5554377. U.S.
Patent and Trademark Office, Alexandria, Virginia, USA.

Amundson, C. L., and T. W. Arnold. 2011. The role of predator removal, density-dependence, and
environmental factors on mallard duckling survival in North Dakota. The Journal of Wildlife

Management 75:1330-1339.

Amundson, C., M. Pieron, T. Arnold, and L. Beaudoin. 2013. The effects of predator removal on
mallard production and population change in northeastern North Dakota. The Journal of

Wildlife Management 77:143—152.

Antworth, R. L., D. A. Pike, and J. C. Stiner. 2006. Nesting ecology, current status, and
conservation of sea turtles on an uninhabited beach in Florida, USA. Biological Conservation

130:10-15.

Baker, P. J., and S. Harris. 2006. Does culling reduce fox (Vulpes vulpes) density in commercial

forests in Wales, UK? European Journal of Wildlife Research 52:99-108.

Baker, S. E., P. J. Johnson, D. Slater, R. W. Watkins, and D. W. Macdonald. 2007. Learned food
aversion with and without an odour cue for protecting untreated baits from wild mammal

foraging. Applied Animal Behaviour Science 102:410—428.

*Balser, D. S., H. H. Dill, and H. K. Nelson. 1968. Effect of predator reduction on waterfowl
nesting success. The Journal of Wildlife Management 32:669—682.

*Banks, P. B. 1999. Predation by introduced foxes on native bush rats in Australia: Do foxes take

the doomed surplus? Journal of Applied Ecology 36:1063—-1071.

*Banks, P., A. Newsome, and C. Dickman. 2000. Predation by red foxes limits recruitment in
populations of eastern grey kangaroos. Austral Ecology 25:283-291.

45



Barrull, J., I. Mate, M. Salicrq, J. Palet, J. G. Casanovas, J. Gosalbez, and J. Ruiz-Olmo. 2014.
Differential response of a carnivore community to predator control: A spatio-temporal

observational study. Italian Journal of Zoology 81:271-279.

*Beasley, J. C., Z. H. Olson, W. S. Beatty, G. Dharmarajan, and O. E. Rhodes Jr. 2013. Effects of
culling on mesopredator population dynamics. PLoS ONE 8:e58982.

*Beaulieu, G., D. Austin, and M. L. Leonard. 2014. Do nest exclosures affect the behaviour of

piping plovers (Charadrius melodus melodus) and their predators? Canadian Journal of Zoology

92:105-112.

*Bélanger-Smith, K. 2014. Evaluating the effects of wildlife exclusion fencing on road mortality
for medium-sized and small mammals along Québec’s Route 175. Thesis, Concordia University,

Montréal, Québec, Canada.

*Bengsen, A. 2014. Effects of coordinated poison-baiting programs on survival and abundance in

two red fox populations. Wildlife Research 41:194-202.

*Bennett, C., S. Chaudhry, L. Gilmer, S. Lee, E. Peterson, J. Rajkowski, K. Shih, S.
Subramaniam, R. Wells, J. White et al. 2009. Excluding mammalian predators from

diamondback terrapin nesting beaches with an electric fence. Thesis, University of Maryland,

College Park, Maryland, USA.

Berry, O., D. Algar, J. Angus, N. Hamilton, S. Hilmer, and D. Sutherland. 2012. Genetic tagging
reveals a significant impact of poison baiting on an invasive species. The Journal of Wildlife

Management 76:729-739.

*Bino, G., A. Dolev, D. Yosha, A. Guter, R. King, D. Saltz, and S. Kark. 2010. Abrupt spatial and
numerical responses of overabundant foxes to a reduction in anthropogenic resources. Journal

of Applied Ecology 47:1262—-1271.

Bolton, M., G. Tyler, K. Smith, and R. Bamford. 2007. The impact of predator control on lapwing
Vanellus vanellus breeding suc4cess on wet grassland nature reserves. Journal of Applied

Ecology 44:534-544.

*Bougie, T. A., N. W. Byer, C. N. Lapin, M. Z. Peery, J. E. Woodford, and J. N. Pauli. 2020.
Wood turtle (Glyptemys insculpta) nest protection reduces depredation and increases success,

but annual variation influences its effectiveness. Canadian Journal of Zoology 98:715-724.

46



Burke, R. L., M. Vargas, and A. Kanonik. 2015. Pursuing pepper protection: Habanero pepper
powder does not reduce raccoon predation of terrapin nests. Chelonian Conservation and

Biology 14:201-203.

*Burrows, N. D., D. Algar, A. D. Robinson, J. Sinagra, B. Ward, and G. Liddelow. 2003.
Controlling introduced predators in the Gibson Desert of Western Australia. Journal of Arid

Environments 55:691-713.

*Chesness, R. A., M. M. Nelson, and W. H. Longley. 1968. The effect of predator removal on
pheasant reproductive success. The Journal of Wildlife Management 32:683—697.

*Chodachek, K. D. 2003. Evaluation of repeated removal of mammalian predators on waterfowl

nest success and density. Thesis, University of Manitoba, Winnipeg, Manitoba, Canada.

*Coates, T. D. 2008. The effect of fox control on mammal populations in an outer urban

conservation reserve. Australian Mammalogy 30:51.

Conner, L. M., and G. Morris. 2015. Impacts of mesopredator control on conservation of

mesopredators and their prey. PLoS ONE 10:¢0137169.

*Conover, M. R. 1987. Reducing raccoon and bird damage to small corn plots. Wildlife Society

Bulletin 15:268-272.

*Conover, M. R. 1990. Reducing mammalian predation on eggs by using a conditioned taste

aversion to deceive predators. The Journal of Wildlife Management 54:360-365.

*Conover, M. R, R. L. King, J. E. Jimenez, and T. A. Messmer. 2005. Evaluation of
supplemental feeding to reduce predation of duck nests in North Dakota. Wildlife Society
Bulletin 33:1330-1334.

Crabtree, R. L., and M. L. Wolfe. 1988. Effects of alternate prey on skunk predation of waterfowl
nests. Wildlife Society Bulletin 16:163—169.

*Davey, C., A. R. E. Sinclair, R. P. Pech, A. D. Arthur, C. J. Krebs, A. E. Newsome, D. Hik, R.
Molsher, and K. Allcock. 2006. Do exotic vertebrates structure the biota of Australia? An

experimental test in New South Wales. Ecosystems 9:992—-1008.

Dexter, N., and A. Murray. 2009. The impact of fox control on the relative abundance of forest

mammals in East Gippsland, Victoria. Wildlife Research 36:252-261.
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*Dexter, N., P. Meek, S. Moore, M. Hudson, and H. Richardson. 2007. Population responses of
small and medium sized mammals to fox control at Jervis Bay, southeastern Australia. Pacific

Conservation Biology 13:283-292.

*Doty, H. A., and A. J. Rondeau. 1987. Predator management to increase duck nest success.

Great Plains Wildlife Damage Control Workshop Proceedings 58:134—139.

*Duebbert, H. F., and H. A. Kantrud. 1974. Upland duck nesting related to land use and predator
reduction. The Journal of Wildlife Management 38:257-265.

*Duebbert, H. F., and J. T. Lokemoen. 1980. High duck nesting success in a predator-reduced
environment. The Journal of Wildlife Management 44:428-437.

*Dueser, R. D., J. D. Martin, and N. D. Moncrief. 2018. Pen trial of estrogen-induced conditioned
food aversion to eggs in raccoons (Procyon lotor). Applied Animal Behaviour Science 201:93—

101.

Ellis-Felege, S., N., M. Conroy J., D. Sisson Clay, W. Palmer E., and J. Carroll P. 2010. Influence
of meso-mammal predator control on predator landscape-level spatial occupancy in Northern
Florida and Southern Georgia, USA. Proceedings of the Vertebrate Pest Conference 24:273—
2717.

Ellis-Felege, S. N., M. J. Conroy, W. E. Palmer, and J. P. Carroll. 2012. Predator reduction results
in compensatory shifts in losses of avian ground nests. Journal of Applied Ecology 49:661-669.

*Engeman, R. M., R. E. Martin, H. T. Smith, J. Woolard, C. K. Crady, B. Constantin, M. Stahl,
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removed midway through the nesting season. USDA National Wildlife Research Center - Staft
Publications 417.

Engeman, R. M., B. Constantin, R. Noel, and J. D. Woolard. 2001. Monitoring raccoon
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turtle nests. USDA National Wildlife Research Center - Staff Publications 541.
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Chapter 3. Wild raccoons (Procyon lotor) problem-solving evaluation in relation to their

environment and individual traits

Lazure, L. and Weladji, R.B. Wild raccoons (Procyon lotor) problem-solving evaluation in

relation to external factors and individual traits. Animal Behaviour. In review.
3.1 Abstract

The cognitive process of innovation in animals produces new behaviours in response to
new challenges. Common raccoons rely on their problem-solving ability to exploit anthropogenic
resources that are not freely available. As a result, they are often involved in human-wildlife
conflict. We used two food extraction tasks of varying difficulty levels to measure problem-
solving ability in wild raccoons living in three Canadian protected areas. We conducted
experiments in two distinct locations within each park based on human footprint: recreation and
preservation zones. We also looked at the effect of the presence of conspecifics, and of two
behavioural traits, on performance. Performance differed between the puzzles, with one of them
being easier to solve based on success rate and time to success. The zone (presence of humans)
did not affect problem-solving performance, while there was a tendency for solving time to
increase with the presence of conspecifics. Exploratory diversity was positively related to success
rate and time taken to solve. Contrary to predictions, persistence did not improve performance.
There were also individual differences in performance in term of success rate and time to
completion. We encourage using multiple concurrent tests to evaluate problem-solving with wild
individuals. Overall, we provide another evidence that raccoons are apt problem-solvers, with a
potential to adapt to new foraging opportunities, and that they are also a relevant species to study

innovation in mammals.
3.2 Introduction

Innovative problem-solving, which is overcoming an obstacle to attain a goal through a
cognitive process, can help wildlife thrive in environments where there are novel challenges
(Barrett et al., 2019; Griftin & Guez, 2014; Griffin et al., 2017; Pearce, 2008). Innovation is a
hard concept to define (Reader et al., 2016; Ramsey et al., 2007); in this study we focus on the
individual process (Ramsey et al., 2007), not the occurrence of a new behaviour into a
population’s repertoire (Reader & Laland, 2003). Problem-solving has often been tested to

evaluate behavioural flexibility and is considered to be adaptive as it opens foraging opportunities
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(Daniels et al., 2019; Johnson-Ulrich et al., 2022; Lea et al., 2020). As a cognitive trait, problem-
solving differs among individuals in a consistent manner, akin to behavioural personality traits

(Boogert et al., 2018; Cauchoix et al., 2018; Griffin et al., 2015; Sih & Del Giudice, 2012).

The cognitive ecology framework considers how environmental factors affect cognition,
and in return we can study how cognition affects fitness (Cauchard & Doligez, 2023; Huebner et
al., 2018; Lea et al., 2020; Mettke-Hofmann, 2014; Thornton & Truskanov, 2022). For this
reason, it is important to conduct cognitive studies in ecologically relevant settings such as a
species natural habitat (Healy & Rowe, 2014; Horn et al., 2022; Thornton et al., 2014;
MacDonald & Ritvo, 2016; Morand-Ferron et al., 2016; Pritchard et al., 2016). Among factors
that modulate behaviours in natural conditions is the presence of conspecifics (Brown et al.,
2009), with competition and social interference potentially reducing cognitive performance
(Stanton et al., 2022). On the other hand, observational conditioning, social learning and
mitigation of predation risk could improve performance (Donaldson et al., 2012; Feyten et al.,
2021; Papaj et al., 2019; Prange & Gehrt, 2004; Shettleworth, 2010; Young et al., 2019). Another
factor that can affect wild animals cognitive process is the exposure to humans and anthropogenic
landscapes (Benson-Amram et al., 2022; Goumas et al., 2020; Johnson-Ulrich et al., 2022; Lea et
al., 2020; Owen et al., 2017; Papaj et al., 2019; Schell et al., 2021; Wong & Candolin, 2015). For
example, it has been demonstrated in many species that urban populations perform better than
rural ones in cognitive tasks (grey squirrels, Sciurus carolinensis, Chow et al., 2021a; various
birds, Griffin et al., 2017; raccoons, Procyon lotor, Macdonald & Ritvo, 2016; yellow mongooses
Cynictis penicillate, Miiller & Pillay, 2022), but this is not always the case (see Johnson-Ulrich et
al., 2022). More innovative species are better at solving problems and predisposed to use
anthropogenic resources, which might lead to more conflicts with humans (Barrett et al., 2019;

Greggor et al., 2016; Lowry et al., 2013).

Considering that cognitive abilities can modulate human-wildlife conflicts, this trait is
often overlooked by wildlife managers as they tend to only see the “big picture”: the population
effect of mitigation methods and net results to stakeholders. However, conservation actions and
their efficacy are tightly linked to wildlife behaviour and cognition (Greggor et al., 2014, 2020).
For example, by identifying intraspecific variations in cognitive ability, we can implement more
targeted mitigation methods toward problematic individuals (Barrett et al., 2019; Swan et al.,

2017). Understanding the behaviour of target species and the extent of their cognitive abilities is
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key to the efficiency and efficacy of nonlethal mitigation methods (Barrett et al., 2019; Blackwell
et al., 2016; Goumas et al., 2020; Macdonald, 2016; Marzluff & Swift, 2017). Unfortunately,
Carnivores are underrepresented in cognitive studies, compared to birds and primates (Benson-
Amram et al., 2022; Daniels et al., 2019; Johnson-Ulrich et al., 2022). This is problematic as
Carnivores are often involved in human-wildlife conflicts (Bergstrom, 2017; Carter & Linnell,
2016; Exposito-Granados et al., 2019; Lozano et al., 2019; Sillero-Zubiri & Laurenson, 2001;
Treves & Karanth, 2003).

The common raccoon is an omnivorous member of Carnivora, of medium-sized and part
of the informal category of mesopredators (Buskirk & Zielinski, 2003; Glas, 2016; Hadidian et
al., 2010; Prugh et al., 2009). Although relatively benign compared to other instances of human-
wildlife conflicts affecting people livelihood and security, it is often maligned as an unruly source
of annoyance and fear (Barrett et al., 2019; Justice, 2021; Pacini-Ketchabaw & Nxumalo, 2016;
Pettit, 2010). Reasons to want to reduce contact rate between humans and raccoons include
disease transmission risk, unwanted habituation, damage, and interaction with pets (Bateman &
Fleming, 2012; Beasley & Rhodes, 2008; Hadidian et al., 2010; Prescott, 2011; Rosatte, 1998).
Conflicts with raccoons can also raise ethical issues and social turmoil within communities
(Luther, 2013). The behaviour of the raccoon is not well understood in conflict situation, and
information on its responses to different control strategies is incomplete and scattered (Curtis &
Hadidian, 2010). The raccoon can adapt to complex and changing environment, such as rural and
urban areas (Bozek et al., 2007; Daniels et al., 2019; Prange et al., 2004). It has a reputation of
being “intelligent” and, more specifically, is capable of innovative problem-solving (Daniels et

al., 2019; Stanton, 2020; Stanton et al., 2022).

Physical challenges, such as the puzzle-box paradigms, are popular and proven ways to
assess problem-solving ability (Barrett et al., 2019; Benson-Amram et al., 2022; Boogert et al.,
2018; Daniels et al., 2019; Griffin & Guez, 2014; Johnson-Ulrich et al., 2022; Reader et al., 2016;
Washburn et al., 2017). Puzzle boxes usually involve food-extraction, which make them
ecologically relevant because raccoons have learned to take advantage of anthropogenic food
resources (Barrett et al.,, 2019; Daniels et al., 2019; MacDonald & Ritvo, 2016). They often
overcome similar type of physical challenge to attain food, such as opening a cooler, accessing
leftovers in a trash can, or entering a cabin. Exposing subjects to different task difficulties, such

as different puzzles or a multi-access box, allows to explore variation on problem-solving
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abilities (Auersperg et al., 2012; Daniels et al., 2019; Johnson-Ulrich et al., 2022). The context
within which the experiment is conducted also sheds light on the ecological conditions that can
affect problem-solving performance, especially in comparative experimental designs (Johnson-
Ulrich et al., 2022). Apart from the rural-urban dichotomy, cognitive studies will benefit from
research in many other environments to obtain a more refined understanding of the impact of

external factors on cognitive traits.

Using puzzle boxes, we can quantitively assess behavioural traits that potentially
influence problem-solving, such as exploratory diversity and persistence. Exploratory (or motor)
diversity is the repertoire of behaviours exhibited by an animal while attending to a task and has
been linked to problem-solving success (Griffin & Guez, 2014). Raccoons, having high dexterity,
have the potential to express high exploratory diversity (Daniels et al., 2019). Persistence is
commonly defined as the extent to which individuals engage with a device, measured as the time
spent interacting with it, or the number of attempts (e.g., Griffin & Guez, 2014; Johnson-Ulrich et
al., 2018). Raccoons present high levels of persistence, measured as total duration of time spent

working on a puzzle on their initial trial, which positively correlates to success (Daniels et al.,

2019).

Our objective is to evaluate problem-solving in wild raccoons to assess how external
(exposure to humans, presence of conspecifics and task difficulty) and internal factors
(exploratory diversity and persistence) affect their performance. We used two single-access
puzzle boxes: a cubic one with a door and latch (hereafter the Box), and another one involving
sliding and rotating concentric tubes (the Tube). We compared raccoons in their natural habitat,
exploring two categories of locations (hereafter, the zones) differing by the level of human
structures and activities: recreation and preservation zones of national parks. Using two tests
allows to assess convergent validity: a “good” performance at one test should be reflected in the
other as well (Boogert et al., 2018). Zone, puzzle type and the presence of conspecifics are the
external factors hypothesized to influence problem-solving performance. We predicted that, in
recreation zones, success rate will increase and time to success will decrease, indicating better
problem-solving ability. We also made similar predictions (improved success probability and time
to solve) with the Tube puzzle in comparison with the Box, and in the presence of conspecifics in
comparison with being alone. We also hypothesized that there is a link between behavioural traits

(exploratory diversity and persistence) and problem-solving, predicting that higher values for
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both will increase success probability and lower solving time. We further hypothesized that
behavioural traits differ between the zones, with higher exploratory diversity and persistence in
recreation zones. Finally, we expect individual variation in the performance, and predict that

individual performance will be correlated between the two tasks.
3.3 Methods
3.3.1 Locations

We conducted field work in collaboration with the society responsible of managing
Québec’s national parks (Sépaq) in the south of the province. We selected three parks with
“severe” raccoon nuisance problems (Denis, 2017b): Iles-de-Boucherville (hereafter referred to
as IDB), Yamaska (YAM), and Plaisance (PLA). Raccoon density is very high in these parks
(approximately 25-60 individuals/km?), especially in campgrounds (approximately 50-100
individuals/km?) based on past inventories and recent assessments (Lefebvre, 1998; Dellarosa,
2012; R. Charest, personal communication, 23 January 2019). These parks are relatively small
(between 8 and 28 km?), adjacent to or around large bodies of water (river or lake) and
encompassed in mostly urban or agricultural territories. Two site categories are studied based on
the parks’ zoning: intensive recreation and preservation zones. Recreation zones were
characterized by human activity throughout the day and evening, the presence of camping sites,
vehicles circulation at low speed (<20 km/h), campfires, dumpsters, and a mosaic of ground
cover (gravel or paved roads, parking, forest, fields, buildings, playgrounds). Preservation zones
were accessible to the public strictly by walking and biking trails during daylight, and with
extensive forest cover. Distances between both zones ranged from 4-9 km (straight line) at each
park. We ran the experiments for three summers (earliest—latest dates May 31-Sept. 14) between
2019-2021. Plaisance park was not visited in 2021. From the start of the field season to the end,
we ran the experiments approximately 5 nights/week without breaks longer than two nights,
regardless of the weather. We baited and activated the puzzles prior to sunset, to have the
experiments ready when the raccoons started foraging. The experiment was inactivated either
when the puzzle was solved or when the period of activity ended (corresponding roughly to

sunrise).

