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Abstract

1. Urbanization is a key driver of global environmental change and is adversely im-

pacting wildlife populations. Human tolerance for wildlife is critical to wildlife

conservation in urban areas.

. Using metropolitan Atlanta, Georgia, United States, as a case study, we investi-

gated human tolerance for a range of different wildlife species. Almost half of the
human-wildlife interactions that are reported to the state wildlife agency origi-
nate from metropolitan Atlanta, which is one of the fastest growing metropolises
in the United States.

. We surveyed a representative sample of 1006 residents of metropolitan Atlanta

in 2022. We found heterogeneity in respondents' tolerance for various species,
although most respondents were intolerant of bobcats, coyotes, opossums and
snakes. Respondents' tolerance for different species largely depended on their
attitudes and emotions towards species, and their basic beliefs pertaining to
wildlife and the relationships between humans and wildlife. We found some evi-
dence that tolerance also depended on people's prior interactions with wildlife,
their beliefs that they can mitigate conflicts with wildlife and their demographic

characteristics.

. Our results suggest that communication that improves urban residents' attitudes

towards wildlife and/or reinforces positive emotions towards wildlife may in-

crease wildlife tolerance in urban areas.

KEYWORDS

1 | INTRODUCTION

Urbanization is a key driver of global environmental change (Seto
& Satterthwaite, 2010). In North America, almost 80% of the
human population lives in urban areas (McCance et al., 2017).

Urban expansion has transformed terrestrial ecosystems, thereby

attitudes, emotions, environmental justice, human-wildlife conflict, self-efficacy, urbanization

impacting biodiversity, native habitats, trophic dynamics, ecologi-
cal processes and ecosystem services (Seto & Satterthwaite, 2010;
Wu, 2014). As such, urban expansion has important implications
for wildlife conservation. A subset of native wildlife species thrive
in urban ecosystems, owing to decreased predation pressures and

increased access to resources (e.g. anthropogenic food sources;
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Fischer et al., 2015; McCance et al., 2017; Wu, 2014). Humans are
experiencing more frequent interactions with urban wildlife (Frank
et al., 2016; Soulsbury & White, 2015), including damage to peo-
ple's backyards, threats to or attacks on people and their pets, and
vehicle collisions (Schell et al., 2020). This presents a substantial
wildlife management challenge because increased human-wildlife
interactions occur within a larger framework of superficial public
knowledge about wildlife, unrealistic public expectations about
living with wildlife and issues of environmental justice (McCance
et al,, 2017; Sterba, 2012).

Humans have distinct spatial orderings pertaining to animals
and the ‘proper (physical) places’ that animals should occupy
(Philo & Wilbert, 2004). Abundant urban wildlife may be seen as
nuisances, pests or threats to pets and human health and safety
(McCance et al.,, 2017). However, people differ in their space-
place boundaries for wildlife, and hence, their expectations for
which wildlife should exist within urban ecosystems (McCance
et al., 2017). The growing belief of urban residents that humans
and wildlife should coexist has reduced public support for eutha-
nization of conflict species (Manfredo et al., 2020), although peo-
ple may still expect agencies to ‘solve’ human-wildlife conflicts by
relocating conflict wildlife (an action that is often neither feasible
nor effective). As part of their efforts to conserve and manage
urban wildlife, wildlife agencies have used outreach and educa-
tion to increase public knowledge of wildlife and change people's
behaviours to mitigate human-wildlife conflicts. Ultimately, how-
ever, wildlife conservation in urban spaces depends on human tol-
erance for wildlife (Bruskotter & Wilson, 2014; Sage et al., 2022).
Enhancing human tolerance for urban wildlife is important to en-
sure that urban ecosystems provide protection for native, rare
and imperilled species and that urban residents derive social and
cultural benefits from positive interactions with wildlife (Magle
et al.,, 2012). Here, we investigate people's wildlife tolerance in
metropolitan Atlanta, Georgia, United States, and drivers of wild-
life tolerance.

Human tolerance for wildlife is a necessary precondition to wild-
life presence and persistence in urban spaces (McCance et al., 2017)
and determines the limits to wildlife distribution and densities
(Aronson et al., 2017; Bruskotter & Wilson, 2014; Sage et al., 2022).
Human tolerance for wildlife predicts people's behavioural inten-
tions towards wildlife (e.g. reporting perceived or actual conflicts,
trapping and euthanizing wildlife, and coexisting with wildlife;
Bruskotter et al., 2015) and is critical to the success of wildlife
conservation efforts (Frank et al., 2016). Wildlife intolerance man-
ifests in increased claims on wildlife agencies' resources and time
to address human-wildlife conflicts and makes it more politically
challenging for agencies to manage wildlife (Bruskotter et al., 2015;
McCance et al., 2017).

