
OUP UNCORRECTED PROOF – SECONDPROOFS, Tue. Aug 1 2023, INTEGRA

CHAPTER 11

Animal Behavior, Cognition, and
Human–Wildlife Interactions in Urban
Areas
Lauren A. Stanton‡, Christine E. Wilkinson‡, Lisa Angeloni§,
Sarah Benson-Amram¶, Christopher J. Schell‡, and Julie K. Young#

Introduction

Interactions between humans and wildlife are
accelerating as urban expansion continues (1).
Human–wildlife interactions in cities typically arise
when humans engage with nature (e.g., visiting
green spaces or installing bird feeders) and/or
when animals exploit anthropogenic resources and
infrastructure for food, travel, and shelter. These
interactions subsequently lead to a range of out-
comes, including positive, neutral, and negative
outcomes that vary in both intensity and fre-
quency (2–4). Though most human–animal inter-
actions are either positive (e.g., derived intrinsic
and cultural benefits) or neutral, negative inter-
actions garner considerably more attention than
the others (2), with tremendous potential to sway
public opinion about individual organisms and
biodiversity more broadly. Moreover, given the
broad diversity of human perceptions and tol-
erance of wildlife, a single interaction can yield
wildly different outcomes for both the people and
wildlife in an interaction. It is thus essential to
deconstruct the increasing complexity, subjectiv-
ity, and pluralistic perspectives of human–animal
interactions (5,6).
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These negative interactions, referred to as
human–wildlife conflict (HWC), can yield various
negative manifestations for people, such as live-
stock depredation, injury or loss of pets, physical
attacks, disease transmission, and traffic accidents
(e.g., 7–10). HWC also includes human effects on
wildlife, such as habitat destruction, poisoning,
disease, physical and chemical pollution, predation
by pets (e.g., by domestic cats; Felis catus), and
poaching (11–14). Although conflict can take many
forms, most conflict results from wildlife behaviors
that are misaligned with human desires, which can
be highly variable. Consuming food or securing
shelter on human property, for example, may be
tolerated or even encouraged by humans if the
species in question is not perceived as a threat or a
nuisance (e.g., squirrels; [Sciurus sp.] and songbirds
[Passeri]). However, if feeding or taking shelter
is perceived as problematic (e.g., rats [Rattus sp.]
and coyotes [Canis latrans]), this may motivate
residents or urban wildlife managers to prevent
such behaviors from occurring (Figure 11.1). Thus,
the process by which and intensity with which
conflicts arise with wildlife in urban environments,
and how conflicts are managed, are not only
dependent on the needs of a particular species,
but also the perception of that species by people
(15). Because high human densities compel wildlife
to live alongside people much more intimately in
urban versus nonurban areas, cities must produce
strategies that actively foster coexistence. Doing
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Figure 11.1 Illustrations of how foraging in urban environments may lead to negative interactions between people and wildlife. Although seed
feeders are typically intended for birds, other species, such as rodents, will capitalize on them as a source of food (top left). Many species, including
pigeons, will feed on garbage, especially when it is not contained or easily accessible (bottom left). Gardens and fruit trees provide urban residents
with fresh food and beauty, but are also appetizing to generalist species like chacma baboons (top right). Urban carnivores, including coyotes, may
prey upon free-ranging domestic species (middle right). Providing bowls of dry kibble for outdoor cats is prohibited in many places due to the
attraction of wildlife, including striped skunks and raccoons (bottom right). The degree to which each foraging scenario is considered problematic
will depend on the perception of the people involved, and, in most cases, can be mitigated by human actions and behaviors. Images courtesy of:
Jonathan Bliss (mouse on bird feeder); Elizabeth Carlen (pigeons on garbage); Gaelle Fehlmann (baboon on fence); Tali Caspi (coyote with cat); Sarah Benson-Amram
(skunk and raccoon food bowl).

so provides a mechanistic pathway that will be
essential for conserving biodiversity in cities.

Here, we briefly review how human–animal
interactions in urban systems shape wildlife behav-
ior and cognition, highlighting how, when, and
why HWC arises in urban environments. We illus-
trate how conservation behavior principles can be

applied in wildlife management, and how these
sameprinciples can be co-opted to promote human–
wildlife coexistence. Finally, we highlight how
the integration of wildlife and human behavioral
responses into management can help promote equi-
table coexistence strategies in human-dominated
landscapes.
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Understanding and managing urban
wildlife behavior

Urban wildlife cognition and behavior

Detecting and avoiding danger, finding food and
shelter, and securing mates are critical aspects of
fitness and survival in any given environment. To
overcome these challenges, animals rely on a vari-
ety of sensory and cognitive abilities that success-
fully guide their behavior. This includes percep-
tion, attention, recognition and categorization of
cues, as well as several forms of learning, mem-
ory, and problem solving (16). Over time and
generations, animals develop cognitive specializa-
tions and behavioral adaptations that enable them
to overcome challenges experienced in their envi-
ronment, shaping each individual’s umwelt (16).
Because urban environments are different from the
ancestral environments of many species, animals
must learn how to adjust to the new, contempo-
rary challenges associated with city life (17,18). For
instance, urban environments may not provide the
same resources that a species has encountered in
its evolutionary past, and species compositionsmay
vary tremendously within and between urban areas
(17,19,20). Thus, urban animals may face differ-
ent predator assemblages and sources of food than
those experienced in nonurban or ancestral environ-
ments, or increased competition for resources (21).
Furthermore, urban environments may have higher
temperatures, greater physical and chemical pol-
lution (e.g., lights, noise, lead), and novel anthro-
pogenic stimuli (e.g., various artificial structures
and objects) to which animals must respond
appropriately (22).

Given the novelty, complexity, and heterogeneity
of urban environments, cognition can allowwildlife
to better persist in cities by avoiding environmen-
tal mismatches and maladaptation (e.g., evolution-
ary traps), and by creating or altering behaviors
that facilitate resource acquisition and avoidance
of danger (23). Such behaviors will emerge from
a cognitive process whereby individual animals
recognize opportunities and dangers and weigh
the perceived costs and benefits associated with
each, which are informed by several factors unique
to the species and individual (24). The resulting

behavioral adjustments often differentiate urban
individuals from their nonurban counterparts.1

Common behavioral adjustments typically
include shifts in diet, communication, activity pat-
terns, problem-solving, and temperament (43–45).
For example, anthropogenic or non-native sources
of food have been documented in species across
trophic levels including leopards (Panthera pardus;
46,28), house sparrows (Passer domesticus; 47,29),
and American white ibis (Eudocimus albus; 48, 30).
Urban individuals may also become conditioned
to humans, demonstrating less fear (i.e., appearing
bolder) or aggression (i.e., appearing more docile)
compared to other, nonurban populations (49).
In some instances, acquisition of new foods and
other resources will require enhanced behavioral
and cognitive flexibility or problem-solving skills
(20,22). Indeed, some research suggests that urban
species and individuals have larger relative brain
sizes (50) and cognitive experiments with birds
(e.g., Parus major; 33,34,51,52) and rodents (e.g.,
Apodemus agrarius; 53,35) have found superior
learning and problem-solving abilities in urban
individuals compared to their nonurban coun-
terparts (Figure 11.2). Although not as widely
studied, within-city heterogeneity can also shape
wildlife behaviors and should be considered
when managing urban wildlife. Urban cocka-
toos (Cacatua galerita) in Sydney, for instance,
demonstrate neighborhood-specific bin-raiding
techniques and may be in a cognitive arms race
with humans despite tireless work to prevent the
development of these undesirable behaviors (54,55)
(Figure 11.3).