3.3.2 Experimental Set-up
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We conducted experiments with wild raccoons using species-oriented baits, but all
wildlife could interact with both experimental devices. We installed the puzzles out of view from
visitors, but easily accessible to the animals. The Box puzzle was similar to models used with
other carnivore species in captivity or in the wild (Benson-Amram et al., 2016; Benson-Amram
& Holekamp, 2012). Using the same type of puzzle (standardized method) will facilitate the
comparison of our results to similarly conducted experiments (Krasheninnikova et al., 2020). The
Box measures 30 cm a side and is made from steel mesh. There is one door with a sliding latch
(Fig. 1a). To solve this problem, a raccoon had to slide the latch and pull on the door. The Tube
puzzle consists of two horizontal plastic tubes (50 cm long and 6 cm diameter for the inner tube,
and 34 cm long and 7 cm diameter for the outer one), one sliding over the other, requiring the
animal to slide and turn the outermost tube to align two holes (approximately 5 x 10 cm) and
access the food in the inner tuber (Fig. 1b). The Tube is a new type of puzzle in studies of
raccoon cognition. Both necessitate two consecutive actions that can be performed with the paws,

mouth or muzzle of the animal.

Figure 1. Two puzzle boxes used to assess wild raccoons problem-solving and learning abilities.
(a) A cubic steel box (closed on the picture), requiring sliding the latch (1) and opening the door
(2), in this order. (b) A sliding tube (open on the picture), requiring to rotate (3) and slide (4) the

other tube in no specific order.

The experiments were non-invasive; animals voluntarily approached or walked away from
the apparatus. This ensures that only motivated animal participated in the trials. A trial included
all the interactions of an individual with a puzzle in a single night. Within a trial, an attempt

began when an animal approached to within one body length of the puzzle; the attempt
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immediately ended when the animal either opened the puzzle (recorded as a successful trial) or
withdrew by moving more than a body-size away from the unopened puzzle. We considered the
puzzle to be solved when a raccoon opened it enough to have direct access to the food with its
paw, even if they did not immediately reach in and consumed the reward. Whenever a puzzle was
successfully opened during a trial, it was de facto disabled until the next trial (new bait installed
and puzzle closed on a subsequent evening). If all attempts within a trial ended with a
withdrawal, the trial was recorded as unsuccessful. We cleaned any leftovers and replenished the

puzzles before each night of trial.
3.3.3 Video Recording and Analysis

We recorded the interactions with motion triggered night vision cameras (Argus 2,
Reolink, Hong Kong), set up between 3—4 m away. The presence of conspecifics was also
assessed based on the video recordings. As soon as there was at least one other individual visible
during a trial, it was classified as “with conspecifics”. This was an imperfect measure, as there
was no way to know if there were raccoons behind the field of view of the camera or hidden by
vegetation, but it does consider conspecifics that are closer, thus more likely to have an influence
on the focal subject. We quantified performance in problem-solving ability from the videos using
the following measures: 1) success to solve the puzzle or not (binomial), and 2) time to
completion (continuous) using successful attempts. We also calculated exploratory diversity as
the number of unique behaviours directed at the box (Appendix 1; Benson-Amram et al., 2013,
2014; Daniels et al., 2019; Johnson-Ulrich et al., 2018). The exploratory diversity score accounts
for behaviours without contact that allow the gathering of information (perception), as well as
behaviours with physical contact that could result in opening the puzzle. Finally, we evaluated
persistence as the number of attempts an individual made within a trial, i.e., how many times it

came back in a single night (including the initial attempt) until successfully opening the puzzle or
giving up.

3.3.4 Individual Identification

Raccoons were identified through careful observation of the video footages by a single
observer (LL), based on relative size to the puzzles, body characteristics (fur, tail, limbs), and

scars and injuries, in a similar manner to Chow et al. (2021b) with grey squirrels. We conducted

an intra-rater reliability test (Cohen’s kappa) on a small subset of recordings from the site with
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the highest activity level (IDB, recreation zone). Most juveniles were excluded because they
showed very little initiative and were impossible to tell apart from the videos, often interacting
together with the devices, therefore creating confusion to track one individual at a time. We were
unable to differentiate the individual by sex, and therefore did not control for the sex-difference.
Daniels and colleagues (2019) did not find a sex difference in problem-solving rate in their study

on captive raccoons.
3.3.5 Statistical Analysis

We performed generalized linear mixed-effects models (GLMM; Mundry, 2017) with
appropriate distribution and link functions depending on the response variable of interest. To
assess the effect of zone, the presence of conspecifics, puzzle type, exploratory diversity, and
persistence (independent variables) on problem-solving success probability (dependent variable),
we used a binomial distribution with the logit link function. We included as random terms
individual and park to control for the repeated measurements. We used Akaike’s Information
Criterion (AIC; Burnham & Anderson, 1998) to select the most parsimonious model from all
combinations of the five predictor variables. Using only successful trials, we performed GLMMs
with a Gamma distribution and log link function, to test the effect of the zones, presence of
conspecifics, puzzle type, exploratory diversity, and persistence on time to success (continuous
dependant variable). We also used AIC with these models to select the most parsimonious one,
and performed hypothesis testing using the best model. Two final GLMMs tested for an effect of
the zone and the presence of conspecifics (including their interaction) on the behavioural traits
(exploratory diversity and persistence). Both have a Poisson distribution with log link function.
We finally calculated the phi coefficient as a measure of association between the performances of
individuals on the two tasks measured as success or not (binary outcome). We used the Ime4 (1.1-
31), MuMIn (1.47.1) and irr (0.84.1) packages with RStudio (2022.12.0, RStudio Team, 2022).

We set the significance level at a = 0.05 or smaller, and present means + standard deviations.
3.3.6 Ethical Note

Experimental design and devices did not compromise the health and welfare of wildlife in
any significant way. Research was approved by Concordia University Animal Research Ethics
Committee (certificate 30011464), under Québec government scientific annual permits for

research involving wildlife (2019-04-02-005-00-S-F, 2020-05-19-007-00-S-F, 2021-05-11-007-
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00-S-F). The permits and certificate covered live trapping activity, but this was ultimately not
necessary for this study. We also obtained authorizations to conduct the research with each

national park we visited.
3.3 Results

We recorded 114 individual wild raccoons in three parks, for a total of 199 trials. The
most represented park is IDB with 100 trials, followed by YAM with 84 and PLA with 15.
Animals interacted with the Box on 117 trials and 82 with the Tube. Preservation and recreation
zones are fairly equally represented in the data with 105 and 94 trials respectively. On 119 trials
the raccoon was alone, and with at least one conspecific on 81 others (with an average of 1.7
conspecifics). We obtained an 87% agreement (x = 0.851) for intra-rater reliability testing,
corresponding to an “almost perfect” agreement (Landis & Koch, 1977). None of the raccoon
was identified in both zones within a park, indicating that there is probably little movement in the

summer.

The overall problem-solving success rate was 28%. Total duration of trials was between
3—-1441 s, with a mean (£ SD) of 103 + 178 s. A single attempt lasted on average 60 = 95 s. On
three occasions, raccoons found an alternative solution to open the Box (2% of successful trials),
either by reaching through the side mesh (but only smaller raccoons were able to do it) or by
toppling over the whole Box (and the door randomly opened). The only other species to interact
with the puzzles was the striped skunk (Mephitis mephitis), with eight interactions overall (6x
Box and 2x Tube). None of these resulted in a success, with an average giving up time of 48 + 55

s, 1-3 attempts (1.4 £ 0.7) and exploratory diversity between 0—4 (1.8 = 1.7).

When exploring success rate, the most parsimonious model based on the AIC criteria
included zone, puzzle type and exploratory diversity. Running a GLMM using these three
predictor variables, we found an effect of puzzle type and exploratory diversity (Table 1). The
Tube puzzle success rate (51%) was 4.3 times higher than for the Box (12%; Fig. 2). When an
individual attempted both tasks and solved only one, 90% of the time it was the Tube. While
success probability increased with exploratory diversity, persistence did not have a significant

effect (Fig. 3a).

Table 1. Binomial distribution GLMM looking at the effects of zone, puzzle types, and

exploratory diversity on success probability by raccoons performing cognitive tasks.
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Variable Beta lower CI upper CI P value z value

Zone 1.496 -0.149 3.140 0.0746 1.783
Puzzle 3.932 1.533 6.332 0.0013 3.212
Exploratory diversity ~ 1.113 0.399 1.826 0.0023 3.056
0.6 .
§0-4 N Puzzles
& Box
8 | Tube
w
02 —(

0.0 —
Preservation Recreation

Zone

Figure 2. Comparison of problem-solving success rate from raccoons tested in recreation and

preservation zones, by different puzzle types. Mean + 95% CI.
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Figure 3. (a) Success rate and (b) time to successfully open the puzzles, in relation to exploratory

diversity and persistence (number of attempts).

The most parsimonious model to predict time to solve the puzzle, included all predictors
except zone. Puzzle type, presence of conspecifics, exploratory diversity and persistence all
showed significant effect on time to solve (Table 2). Time to solve was lower with the Tube
puzzle and in the absence of conspecifics (Fig. 4). Time to successfully complete the tasks

increased with both exploratory diversity and persistence (Fig. 3b).

Table 2. Gamma distribution GLMM looking at the effects of puzzle type, presence of
conspecifics, exploratory diversity and persistence on resolution time by raccoons performing

cognitive tasks.

Variable Beta lower CI upper CI P value t value

Puzzle -2.134 -2.393 -1.876 <0.0001 0.132
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Conspecifics -0.533 -0.818 -0.248 0.0002 -3.665

Exploratory diversity ~ 0.208 0.141 0.274 <0.0001 6.075
Persistence 0.553 0.415 0.690 <0.0001 7.881
200
0 —( Puzzles
£ [] Box
= [C] Tube
1001 J

Alone With others

Figure 4. Time to successfully open the puzzles by wild raccoons in the presence of conspecifics

or not, by different puzzle types. Mean + 95% CI.

We tested if raccoons behaved differently in each zone and in the presence of
conspecifics. Overall, exploratory diversity was between 0-7, with a mean of 2.3 £+ 1.5.
Exploratory diversity was different between the zones (f = -0.391, CI = -0.681, -0.101, P =
0.0083), and the interaction term between zone and conspecifics was also significant (B = 0.484,
CI = 0.217, 2.228, P = 0.0259; Fig. 5a). Number of attempts, indicative of persistence, was
between 1-6, with a mean of 1.6 = 1.1. It was not significantly different between the zones (f =
0.064, CI =-0.945, 0.026, P = 0.0636), and in the presence of conspecifics or not (f = -0.080, CI
=-0.412, 0.252, P = 0.6374; Fig 5b). The interaction term between the factors was not significant
either (f = 0.460, CI1=-0.028, 0.949, P = 0.0648).
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Figure 5. (a) Exploratory diversity exhibited by raccoons in the two study zones, whether they
were alone or with conspecifics. (b) Number of attempts to solve the puzzles, indicative of
persistence, in the two study zones, whether raccoons were alone or with conspecifics Mean +

95% CI.

Among raccoons that only interacted with one puzzle (N = 39), 92% did not solve it. A
minority of individuals (14%) succeeded on both tasks, 42% solved only one, and 45% solved
none. Success rate at one puzzle is related to success at the other, as calculated by the phi

coefficient (p =0.241, N=75, P =0.0377).
3.4 Discussion

We assessed problem-solving ability in wild populations of raccoons and evaluated how
external factors (the proximity to humans, puzzle types, and presence of conspecifics) and
behavioural traits (exploratory diversity and persistence) influenced their performance. We
monitored almost 200 trials over three summers in three protected areas. Many individual
raccoons voluntarily interacted with the puzzles, and there might have been a local enhancement
effect, attracting more raccoons as the season advances (Shettleworth, 2010). There was a stark
contrast in success rate, as well as time and number of attempts to solving, between the two

puzzle types. On every measure, the Tube was easier to solve than the Box. The difficulty of each
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puzzle may influence the results on variability in problem-solving success (Daniels et al., 2019).
The Tube is more befitting to trial-and-error solution, with a higher probability that a solution is
found due to chance (Thornton et al., 2014). Because performance was better with the Tube, it
would be indicative that a trial-and-error approach is adopted by some raccoons, rather than some
sort of insight (reasoning, representation, planning; Seed & Mayor, 2017; Stanton et al., 2017).
This difference between the two puzzles highlights the importance of testing cognitive abilities

with multiple tests.

The physical and social environments, as well as human presence, have the potential to
influence an individual’s cognitive performance (Boogert et al., 2018; Goumas et al., 2020). In
term of fitness, recreation zones could be higher-value patches, and individuals able to exploit
such resource by their cognitive capacity would have an advantage (Doligez & Boulinier, 2008;
Storch & Frynta, 1999). We did not find that the zones (which differed by the amount of human
activity and structures) influenced either the success rate or time taken to achieve success. As a
comparison, Macdonald and Ritvo (2016) found a stark difference in problem-solving, using a
different task, in urban and rural raccoons (77 vs 0 % success respectively). Our studied sub-
populations (in each zone of each park) are unlikely to form distinct evolutionary units. Even
though we did not see any individual in two different zones, the raccoons from both zones in a
single park can arguably be considered from the same population, due to the relatively small size

of the parks and absence of important physical barrier.

We found a significant difference in time to success in the presence of conspecifics, but no
difference in success rate. The presence of conspecifics also reduced the exploratory diversity
exhibited by focal raccoons in the recreation zone. Conspecifics can be seen as potential
competition (Feyten et al., 2021; Stanton et al., 2022). Considering no known raccoon predator is
present in the study area, and that they seem quite habituated to humans, intraspecific
competition might cause a slight increase of awareness and distraction that resulted in less

exploration and longer solving time, but ultimately it is not enough to affect success probability.

We found that exploratory diversity is positively correlated to success rate, just like
Daniels and colleagues (2019) with captive raccoons, using different puzzle boxes. The same
relation between exploratory diversity and problem-solving exists in other species (spotted

hyaenas, Crocuta crocuta, Benson-Amram & Holekamp, 2012; various birds, Griffin et al., 2014;
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Griffin & Guez, 2014; chimpanzees, Pan troglodytes, Massen et al., 2013; yellow bellied-
marmots, Marmota flaviventris, Williams et al., 2021; but see Asian elephants, Elephas maximus,
Jacobson et al., 2022). The mechanisms involved are still unclear, and there might be a
connecting variable (between exploratory diversity and problem-solving) that is responsible for
the relationship (Seed & Mayer, 2017). Time to success increased with exploratory diversity,
which might simply mean that more time handling the puzzle means more time to try new
actions. A more detailed analysis of the sequence and types of behaviours exhibited could shed

light on this interaction.

There was a weaker effect from persistence, and we only found an effect on time to
success, which increased with the number of attempts. Persistence has often been positively
linked to problem-solving success (Benson-Amram & Holekamp, 2012; Benson-Amram et al.,
2013; Griffin & Guez, 2014; Jacobson et al., 2022; Johnson-Ulrich et al., 2018; Thornton &
Samson, 2012; Young et al., 2019), including in raccoons (Daniels et al., 2019). We argue that the
proxies used to assess persistence have often been confused with work time (an issue also
mentioned by Chow and colleagues, 2016). However, an individual having a shorter work time to
solve a problem should not be considered a less persistent one. Number of attempts, as we used,
is less biased, but our results could be explained by more innovative raccoons solving in fewer
attempts than less innovative ones. The ideal test for persistence would be to calculate the
number of attempts at an unsolvable task to assess persistence, then submit the same individual to

another solvable puzzle (e.g., Rao et al., 2018).

Individual variation in problem-solving is well-established in Carnivores (Benson-Amram
et al., 2022) and other taxa (Griffin & Guez, 2014; Rowell et al., 2021), and our results concur
with this. We found a correlation between the performance at each puzzle, which would indicate
that some individuals were better on both tasks. Previous studies on wild and captive raccoons
also found that individuals tend to solve multiple tasks, or none at all (Benson-Amram et al.,
2022). From a managing point of view, this supports the idea that individual behaviour
differences must be considered when choosing management strategies (Merrick & Koprowski,

2017; Swan et al., 2017).

There are a few limitations to our experiment, some of them being inherent to the study of

wild animals. First, we do not know or control for the previous experiences of the participating
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individuals (Morand-Ferron et al., 2016; Stanton et al., 2022). Second, participation is voluntary
and subject to various motivational factors such has hunger, breeding status and competition
(Griffin & Guez, 2014; Morand-Ferron et al., 2016; Stanton et al., 2022). Third, some personality
traits (e.g., boldness) may increase the likelihood of participation or performance in cognitive
tasks (Boogert et al., 2018; Sih & Del Giudice, 2012; Stanton et al., 2022). Technology will
contribute to future cognitive studies by helping identify individuals and remotely conduct and
monitor experiments (Griebling et al., 2022; Pritchard et al., 2016). More abundant and reliable
studies on a diversity of species will enrich the field of animal cognition. As an added benefit,
animal cognition studies have the potential, when properly explained and shared to the public, to
generate appreciation and empathy toward wildlife (Barrett et al., 2019), and contribute to more
serene human-wildlife coexistence. Additionally, nonlethal mitigation techniques, devised using
our knowledge on animal cognition, can help transition the human-raccoon relationship from a
paradigm of conflict to one of tolerance and acceptance (Barrett et al., 2019; Frank, 2016). To
design effective nonlethal methods, more research is needed in ecologically relevant context,

especially on the cognitive basis of behaviour exhibited by problematic individuals.
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3.5 Appendix

Table A3.1. Ethogram of observed behaviours expressed by raccoons interacting with the puzzle

boxes, used in quantifying exploratory diversity. Adapted from Daniels et al. (2019).

