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Abstract

Research on the ecology of fear has highlighted the importance of perceived risk
from predators and humans in shaping animal behavior and physiology, with
potential demographic and ecosystem-wide consequences. Despite recent conceptual
advances and potential management implications of the ecology of fear, theory and
conservation practices have rarely been linked. Many challenges in animal conser-
vation may be alleviated by actively harnessing or compensating for risk perception
and risk avoidance behavior in wild animal populations. Integration of the ecology
of fear into conservation and management practice can contribute to the recovery
of threatened populations, human–wildlife conflict mitigation, invasive species man-
agement, maintenance of sustainable harvest and species reintroduction plans. Here,
we present an applied framework that links conservation interventions to desired
outcomes by manipulating ecology of fear dynamics. We discuss how to reduce or
amplify fear in wild animals by manipulating habitat structure, sensory stimuli, ani-
mal experience (previous exposure to risk) and food safety trade-offs to achieve
management objectives. Changing the optimal decision-making of individuals in
managed populations can then further conservation goals by shaping the spatiotem-
poral distribution of animals, changing predation rates and altering risk effects that
scale up to demographic consequences. We also outline future directions for
applied research on fear ecology that will better inform conservation practices. Our
framework can help scientists and practitioners anticipate and mitigate unintended
consequences of management decisions, and highlight new levers for multi-species
conservation strategies that promote human–wildlife coexistence.

An applied ecology of fear
framework

Scientists and practitioners recognize the importance of con-
sidering animal behavior when designing conservation strate-
gies for wild animal populations (Burt, 1943; Martin, 1998).
Knowledge of habitat selection, mating systems and sociality,

for example, have informed habitat and population manage-
ment strategies (Festa-Bianchet & Apollonio, 2003; Blumstein
& Fern�andez-Juricic, 2010). Behaviors related to risk avoid-
ance have also received some attention in the management
arena, generally in the context of deterrents that aim to instill
fear and flight responses in pest species to reduce undesired
behaviors (Miller et al., 2016). However, proactive risk
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avoidance by wild animals can also influence patterns of habi-
tat selection, movement and foraging behavior, with broader
conservation implications that have received relatively less
attention (Berger-Tal et al., 2015). The concept of the ecology
of fear has emerged to explain how predation risk affects ani-
mal behavior and physiology, with potential consequences for
population demography, species interactions and ecosystem
functioning (Brown, Laundr�e, & Gurung, 1999; Ripple &
Beschta, 2004; Gaynor et al., 2019).

Fear, defined here as an animal’s conscious or uncon-
scious perception of risk, is an adaptation that allows an ani-
mal to assess the cost of the risk of injury or death (Brown,
Laundr�e, & Gurung, 1999). While some have criticized the
use of the term “fear” in the context of non-human animals,
given that it connotes emotion (Adolphs, 2013; LeDoux,
2014), we use it here given that the term has been widely
adopted in the ecological literature (Clinchy, Sheriff, & Zan-
ette, 2013; Gaynor et al., 2019). Animals differ in how they
associate sensory stimuli with perceived risk and respond to
that perceived risk, balancing the cost of predation risk with
other costs and benefits, including foraging opportunities
(Lima, 1986; McNamara & Houston, 1992; Brown, Laundr�e,
& Gurung, 1999). This risk assessment and response is
mediated by an individual’s state, environmental and social
context, and personality (Blumstein & Bouskila, 1996; Lima,
1998; Sih et al., 2004; Owen et al., 2017). Acute fear in the
presence of an immediate threat can drive reactive anti-
predator behavior such as flight and cause physiological
stress, while risk assessment in the absence of a direct threat
factors into many proactive anti-predator strategies that often
have opportunity costs (Lima, 1998; Clinchy, Sheriff, &
Zanette, 2013). If costly anti-predator behavior compromises
survival and reproduction, the risk effects of predation can
potentially scale up to alter population dynamics (Lima,
1998; Preisser, Bolnick, & Benard, 2005; Preisser & Bol-
nick, 2008).

Fear can also feed back to shape patterns of predation
itself, as anti-predator strategies alter the vulnerability of
prey to predators (Sih, 1984). Furthermore, by shaping prey
behavior and spatiotemporal distribution, fear can alter pat-
terns of herbivory and competition and initiate behaviorally
mediated trophic cascades (Schmitz, Beckerman, & O’Brien,
1997; Bucher et al., 2015). Despite critical advancements in
the understanding of the contributions of fear to ecological
dynamics, there remains untapped potential to apply ecology
of fear theory to the many animal conservation and manage-
ment challenges arising due to rapid global change (Berger-
Tal et al., 2015).