In these ways, cognition may serve as a
mechanism that buffers individuals against envi-
ronmental challenges within urban environments
(i.e., cognitive buffer hypothesis (30,31,38,39))
and, paradoxically, places them at odds with
humans (56).

1 Avilés-Rodríguez et al.’s chapter discusses how modern
molecular approaches demonstrate situations where urban
wildlife populations are genetically diverging from nearby
nonurban populations, including by spatial isolation and
adaptation.
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Glossary table

Term Definition

Attention The focus of an animal’s interest or concern. Because an animal cannot attend equally to all of the stimuli that it perceives
at a given time, attention is a limited commodity. An animal must, therefore, selectively attend to whatever is most salient.
(77,16,25)

Behavior The coordinated responses (i.e., actions or inactions) of living organisms to internal and/or external stimuli. Typically
excludes responses more easily characterized as developmental changes. Unlike cognition, the behavior of an animal is
directly observable. (16,26)

Behavioral
flexibility

A broad term that refers to an individual organism’s ability to modify its behavior in response to change and variation in its
environment. Often used interchangeably with the term cognitive flexibility, which additionally considers the neural and
cognitive mechanisms that underpin flexibility in behavior (e.g., inhibition control). (27,28)

Classical
conditioning

A form of associative learning in which a relationship is formed between a novel stimulus and an existing stimulus, such
that an animal learns one external cue predicts another (may also be referred to as Pavlovian conditioning). (16,29)

Cognition The mechanisms by which individual animals acquire, process, store, and act on information from their environment. Unlike
behavior, the cognition of an animal is difficult to observe and is often, therefore, inferred. (16)

Cognitive buffer
hypothesis

Suggests that the primary adaptive function of a large brain is to buffer individuals against environmental challenges by
facilitating the construction of behavioral responses. (30,31)

Ecological trap A specific type of evolutionary trap where an organism makes a maladaptive habitat choice (despite the availability of
higher-quality habitat). (32)

Evolutionary
trap

A case where, often due to human activity, formerly reliable environmental cues no longer indicate high-quality resources
and, consequently, lead an organism to make maladaptive behavioral or life-history choices that yield reduced fitness
(despite the availability of higher-quality options). (18,32)

Habitat
selection

A hierarchical decision-making process that results in an individual’s disproportionate use of certain habitats over others,
ultimately influencing their survival and fitness. (33)

Habituation A form of nonassociative learning that leads to decreased responsiveness to a stimulus that is repeatedly encountered and
not followed by any kind of reinforcement. Generally considered to be the opposing counterpart to sensitization. (16,34,35)

Human shield
hypothesis

The idea that prey use areas with humans and human infrastructure as a buffer against predation risk. (36)

Landscape of
fear

The spatially explicit distribution of predation risk perceived by individuals in a given population. (37)

Learning A change in an animal’s state that is gained through experience. There are many forms of learning, including associative
(e.g., operant and classical conditioning) and nonassociative (e.g., habituation and sensitization), as well as asocial (i.e.,
gained through an individual’s own experiences) and social (i.e., gained through observation of, or interaction with, another
individual or their by-products). (16,38)

Operant
conditioning

A form of associative learning in which a relationship is formed between a stimulus and a response, such that an individual
learns to associate its behavior with a particular event or outcome (may also be referred to as instrumental conditioning).
For example, aversive conditioning, a common wildlife management strategy, is a form of operant conditioning that creates
an association between an undesirable behavior and a negative cue (e.g., fear, pain, illness). (16,29)

Perception An individual’s interpretation of sensory information within its environment. (16,39)

Problem solving The ability to overcome challenges and obstacles in order to achieve a goal. This is often assessed by presenting animals
with novel, but ecologically relevant, operant foraging problems (e.g., puzzles). (40,41)

Sensitization A form of nonassociative learning that leads to increased responsiveness to a stimulus that is repeatedly encountered and
followed by some kind of reinforcement. Generally considered to be the opposing counterpart to habituation. (16,34,35)

Sensory Refers to an organ or system that conveys, or procures, sense impulses that allow an animal to collect information about its
environment. (16,39)

Sensory
modalities

Receptors of various stimuli (e.g., light, sound, smell, taste, touch, magnetism) that give rise to particular sensations (e.g.,
vision, audition, olfaction, gustation). (25)

Tolerance Capacity to endure continued exposure to a stimulus or environmental condition (e.g., intensity of disturbance) before
responding in a defined way. (35)

Umwelt The integration of an individual’s perceptual world and effector world. In other words, it is an animal’s own self-world
formed by the kinds of information its sensory modalities can process and it acts as the subject. (16,42)
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Figure 11.2 Research on how humans and urban environments affect the behavior and cognition of wildlife with implications for
human–wildlife coexistence. Left side (top to bottom): Marmosets approaching a researcher making behavioral observations at an urban park in
Belo Horizonte (Minas Gerais, Brazil). Assessing the effects of human gaze on herring gull behavior in a coastal town (Cornwall, UK). Setting up a
camera trap and novel object to assess animal boldness at an urban park in Oakland (California, US). Placing a Global Positioning System (GPS)
collar on an urban leopard outside of Mumbai (Maharashtra, India). Right side: Image of a GPS-collared bobcat taken by a trail camera. Novel
object testing to assess boldness in urban grackles. Giving-up density testing to assess risk perception of humans in California ground squirrels. A
raccoon standing next to an automated testing device used to assess learning and cognitive flexibility. Puzzle tasks used to compare the
problem-solving abilities of urban and nonurban Barbados bullfinches (white plastic cylinder) and striped field mice (colorful LEGO house).
Images courtesy of: Marina Duarte (marmosets), Madeline Goumas (gulls); Cesar Estien (camera trap); Nikit Surve (leopard); Kevin Crooks/CSU/USGS (bobcat); Alison
Greggor (grackle); Jennifer E. Smith (ground squirrel); Lauren Stanton (raccoon); Louis Lefebvre (bullfinch); Valeria Mazza (mouse).
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Aversive Conditioning Habitat Modifications Deterrents & Exclusions Warning Signs

Figure 11.3 Examples of urban wildlife management that are based on an understanding of animal behavior and cognition. From left to right:
images of humans performing aversive conditioning with a herd of elk by running with a hockey stick covered with flagging material (top) and with
a coyote by throwing a tennis ball covered with flagging tape (bottom). Habitat modifications that illustrate the addition of artificial structures to
encourage basking of Western pond turtles (top) and the installation of underpasses to provide corridors for mountain lions (bottom). Next, a
Cooper’s hawk sits next to a plastic owl effigy used to deter avian occupancy (top) and multiple objects placed on trash bins to prevent opening by
sulfur-crested cockatoos (bottom). Note: stationary effigies, like plastic owls, are largely ineffective when used alone as depicted in the photo (i.e.,
as opposed to being paired with other frightening stimuli like movement, sound, lights, etc.). Signs that warn people to avoid interacting with an
aggressive mother goose (top) and to refrain from feeding wildlife (bottom).
Images courtesy of: Elsabé Kloppers/Banff Elk Aversive Conditioning Project (elk); Sean Clarkson (coyote); Max Lambert (turtle); Winston Vickers/Karen C. Drayer
Wildlife Health Center, UC Davis (mountain lions); Marie Cerda (hawk and owl effigy); Barbara Klump/Max Planck Institute of Animal Behavior (cockatoo); Gabby
Barnas (aggressive mother goose sign); Lauren Stanton (procyonid and primate feeding sign).