Bite

Circle

Climb

Dig

Lick

Pace

Pull box

Pull knob

Push with arms
Push with head
Raise

Reach with paw
Slide

Sniff

Stand on

Touch

Open mouth and close teeth around a puzzle box feature
Move around puzzle box within arm’s length

Raise body vertically along the puzzle box

Use paws to dig around the puzzle box

Open mouth and move tongue onto a puzzle box feature
Moving back and forth repetitively with no clear purpose
Use limbs to move puzzle box toward self

Use mouth or paws to move knob of door solution toward self
Use limbs to move puzzle box away from self

Place head against puzzle box and move forward

Use nose or paws to move ledge of window solution up
Place paw through puzzle box to retrieve food reward

Use mouth or paw to move knob of slide solution to the left
Draw in air through the nostrils to detect a scent

Position body on top of the puzzle box

Place paw on a puzzle box feature
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Chapter 4. Exposure to humans and task difficulty levels affect wild raccoons (Procyon

lotor) learning

Lazure, L. and Weladji, R.B. Exposure to humans and task difficulty levels affect wild raccoons

(Procyon lotor) learning. Behavioral Ecology. Submitted.
4.1 Abstract

Cognition helps wildlife exploit novel resources and environments. Raccoons (Procyon
lotor) have successfully adapted to human presence in part due to their cognitive abilities.
However, close interactions between humans and wildlife can create conflicts. A better
understanding of the raccoon’s behavioural flexibility and learning ability could improve the
mitigation of those conflicts. Learning can be evaluated over multiple exposures to a cognitive
task. Our objective is to evaluate wild raccoons learning in contexts varying in terms of exposure
to humans (recreational and preservation zoning within protected areas) and task difficulty. We
used two food extraction tasks to measure how problem-solving performance varied between
trials based on success probability (number of successful trials divided by total number of trials)
and time to solve the puzzles. We also looked at the effects of two behavioural traits, exploratory
diversity and persistence, on performance. We found strong evidence for learning over
consecutive trials in terms of improved success probability. Improvement in terms of success
probability and solving time was more pronounced with the initially easier task. The success
probability increased over trials only in the recreation zones. There was no evidence for an effect
of behavioural traits. The improved performance that we attribute to learning was also maintained
over consecutive years. We provide additional evidence that raccoons can learn how to solve a
problem, resulting in a more effective solution in consecutive trials. Finally, we consider the
management implications of dealing with raccoons that can learn solutions to access

anthropogenic resources.
4.2 Introduction

Species in the order Carnivora are often involved in human—wildlife conflicts (Sillero-
Zubiri and Laurenson 2001; Treves and Karanth 2003; Carter and Linnell 2016; Bergstrom 2017,
Exposito-Granados et al. 2019; Lozano et al. 2019). Raccoons (Procyon lotor) are medium-sized
members of Carnivora and are considered mesopredators (Buskirk and Zielinski 2003; Prange

and Gehrt 2004; Prugh et al. 2009; Glas 2016). They are generalists in terms of diet and habitat
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(Lotze and Anderson 1979; Bozek et al. 2007) and are well adapted and successful in
anthropogenic landscapes such as rural and urban areas (Prange et al. 2004; Bozek et al. 2007,
Hadidian et al. 2010; Daniels et al. 2019). Raccoons are often vilified as a pest species, despite
the severity of conflict being relatively benign compared to other cases of human—wildlife
conflicts (Pettit 2010; Pacini-Ketchabaw and Nxumalo 2016; Barrett et al. 2019; Justice 2021).
Reasons to want to reduce the contact rate between humans and raccoons include reduced disease
transmission risk, unwanted habituation, damage and interaction with pets (Rosatte 1998;
Beasley and Rhodes 2008; Hadidian et al. 2010; Prescott 2011; Bateman and Fleming 2012; Glas
2016).

The behaviour of raccoons in conflict situations is poorly understood, and data on their
responses to different control strategies are fragmented and insufficient (Curtis and Hadidian
2010). The need for conservation actions and their efficacy is tightly linked to wildlife behaviour
and cognition (Greggor et al. 2014; Goumas et al. 2020). Understanding and considering learning
is essential in devising successful mitigation measures based on repellents or conditioned-taste
aversion (Greggor et al. 2020). A manager could theoretically take advantage of a nuisance
animal’s learning ability by conditioning it to adopt an appropriate behaviour (Greggor et al.
2014). The relatively high learning abilities exhibited by raccoons make them good candidates
for conditioning (Snijders et al. 2021).

Learning is a difficult concept to define but is characterized by a change in cognitive state
resulting from experience (Pearce 2008; Shettleworth 2010) and persists for a certain time
(Domyjan, 2000). There are multiple variants of learning, and this study is interested in operant
learning, where the animal learns a predictive relationship between an action and an outcome
(Shettleworth, 2010; Griffin et al. 2015). Sequentially, it is the ability to acquire, consolidate and
retrieve information (Papini and Torres 2017). Learning permits the integration of innovations in
the behavioural repertoire (Ramsey et al. 2007). Memory of learned knowledge may fade over
time (Shettleworth 2010), for example, during prolonged periods of disuse such as overwinter
(Mateo and Johnson 2000; Mateo 2010). Learning is a form of phenotypic plasticity and can be
subject to selective forces. Unambiguous cues, such as the presence of food in proximity to
humans, and rapid feedback, make learning especially susceptible to selective pressure (Sih
2013). As a cognitive process, learning ability differs among individuals in a consistent manner,

akin to behavioural personality traits (Sih and Del Giudice 2012). Understanding learning may
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enhance our ability to predict how wildlife will adapt to environmental changes (Owen et al.
2017). Learning is highly contextual, and environmental characteristics can shape cognitive
performance, which supports wildlife in adapting to new challenges (Greggor et al. 2014; Owen
et al. 2017; Chow et al. 2021b), especially in a rapidly changing human context (Sih 2013; but
see Greggor et al. 2019). Through learning mechanisms within its lifespan, an individual will
adjust its behaviour to avoid risks and take advantage of opportunities (Snell-Rood 2013; Sol et
al. 2013; Fehlmann et al. 2021).

Learning is almost exclusively studied through experiments because naturalistic
observations are blind to the experience of the individual (Domjan 2000). Learning has been
studied more extensively in laboratory settings, but there is still work to perform in ecologically
relevant contexts (Thornton et al. 2014; Greggor et al. 2020). Physical challenges, such as the
puzzle-box paradigms, are popular and proven ways to assess one’s performance in cognitive
tasks (Reader et al. 2016; Washburn et al. 2017; Barrett et al. 2019; Daniels et al. 2019; Johnson-
Ulrich et al. 2020; Benson-Amram et al. 2022). Puzzle boxes are ecologically relevant because
raccoons have learned to take advantage of anthropogenic food resources, often overcoming
similar types of physical challenges to obtain rewards (Bateman and Fleming 2012; MacDonald
and Ritvo 2016; Barrett et al. 2019; Daniels et al. 2019). In addition, the most biologically
relevant and sensory salient experiences are learned faster (Shettleworth 2010). Food is also a
central problem in human—wildlife conflicts (Donaldson et al. 2012), making the experiment
contextually relevant. Problem-solving tasks are often used to study learning, and an animal with
high cognitive abilities could perform well in both (Griffin and Guez 2014); however, there does
not seem to have a clear relationship between problem-solving and learning (Seed and Mayer
2017). Using more than one test allows us to assess convergent validity: a “good” performance at
one test should be reflected in the other as well (Boogert et al. 2018). Reproducing experiments
with different populations in various natural settings is also important to study the effect of the
environment on cognitive abilities (Healy and Rowe 2014; Morand-Ferron et al. 2016; Pritchard

et al. 2016; Horn et al. 2022; Johnson-Ulrich et al. 2022; Thornton and Truskanov 2022).

Learning is part of a raccoon foraging strategy (Dalgish and Anderson 1979) and is also
involved in food extraction tasks (Daniels et al. 2019). We hypothesize that successful raccoons
will exhibit operant learning and predict a relationship between trial numbers and success

probability, time to successful completion of the tasks, and exploratory motor diversity. In
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addition to trial number, we will test for the effect of the puzzle type and the human exposure
(recreation versus preservation zones). We predict that learning improves faster (higher increase
in success probability and reduction in solving time over consecutive trials) with the task being
easier to solve in the first interaction and that it will be more important (higher success
probability increase and quicker solution over consecutive trials) in recreation zones compared to
preservation zones. Finally, we hypothesize that the period of time between field seasons has a
negative effect on the retention of learning. We predict that the first interactions the following

year will be less successful than the last ones from the previous year.
4.3 Methods

4.3.1 Field work

We conducted experiments in three protected areas located in the south of the province of
Queébec (all located around latitude 45.6° N and between longitude 72.6° and 75.2° W): Plaisance
(28 km?), iles-de-Boucherville (8 km?) and Yamaska (13 km?) national parks. These parks are
considered to have a high density of raccoons, causing “severe” nuisance problems (Denis 2017;
Dellarosa 2012). All these parks are relatively small, encompassed in mostly urban or agricultural
territories, and border large bodies of water (river or lake). Two site categories are studied based
on management zoning: preservation and intensive recreation zones. Recreation zones were
defined by the presence of camping sites, vehicle circulation at low speed (<20 km/h), campfires,
dumpsters, and a mosaic of ground cover (gravel or paved roads, parking, forest, fields,
buildings, playgrounds). Preservation zones were strictly accessible to the public by walking and
biking trails, with extensive forest cover. We ran the experiments for three summers (earliest-
latest dates May 31-Sept. 14) between 2019-2021. Plaisance Park was not visited in 2021

because of its lower raccoon activity compared to the two other parks and lower accessibility.

We used species-specific baits, but all wildlife could interact with the devices (we only
recorded eight interactions by stripped skunks in addition to raccoons). The experiments are non-
invasive; animals voluntarily approached the apparatus and left. This ensures that only motivated
animals participated. Raccoons were trap-shy, and although tested, capture-marking did not prove
efficient in identifying individuals. Raccoons were identified solely by LL through careful
observations of the video footage, based on their size relative to the puzzles, body characteristics

(fur, tail, limbs), marking when available, and scars and injuries, in a similar manner to Chow et
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al. (2021a) with Eastern grey squirrels (Sciurus carolinensis). Juveniles were excluded because
they showed very little initiative and were impossible to tell apart from the videos, often
interacting together with the devices, therefore creating confusion to track one individual at a
time. It was also impossible to identify an individual as a juvenile one year and as a grown adult

on consecutive ones.

We used two puzzle box tasks to test problem-solving abilities. Raccoons trying to open
containers (e.g. plastic boxes, bags, bottles, trash bins) is a common occurrence when they are
exposed to humans, making this task contextually relevant. The first puzzle we used (hereafter,
the Box) is similar to the model used with other carnivore species (Benson-Amram and
Holekamp 2012; Benson-Amram et al. 2016). Using the same type of puzzle will facilitate the
comparison of our results to similarly conducted experiments (Krasheninnikova et al., 2020). The
Box measured 30 cm a side and was made from steel mesh. There was one door with a sliding
latch. To solve this problem, a raccoon had to slide the latch and pull on the door. The second
puzzle (hereafter, the Tube) consisted of two horizontal plastic tubes (50 cm long in total and 7
cm diameter), one sliding over the other. It required the animal to slide and turn the outermost
tube to align two holes (approximately 5 x 10 cm) and access the food in the inner tuber. Both
necessitated two consecutive actions that can be performed with the paws, mouth, or muzzle of

the animal.
4.3.2 Video analysis

We considered the puzzle to be solved when a raccoon opened it enough to have direct
access to the food with its paw, even if it did not immediately reach in and consume the reward.
An attempt began when an animal approached within one body length of the box and ended when
the animal moved more than a body length away from the puzzle or when it opened the puzzle. A
trial included all attempts at opening a puzzle within a single night. We recorded interactions with
night vision cameras (Argus 2, Reolink, Hong Kong) set up 3—4 m away. We quantified cognitive
performance in problem-solving ability from the videos. We used two response variables to
quantify problem-solving efficacy: 1) success (binomial) when the subject opens the puzzle (or
not) to have direct access to the bait and 2) time to success (continuous), which is the cumulative
time from the first interaction until the puzzle opening within a trial. Two discrete terms

representing behavioural traits were included in our models: persistence is the sum of all
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attempts, including the one when the puzzle is solved, and exploratory diversity is the number of
unique behaviours directed at the puzzles. We calculated exploratory diversity in a similar
manner to previous studies (Benson-Amram and Holekamp 2012; Benson-Amram et al. 2013,
2014; Johnson-Ulrich et al. 2018; Daniels et al. 2019). The exploratory diversity score accounts
for behaviours without contact that allow the gathering of information (perception), as well as

behaviours with physical contact that could result in opening a solution (Table 1).
4.3.3 Data analysis

We performed a generalized linear mixed-effect model (GLMM) to examine how success
changed over successive trials. We used a binomial distribution with the logit function and
included the fixed covariates zone and puzzle type in interaction with trials. Individual and year
were included as random effects. To assess the effect of trial number on time to solve the
cognitive puzzles, we ran a GLMM using only successful trial data. We used a Gamma
distribution with the log function. We explored interactions between trials and zone, as well as
between trials and puzzle type. Year and ID were included as random terms, and the model was
optimized using the Nelder-Mead optimizer from the R package “nloptr” (Nelder and Mead
1965; Johnson 2014).

To see if persistence (number of attempts) at a task changed over trials, we performed a
GLMM with Poisson distribution and log link function, controlling for repeated measures within
an individual by including ID as a random term. We also calculated the success probability and
mean number of attempts on unsuccessful trials (as a proxy of persistence) for each individual
and tested for a correlation with a Kendall rank correlation coefficient. To see if exploratory
diversity changed over trials, we performed a GLMM with Poisson distribution and log link
function, controlling for repeated measures within an individual by including ID as a random

term.

We used a log-likelihood ratio test, comparing a model with year as a random effect to
one without, while keeping the fixed effect structure constant (Imtest package; Zeileis and
Hothorn 2002). We also performed McNemar’s Test (with continuity correction) to determine if
the proportions of success significantly differed when matching pairs of subjects (Fagerland et al.
2014) at their last trial from the year was different from the first of the next year. We used the

program R to run all statistical analyses (4.2.3, R Core Team 2023).
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4.4 Results

We recorded 331 trials from 67 individual raccoons. The minimum number of trials (by
individual, by puzzle) was 1, the maximum was 10, and the mean (+ S.E.) was 2.7 = 0.1. Thirty-
five individuals interacted with the same puzzle three times or more. Not all individuals
interacted with both puzzles. The percentage of raccoons that did not solve the puzzles was 66%

for the Box, 27% for the Tube, and 17% for neither.

The data revealed a positive relationship between success probability and trial number (3
=-0.798, CI = -1.180, -0.416, P <0.001). Overall, the probability of success increases by 4% in
each consecutive trial. There was very strong evidence that the relationship between success
probability and trial number differed with puzzle type (p = 0.752, CI = 0.475, 1.028, P <0.001),
with an overall success probability almost twice as high (1.95 times) on the Tube (Fig. 1A). There
was also very strong evidence for a relationship with zone (B = 0.921, CI = 0.598, 1.244, P
<0.001), with an improvement in consecutive trials from raccoons in the recreation zone but a

slight negative trend in the preservation zone (Fig. 1B).
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Figure 4.1. Logistical regression lines (mean + 95% CI) of success probability of wild raccoons
trying to solve cognitive puzzles on consecutive trials. A: Comparison between the Tube puzzle
(red) and the Box puzzle (gray). B: Comparison between raccoons in the recreation zone (red)

and the preservation zone (gray). Points are dodged horizontally to avoid overlap.

82



The solution time ranged from 2 s to 36 m 46 s. We only included 72 successful trials in
the time model. There was no evidence that the number of trials was related to time to success (p
=0.131, CI =-0.346, 0.609, P = 0.589). There was however very strong evidence that there is an
interaction between trials and both puzzle types (B = -0.264, CI = -0.389, -0.139, P <0.001) but
little evidence of such interaction with zone (p = -0.189, CI = -0.636, 0.258, P = 0.406). The
linear regression slopes indicate a decrease in solving time of -11.3 s per trial with the Tube and
an increase of 0.3 s per trial with the Box (Fig. 2). Although there was little evidence to be
significant, we see a slight decrease in time to success in the preservation zone but almost none in

the recreation zone.
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Figure 4.2. Linear regression line (mean + 95% CI) of time (s) to successfully solve cognitive
puzzles by wild raccoons over consecutive trials. Comparison between the Box puzzle (gray) and
the Tube puzzle (red). One outlier for the Box puzzle is not shown but was included in the

analysis (coordinates 5, 1297). Points are dodged horizontally to avoid overlap.
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Sniffing represented the most common behaviour scored using the ethogram (33%, Table
1). There was no evidence that the number of behaviours was associated with trials (P = 0.665).
This remained true when we only looked at successful trials (P = 0.928). The number of attempts
also did not vary on successive successful trials (P = 0.222). There was weak evidence that there
is a negative correlation between an individual mean number of attempts and mean success

probability (tau =-0.192, P = 0.051).
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Table 4.1. Ethogram of observed behaviours expressed by raccoons interacting with the puzzle

boxes, used in quantifying exploratory diversity, and frequency observed among all interactions

(n =948). Adapted from Daniels and colleagues (2019).

Behaviour Description Frequency
(%)
Bite Open mouth and close teeth around a puzzle box feature 1
Circle Move around puzzle box within arm’s length 9
Climb Raise body vertically along the puzzle box 8
Dig Use paws to dig around the puzzle box 3
Lick Open mouth and move tongue onto a puzzle box feature 1
Pull box Use limbs to move puzzle box toward self 5
Pull knob Use mouth or paws to move knob of door solution toward 3
self

Push with arms ~ Use limbs to move puzzle box away from self 1
Push with head  Place head against puzzle box and move forward 1
Raise Use nose or paws to move ledge of window solution up <1
Reach with paw  Place paw through puzzle box to retrieve food reward 6
Slide Use mouth or paw to move knob of slide solution to the left 6
Sniff Draw in air through the nostrils to detect a scent 33
Stand on Position body on top of the puzzle box 4
Touch Place paw on a puzzle box feature 19

Few individuals participated in consecutive years (n = 16). The mean success probability

increased over trials and increased year after year (Fig. 3). Models differed significantly with or

without year as a random factor (log-likelihood ratio test: y> = 15.5, P = <0.001). Comparing the
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last trial from a given year to the first trial of the next year, we found no evidence of a change in

the proportion of success (3> = 0.8, P=0.371).
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Figure 4.3. Logistic regression line (mean £+ 95% CI) of success of wild raccoons taking part in
cognitive tasks over consecutive trials in three separate field seasons (2019-2021, see legend).

Points are dodged horizontally to avoid overlap.
4.5 Discussion

We tested the learning ability of wild raccoons by exposing them to two cognitive tasks on
multiple nights. Raccoons demonstrated learning capabilities over consecutive trials by
improving their success probability. This result fits in the idea that generalist species have high
innovative potential and learn fast (Henke-von der Malsburg et al. 2020). This is indicative of an
overall learning capacity in raccoons, as previously demonstrated (Dalgish and Anderson 1979;
Daniels et al. 2019; Galois 1996; Stanton et al. 2022). This ability to learn indicates an evolved

predisposition in raccoons (Shettleworth 2010; Fawcett et al. 2012), that is possibly reflected in
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the cellular architecture of their brains (Jacob et al. 2021). Like many studies of learning in
animals, food was again successfully used as a positive reinforcer with raccoons (Galois 1996;

Daniels et al. 2019; Morton 2021; Stanton et al. 2021, 2022).