The ecology of fear is relevant to a wide range of animal
conservation scenarios. A central goal of many conservation
practitioners is to establish and maintain viable populations
of wild animal species at a desired density, which can be
strongly influenced by risk effects of predation (Creel &
Christianson, 2008). Conservation practitioners may also
wish to change animal behavior and spatiotemporal distribu-
tion to shape species interactions (i.e. herbivory, competition)
and achieve multi-species conservation goals, to reduce con-
flict with people (Van Eeden et al., 2018) or to enhance

people’s positive experiences with wild animals including
opportunities for hunting and outdoor recreation (Cromsigt,
Kuijper, & Adam, 2013; Larson et al., 2019). Wildlife man-
agers may seek to eradicate invasive species or design rein-
troduction strategies for extirpated native species, and thus
increase or decrease predation and mortality rates for a target
population (Carthey & Blumstein, 2017; Blumstein, Letnic,
& Moseby, 2019). Given the importance of risk perception
in shaping prey demography, spatiotemporal distribution and
predator–prey interactions, managing the ecology of fear can
be a powerful tool in each of these contexts.

To effectively apply the ecology of fear concept to con-
servation science and practice, researchers and practitioners
must consider the drivers and consequences of fear, along
with the pathways by which fear intersects with management
strategies and conservation outcomes (Fig. 1). Ecology of
fear dynamics can be directly manipulated to advance partic-
ular conservation goals, especially those pertaining to animal
behavior and predation rates (e.g. Cromsigt, Kuijper, &
Adam, 2013; Bedoya-Perez et al., 2019). Alternatively, man-
agement practices that are implemented to advance a certain
goal may inadvertently reshape the ecology of fear and
therefore create new challenges. These cases require a
broader consideration of the potential behavioral and physio-
logical responses of target and non-target species to a given
management action, along with adaptive management prac-
tices. Here, we explore how incorporating the ecology of
fear into the management and conservation of wild animal
populations could improve outcomes, and point to critical
knowledge gaps where future research on fear could inform
new conservation strategies.

Applying the framework in
conservation scenarios

There are several scenarios in which management actions
can reshape the ecology of fear and promote animal conser-
vation goals (Fig. 2). In some of these cases, the ecology of
fear is manipulated as part of a novel conservation approach,
while in others, the ecology of fear is manipulated as part of
adaptive management strategies to mitigate unintended con-
sequences of other management actions or anthropogenic dis-
turbances. In principle, the ecology of fear framework may
be applied in some way to nearly all conservation scenarios
and the examples that we present here are therefore necessar-
ily non-exhaustive. The relative importance of ecology of
fear dynamics to a given conservation outcome will vary
greatly, thus we have chosen to highlight cases in which we
expect risk perception and response to play a more central
role.

Optimizing predator–prey dynamics:
managing predators and predation risk

Multi-species conservation approaches are advisable in the
context of predator–prey interactions, given that management
of predator species will nearly always have consequences for
fear and anti-predator behavior in prey species. Although
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fear-mediated effects of predation are often much more diffi-
cult to quantify than numerical effects, they may play an
important role in shaping prey habitat use and prey demogra-
phy, which are relevant to the conservation of prey popula-
tions (Creel et al., 2007). Reintroduction or removal of
predators, for instance (Alston et al., 2019), will reshape risk
cues and can change patterns of risk perception and prey
behavior (Berger, 2007a; Dellinger et al., 2018). For exam-
ple, removal of coyotes (Canis latrans) in central Georgia,
USA, led to changes in the foraging behavior of white-tailed
deer (Odocoileus virginianus), an important game species
(Gulsby et al., 2018). Predator management can thus have
potentially cascading consequences throughout food webs,
mediated by risk cues and fear, and can be a strategy not
only to conserve or manage predators but also to achieve
desired outcomes for other species (Gordon et al., 2015; but
see R. O. Peterson et al., 2014; Kohl et al., 2018). Adaptive

management strategies will likely be necessary as prey may
change their responses to risk over time as they adjust to
new predator species or densities (Orrock & Fletcher, 2014).