Prior research shows that wildlife tolerance depends on the
taxonomic group with which people interact (Kansky et al., 2014)
and people's (1) attitudes towards wildlife, (2) emotional response
to wildlife, (3) beliefs pertaining to wildlife (i.e. wildlife value ori-
entations), (4) prior interactions with wildlife, (5) ability to manage

or avoid risks associated with wildlife (self-efficacy), (6) trust in
the agency managing wildlife and (7) demographic characteris-
tics such as gender, ethnicity, education and income (Bruskotter
& Wilson, 2014; Dickman, 2010; Kansky et al., 2014, 2016; Slagle
& Bruskotter, 2019). Attitudes are mental states and encompass
people's evaluation of wildlife along a positive-negative contin-
uum (e.g. dislike to like; Slagle & Bruskotter, 2019). People's affect
or emotional disposition (i.e. their feelings, sensations and moods;
Vaske et al., 2013) shape their perceptions of, and emotional re-
sponses (e.g. fear, joy and anger) to, wildlife (Jacobs et al., 2012).
Wildlife value orientations are general patterns of basic beliefs
pertaining to wildlife and the relationships between humans and
wildlife (Jacobs et al., 2014). Studies show that two main wildlife
value orientations have emerged in the public, namely ‘domina-
tion’ and ‘mutualism’ (Manfredo et al., 2009; Teel et al., 2010).
Individuals with a domination value orientation believe wildlife
should be managed for human benefit, tend to prioritize human
well-being over wildlife and are more likely to consider actions
that result in the death or harm of wildlife as acceptable (Jacobs
et al., 2014). Individuals with a mutualism wildlife value orienta-
tion view wildlife as part of an extended family and deserving of
rights and care, tend to anthropomorphize wildlife and engage
in welfare-enhancing behaviours for individual wildlife (Jacobs
et al.,, 2014). People with high levels of self-efficacy are more
likely to tolerate wildlife because they believe that they have the
information, skills, opportunities and other resources needed to
manage human-wildlife conflicts (Bandura, 1977; Kléckner, 2013).
Individuals who trust wildlife agencies to manage wildlife and
human-wildlife conflicts tend to have lower risk perceptions
pertaining to wildlife and are more likely to accept advice from
wildlife agencies, thereby mitigating human-wildlife conflicts and
increasing wildlife tolerance (Sakurai et al., 2013).

Although studies have shown that gender, age and education
levels influence people's risk perceptions and wildlife tolerance
(Kimmig et al., 2020; Wald & Jacobson, 2013), few studies have
examined wildlife tolerance in urban Black and Hispanic commu-
nities (but see Van Velsor & Nilon, 2006). We predicted that race
would influence wildlife tolerance in metropolitan Atlanta, which
has a racially diverse population. We further predicted that peo-
ple with mutualism value orientations, positive attitudes and emo-
tions towards wildlife, higher self-efficacy and trust in the state
wildlife agency would have higher tolerance for wildlife. Finally,
we predicted that tolerance would vary according to wildlife spe-
cies and that residents of metropolitan Atlanta would have lower
tolerance for species with which they have had negative interac-
tions (McCance et al., 2017). Our study responds to the call for
more research on the understudied topics of human tolerance for
urban wildlife, human-wildlife interactions in urban ecosystems
and wildlife tolerance in minority communities (Magle et al., 2012;
McCance et al., 2017; Schell et al., 2020). Importantly, our re-
search team included both academic researchers and wildlife
agency personnel, a pre-condition for generating knowledge that
is actionable (Magle et al., 2012).
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2 | METHODS
2.1 | Studyarea
Metropolitan Atlanta is one of the fastest growing metropolises in
the United States (US), causing rapid urbanization of the 20 coun-
ties that are contained within the metropolitan area (Figure 1; Liu &
Yang, 2015). Approximately 5.9 million people occupy nearly 6200
square miles (16,000km?; U.S. Census Bureau, 2020). Increased de-
velopment (~34% of the land area) has resulted in forest loss and
fragmentation (Lo & Yang, 2002; Miller, 2012), although 45% of the
metropolitan area remains under forest cover. Owing to its tree cover,
prevalence of green spaces, and proximity to several wilderness
areas, residents of metropolitan Atlanta experience interactions with
multiple wildlife species. For example, from January to June 2022,
the Georgia Department of Natural Resources (GADNR) received
404 wildlife-related calls from Fulton County (the most developed
and populous county in the region), including calls about white-tailed
deer (Odocoileus virginianus; 23.3% of calls), coyotes (Canis latrans;
12.6%), raccoons (Procyon lotor; ~9%) and raptors (Falconiformes;
~9%). Of these, 44.8% of reports were complaints related to wildlife
presence in the neighbourhood or yard, 33.4% were reports of sick,
injured or orphaned animals, and the remaining reports pertained to
threats to humans and/or domestic animals, property damage and
other conflicts (GADNR Dashboard; https://www.arcgis.com/apps/
dashboards/f093301a3122436082ccb1ff7ecbcaba).

With dramatic changes in the socio-economic and racial compo-
sition of the region, Atlanta has also experienced some of the largest
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increases in suburban poverty among major US metropolitan areas
and high levels of residential segregation and gentrification (Cole &
Immergluck, 2021; Lee, 2011; Strait & Gong, 2015). The largest ra-
cial groups are White (43.8%), Black or African American (hereafter,
Black; 36.8%), Hispanic or Latino (hereafter, Hispanic; 11.6%), and
Asian (6.8%). However, the spatial distribution of racial groups across
metropolitan Atlanta is uneven. Racial inequalities have persisted
due to historical practices such as segregation and redlining during
the 19th and 20th centuries (Holman, 2016; U.S. Census Bureau,
2020), with historically Black neighbourhoods experiencing environ-
mental injustice through unequal access to and distribution of qual-
ity green spaces (Dai, 2011; Roberts-Gregory & Hawthorne, 2016;
Schell et al., 2020). Environmental injustice may also extend to the
type and frequency of interactions with wildlife species, although to

date this has not been studied in metropolitan Atlanta.

