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ABSTRACT

Future cities have the potential to be biodiverse areas in which humans and wildlife can coexist. However, the
success of creating or maintaining wildlife-inclusive future cities can be challenged by management actions that
are solely based on ecological research, while overlooking research on human perspectives. Despite the growth of
literature on human-wildlife interactions, which complements the breadth of urban ecology research, the overlap
between these two research areas is still uncommon. In this study, we reviewed the literature of wild mammals in
urban areas to identify patterns and gaps in the literature. We found 848 published journal articles, of which 480
articles focused on wildlife ecology, 269 articles focused on human dimensions and 99 articles had interdisci-
plinary combinations of both. Ecology-centered publications tended to be about habitat, rather than behavior,
diet, health, reproduction and inter-species-relations, and literature on human dimensions was more evenly
divided into management, perception, conflict and coexistence. Most ecology studies reported on specific
taxonomic families, mainly canids and murids, but in human-dimension studies, “wildlife” was considered more
as a general community of species. The most studied interdisciplinary combination of research themes was
wildlife habitat and human-wildlife conflicts (n = 22), while only nine studies incorporated perception with
ecological research. Even though studies on human dimensions of wildlife in cities are increasing, interdisci-
plinary research is lacking, which limits the knowledge on how to manage and shape urban areas to achieve
coexistence of humans and wild mammals. For future cities to successfully become biophilic and support human-
wildlife coexistence, we outlined five key elements for a research agenda: 1) Investigate urban mammal research
through an interdisciplinary lens; 2) Explore ecological dynamics beyond habitat selection; 3) Conduct research
for coexistence; 4) Disentangle what is “urban wildlife”; 5) Study a diverse array of urban wild mammals.

Introduction

shelter and food (e.g., Lowry et al., 2013). Even though wildlife can
adapt to urban areas (Santini et al., 2019; van Patter, 2021), they are

Future cities have the potential to be biodiverse areas in which
humans and wildlife can coexist (Breuste, 2022; Rega-Brodsky et al.,
2022). Cities can support dense human populations while also main-
taining biodiversity (McDonald et al., 2023; Wellmann et al., 2020),
particularly when urban residents are inclined to incorporate more wild
and green spaces within urban environments (Kowarik, 2018). Urban
green spaces provide wellbeing (Carrus et al., 2015) and health benefits
(Gillis & Gatersleben, 2015) to humans, contribute to urban cooling
(Bowler et al., 2010), while concurrently creating habitat for wildlife
species (Gallo et al., 2017; Hunold, 2020) by providing resources such as
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often regarded as problematic for humans (Basak et al., 2022; Hadidian,
2015), because of their involvement in conflicts such as injuries and
threat to health (e.g., Bridge & Harris, 2020), or property damage (e.g.,
Herr et al., 2009). To mitigate conflicts between urban wildlife and
humans, it is imperative to design urban spaces in a manner that foster
coexistence (Garrard et al., 2018; Houston et al., 2018).

Urban planning tends to prioritize human needs (Kay et al., 2021),
often overlooking the potential benefits of biodiversity, and instead
perceiving it as a hindrance (Bekessy et al., 2012). Where ecological
diversity is recognized to be beneficial, biodiversity tends to be
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exploited primarily for green gentrification, i.e., using green spaces and
environmental improvements to attract wealthier residents and drive up
property values (Haase et al., 2017; Rigolon & Collins, 2023). Examples
of wildlife-inclusive urban planning for the benefit of wild species such
as Shaw et al. (2009) or Weisser and Hauck (2017) are scarce. Creating
urban spaces that foster coexistence requires the understanding of both,
humans and wildlife. The study of urban wildlife, emerging in the 1970s,
focussed mainly on ecological aspects such as habitat selection, repro-
duction, health, behavior, and foraging within urban settings (Adams,
2005; Magle et al., 2012). While understanding ecological aspects of
wildlife in urban settings is crucial (e.g., Beliniak et al., 2022; Maclagan
et al., 2020), achieving successful biophilic future cities (see Beatley,
2011) also needs investigation of social considerations regarding wild-
life (Soulsbury & White, 2015), for instance, on how humans perceive
and accept wildlife (e.g., Rupprecht, 2017). Studies in this realm belong
to the research field of human dimensions of wildlife, which emerged in
the 1990s (Bath, 1998; Manfredo & Vaske, 1996). Within publications
centered on human dimensions of wildlife the terms “management”,
“perception”, “conflicts” and “coexistence” play crucial roles. “Man-
agement” involves scientifically driven strategies to regulate
human-wildlife interactions, ensuring benefits for both humans and
wildlife in urban areas (Adams, 2009; Lunney & Burgin, 2004). Research
on "perception" focusses on examining human attitudes towards wildlife
and acceptance of management actions (e.g. Drake et al., 2020). Publi-
cations centered on “conflicts” tend to describe the threats urban wild-
life has on human safety, health and property (Harris et al., 2023;
Soulsbury & White, 2015). “Coexistence” is understood as the dynamic
yet stable condition in which both humans and wildlife mutually adjust
to inhabiting shared environments (Konig et al., 2020; Carter & Linnell,
2016). Studies on coexistence tend to describe ways to overcome con-
flicts and implement wildlife-inclusive habitats or constructions (Gar-
rard et al., 2018; Houston et al., 2018). Research on human dimensions
of wildlife and on ecological themes have emerged separate from each
other, but combining both investigations— human and wildlife’s per-
spectives — within research are crucial to give guidance for planners
towards creating spaces for coexistence (Kay et al., 2021; Steiner et al.,
2013).