In addition to managing predators directly, habitat man-
agement policies can be strategically enacted to maintain
desired ecology of fear dynamics, with the goal of conserv-
ing viable predator and prey populations. In some cases,
habitat management may directly reduce predator densities
and thus weaken both numerical and behavioral effects of
predation. In sagebrush systems, both predator and conifer
removals are common strategies for conserving sage grouse
(Centrocercus urophasianus), given that avian predators nest
in conifers (Severson et al., 2017) and sage grouse are
known to avoid nesting in areas of higher predator density
(Dinkins et al., 2012). While removing predators does not
improve annual nest and female survival (Orning & Young,
2017), habitat manipulations can (Sandford et al., 2017).

Figure 1 A simplified applied ecology of fear framework provides a useful starting point for linking conservation strategies and outcomes.

Habitat structure, risk cues and animal experience (previous exposure to risk) interact to generate fear, which then interacts with foraging

and other trade-offs, mediated by context and individual state, to drive animal behavior. These relationships, represented by arrows in the

diagram, are non-linear, given the many other ecological processes that are relevant to these dynamics, but are often important in designing

effective management plans. Each of these “management levers” can influence animal behavior, either (a) amplifying fear and response or

(b) reducing fear and response, with implications for conservation goals. These predictions can guide research on the efficacy of fear manip-

ulation strategies, application of fear-centric management levers and mitigation of unintended consequences of management actions.
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Habitat management can change predator effectiveness in
addition to changing predator densities, given that habitat
structure interacts with predator hunting mode and prey anti-
predator defenses to generate patterns of risk (Gaynor et al.,
2019). Habitat management can thus alter the playing field
for predator–prey dynamics, favoring predators or prey. For
example, modifications of vegetation structure or artificial
structures can be used in a management context to reduce
risk perception for a sensitive species (le Roux, Kerley, &
Cromsigt, 2018; Suraci, Nickel, & Wilmers, 2020). Under

both mechanisms, the habitat can be modified with the goal
of initiating fear-mediated cascades that affect multiple
trophic levels. In upland pine habitat in the southeastern
USA, raccoons (Procyon lotor) use hardwood trees as preda-
tor refugia, and removing these trees reduced raccoon use of
these areas (Kirby et al., 2016). This reshaping of the risk
landscape for raccoon thus potentially benefitted sensitive
species on which raccoons prey, including gopher tortoise
(Gopherus polyphemus), northern bobwhite (Colinus virgini-
anus) and many songbirds, which nest in these areas.

Figure 2 Some potential applications of the ecology of fear in animal conservation. Fear dynamics can be manipulated to achieve goals

related to (a) species interactions (Kirby et al., 2016), (b) human–wildlife conflict (King et al., 2007, 2017), (c) increased prey survival (Blum-

stein, Letnic, & Moseby, 2019), (d) mitigation of human disturbance (Higham & Shelton, 2011) and (e) harvest management (Houde et al.,

2020). These select examples represent scenarios in which the principles in Fig. 1 can be applied to conservation goals. Experimental

deployment in a management context is needed to determine the effectiveness of these tools.
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Adaptive management practices may also be needed to
mitigate unintended consequences of land uses such as log-
ging, agriculture or controlled burning for habitat structure
and risk landscapes, with implications for the conservation
of prey populations. For example, seismic lines, pipelines
and roads in western Canada facilitate movement of wolves
(Canis lupus) which leads to avoidance behaviors by endan-
gered populations of boreal woodland caribou (Rangifer
tarandus caribou) due to increased risk (Dickie et al., 2016,
2019). Habitat restoration may be a promising avenue for
restoring desired ecology of fear dynamics, and where this is
not feasible, additional conservation strategies may be
required to compensate for detrimental, fear-mediated effects
of land uses. Even in cases where habitat modification is
expected to benefit animal populations, it may have counter-
intuitive consequences as a result of fear dynamics and
require adaptive management. For example, controlled burn-
ing practices are often used to promote forage regrowth for
herbivores, but female white-tailed deer were found to avoid
recently burned areas due to greater perceived risk in open
habitat (Cherry, Warren, & Conner, 2017).

Given that the physical habitat interacts with sensory stim-
uli to generate fear in wild animals (Jordan & Ryan, 2015),
there is the potential to introduce additional risk cues to
achieve desired ecology of fear outcomes and conservation
objectives without modifying habitat or predator densities.
For example, risky cues could deter herbivores from grazing
on sensitive plants in restoration areas or keep predators
from nesting sites of endangered bird species (Peterson &
Colwell, 2014; Friesen, Beggs, & Gaskett, 2016). Finally, in
addition to managing the perceived risk of target species,
managers can also manipulate resource availability to alter
the risk-foraging trade-offs that ultimately drive anti-predator
behavior. For example, supplementary feeding in areas of
low risk can potentially offset the cost of predation risk
avoidance for prey species of management concern (Stone
et al., 2017), although there may be unintended conse-
quences for both target (Milner et al., 2014) and non-target
(Selva, Berezowska-Cnota, & Elguero-Claramunt, 2014) spe-
cies and their ecologies of fear.