2.2 | Survey design

We designed an online questionnaire to be administered to resi-
dents of metropolitan Atlanta. In addition to asking respondents
their gender, age, education level, income level and race/ethnicity,
we collected information about the number of other people living
in the household (including children), whether respondents owned
pets, respondents' housing, how long they had lived in their current
neighbourhood and whether respondents had gardens (including
how gardens were landscaped). We tailored questions pertaining
to interactions with urban wildlife, based on whether respondents

FIGURE 1 Land use map of metropolitan Atlanta showing the 20 counties included in our study area. Inset: location of study area in the
State of Georgia. Data source: National Land Cover Database; https://www.mrlc.gov/.
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lived with other household members, owned pets and had control
over landscaping at their place of residence. We collected zip code

information to determine the geographic location of respondents.

2.2.1 | Respondents' attitudes and emotions
towards, and tolerance for, urban wildlife

We initially asked survey respondents to indicate, based on their or
neighbours' sightings, which of 15 species or taxa (hereafter, ‘spe-
cies') are in their neighbourhood, namely: bats (Chiroptera spp.);
bobcats (Lynx rufus); coyotes; deer; foxes (Vulpes vulpes, Urocyon
cinereoargenteus); hawks (Buteo spp.); hummingbirds (Trochilidae
spp.); opossums (Didelphis virginiana); owls (Strigiformes spp.); rab-
bits (Sylvilagus spp.); raccoons; snakes (Colubridae spp.); squirrels/
chipmunks (Sciuridae spp.); and turtles (Terrapene spp.). We se-
lected these species based on the frequency of conflict wildlife
reports and site visits by the GADNR related to injured, orphaned
or trapped wildlife, and to ensure that we presented species that
were likely to elicit a range of attitudes and emotions from re-
spondents. As such, we expanded the research literature on urban
wildlife, which has tended to focus on single species or taxa and
seldom includes herpetiles (Magle et al., 2012). In the survey,
we explained to respondents that ‘for the purpose of this study,
neighborhood refers to your zip code or the area within 1-2 miles
of where you currently live'.

We then measured respondents' attitudes towards each species
in their neighbourhood by asking whether they liked these animals
living in their neighbourhood (strongly dislike=-2, dislike=-1, nei-
ther dislike nor like=0, like=1, strongly like=2). To measure re-
spondents' affect towards each species in their neighbourhood, we
asked them to select which emotions they feel or would feel if they
saw the animal, specifically: disgusted; scared; annoyed; caring or
compassion; interested; and/or excited (binary coded as 1 if the re-
spondent selected the emotion). Respondents could select multiple
emotions for each species. They could also indicate whether they
would feel no emotion. We defined wildlife tolerance as individuals'
‘cultural carrying capacity’ for wildlife, namely whether urban res-
idents would prefer wildlife populations in their neighbourhood to
change (large decrease=-2, small decrease=-1, stay the same=0,
small increase=1, large increase = 2; Bruskotter et al., 2015).

2.2.2 | Respondents'interactions with wildlife

To measure respondents' interactions with wildlife, we asked
whether they had any of the following interactions with wildlife
around their residence or neighbourhood: watching wildlife; putting
out food or seed for wildlife to eat; wildlife damage to their land-
scaping (e.g. digging holes and eating plants); wildlife raiding their
trash cans; wildlife eating their pets' food; wildlife threatening or at-
tacking their pets; wildlife entering their home; the respondent or
household members feeling threatened by wildlife; the respondent

or household members being scratched or bitten by wildlife; and the
respondent or household members having a vehicle collision with
wildlife. For each interaction, we asked how frequently these in-
teractions occurred (once, a few times a year, seasonally, monthly,
weekly or daily). We tailored questions to ensure that respondents
without gardens or pets and who lived alone were not presented

with interactions that did not pertain to them.

2.2.3 | Self-efficacy

To assess respondents' self-efficacy, we asked them whether they
agreed (strongly disagree=-2, disagree=-1, neither agree nor disa-
gree=0, agree=1, strongly agree=2) that they had the ability to:
prevent wildlife entering their property; keep their pets safe from
wildlife; keep household members safe from wildlife; and keep
themselves safe from wildlife. Again, we only presented appropriate
statements, based on respondents' pet ownership and number of
household members.

2.2.4 | Wildlife value orientations

We used the wildlife value orientation scale to measure whether re-
spondents were traditionalists who believed that wildlife should be
used and managed primarily for human benefit (domination value
orientation) or mutualists who favour human-wildlife coexistence,
viewing wildlife as deserving of rights and care (Chase et al., 2016).
Respondents indicated their level of agreement (strongly disagree to
strongly agree) with 14 statements designed to measure their beliefs
about hunting, appropriate uses of wildlife, social affiliation between

humans and wildlife and compassion for wildlife.

