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As cities expand to accommodate a growing human population, their impacts to natural
ecosystems and the wildlife residing within them increase. Some animals that persist in
urban environments demonstrate behaviors distinct from their non-urban counterparts.
These potential behavioral changes are the subject of a growing body of research in the
areas of wildlife ecology, biology, and conservation. In spite of increasing urban wildlife
research, studies focused specifically on changing behavior in urban mammals is limited.
We conducted a systematic literature review to synthesize current research on behavior
changes in wild urban mammals. We included 83 papers published between 1987 and
March 2020. Omnivores were the leading subject of study, closely followed by carnivores
and the specific behaviors most widely studied were home range and vigilance. Among
the reviewed studies, there were 166 observations of 44 distinct behaviors with 155
occurrences of behavior change relative to conspecifics in non-urban areas. The most
commonly studied and observed type of behavior change was alert behavior. Results
indicate urban environments drive adaptive responses in behavior including changes in
home range and diet preference, shifts in activity budget and vigilance, decreased flight
initiation distance, and increased nocturnal activity. Some urban mammal species even
demonstrated the ability to modulate behaviors based on environmental cues. Our results
highlight the need for long-term wildlife behavior studies across a variety of urban settings
to promote successful urban wildlife management and conservation.
Keywords: acclimatory response, adaptive response, FID, home range, nocturnal activity, regulatory response,
urban wildlife, behavioral syndrome

INTRODUCTION
By 2050, 68% of the world’s 9.7 billion people will be residing in urban areas (United Nations
(UN) Department of Economic Social Affairs, 2019a; United Nations (UN) Department of
Economic Social Affairs, 2019b). As cities expand to accommodate more people, their impacts
to ecosystem processes and biota increase. Urban areas present unique and dynamic challenges
for resident wildlife (Lowry et al., 2013; Miranda et al., 2013; Alberti, 2015; Birnie-Gauvin et al.,
2016). In response to anthropogenic stressors, urban wildlife may exhibit behaviors differently
than their non-urban counterparts (Ditchkoff et al., 2006; Chapman et al., 2012; DeCandia
et al., 2019). As learning and behavioral adjustments are the primary ways animals cope with
changing environments, the highly modified urban landscape provides a veritable proving ground
for the ability of wildlife to adapt (Brown, 2012; Greggor et al., 2016). Decreasing natural
habitat—alongside increasing anthropogenic resources—can lead to behavioral shifts in urban
wildlife populations that present unique management and conservation challenges (Riley et al.,
2010; Bateman and Fleming, 2012; Magle et al., 2019). Efforts to promote urban biodiversity while
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Following PRISMA guidelines, we conducted a systematic
literature review of research pertaining to urban mammal
behavior conducted over the past five decades. The aim
of this review was to synthesize all research generating
significant findings of behavior change in urban mammal
populations (population) that were conducted in an urban
setting, including those using conspecific and predator decoys,
human-interaction, camera trap, trap and release, and/or
remote tracking protocols (interventions) to assess behavior
change comparative to a non-urban population as defined
by each individual study (comparator). Further, we sought
to coalesce all research identifying specific behavior change
(outcomes) in urban mammal populations, whether these
changes were assessed via direct observation or inferred from
remotely sensed/spatial data (study designs). Specifically, we were
interested in the extent of urban mammal behavior change
research and what, taken together, this research reveals in
terms of adaption to the urban environment. In answering
this research question, we unveil the predominate types of
behavioral adjustments observed in urban mammals, which
taxa were most studied, the journals that publish these studies,
geographically where these studies were conducted, and how
these trends might inform future research. Our findings
underscore the importance of long-term behavioral studies to
fully understand how short-term behavior changes become more
permanent adaptations and to better inform urban wildlife
management decisions ranging from conservation to humanwildlife co-existence.