In the initial trial, the two puzzles were not solved at the same rate or speed (Fig. 1A, 2A);
thus, we concluded that each task was not as challenging. The improvement of performance (over
consecutive trials) is different in terms of success probability and time to solve between the two
puzzles. This shows that task difficulty can constrain learning. Practically, it highlights the

importance of using different tasks when we want to quantify learning ability.

There is also an effect of the zone on the problem-solving success probability. Raccoons
in the recreation zones, which are more exposed to anthropogenic food resources, tended to
improve their success probability over trials, while the performance of raccoons in preservation
zones decreased (Fig. 1B). More variable and complex environments favor learning and
innovation (Mettke-Hofmann 2014; Henke-von der Malsburg 2020), and the recreation zone can
be argued to be less predictable than the preservation zone. Anthropogenic changes can correlate
with behavioural adaptations (Owen et al. 2017), but learning is not always optimal (Fawcett et

al. 2012).

There is also no indication that raccoons lost acquired knowledge between seasons.
Interestingly, they seem to perform as well, in terms of success probability, toward the end of a
given season and the start of the next, basically continuing from the point where they left (Fig.
E). This is indicative of long-term retention of learned solutions or memory (Papaj et al. 2019;
Kirkpatrick et al. 2022). We show that their foraging-related information retention time spans
many months. In previous experiments, raccoons retained their problem-solving knowledge over
similar time periods: up to 147 days (Cole 1907) and up to 286 days (Davis 1907). Davis (1907)
extrapolates that problem solving ability is preserved for more than a year. The memory window
will vary considerably between species, individuals, and within an individual’s own age and state

(Dunlap et al. 2009).

Exploratory diversity remained the same over trials, thus we did not support the inhibitory
control hypothesis. Daniels et al. (2019) found that raccoons improved their performance both in
terms of the speed of solving and by being more selective. A reduction in exploratory diversity,

by removing unnecessary behaviours, would be indicative of inhibitory control (Reader et al.
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2016). Inhibition is a cognitive mechanism of rejecting a behaviour while favoring an alternative
(Hauser 1999). This implies that there is a behavioural cost (time, energy) in sampling many
behaviours, which might not be significant in our study context (Papaj et al. 2019). The number
of attempts within a trial did not change between trials. Raccoons, being described as ‘stubborn’,
present high levels of persistence, which positively correlated with success in an experiment by
Daniels and colleagues (2019). We did not find such a correlation, with more persistent

individuals not being more successful.

The learning ability of raccoons, especially in human-altered habitats, represents a
challenge in regard to managing conflicts, but it can also be an opportunity (Barrett et al. 2019;
Schulte 2016). Our experiment involved a barrier (the puzzles) to access food, and we showed
that a more difficult task has a lower success probability and slower learning. Practically, for
someone who wants to block access to a resource by raccoons, it is probably worths investing in
a barrier or locking device that involves more complex actions from the start, instead of trying the
cheaper or more simple options. Learning can be based on different sensory inputs; odours in
particular can affect learning processes (Schulte 2016). Conditioned taste aversion (CTA) is an
approach that creates an association (learning) between a sensory cue and an aversive stimulus
(Shivik et al. 2003; Snijders et al. 2021; Kirkpatrick and Hall 2022). Because we showed learning
ability in the raccoons and relatively long-term retention, it opens the door to the mitigation of
conflict through deterrent stimuli (Schakner and Blumstein 2013). Some authors (Proppe et al.
2016; St. Clair et al. 2019) proposed that learning principles can also mitigate transportation-
caused wildlife mortality. On the other hand, habituation is a learning process that can attenuate
an animal response to a repeated sensory cue (Blumstein 2016; Papaj et al. 2019). Overall,
considering an animal learning capacity is essential for long-term deterrence (Schakner and

Blumstein, 2013).

Studying wild raccoons allows the testing of animals in ecologically relevant contexts. A
limitation, especially in learning studies, is that we have no information on the animal’s
background. Technological advances will help study learning by facilitating individual
identification essential to study repeated attempts from the same individual. Griebling and
colleagues (2022) present RFID tags and machine-learning assisted identification as candidate
technologies for this challenge. Long-term and repeated experiments will inform us on the

parameters influencing the learning and memorization of new knowledge. With the integration of
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cognitive knowledge on target species and technological advances, new mitigation methods can
be devised to reduce the severity of conflicts with importune individuals in a paradigm of

respectful coexistence with wildlife.
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CHAPTER 5. General discussion

The goal of this thesis was to better understand the cognition of a common nuisance species
in the context of protected and recreational areas in southern Québec and consider it within the
larger framework of human-mesopredators conflicts. To achieve this goal, I performed a
systematic review followed by a narrative synthesis and a meta-analysis on tested mitigation
interventions on three common mammal mesopredators (Chapter 2). In the field, I tested the
problem-solving ability of wild raccoons by exposing them to two different cognitive puzzles
(Chapter 3). Further, I assessed their learning potential over consecutive trials using the same
experimental setup (Chapter 4). Below, I review the main findings of my thesis and give some

perspectives for future research.
5.1 The cognition of wild raccoons

In the past few years, some researchers have given greater attention to raccoon’s cognition,
and my thesis followed on those lines. By using comparable methods in slightly different
contexts, I can compare my results and consider how the environment might affect cognitive

abilities.
5.2.1 Problem-solving

Early experimental cognitive studies were already able to demonstrate the raccoons’ very
high cognitive abilities (Johnson and Michels 1958; Michels et al. 1961). There is little doubt that
raccoons are innovative (Daniels et al. 2019; Stanton et al. 2017, 2022). Most of our results agree
with previous studies on raccoons, fitting with the idea that this generalist species has higher
innovative potential, exhibits greater behavioural flexibility, and learns faster than specialist
species (Henke-von der Malsburg et al. 2020). There was weak evidence that the raccoons from
each zone differed in term of problem-solving, performance being slightly better in the recreation
zones. I did not see any raccoons in two different zones, the raccoons from both zones can
arguably be considered from the same population. Comparing much more different groups of
raccoons would probably underline their cognitive divergence, just like the striking problem-
solving performance between urban and rural raccoons in Ontario (Macdonald and Ritvo 2016).
Overall, it seems normal to detect behavioural differences between individuals and higher

ecological levels (sub-populations, populations) of the same species because natural habitats are
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so complex, dynamic, and unpredictable that natural selection cannot provide a specific

behaviour pattern appropriate for every conceivable situation (Fawcett et al. 2012).
5.2.2 Learning

Early experiments demonstrated the raccoons’ learning ability (Johnson and Michels 1958;
Michels et al. 1961), as well as very recent ones (Stanton et al. 2022). I observed that time to
complete subsequent successful trials decreased on one of the tasks (reduction of 11.3 s/trial for
the Tube puzzle), but not on the other (Box puzzle). In the study by Daniels and colleagues
(2019), there was a reduction in solving time over consecutive trials. The reduction they
measured was larger in absolute value (18.3 s faster at each trial); however this is not that
meaningful considering all the experimental discrepancies between the two studies. Although
different from our measures of operant learning, other experiments demonstrated that raccoons
also exhibit reversal learning (Warren and Warren 1962; Stanton et al. 2021), which is closely
matched to an animal behavioural flexibility. Interestingly, Galois (1996) demonstrated that
raccoons learned to discriminate sensory cues in a foraging task conducted in southern Québec.
This is relevant, because raccoons are major predators of nests (turtles and birds, see chapter 1),

and is a demonstration that studying cognition can have practical management implications.

There was evidence that learning improved solving time in the recreation zone. For the
reason mentioned before, I probably dealt with single populations of raccoons within each park.
There is therefore little support that selective pressures would explain that the cognitive abilities
differ between these groups at the genetic level. I hypothesize that the most likely explanation
why the two zones (differing by the amount of human activities and structures) yielded different
results is that the raccoons already possessing better learning ability tend to move toward sites
with higher human activity to take advantage of anthropogenic resources, and that they further
adapt through learning and phenotypic plasticity (Papaj et al. 2019; Snell-Rood 2013; Sol et al.
2013; Wong and Candolin 2015).

5.2.3 Interaction with other factors

There was a stark difference between the difficulty of the two puzzles. Daniels and
colleagues (2019) also noticed big differences in success probability between different tasks. The
initial difficulty of a task also had an influence on the learning trajectory. We also detected a

higher exploratory diversity toward the Box (mean + SE, 2.4 + 0.2) than toward the Tube (2.0 +
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0.1) on the initial trials. This is not surprising because we evaluated the Box to be more
challenging. This difference between the two puzzles highlights the importance of testing

cognitive abilities with multiple tests.

We saw little evidence that the presence of conspecifics influenced problem-solving
ability. Similarly, the presence of conspecifics did not significantly influence habituation to a
testing device in wild urban raccoons (Stanton et al. 2022). This might be du to observational
conditioning where an observer learns a stimulus-reward association by seeing a demonstrator
perform the task (Papaj et al. 2019). The presence of conspecifics can also be seen as potential
competition or cause social interference (Brown et al. 2009; Stanton et al. 2022). Social learning
and the mitigation of predation risk are other mechanisms that could improve performance in the
presence of conspecifics (Donaldson et al. 2012; Feyten et al. 2021; Prange and Gehrt 2004;
Shettleworth 2010; Young et al. 2019), but that was not apparent from our results, and on the

contrary, the presence of conspecifics increased solving time.

Racoon’s exploratory diversity predicted success, which is similar to the findings from
Daniels and colleagues (2019). In the context of this study, maybe that there was less cost in
giving up due to the relative abundance of other food sources in the environment. However, we
did not see a reduction in exploratory diversity over consecutive trials, as Daniels and colleagues
saw using a multi-access box. They interpreted it as “selective expression” of behaviours as
raccoons gained experience with the task. There was likely a difference on how we scored
diversity: on their initial trial, they measured approximately seven different behaviours (between
6-8), whereas we measured 2.3 + 0.1 (min 0, max 7). I doubt their raccoons were truly that more

explorative from the start. Regardless of how we measured it, I did not see the same trend.

In my experiments, persistence did not predict success, which is contrary to results from
Daniels and colleagues (2019). I believe there are often flawed methodology to quantify
persistence and given the opportunity I would myself measure it differently. I argue that the
proxies used to assess persistence have often been confused with work time (Chow et al. 2016).
However, an individual having a shorter work time to solve a problem should not be considered a
less persistent one. Number of attempts, as we used, is less biased, but our results could be

explained by more innovative raccoons solving in fewer attempts than less innovative ones. The
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ideal test for persistence would be to calculate the number of attempts at an unsolvable task to

assess persistence, then assign the same individual to a solvable puzzle (e.g., Rao et al. 2018).
5.2 Management implications

Managing conflicts involving species with high cognitive abilities is a challenge (Fehlmann
et al. 2021). In chapter 1, I offer a robust synthesis of mitigation methods applied to conflicts
involving three common mammal mesopredators. 1 also show that individual variations in
raccoons opens the door to individual-based mitigation (Stanton 2020; Stanton et al. 2022).
Interestingly, there seems to be some individuals that performed better on both tasks, worse on
both, and fewer that were relatively better at only one task. This was also shown with captive and

wild raccoons by other researchers (Daniels et al. 2019; Benson-Amram et al. 2022)

Lethal methods have been a staple of wildlife control for a long time, and many studies
evaluated their efficacy. Generally, they offer effective ways to reduce the intensity of conflicts
with mesopredators. Trapping followed by euthanasia seems to be the most reliable methods, but
also the least disturbing to the rest of the ecological community, compared to shooting or poison-
baiting campaign. Because of the stigma around lethal methods, a very strict and selective
approach would be preferable (Swan et al. 2017). Selectively trapping problematic individuals
will depend on behavioural data and cognitive strategies. Non-lethal methods are quite diverse,
with many relying on cognitive traits. Efficacy seems to be more hit-or-miss (chapter 2), with
some approaches even having detrimental effects (using conspecific odours and diversionary
feeding). Because the suitability and efficacy of each method is highly context-relevant, I cannot
make suggestion at-large. But the review and meta-analysis are an excellent starting point for
managers to evaluate their options. The use of repellents is overall, a good idea. However, they
are not all equals, and many variations have never been tested. We also demonstrate that a
repellent should mimic a predator, and not a competitor, which might even attract more
individuals. Learning ability of nuisance animals can reduce the efficacy of repellents through
habituation and sensitization (Barrett et al. 2009; Blumstein 2016; Shivik et al. 2003).
Conditioned taste aversion is very interesting because it is based on cognitive mechanisms. The
relatively high learning abilities exhibited by the raccoons make them good candidates to
conditioning (Schulte 2016; Barrett et al. 2019; Snijders et al. 2021). The downside is that it can

be more complex and labour-intensive than other methods. Finally, barriers are a traditional

93



method of limiting access to a resource. Because of the cognitive abilities and persistence of
mesopredators, a regular fence is not a proven solution. Exclosures, which can be built more
robust and close-fitting, can be effective. Electric fences also have better results but cannot be

applied in all contexts and are more costly.

The review also highlighted limitations in the literature. On that topic, my main message to
managers is to include an experimental, and hopefully long-term, approach to mitigation actions.
This way, we can rigorously evaluate the efficacy of the methods, to solve a real conflict on the
ground. Otherwise, this is wasted opportunities to advance the field of wildlife management
(Warburton and Norton 2010). This data then needs to be analysed and shared through easily
accessible repositories, preferably through a peer-review process (Sutherland et al. 2004). For
researchers, I insist on two points, relating to aspect of data reporting that can result in
publication bias or that can limit the applicability and future use of the data : (1) that the results of
unsuccessful or simply less effective methods be shared, and (2) that data must be reported in a
way that will allow future evaluation of mitigation methods (Cassey et al. 2004; Jennions and

Moller 2002; Lortie et al. 2007; White and Ward 2010).

The cognitive tasks we exposed raccoons to in chapters 3 and 4, are a form of barrier they
had to overcome. In this sense. the demonstration that task difficulty had a strong effect on
problem-solving probability has an implication to deal with nuisance raccoons. If a manager
chooses a form of physical barrier to restrict access to a resource (e.g. garbages), I would strongly
suggest they implement an opening mechanism as difficult to open as possible from the start.
Trying to cut on cost or labour by putting simple mechanisms (e.g. a single lever, a caliper) opens
the door to problem solving by raccoons, with subsequent consolidation of the behaviour through
learning. This could be the start of an “arm race”, which has been documented by managers I
talked to during this thesis. Additionally, switching between mitigation methods at regular
intervals (exact timing to be determined) might counteract the effect of long-term learning by

raccoons.
5.3 Ethical and social considerations

I found with my meta-analysis that lethal mitigation methods are quite effective at reducing
human-mesopredators conflicts (chapter 1). However, social and ethical considerations reduce the

attractiveness of those methods (Boulet et al. 2021; Conover and Conover 2022; Dubois et al.
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2017; Liss 1997; Reiter et al. 1999, White and Ward 2010). On the contrary, Hampton and
colleagues (2018) argued that lethal management can have more advantages in term of animal
welfare when taking a consequentialist perspective. This is not to say that lethal management
should be banned or not, and this thesis is not the place for such a debate. In “real life”, wildlife
managers still tend to consider it in their toolkit, although its relative importance to nonlethal
methods tend to diminish. Likely that a transition toward less lethal methods will represent an

evolving compromise for the coming years.

My research benefited from discussions with various stakeholders, including, pest control
professionals, protected areas managers, municipal services providers and fur trappers. In
addition to formal scientific literature, it highlights the complexities of dealing with HWCs, and
how context inevitably modulates these conflicts. More practically, 1 considered these
interlocutors experiences, challenges and priorities, to ensure I can suggest practical and realistic
mitigation measures. A more formal approach could take advantage of citizen science, where
more abundant data can shed light on the efficacy of mitigation methods in various contexts
while engaging the public in wildlife research and management (Ostermann-Miyashita et al.

2021; Silvertown et al. 2013).

Managers need to consider social factors if they want to solve HWCs, and there is a wealth
of research on the topic (Dickman 2010; Glikman et al. 2022; Koénig et al. 2021; Redpath et al.
2013; Treves et al. 2006). Human-wildlife conflicts are a matter of human perceptions and
attitudes (Basak et al. 2023; Dickman et al. 2013) and are often ultimately conflicts between
humans (Peterson et al. 2010; Redpath et al. 2015). For example, campers fearing mesopredators
complain to protected areas managers who want to leave as much freedom to wildlife. In a
national park context, there is therefore potential to reduce HWCs by orienting visitors’ attitudes
and values toward a more mutualistic relationship with wildlife (Teel et al. 2010). Public
education and enforcing laws are two primary methods to alter human behaviour, but just like
interventions aimed at wildlife, we need to carefully assess their effectiveness (Baruch-Mordo et
al. 2011). A combined approach addressing both the human and animal sides will likely reap the
best benefits for both parties.

5.4 Future research directions
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Many mitigation methods still need to be sufficiently tested to obtain more confidence on
their effectiveness; there is a need to replicate studies and monitor long-term efficacy. By
including cognitive information, there is also great potential to develop new methods (Greggor et
al. 2014; Schakner et al. 2014). Among already known methods, there are a variety of repelling
methods that can still be tested. Also, there are many chemicals that still need to be proven
effective in the context of CTA. In Québec, examples of real opportunities for new or improved
conflict management approaches include wildlife-proofing trash bins to manage nuisance in
urban and national parks, using repellents to ward off animals denning on private properties, and

applying CTA to reduce predation on the nest of birds and turtles of conservation value.

During the course of this PhD, I initiated two pilot-studies that did not make it into the
thesis. They could potentially be a starting point for future research projects. First, I tried to
expose captive raccoons from a wildlife rehabilitation center in Québec to the cognitive puzzles.
This was intended to have more control over the experiments, using wild raccoons with little
experience in captivity. It had the additional benefit of evaluating raccoons from different origins
in the same context. The ongoing animal care conditions were however not appropriate for the
experiments unless major changes, which were not feasible at the time. The second project was to
evaluate how the presence of dogs in national parks affected the raccoon’s behaviour. Sépaq
started allowing dogs on leash in selected campgrounds a few years ago and they are currently
studying their impact on a wide range of wildlife (Labbé 2022). I wanted to do a finer analysis of
their impact on raccoons and did camera trapping in Oka and Yamaska national parks in 2021. I
scrolled through 6183 photos obtained over 14 weeks in eight different sites, to find no
significant difference in raccoon activity between sites allowing dogs or not. Resource limitation

(cameras and time) did not allow me to continue with this project.

Because animal cognition is adaptive and context-dependant, field experiments have
enormous values. As previously mentioned, different actors that manage wildlife as part of their
work should contribute to this research by setting up their actions in a way that can reap valuable
data to evaluate mitigation methods. The challenge remains to conduct rigorous experiments and
proper analytical approaches to tease out the effects of different factors and of all the “noise”
inherent to an uncontrolled experimental setup. New technologies, or novel application of
existing ones, shows potential to advance the study of cognition in wildlife (Stanton et al. 2022;

Swaisgood 2020). Griebling and colleagues (2022) offer a comprehensive review of technologies
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and applications in cognitive studies, stressing the barriers and solutions to their implementation.
The main and most obvious advantages would be to identify individuals more easily (e.g., using
artificial intelligence) and allow to remotely conduct experiments and observations. Including the
individual level and considering within species variability in cognitive studies will benefit the
understanding of drivers of natural selection, and the development of targeted mitigation

interventions.