Despite the recognition that biophilic cities require research in
human dimensions of wildlife in urban areas and urban ecology, the
extent to which these two themes are considered together is unclear.
Past reviews have investigated urban wildlife (see Adams, 2005; Basak
et al., 2023; Collins et al., 2021; Magle et al., 2012), however they lack
comparison between wildlife ecology and human dimensions of wildlife
as well as an exploration of taxonomic families. To give guidance for
future research enabling the creation of biophilic cities, we need to
unravel where past urban wildlife research laid its focus. We therefore
conducted a literature review to explore the development of urban
ecology through the lenses of wildlife ecology, human dimensions of
wildlife, and interdisciplinary studies (Aim I). Further, we aim to explore
the taxonomic foci of urban wildlife research, to understand the moti-
vations and aims underlying the current literature (Aim II). We use the
findings to define past patterns in urban wildlife research and identify
gaps to be addressed within future research, ultimately proposing a
research agenda to foster coexistence spaces within urban
environments.

Materials and methods
Focus on urban wild mammals

Urban wildlife adapts well to human-dominated urban areas (Santini
et al., 2019; van Patter, 2021). Humans tend to care for wildlife due to
their charismatic appeal (Entwistle & Dunstone, 2000), but conflicts
emerge when wildlife select human-centered urban green spaces, like
gardens and parks, as habitat (Gallo et al., 2017; Grade et al., 2022). This
is particularly true for urban mammals, that are frequently associated
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with both human conflicts and use of urban spaces (Basak et al., 2022;
Hadidian, 2015). For example, mammals like black bears (Ursus ameri-
canus) are often seen as a source of conflict in urban areas, while red
squirrels (Sciurus vulgaris) are desired in urban gardens (Perry et al.,
2020; Rupprecht, 2017). Further, the general public tends to be familiar
with common wild mammal species (Sweet et al., 2023) and wild
mammals are often regarded as the flagship species for urban wildlife
(Egerer & Buchholz, 2021). This polarizing view of urban mammals
suggests that by investigating urban mammal research and designing
cities for the inclusion of mammals, managers may be able to address
many of the current limitations to developing wildlife-inclusive, bio-
philic future cities. In this review, we focus on literature on urban
mammals, and henceforth we use “wild mammals” interchangeably with
“wildlife” (unless otherwise specified).

Literature search

To investigate the current state of research focussing on wildlife in
urban areas, we conducted a systematic review of the existing peer-
reviewed literature, published up to and including June 2023, in En-
glish, in international academic journals. We followed the PRISMA
protocol (Moher et al., 2015) and searched the Scopus database (www.
scopus.com) for articles about “urban” and “wildlife”, which included
these terms, and their synonyms (e.g., “residential”, “city”, “mammal”)
in the abstract, title or keywords (see search string in Appendix A:
Table 1). To reduce the number of papers about pets, we avoided
“urban” plus “animal” and added “wild animals”. Additionally, instead
of an “AND”-combination, we used “W/5" to search a five-word radius to
match both terms, and to avoid results where “urban” and “wildlife” are
not core items of papers, e.g., papers addressing urban air quality
beneficial for humans and wildlife. Since we were only focusing on wild
urban mammals, such as red foxes (Vulpes vulpes) and red squirrels
(Sciurus vulgaris), publications on other species were omitted (see Ap-
pendix A: Table 2). All abstracts from the initial search result were
screened and non-thematic articles, e.g., those focussing on non-wild
mammals like feral cats, and inaccessible articles were omitted (see
full exclusion criteria in Appendix A: Table 2). From all remaining ar-
ticles, we extracted data on the details and content of the studies:
country and continent where the study had been conducted (study area);
year the study was published; main research focus incl. sub-categories;
and the taxonomic family.

Categorisation

We categorized the main research focus as “Wildlife ecology and
behavior” (WEB), “Human dimensions of wildlife” (HDW), or both (WEB
+ HDW) according to ten classification criteria (Table 1). WEB papers
typically included ecological topics such as habitat, diet, behavior,
population, health and inter-species relations, while HDW papers typi-
cally covered wildlife management, human perception of wildlife,
human-wildlife coexistence, and human-wildlife conflict. For WEB, we
adapted the categorization defined by Magle et al. (2012) and expanded
the behavior category to include movement (habitat), foraging behavior
(diet), reproduction (population), while retaining all other related as-
pects within the behavior category. We also added a category of
inter-species relations to accommodate papers that explored relation-
ships spanning from competition to predation among mammals and one
or more non-human species, as they did not align with existing cate-
gories. For HDW, we combined the criteria of classifications for papers
considered “management” according to Magle et al. (2012), with the
criteria for “conflict” and “coexistence” from Soulsbury and White
(2015), and “perceptions” of wildlife defined by Basak et al. (2023). We
made one exception: unlike Soulsbury and White (2015) who addressed
wildlife disease as a conflict (and thus part of “HDW”), we categorized
papers on wildlife disease as a WEB papers, given their focus was on
wildlife fitness. Finally, we categorized all mentioned study species into
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Table 1