Managing na€ıve prey: cases of invasion and
reintroduction

Risk perception and response are a product not only of the
environment but also the experience of the animal in terms
of previous exposure to risk. In some scenarios, na€ıve prey
animals may lack appropriate fear responses to their preda-
tors, making them vulnerable to predation and increasing risk
of local extinction of the prey population (Sih et al., 2010).
Prey naivety is therefore an important conservation consider-
ation in scenarios in which either prey or predator animals
are being reintroduced or translocated. Prey animals reared
in captivity for reintroduction are often na€ıve to predation
cues, and may also be habituated to humans and therefore
more vulnerable to both predation and anthropogenic sources
of mortality (Jule, Leaver, & Lea, 2008). Aversive

conditioning with predator cues (i.e. predator awareness
training) is one potential management strategy used to
encourage fear responses in prey animals to indicators of risk
in the environment (Griffin, Blumstein, & Evans, 2000).
Similarly, in systems where predators have been locally
extirpated and are later reintroduced or naturally recolonize,
wild prey animals may be na€ıve to risk cues. This naivety
has been observed in multiple ungulate species in response
to wolf extirpation and recolonization in North America and
Europe, and while some populations quickly learn to fear
predators, others have not exhibited typical anti-predator
responses even after generations (Berger, Swenson, & Pers-
son, 2001; Sand et al., 2006; Berger, 2007b). Further spe-
cies-specific research is needed to understand the
consequences of predator reintroduction for prey behavior
and demography and inform potential management strategies.

Prey naivety is also a common issue for prey conservation
in systems with invasive predators, where prey fail to associ-
ate their cues with risk (Sih et al., 2010). In response to this
problem in Australia, where predation by invasive predators
continues to cause extinctions (Woinarski, Burbidge, & Har-
rison, 2015), threatened species are translocated to safe
havens (cat- and fox-free islands and exclosures; Legge
et al., 2018). Although this provides a short-term solution, it
does not address the underlying issue of prey naivety
(Moseby, Carthey, & Schroeder, 2015). However, strategies
to sensitize prey to predator cues have shown some success,
either ex situ, through exposing captive prey animals to
predator cues paired with negative stimuli (Shier & Owings,
2006), or in situ, through exposing semi-wild prey animals
to low levels of predation pressure (West et al., 2018; Blum-
stein, Letnic, & Moseby, 2019). This pre-release predator
conditioning can increase survival and reintroduction success
in the short term (Shier & Owings, 2006; Ross et al., 2019),
although there is an urgent need to test the efficacy of differ-
ent predator cues and to determine the threshold levels of
predation that these populations can sustain (Moseby,
Carthey, & Schroeder, 2015).

Instilling fear to mitigate human–wildlife
conflict

As the human footprint expands around the world, human–
wildlife conflict has become one of the most important issues
facing the conservation of wild animal populations; conflict
results in loss of livelihoods, retaliatory killing and reduced
support for conservation activities (Dickman, 2010). Conserva-
tion interventions often seek to deter behaviors that generate
conflict with people through threats to human safety or prop-
erty damage, including depredating crops, livestock or fish-
eries. Since the advent of the scarecrow (and likely long
before), people have introduced risk cues to instill fear in wild
animals and reduce such undesirable behaviors, and the ecol-
ogy of fear can inform the optimal design of these deterrents
(Marsh et al., 1992). In the wake of recent conservation cam-
paigns worldwide, there has been increased attention to miti-
gating human–wildlife conflicts with non-lethal tools (Van
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Eeden et al., 2018), including deterrents and aversive condi-
tioning (Schakner & Blumstein, 2013). Such tools may also be
used manage rodents and insects that are agricultural pests
(Hermann & Landis, 2017; Krijger et al., 2017) or carry dis-
eases (Staats, Agosta, & Vonesh, 2016; Moll et al., 2020).
Managers may use similar tools to reduce behaviors that put
animals at risk, such as crossing roads (Proppe et al., 2016), or
behaviors that compromise other ecological and natural
resource management goals, like foraging on seedlings in for-
estry or restoration areas (Beringer et al., 1994).