Interdisciplinarity is a response to the fragmentation of knowledge in different fields (Clark
and Wallace 2015). Animal cognition is at is roots interdisciplinary research, resulting from the
combination of animal biology and psychology (Boysen and Himes 1999; Shettleworth 2010).
The same can be said about HWC management, a very complex issue (Gao and Clark 2023;
Pooley et al. 2016; White and Ward 2010). Further integration and inclusion of other disciplines
(social sciences, genetics, engineering, computer sciences, humanities and economics) will

stimulate new ideas and approaches in both fields (animal cognition and HWC).
5.5 Conclusion

Bridging the gap between animal cognition and wildlife management can take many forms.
In my thesis I focused on human-mesopredators conflicts, more specifically involving raccoons
in protected areas in Québec in chapter 2 and 3. I demonstrated how cognition can contribute to
conflicts by conferring an ability to exploit novel resources and situations. On the upside, this is
also an opportunity to design mitigation measures that will consider an individual animal ability
to solve problems and learn new associations. If societal values tend to frown upon lethal
mitigation methods, then we need to better understand animal cognition to apply existing non-

lethal methods eftectively and develop new ones.

One beneficial side-effect of studying animal behaviour is the increased appreciation of
their cognitive abilities by the general public (Barrett et al., 2019). Raccoons are particularly
impressive in their success to thrive in different habitat and take root in new territories, which can
be explained by their relatively high cognitive abilities (Daniels et al. 2019). The recognition of
their intelligence and cognition fosters a heightened sense of esteem and respect for wildlife, and
down the line increases the tolerance toward them. Empathy and tolerance will be major drivers
toward a more sensible approach to HWC (Frank 2016; Kansky et al. 2016). Although we aim

toward a peaceful and harmonious coexistence with wildlife, it is impossible to avoid conflicts,
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which are simply a component of human-wildlife interactions (Hill 2021). The objective of HWC
management should not be to eliminate conflict, which is unrealistic, but rather to decrease its
level of intensity to an acceptable level, which will be context dependent. A more realistic and
workable view is therefore to consider our relationship with wildlife on a continuum, ranging
from conflict to coexistence (Frank and Glikman, 2019). It is my belief that this thesis is a small

but relevant step toward the coexistence end of that spectrum.

98



References

Anderson, P.M. 2020. Encephalization in commensal raccoons: A unique test of the cognitive

buffer hypothesis. Thesis, East Tennessee State University, Johnson City, TN, USA.

Anthony, B.P. and Szabo, A. 2011. Protected areas: Conservation cornerstones or paradoxes?
Insights from human-wildlife conflicts in Africa and Southeastern Europe. Pp. 255-282 in
Lopez-Pujol, J. (Ed) The importance of biological interactions in the study of biodiversity.
IntechOpen, London, United Kingdom.

Audet, J.-N. and Lefebvre, L. 2017. What’s flexible in behavioral flexibility? Behavioral Ecology
28(4):943-947.

Auersperg, A.M.1., Gajdon, G.K. and von Bayern, A.M.P. 2012. A new approach to comparing
problem solving, flexibility and innovation. Communicative & Integrative Biology

5(2):140-145.

Auersperg, A.M.I., von Bayern, A.M.P., Gajdon, G.K., Huber, L. and Kacelnik, A. 2011.
Flexibility in problem solving and tool use of kea and New Caledonian crows in a multi

access box paradigm. PLoS ONE 6(6):¢20231.

Baker, S. E., Johnson, P.J., Slater, D., Watkins, R.W. and Macdonald, D.W. 2007a. Learned food
aversion with and without an odour cue for protecting untreated baits from wild mammal

foraging. Applied Animal Behaviour Science 102:410—428.

Baker, S.E., Maw, S.A. Johnson, P.J. and Macdonald, D.W. 2020. Not in my backyard: Public
perceptions of wildlife and “pest control’ in and around UK homes, and local authority ‘pest

control’. Animals 10:222.

Baker, S. E., Singleton, G. and Smith, R. 2007b. The nature of the beast: Using biological
processes in vertebrate pest management. Pages 173—185 in D.W. Macdonald and K.

Service, editors. Key topics in conservation biology. Blackwell, Malden, Massachusetts,

USA.

Balser, D. S., H. H. Dill, and H. K. Nelson. 1968. Effect of predator reduction on waterfowl
nesting success. The Journal of Wildlife Management 32:669—682.

99



Barrett, L.P., Stanton, L.A. and Benson-Amram, S. 2019. The cognition of 'nuisance' species.

Animal Behaviour 147:167-177.

Baruch-Mordo, S., S. W. Breck, K. R. Wilson and J. Broderick. 2011. The carrot or the stick?
Evaluation of education and enforcement as management tools for human-wildlife

conflicts. PLoS ONE 6:¢15681.

Basak, S.M., Rostovskaya, E., Birks, J. and Wierzbowska, [.A. 2023. Perceptions and attitudes to
understand human-wildlife conflict in an urban landscape — A systematic review. Ecological

Indicators 151:110319.

Bateman, P.W. and Fleming, P.A. 2012. Big city life: Carnivores in urban environments. Journal

of Zoology 287:1-23.

Baynham-Herd, Z., Redpath, S., Bunnefeld, N. and Keane, A. 2019. Predicting interventions
priorities for wildlife conflicts. Conservation Biology 34:232-243.

Beasley, J.C. and Rhodes, O.E. 2008. Relationship between raccoon abundance and crop damage.
Human-Wildlife Conflicts 2(2):248-259.

Beasley, J.C. and Rhodes, O.E. 2010. Influence of patch- and landscape-level attributes on the

movement behavior of raccoons in agriculturally fragmented landscapes. Canadian Journal

of Zoology 88(2):161-169.

Beaulieu, G., Austin D. and Leonard M.L. 2014. Do nest exclosures affect the behaviour of

piping plovers (Charadrius melodus melodus) and their predators? Canadian Journal of

Zoology 92:105-112.

Begg, C.B. and Mazumdar, M. 1994. Operating characteristics of a rank correlation test for

publication bias. Biometrics 50:1088—1101.

Bélanger-Smith, K. 2014. Evaluating the effects of wildlife exclusions fencing on road mortality
for medium-sized and small mammals along Québec’s Route 175. Thesis, Concordia

University, Montréal, Canada.

Benson-Amram, S., Dantzer, B., Stricker, G., Swanson, E.M. and Holekamp, K.E. 2016. Brain
size predicts problem-solving ability in mammalian carnivores. Proceedings of the National

Academy of Sciences. 113(9):2532-2537.

100



Benson-Amram, S., Griebling, H.J. and Sluka, C.M. 2022. The current state of carnivore
cognition. Animal Cognition 26(1):37-58.

Benson-Amram, S., Heinen, V.K., Gessner, A., Weldele, M.L. and Holekamp, K.E. 2014. Limited
social learning of a novel technical problem by spotted hyenas. Behavioural

Processes 109:111-120.

Benson-Amram, S. and Holekamp, K.E. 2012. Innovative problem-solving by wild spotted
hyenas. Proceedings of the Royal Society B. 279:4087—4095.

Benson-Amram, S., Weldele, M.L. and Holekamp, K.E. 2013. A comparison of innovative
problem-solving abilities between wild and captive spotted hyaenas, Crocuta crocuta.

Animal Behaviour 85:349-356.

Berghinel, A., Lazzaroni, M., Cimarelli, G., Marshall-Pescini, S. and Range, F. 2022.
Cooperation and cognition in wild canids. Current Opinion in Behavioral Sciences.

46:101173.

Berger, K.M. and E.M. Gese. 2007. Does interference competition with wolves limit the

distribution and abundance of coyotes? Journal of Animal Ecology 76:1075—-1085.

Berger-Tal, O., Polak, T., Oron, A., Lubin, Y., Hotler, B.P. and Saltz, D. 2011. Integrating animal
behavior and conservation biology: a conceptual framework. Behavioral Ecology.

22(2):236-239.

Berger-Tal, O., Blumstein, D.T., Carroll, S., Fisher, R.N., Mesnick, S.L., Owen, M.A., Saltz, D.,
St. Clair, C.C. and Swaisgood, R.R. 2016. A systematic survey of the integration of animal

behavior into conservation. Conservation Biology. 30(4):744-753.

Berger-Tal, O., Greggor, A.L., Macura, B., Adams, C.A., Blumenthal, A., Bouskila, A., Candolin,
U., Doran, C., Fernandez-Juricic, E., Gotanda, K.M., Price, C., Putman, B.J., Segoli, M.,
Snijders, L., Wong, B.B.M. and Blumstein, D.T. 2019. Systematic reviews and maps as
tools for applying behavioral ecology to management and policy. Behavioral Ecology

30(1):1-8.

Berger-Tal, O. and Saltz, D. 2016. Conservation behavior: Applying behavioral ecology to
wildlife conservation and management. Cambridge University Press, Cambridge, United

Kingdom.

101



Bergstrom, B.J. 2017. Carnivore conservation: shifting the paradigm from control to coexistence.

Journal of Mammalogy 98(1):1-6.

Bino, G., A. Dolev, D. Yosha, A. Guter, R. King, D. Saltz and S. Kark. 2010. Abrupt spatial and
numerical responses of overabundant foxes to a reduction in anthropogenic resources.

Journal of Applied Ecology 47:1262—1271.

Blackwell, B.F., DeVault, T.L., Fernandez-Juricic, E., Gese, E.M., Gilbert-Norton, L. and Breck,
S.W. 2016. No single solution: application of behavioural principles in mitigating human-

wildlife conflict. Animal Behaviour. 120:245-254.

Blumstein, D.T. and Fernandez-Juricic, E. 2004. The emergence of conservation behavior.

Conservation Biology. 18(5):1175-1177.

Blumstein, D.T. 2016. habituation and sensitization: new thoughts about old ideas. Animal

Behaviour. 120:255-262.

Boogert, N.J., Madden, J.R., Morand-Ferron, J. and Thornton, A. 2018. Measuring and
understanding individual differences in cognition. Philosophical Transactions of the Royal

Society B 373:20170280.

Borenstein, M., Hedges, L.V., Higgins, J.P.T. and Rothstein, H.R. 2009. Introduction to meta-
analysis. Wiley, Chichester, United Kingdom.

Bougie, T.A., Byer, N.W., Lapin, C.N., Peery, M.Z., Woodford, J.E. and Pauli, J.N. 2020. Wood
turtle (Glyptemys insculpta) nest protection reduces depredation and increases success, but

annual variation influences its effectiveness. Canadian Journal of Zoology 98:715-724.

Boulet, M., Borg, K., Faulkner N. and Smith, L. 2021. Evenly split: Exploring the highly
polarized public response to the use of lethal methods to manage overabundant native

wildlife in Australia. Journal for Nature Conservation 61:125995.

Boysen, S.T. and Himes, G.T. 1999. Current issues and emerging theories in animal cognition.

Annual Review of Psychology 50:683-705.

Bozek, C.K., Prange, S. and Gehrt, S.D. 2007. The influence of anthropogenic resources on
multi-scale habitat selection by raccoons. Urban Ecosystems 10(4):413-425.

102



Branton, M. and J. S. Richardson. 2011. Assessing the value of the umbrella-species concept for

conservation planning with meta-analysis. Conservation Biology 25:9-20.

Bréuer, J., Hanus, D., Pika, S., Gray, R. and Uomini, N. 2020. Old and new approaches to animal

cognition: There is not “one cognition”. Journal of Intelligence. 8:28.

Breitenmoser, U., Angst, C., Landry, J.-M., Breitenmoser-Wuersten, C., Linnell, J.D.C., and
Weber, J.-M. 2005. Non-lethal techniques for reducing depredation. Pp. 49—71 in
Woodrofte, R., Thirgood, S. and Rabinowitz, A. (Eds) People and wildlife. Conflict or

coexistence? Cambridge University Press, New York, USA.

Brown, G.E., Harvey, M.C., Leduc, A.O.H.C., Ferrari, M.C.O. and Chivers, D.P. 2009. Social
context, competitive interactions and the dynamic nature of antipredator responses of

juvenile rainbow trout Oncorhynchus mykiss. Journal of Fish Biology 75(3):552-562.
Burnham, K.P. and Anderson, D.R. 1998. Model selection and inference: A practical information-
theoretic approach. New York: Springer-Verlag.

Buskirk, S.W. and Zielinski, W.J. 2003. Small and mid-sized carnivores. Pp. 207-249 in Zabel,
C.J. and Anthony, R.G. (Eds) Mammal community dynamics: Management and
conservation in the coniferous forests of western North America. Cambridge University

Press, Cambridge, United Kingdom.

Cameron, E.K., Vila, M. and Cabeza, M. 2016. Global meta-analysis of the impacts of terrestrial
invertebrates invaders on species, communities and ecosystems. Global Ecology and

Biogeography 25:596—-606.

Can, O.E. 2021. How to design better human wildlife conflict management plans? Forestit

71:118-126.

Caro, T. 2007. Behavior and conservation: A bridge too far? Trends in Ecology & Evolution

22(8):394-400.

Caro, T. and Sherman, P.W. 2011. Endangered species and a threatened discipline: Behavioural

ecology. Trends in Ecology & Evolution 26(3):111-118.

Carter, N.H. and Linnell, J.D.C. 2016. Co-adaptation is key to coexisting with large carnivores.
Trends in Ecology & Evolution 31(8):575-578.

103



Cassey, P., Ewen, J.G., Blackburn, T.M. and Mgller, A.P. 2004. A survey of publication bias
within evolutionary ecology. Proceedings of the Royal Society B 271:451-454.

Cassini, M.H. 2022. Human-wildlife conflicts: Does origin matter? Animals 12:2872.

Castillo, L., Fernandez-Llario, P., Mateos, C., Carranza, J., Benitez-Medina, J.M., Garcia-
Jiménez, W., Bermejo-Martin, F. and de Mendoza, J.H. 2011. Management practices and
their association with Mycobacterium tuberculosis complex prevalence in red deer

populations in Southwestern Spain. Preventive Veterinary Medicine 98:58—63.

Cauchard, L. and Doligez, B. 2023. Editorial: Links between cognition and fitness: Mechanisms

and constraints in the wild. Frontiers in Ecology and Evolution 10:1113701.

Cauchoix, M., Chow, P.KY., van Horik, J.O., Atance, C.M., Barbeau, E.J., Barragan-Jason, G.,
Bize, P., Boussard, A., Buechel, S.D., Cabirol, A., Cauchard, L., Claidi¢re, N., Dalesman,
S., Devaud, J.M., Didic, M., Doligez, B., Fagot, J., Fichtell, C., Henke-von der Malsburg,
J., Hermer, E., Huber, L., Huebner, F., Kappeler, P.M., Klein, S., Langbein, J., Langley,
E.J.G., Lea, S.E.G., Lihoreau, M., Lovlie, H., Matzel, L.D., Nakagawa, S., Nawroth, C.,
Oesterwind, S., Sauce, B., Smith, E.A., Sorato, E., Tebbich, S., Wallis, L.J., Whiteside,
M.A., Wilkinson, A., Chaine, A.S. and Morand-Ferron, J. 2018. The repeatability of
cognitive performance: A meta-analysis. Philosophical Transactions of the Royal Society B

373:20170281.

Cauchoix, M., Hermer, E., Chaine, A.S. and Morand-Ferron, J. 2017. Cognition in the field:
Comparison of reversal learning performance in captive and wild passerines. Scientific

Reports 7:12945.

Chessness, R.A., Nelson, M.M. and Longley, W.H. 1968. The effect of predator removal on
pheasant reproductive success. Journal of Wildlife Management 32:683-697.

Chow, P.K.Y., Clayton, N.S. and Steele, M.A. 2021a. Cognitive performance of wild Eastern gray
squirrels (Sciurus carolinensis) in rural and urban, native, and non-native environments.

Frontiers in Ecology and Evolution 9:615899.

Chow, PK.Y., Lea, S.E.G. and Leaver, L.A. 2016. How practice makes perfect: the role of
persistence, flexibility and learning in problem-solving efficiency. Animal Behaviour

11:273-283.

104



Chow, P.K.Y., Uchida, K., von Bayern, A.M.P. and Koizumi, I. 2021b. Characteristics of urban
environments and novel problem-solving performance in Eurasian red squirrels.

Proceedings of the Royal Society B 288:20202832.

Clark, S.G. and Wallace, R.L. 2015. Integration and interdisciplinarity: Concepts, frameworkds,
and education. Policy Sciences 48:233-255.

Cohen, J. 2013. Statistical power analysis for the behavioral sciences. Revised edition. Routledge

Academic, London, United Kingdom.

Cole, L.W. 1907. Concerning the intelligence of raccoons. The Journal of Comparative

Neurology and Psychology 17(3):211-261.

Cole, L.W. 1912. Observations of the senses and instincts of the raccoon. Journal of Animal

Behavior 2(5):299-309.

Cole, L.W. 1915. The Chicago experiments with raccoons. Journal of Animal Behavior

5(2):158-173.

Conover, M.R. and Conover, D.O. 2022. Human-wildlife interactions: From conflict to

coexistence. CRC Press, Boca Raton, Florida, USA.

Conover, M.R., King R.L.Jr., Jimenez, J.E. and Messmer, T.A. 2005. Evaluation of supplemental
feeding to reduce predation if duck nests in North Dakota. Wildlife Society Bulletin
33:1330-1334.

Cooper, H. and Hedges, L.V. 2009. Research synthesis as a scientific process. Pp. 3—16 in
Cooper, H., Hedges, L.V. and Valentin, J.C. (Eds) The handbook of research synthesis and
meta-analysis. 2™ edition. Russell Sage Foundation, New York, New York, USA.

Coppens, C.M., de Boer, S.F. and Koolhaas, J.M. 2010. Coping styles and behavioural flexibility:
towards underlying mechanisms. Philosophical Transactions of the Royal Society B

365:4021-4028.

Crabtree, R.L. and Wolfe, M.L. 1988. Effects of alternate prey on skunk predation of waterfowl
nests. Wildlife Society Bulletin 16:163—169.

Crooks, K.R. and Soul¢, M.E. 1999. Mesopredator release and avifaunal extinctions in a

fragmented system. Nature 400:563—-566.

105



Curtis, P.D. Bogan D.A. and Batcheller G. 2007. Suburban coyote management and research
needs: A northeast perspective. Pp. 413—417 in Nolte D.L., Arjo W.M. and Stalman D.H.
(Eds) Proceedings 12" Wildlife Damage Management Conference.

Curtis, P.D. and Hadidian, J. 2010. Responding to human-carnivore conflicts in urban areas. Pp.
201-212 in Gehrt, S.D., Riley, S.P. and Cypher, B.L. (Eds). Urban carnivores: Ecology,

conflict, and conservation. The John Hopkins University Press, Baltimore, MD, USA.