minimizing human-wildlife conflict will require a comprehensive
understanding of what behavior changes are occurring in urban
wildlife and how these species are potentially adapting over time.
Although behavior change can occur in wildlife without
adaptation, it is helpful to consider behavioral responses,
in terms of timescale and permanence, as either regulatory,
acclimatory, or developmental (Lopez-Sepulcre and Kokko, 2012;
McDonnell and Hahs, 2015). Where behavior changes fall among
these three categories of adaptative response can offer insight
into the mechanisms of change and whether behaviors may
revert to population norms or progress toward permanent
adaptation (Dingemanse et al., 2010; McDonnell and Hahs,
2015). Regulatory responses such as changes in alert behavior
like harm avoidance or decreased flight initiation distance (FID)
often develop within seconds to hours, whereas acclimation
(e.g., adjustments in social structures and territoriality) may
develop gradually over days and weeks (Bateman and Fleming,
2012; McDonnell and Hahs, 2015). Physiological changes and
behavioral syndromes such as neophilia and boldness may
indicate more permanent developmental response potentially
leading to evolutionary change (Dingemanse et al., 2010; LopezSepulcre and Kokko, 2012; McDonnell and Hahs, 2015). These
adaptive responses may complement species survivability in
some cases while being detrimental in others (Lopez-Sepulcre
and Kokko, 2012; Lowry et al., 2013; Robertson, 2018; Ellington
and Gehrt, 2019). As humans continue to alter the habitat and
resources available to urban wildlife, knowing how these animals
are adapting their behavior is key to understanding how certain
species will persist in urban environments (Ryan and Partan,
2014; Soulsbury and White, 2015).
Despite urbanization’s significant impact on wildlife, urban
wildlife research remains a young and poorly understood
field (Birnie-Gauvin et al., 2016; Magle et al., 2019). In their
review of urban wildlife research, Magle et al. (2012) found
that urban wildlife studies comprised 2% of total publication
volume. Although animal behavior is a common research
topic and behavioral changes between urban and non-urban
conspecifics are somewhat widely studied, mammals have been
underrepresented (Magle et al., 2012; Miranda et al., 2013;
McDonnell and Hahs, 2015; Schell, 2018). This is somewhat
surprising as changes in mammalian behavior can often be
precursors to conflict with humans and understanding how
mammals use urban areas is an important component of wildlife
management (Gehrt and McGraw, 2007; Karelus et al., 2017).
Although selective urban pressures can have contrasting effects
among mammalian species, it appears that behavioral flexibility
among mammals allows them to better adapt to the urban
environment (Santini et al., 2019). Generally, mammals are
easily disturbed by human activity which drive changes in their
behavior that can impact diet, reproduction, stress levels, dial
activity, and disease prevalence (Ditchkoff et al., 2006; BirnieGauvin et al., 2016). These changes can lead to adaptations
that may have important eco-evolutionary consequences. Despite
the importance of understanding behavior changes in urban
mammals, there has been no comprehensive review of the current
primary literature specific to urban mammal behavior.
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METHODS
To quantify the body of research specific to behavioral change
in urban mammals, we conducted a systematic literature
review following Pullin et al. (2018) using Web of Science
and Google Scholar. We searched Web of Science for papers
in the primary literature using the following search terms
and Boolean operators: “urban∗ ,”, “city,” “town” OR “metro;”
“animal,” “wild∗ ,” OR “mammal;” “beh∗ ;” and “chang∗ ,” “mod∗ ,”
“adapt∗ ,” “alter∗ ” OR “evol∗ .” For Google Scholar, we used
multiple combinations of primary search terms (urban, animal,
behavior, change, mammal, and wildlife) in various sub-sections
(e.g., “in the title,” “anywhere,” “in subject”). Specific search
parameters can be found in Supplementary Table 1. We also
reviewed citations within each retained paper for additional
relevant studies.
We first compared titles to eliminate redundancy from our
two searches. We included or excluded papers using predefined inclusion/exclusion criteria (Table 1) based on the title
and/or abstract. For each study retained, we recorded how data
was collected, study region, and the season each study took
place. We also recorded species information, behavior studied,
whether there was a change in behavior, the direction of effect
where appropriate, and the type of adaptation demonstrated by
the behavior change. We used the non-evolutionary adaptive
responses identified by Ricklefs (1990) to group observed
behavior changes into one of three adaptive response categories:
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predominately published in journals specific to zoology
and mammalogy.
The region with the greatest number of studies was North
America (n = 43, 52%), followed by Europe (n = 17, 20.5%),
Australia (n = 9, 11%), Asia (n = 7, 8.5%), Africa (n = 5, 6%), and
South America (n = 2, 2%). With respect to diet guilds, 44% of the
studies were on omnivores (n = 37), 40% were on carnivores (n
= 33), and 16% were on herbivores (n = 13). Every region with
the exception of South America had studies from each of these
three guilds (Figure 2).
Although most of the 83 studies focused on one species,
3 included observations on 2 or more species. Overall, 45
mammalian species were studied across 10 orders: Carnivora (n
= 37 studies, 43%), Rodentia (n = 23 studies, 26%), Primate (n =
7 studies, 8%), Artiodactyla (n = 5 studies, 6%), Chiroptera (n =
4 studies, 5%), Diprotodontia (n = 4 studies, 5%), Lagomorpha
(n = 3 studies, 3%), Didelphimorphia (n = 2 studies, 2%),
Eulipotyphla (n = 1 study, 1%), and Peramelemorphia (n = 1
study, 1%). The four most studied species were coyote (Canis
latrans; n = 12; 27%); eastern gray squirrels (Sciurus carolinensis;
n = 5, 11%); Eurasian red squirrels (Sciurus vulgaris, n = 5, 11%);
and black bears (Ursus americanusi, n = 5, 11%).