Fear is the mechanism through which many of these tools
operate. Some of these tools rely on fear of humans or natu-
ral predators, including range riders and domesticated guar-
dian dogs (VerCauteren et al., 2013; Kinka & Young,
2018), or artificial sensory cues of predators. For example,
playbacks of felid growls reduced crop raiding by elephants
(Elephas maximus) in India (Thuppil & Coss, 2016). In other
cases, conflict mitigation tools are associated with novel or
fear-inducing sensory stimuli. For example, fladry, which
consists of plastic flags hanging from ropes, deters wolves in
the western US from entering pastures and killing cattle (Bos
taurus; Musiani et al., 2003; Young et al., 2019). By under-
standing what sensory cues instill fear in animals and how
long fear effects are likely to persist, as discussed further in
the research agenda section below, it is possible to manipu-
late these cues to adjust animal behavior and design an
effective deployment schedule. It is essential to understand
how these cues interact with other aspects of behavior and
how salience of cues varies within and across target species
to achieve maximum efficacy. In the case of fladry, small
adjustments in the spacing of flags hung from ropes are
required to effectively deter coyotes as compared to wolves
(Young, Draper, & Breck, 2019), and subordinate coyotes
are more neophobic in response to fladry than dominant coy-
otes (Mettler & Shivik, 2007).

In the particular case of carnivore predation on livestock,
the ecology of fear can come strongly into play (Miller &
Schmitz, 2019; Wilkinson et al., 2020). Domesticated ani-
mals often lack fear instincts and appropriate anti-predator
responses, or are constrained in their ability to respond given
containment in pens or lack of protective habitat. However,
to simultaneously achieve goals of carnivore conservation
and agricultural production, fear in domestic animals must
be optimized; if livestock are overly fearful, stress can com-
promise growth and reproduction, with economic costs for
producers (Webber et al., 2015). One solution to facilitate
coexistence between wild carnivores and livestock operations
might be to select livestock breeds with more acute risk per-
ception and ability to respond behaviorally to predators, such
as ‘wild type’ cattle breeds used in Latin America (Hooges-
teijn & Hoogesteijn, 2014).

Accounting for the ecology of fear in
harvest policy

Managing the ecology of fear is particularly relevant for har-
vested animal populations, which often exhibit strong

behavioral responses to hunting. Game species respond fear-
fully during hunting seasons, changing their behavior to
avoid encounters with and detection by hunters and moving
to areas where hunting is not permitted (Conner, White, &
Freddy, 2001; Ordiz et al., 2012; Little et al., 2016). For
vulnerable populations, harvest policies should therefore be
designed to reduce unintended fear-mediated demographic
consequences. Stress and costly anti-predator behaviors asso-
ciated with hunting or fishing may have detrimental non-
lethal effects on populations, necessitating a reduction in har-
vest levels to maintain viable populations. Harvest can also
have unintended implications for the conservation of non-tar-
get species, which may exhibit costly fearful responses
(Grignolio et al., 2011). For example, rabbit hunting with
dogs led to increased movement among northern bobwhite in
Georgia, USA (Mohlman et al., 2019), and boat fishing dis-
turbed the activity budgets of migrating water birds in Okla-
homa, USA (Schummer & Eddleman, 2003). Mitigation of
these unintended risk effects on non-targets may include
restricted hunting areas or dates, particularly during impor-
tant reproductive periods.

Where hunting is used to mitigate ecological impacts of
overabundant species, managers can also reduce damage by
manipulating the ecology of fear to alter animal behavior.
“Hunting for fear” has been suggested as a pathway to
increase the behavioral or demographic consequences of
hunting by instilling fear in harvested populations (Cromsigt,
Kuijper, & Adam, 2013; Le Saout et al., 2014). With this
strategy, managers may promote hunting practices that elicit
the strongest fear and behavioral responses, such as hunting
on foot and with dogs. Evidence suggests that “hunting for
fear” can change black-tailed deer (Odocoileus hemionus)
foraging behavior, but only for animals that are less habitu-
ated to human activity (Le Saout et al. 2014). In contrast, if
strong prey behavioral responses to risk are limiting harvest
opportunities of species that need to be controlled for conser-
vation purposes, management can aim to reduce fear in har-
vested populations. The response of prey animals to fear can
also be managed; for example, refuge areas within hunting
zones can be limited in cases when hunted populations seek
out areas without hunting and thus reduce harvest success
(Proffitt et al., 2013), or resource availability can be manipu-
lated to alter risk-foraging trade-offs and increase accessibil-
ity to hunters (Houde et al., 2020). Further research is
needed to understand temporal lags in the response of har-
vested populations to seasonal variation in risk. Where har-
vest is to be maximized, sporadic and less predictable
hunting seasons may limit the fear responses of target popu-
lations (Kilpatrick & Lima, 1999; Cleveland, 2019).