Main and sub-categories for article categorization. During the screening process,
scientific articles about urban mammals were categorized into one or up to three
of our created sub-categories: habitat, diet, behavior, population, health, and
inter-species relations sorted into the main category of Wildlife Ecology and
Behavior (WEB), and management, perception, coexistence, and conflict sorted
into the main category of Human Dimensions of Wildlife (HDW). Articles clas-
sified within a sub-category of WEB and a sub-category of HDW were catego-
rized in the main category of “Both (WEB + HDW)”. The ten sub-categorizations
were inspired by previous reviews by Magle et al. (2012), Basak et al. (2023),
and Soulsbury and White (2015).

Main categories Sub-categories The aim of the research article was...

Wildlife ecology & Habitat-related

behavior (WEB)

... to analyze the habitat, density,
movement patterns, movement
behavior, land use or distribution of
wildlife;

... to analyze species richness or
community structures in given
habitats.

... to analyze the diet, food
availability, food resource use,
foraging behavior of wild mammals.

Diet-related

Behavior-
related

... to analyze individual behavior, e,
g., nocturnal or diurnal activity,
human avoidance;

... to analyze individual personality e.
g., boldness, shyness but not
reproduction-related, diet-related or
movement-related behavior.

... to investigate reproduction,
mating, offspring, demographic
patterns, community, nesting, etc. of
wildlife populations,

... to describe or analyze differences
or patterns related to wildlife’s
phenotypes or genetics.

... to investigate animal health, stress,
welfare, illnesses, mortality,
wellbeing, survival, infection with
pollutants, parasites, etc.

... to investigate predation,
competition, ecological relationships

Population-
related

Health-related

Inter-species-
relations
between non-human species, but
excluding parasitism.

... to investigate wildlife management
or policies, e.g., regarding hunting,
trapping, relocating, fertility control,
with the goals of mitigation or
conservation, restoration, rewilding,
and/or protection.

... to investigate human-wildlife
perception, values, believes,
awareness or knowledge about
wildlife, attitudes towards wildlife or
wildlife appreciation as well as

Human dimensions
of wildlife (HDW)

Management-
related

Perception-
related

acceptance to wildlife management.
... to investigate means of creating or
maintaining human-wildlife-
coexistence or biophilic cities, such as
wildlife crossing structures across
roads, greenspace planning, wildlife
gardening, green corridors, green

Coexistence-
related

roofs, greenbelt creation, creation of
restoration or conservation areas
within cities.

... to investigate human-wildlife-
conflicts, e.g., risk of damage to
public or private property, risk to
human health and safety and fear of
wildlife

Note: Studies on wildlife health,
habitat occupation, diet, behavior
were excluded, if studies did not
directly address them as conflict for
humans with certain examples.

Conflict-related
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Table 1 (continued)

Main categories Sub-categories The aim of the research article was...

Both
(WEB+HDW)

... to connect HDW and WEB topics; e.g., Habitat-related
plus perception-related studies which combine wildlife
habitat in urban areas with the perception, attitudes or
beliefs of humans towards wildlife.

their respective families; e.g. red fox (V. vulpes) and coyotes (Canis
latrans) were grouped under "Canidae," while studies without species
specifications were categorized as "Wildlife in general." When encoun-
tering papers dealing with taxa aggregated in higher taxonomic cate-
gories, such as "bats" within the order Chiroptera, we classified the
family through examination of all species documented within the paper.

Validation

To validate our categorization, a second researcher independently
assessed and categorized 50 randomly selected entries within our
included literature (Templier & Pare, 2015). According to the Cohen
Kappa statistic, both evaluators had an average agreement of 0.82,
indicating substantial to nearly perfect agreement (Higgins & Green,
2008; Templier & Pare, 2015), and a consistent categorization of the
literature.

Results
General findings

We collected 1436 articles in the initial Scopus search (see Appendix
B), and excluded 588 articles which did not meet the inclusion criteria
(Fig. 1; see full details on exclusion criteria in Appendix A: Table 2). We
extracted data from 848 articles in this systematic review (see Appendix
Q).

The first article on wild mammals in urban areas was published in the
1970s (Scarbrough et al., 1972), and the number of publications
increased rapidly, especially since 2010 (Fig. 2). Articles were published
in Urban Ecosystems (n = 58), Landscape and Urban Planning (n = 33),
Wildlife Society Bulletin (n = 22), Human Dimensions of Wildlife (n =
20), Journal of Wildlife Management (n = 18), Animals (n = 17) and
PLOS ONE (n = 15) (see Appendix A: Table 3). Most studies were

1436 records
identified through Scopus
l 566 records omittefl
after abstract screening
870 records
included after abstract screening
l 22 re_cords on}itted
as inaccessible

848 records
included after abstract screening

!

848 records
included

[ Included ][ Eligibility ]{ Screening }[Identiﬁcation]

Fig. 1. Workflow of the literature review following the PRISMA Protocol. The
total number of records identified through a Scopus literature search was 1436,
of which 848 were included in the analysis.
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Fig. 2. Temporal and geographical distribution of reviewed articles on urban wild mammals (n = 848).