Managing urban wildlife behavior

While there are various strategies for alleviat-
ing HWC, most have historically centered around
lethally removing or altering the behavior of urban
wildlife. Lethalmanagement, such as poisoning and
trapping, may be an effective means of reducing
population numbers locally or removing individu-
als deemed problematic (e.g., 55). However, there
are often undesirable consequences of widespread
culling and targeted lethal removals (15). New indi-
viduals canmigrate back into these areas and poten-
tially exacerbate management issues further via
animal social instability or disease, as is seen in
European badgers (Meles meles; 42,43,57,58). Indi-
vidual animals may also show evolutionary and
plastic responses that reduce the efficacy of such
lethal strategies, thereby worsening conflict issues.
For instance, rats repeatedly develop resistance to
anticoagulant rodenticides (59), and some species,
like coyotes, demonstrate compensatory reproduc-
tion (i.e., increased breeding and litter sizes) when
breeding individuals are lethally removed from
a population (60). Moreover, animals will avoid
toxic baits and traps over time via individual and

social learning processes (e.g., 46,47,61,62). Because
lethal management is only partially effective and
can be tumultuous with the public (63), nonlethal,
behavior-based solutions are essential for mitigat-
ing urban HWC (Figure 11.3).

To prevent HWC in cities, it is imperative to
know the natural history and ecology of a focal
species, and how this intersects with various
local, urban environmental features and patterns
(Figure 11.2). For example, vehicular collisions
with ungulates are typically highest during breed-
ing seasons and daily foraging times (64) and
animals may behave more aggressively when
accompanied by vulnerable offspring (65). Within
cities, low-income neighborhoods encompassing
higher building vacancy and reduced munici-
pal services may experience increased popula-
tions of “pest” species and the potential for dis-
ease spread (66,67). Furthermore, certain individ-
ual animals may be more dependent on anthro-
pogenic food resources than their conspecifics due
to conditioning (e.g., via direct or indirect feed-
ing by humans (68,69) or competition (70,71)).
Because urban wildlife behavior is influenced by
the spatiotemporal distribution of resources within
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a city, as well as other neighborhood-specific
attributes and local human behaviors, it is critical to
avoid static, one-dimensional management strate-
gies and, instead, recognize each individual and
species within a given city as a distinct entity.

Behavioral-based solutions to HWC are grow-
ing and have been extensively discussed in both
academic and management-focused literature (e.g.,
(48,57,60,63,72–74) (Table 11.1). For situationswhere
animals are seasonally or consistently making use
of a particular location or resource that is deemed

problematic, oftentimes the most straightforward
solution is to identify and either remove or exclude
animals from the attractant. For example, removing
bird feeders or capping chimneys can prevent
unwanted visitation and residency from striped
skunks (Mephitis mephitis), raccoons (Procyon lotor),
and opossums (Didelphis virginiana) (72,75). When
removal or exclusion is not possible or insufficient,
use of nonlethal deterrents or aversive conditioning
strategies may be necessary. These strategies entail
harassment, lights, flavors, sounds, smells, and

Table 11.1 Examples of how knowledge of animal behavior and cognition has been leveraged in urban wildlife management.

Issue Strategy

Western pond turtles (Emys marmorata) are an imperiled species
endemic to the North American western coast and are poised to be
listed under the Endangered Species Act soon. They are skittish around
humans and will immediately abandon their basking sites if they see
people. This is a problem in urban areas because turtles are ectotherms
that rely on basking for warmth in order to metabolize their food, clear
parasites and pathogens, and become sexually active. Furthermore,
urban pond management typically involves the removal of large pieces
of wood because it is not considered to be aesthetically pleasing and
makes pond maintenance more challenging. However, this practice
reduces potential basking sites for turtles.

Observations of Western pond turtle behavior in an urban waterway of
Davis, CA allowed researchers to estimate the distance that turtles can
see humans and subsequently flee by abandoning their basking sites.
Practitioners in urban areas of California have since installed logs or
artificial basking platforms that were far enough away from walking
paths where people can still see the turtles but the turtles are not
disturbed by people and will continue basking (Figure 11.3). This simple
habitat manipulation addresses a key limiting habitat feature for this
imperiled species in urban areas. (76) (MR Lambert, personal
experience)

Road and railway collisions with wildlife pose economic losses and
safety concerns for humans and are a major source of wildlife mortality
around the globe (especially for large carnivores and ungulates).
Previous strategies, including fences and visual warning systems (e.g.,
flashing lights), are reported to be only marginally effective at
preventing train collisions. Although acoustic warning systems using
sirens have shown more promise, animals will habituate to the sirens
over time, meaning that these systems may only be temporarily effective
at preventing train collisions.

Researchers in Japan and Poland have recently implemented train
warning systems that emit recordings of alarm calls of local animal
species. Preliminary findings suggest that animals are highly responsive
to the alarm calls, and these “natural” warning systems are effective at
reducing train collisions. Importantly, because these signals are
ecologically relevant, it is less likely that habituation to the alarm calls
will occur, providing a more long-term solution. (77,78,79)

In urban areas, animals may become habituated to humans and learn to
capitalize on anthropogenic resources. In cases where habituation and
associative learning become problematic, such as through
overpopulation, loss of natural behaviors, disruption of trophic
relationships, or threats to human safety, managers may elect to use
aversive conditioning to sensitize animals to humans and deter the use
of urban spaces and resources. Although aversive conditioning can
successfully alter behavior, there is substantial individual variation in
animal response to aversive conditioning treatments, and its desired
effects may be lost (i.e., extinguished) over time.

Researchers have applied principles from animal personality and
learning theory to better understand the efficacy of aversive conditioning
treatments in elk (Cervus canadensis) that congregate in towns adjacent
to Canadian protected areas (Banff and Jasper National Parks). Bold elk
demonstrate greater responsiveness to aversive conditioning treatments
(e.g., humans chasing elk with hockey sticks covered in flagging tape;
Figure 11.3), but also faster extinction of learned wariness compared to
shy elk, which may help explain the individual variation in responses to
aversive conditioning. In accordance with learning theory, researchers
also found that the frequency of aversive conditioning treatment
matters: when aversive conditioning is too mild or infrequent, wariness
of humans will not be learned by elk, but when implemented too
frequently, it becomes predictable and increases the likelihood of
habituation to the treatment. It is, therefore, suggested that aversive
conditioning be conducted at intermittent frequencies (e.g., once every
two weeks), as this will allow wariness of humans to be learned and
maintained over longer periods of time. (80–82)

continued
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Table 11.1 Continued

Issue Strategy

Many urban habitat features, such as lawns, ledges, and utility poles,
provide unintentional harborage for various avian species. Group
foraging, nesting, and roosting can lead to property damage and
accumulation of feces around homes, buildings, and public spaces,
prompting the removal of the birds to be desired by urban residents. In
agricultural landscapes, managers and farmers often employ avian
frightening devices that are species- and context-specific, typically
incorporating a combination of lights, sounds, movement, and even
taxidermies applied at unpredictable intervals. However, the use of such
frightening devices may be too time-consuming and disruptive for
conflict mitigation in urban areas. Although stationary effigies, like
plastic owls (Figure 11.3), serve as popular alternatives in urban areas,
they are largely ineffective due to rapid habituation by birds.