Managing fearful responses to human
activity and infrastructure

As the human footprint expands globally, wild animals
increasingly occupy areas that are affected by human distur-
bance, and conservation planning must consider the effects
of human activity on wild animal populations (Hill et al.,
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2019). A wide range of human activities, including recre-
ation and natural resource extraction, instill fear in species
across taxa, even when there is no true mortality risk (Frid
& Dill, 2002; Larson et al., 2019). Understanding evolution-
ary history and predator–prey ecology can shed light on dif-
ferential responses of animals to disturbance. For example,
some species may benefit from human-induced fear; prey
animals may associate areas of human activity with per-
ceived safety if their predators avoid them out of fear of
people (Berger, 2007a; Muhly et al., 2011; Sarmento & Ber-
ger, 2017; Moll et al., 2018). These positive associations
with human disturbance may be detrimental to other species,
including competitors, and may have undesired impacts on
vegetation or human–wildlife interactions (Le Saout et al.,
2014). In these cases, aversive conditioning or other fear-in-
ducing management strategies may be advisable, as discussed
above in the context of human–wildlife conflict. In many
other cases, animals exhibit changes in behavior and physiol-
ogy in response to human activity in a manner predicted by
the ecology of fear (Suraci et al., 2019). Wild animals
reduce foraging (Pirotta et al., 2015), decrease total move-
ment distances (Tucker et al., 2018), increase energy expen-
diture (Wang, Smith, & Wilmers, 2017), offset their diel
activity patterns (Gaynor et al., 2018), and reduce reproduc-
tive activities (Spaul & Heath, 2016) and rates (French
et al., 2011) in response to human disturbance. Even when
animals do not respond behaviorally to an anthropogenic
stimulus, they may still experience fitness costs through
increased stress (Clinchy, Sheriff, & Zanette, 2013). The
ecology of fear is thus not only relevant to the conservation
and management of animal populations through direct appli-
cation to animals but also in the management of human
activity in areas of conservation concern.

To minimize costly fear-mediated responses to humans,
certain recreational activities can be restricted in space and
time (Reed & Merenlender, 2011; Larson et al., 2016).
Restricting visitor access has led to the restoration of breed-
ing by snowy plovers (Charadrius alexandrines nivosus) in
coastal California (Lafferty, Goodman, & Sandoval, 2006)
and reduced stress responses of fur seals (Arctocephalus aus-
tralis) in Uruguay (Cassini, Szteren, & Fern�andez-Juricic,
2004), for example. Furthermore, given that animals often
exhibit fearful responses to anthropogenic infrastructure that
extend beyond its physical footprint (Sawyer et al., 2017;
Dwinnell et al., 2019), spatial planning of development
should consider potential animal behavioral response (Smith,
Duane, & Wilmers, 2019).

Human infrastructure can also be designed to reduce or
enhance fear among wild animals, given our understanding of
the sensory cues that target species associated with risk and
safety. Such considerations are particularly important when
designing infrastructure to be utilized by animals for given con-
servation objectives which promote habitat connectivity by
providing safe travel corridors. Conservation practitioners con-
sider the comfort levels of target species when designing high-
way crossing structures, by ensuring that animals can see
through to the other side or planting vegetation that provides
cover (Foster & Humphrey, 1995; Gloyne & Clevenger, 2001),

while accounting for interspecific differences in the ecology of
fear (Clevenger & Waltho, 2005). Conversely, high-risk infras-
tructure that is incorrectly perceived as low-risk and may even
attract animals could be modified to increase risk perception in
animals; for example, grain deposits on train tracks attract griz-
zly bears (Ursos arctos) in Canada, and warning devices might
deter bears from approaching trains and reduce fatal collisions
(St Clair et al., 2019).