(A) Reviewed Articles published per year in the period

1970-2023. (B) Distribution of published articles by country based on study area(s).

conducted in the USA (n = 253; North America overall n = 303), fol-
lowed by Australia (n = 114; Oceania overall n = 126), Brazil (n = 48;
South America overall n = 62), and South Africa (n = 22, Africa overall n
= 44) (Fig. 2). Only 13 studies were conducted in more than one
country.

Focus of papers

Of the 848 articles we collected, we categorised 480 articles into
WEB, 269 into HDW and 99 as interdisciplinary as those combined both
topics (Fig. 3). Until 2010, there were similar numbers of WEB and HDW
articles published, after which, the number of WEB studies grew
considerably faster than HDW articles (Fig. 3A). The majority of
reviewed papers focused on habitat-related issues (n = 284), followed by
health (n = 155) and human-wildlife conflict (n = 154). While the cat-
egories for HDW are evenly divided with a range between 110 and 154,
articles in the WEB-category tended to focus on habitat (n = 284), while
the other sub-categories range from 51 articles (population) to 155 ar-
ticles (health).

Nearly two thirds of articles were only categorized into one sub-
category (n = 523). For example, a study on the boldness of foxes
(Padovani et al., 2021) was categorized solely as “behavior” and a study
on public knowledge about sloths (Bradypus variegatus; Pereira et al.,
2018) was categorized solely into the “perception” sub-category. Of the
remaining articles, a majority focused on two sub-categories (n = 272)
and only a minority (n = 53) on three sub-categories.
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Identified sub-category combinations over all ranged from none (e.
g., “diet” and “perception”) to 51 (“conflict” and “perception”) (Fig. 4).
Within the WEB main category, the number of sub-category combina-
tions varied, ranging from none (for “population” and “health”) to 27
(for “habitat” and “behavior™). Similarly, within the HDW main cate-
gory, such combinations exhibited a range from 19 for “conflict” and
“coexistence” to a maximum of 51 combinations observed for “conflict”
and “perception”. Combinations between HDW and WEB sub-categories
exhibited a range, from zero for “diet” and “perception” to a maximum
of 22 combinations for “habitat” and “conflict”. Comparing these
numbers, it is evident that sub-category combinations tended to remain
within the main categories of WEB or HDW. Most combinations for a
WEB sub-category were observed for “habitat” (n = 75) as it tended to be
associated with the other WEB sub-categories “behavior”, “inter-species
relations”, “population”, “health”, and “diet”. For instance, Doncaster
and Macdonald (1997) solely combined WEB sub-categories in their
study on the activity patterns of red foxes, examining “habitat” and
“behavior”. Similarly, the majority of combinations for a HDW
sub-category were observed for “perception” (n = 115), as it tended to
be intertwined with the other HDW sub-categories “conflict,” “man-
agement,” and “coexistence”. An example of a study connecting exclu-
sively HDW sub-categories is Ramp et al. (2016), which examined the
attitudes towards wildlife fatalities of vehicle collisions, examining
“perception” and “conflict”.

Interdisciplinary studies are understood as combinations of WEB
with HDW. The WEB sub-categories “habitat” was most often combined
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Fig. 3. Share of studies categorized in WEB (Wildlife ecology and behavior), HDW (Human dimensions of wildlife) and HDW+WEB. (A) Cumulative number of
studies per year in the period of 1970 to 2023 (June) WEB in green, HDW in purple, HDW-+WEB in yellow. (B) Included 848 studies categorized into WEB, HDW and
HDW + WEB in percentage and total numbers, with a list of sub-categories for WEB and HDW studies (numbers higher due to multiple categories per article).
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with HDW sub-categories “perception”, “conflict”, “management,” and
“coexistence” (n 59). For HDW, “conflict” emerged as the most
interdisciplinary connected sub-category, being linked with the WEB
sub-categories “habitat“, “behavior”, “inter-species relation”, “popula-
tion”, “health”, and “diet” (n = 45). Notably, the interdisciplinary
combination of “habitat“ and ‘“conflict“ was the most frequently
observed sub-category combination of HDW and WEB sub-categories (n
= 22). Here, an example categorized under "habitat" and "conflict" is
Raymond and St. Clair (2023) who explored the connection between
human-wildlife conflicts and den site selection of coyotes. There was a
noticeable gap of interdisciplinary HDW and WEB subcategory combi-
nations, especially as there were no studies on the combination of
“perception” & “diet”, “perception” & “population”, “coexistence” &
“diet”, or “coexistence” & “inter-species relations”.

2

Taxonomic families

More than half of the studies included in our review investigated a
single mammal family (n = 455), followed by approximatively one third
of publications (n = 253) which regarded wildlife as a “general” com-
munity of species, and the remaining studies (n = 140) focussed on two
or more taxonomic families (see Appendix A: Fig.1). There were 60
different taxonomic families studied, 20 of which were the focus of more
than ten articles each, and the remaining 40 of which were represented
in fewer than ten studies each (Fig. 5; see Appendix A: Fig. 2). Canidae
were most studied (i.e., coyotes, n = 146), followed by Muridae (i.e.,
rats, n = 102) and Cervidae (i.e., deer, n = 64) (Fig. 5). The taxonomic
families least frequently occurring in the reviewed literature include
Castoridae (i.e., beavers, n = 3), Elephantidae (i.e., elephants, n = 2) and
Bradypodidae (i.e., sloths, n = 1) (see Appendix A: Fig. 2).