TABLE 1 | Criteria used to determine inclusion/exclusion of articles for literature
review.
INCLUSION
Behavior study

Article must be a behavior study; note, spatial studies may be
appropriate if there is a stated behavior associated with
observed change (e.g., home range)

Urban
population

Article must study behavior of a species/population in an urban
setting

Comparative
behavior

Articles must study behavior of urban population with
comparative reference (either results from same study on a
different population or from literature) to indicate behavior
adaptation (e.g., rural vs. urban)

Relevant
species

Article must include behavior study on at least one species in
the class Mammalia

Publication

Must be from a peer-reviewed publication; graduate theses
may be included if quality of study is appropriate

Language

Article must be either published in English or reliably translated

Gray literature

Must provide relevant information specific to urban mammal
behavior change

EXCLUSION
Irrelevant
species

Articles on urban animal behavior adaptation in solely
non-mammalian and non-wild species (e.g., domestic or feral
animals)

Presence/
absence/
abundance
studies

Articles solely on species abundance, presence or absence of
species in urban areas

Non-urban

Articles that do not include behavior demonstrated specifically
in the urban environment (i.e., studies conducted along an
urban-rural gradient may be included but will be excluded if at
least one study area is not expressly urban)

Literature
review

Reviews of literature or publications that do not include novel
study results

Laboratory
study

Articles on urban mammalian behavior observed in a laboratory
setting

Author
duplication

Multiple articles written by the same author(s) with the same
observed behavior change if it is clear that observations were
from the same study/data

Unavailability

Articles not available through university resources, general
internet access, etc.

Behaviors Studied
Some studies assessed multiple behaviors, which resulted in 166
observations of 44 different behaviors (Supplementary Table 2).
Studied behaviors fell into 8 general types: alert behavior (n = 45;
27.1%), spatial (n = 40, 24.1%), diet preference/foraging/resource
use (n = 27, 16.3%), activity budget (n = 22, 13.3%), diel
activity (n = 14, 8.4%), behavioral syndrome (n = 9, 5.4%),
mating/reproduction (n = 7, 4.2%), and social (n = 2, 1.2%)
(Figure 3). With respect to taxa, all orders included at least
one spatial behavior study, with the exception of primates
(Supplementary Figures 2, 3). Of the two most studied orders,
researchers primarily looked at alert behavior in Rodentia (n =
25/45) and spatial behavior in Carnivora (n = 22/40).

Behavior Change
Of the 166 studied behaviors, 93% (n = 155) were different
from those observed in conspecifics outside the urban setting.
In the remaining observations (n = 11; 7%), researchers found
no change in behavior when comparing urban and non-urban
mammal populations. Behavior changes were observed across all
10 orders (Table 2) and in almost every species studied (n = 41;
91%) with the exception of Merriam’s kangaroo rat (Dipodomys
merriami) and 3 bats (Lasionycteris noctivagans, Myotis spp., and
Eptesicus fuscus). Among the studies that observed changes in
behavior, the direction of change was not always consistent, even
among species (Supplementary Table 2, Column: “Change”).
In addition, some researchers observed multi-directional
shifts in behavior in response to varying environmental
stimuli (n = 7, 4%).

regulatory, acclimatory, or developmental (McDonnell and Hahs,
2015).