Dalgish, J. and Anderson, S. 1979. A field experiment on learning by raccoons. Journal of

Mammalogy 60(3):620—622.

Daniels, S.E., Fanelli, R.E., Gilbert, A. and Benson-Amram, S. 2019. Behavioral flexibility of a
generalist carnivore. Animal Cognition 22(3):387-396.

Davis, H.B. 1907. A study in animal intelligence. The American Journal of Psychology
18(4):447-489.

Davis, H. 1984. Discrimination of the number three by a raccoon (Procyon lotor). Animal

Learning and Behavior 12:409-413.

Dellarosa, S. 2012. Etude de la population de raton laveur (Procyon lotor) au parc national d'Oka.
Internship report, Université d'Avignon et des Pays du Vaucluse, Avignon, France.

[Confidential]

Denis, G. 2017a. Création d'un outil d'aide a la décision. Problématique du raton laveur.

Internship report, Université Laval, Québec, Canada. [Confidential]

Denis, G. 2017b. Diagnostic de la problématique de cohabitation avec le raton laveur (Procyon

lotor) dans six parcs nationaux. Working document, Sépaq, Québec, Canada. [Confidential]

Dickman, A.J. 2010. Complexities of conflict: The importance of considering social factors for

effectively resolving human-wildlife conflict. Animal Conservation 13:458-466.

Dickman, A., Marchini, S. and Manfredo, M. 2013. The human dimension in addressing conflict
with large carnivores. Pp 110-126 in Macdonald, D.W. and Gurevitch, J. (Eds) Key topics
in conservation biology 2. Wiley-Blackwell, Chichester, United Kingdom.

Distefano, E. 2005. Human-wildlife conflict worldwide: Collection of case studies, analysis of

management strategies and good practices. Food and Agricultural Organization of the

106



United Nations (FAO), Sustainable Agriculture and Rural Development Initiative (SARDI),
Rome, Italy.

Doligez, B.F. and Boulinier, T. 2008. Habitat selection and habitat suitability preferences. Pp.
810-1830 in Behavioral Ecology. Jergensen, S.E and Fath, B.D. (Eds) Elsevier, Oxford,
United Kingdom.

Domjan, M. 2000. The essentials of conditioning and learning. 2" edition. Wadsworth, Belmont,

CA, USA.

Donaldson, R., Finn, H., Bejder, L., Lusseau, D. and Calver, M. 2012. The social side of human-
wildlife interaction: Wildlife can learn harmful behaviours from each other. Animal

Conservation 15:427-435.

Drake, D. 2014. Wildlife damage management in the urban landscape. Pages 389—401 in
McCleery, R.A., Moorman, C.E. and Peterson, M.N. editors. Urban Wildlife Conservation.
Springer, New York, New York, USA.

Draulans, D.D. 1987. The effectiveness of attempts to reduce predation by fish-eating birds — A

review. Biological Conservation 41:219-232.

Dubois, S. 2019. Killing for conservation: Ethical considerations for controlling wild animals.
Pages 407-419 in Fischer, B. The Routledge handbook of animal ethics. Routledge, New
York, USA.

Dubois, S., Fenwick, N., Ryan, E.A., Baker, L., Baker, S.E., Beausoleil, N.J., Carter, S.,
Cartwright, B., Costa, F., Draper, C. et al. 2017. International consensus principles for

ethical wildlife control. Conservation Biology 31:753-760.

Dubois, S. and Fraser, D. 2013. A framework to evaluate wildlife feeding in research, wildlife

management, tourism and recreation. Animals 3:978-994.

Dunlap, A.S., McLinn, C.M., MacCormick, H.A., Scott, M.E. and Kerr, B. 2009. Why some
memories do not last a lifetime: Dynamic long-term retrieval in changing environments.

Behavioral Ecology 20:1096-1105.

Duval, S. and Tweedie, R. 2000. A nonparametric “trim and fill” method of accounting for

publication bias in meta-analysis. Journal of the American Statistical Association 95:89-98.

107



Edelblutte, E., Krithivasan, R. and Hayek, M.N. 2023. Animal agency in wildlife conservation
and management. 37:¢13853.

Eklund, A., Lopez-Bao, J.V., Tourani, M., Chapron, G. and Frank, J. 2017. Limited evidence on
the effectiveness of interventions to reduce livestock predation by large carnivores

Scientific Reports 7:2097.

Elder, J.H. and Nissen, H.-W. 1933. Delayed alternation in raccoons. Journal of Comparative

Psychology 16:117-135.

Elliot, E.E., Vallance, S. and Molles, L.E. 2016. Coexisting with coyotes (Canis latrans) in an

urban environment. Urban Ecosystems 19:1335-1350.

Exposito-Granados, M., Castro, A.J., Lozano, J., Aznar-Sanchez, J.A., Carter, N.H., Requena-
Mullor, J.M., Malo, A.F., Olszanska, A., Morales-Reyes, Z., Moledn, M. and Sanchez-
Zapata, J.A. 2019. Human-carnivore relations: Conflicts, tolerance and coexistence in the

American West. Environmental Research Letters 14(12):123005.

Fagerland, MW., Lyderesen, S. and Laake, P. 2014. Recommended tests and confidence intervals
for paired binomial proportions. Statistics in Medicine 33:2850-2875.

Fawcett, T.W., Hamblin, S. and Giraldeau, L.-A. 2012. Exposing the behavioral gambit: The

evolution of learning and decision rules. Behavioral Ecology 24(1):2—-11.

Fehlmann, G., O'riain, M.J., Fiirtbauer, 1. and King, A.J. 2021. Behavioral causes, ecological
consequences, and management challenges associated with wildlife foraging in human-

modified landscapes. BioScience 71(1):40-54.

Feyten, L.E.A., Crane, A.L., Ramnarine, .W. and Brown, G.E. 2021. Predation risk shapes the
use of conflicting personal risk and social safety information in guppies. Behavioral

Ecology 32(6):1296-1305.

Fournier, G. 2013. Coexistence avec les animaux a fourrure environnants. Fédération des

Trappeurs Gestionnaires du Québec, Québec, QC, Canada.

Fox, C.H. 2006. Coyotes and humans: Can we coexist? Pages 287-293 in Proceedings 22nd
Vertebrate Pest Conference. Timm, R.M. and O’Brien, J.M. editors. University of
California, Davis, California, USA.

108



Frank, B. 2016. Human—wildlife conflicts and the need to include tolerance and coexistence: An

introductory comment. Society and Natural Resources 29(6):738-743.

Frank, B. and Glikman, J.A. 2019. Human-wildlife conflicts and the need to include coexistence.
Pp. 1-19 in Frank, B., Glikman, J.A. and Marchini, S. (Eds) Human-wildlife interactions:

Turning conflict in coexistence. Cambridge University Press, Cambridge, United Kingdom.

Galois, P. 1996. Turtle nest sensory perception by raccoon (Procyon lotor) and striped skunk
(Mephitis mephitis): An approach through discrimination learning of potential nest cues.

Thesis. McGill University, Montréal, QC, Canada.

Gao, Y. and Clark, S.G. 2023. An interdisciplinary conception of human-wildlife coexistence.

Journal for Nature Conservation 73:126370.

Gehrt, S.D., and Clark, W. R. 2003. Raccoons, coyotes, and reflections on the mesopredator
release hypothesis. Wildlife Society Bulletin 31:836—842.

Gehrt, S.D., Riley, S.P.D. and Cypher, B.L. 2010. Urban carnivores: ecology, conflict, and
conservation. The Johns Hopkins University Press, Baltimore, Maryland, USA.

Girard, 1., Ouellet, J.-P., Courtois, R., Dussault, C. and Breton, L. 2002. Effects of sampling effort
based on GPS telemetry on home-range size estimations. Journal of Wildlife Management

66(4):1290-1300.

Glas, Z.E. 2016. Mitigating conflict: A human dimensions analysis of mesopredators and their

management. M.Sc. thesis. Purdue University, West Lafayette, LA, USA.

Glikman, J.A., Frank, B., Bogardus, M., Meysohn, S., Sandstrom, C., Zimmermann, A. and
Madden, F. 2022. Evolving our understanding and practice in addressing social conflict and
stakeholder engagement around conservation translocations. Frontiers in Conservation

Science 3.

Goumas, M., Lee, V.E., Boogert, N.J., Kelley, L.A. and Thornton, A. 2020. The role of animal

cognition in human—wildlife interactions. Frontiers in Psychology 11:3019.

Governement of Québec. 2023. Liste des especes fauniques menacées ou vulnérables.

www.quebec.ca/agriculture-environnement-et-ressources-naturelles/faune/gestion-faune-

109


http://www.quebec.ca/agriculture-environnement-et-ressources-naturelles/faune/gestion-faune-habitats-fauniques/especes-fauniques-menacees-vulnerables/liste

habitats-fauniques/especes-fauniques-menacees-vulnerables/liste. Accessed 3 November

2023.

Government of Canada. 2023. Species at risk public registry. www.canada.ca/en/environment-

climate-change/services/species-risk-public-registry.html. Accessed 3 November 2023.

Graeme, S. 2019. Conservation behavior in action: A comment on Harding et al. Behavioral

Ecology 30(6):1513-1514.

Green, R. and Giese, M. 2004. Negative effects of wildlife tourism on wildlife. Pp. 81-98 in
Higginbottom, K. (Ed) Wildlife Tourism: Impacts, management and planning. Common

Ground Publishing, Altona, AUS.

Gregg, F.M. and McPheeters, C.A. 1913. Behavior of raccoons to a temporal series of stimuli.

Journal of Animal Behavior 3(4):241-259.

Greggor, A.L., Clayton, N.S., Phalan, B. and Thornton, A. 2014. Comparative cognition for
conservationists. Trends in Ecology & Evolution 29(9):489—495.

Greggor, A.L., Berger-Tal, O. and Blumstein, D.T. 2020. The rules of attraction: The necessary
role of animal cognition in explaining conservation failures and successes. Annual Review

of Ecology, Evolution, and Systematics 51(1):483-503.

Greggor, A.L., Berger-Tal, O., Blumstein, D.T., Angeloni, L., Bessa-Gomes, C., Blackwell, B.F.,
St. Clair, C.C., Crooks, K., de Silva, S., Fernandez-Juricic, E., Goldenberg, S.Z., Mesnick,
S.L., Owen, M., Price, C.J., Saltz, D., Schell, C.J., Suarez, V., Swaisgood, R.R. and
Sutherland, W.J. 2016. Research priorities from animal behaviour for maximising

conservation progress. Trends in Ecology & Evolution 31(12):953-964.

Greggor, A.L., Trimmer, P.C., Barrett, B.J. and Sih, A. 2019. Challenges of learning to escape

evolutionary traps. Frontiers in Ecology and Evolution 7:408.

Griebling, H.J., Sluka, C.M., Stanton, L.A., Barrett, L.P., Bastos, J.B. and Benson-Amram, S.
2022. How technology can advance the study of animal cognition in the wild. Current

Opinion in Behavioral Sciences 45:101120.

Griffin, L.L. and Ciuti, S. 2023. Should we feed wildlife? A call for further research into this

recreational activity. Conservation Science and Practice €12958.

110


http://www.quebec.ca/agriculture-environnement-et-ressources-naturelles/faune/gestion-faune-habitats-fauniques/especes-fauniques-menacees-vulnerables/liste
http://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry.html
http://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry.html

Griffin, A.S., Diquelou, M. and Perea, M. 2014. Innovative problem solving in birds: a key role
of motor diversity. Animal Behaviour 92:221-227.

Griffin, A.S. and Guez, D. 2014. Innovation and problem solving: A review of common

mechanisms. Behavioural Processes 109:121-134.

Griffin, A.S., Guillette, L.M. and Healy, S.D. 2015. Cognition and personality: An analysis of an
emerging field. Trends in Ecology & Evolution 30(4):207-214.

Griffin, A.S., Tebbich, S. and Bugnyar, T. 2017. Animal cognition in a human-dominated
landscape. Animal Cognition 20:1-6.

Hadidian, J., Prange, S., Rosatte, R., Riley, S.P.D and Gehrt, S.D. 2010. Raccoons (Procyon
lotor). Pp. 3548 in Gehrt, S.D., Riley, S.P.D. and Cypher, B.L. (Eds) Urban Carnivores:
Ecology, conflict, and conservation. The Johns Hopkins University Press, Baltimore, MD,

USA.

Haddaway, N. R., Kohl, C., Rebelo da Silva, N., Schiemann, J., Spok, A., Stewart, J.B. and
Wilhelm, R. 2017. A framework for stakeholder engagement during systematic reviews and

maps in environmental management. Environmental Evidence 6:11.

Haddaway, N.R., Macura, B., Whaley, P. and Pullin, A.S. 2018. ROSES RepOrting standards for
Systematic Evidence Syntheses: Pro forma, flow-diagram and descriptive summary of the
plan and conduct of environmental systematic reviews and systematic maps. Environmental

Evidence 7:7.

Hadidian, J., Prange, S., Rosatte, R., Riley, S.P.D. and Gehrt, S.D. 2010. Raccoons (Procyon
lotor). Pp 35-48 in Gehrt, S.D., Riley, S.P. and Cypher, B.L. (Eds) Urban carnivores:
Ecology, conflict, and conservation. The John Hopkins University Press, Baltimore, MD,

USA.

Hampton, J.O., Warburton, B. and Sandee, P. 2018. Compassionate versus consequentialist

conservation. Conservation Biology 33(4):751-759.

Hauser, M.D. 1999. Perseveration, inhibition and the prefontal cortex: A new look. Current

Opinion in Neurobiology 9:214-222.

111



Hauver, S.A., Gehrt, S.D., Prange, S. and Dubach, J. 2010. Behavioral and genetic aspects of the
raccoon mating system. Journal of Mammalogy 91(3):749-757.

Hayward, M.W. and Kerley, G.I.H. 2009. Fencing for conservation: restriction of evolutionary

potential or riposte to threatening processes? Biological Conservation 142:1-13.

Healy, S.D. and Rowe, C. 2014. Animal cognition in the wild. Behavioural Processes 109:101—
102.

Henke-von der Malsburg, J., Kappeler, P.M. and Fichtel, C. 2020. Linking ecology and cognition:
Does ecological specialisation predict cognitive test performance? Behavioral Ecology and

Sociobiology 74:154.

Higgins, J.P.T. and Thompson, S.G. 2002. Quantifying heterogeneity in a meta-analysis. Statistics
in Medicine 21:1539-1558.

Higham, J.E.S. and Shelton, E.J. 2011. Tourism and wildlife habituation: Reduced fitness or

cessation of impact? Tourism Management 32:1290—-1298.

Hill, C.M. 2021. Conflict is integral to human-wildlife coexistence. Frontiers in Conservation

Science 2:69.

Hill, J.E., Helton, J.L., Chipman, R.B., Gilbert, A.T., Beasley, J.C., Dharmarajan, G. and Rhodes,
O.E. 2023. Spatial ecology of translocated raccoons. Scientific Reports 13:10447.

Hohmann, U., Voigt, S. and Andreas, U. 2002. Raccoons take the offensive: A current

assessment. Neobiota 1:191-192.

Holland, K.K., Larson, L.R. and Powell, R.B. 2018. Characterizing conflict between humans and
big cats Panthera sp: A systematic review of research trends and management

opportunities. PLoS ONE 13(9):e0203877.

Honda, T. 2022. Height and tension of electric lines: how should an electric fence be installed
to effectively mitigate human-wildlife conflict? European Journal of Wildlife Research

68:60.

Horn, L., Cimarellli, G., Boucherie, P.H., Slipogor, V. and Bugnyar, T. 2022. Beyond the
dichotomy between field and lab — the importance of studying cognition in context. Current

Opinion in Behavioral Sciences 46:101172.

112



Hudenko, H.W. 2012. Exploring the influence of emotion on human decision making in human-

wildlife conflict. Human Dimensions of Wildlife 17(1):16-28.

Huebner, F., Fichtel, C. and Kappeler, P.M. 2018. Linking cognition with fitness in a wild
primate: Fitness correlates of problem-solving performance and spatial learning ability.

Philosophical Transactions of the Royal Society B 373:20170295.

Hutchins, M. 2007. The animal rights-conservation debate: can zoos and aquariums play a role?
Pages 92-109 in Zimmermann, A., Hatchwell, M., Dickie, L. and West, C. Zoos in the 21st
century: catalysts for conservation? Cambridge University Press, Cambridge, United

Kingdom.

Ikeda, T., Asano, M., Matoba, Y. and Abe, G. 2004. Present status of invasive alien raccoon and

its impact in Japan. Global Environmental Research 8(2):125-131.

Inskip, C. and Zimmermann, A. 2009. Human-felid conflict: A review of patterns and priorities

worldwide. Oryx 43(1):18-34.

International Union for Conservation of Nature [ITUCN]. 2020. IUCN SSC position statement on

the management of human-wildlife conflict. [IUCN Species Survival Commission Human-

Wildlife Conflict Task Force.

International Union for Conservation of Nature [[UCN]. 2023. The IUCN Red List of threatened

Species. Version 2022-2. www.iucnredlist.org. Accessed 3 November 2023.

Jacob, J., Kent, M., Benson-Amram, S., Herculano-Houzel, S., Raghanti, M.A., Ploppert, E.,
Drake, J., Hindi, B., Natale, N.R., Daniels, S., Fanelli, R., Miller, A., Landis, T., Gilbert, A.,
Johnson, S., Lai, A., Hyer, M., Rzucidlo, A., Anchor, C., Gehrt, S. and Lambert, K. 2021.
Cytoarchitectural characteristics associated with cognitive flexibility in raccoons. Journal of

Comparative Neurology 529(14):3375-3388.
Jacobs, M.H. 2012. Human emotions toward wildlife. Human Dimensions of Wildlife 17(1):1-3.

Jacobson, S.L., Puitiza, A., Snyder, R.J., Sheppard, A. and Plotnik, J.M. 2022. Persistence is key:
Investigating innovative problem solving by Asian elephants using a novel multi-access

box. Animal Cognition 25(3):657-669.

113



Jardim-Messeder, D., Lambert, K., Noctor, S., Pestana, F.M., de Castro Leal, M.E., Bertelsen,
M.F., Alagaili, A.N., Mohammad, O.B., Manger, P.R. and Herculano-Houzel, S. 2017. Dogs
have the most neurons, though not the largest brain: Trade-off between body mass and
number of neurons in the cerebral cortex of large carnivoran species. Frontiers in

Neuroanatomy 11: 118-18.

Jennions, M.D. and Mgller, A.P. 2002. Publication bias in ecology and evolution: an empirical

assessment using the ‘trim and fill’ method. Biological Reviews 1:211-222.

Johnson, S.G. 2014. The Nlopt nonlinear-optimization package. R package version 2.7.1.
http://github.com/stevengj/nlopt. Accessed 16 November 2023.

Johnson, J.I.Jr. and Michels, K.M. 1958. Learning sets and object-size effects on visual
discrimination learning by raccoons. Journal of Comparative Physiological Psychology

51:376-379.