Dynamic frightening devices that can recognize and respond to specific
species and behaviors may be a promising new management tool in
urban areas. For instance, a Denmark-based research group is
developing adaptive scaring technology that uses automatic recognition
of barnacle goose (Branta leucopsis) vocalizations to identify undesirable
behaviors (e.g., foraging) and subsequently activate auditory frightening
stimuli (e.g., distress calls). Such selective application of aversive
conditioning can help reduce the likelihood of habituation by wildlife
and disturbance to the public. Other conflict scenarios with urban birds
can be resolved with simpler habitat modifications using physical
barriers, such as nets and spikes. For example, researchers in Pretoria,
South Africa found that bird spikes placed on buildings were more
effective at reducing pigeon numbers on a university campus compared
with several commercially available visual deterrents. Integration of
alternative roosting and nesting options alongside exclusion measures
can bolster coexistence in urban areas. Examples of such innovative,
bird-friendly designs date back to 16th-century Persia (e.g., “pigeon
towers”) and can be seen in other works of modern architecture,
including Oscar Niemeyer’s “Pombal” in Brasília (Brazil) and Antoni
Gaudí’s “Parc Güell” in Barcelona (Spain). (86–85)

In South Africa, troops of chacma baboons (Papio ursinus) will enter
urban spaces in search for anthropogenic food. During these brief,
high-activity “raids,” baboons will forage in garbage bins, cars, and
homes, and try to take food directly from people. Such interactions
threaten the health, safety, and food security of residents, and often
result in the killing of baboons. The adaptive responses of baboons to
various mitigation attempts over time have made the management of
this negative interaction between humans and baboons very difficult.

In Simon Town, researchers attempted to alter a troop’s raiding behavior
by providing a supplemental feeding patch located away from people
and urban areas. Although food provisioning alone did not significantly
reduce urban space use by the troop, it became more effective when
paired with exclusion from the main food waste sites (i.e., when
enclosed in wire mesh). Another study in Cape Town found that field
rangers engaged in the monitoring and deterrence of baboon troops
reduced the amount of time baboons spent in urban areas by 70%, and
that the intensity of deterrence had a significant effect on baboon
activity as well. New research focused on individual and social behavior
of baboons is providing additional insights on the adaptive responses of
baboons to field rangers that can be used to improve aversive
conditioning strategies (e.g., identify which individual baboon(s) to
target; frequency and consistency of strategy). The implementation of
multiple management strategies informed by behavioral research is
effectively reducing the frequency of conflict between people and
baboons with additional solutions on the horizon. (86–88)

startling movements (or preferably a combination
thereof) to repel animals from a given attractant or
to sensitize animals to humans and other anthro-
pogenic dangers (e.g., roads and railways). To
ensure that animals will respond successfully, these
strategies must be tailored to the species’ sen-
sory modalities such that it can be perceived and
attended to by the focal individual(s). For instance,
scent-based deterrents are more salient for species
with greater olfactory capabilities, such as rodents
and carnivores, whereas visual deterrents may be
most effective for species that are more reliant on
visual information, such as birds and primates (16).

A critical point of note is that eventual habit-
uation or tolerance to behavioral-based strate-
gies may undermine mitigation efforts. Animals
typically habituate to the continued use of non-
lethal tools that lack a negative stimulus, and thus
additional frightening stimuli may need to be peri-
odically administered. Alternating practices and
employing multiple deterrents that target differ-
ent sensory modalities at once may also be more
effective than when left permanently or used singu-
larly (72,29,34). This may be particularly applicable
for urban individuals that are likely to be behav-
iorally flexible and/or highly conditioned to the
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use of anthropogenic resources (56). Importantly,
such strategies will only be effective at deterring or
repelling wildlife if alternative resources and attrac-
tants are available (59,73; Table 11.1). As such, it
is equally important to design and manage urban
habitat in ways that will reduce conflict and pro-
mote the well-being of both people and wildlife
living there.

Managing urban habitats

Heterogeneity in urban habitats

Legacies of residential segregation and ongoing
social inequity have created unequal environmental
services and benefits within cities, and this affects
the well-being of, and relationship between, people
and animals (15,89).2 For example, socioeconom-
ically advantaged groups living in greener, more
biodiverse neighborhoods (i.e., the luxury effect;
64,90) generally experience a higher frequency of
positive interactions with a diversity of wildlife,
whereas disadvantaged groups living in impov-
erished neighborhoods may not only experience
fewer positive interactions, but also have more neg-
ative interactionswith pest species (6,91). Neverthe-
less, residents of marginalized communities may be
less likely to report conflict with wildlife, possibly
due to distrust of local governments (92). They may
also harbor general apprehension toward greening
initiatives due to the perceived dangers associated
with vegetation (93) and fear of displacement or era-
sure via neighborhood gentrification (94). Such dif-
ferences in urban resident experiences and perspec-
tives toward wildlife should be taken into account
when managing urban habitats (95).

Although the effects of environmental dispari-
ties on human health and well-being have long
been articulated in the environmental justice lit-
erature, we currently do not know the extent of
racial oppression and social inequality on animal
behavior, cognition, and human–wildlife interac-
tions (89). For instance, environmental disameni-
ties like heavy metal pollution (e.g., affecting Euro-
pean honey bees [Apis mellifera]; 96), roadway

2 Hoover’s and Scarlett’s chapter discusses contemporary
impacts and historical legacies of systemic racism and classism
on urban nature.

noise (e.g., affecting rats; 71,97), and use of pes-
ticides (e.g., affecting bobcats [Lynx rufus]; 72,98)
are typically higher in neighborhoods of low-
socioeconomic status (e.g., 99–101) and can disrupt
physiological, behavioral, and cognitive develop-
ment. Furthermore, diets high in anthropogenic
foods may increase animal boldness through com-
plex pathways in the gut–brain axis (e.g., 76,102),
indicating that increased access to garbage via poor
municipal services could have reverberating conse-
quences onwildlife behavior. Vacant, unmaintained
structures are hospitable for many “pest” species,
which can thereby increase population numbers
and the potential for disease transmission in neigh-
borhoods with greater vacancy and general dis-
repair (66,77,78,79,92,103,184). Similarly, increased
consumption of anthropogenic subsidies bywildlife
due to a lack of municipal services and improper
wastemanagement can be distressing to people and
can negatively impact urban wildlife health (e.g.,
periodontal disease and hyperglycemia in raccoons
(104,105); compromised immune function in coy-
otes (106).