RESULTS
Our Web of Science search resulted in 640 records, and
Google Scholar yielded 136 for a total of 776 records. After
removing duplicates, we were left with 744 unique records.
After applying inclusion/exclusion criteria, we were left with
65 papers from our database searches. We then reviewed
the citations within each retained paper and found an
additional 18 papers that met our inclusion criteria for a
final total of 83 studies (Supplementary Figure 1). These
83 studies spanned from 1987 to 2020 and represent 8
general publication categories (Figure 1). The studies were
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Adaptive Response
Acclimation was the most common type of adaptive response
(n = 105; 68% of total behavior changes) observed among
all taxa in the reviewed studies (Supplementary Table 3). Six
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FIGURE 1 | Publication categories of journals that published urban mammal behavior change studies between 1987 and 2020 with percentages of papers in each
category.

FIGURE 2 | The number of studies that assessed behavioral changes of urban mammals across 6 world continents between 1987 and 2020. Results are categorized
by diet guild.

responses) was the most frequently observed, followed by
increased nocturnality (n = 9; 9%), diet preference changes
(n = 9; 9%), and shift in resource selection (n = 9; 9%). All
observed changes in alert behavior were categorized as regulatory

of the 8 types of behavior change (activity, diel, diet/resource
use, mating/reproduction, social, and spatial) reflect acclimatory
response to the urban environment (Figure 4). Of these,
decreased home range (n = 19; 18% of total acclimatory
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FIGURE 3 | Types of behavior changes studied in urban mammals between 1987 and 2020. Values above bars indicate the total number of observations studied
within each behavior type.

mammals and that the nuances of these behavior shifts require
further exploration.

responses (n = 43; 28% of total behavior changes). The most
common regulatory responses were changes in vigilance/caution
behavior (n = 11, 4 decreasing, 5 increasing, 2 shifting with
no direction noted; 26% of total regulatory behavior changes)
and decreased FID (n = 9; 21%). Observations of syndrome
behavior in urban mammals indicate developmental response
to the urban environment (n = 7; 5% of total behavior
changes). The two most prevalent changes in syndrome behavior
were increased boldness (n = 3; 43% of total developmental
behaviors) and increased exploratory behavior (n = 3; 43%).
Together, omnivores, carnivores, and herbivores demonstrate
more acclimatory response to the urban environment than
regulatory and developmental responses, combined (Figure 5).

Research Extent
In-line with previous reviews, our results indicate that urban
wildlife research is an emerging field and just recently gaining
attention (Miranda et al., 2013; Magle et al., 2019). We found only
83 studies that explicitly studied mammalian behavior change
in urban settings, and 50% of those studies were conducted in
the last 5 years. Similarly, a previous review on overall urban
wildlife behavior found 9 studies published between 1987 and
2012 that reported changes in alert and syndrome behavior in
urban mammals (Miranda et al., 2013). That number increased
to 50 in our review. Although this rapid jump is promising,
the taxa remains significantly underrepresented, especially when
compared to research on avian species in the urban environment
(Miranda et al., 2013; Sol et al., 2013; McDonnell and Hahs, 2015).
Given the negative impact that urbanization has on mammalian
biodiversity (McCleery, 2010), and that the presence of mammals
in urban areas often results in conflict with humans (Santini et al.,
2019), it is important that future urban wildlife research reflects
extant mammal populations in the respective region of study.

DISCUSSION
Our results clearly demonstrate that mammals are responding
to the urban environment by changing their behavior.
Much less clear is what these changes mean in terms of
urban mammalian diversity, survivability, management, and
conservation. Although the reported behavior changes reflect
various types of adaptive response, the studies do not consistently
discuss underlying mechanisms or their potential evolutionary
implications. The vast majority of studies documented some
degree of behavior change, but findings differed in terms of
scale and direction—often depending on region, species, or
resource availability. These results suggest there are varying
mechanisms behind adaptive behavioral responses in urban

Frontiers in Ecology and Evolution | www.frontiersin.org

Taxonomic Focus
Although mammals are an underrepresented taxonomic group in
urban wildlife research, our review indicates a greater variety of
mammalian species are being studied (n = 45) as compared to
previous reviews (Ditchkoff et al., 2006; Miranda et al., 2013; Sol
et al., 2013; McDonnell and Hahs, 2015). Although the number
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These findings highlight the persistent gap between animal
behavior research and management action, while underscoring
the need for urban mammal behavior research that is responsive
to management and conservation concern (Caro, 1999; Curtis
and Hadidian, 2010; McDonnell and Hahs, 2015; Greggor et al.,
2016). Further, increasing taxa representation in this research
will establish a foundational understanding of species-specific
behavior change which can illuminate the degree and rate of
urban-driven behavioral adaptation.