WEB studies tended to be focused on Canidae and Muridae. Studies
on canids tended to explore population distributions (e.g., Dodge &
Kashian, 2013) or genetic structures (e.g., Adducci et al., 2020), and
studies on Murids tended to explore wildlife health (e.g., Desvars-Lar-
rive et al., 2019). All taxonomic families with the exception of Cervidae,
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Ursidae (i.e., bears) and Macropodidae (i.e., kangaroos) were more
studied in WEB studies compared to HDW studies (Fig. 5). HDW studies
tended to be focused on wildlife in general (i.e., did not specify a
taxonomic family; HDW: n = 144), and HDW studies that were on a
specific taxonomic family were either about Canidae (n = 38) or Cer-
vidae (n = 26).

For each individual taxonomic family, there tend to be more WEB
studies than HDW or interdisciplinary studies, except for Ursidae and
Macropodidae, which both had more HDW studies than WEB or inter-
disciplinary studies (45% and 44% respectively, see Appendix A: Fig. 3).
HDW studies were rarest for Soricidae (i.e., shrews, n = 1/16), Criceti-
dae (i.e., voles, n = 1/38), Muridae (n = 6/102), Felidae (i.e. lynx,n = 2/
33), Procyonidae (i.e., raccoons, n = 3/47), and Sciuridae (i.e., squirrels,
n=5/61).

Interdisciplinary studies were either about general wildlife (n = 22),
Canidae (n = 19), or Cervidae (n = 12). Interdisciplinary studies on
Canidae were about “habitat & conflicts” (for example Murray & St.
Clair, 2017) or “habitat & management” (for example Chupp et al.,
2013). Interdisciplinary studies on Cervidae were about “behavior &
conflict” (for example Tajchman et al., 2017) or “habitat & coexistence”
(for example Parker et al., 2011).

Discussion
Past directions of urban mammal research: Identifying research gaps

In this literature review of research on wild mammals in urban
landscapes, we aimed to: (Aim I) explore the course of urban ecology,
drawing insights from WEB, HDW, and interdisciplinary studies; and

(Aim II) examine the taxonomic focus within urban wild mammal
research.

Aim I: Trends in WEB, HDW, and interdisciplinary studies

We found that most of the current literature on wildlife in urban
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Fig. 4. Visual display of a correlation matrix that shows the number of reviewed studies that combine sub-categories. Sub-categories behavior, inter-species re-
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Species found in less than ten studies are included in the "Other" bar (black). Silhouettes of each taxonomic family are from Phylo Pic.
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areas tends to be about their ecology or behavior (i.e., WEB papers;
Fig. 3). Furthermore, WEB studies tend to be about the habitat that
urban wildlife uses (Fig. 3, 4). Studies transitioned from documenting
urban wildlife (re)claiming habitat in residential areas in the 1970s (e.
g., Timmermans & Snep, 1970), to probing the underlying mechanisms
facilitating this reclamation (e.g., Dickman & Doncaster, 1987), then to
scrutinizing their adaptation to urban environments (e.g., Quinn, 1997)
and to human disturbance (e.g., Markovchick-Nicholls et. al., 2008), and
finally to evaluate the functionality of designed spaces for wildlife such
as urban green corridors (e.g., Adams et al., 2017). Consequently,
ecological themes such as diet, behavior and population dynamics,
within WEB might be overlooked, despite their equal relevance to un-
derstanding wildlife ecology as habitat movement studies.

Studies about HDW did not show such a clear progression in sub-
category focus, and sub-categories within HDW research were highly
interconnected (Fig. 4). This is especially true of research on conflict and
coexistence, which were commonly studied in tandem. While there is a
paradigm shift within the literature as the narrative moves away from
human-wildlife conflict towards coexistence (e.g., Bergstrom, 2017;
Treves & Santiago—Avila, 2020), coexistence was the rarest studied
HDW-theme and conflict garnered the most attention. Studies centered
on conflicts appear to dominate the rest of the literature, calling for a
more balanced approach that considers both human and wildlife
perspectives.

Interdisciplinary research connecting WEB and HDW studies is the
most recent and rarest trend in our review (Fig. 3). Of the 99 interdis-
ciplinary papers we reviewed, a majority explored the relationship be-
tween habitat use by wildlife (WEB) and conflict/coexistence with
humans (HDW). HDW sub-categories exploring coexistence, manage-
ment, and perception were seldom intertwined with WEB-related
themes, but were connected with other HDW sub-categories (Fig. 4).
Reasons for the lack of combinations could be the historical separation
of disciplines and academic specialization (Goring et al., 2014; Llerena
& Meyer-Krahmer, 2003) as well as communication barriers (O’Reilly
et al., 2017). The scarcity of interdisciplinary research combining
human dimensions and wildlife ecology limits comprehension of the
complex interactions between human needs and the ecology of wildlife
and could hinder the development of effective wildlife-inclusive designs.