Thus, the same environmental disamenities that
disproportionately harm minoritized communi-
ties might spillover to jeopardize wildlife and
human–wildlife relationships.3 Providing environ-
mental education, equitable green space access and
infrastructure, efficient waste management, sound
housing integrity, and maintaining/modernizing
transit routes are a few of the many justice-centered
habitat management strategies that can promote
environmental health and more positive interac-
tions with urban wildlife across cityscapes (89).

Animal behavior and cognition research is
central to urban design and planning

There is growing recognition that urban areas can
play a role in biodiversity conservation by attract-
ing and supporting animal populations (107,108).4

Some of the features that attract animals to
cities include protection from predators that may

3 Byers et al.’s chapter outlines the intricate relationships
between equity and human and wildlife health in cities.

4 Lambert’s and Schell’s chapter details the emergence of
urban biodiversity conservation in science and society.
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be excluded by urbanization (i.e., human shield
hypothesis, (36,84,85,109)), built structures that
serve as shelter and nest sites, and food sources that
are provided both intentionally and unintentionally
(107,110,111). It is important to recognize that these
attractants can produce unintentional negative con-
servation outcomes by enhancing non-native pop-
ulations, increasing HWC, or reducing the fitness
of native species, yet they also have the poten-
tial to contribute to conservation. For instance, nest
boxes can be designed with optimal dimensions to
attract native birds, with guards to protect against
predators, and without the perches that tend to
attract more aggressive species (112). Thus, a behav-
ioral approach to urban biodiversity conservation
involves understanding the specific cues animals
use in habitat selection, providing those cues, and
ensuring that they lead native species to places
where they can be successful while avoiding any
unintentional negative outcomes.

Green spaces are an important tool for pro-
moting urban biodiversity, particularly when they
are restored or designed with cues that encour-
age settling, shelter, food, and breeding resources
used by native wildlife (107,108,113). Designing
green spaces that are attractive to native wildlife
often involves planting specific trees and plants,
mimicking the habitat structure of nearby wild-
lands, incorporating riparian areas into city parks,
and clustering them with other green areas and
gardens to allow connectivity within the urban
matrix5 (114–117). Indeed, connectivity of green
spaces presents a major challenge for wildlife and
can be difficult to achieve, especially when it con-
flicts with other management goals. For instance,
fences and other linear barriers can be useful for
mitigating HWC in and near cities (15), yet they
can have varying effectiveness (118) and can shift
problematic human–wildlife interactions elsewhere
(119). Fences also produce ecological “winners” and
“losers” depending on context and scale, impacting
factors as varied as habitat structure, community
structure, animal behavior, and gene flow (120).

5 Stanford et al.’s chapter outlines key urban ecological
design principles that enhance habitat quality for city plan-
ning.

Thus, careful planning and integration of green
spaces and fencing should be undertaken when
designing urban habitats.

For species that use social information to select
habitat, conspecific cues—including acoustic calls,
odors, or visual models—may help bring animals to
high-quality habitat (113,121). The mainstreaming
of such approaches may be useful in future, cutting-
edge biodiversity management strategies, such as
urban translocations.6 In addition to incorporating
cues that attract animals to urban green spaces, it
is also critical to limit cues that repel them, which
may include chemical, noise, and light pollution, or
the presence of humans (73). If minimizing human
disturbance is not possible, the impacts of those
stimuli may be gradually reduced over time with
repeated exposure through deliberate strategies to
promote habituation (113,122). Of particular con-
cern is the potential for cities and restored habi-
tats to become ecological traps (123) if animals
are attracted to urban settings but populations fail
to persist because of excess predation, low-quality
food, low reproductive success, or mortality associ-
ated with HWC (124). Hence, wildlife populations
in cities must be studied and managed carefully,
typically with a species-specific approach, to detect
and disarm ecological traps (125,126).

There have been repeated calls for mechanis-
tic research on how urban systems affect HWC
and biodiversity in order to inform urban planning
(111,123,124). For example, we need a better under-
standing of the factors that influence individual
colonization, dispersal, breeding success, mortality,
and responses to human disturbance (124). Under-
standing how various wildlife species perceive cues
and make decisions that guide their behavior in
urban environments will enable us to predict how
wildlife should respond to urban habitat designs
and manipulations (Figures 11.2 and 11.3). This will
help inform the optimal size, type, and connected-
ness of green spaces, determine when they become

6 Spotswood et al.’s chapter begins creating an urban con-
servation toolbox and emphasizes the need to report standard
conservation tools, innovate tools, and create new approaches
for urban biodiversity given the unique nature of urban envi-
ronments.
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ecological traps, and suggest ideal buffer areas and
limits to human visitation, with the ultimate goal
of increasing biodiversity, decreasing HWC, and
minimizing the homogenizing effects of urban envi-
ronments (123,124).

One issue that has been studied extensively is
how road crossing structures can be designed to tar-
get and enhance use by different taxa, depending
on features like location, size, vegetation, nearby
ponds, and elements that block noise and light
(127–129) (Figure 11.3). Wildlife overpasses are not
typically implemented in urban settings because
of their high cost and space requirements com-
pared to underpasses (127). However, the world’s
largest wildlife overpass, the Wallis Annenberg
Liberty Canyon Wildlife Crossing (LCOC), is cur-
rently being constructed overUS-101 in LosAngeles
County, largely due to a successful public cam-
paign to protect mountain lions (Puma concolor) in
this urban biodiversity hotspot (127,128). Previous
research on the behavior of mountain lions and
other wildlife species has demonstrated that exces-
sive noise and light can inhibit the use of wildlife
crossings (129). Therefore, to increase its use by
wildlife, several structural features are being inte-
grated into the LCOC, including strategically placed
noise barriers and berms, that will provide func-
tional reduction of anthropogenic noise and glare
and contribute to a more attractive approach zone
for mountain lions and other urban species (128).

Many of the urban improvements that bene-
fit wildlife can also benefit human health and
well-being (95).7 However, not all urban resi-
dents will support environmental initiatives that
increase green space or wildlife populations. Fur-
thermore, without education and participation in
wildlife management strategies, residents may con-
tinue engaging in behavior that unknowingly con-
tributes to HWC. Thus, it is essential that urban
planning, ecological restoration, and neighborhood
improvements be equitable and accompanied by
educational outreach and partnership with local
communities.

7 Byers et al.’s chapter’s approach to One Health in cities
outlines how to improve wildlife and human well-being
together.