2.2.5 | Trustin the state wildlife agency

Finally, we assessed respondents' trust in the GADNR by asking
them whether they agreed (strongly disagree to strongly agree) that
the agency (1) has the resources and expertise to manage human-
wildlife conflicts, (2) is responsive towards requests for assistance
on wildlife issues, (3) provides adequate information on how to
mitigate human-wildlife conflicts and (4) is effective in protecting
wildlife in Georgia. Recognizing that respondents may not have in-
teracted with the GADNR in the past, we allowed them to indicate if
they ‘didn't know’ (coded as 0).

2.2.6 | Pretesting and ethics approval

We pretested our survey with 27 people, including experts in human
dimensions research, wildlife ecologists and members of the public
from the metropolitan Atlanta region. Pre-test participants varied
in age and education levels and were representative of the racial
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composition of metropolitan Atlanta. The University of Georgia
Institutional Review Board (IRB) reviewed our final survey and de-
termined that it was exempt (IRB ID: PROJECT0O0004965). We pre-
sented all respondents with an informed consent document, which
detailed the objectives of the survey and the anticipated length of
time to complete the survey. We further informed respondents that
participation in the study was voluntary, all data collected would re-
main deidentified and that only adults aged 18years or older could
participate in the study. Respondents had to click a link agreeing to

participate in our study before they were directed to the survey.

2.3 | Data collection

We hired Qualtrics Research Services to administer the survey to
1006 metropolitan Atlanta residents. We provided Qualtrics with
demographic quotas for metropolitan Atlanta based on the United
States Census to obtain a final sample that was representative in
terms of county of residence, race, gender, age, income and educa-
tion level. We collected data from January to April 2022. To ensure
data quality, we included attention checks (i.e. we inserted state-
ments that instructed respondents to select a specific answer to
a question) and speed checks (i.e. we monitored the time taken to
answer questions). Respondents who did not select the answer we
specified because they had not read the question or answered long
questions too rapidly based on the average response time for other

respondents were excluded from the analysis.

2.4 | Data analysis
We performed all statistical analyses with SPSS version 28.0 and R ver-
sion 4.2.1. First, we performed factor analysis to determine whether
ordinal items could be combined to measure socio-psychological con-
structs (e.g. self-efficacy). We concluded that items could be com-
bined to measure a construct if Cronbach's alpha>0.7 (a measure of
internal consistency and inter-item reliability; Gliem & Gliem, 2003)
and the items loaded onto a factor with an eigenvalue>1 (Joliffe &
Morgan, 1992). We used varimax rotation to ensure that factors
were orthogonal. After weighting each item by its factor loading, we
summed items that loaded onto retained, orthogonal factors to gener-
ate composite scores (i.e. measures of socio-psychological constructs).
Second, we used ordinal logistic regression analysis to determine
which variables influenced respondents' tolerance for each species.
We regressed respondents' tolerance for individual species on their
attitudes and affect towards the species, prior interactions with the
species, self-efficacy, trust in the GADNR, wildlife value orientations
and demographics (gender, age, education, income, race, household
size, housing type, garden/landscaping, pet ownership). Both step-
wise model reduction and a comparison of all possible models using
the MuMIn package were conducted to determine the best-fit mod-
els. We identified the best-fit models based on the Akaike informa-
tion criterion (AIC; Burnham et al., 2011), that is, the best-fit model

had the lowest AIC. We conducted model averaging when there
were multiple models that were within AIC<2 of the lowest AIC,
that is, we averaged the coefficients across these models (Burnham
et al., 2011). We considered a coefficient to be statistically signifi-
cant at p<0.05.

3 | RESULTS

Most respondents (57.1%) identified as female (Table S1).
Respondents most frequently reported that they were Black or
African American (54.1%) or white (42.8%). The median age cat-
egory for respondents was 35-44years of age, and the median
household income category was $50,000-$74,999/year. The me-
dian education level for respondents was an associate's degree
or some college (with no degree). Only 121 respondents (12.0%)
lived alone. In total, 231 respondents (23.0%) had children living
in their household. Our sample was representative of the larger
population of metropolitan Atlanta both spatially and in terms
of demographic composition, with the following exceptions. We
oversampled people above the age of 55years (31% of our sam-
ple versus 23% as per U.S. Census) and Black or African American
residents of metropolitan Atlanta. We undersampled people with
an income greater than $100,000/year (18% of our sample versus
27% as per U.S. Census) and Hispanic (3.8% of our sample) and
Asian residents (1.2% of our sample) of metropolitan Atlanta. We
also oversampled residents of Cobb, DeKalb, Gwinnett and Henry
Counties (2%-5% more than census data) and undersampled resi-
dents of Fulton County (8% less than census data).

The largest share of respondents lived in a house (68.2%) with
a garden (67.1%; Table S1). Respondents' gardens often contained
lawn, shrubs and bushes, trees and flowering plants, thereby attract-
ing and providing habitat for urban wildlife. Over half of respon-
dents (n=562, 55.9%) owned pets, predominantly dogs. The largest
share of respondents (32.9%) had lived in their neighbourhood for
>11vyears, which suggests that they would be familiar with which
wildlife live in their neighbourhood and how wildlife populations
have changed over time.