TABLE 2 | Behavior changes found in urban mammals grouped by order and
guild.
Order

Guild

Behavior change

Artiodactyla (11)

carnivore (2)
herbivore (3)
omnivore (6)

Anti-predator, avoidance, FID (flight
initiation distance), vocalization, home
range, nocturnality, resource selection,
spatial patterns, travel distance

Carnivora (62)

carnivore
(53)
omnivore (9)

AD (alert distance), anti-predator,
avoidance, FID (flight initiation distance),
escape activity, vigilance/caution,
activity budget, den selection, denning
time, diet preference, dispersal,
fecundity, foraging/hunting, home
range, movement speed, nocturnality,
resource selection, spatial patterns,
territoriality, time encamped,
time/distance traveling, time foraging,
boldness, exploratory

Chiroptera (2)

carnivore (2)

Home range, time foraging

Didelphimorphia
(3)

omnivore (3)

Home range, travel distance

Diprotodontia (5)

carnivore (3)
herbivore (2)

Vigilance/caution, diet preference,
home range

Eulipotyphla (3)

omnivore (3)

Avoidance, spatial patterns, diel activity

Lagomorpha (7)

herbivore (7)

Anti-predator, vigilance/caution, activity
budget, latrine use, spatial patterns,
time resting

Peramelemorphia
(1)

omnivore (1)

Home range

Primate (18)

herbivore (8)
omnivore
(10)

Anti-predator, vigilance/caution, activity
budget, conspecific tolerance, diet
preference, foraging/hunting, grooming,
play, problem-solving, time feeding,
time resting, time traveling, exploratory

Rodentia (43)

herbivore (4)
omnivore
(39)

AD (alert distance), alarm behavior, alert
response, anti-predator, concealment
distance, FID (flight initiation distance),
vigilance/caution, VED (vertical escape
distance), activity budget, den
selection, denning time, diet preference,
dispersal, diurnality, foraging/hunting,
GUD (giving-up density), home range,
latency, resource selection, spatial
patterns, time foraging, aggression

Changing Behavior and Adaptative
Response
The most common type of adaptive behavioral response observed
was acclimatory. This is not surprising as the acclimatory
category encompasses behaviors relating to movement, activity,
and resource use, all of which were well-represented in the
reviewed studies. Urban mammals are widely adapting to the
urban environment by acclimating their movement and resource
use patterns. In every study assessing home range (n = 25), a
change was observed when compared to non-urban populations.
The majority (76%) of studies on home range found that these
decreased for urban mammals. However, the direction of effect
was not consistent, even among the same species. As an example,
the home range of urban lesser Asiatic yellow bats varied by sex:
the home range of female bats increased in urban areas, while
urban males decreased their home range (Atiqah et al., 2015).
Conversely, 50% of studies on canids found that coyotes and
fox (Vulpes vulpes) decreased their home range while 40% had
an increased home range; the other 10% did not demonstrate a
change in home range size per se, but a shift in terms of drifting
territory or habitat type within the respective range (Doncaster
and Macdonald, 1991; Grinder and Krausman, 2001; Gehrt et al.,
2009; Grubbs and Krausman, 2009; Rosatte and Allan, 2009; Gese
et al., 2012; Poessel et al., 2016; Ellington and Gehrt, 2019). One
explanation for inconsistent changes in urban mammal home
ranges could be the highly variable nature of urban environments
including inconsistent resource availability (Fitzgibbon et al.,
2011; Wright et al., 2012; Bateman and Fleming, 2014; Van
Helden et al., 2018). Urban mammals may selectively seek out
natural prey, even among abundant anthropogenic resources
which can drive increased home ranges in some mammals
(Newsome et al., 2015). As population densities of mammals tend
to be relatively high in urban areas, understanding behaviors
that impact movement patterns and resource use can be key to
successful management and conservation strategies (Curtis and
Hadidian, 2010; Riley et al., 2010).
Although behavioral acclimations reveal much about
mammalian adaptation to urban pressures, they do not reflect
the full array of immediate behavioral response to urban
stimuli, nor longer-term developmental change (McDonnell
and Hahs, 2015). As examples, alert response and behavioral
syndromes respectively provide insight into regulatory and
developmental adaptations, both with important evolutionary
implications (Sih et al., 2004; Dingemanse et al., 2010; Réale
et al., 2010). Altered anti-predator behavior in the urban
environment can significantly alter activity budgets and energy