Managing human expectations and
behavior

Urban wildlife behavior as a function of human
behavior

Managing animal behavior and habitats are
important components for fostering urban human–
wildlife coexistence, yet urban wildlife behavior
is fundamentally a function of human behavior.
Individual animals and species demonstrate differ-
entiated behaviors depending on their perception
of humans, which can be measured using assess-
ments like flight initiation distances (e.g., 106,130),
giving-up densities (e.g., (107,131), and playbacks
(e.g., 108,132) (Figure 11.2). For example, one study
found that residents of Seattle were more discour-
aging toward birds compared to residents of Berlin
and, correspondingly, found higher flight initiation
distances in Seattle vs. Berlin with the highest
scores exhibited by species typically considered to
be a nuisance (i.e., crows [Corvus brachyrhynchos]
and starlings [Sturnus vulgari]; 133). Species like
pigeons (Columba livia) or squirrels that are gen-
erally ignored by humans are likely to habituate to
the presence of humans over time, whereas species
that fear humans or are repelled by anthropogenic
pollution (e.g., noise) may become sensitized to
human presence. Urban species ranging from small
primates (marmosets; Callithrix penicillata) to large
carnivores (mountain lions) will avoid humans by
adjusting their activity (134–137) and movement
(i.e., landscape of fear hypothesis; 138) around
predictable human cues (e.g., diurnal vs. nocturnal
patterns, weekday vs. weekend activities). Indeed,
pulses and pauses in human activity will affect
animal activity, which was most clearly illustrated
during the recent stay-at-home orders during
the Covid-19 pandemic, when many animals
altered their movement and habitat use patterns in
response to reduced human activity (138). Interest-
ingly, species that receive frequent, mixed feedback
from humans (e.g., sometimes fed, ignored, and/or
harassed) may attend to certain cues that allow
them to recognize and differentiate among individ-
ual humans, and may categorize humans as “safe”
or “dangerous” (22,139). Thus, urban wildlife
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behavior is increasingly understood as a reciprocal
function with human behavior (140,141), highlight-
ing the importance of understanding what drives
human attitudes and behaviors toward wildlife.

Perceptions and attitudes toward urban wildlife

Human–wildlife interactions in cities and elsewhere
are heavily influenced by people’s perceptions,
experiences, values, and attitudes (e.g., 142,143).8

Importantly, human attitudes and tolerance are
both commonly used proxies for predicting human
behaviors toward wildlife, such as whether a per-
son will support or actively participate in (legal or
illegal) lethal removal of certain species or “prob-
lem individuals” (e.g., 10,144,145). As such, human
behavior, situated within sociocultural and political
contexts, is a critical component of all human inter-
actions with wild animals (146). These behaviors
can be driven bymany factors, including experience
and emotion, relationships with the sociopolitical
surroundings, and resulting risk perceptions and
attitudes (147). For example, residents of Singapore
weremore likely to exhibit tolerance of, and positive
attitudes toward, nuisance wildlife if they had had
more childhood nature experiences (148). Sociocul-
tural and religious feeding practices in cities around
the world may provide personal enjoyment and
connection with nature (69,149) despite it some-
times contributing to poor health (e.g., 126,150)
or increased aggression in urban wildlife (e.g.,
151,152). People’s perceived (even if not real) risks
from certain species can also be strong predictors
of whether they have negative attitudes toward the
conservation of other species (143).

Just as wildlife perceptions of their environ-
ment are important drivers of human–wildlife
interactions, so too are people’s perceptions of
their environments. Across the global spectrum of
human–wildlife interactions, human perceptions of
wildlife and of each other have a strong influ-
ence on how humans interact with and man-
age certain wildlife species. “Human–human con-
flicts,” such as inequities, cultural differences, and

8 Larson’s and Brown’s chapter details the perceptions and
motivations of people toward biodiversity in cities and sub-
urbs.

top-down policies, underlie nearly all human–
wildlife conflicts (153,154).9 People’s perceptions
can vary across scales and locations, differ from
what is scientifically or ecologically recorded, and
influence wildlife conservation and coexistence
efforts (155–157).

For example, in many cities there exists a debate
over whether coyotes “belong” within cities (see
Case study: The ubiquitous urban coyote), espe-
cially as they pose a threat to people’s outdoor
cats, pets, and poultry (9). People’s propensities
to support lethal control of urban coyotes can be
influenced by their gender identity, level of fear
toward coyotes, where they live, and willingness
to interact with their local government agencies
(e.g., 134,158). Yet, people who express concern
about conflicts with urban wildlife, stemming from
both actualized conflict instances (e.g., crop raid-
ing and loss of domestic animals) and intangible
factors (e.g., personal anxiety), can still support
nonlethal interventions for the wildlife in question
(159). This dichotomy of opinion between advocates
for domestic animals and advocates of wildlife con-
servation is common in cities and can impact urban
wildlife conservation policies. Human perceptions
of particular species are also key to understanding
how to promote coexistence (155). For instance, peo-
ple are more supportive of conservating species for
which they have an aesthetic appreciation (e.g., red-
tailed hawks [Buteo jamaicensis]; 136,160) than those
that they fear or deem aesthetically unpleasing (e.g.,
bats [Chiroptera spp.]; 137,161).

Improving attitudes and behaviors toward urban
wildlife

Urban human populations are not uniformly wel-
coming to wildlife in their backyards and many
people do not have equitable access to nature,
positive interactions with wildlife, and the bene-
fits of conservation policies (89). Fortunately, there
are many strategies currently in use to foster pro-
environmental perspectives, such as tolerance and
local environmental stewardship, in urban areas.

9 Kar Gupta et al.’s chapter illustrates the value of devel-
oping flagship or umbrella species for urban conservation as
ways to bridge human–human conflict.
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For instance, providing equitable access to environ-
mental resources and services is key to address-
ing within-city heterogeneity in experiences with
and risk perceptions about urban wildlife. Peo-
ple from low socioeconomic and ethnic minority
backgrounds have been found to have access to
fewer acres of urban parks, and access to parks
with lower quality and safety than more privi-
leged groups (162). Because childhood nature expe-
riences and other forms of place-based nature
experiences for all age groups can have positive
effects on attitudes toward wildlife and the envi-
ronment (148,163,164), cities should prioritize bol-
stering and perpetuating nature access programs
and organizations, such as City Parks Alliance
(https://cityparksalliance.org/) and Groundwork
USA (https://groundworkusa.org/). Additionally,
to be most impactful, cities should foster edu-
cational programs on urban wildlife that pro-
vide experiential training about wildlife behaviors,
reducing wildlife attractants, familiarization with
green spaces and safety, and employing nonlethal
wildlife management techniques.

Case study The ubiquitous urban coyote

Coyotes have rapidly expanded their range and now live in
most urban areas across North America (165). They can be
of concern to humans because of the risks they may pose,
including attacking people or their pets. While incidences
of attacks are low relative to the abundance of people and
coyotes living in urban areas and the frequency of human–
coyote encounters (166), coyotes require management
strategies that ensure human safety (and perceived safety)
while allowing for coexistence. Research has long focused
on how coyotes navigate urban environments, and we
have learned that urban coyotes may be bolder than
rural coyotes (41,167,168), descend from a few individu-
als (169), temporally avoid humans (170–172), and take
advantage of anthropogenic food resources (106).

Research into coyote cognition is limited to only a
few studies, but coyotes have demonstrated behavioral
and cognitive flexibility across multiple tasks and exper-
imental paradigms (173–175). This flexibility can facili-
tate the behavioral adjustment and spread of coyotes in
urban environments. For example, urban coyotes primar-
ily consume prey similar to that of rural coyotes (176)

but have more diverse diets than rural coyotes, which
is largely caused by the addition of anthropogenic food
into the diets of urban coyotes (177). Urban coyotes
are also bolder and more exploratory than rural coyotes
(178), which allows them to discover and access more
resources.