Respondents most frequently reported that squirrels/chipmunks
(89.1% of respondents), rabbits (65.0%), deer (62.0%), humming-
birds (52.5%) and raccoons (51%) are found in their neighbourhood
(Table 1). Only 33 respondents (3.3%) were aware of bobcats in
their neighbourhood (thus, we did not conduct regression analysis
for the bobcat, owing to the low sample size). Respondents stated
that their most frequent interaction with the various wildlife was
to watch them around their residence or neighbourhood, followed
by putting out food or seed for wildlife to eat (Table S2). The most
frequently reported conflicts with wildlife were raccoons and opos-
sums raiding trash cans, squirrels/chipmunks, rabbits and deer dam-
aging landscaping, and vehicle collisions with deer. On average, 0.5%
of respondents reported that the species included in the survey had
threatened or injured their pets, household members or themselves.
Typically, these conflicts had occurred only once or a few times.
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TABLE 1 Respondents'tolerance for wildlife, metropolitan Atlanta, United States, January-April 2022 (n=1006).

Percent and number of
respondents who stated
that species are present

Respondents' preference for how the number of animals in their neighbourhood should change

in their neighbourhood  Median
Bat 24.8% (249) Stay the same
Bobcat 3.3% (33) Small decrease
Coyote 30.9% (311) Small decrease
Deer 62.0% (624) Stay the same
Fox 26.3% (265) Stay the same
Hawk 39.9% (401) Stay the same
Hummingbird 52.5% (528) Small increase
Opossum 49.6% (499) Small decrease
Owl 43.8% (441) Stay the same
Rabbit 65.0% (654) Stay the same
Raccoon 51.0% (513) Stay the same
Snake 44.7% (450) Small decrease
Squirrels/chipmunks  89.1% (896) Stay the same
Turtle 34.3% (345) Stay the same

Large Small Stay the Small Large
decrease decrease same increase increase
21.3% (53) 14.9% (37) 42.6% (106) 15.7% (39) 5.6% (14)
33.3% (11) 33.3% (11) 21.2% (7) 12.1% (4) 0.00% (0)
479% (149)  20.3% (63) 28.0% (87) 2.9% (9) 1.0% (3)
8.0% (50) 13.5% (84) 58.7% (366)  13.0% (81) 6.9% (43)
23.0% (61) 17.7% (47) 48.3% (128) 9.8% (26) 1.1% (3)
5.2% (21) 9.5% (38) 57.1% (229) 22.2%(89) 6.0% (24)
1.3% (7) 3.6% (19) 34.8% (184)  30.3% (160)  29.9% (158)
31.5% (157) 22.8%(114)  38.5% (192) 5.2% (26) 2.0% (10)
3.2% (14) 7.5% (33) 55.1% (243)  24.5% (108) 9.8% (43)
2.6% (17) 7.5% (49) 59.2% (387)  22.6% (148) 8.1% (53)
22.0% (113)  23.4%(120) 46.2% (237) 7.4% (38) 1.0% (5)
48.0% (216)  20.2% (91) 25.8% (116) 4.7% (21) 1.3% (6)
9.3% (83) 15.2% (136)  63.5% (569) 8.4% (75) 3.7% (33)
2.6% (9) 5.8% (20) 63.2% (218)  21.2% (73) 7.2% (25)

Note: Number of respondents who provided each response are presented in parentheses.

Although we found heterogeneity in respondents' tolerance for
the various species, most respondents were intolerant of bobcats,
coyotes, opossums and snakes, indicating that they would prefer
the populations of these species in their neighbourhood to decline
(Table 1). On average, respondents preferred the populations of all
other species to remain unchanged, with the exception of humming-
birds, which they preferred to increase in numbers. Consistent with
tolerance measures, most respondents disliked bobcats, coyotes and
snakes, although they neither liked nor disliked opossums (Figure 2;
Table S3). Most respondents liked deer, hawks, owls, rabbits, squir-
rels/chipmunks and turtles, and they strongly liked hummingbirds.
On average, respondents neither liked nor disliked bats, foxes and
raccoons. Respondents predominantly reported fear when asked
how they would feel if they saw bobcats, coyotes or snakes in their
neighbourhood (Figure 3; Table S4). Their predominant emotion per-
taining to opossums was disgust. Respondents most frequently indi-
cated that they would be ‘interested’ if they saw bats, foxes, hawks,
owls, raccoons, deer or turtles. They indicated that they would be
‘interested’ and/or ‘caring and compassionate’ if they saw rabbits.
Respondents tended to be ‘excited’ if they saw hummingbirds.
However, we note that respondents were heterogeneous in their
attitudes and affect towards different species. For example, some
respondents reported positive affect towards coyotes and snakes,
indicating that they would be interested or excited if they saw these
species, and that they feel compassion for coyotes and snakes.