An applied ecology of fear research
agenda

The immediate behavioral responses of wild animals to fear
are more straightforward to study and incorporate into con-
servation plans and management decisions than downstream
demographic consequences, given that effects of risk percep-
tion on behavior occur on shorter time scales with fewer
confounding factors. However, there are still gaps in our
understanding of the salient cues that generate fear responses
in wild animals, and the spatial and temporal scales at which
animals respond to perceived risk, necessitating further
research. Subtle differences in sensory stimuli can mediate
fear responses; for example, Costa Rican water anoles (Ano-
lis aquaticus) change their anti-predator behavior in response
to the color of people’s clothing (Fondren, Swierk, & Put-
man, 2019). Some signals of fear are likely to be overlooked
by practitioners but could be important to animals. We know
little about the effect of predator kairomones, chemicals that
transfer among species and provide a benefit to the receiver,
on prey fear and behavior (Osada, Miyazono, & Kashi-
wayanagi, 2015). Conservation applications of the ecology
of fear remain limited for invertebrate taxa, although evi-
dence suggests that invertebrates similarly perceive and
respond to risk in a way that could be managed for conser-
vation goals (Perry & Baciadonna, 2017).

There also remain gaps in our knowledge of how to man-
age habituation, the process through which animals become
desensitized to sensory cues if they are not associated with
trued/or risk. Habituation is an important concern in the con-
text of management tools that rely on neophobia or simu-
lated risk cues, as animals may quickly learn that there is
nothing to fear, or that any perceived risk is outweighed by
the potential benefit of engaging in the activity. One study
on aversive conditioning in elk (Cervus canadensis) in
Alberta, Canada, found that higher magnitudes of aversive
conditioning stimuli were actually associated with greater
habituation to human activity, undermining management
goals (Found et al., 2018). Potential strategies for managing
habituated populations are to switch between different fear
cues to make them less predictable, to use predation cues for
aversive conditioning, given that they are associated with
actual risk (Kloppers, St Clair, & Hurd, 2005), or to use fear
conditioning to initially pair the benign cues with a painful
aversive stimulus (Blumstein 2016). Future applied research
on non-lethal strategies for mitigating conflict should con-
sider the effectiveness of cues and aversive conditioning over
time (Walter et al., 2010), and the ethics of instilling stress
in wild animals (Blumstein 2016).
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While managers do not want animals to habituate to con-
flict mitigation tools, they may want to encourage habitua-
tion to human activity or a deterrent device if it is having
undesirable negative consequences on wild animal popula-
tions. In areas dependent on ecotourism to fund conservation
efforts, habituation facilitates animal viewing while minimiz-
ing disturbance to animals (Knight, 2009; Higham & Shel-
ton, 2011). Somewhat counterintuitively, the appropriate
conservation strategy in these cases may be to habituate the
animals by frequently and regularly exposing them to benign
human presence (Nisbet, 2000). However, there may be
potential unintended consequences of habituation to humans
on prey fear responses and vulnerability to predators, which
merit further investigation (Geffroy et al., 2015).

Similarly, when managing na€ıve populations that have been
reintroduced into the wild or are facing novel invasive preda-
tors, we need a better understanding of the process of learning
and sensitization to risk cues. Future research can explore how
much fear is necessary for animals to effectively respond to
risk. Furthermore, fear alone may not be enough for prey facing
novel predators, if their anti-predator strategies and escape tac-
tics are not effective against novel predators (Sih et al., 2010).
Managing for the ecology of fear is therefore not always suffi-
cient when managing novel predator–prey interactions. Fear
may also not stimulate the desired response if the focal animal’s
internal state demands that they prioritize food over safety
(McNamara & Houston, 1992; Blecha et al., 2018). However,
in this case, managing forage availability may increase the effi-
cacy of fear-centric management approaches. Understanding
the limitations of animal risk-avoidance behaviors is therefore
an integral consideration when applying the ecology of fear to
management objectives.

In some contexts, it may be important to consider individ-
ual differences in risk perception and response when design-
ing effective management strategies. Age, sex, reproductive
status and personality all play an important role in determin-
ing how animals assess and respond behaviorally to risk,
and how they habituate to benign stimuli (Quinn et al.,
2012; Bonnot et al., 2015) or respond to aversive condition-
ing (Found & St. Clair, 2018). For example, individuals that
are more bold and exploratory also tend to be fast learners
and less neophobic (Merrick & Koprowski, 2017). In the
case of human–wildlife conflict, these individuals may also
be the “problem animals” that are engaging in undesirable
behaviors, potentially limiting the effectiveness of fear-induc-
ing deterrents (Swan et al., 2017). Harvest policies that
employ “hunting for fear” may also have undesirable conse-
quences, driving selection for certain traits such as risk toler-
ance (Coltman et al., 2003). Future research on the role of
individual variation in the applied ecology of fear is neces-
sary, and adaptive management strategies should consider
and account for the full range of interindividual differences
in responses to interventions.