This same flexibility, however, may also be bring-
ing coyotes into greater conflict with humans (56). For
example, some urban residents intentionally feed coy-
otes or may provide food unintentionally, such as how
urban coyotes are attracted to compost piles (179). In
both scenarios, coyotes are more likely to make con-
tact with humans which increases the spread of zoonotic
diseases and rates of human–wildlife conflict. Similarly,
emboldened coyotes may be more likely to attack humans
and their pets (56,178). Conflicts with pets can be espe-
cially difficult to navigate because there are perceptions
and beliefs associated with both coyotes and pets. For
example, many cat owners believe their cats should be
allowed to roam freely outdoors (180,181), and con-
sider outdoor cats as family members (e.g., 181,192), and
therefore may become vocal advocates for more intensive
management of coyotes and other mesopredators even
though domestic cats can cause considerable losses to
native wildlife (182).

Despite the widespread presence of coyotes in urban
areas across North America, observational and experi-
mental research has only recently been used to inform
management decisions that mitigate risks. For example, a
study in the Denver Metropolitan area found that teach-
ing residents to haze coyotes (183,194) as a nonlethal
tool to reduce conflict may not be effective reactively
(i.e., once a coyote has become too emboldened or
involved in conflicts with humans) but can be used proac-
tively (165,176). This work suggests that selective lethal
removal may also be needed. In the same region, surveys
of human views about lethal and nonlethal tools found
that an individual’s perceptions (e.g., fear) and beliefs
about coexistence predicted support around lethal control
(134,158). Researchers have also experimentally looked
at how common practices can be used as nonlethal tools
(e.g., 184,195) and how experiential learning can cre-
ate more positive perceptions about coyote encounters
(185,196). Cities are beginning to use these findings to
create management and outreach (186,197), but addi-
tional work is still needed to improve the language used
to describe coyotes (187,188,222,223) that addresses the
complex beliefs and perceptions of people sharing spaces
with coyotes (134,158,185,196).

https://cityparksalliance.org/
https://groundworkusa.org/
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Future directions in human–wildlife
coexistence in cities

There are several exciting new frontiers in the study
of urban wildlife behavior and cognition that will
further inform our ability to promote coexistence
between humans and wildlife. Recent research, for
example, has begun to uncover the effects of urban
diets and the gut microbiome on behavior (e.g.,
189,141) and identified potential feedback loops that
may be influencing human–wildlife interactions
(e.g., 106,184). The distribution and abundance of
food resources contribute to higher densities and
more frequent social interactions for some species
in urban environments (190), which has implica-
tions for not only zoonotic disease transmission, but
also the evolution of animal sociality and behavior
(e.g., raccoons) (191,192). Furthermore, studies that
link behavior and cognitive ability to specific fea-
tures of urban environments, such as human activ-
ity vs. human footprint, green space, and competi-
tion (e.g., 41,111,135,209), as well as fitness (51), are
providing new insights and needed clarity on the
role of cognition in urban living. However, many
knowledge gaps remain. For instance, most stud-
ies discussed here focus on dichotomous compar-
isons between urban and nonurban cognitive and
behavioral responses. Fewwithin- and between-city
comparisons of behavior exist (e.g., 109,133), which
are essential for deconstructing the fine-scale con-
tributions of societal inequity to the emergence of
behavioral traits often associated with conflict in
cities.

Future research on urban wildlife behavior can
also be leveraged to gauge the well-being of urban
populations, assess the effectiveness of various
management strategies, increase positive percep-
tions of and experiences with wildlife, and predict
the occurrence of conflict with urban species. For
example, to understand whether greening efforts
are increasing biodiversity and coexistence, inves-
tigating if and how animals are using resources
within green spaces (e.g., food, shelter) and how
they perceive and interact with humans (e.g., attrac-
tion, repulsion, indifference) will be more informa-
tive for long-term population establishment com-
pared to single measures of abundance and rich-
ness. Furthermore, the ubiquity of common urban

species often leads to the assumption that these
individuals are “thriving” in cities, yet several stud-
ies demonstrate that urban populations may be in
poor health, highly inbred, physiologically stressed,
and combating ecological traps (13,193–195). Thus,
quantifying wildlife health (e.g., body condition,
diet, disease) and species-specific behaviors (e.g.,
movement, habitat use, communication, competi-
tion, reproduction) in urban environments can pro-
vide a useful baseline by which we gauge popu-
lation trends and the success of our management
strategies over time. In addition, because the tem-
poral and spatial occurrence of human–wildlife
interactions are moderately predictable, and con-
flict is hugely influenced by human perceptions
and behaviors, quantification of social and ecolog-
ical factors unique to a neighborhood can allow
us to predict the occurrence of conflict and cre-
ate more positive experiences with wildlife. For
example, HWC in Chicago was most likely to
occur in areas where humans and wildlife over-
lap; however, complaints of raccoons and opos-
sums were more likely to be reported in high-
versus low-income neighborhoods, despite higher
occupancy of these species in low-income neigh-
borhoods (92). Thus, pairing data on the behav-
ior of urban wildlife across species, seasons, cities,
and neighborhoods with participatory surveys on
local human attitudes and interactions with wildlife
will allow us to build predictive models that pre-
vent impending conflicts based on: (1) how var-
ious wildlife utilize urban space and (2) how
human residents vary in their perceptions of those
wildlife.

Engaging urban residents in surveys and other
participatory science efforts may provide extraor-
dinary insight to help mitigate future conflicts.
Participatory science10 can be a productive method
for gathering data about biodiversity and wildlife
behavior (196), understanding and addressing
HWC (197), and engaging community members
with wildlife conservation issues (198). Researchers
can actively develop participatory research projects

10 Perkins et al.’s chapter details how to enhance the
value of participatory science methods for better biodiversity
data, improving environmental equity, and enhancing urban
wildlife opportunities.
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in collaboration with urban community members
to manage motion-activated camera traps, assess
water quality and other indicators, look for wildlife
tracks, and undertake various other activities that
can support management and coexistence goals
coproduced with local communities. Researchers
can also utilize freely available data collected
through participatory science social networks in
which people log organism sightings, such as
iNaturalist (https://www.inaturalist.org/) and
eBird (https://ebird.org/), both of which house
substantial numbers of observations in urban areas.
Additionally, urban residents are keen to express
their experiences with wildlife, and often do so
via neighborhood communication platforms such
as NextDoor (https://nextdoor.com/). Despite
the inherent reporting biases of all participatory
social science networks, they are increasingly being
viewed by scientists as a valuable resource for
both public engagement and data collection about
human–wildlife interactions (199,200). Finally,
many local government agencies and institutions
have options for reporting wildlife sightings and
interactions (e.g., Carnivore Spotter: https://
carnivorespotter.org/, and San Francisco Ani-
mal Care and Control coyote observation report:
https://www.sfanimalcare.org/), which provide
yet more avenues of both data collection and
community engagement.