On average, respondents agreed that they had the ability to keep
themselves, members of their household and their pets safe from
wildlife, but they neither agreed nor disagreed that they had the
ability to prevent wildlife entering their property (Table S5). Factor
analysis (eigenvalue=1.353, Cronbach's alpha=0.79) indicated that

respondents' perceived ability to keep themselves and their prop-
erty safe from wildlife could be treated as a single construct, ‘self
efficacy’. On average, respondents agreed that the GADNR has the
appropriate resources to manage wildlife and the necessary exper-
tise to manage human-wildlife conflicts (Table Sé6). However, re-
spondents tended to be neutral in their assessment about whether
the GADNR provided adequate information about preventing
human-wildlife conflicts, responded to requests for assistance on
wildlife issues and had been effective in protecting wildlife. Based
on factor analysis (eigenvalue=23.378, Cronbach's alpha=0.88), we
combined these statements to measure respondents' ‘trust in the
state wildlife agency’.

When asked to indicate their beliefs about wildlife, most re-
spondents agreed that they value the sense of companionship they
receive from animals, people should strive for a world where hu-
mans and wildlife can live side by side without fear, they care about
animals as much as they do about other people and they view all
living things as part of one big family (Table S7). On average, re-
spondents disagreed that wildlife are on earth primarily for people
to use. After conducting factor analysis, we combined the wildlife
value orientation items into three constructs, namely ‘mutualism’
(eigenvalue=4.746, Cronbach's alpha=0.88); ‘hunting beliefs’ (ei-
genvalue=2.227, Cronbach's alpha=0.78); and ‘utilitarian views of
wildlife’ (eigenvalue=1.511, Cronbach's alpha=0.73).

3.1 | Predictors of species tolerance

Respondents' attitudes towards species were positive predictors
of their tolerance for all species, that is, respondents who liked
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each species were more likely to indicate that they wanted the
population of these species to increase (Table 2). Across all species,
respondents' tolerance also depended on their affect towards the
species. Respondents who feared bats, coyotes, raccoons, snakes
or turtles preferred the populations of these species in their neigh-
bourhood to decrease. Respondents who were disgusted by opos-
sums, rabbits or snakes were also more likely to be intolerant of
these species, but disgust with owls increased tolerance for owls,
which was unexpected. Annoyance reduced respondents' toler-
ance for bats, deer, hawks, owls, rabbits, raccoons and squirrels/
chipmunks. By contrast, respondents who were excited to see
bats, deer, foxes, hawks, hummingbirds, owls, rabbits or squirrels/
chipmunks in their neighbourhood were more likely to be tolerant
of these species. Interest was a positive predictor of respondents'
tolerance for bats, foxes, owls, raccoons and squirrels/chipmunks.
Compassion was a positive predictor of respondents' tolerance
for coyotes and foxes. Respondents who were mutualistic in their
beliefs about wildlife were also more likely to be tolerant of coy-
otes, deer, opossums, snakes and squirrels/chipmunks. Neither

respondents' beliefs about hunting nor their beliefs about humans'
rights to use wildlife influenced their tolerance for the different
species.

With the exception of foxes, opossums and snakes, respon-
dents' tolerance for species depended on their prior interactions
with these species. Respondents who felt personally threatened by
bats and coyotes and respondents whose pets were threatened by
hawks were less tolerant of these three species. Similarly, respon-
dents who had experienced damage to their yards or landscaping
by raccoons and squirrels/chipmunks were less tolerant of these
species. Respondents who had experienced a vehicle collision with
a deer were less likely to be tolerant of deer. Watching species in-
creased respondents' tolerance for hawks, hummingbirds, owls,
rabbits and turtles, but respondents who reported seeing opos-
sums and raccoons were more likely to be intolerant of these spe-
cies. Respondents who fed wildlife were more tolerant of hawks
and hummingbirds. Wildlife raiding the trash, entering respondents’
homes and threatening members of the household did not influence
respondents' wildlife tolerance.
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We found no evidence that respondents' wildlife tolerance
was influenced by their trust in the GADNR to manage wildlife
and human-wildlife conflicts. However, we found some evidence
that self-efficacy increased respondents' tolerance for species.
Respondents who reported that they had the ability to keep them-
selves and their property safe from wildlife were likely to be more
tolerant of owls. Respondents who disagreed that they were able
to keep their pets safe from wildlife were likely to be less toler-
ant of hawks. Unexpectedly, respondents who disagreed that they
were able to keep their household members and pets safe from
wildlife were more likely to be tolerant of raccoons and snakes,
respectively.

Females were less likely to be tolerant of foxes, owls and snakes.
Older respondents were more likely to be tolerant of bats and hum-
mingbirds but were less likely to be tolerant of coyotes, rabbits and
squirrels/chipmunks. Respondents with higher levels of education
were more likely to be tolerant of bats. Black or African American re-
spondents were less tolerant of foxes but more tolerant of squirrels/
chipmunks, while Hispanic respondents were less tolerant of owls
and rabbits.