Although behavioral consequences of fear of both predators
and human disturbance have been widely described, investiga-
tion of how risk and anti-predator behavior affects population
demography, community dynamics and human–wildlife inter-
actions is also crucial to support management objectives. The

demographic effects of both predator-induced and human-in-
duced fear on animal populations are difficult to study, given
the complexities of risk-foraging trade-offs in free-ranging ani-
mal populations on heterogeneous landscapes. The degree to
which risk effects of predation or human disturbance drive
population dynamics in wild large mammals still remains
unclear, and despite predictions from theory, there remains
limited evidence that behavioral and physiological responses
to fear actually scale up to drive processes at the scale of man-
agement concern (Gill, Norris, & Sutherland, 2001; Bateman
& Fleming, 2017; Sheriff et al., 2020). The consequences of
intentionally manipulating the costs of anti-predator behavior
are also unclear; in some cases, reducing costs will reduce the
risk effects of existing anti-predator strategies, while in other
cases, reducing costs will result in compensatory increases in
anti-predator behavior, with implications for spatiotemporal
distribution and predation rates (Fig. 1). Given our incomplete
understanding of risk-foraging trade-offs and sublethal effects,
attempts to manage for a given outcome may have unforeseen
and undesired consequences. Future research should focus on
quantifying the demographic consequences of fear (Peers
et al., 2018) and understanding the contexts in which fear mat-
ters most for populations.

Given these limitations in our understanding, it is advis-
able to be conservative when making decisions related to
conservation practices, and holistically consider the potential
for ecology of fear dynamics to influence ultimate conserva-
tion goals. When managing predator–prey interactions, con-
servation practitioners may greatly underestimate the effects
of predators on prey populations if they only consider lethal
or consumptive effects and ignore potential non-lethal or
non-consumptive risk effects. By excluding animals from
high-risk areas, predation risk can reduce the realized carry-
ing capacity of an area beyond what habitat surveys might
indicate is available, and managers should therefore consider
fear-induced avoidance of resources when assessing whether
resources are sufficient to sustain a given population. Stress
associated with predation risk may also influence survival
and reproduction (Creel & Christianson, 2008). Although it
is not often possible or necessary to tease these effects apart,
demographic models should consider effects of predators on
prey beyond just per capita consumption. Similarly, when
predicting the outcomes of anthropogenic development or
activity for animals, the range of possible scenarios should
include potential non-lethal demographic effects and reduced
habitat as a result of prey avoidance of disturbed habitat per-
ceived as risky (Dwinnell et al., 2019).

It is also important to understand how conservation strate-
gies targeted at a given species can influence other sympatric
species, including via the ecology of fear. Management deci-
sions often have consequences for ecological function and
community structure. Suppressing the behavior of a given
species through fearful stimuli may benefit its competitor, for
example (Moll et al., 2018). Similarly, reshaping habitat
structure to reduce risk perception for a target species may
increase risk perception for another species with different
anti-predator strategies. There have been analogous unin-
tended consequences in the management of invasive species,
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in which removal of one species triggers mesopredator and
competitive release of other invasive species (Courchamp,
Langlais, & Sugihara, 1999; Ruscoe et al., 2011). While
these density-mediated effects of management are generally
well documented, fear-mediated trophic cascades have
received less attention but may be an important consequence
of management actions (Schmitz, K�rivan, & Ovadia, 2004).
By mapping out hypothesized multi-species ecology of fear
dynamics in managed systems, we can better anticipate and
mitigate unintended consequences for non-target species.
When managing animal populations, it is critical to consider
what other species or anthropogenic stimuli the target species
fears, and what other species fear it.

An applied ecology of fear framework highlights several
strategies for modifying the ecology of fear to achieve
desired outcomes, either by introducing new dimensions of
fear or mitigating undesired consequences of existing fear
dynamics. While ecological theory predicts that these inter-
ventions should be successful in achieving desired outcomes,
additional research in an applied setting is needed to opera-
tionalize the applied ecology of fear framework. Such
research can inform our understanding of the conditions in
which fear-based interventions or mitigation measures work
as expected, and when there are confounding ecological
dynamics or logistical constraints that present barriers to
implementation. Future studies on the applied ecology of
fear can inform evidence-based conservation interventions
and adaptive management practices.
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