Perhaps the greater challenge is developing a tan-
gible consensus around what coexistence entails.
One recent definition of coexistence suggests it is
“a dynamic but sustainable state in which humans
andwildlife co-adapt to living in shared landscapes,
where human interactions with wildlife are gov-
erned by effective institutions that ensure long-term
wildlife population persistence, social legitimacy,
and tolerable levels of risk” (147,201, p. 787). With
so much variation in human attitudes and societal
disparity present in any given city, let alone a region
or nation, how can we determine what social legit-
imacy and tolerable levels of risk are? Although
complex, the answer lies in partneringwith commu-
nities to bolster environmental education and jus-
tice so that residents better understand local urban
wildlife and have the tools that will allow people to
actively participate in biodiversity conservation and
coexist with wildlife.

Global perspectives

Both large-scale andwithin-city patterns and conse-
quences of urban human–wildlife interactions have
been studied worldwide but such studies have
mostly been conducted in “Global North” nations,
particularly the US (202). However, human values,
culture, politics, and urban design show tremen-
dous variation around the world. As such, our abil-
ity to apply wildlife behavior research and trans-
late inferences about human–wildlife interactions
from one part of the world to another requires a
globally representative body of work. For example,
human social factors, such as culture, politics, and
religion, and ecological factors, such as season, veg-
etation structure, water availability, and green space
sizes, all vary within and across urban areas world-
wide (203). This results in variations in human–
wildlife interactions across spatial and temporal
scales, as well as variations in the types and levels
of biodiversity that can be maintained (204). In
a broader-scale example, different distributions of
people and birds across multiple urban areas in
England were correlated to ecosystem services and
disservices provided by birds, where people in the
lowest socioeconomic groups experienced the same
level of disservices but fewer services (205).

Global research also demonstrates that these con-
textual factors can vary at a finer scale, within cities.
Cities are usually heterogeneous in multiple ways,
often as a function of socioeconomic histories and
present experience. Socioeconomics and other cul-
tural histories can lead to spatial differences in avail-
ability of green space and ecological health, which
then determine where and how people and wildlife
interact, as well as within-city differences in biodi-
versity outcomes (e.g., 89,63). For example, the size
of long-tailed macaque (Macaca fascicularis) troops,
and the relative number of infants within them,
varied with active provisioning of food by tourists
among three sites in Padang, Sumatra (206). The
researchers noted that managing human provision-
ing could reduce macaque population growth and
the growing rates of human–macaque conflict, such
as crop-raiding and aggressive behavior toward vis-
itors (207,208). Similar variation in human–wildlife
interactions was seen in Belo Horizonte, Brazil,
where the people who called the environmental

https://www.inaturalist.org/
https://ebird.org/
https://nextdoor.com/
https://carnivorespotter.org/
https://carnivorespotter.org/
https://www.sfanimalcare.org/
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police to report human-caused injuries to birdswere
more likely to have high salaries (209).

Variations in green space allocation and other
types of land management within cities can also
affect howvegetation is impacted by typicalwildlife
behavior. For example, there was little variation
across 15 sites within the city of Wellington, New
Zealand, in tree damage caused by sap-sucking
behavior of North Island kākā birds (Nestor merid-
ionalis septentrionalis, (166,210)). Instead, the most
important predictors of damagewere tree character-
istics (e.g., tree species and diameter), which varied
depending on the city’s history of protecting and
creating green space. To alleviate conflicts and dan-
gers such as treefall, while maintaining high human
tolerance for kākā, researchers recommended that
managers prioritize planting and managing tree
species that aremore resilient to sap-sucking behav-
ior. In short, diverse sociopolitical contexts and
histories of biodiversity and wildlife management
within cities can have consequences for human–
wildlife interactions, human opinions on wildlife
management, and resulting policies.

Social-ecological applications

While urban landscapes are rapidly changing, so
are the perceptions, beliefs, and equity of people
living in cities, as well as the way information is dis-
seminated and absorbed. These changes will likely
influence urban wildlife behavior, interactions with
humans, and the positive and negative effects of
cognition on human–wildlife interactions. It is crit-
ical that studies of urban wildlife behavior and
cognition are intersectional (211), accounting for the
sociopolitical landscape. This has the potential to
improve human–wildlife coexistence via informed
wildlife management, create opportunities for com-
munity involvement, and enhance environmental
justice (89).

While a deep understanding of animal behav-
ior and cognition can improve our ability to
develop policies and management practices that
improve coexistence, management actions and
human behavior are often unrelated to policies and
are instead based on human experience and his-
tories (212,213). In some scenarios, outreach and
education may be the best strategies for reducing

human–wildlife conflicts, but in other cases bet-
ter enforcement of policies may be needed (214).
Further, there may be scenarios where efforts to
reduce conflict are difficult to achieve because
humans are unwilling to change their behavior,
such that resources would be better invested else-
where (215,224). However, these scenarios could
improve by considering within-city differences that
allow for better community engagement.

For example, for several decades leopards (Pan-
thera pardus fusca) in Mumbai were involved in
conflict after translocations (216) likely because of
challenges acquiring food and shelter, especially
when a hard release was used (217,218). However,
researchers also recognized the methods communi-
ties used to capture leopards for translocationswere
varied, with many causing injury and stress to the
leopards (219). At the same time, journalistic cov-
erage of these capture events and human–leopard
conflicts used negative and incendiary language
(220). Subsequently, researchers worked with local
officials from various parts of the greater Mum-
bai area on humane capture and handling (personal
communication to author Young), while also host-
ing information clinics with journalists that chal-
lenged perceptions and beliefs (220). Today, these
efforts have resulted in fewer deaths and injuries
to leopards and people during and after translo-
cations. This example combining an understand-
ing of leopard behavior and management needs
(i.e., post-translocation conflict propensity due to
lack of resources) with the beliefs and perceptions
of people illustrates the power in considering all
aspects of urban communities to informpolicies and
actions.

Conclusion

Wildlife use cognitive abilities to guide their behav-
ioral responses to environmental conditions (16).
In urban environments, humans play an espe-
cially outstretched role in this process across mul-
tiple scales. From city design and resource distri-
bution, to individual encounters with nature, to
wildlife management and environmental policy,
our actions have a prominent influence on the way
animals perceive and behave in urban environ-
ments (91,140,141). Tomanagewildlife in away that
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promotes coexistence and biodiversity, we must
consider not only which ecological attributes make
cities attractive, safe, and hospitable for a variety
of species with unique needs and umwelten, but
also how human attitudes and actions impact urban
wildlife behavior and eventually feed back into
human society. Like any wildlife conservation or
management program, our success hinges on the
support and participation of interested parties (5).
Thus, we must work to become culturally compe-
tent and cognizant of the preferences and expec-
tations of a diverse public, and thereby strive to
develop and employ multiple urban management
strategies that can serve all communities equally.

In many cases, urban habitat and wildlife man-
agement actions can improve the health and qual-
ity of life for both people and animals. Making
cities more equitable, such as by increasing pres-
ence of and access to natural resources like wild
habitats and alleviating exposure to disamenities
like pollution, has the potential to increase bio-
diversity and shape more desirable behaviors in
wildlife. Providing equitable green space access and
infrastructure, efficient waste management, sound
housing integrity, and supporting ecocultural rela-
tionships with nature are a few of many justice-
centered management strategies that can promote
more positive perceptions of and interactions with
urban wildlife (89). Justice-centered management
efforts will, therefore, create a more resilient system
by which humans and wildlife can coexist.
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