4 | DISCUSSION
Human tolerance for wildlife is critical to wildlife conservation in
2017). Although wildlife manage-

ment agencies typically seek to address human-wildlife conflicts

urban spaces (McCance et al.,

by educating people about wildlife and how to mitigate conflicts
(Schell et al.,
tolerance is a more effective long-term strategy to attain con-

2021), research suggests that increasing wildlife

servation outcomes (Bruskotter & Wilson, 2014), especially in
urban environments with large populations of people and wild-
life. Moreover, increased understanding of whether wildlife toler-
ance varies across racial and socio-economic groups is important,
given prevailing issues of ecological gentrification and environ-
mental injustice in urban spaces (Dai, 2011; Roberts-Gregory &
Hawthorne, 2016; Schell et al., 2020; Wu, 2014). We investigated
tolerance for a suite of urban wildlife in metropolitan Atlanta, a
rapidly growing metropolitan region that is characterized by ex-
panding urban wildlife populations, and high levels of residen-
tial segregation and gentrification (Cole & Immergluck, 2021;
Lee, 2011; Strait & Gong, 2015).
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Consistent with prior research (Kansky et al., 2014), we found
that respondents' tolerance differed across species. Respondents
indicated least tolerance for urban carnivores (bobcats, coyotes,
opossums and raccoons) and snakes, although respondents were
heterogeneous in their tolerance for these species. Small- and
medium-sized carnivores can achieve high population densities
in urban and suburban environments by exploiting anthropogenic
sources of food and water, reduced threats from sympatric car-
nivores and utilizing small patches of natural cover and altered
physical environments for shelter (Bateman & Fleming, 2012).
However, urbanization typically decreases snake species rich-
ness and abundance, in part owing to human-induced mortality
of snakes (Fischer et al., 2012). Maintaining carnivore and snake
populations in urban ecosystems is necessary because they play
important roles in the regulation of ecosystems (e.g. natural pest
control, nutrient cycling; Do Linh San et al., 2022; Kontsiotis
et al., 2022). Accordingly, it is important to consider how increased
tolerance of urban carnivores and snakes can be attained in met-
ropolitan Atlanta, while also maintaining or increasing existing tol-
erance for other urban wildlife.

Humans' responses to wildlife depend on both their cognitive
and analytical processes (which encompasses attitudes) and their
experiential processes (which encompasses affect and emotion;
Epstein, 1994). Negative attitudes and emotions towards wildlife
can influence people's cognitions of wildlife, thereby biasing their
judgements of wildlife and resulting in exaggerated perceptions of
conflict (Slagle & Bruskotter, 2019). Respondents' lower tolerance
of coyotes, opossums, raccoons and snakes was largely attribut-
able to their attitudes (i.e. dislike), fear and disgust associated with
these species. This is consistent with prior findings that carnivores
and snakes generate strong emotional responses in humans (e.g.
admiration, disgust, fear and hate), which influences how hu-
mans interact with these animals and their support for species
conservation (Frank et al., 2016; Johansson et al., 2012; Onyishi
et al., 2021). Importantly, people's emotional responses to car-
nivores have been shown to be stronger predictors of their sup-
port for carnivore conservation than knowledge or beliefs (Slagle
et al., 2012). People's emotional dispositions can be learned (based
on experience) or innate (Jacobs et al., 2012). Negative emotions
towards wildlife may also be an artefact of perceived threats con-
veyed through culture and mythology (e.g. bats and vampirism;
Prokop et al., 2009), media portrayals of wildlife (e.g. predators
threatening humans; Howlett et al., 2023) or social media (e.g. vid-
eos showing conflicts between people and raccoons or opossums;
Fidino et al., 2018).

The strong role of emotions and attitudes in determining human
tolerance for wildlife presents a considerable management challenge
for wildlife agencies. Agencies and conservation practitioners often
assume that high levels of conflict and intolerance towards wildlife
are driven by direct conflicts with wildlife, and thus, the appropriate
response is to work with the public to prevent and mitigate wildlife-
related damages and losses (Dickman, 2010; McCance et al., 2017).
However, respondents reported few conflicts with wildlife, and prior

conflicts with species seldom influenced tolerance. Our study sug-
gests that reports to the GADNR about human-wildlife conflicts
may overstate the frequency of conflicts and public intolerance for
species. Educating the public on how to prevent threats to their pets
and trash raiding does make sense to improve tolerance for coy-
otes, raccoons and other urban wildlife. But conservation education
pertaining to urban wildlife should also seek to reinforce positive
attitudes and emotions towards wildlife (Ballantyne et al., 2007;
Skupien et al., 2016). Effective education strategies engage people
both cognitively and emotionally (Ballantyne et al., 2007). These
strategies include observing animals and their behaviours (e.g. bird
watching or wildlife viewing in urban parks), opportunities for posi-
tive interactions with wildlife (e.g. through interactions with wildlife
at educational events), using persuasive communication and provid-
ing advice on everyday actions people can take to assist in wildlife
conservation (Ballantyne et al., 2007; Skupien et al., 2016).