Aim II: Taxonomic focus within urban wild mammal research

A third of all studies on urban wild mammals focus on a “wildlife in
general” narrative without targeting specific mammalian taxa (see Ap-
pendix A: Fig.1). This could stem from the tendency to generalise urban
wildlife as a uniform entity (Davidar, 2018; Egerer & Buchholz, 2021).
For the studies that did focus on specific taxonomic families, we iden-
tified a bias toward conflict-centric research: The taxonomic families
that are most frequently studied were canids, and murids (Fig. 5), which
are perceived to be dangerous (Wilson & Rose, 2021) to human safety
(Lute & Carter, 2020; Roskaft et al., 2007) or health (Desvars-Larrive
et al., 2019). While conservation research is often biased towards
charismatic species (Hoffmann & Montgomery, 2022; Tensen, 2018), for
urban studies, charismatic taxa such as Erinaceidae (i.e., European
hedgehogs, Erinaceus europaeus) are predominantly overlooked (Fig. 5).
This oversight poses significant challenges, including the potential
misallocation of resources towards conflict resolution strategies at the
expense of investigating the complex human-wildlife interactions for
more sustainable wildlife-inclusive designs.

Taken together, these trends suggest that one of the challenges to
successfully incorporating urban wildlife research into biophilic urban
planning, is the focus on wildlife as a problem, encroaching or using
habitat that is designated to be for humans only. This may lead to a
misallocation of resources towards conflict resolution strategies at the
expense of investigating the complex human-wildlife interactions for
more sustainable wildlife-inclusive designs. Thus, we have identified
five primary knowledge gaps concerning urban wild mammals:
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e Research gap 1: A scarcity of literature combining human di-
mensions with wildlife ecology,

e Research gap 2: A lack of ecological studies other than habitat,
especially diet, behavior, and population dynamics,

e Research gap 3: A lack of research dedicated to perception, man-
agement and coexistence studies, especially within interdisciplinary
connections,

e Research gap 4: A simplified emphasis on "wildlife in general",
distracting from direct engagement with individual taxonomic
families,

e Research gap 5: A noticeable scarcity of research addressing taxo-
nomic families beyond those typically associated with conflict.

'

Future directions of urban wild mammal research: A research agenda

Drawing from the five highlighted research gaps, we propose five
research topics for a research agenda on future studies on urban wild
mammals, aimed at advancing and supporting prior research, mitigating
biases, and filling existing gaps.

Research topic 1: Interdisciplinary research on urban wild mammals
incorporating new methods

Interdisciplinary studies connecting HDW and WEB are key to
enhancing urban areas for humans and-wildlife. Balancing human per-
ceptions and needs with ecological requirements of biodiversity poses a
significant challenge in the design and management of urban green-
spaces (Aronson et al., 2017). What is missing is the integration of a
social-ecological approach (e.g.,Weaver et al., 2023), encompassing
both ecosystem properties and human social dynamics in interactions
with nature (Andersson et al., 2014;Sonti, 2020). Given that humans are
part of the urban habitat, and that the success of wildlife-inclusive future
cities depends on human attitudes towards wildlife (Magle et al., 2012;
Soulsbury & White, 2015), an interdisciplinary approach on urban
wildlife research is compulsory (Dickman, 2010; Shwartz et al., 2014).
Enhanced linkage between research on the human dimension and
ecological aspects of wildlife could be illustrated by future interdisci-
plinary studies. Such studies could view Wilkinson et al.’s (2023) work
as a valuable example, who utilized data from animal care and control to
categorize conflicts and identify habitat factors in human-wildlife in-
teractions. The present era offers unprecedented opportunities for data
gathering from environmental DNA used for population genetics and
foraging behavior (Bohmann et al., 2014) to camera trap data for
movement ecology (Nichols et al., 2011), and the use of social media to
understand humans’ perceptions (Monkman et al., 2018). Synthesizing
these methods can enable the analysis of human-wildlife interactions
within urban environments, addressing the current lack of interdisci-
plinary studies that contribute to understanding the complex relation-
ship between humans and wildlife in cities.

Research topic 2: Exploring ecological dynamics beyond habitat selection
of urban wildlife

Since the inception of urban wildlife as a research focus in the 1970s
(Adams, 2005) much ecological research on urban wildlife has centered
on understanding their habitat selection within urban areas (e.g., Tim-
mermans & Snep, 1970), which continues to be a primary research focus
today (e.g., Maclagan et al., 2020). While investigations into other
ecological factors of wildlife, such as behavior, are emerging (e.g., Ritzel
& Gallo, 2020), they have received and might continue to receive less
attention compared to habitat-related studies if the current narrative
persists. Future studies should not only draw inspiration from innovative
designs, such as those used to investigate the boldness of urban wildlife
behavior (e.g., Padovani et al., 2021) or their genetic distinctiveness (e.
8., Adducci et al., 2020), but they should also be motivated to develop
their own creative methodologies to explore ecological facets of wildlife
in urban areas beyond habitat considerations. We emphasize the
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continued need for studies on wildlife habitat as urban areas undergo
constant change (e.g., Wellmann et al., 2020) and new wildlife occupies
urban habitats (e.g., Bailey et al., 2019). However, since shaping
cohabitation with wildlife in urban areas requires a comprehensive
understanding beyond just their habitat, we advocate for equal attention
to insights into the behavior, diet, and reproduction of urban wildlife.
Understanding these aspects is essential for comprehending how urban
wildlife navigate and interact with humans and human-built
infrastructures.