Johnson-Ulrich, L., Holekamp, K.E. and Hambrick, D.Z. 2020. Innovative problem-solving in

wild hyenas is reliable across time and contexts. Scientific Reports 10:13000.

Johnson-Ulrich, L., Johnson-Ulrich, Z. and Holekamp, K. 2018. Proactive behavior, but not
inhibitory control, predicts repeated innovation by spotted hyenas tested with a multi-

access box. Animal Cognition 21(3):379-392.

Johnson-Ulrich, L., Johnson-Ulrich, Z. and Holekamp, K.E. 2022. Natural conditions and
adaptive functions of problem-solving in the Carnivora. Current Opinion in Behavioral

Sciences 44:101-111.

Judson, J.J., Clark, W.R. and Andrews, R.D. 1994. Post-natal survival of raccoons in relation to

female age and denning behavior. Journal of the lowa Academy of Science 101(1):24-27.
Justice, D.H. 2021. Raccoon. Reaktion Books, London, United Kingdom.

Kansky, R., Kidd, M. and Knight, A.T. 2014. Meta-analysis of attitudes toward damage-causing
mammalian wildlife. Conservation Biology 28(4):924-938.

Kansky, R., Kidd, M. and Knight, A. T. 2016. A wildlife tolerance model and case study for

understanding human wildlife conflicts. Biological Conservation 201:137-145.

114


http://github.com/stevengj/nlopt

Khorozyan, I. and Waltert, M. 2019. How long do anti-predator interventions remain effective?

Patterns, thresholds and uncertainty. Royal Society Open Science 6:190826.

Kirkpatrick, K. and Hall, G. 2022. Learning and memory. Pp. 197-222 in Bolhuis, J.J.,
Giraldeau, L.-A., Hogan, J.A. (Eds) The behavior of animals: Mechanisms, function, and
evolution. 2nd edition. Wiley Blackwell, Hoboken, NJ, USA.

Knight, R.L. and Gutzwiller, K.J. 1995. Wildlife and recreationists: Coexistence through

management and research. Island Press, Washington, DC, USA.

Konig, H.J., Ceausu, S., Reed, M., Kendall, H., Hemminger, K. and Reinke, H. 2021. Integrated
framework for stakeholder participation: Methods and tools for identifying and addressing

human-wildlife conflicts. Conservation Science and Practice 3:¢399.

Koricheva, J., Mengersen, K. and Gurevitch, J. 2013. Handbook of meta-analysis in ecology and

evolution. Princeton University Press, Princeton, NJ, USA.

Krasheninnikova, A., Chow, P.K.Y. and von Bayern, A.M. 2020. Comparative cognition:
Practical shortcomings and some potential ways forward. Canadian Journal of
Experimental Psychology / Revue canadienne de psychologie expérimentale 74(3):160—
169.

Kubasiewicz, L.M., Bunnefeld, N., Tulloch, A.L.T., Quine, C.P. and Park, K.J. 2015. Diversionary
feeding: an effective management strategy for conservation conflict? Biodiversity and

Conservation 25:1-22.

Labbé, C. 2022. Randonnée en forét: Quel impact sur les animaux a proximité des sentiers?

Radio-Canada. https://ici.radio-canada.ca/nouvelle/1920854/parc-sentier-faune-animaux-

recherche-sepaq. Accessed 21 November 2023.

Landis, J.R. and Koch, G.G. 1977. The measurement of observer agreement for categorical data.

Biometrics 33:159-174.

Lariviére, S. 2004. Range expansion of raccoons in the Canadian prairies: Review of hypotheses.

Wildlife Society Bulletin 32(3):955-963.

Lariviere, S., and Pasitschniak-Arts, M. 1996. Vulpes vulpes. Mammalian Species 537:1-11.

115


https://ici.radio-canada.ca/nouvelle/1920854/parc-sentier-faune-animaux-recherche-sepaq.%20Accessed%2021%20November%202023
https://ici.radio-canada.ca/nouvelle/1920854/parc-sentier-faune-animaux-recherche-sepaq.%20Accessed%2021%20November%202023

Lea, S.E.G., Chow, P.K.Y., Leaver, L.A. and McLaren, [.P.L. 2020. Behavioral flexibility: A

review, a model, and some exploratory tests. Learning & Behavior 48:173—187.

Lefebvre F. 1998. Etude de la dynamique de population du raton laveur (Procyon lotor) dans le
parc du Mont-Orford dans le but d’éviter I’entrée de la rage. Report, Université de

Sherbrooke, Sherbrooke, QC, Canada.

Leimu, R., and Koricheva, J. 2004. Cumulative meta-analysis: A new tool for detection of
temporal trends and publication bias in ecology. Proceedings of the Royal Society B

271:1961-1966.

Lidicker, W.Z.Jr. 2015. Mammalian conservation: Scientific frontiers and socio-political pitfalls.

Therya 6(1):1-10.

Lieury, N., Ruette, S., Devillard, S., Albaret, M., Drouyer, F., Baudoux, B. and Million, A. 2015.
Compensatory immigration challenges predator control: An experimental evidence-based

approach improves management. The Journal of Wildlife Management 79:425-434.

Liss, C.A. 1997. The public is attracted by the use of repellents. Pages 429—433 in Mason, J.R.
editor. Repellents in Wildlife Management. Colorado State University Press, Denver,

Colorado, USA.

Lortie, C.J., Aarssen, L.W., Budden, A.E., Koricheva, J.K., Leimu, R. and Tregenza, T. 2007.
Publication bias and merit in ecology. Oikos 116(7):1247-1253.

Lotze, J.-H. and Anderson, S. 1979. Procyon lotor. Mammalian Species 119:1-8.

Louppe, V., Leroy, B., Herrel, A. and Veron, G. 2019. Current and future climatic regions
favourable for a globally introduced wild carnivore, the raccoon Procyon lotor. Scientific

Reports 9:9174.

Lowry, H., Lill, A. and Wong, B.B.M. 2013. Behavioural responses of wildlife to urban

environments. Biological Reviews 88:537-549.

Lozano, J., Olszanska, A., Morales-Reyes, Z., Castro, A.A., Malo, A.F., Moledn, M., Sanchez-
Zapata, J.A., Cortés-Avizanda, A., von Wehrden, H., Dorresteijn, I. and Kansky, R. 2019.

Human-carnivore relations: A systematic review. Biological Conservation 237:480—492.

116



Luther, E. 2013. Tales of cruelty and belonging: In search of an ethic for urban human-wildlife

relations. Animal Studies Journal 2(1):35-54.

Mabee, T.J. and Estelle, V.B. 2000. Assessing the effectiveness of predator exclosures for plovers.
The Wilson Journal of Ornithology 112:14-20.

Macdonald, D.W. 2016. Animal behaviour and its role in carnivore conservation: Examples of

seven deadly threats. Animal Behaviour 120:197-2009.

Macdonald D.W. and Reynolds, J. 2004. Red fox (Vulpes vulpes). Pages 129-135 in Sillero-
Zubiri, C., Hoffmann, M. and Macdonald, D.W. editors. Canids: foxes, wolves, jackals and

dogs. Status survey and conservation action plan. Gland, Switzerland, and Cambridge, UK,

Gland, Switzerland, and Cambridge, UK, IUCN.

MacDonald, S.E. and Ritvo, S. 2016. Comparative cognition outside the laboratory. Comparative
Cognition & Behavior Reviews 11:49-61.

Madden, F. 2004. Preventing and mitigating human-wildlife conflicts: World Park Congress
recommendation. Human Dimensions of Wildlife 9(4):259-260.

Mann, T. 1968. A comparison of lamb survival in fox proof and unprotected enclosures.

Proceedings of the Australian Society of Animal Production 7:250-254.

Marchini, S. 2014. Who’s in conflict with whom? Human dimensions of the conflicts involving
wildlife. Pp. 189-209 in Verdade, L.M., Lyra-Jorge, M.C. and Pifia, C.I. (Eds) Applied

ecology and human dimensions in biological conservation. Springer, Heidelberg, Germany.

Marzluff, J.M. and Swift, K.N. 2017. Connecting animal and human cognition to conservation.

Current Opinion in Behavioral Sciences 16:87-92.

Massei, G., Quy, R.J., Gurney, J. and Cowan, D.P. 2010. Can translocations be used to mitigate
human-wildlife conflicts? Wildlife Research 37:428-439.

Massen, J.J.M., Antonides, A., Arnold, A.M.K., Bionda, T. and Koski, S.E. 2013. A behavioral
view on chimpanzee personality: Exploration tendency, persistence, boldness, and tool-
orientation measured with group experiments. American Journal of Primatology 75(9):947—

958.

117



Mateo, J.M. 2010. Self-referent phenotype matching and long-term maintenance of kin

recognition. Animal Behaviour. 80:929-935.

Mateo, J.M. and Johnston, R.E. 2000. Retention of social recognition after hibernation in

Belding’s ground squirrels. Animal Behaviour 59:491-499.

McDougall, P.T., Réale, D., Sol, D. and Reader, S.M. 2006. Wildlife conservation and animal
temperament: Causes and consequences of evolutionary change for captive, reintroduced,

and wild populations. Animal Conservation 9:39—48.

McFarland, D. 2014. A dictionary of animal behaviour. 2" edition. Oxford University Press,
Oxford, United Kingdom.

McManus, J.S., Dickman, A.J., Gaynor, D., Smuts, B.H. and Macdonald, D.W. 2015. Dead or
alive? Comparing costs and benefits of lethal and non-lethal human-wildlife conflict

mitigation on livestock farms. Oryx 49:687—-695.

Merrick, M.J. and Koprowski, J.L.. 2017. Should we consider individual behavior differences in

applied conservation studies? Biological Conservation 209:34—44.
Messmer, T.A. 2000. The emergence of human-wildlife conflict management: turning challenges
into opportunities. International Biodeterioration and Biodegradation 45:97-102.

Mettke-Hofmann, C. 2014. Cognitive ecology: Ecological factors, life-styles, and cognition.
Cognitive Science 5(3):345-360.

Michels, K.M., Pustek, J.J. and Johnson, J.I. 1961. The solution of patterned-strings problems by
raccoons. Journal of Comparative Physiological Psychology 54:439—-441.

Miller, J.R., Stoner, K.J., Cejtin, M.R., Meyer, T.K., Middleton, A.D. and Schmitz, O.J. 2016.
Effectiveness of contemporary techniques for reducing livestock depredations by large

carnivores. Wildlife Society Bulletin 40:806—-815.

Moller, A.P. and Jennions, M.D. 2001. Testing and adjusting for publication bias. Trends in
Ecology & Evolution 16:580-586.

Moller, J.M., Van Beest, F.M., Schmidt, K.T., Brook, R.K. and Storaas, T. 2014. To feed or not to
feed? Evidence of the intended and unintended effects of feeding wild ungulates. Journal of

Wildlife Management 78:1322—1334.

118



Morand-Ferron, J., Cole, E.F. and Quinn, J.L. 2016. Studying the evolutionary ecology of
cognition in the wild: A review of practical and conceptual challenges. Biological Reviews

91:367-389.
Morton, F.B. 2021. Do wild raccoons (Procyon lotor) use tools? Animal Cognition 24:433—441.

Miiller, M. and Pillay, N. 2023. Learning and innovation in urban yellow mongooses

(Cynictis penicillata). Ethology 129(11):600-611.

Mumby, H.S. and Plotnik, J.M. 2018. Taking the elephants' perspective: Remembering elephant
behavior, cognition and ecology in human-elephant conflict mitigation. Frontiers in

Ecology and Evolution 6:122.

Mundry, R. 2017. From nonparametric tests to mixed models: A brief overview of statistical tools
frequently used in comparative psychology. Pp. 157-177 in Call, J. (Ed) APA Handbook of
Comparative Psychology: Vol. 1. Basic concepts, methods, neural substrate, and behavior.

American Psychological Association, Washington, DC, USA.

Musiani, M., Mamo, C., Boitani, L., Callaghan, C., Gates, C.C., Mattei, L., Visalberghi, E.,
Breck, S. and Volpi, G. 2003. Using fladry barriers to protect livestock from wolves in
western Canada and the western United States. Conservation Biology 17:1538—1547.

Nelder, J.A. and Mead, R. 1965. A simplex method for function minimization. Computer Journal

7:308-313.

Nyhus, P.J. 2016. Human-wildlife conflict and coexistence. Annual Review of Environment and

Resources. 41:143-171.

Ostermann-Miyashita, E.-F., Pernat, N. and K6nig, H.J. 2021. Citizen science as a bottom-up
approach to address human—wildlife conflicts: From theories and methods to practical

implications. Conservation Science and Practice 3:e385.

Owen, M.A., Swaisgood, R.R. and Blumstein, D.T. 2017. Contextual influences on animal
decision-making: Significance for behavior-based wildlife conservation and management.

Integrative Zoology 12:32—48.

Pacini-Ketchabaw, V. and Nxumalo, F. 2016. Unruly raccoons and troubled educators:

Nature/culture divides in a childcare centre. Environmental Humanities 7(1):151-168.

119



Papaj, D.R., Snell-Rood, E.C. and Davis, J.M. 2019. Learning. Pp. 260-265 in Fath, B.D. (Ed)

Encyclopedia of ecology. 2™ edition. Elsevier, Amsterdam, Netherlands.

Papini, M.R. and Torres, C. 2017. Comparative learning and evolution. Pp. 267-286 in Call, J.
(Ed) APA Handbook of Comparative Psychology: Vol. 2. Perception, learning, and

cognition. American Psychological Association, Washington, DC.

Patten, M.A. and Burger, J.C. 2018. Reserves as double-edged sword: Avoidance behavior in an

urban-adjacent wildland. Biological Conservation 218:233-239.

Pearce, J.M. 2008. Animal learning and cognition: An introduction. 3™ edition. Routledge. Milton

Park, United Kingdom.

Peterson, M.N., Birckhead, J.L., Leong, K., Peterson, M.J. and Peterson, T.R. 2010.
Rearticulating the myth of human-wildlife conflict. Conservation Letters 3(2):74—82.

Petracca, L.S., Frair, J.L., Bastille-Rousseau, G., Hunt, J.E., Macdonald, D.W., Sibanda, L. and
Loveridge, A.J. 2019. The effectiveness of hazing African lions as a conflict mitigation

tool: implications for carnivore management. Ecosphere 10:¢02967.

Pettit, M. 2010. The problem of raccoon intelligence in behaviourist America. British Journal for

the History of Science 43(3):391-421.

Pitt, J.A., Lariviere, S. and Messier, F. 2008. Survival and body condition of raccoons at the edge

of the range. Journal of Wildlife Management 72(2):389-395.

Pooley, S., Barua, M., Beinart, W., Dickman, A., Holmes, G., Lorimer, J., Loveridge, A.J.,
Macdonald, D.W., Marvin, G., Redpath, S., Sillero-Zubiri, C., Zimmerman, A. and
Milner-Gulland, E.J. 2017. An interdisciplinary review of current and future approaches to

improving human—predator relations. Conservation Biology 31(3):513-523.

Prange, S. and Gehrt, S.D. 2004. Changes in mesopredator-community structure in response to

urbanization. Canadian Journal of Zoology 82(11):1804—-1817.

Prange, S., Gehrt, S.D. and Wiggers, E.P. 2003. Influences of anthropogenic resources on raccoon

(Procyon lotor) movements and spatial distribution. Journal of Mammalogy 85(3):483—490.

Prescott, J. 2011. « Rencontre du troisieme type » : la cohabitation des humains et des

mammiferes sauvages au Québec. Le Naturaliste Canadien 135(2):82—88.

120



Pritchard, D.J., Hurly, T.A., Tello-Ramos, M.C. and Healy, S.D. 2016. Why study cognition in the
wild (and how to test it)? Journal of the Experimental Analysis of Behavior 105:41-55.

Proppe, D.S., McMillan, N., Congdon, J.V. and Sturdy, C.B. 2017. Mitigating road impacts on

animals through learning principles. Animal Cognition 20:19-31.

Prugh, L.R., Stoner, C.J., Epps, C.W., Bean, W.T., Rippler, W.J., Laliberte, A.S. and Brashares,
J.S. 2009. The rise of the mesopredator. BioScience 59(9):779—-791.

Pullin, A.S. and Stewart, G.B. 2006. Guidelines for systematic review in conservation and

environmental management. Conservation Biology 20(6):1647—1656.

Pullin, A.S., Sutherland, W., Gardner, T., Kapos, V. and Fa, J.E. 2013. Conservation priorities:
identifying need, taking action and evaluating success. Pages 3—-22 in Macdonald, D.W. and
Willis, K.J. Key Topics in Conservation Biology 2. First edition. John Wiley and Sons,
West Sussex, United Kingdom.

R Core Team. 2023. R: A language and environment for statistical computing. R Foundation for

Statistical Computing, Vienna, Austria.

Ramsey, G., Bastian, M.L. and van Schaik, C. 2007. Animal innovation defined and

operationalized. Behavioral and Brain Sciences 30:393-437.

Ransom, J.I., Powers, J.G., Thompson Hobbs, N. and Baker, D.L. 2014. Ecological feedbacks
can reduce population-level efficacy of wildlife fertility control. Journal of Applied

Ecology 51:259-269.

Rao, A., Bernasconi, L., Lazzaroni, M., Marshall-Pescini, S. and Range, F. 2018. Differences in

persistence between dogs and wolves in an unsolvable task in the absence of humans. PeerJ

6:€5944.

Reader, S.M. and Laland, K.N. 2003. Animal innovation: an introduction. In Reader, S.M. and
Laland, K.N. (Eds.). Animal innovation. Oxford, UK: Oxford University Press. Pp. 3-35.

Reader, S.M., Morand-Ferron, J. and Flynn, E. 2016. Animal and human innovation: novel
problems and novel solutions. Philosophical Transactions of the Royal Society B

371:20150182.

121



Reddiex, B. and Forsyth, D.M. 2006. Control of pest mammals for biodiversity protection in
Australia. I Reliability of knowledge. Wildlife Research 33:711-717.

Redpath, S.M., Bhatia, S. and Young, J. 2015. Tilting at wildlife: Reconsidering human-wildlife
conflict. Oryx 49(2):222-225.

Redpath, S.M., Young, J., Evely, A., Adams, W.M., Sutherland, W.J., Whitehouse, A., Amar, A.,
Lambert, R.A., Linnell, J.D., Watt, A. and Gutierrez, R.J. 2013. Understanding and
managing conservation conflicts. Trends in Ecology & Evolution 28(2):100—109.

Reed, S.E. and Merenlender, A.M. 2008. Quiet, nonconsumptive recreation reduces protected

area effectiveness. Conservation Letters 1(3):146—154.

Reid, F.A. 2006. A field guide to mammals of North America (4th edition). Houghton Mifflin,
Boston, MA, USA.

Reidinger, R.F.Jr. and Miller, J.E. 2013. Wildlife damage management: prevention, problem
solving, and conflict resolution. The Johns Hopkins University Press, Baltimore, Maryland,

USA.

Reiter, D.K., Brunson, M.W. and Schmidt, R.H. 1999. Attitudes toward wildlife damage
management and policy. Wildlife Society Bulletin 27:746—758.