Values in parentheses indicate the number of behavior changes observed.

of mammalian species has expanded, squirrel (n = 12) and
coyote (n = 12) remain the dominate focal species, comprising
almost a third of all studies. Likewise, herbivores were not wellrepresented (n = 31; 19%). Notably, deer (family Cervidae)
and raccoon (Procyon lotor) made rare appearances in reviewed
studies. Only one species of deer was represented (Odocoileus
virginianus) in two studies (Harveson et al., 2007; Gallo et al.,
2019) and we found only a single study (Prange et al., 2004)
assessing urban racoon behavior change. As deer and raccoons
are commonly associated with conflict in urban environment
(Curtis and Hadidian, 2010; Hadidian et al., 2010; Westerfield
et al., 2019), we were surprised at the apparent lack of interest
in their behavior which does not align with on-the-ground
management needs (Prange et al., 2003; Urbanek et al., 2011).

Frontiers in Ecology and Evolution | www.frontiersin.org
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FIGURE 4 | The 8 types of behavior changes observed in urban mammals from 1987 to 2020 categorized by adaptive response.

stores (Réale et al., 2010). Consistent behavior modifications
across different urban stimuli (i.e., behavioral syndromes
such as increased boldness) can likewise impact mortality risk
(Luttbeg and Sih, 2010). Each of the three types of adaptation
(acclimatory, regulatory, developmental) offer useful clues as
to how the urban environment affects mammal populations
and how it may drive evolutionary change (Miranda et al.,
2013; McDonnell and Hahs, 2015; Greggor et al., 2019). As
such, increased research on behaviors that reflect a broader
array of regulatory and developmental adaptions will result
in a more comprehensive understanding of the mechanisms
behind urban mammal behavior change. Taking a collective look
across the full temporal range of behavioral adaptation may help
predict how urban mammal populations will fare in the face
of continued urbanization. Beneficial behavior modifications
by founder individuals can lead to increased fitness, whereas
other adaptations may decrease survivability, both of which
can result in higher-order effects on population dynamics
among urban species (Lopez-Sepulcre and Kokko, 2012; Pelletier
and Garant, 2012; Alberti, 2015; Birnie-Gauvin et al., 2016;
Schell, 2018). Further, urban pressures and other drivers (e.g.,
anthropogenically provided food) that impact eco-evolutionary
feedbacks appear to affect the distribution of behavioral traits
(Alberti, 2015; Schell, 2018). Regulatory, acclimatory, and
developmental adaptations all have the potential to alter
processes that undermine healthy ecosystems and biodiversity,

Frontiers in Ecology and Evolution | www.frontiersin.org

both of which are already fundamentally challenged in the
urban environment (Palkovacs and Dalton, 2012; Alberti, 2015;
McDonnell and Hahs, 2015). Continued research on how urban
mammal behaviors are adapting across all timescales can yield
important insights for conservationists, wildlife managers, city
planners, and urban residents alike.

Modulating Behavior
Because urban environments present such a dynamic mix of
threats, it stands to reason that some changes in mammal
behavior are multi-directional and perhaps, fluctuating. A
particularly interesting finding among a small number of studies
(n = 7/166) is that some mammals demonstrate the ability
to modulate adapted responses based on environmental cues.
For example, two studies found variation in vigilance levels
of individual woodchucks (Marmota monax) based on the
intensity of urbanization, possibly reflecting the variable nature
of human pressures in highly urbanized areas (Watson, 2010;
Lehrer et al., 2012). Likewise, fox squirrels (Sciurus niger) in
Texas, USA demonstrated the ability to modulate anti-predator
behavior to cope with constant stimuli created by humans in
the urban environment (McCleery, 2009). Partan et al. (2010),
found that eastern gray squirrels in western Massachusetts, USA
modulated their alert behavior by increasing their reliance on
visual signals vs. audio signals in noisier environments. A study
in New York, United States, found that 90% of urban gray
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FIGURE 5 | The number of behavior changes by diet guild in urban mammals from 1987 to 2020 categorized by adaptive response.