Research topic 3: Conducting research for the coexistence of humans and
non-human animals

While research has progressed beyond viewing wildlife in urban
areas as a novelty (e.g., O’Connor, 1981), it has not fully shifted away
from characterizing wildlife in urban areas as a conflict (e.g., Hoffmann
& O’Riain, 2012). As previously discussed, biophilic future cities are
dependent on integration of the needs of wildlife and humans together,
thus the narrative needs to shift from conflict to coexistence (Bergstrom,
2017; Treves & Santiago—Avila, 2020). Examples could include better
linking coexistence, perception and management with ecological aspects
of wildlife. Such studies could emulate the approach of Morse et al.
(2012), who integrated perception surveys with habitat models to
investigate black-tailed prairie dogs (Cynomys ludovicianus), or follow
the example of Walter et al. (2018) in which socio demographics were
linked with urban fox occurrences. Consequently, leveraging these ad-
vancements can lead to interdisciplinary studies on coexisting with
urban wild mammals, thus also addressing research topic 1, enabling a
comprehensive understanding of human as well as wildlife perspectives
and informing the design of future cities to accommodate the needs of
both human and non-human species (Shwartz et al., 2014).

Research topic 4: Disentangling “urban wildlife”

“Urban wildlife” tends to refer to a nebulous, non-specific, city-
dwelling species (Eger & Buchholz, 2021). By viewing wildlife as a
community, rather than as individual species, research loses the nuances
that each species brings to the relationship. The connection of ecological
categories with perception studies for targeted species rather than un-
defined urban wildlife can offer detailed strategies for wildlife integra-
tion into planning processes and ensure public engagement and support.
Perception studies focusing on a single species (e.g., Patterson et al.,
2017) or a set of different animals (e.g., Liordos et al., 2020) were rare
within our review compared to those focusing on wildlife in general (e.
g., Bruckmann et al., 2021). Species-specific perception studies could
avoid comparisons of "good" and "bad" species as for instance in Perry
et al. (2020) or Rupprecht (2017). Consequently, conducting studies
targeting specific urban wildlife species and especially single taxonomic
families might help to understand human attitudes towards a single
urban wild species and enable direct management plans as seen in a
study on vervet monkeys (Cercopithecus aethiops pygerythrus) by Patter-
son et al. (2017).

Research topic 5: Studying a wider variety of urban mammals with a
different set of research motivations and topics

In light of recent insights advocating a departure from perceiving
certain animals as inherently disruptive or “out of place” in urban set-
tings (Hubbard & Brooks, 2021), an additional emphasis is to investigate
a broader spectrum of species beyond those typically associated with
conflict. While the push for diversification beyond mammalian and
avian species has been noted (Knapp et al., 2021; Eger & Buchholz,
2021), we underscore the necessity of also enhancing diversity within
the mammalian class. Based on our discoveries, we underscore three
pivotal aspects essential for guiding future research on studying urban
wild mammals.

Firstly, in the context of traditionally conflict-related species (e.g.,
coyotes), research efforts should pivot away from exclusively resolving
or preventing conflict and instead prioritize fostering coexistence.
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Despite the adaptation of many wild mammal species to urban envi-
ronments (Schell et al., 2021; Santini et al., 2019), and the potential
benefits they bring to humans such as reconnecting with nature (e.g.,
Richardson, 2023), the prevailing narrative surrounding urban mam-
mals tends to prioritize conflict scenarios, especially with canids and
murids. When mammals perceived as conflict animals overshadow the
narrative for human-wildlife coexistence, coexistence will be consis-
tently associated with conflicts (Hill, 2021) and therefore hinder pro-
active pursuit of coexistence as an initial goal.

Secondly, we highlight the importance to research underrepresented
urban wild mammals perceived as less-conflicted and charismatic by
humans (e.g., hedgehogs, beavers) to promote coexistence. While
certain fauna coined as “charismatic” are frequently employed to pro-
mote conservation efforts (Ducarme et al., 2013; Krause & Robinson,
2017), this strategy largely centers on uncolonized areas, for instance
the European bison (Bison bonasus) for Biatowieza, Poland (Mysterud
et al., 2007), and is not extensively applied in urban areas. While it is
debatable how successful strategies using flagship or umbrella species
are (Caro, 2010; Entwistle, 2000; Entwistle & Dunstone, 2000), we see
the usage of charismatic “urban ambassador species” aligned with these
but different: Instead of advocating for entire conservation strategies
based solely on these species, our focus should be on leveraging their
potential to enhance research on human-wildlife coexistence. This could
involve researching the utilization of urban ambassador species to
design wildlife-inclusive buildings, to create biodiverse gardens, and to
foster the connectivity of urban green spaces. For example, by studying
and managing for hedgehogs (Erinaceus europaeus), which generally are
an accepted species (Basak et al., 2022), one may also be able to promote
greenspace connectivity (Gazzard, 2021) benefitting wildlife commu-
nities in general (Kirk et al., 2023).