Reynolds, J.J.H., Hirsch, B.T., Gehrt, S.D. and Craft, M.E. 2015. Raccoon contact networks
predict seasonal susceptibility to rabies outbreaks and limitations of vaccination. Journal of

Animal Ecology 84:1720-1731.

Ripple, W.J., Estes, J.A., Beschta, R.L., Wilmers, C.C., Ritchie, E.G., Hebblewhite, M., Berger,
J., Elmhagen, B., Letnic, M., Nelson, M.P. et al. 2014. Status and ecological effects of the

world’s largest carnivores. Science 343:1241184.

Rivest, P. and Bergeron, J.-M. 1981. Density, food habits, and economic importance of raccoons

(Procyon lotor) in Quebec agrosystems. Canadian Journal of Zoology 59:1755-1762.

Robert, K., Garant, D. and Pelletier, F. 2012. Keep in touch: Does spatial overlap correlate with
contact rate frequency? Journal of Wildlife Management 76(8):1670—-1675.

Robertson, B.A., Ostfeld, R.S. and Keesing, F. 2017. Trojan females and Judas goats:

Evolutionary traps as tools in wildlife management. BioScience 67:983-994.

122



Roemer, G.W., Gompper, M.E. and Van Valkenburgh, B. 2009. The ecological role of the

mammalian mesocarnivore. BioScience 59:165-173.

Rosatte, R.C. 1998. Management of raccoons (Procyon lotor) in Ontario, Canada: Do human

intervention and disease have significant impact on raccoon populations? Mammalia
64(4):369-390.
Rosatte, R., Ryckman, M., Ing, K., Proceviat, S., Allan, M., Bruce, L., Donovan, D. and Davies,

J.C. 2010. Density, movements, and survival of raccoons in Ontario, Canada: Implications

for disease spread and management. Journal of Mammalogy 91(1):122—135.

Rosatte, R., Sobey, K., Donovan, D., Allan, M., Bruce, L., Buchanan, T. and Davies, C. 2007.
Raccoon density and movements after population reduction to control rabies. The Journal

of Wildlife Management 71:2373-2378.

Rosenberg, M.S. 2005. The file-drawer problem revisited: A general weighted method for

calculating fail-safe numbers in meta-analysis. Evolution 59:464—468.

Rosenberg, M.S. 2022. MetaWin 3. www.metawinsoft.com.

Rosenberg, M. S., H. R. Rothstein, and J. Gurevitch. 2013. Effect Sizes: Conventional choices
and calculations. Pages 61-71 in J. Koricheva, K. Mengersen, and J. Gurevitch, editors.
Handbook of meta-analysis in ecology and evolution. Princeton University Press,

Princeton, New Jersey, USA.

Rosenthal, R. 1979. The “file drawer problem” and tolerance for null results. Psychological

Bulletin 86:638—641.

Rowell, M.K., Pillay, N. and Rymer, T.L. 2021. Problem solving in animals: Proposal for an

ontogenetic perspective. Animals 11:866.
RStudio Team. 2022. RStudio: Integrated Development for R. RStudio, PBC, Boston, MA, USA.

Rytwinski, T., Soanes, K., Jaeger, J.A.G., Fahrig, L., Findlay, C.S., Houlahan, J., van der Ree, R.
and van der Grift, E.A. 2016. How effective is road mitigation at reducing road-kill? PLoS
ONE 11:€0166941.

Sarabian, C., Wilkinson, A., Sigaud, M., Kano, F., Tobajas, J., Darmaillacq, A.-S., Kalema-
Zikusoka, G., Plotnik, J.M. and MaclIntosh, A.J.J. 2023. Disgust in animals and the

123


http://www.metawinsoft.com/

application of disease avoidance to wildlife management and conservation. Journal of

Animal Ecology 92:1489-1508.

Sarmento, W.M. and Berger, J. 2017. Human visitation limits the utility of protected areas as

ecological baselines. Biological Conservation 212:316-326.

Sawilowsky, S.S. 2009. New effect size rules of thumb. Journal of Modern Applied Statistical
Methods 8:597-599.

Scasta, J.D., Stam, B. and Windh, J.L. 2017. Rancher-reported efficacy of lethal and non-lethal
livestock predation mitigation strategies for a suite of carnivores. Scientific Reports

7:14105.

Schakner, Z.A. and Blumstein, D.T. 2013. Behavioral biology of marine mammal deterrents: A

review and prospectus. Biological Conservation 167:380-389.

Schakner, Z.A., Petelle, M.B., Berger-Tal, O., Owen, M.A. and Blumstein, D.T. 2014.
Developing effective tools for conservation behaviorists: Reply to Greggor ef al. Trends in

Ecology & Evolution 26(12):651-652.

Schell, C.J., Stanton, L.A., Young, J.K., Angeloni, L.M., Lambert, J.E., Breck, S.W. and Murray,
M.H. 2021. The evolutionary consequences of human—wildlife conflict in cities.

Evolutionary Applications 14(1):178-197.

Schulte, B. A. 2016. Learning and applications of chemical signals in vertebrates for human—
wildlife conflict mitigation. Pages 499-510 in B. A. Schulte, T. E. Goodwin, and M. H.
Ferkin (Eds) Chemical signals in vertebrates 13. Springer, Cham, Switzerland.

Seed, A. and Call, J. 2010. Problem-solving in tool-using and non-tool-using animals. Pp 778-
785 in Breed, M.D. and Moore, J. (Eds) Encyclopedia of animal behavior. Academic Press,
Oxford, United Kingdom.

Seed, A. and Mayer, C. 2017. Problem solving. Pp. 601-626 in Call, J. (Ed) APA Handbook of
Comparative Psychology: Vol. 2. Perception, learning, and cognition. American

Psychological Association, Washington, DC, USA.

124



Selonen, V., Banks, P.B., Tobajas, J. and Laaksonen, T. 2022. Protecting prey by deceiving
predators: A field experiment testing chemical camouflage and conditioned food aversion.

Biological Conservation 275:109749.

Seoraj-Pillai, N. and Pillay, N. 2017. A meta-analysis of human-wildlife conflict: South African
and global perspectives. Sustainability 9(1):34.

Shettleworth, S.J. 2010. Cognition, evolution, and behavior. 2™ edition. Oxford University Press,
Oxford, United Kingdom.

Shi, L. and Lin, L. 2019. The trim-and-fill method for publication bias: practical guidelines and

recommendations based on a large database of meta-analyses. Medicine 98:¢15987.

Shivik, J.A. and Martin, D.J. 2000. Aversive and disruptive stimulus applications for managing

predators. Wildlife Damage Management Conferences Proceedings. 20.

Shivik, J.A. 2006. Tools for the edge: What's new for conserving carnivores. BioScience

56(3):253-259.

Shivik, J.A., Treves, A. and Callahan, P. 2003. Nonlethal techniques for managing predation:
Primary and secondary repellents. Conservation Biology 17:1531-1537.

Sih, A. 2013. Understanding variation in behavioural responses to human-induced rapid

environmental change: A conceptual overview. Animal Behaviour 85:1077-1088.

Sih, A. and Del Giudice, M. 2012. Linking behavioural syndromes and cognition: A behavioural
ecology perspective. Philosophical Transactions of the Royal Society B 367:2762-2772.

Sillero-Zubiri, C. and Laurenson, K. 2001. Interactions between carnivores and local
communities: Conflict or co-existence? Pp. 282-312 in Gittleman, J., Funk, S., Macdonald,
D.W. and Wayne, R.K. (Eds) Proceedings of a Carnivore Conservation Symposia.
Zoological Society of London, London, United Kingdom.

Sillero-Zubiri, C., Sukumar, R. and Treves, A. 2007. Living with wildlife: The roots of conflict
and the solutions. Pages 253270 in Macdonald, D.W. and Service, K. editors. Key topics

in conservation biology. Blackwell, Malden, Massachusetts, USA.

125



Silverton, J., Buesching, C.D., Jacobson, S.K. and Rebelo, T. 2013. Citizen science and nature
conservation. Pp 127-142 in Macdonald, D.W. and Gurevitch, J. (Eds) Key topics in
conservation biology 2. Wiley-Blackwell, Chichester, United Kingdom.

Smith, M.E., Linnell, J.D., Odden, J. and Swenson, J.E. 2000. Review of methods to reduce
livestock depredation II. Aversive conditioning, deterrents and repellents. Acta Agriculturae

Scandinavica, Section A-Animal Science 50:304-315.

Snell-Rood, E.C. 2013. An overview of the evolutionary causes and consequences of behavioural

plasticity. Animal Behaviour 85:1004—-1011.

Snijders, L., Greggor, A.L., Hilderink, F. and Doran, C. 2019. Effectiveness of animal
conditioning interventions in reducing human-wildlife conflict: A systematic map protocol.

Environmental Evidence 8(1):10.

Snijders, L., Thierij, N.M., Appleby, R., St. Clair, C.C. and Tobajas, J. 2021. Conditioned taste
aversion as a tool for mitigating human—wildlife conflicts. Frontiers in Conservation

Science 72.

Société des établissements de plein air du Québec [Sépaq]. 2023. Parcs nationaux - Mission.

www.sepag.com/pg/mission.dot. Accessed 1 November 2023.

Sol., D. 2009. Revisiting the cognitive buffer hypothesis for the evolution of large brains.
Biology Letters 5:130-133.

Sol, D., Lapiedra, O. and Gonzélez-Lagos, C. 2013. Behavioural adjustments for life in the city.
Animal Behaviour 85:1101-1112.

Sol, D., Sayol, F., Ducatez, S. and Lefebvre, L. 2016. The life-history basis of behavioural
innovations. Philosophical Transactions of the Royal Society B 371(1690):20150187.

Somers, M.J. and Hayward, M.W. 2012. Fencing for conservation: restriction of evolutionary

potential or a riposte to threatening processes? Springer-U.S., New York, New York, USA.

St. Clair C.C., Backs, J., Friesen, A., Gangadharan, A., Gilhooly, P., Murray, M. and Pollock, S.
2019. Animal learning may contribute to both problems and solutions for wildlife—train

collisions. Philosophical Transactions B 374(1781):20180050.

126


http://www.sepaq.com/pq/mission.dot
https://royalsocietypublishing.org/author/St.+Clair%2C+Colleen+Cassady
https://royalsocietypublishing.org/author/Backs%2C+Jonathan
https://royalsocietypublishing.org/author/Friesen%2C+Alyssa
https://royalsocietypublishing.org/author/Gangadharan%2C+Aditya
https://royalsocietypublishing.org/author/Gilhooly%2C+Patrick
https://royalsocietypublishing.org/author/Murray%2C+Maureen
https://royalsocietypublishing.org/author/Pollock%2C+Sonya

Stanger, M.E., Slagle, K.M. and Bruskotter, J.T. 2022. Impact of location on predator control

preference patterns. Frontiers in Conservation Science 3:844346.

Stanton, L.A. 2020. Experimental investigations of cognition in highly adaptable species. Ph.D.
dissertation. University of Wyoming, Laramie, WY, USA.

Stanton, L.A., Bridge, E.S., Huizinga, J., Johnson, S.R., Young, J.K. and Benson-Amram, S.
2021. Variation in reversal learning by three generalist mesocarnivores. Animal Cognition

24:555-568.

Stanton, L.A., Bridge, E.S., Huizinga, J. and Benson-Amram, S. 2022. Environmental, individual
and social traits of free-ranging raccoons influence performance in cognitive testing.

Journal of Experimental Biology 225(18):243726.

Stanton, L.A., Davis, E., Johnson, S., Gilbert, A. and Benson-Amram, S. 2017. Adaptation of the
Aesop’s Fable paradigm for use with raccoons (Procyon lotor): considerations for future

application in non-avian and non-primate species. Animal Cognition 20:1147—-1152.

Stope M.B. 2023. The raccoon (Procyon lotor) as a neozoon in Europe. Animals 13:273.

Storch, D. and Frynta, D. 1999. Evolution of habitat selection: Stochastic acquisition of cognitive
clues? Evolutionary Ecology 13:591-600.

Stringham, O.C. and Robinson, O.J. 2015. A modeling methodology to evaluate the efficacy of
predator exclosures versus predator control. Animal Conservation 18:451-460.

Su, K., Zhang, H., Lin, L., Hou, Y. and Wen, Y. 2022. Bibliometric analysis of human-wildlife
conflict: From conflict to coexistence. Ecological Informatics 68:101531.

Sutherland, W.J., Pullin, A.S., Dolman, P.M. and Knight, T.M. 2004. The need for evidence-based
conservation. Trends in Ecology & Evolution 19:305-308.

Sutherland, W.J. and Wordley, C. 2017. Evidence complacency hampers conservation. Nature

Ecology and Evolution 1:1215-1216.

Swaisgood, R.R. 2020. Grand challenges in animal conservation. Frontiers in Conservation

Science 1:602856.

127


https://doi.org/10.3389/fcosc.2020.602856

Swan, G.J.F., Redpath, S.M., Bearhop, S. and McDonald, R.A. 2017. Ecology of problem
individuals and the efficacy of selective wildlife management. Trends in Ecology &

Evolution 32(7):518-530.

Taylor, A.R. and Knight, R.L. 2003. Wildlife responses to recreation and associated visitor
perceptions. Ecological Applications 13(4):951-963.

Teel, T.L., Manfredo, M.J., Jensen, F.S., Buijs, A.E., Fischer, A., Riepe, C., Arlinghaus, R. and
Jacobs, M.H. 2010. Understanding the cognitive bias for human-wildlife relationships as a

key to successful protected-area management. International Journal of Sociology

40(3):104-123.

Thornton, A. and Lukas, D. 2012. Individual variation in cognitive performance: Developmental
and evolutionary perspectives. Philosophical Transactions of the Royal Society B

367:2773-2783.

Thornton, A. and Samson, J. 2012. Innovative problem solving in meerkats. Animal Behaviour

83:1459-1468.

Thornton, A., Isden, J. and Madde, J.R. 2014. Toward wild psychometrics: Linking individual
cognitive differences to fitness. Behavioral Ecology 25(6):1299-1301.

Thornton, A. and Truskanov, N. 2022. The role of natural history in animal cognition. Current

Opinion in Behavioral Sciences 46:101154.

Torres, D.F., Oliveira, E.S. and Alves, R.R.N. 2018. Understanding human-wildlife conflicts and
their implications. Pp. 421-445 in Alves, R.R.N. and Albuquerque, U.P. (Eds)

Ethnozoology: Animals in our lives. Academic Press, Cambridge, Massachusetts, USA.

Treves, A. and Karanth, K.U. 2003. Human-carnivore conflict and perspectives on carnivore

management worldwide. Conservation Biology 17(6):1491-1499.

Treves, A. and Naughton-Treves, L. 2005. Evaluating lethal control in the management of
human-wildlife conflict. Pages 86—106 in R. W. Woodrofte, S. Thirgood, and A.
Rabinowitz, editors. People and Wildlife, Conflict or Co-existence? Cambridge University

Press, Cambridge, United Kingdom.

128



Treves, A. and Santiago-Avila, F.J. 2020. Myths and assumptions about human-wildlife conflict

and coexistence. Conservation Biology 34(4):811-818.

Treves, A. Wallace, R.B., Naughton-Treves, L. and Morales, A. 2006. Co-managing human-
wildlife conflicts: A review. Human Dimensions of Wildlife 11:383-396.

Treves, A., Wallace, R.B. and White, S. 2009. Participatory planning of interventions to mitigate
human-wildlife conflicts. Conservation Biology 23(6):1577—-1587.

Tsukada, H., Matsumaru, K., Sakamoto, Y., Yoshida, H., Kozone, K., Miyawaki, Y. and Minami,
M. 2019. Effect of twin-lead type electric fence for deterring scansorial animals. European

Journal of Wildlife Research 65:56.

van Eeden, L.M., Newsome, T.M., Crowther, M.S., Dickman, C.R. and Bruskotter, J. 2019.
Social identity shapes support for management of wildlife and pests. Biological

Conservation 231:167—-173.

van Eeden, L.M., Newsome, T.M., Crowther, M.S., Dickman, C.R. and Bruskotter, J. 2020.
Diverse public perceptions of species’ status and management align with conflicting

conservation frameworks. Biological Conservation 242:108416.

Vantassel, S. and Groepper, S.R. 2016. A survey of wildlife damage management techniques used
by wildlife control operators in urbanized environments in the US. Pp. 175-204 in
Angelici, F. M. (Ed) Problematic wildlife: A cross-disciplinary approach. Springer, New
York, NY, USA.

Wade-Smith, J. and Verst, B.J. 1982. Mephitis mephitis. Mammalian Species 173:1-7.

Wallach, A.D., Izhaki, 1., Toms, J.D., Ripple, W.J. and Shanas, U. 2015. What is an apex
predator? Oikos 124:1453—-1461.

Warburton, B. and Norton, B.G. 2010. Towards a knowledge-based ethic for lethal control of
nuisance wildlife. The Journal of Wildlife Management 73:158—164.

Warren, J.M. and Warren, H.B. 1962. Reversal learning by horse and raccoon. The Journal of

Genetic Psychology 100(2):215-220.

Washburn, D.A., Salamanca, J.A., Callery, R.C. and Whitham, W. 2017. Tools for measuring
animal cognition: T mazes to touchscreens. Pp. 115-132 in Call, J. (Ed) APA Handbook of

129



Comparative Psychology: Vol. 1. Basic concepts, methods, neural substrate, and behavior.

American Psychological Association, Washington, DC, USA.

White, P.C.L. and Ward, A.I. 2010. Interdisciplinary approaches for the management of existing
and emerging human-wildlife conflicts. Wildlife Research 37:623—-629.

Williams, D.M., Wu, C. and Blumstein, D.T. 2021. Social position indirectly influences the traits
yellow-bellied marmots use to solve problems. Animal Cognition 24(4):829-842.

Wilson, D.E. and Reeder, D.M. 2005. Mammal species of the World. A taxonomic and
geographic reference (3™ edition). John Hopkins University Press, Baltimore, MD, USA.

Windell, R.M., Bailey, L.L., Young, J.K., Livieri, T.M., Eads, D.A. and Breck, S.W. 2021.
Improving evaluation of nonlethal tools for carnivore management and conservation:
evaluating fladry to protect and endangered species from a generalist mesocarnivore.

Animal Conservation 25:125-136.

Wong, B.B.M. and Candolin, U. 2015. Behavioral responses to changing environments.

Behavioral Ecology 26(3):665673.

Woodroffe, R. and Ginsberg, J.R. 1997. Edge effects and the extinction of populations inside
protected areas. Science 280:2126-2128.

Yerli, S., Canbolat, A.F., Brown, L.J. and Macdonald, D.W. 1997. Mesh grids protect loggerhead
turtle Caretta caretta nests from red fox Vulpes vulpes predation. Biological Conservation

82:109-111.

Young, J.K., Touzot, L. and Brummer, S.P. 2019. Persistence and conspecific observations

improve problem-solving abilities of coyotes. PLoS ONE 14(7):e0218778.

Zeileis, A. and Hothtorn, T. 2002. Diagnostic checking in regression relationships. R News 2:7—
10.

130