modulating behaviors. More research should focus on how
urban mammals modulate their behaviors in response to variable
urban pressures to better inform the drivers of urban-driven
evolutionary behavior change. Understanding the mechanisms
behind modulating adaptive behaviors, whether behavioral
plasticity or contemporary evolution, can provide important
insight into urban ecosystem ecology (Palkovacs and Dalton,
2012; Miranda et al., 2013; McDonnell and Hahs, 2015).

squirrels increased their FID when approached by humans that
veered off the sidewalk and looked at them, while squirrels
from the same population did not increase FID if approaching
humans remained on the sidewalk (Bateman and Fleming,
2014). Likewise, urban Eurasian red squirrels demonstrated
the ability to assess risk levels of various approaching objects
(e.g., humans and conspecific decoys) and modulated their FID
accordingly (Uchida et al., 2019, 2020). Finally, a study on
Australian fur seals (Arctocephalus pusillus doriferus) found that
seals modulated their alert response based on vessel type and
whether or not vessels conformed with mandated approach
distance thresholds—indicating that the seals learned the legal
distance ships were able to approach (Speakman et al., 2020).
It is not readily apparent from these studies whether the
modulations demonstrated are a function of inter-individual
differences (behavioral plasticity) or consistent behavioral
adaptations in response to repeated urban stimuli but they
are all linked to risk assessment which has significant survival,
and thus, evolutionary implications (Réale et al., 2010; LopezSepulcre and Kokko, 2012; Bateman and Fleming, 2014).
Although these represent a small sample size of reviewed
studies, these apparent behavior modulations could begin to
explain the behavior change pattern variation among certain
urban mammal species. Seemingly, the majority of studies were
designed to record discrete behavioral responses to specific
stimuli and may have simply missed, or not considered,

Frontiers in Ecology and Evolution | www.frontiersin.org

Limitations and Recommendation for
Future Research
In our review, we did not establish a specific definition of
“urban.” Instead, we relied on the authors’ designation of the
research setting as such. This inherently introduces limitations in
capturing information about how varying levels of urbanization
impact behavior change in mammals. Definitions of “urban”
in the reviewed studies, and elsewhere, are broad and may
not consistently consider factors such as land use, structures,
human population density, and impervious surfaces (McIntyre
et al., 2008; Bateman and Fleming, 2012; Alldredge et al., 2019;
Ellington and Gehrt, 2019). Thus, we were unable to reliably
relate specific features of urbanization to observed changes
in behavior.
As raccoon and deer conflict is relatively common in urban
settings (Hadidian et al., 2010; Westerfield et al., 2019), it
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was odd to us that so little of the research focused on these
species. Like McDonnell and Hahs (2015), we recommend future
urban mammal research focus on delivering specific solutions to
conservation and management challenges. Knowing how urban
mammals are changing their behavior can improve mitigation
strategies and conservation interventions (Caro, 1999; Greggor
et al., 2016). Urban mammal researchers should continue to
look at a host of behaviors that reflect various types of adaptive
response (i.e., regulatory, acclimatory, and developmental) as
they may be interrelated or lead to potential adaptative evolution
over time (McDonnell and Hahs, 2015). Future research should
highlight potential causes for observed adaptive responses to
gain a better understanding of the mechanisms underlying urban
mammal behavior change (Palkovacs and Dalton, 2012; Greggor
et al., 2016). Conducting long-term, parallel studies on specific
behaviors across a host of cities could likewise illuminate regional
trends and help identify variable mechanisms driving behavior
changes in the urban setting (Magle et al., 2019; Santini et al.,
2019).

on changing behavior while supporting real-time management
and conservation efforts. To fully understand changing urban
mammal behavior, long-term studies across multiple cities will
better inform local wildlife management solutions, establish
baselines of species-specific behavior change, and promote the
mutually beneficial co-existence of all urban residents.
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study, urban mammal research requires a shift to align priorities
in a way that contributes to the growing body of knowledge
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