Thirdly, while the taxonomic scope may be influenced by biases in
the geographical coverage (Trimble & van Aarde, 2012) or consider-
ations of appeal that facilitate funding and publication (Brooke et al.,
2014; Collins et al., 2021), we advocate for increasing motivation to
study conflicted species avoiding a conflict narrative and charismatic
species for coexistence by considering their importance for funding and
inclusion in articles.

Considerations for application in urban planning: Building future cities for
humans and wildlife

Urban sprawl brings humans closer to wildlife and creates new
conflicts as wildlife habitat is being transformed for humans (Festus
et al., 2020). While urban planners often disregard wildlife, research on
urban mammals can inform future city designs to facilitate coexistence
(Gallo & Fidino, 2018; Nilon et al., 2017). While cohabitation concepts,
e.g., Weisser and Hauck (2017), are gaining prominence,
evidence-based recommendations are lacking (Berke & Godschalk,
2009; Nilon et al., 2017). Future investigations could follow the advice
by Apfelbeck et al. (2020) and investigate post occupancies of altered
habitats for wildlife and report findings to planners. Studies found
within our review, such as the use of nest-boxes by small arboreal
mammals (Durant et al., 2009) or road overpass use by Teixeira et al.
(2013), could be used as a blueprint for future studies on the function of
urban spaces planned for wildlife.

One major consideration in urban planning is the social and envi-
ronmental inequalities that exist in urban areas, and which significantly
impact wildlife communities (Ellis-Soto et al., 2023; Magle et al., 2021).
Frequently, initiatives aimed at expanding green spaces prioritize
neighborhoods undergoing gentrification, rather than disadvantaged
areas facing ongoing disinvestment (Reibel et al., 2021; Sharifi et al.,
2021). This results in greening efforts being utilized for urban upgrad-
ing, exacerbating social segregation (Haase et al., 2017). This phe-
nomenon underscores the emergence of a relationship between societal
status and biodiversity (Kuras et al., 2020; Wood et al., 2024) affecting
wildlife communities (Estien et al., 2023; Schmidt & Garroway, 2022).
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While wildlife is not targeted by these practices, they are affected by
them (Hubbard & Brooks, 2021; Wilson, 2023), highlighting the
importance of considering wildlife in this context (March & Bunce,
2023). Instances of this dynamic can be observed across the globe, in
North America (Nelson-Olivieri et al., 2024), South America (Torres et,
al.,2021), Africa (Shackleton & Gwedla, 2021), Europe (Strohbach et al.,
2009), Asia (Sultana et al., 2022) and Australia (Sharifi et al., 2021). To
address this challenge, it is essential to integrate societal factors along-
side perceptions and ecological considerations in the realm of urban
planning and management. For example, it is important to investigate
how historical marginalization may affect the implementation of coex-
istence strategies, while simultaneously advocating against profit-driven
urban greening. Moving forward, it is imperative for future cites to
integrate biodiversity into planning outcomes, while avoiding a green
gentrification cycle, i.e., the process by which green initiatives are used to
raising property values, displacing lower-income individuals and
perpetuating socio-economic inequality (Rigolon & Collins, 2023).

Limitations

Our review, and thereby the conclusions we draw, is limited by the
results from our database searches. Namely, papers about specific spe-
cies, with no mention of “wildlife”, “mammal”, wild animal” in the title
or abstract, were likely missing from our dataset. For example, a study
by Bailey et al. (2019) on beavers in urban landscapes was not within the
Scopus results as “wildlife” or “mammal” was not included in the papers’
title, abstract or keywords as the authors only chose to include the
species name “beaver”. This is not an isolated issue confined to this re-
view; rather, it consistently emerges when focusing on a comprehensive
examination of urban wildlife (e.g., Ritzel & Gallo, 2020). Reviews
focusing solely on species-level within urban areas could support our
reviewed literature, but such reviews are rare. For example, a literature
review by Fingland et al. (2022) on the red squirrel in urban areas
resulted in 25 included articles, while we found 61 on the taxonomic
family of Sciuridae. Further, a review on urban carnivores by Streicher
et al. (2023) mirrors our findings with Canidae being the most studied
carnivore and Felidae playing a minor role. Moreover, the underrepre-
sentation of certain species, can be attributed to a bias, which tends to
favor more charismatic species or those attracting more funding (Clark
& May, 2002; dos Santos et al., 2020). Despite the absence of certain
papers, the validity of the conclusions or recommendations persists,
given the ongoing ineffectiveness observed in practical implementation
of coexistence measures or more wildlife-inclusive design in urban
areas.

Conclusion

While studies on urban wild mammals are increasing, their focus
remains aligned with past patterns in urban mammal research: Studies
on coexistence are overshadowed by those on conflicts (see also Bhatia
et al., 2020; Soulsbury & White, 2015), mammal species perceived as
health or safety threat (Canids, murids) surpass other species; and
perception as well as coexistence studies look mainly at wildlife in
general instead of single species. With a focus on urban mammal studies
combining ecology and human dimensions, the information gathered
can be used to build future biodiverse cities envisioned by Beatley
(2011) incorporating human and wild mammal needs simultaneously.
As human settlement will expand in the future and natural lands will
decrease, it is important to design and create urban spaces for wild
mammals that benefit humans and wildlife simultaneously.
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