Persuasive communication may help to secure urban wildlife
conservation by targeting people's relevant behavioural, norma-
tive and control beliefs (Ballantyne et al., 2007). Behavioural beliefs
are people's beliefs about the outcomes and consequences of be-
haviours (e.g. tolerating interactions with wildlife, rather than re-
porting conflicts or seeking to relocate wildlife). Normative beliefs
are beliefs about society's expectations about behaviours, whereas
control beliefs encompass people's beliefs about their ability, knowl-
edge, skills, resources and opportunities to perform behaviours (i.e.
their self-efficacy). We note that respondents with mutualism value
orientations were more likely to be tolerant of coyotes, deer, opos-
sums, snakes, squirrels and chipmunks. This suggests that persua-
sive communication that reinforces existing beliefs that humans and
wildlife can coexist may increase support for wildlife conservation
in metropolitan Atlanta. Consistent with prior research demonstrat-
ing a positive relationship between self-efficacy and wildlife toler-
ance (Zajac et al., 2012), we found that respondents with greater
self-efficacy were more likely to be tolerant of owls, whereas re-
spondents who reported lower self-efficacy with respect to protect-
ing their pets from wildlife were less likely to be tolerant of hawks,
which are perceived as a threat to small pets. Contrary to expec-
tations, we found an inverse relationship between self-efficacy (in
terms of protecting pets and family from wildlife) and tolerance for
snakes and raccoons. This result may be an artefact of the design of
our self-efficacy statements, which were generic and not specific to
each focal species. Nonetheless, our findings do suggest that com-
munication that reinforces people's beliefs in their ability to manage
potential conflicts with wildlife is needed to increase tolerance for
urban wildlife and support for wildlife conservation in metropolitan
Atlanta.

Communication strategies should also be tailored to different
demographics. We found that older respondents were more tol-
erant of bats and hummingbirds, while younger respondents were
more tolerant of coyotes, rabbits, squirrels and chipmunks. Older
people may be likely to engage in more pro-environmental be-
haviours (Gifford & Nilsson, 2014) such as establishing pollinator
gardens and providing bird baths. Younger people tend to be more
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environmentally concerned (Gifford & Nilsson, 2014), which may
manifest as higher tolerance for conflict species. Communication
should further seek to reduce women's aversion to preda-
tors (e.g. foxes, hawks, owls and snakes in our study; Bjerke &
@stdahl, 2004).

Interestingly, we found little evidence that race influenced wild-
life tolerance, which was contrary to our prior predictions based on
the environmental justice literature (Des Roches et al., 2021; Schell
et al., 2021). Given the history of gentrification in Atlanta, and non-
uniform distribution of green space and environmental amenities
(Immergluck & Balan, 2018), we expected lower levels of tolerance
towards urban wildlife by Black and Hispanic respondents—espe-
cially if respondents relied on backyard vegetable gardens to offset
the absence of fresh food stores in their community. We did find
that Black respondents were less tolerant of foxes and more tolerant
of squirrels and chipmunks, while Hispanic respondents were less
tolerant of owls and rabbits. But our results suggest that minority
communities may not be experiencing higher levels of conflict with
urban wildlife. More research is needed to understand what social
and cultural beliefs in minority communities underpin urban wildlife
tolerance, how minority communities may benefit from urban wild-
life and how urban wildlife impacts people living in impoverished,
historically Black neighbourhoods.

The GADNR already has a platform for effective wildlife edu-
cation that engages metropolitan Atlanta residents cognitively and
emotionally. The GADNR Urban Wildlife Program (https://georg
iawildlife.com/urbanwildlifeprogram) is dedicated to helping metro-
politan Atlanta residents prevent or resolve conflicts with wildlife,
while promoting desired wildlife habitat and conservation in back-
yards. As part of this program, the GADNR engages in outreach and
education efforts and situation-specific technical assistance, which
is consistent with providing advice on everyday actions people
can take to assist in wildlife conservation (Ballantyne et al., 2007,
Skupien et al., 2016). The Urban Wildlife Program presents an
important conduit to increased wildlife tolerance in metropoli-
tan Atlanta, especially if metropolitan Atlanta residents trust the
agency. Trust in government organizations has been shown to be an
important determinant of wildlife tolerance (Redpath et al., 2015),
reducing the public's perceptions of the risks posed by wildlife
(Bruskotter & Wilson, 2014). Although we found no correlation be-
tween respondents' wildlife tolerance and their trust in the GADNR
to manage wildlife and mitigate human-wildlife conflicts, this was
likely because most respondents had not previously engaged with
the GADNR. Although 536 respondents (53.3%) had previously
heard of the GADNR, only 125 respondents (12.4%) had previously
interacted with the agency. The Urban Wildlife Program could allow
the GADNR to gain more visibility with residents, especially since
respondents predominantly selected the GADNR (n=456, 45.3%)
when asked who they would reach out to if they faced problems
with wildlife. In addition to persuasive communication and outreach
efforts, the Urban Wildlife Program could incorporate opportunities

for community science (also referred to as citizen science), thereby

providing opportunities for the public to observe animals and their
behaviours. By using effective education methods and partnering
with other environmental education organizations, the GADNR has
the ability to increase tolerance for urban wildlife in metropolitan
Atlanta—a critical precondition for wildlife conservation in urban
spaces.

5 | CONCLUSIONS

Globally, 68% of the human population is expected to live in urban
areas by 2050 (United Nations, Department of Economic and Social
Affairs, Population Division, 2019), resulting in rapid urban expan-
sion, loss of natural habitats and negative impacts on wildlife popula-
tions, ecology and behaviour. As such, wildlife conservation critically
depends on human tolerance for wildlife in urban areas. Our results
suggest that urban residents' tolerance for wildlife is significantly
influenced by their attitudes and emotions towards wildlife, as well
as their beliefs about the relationships between humans and wild-
life (i.e. mutualistic beliefs about the importance of coexistence
between humans and wildlife). Although educating urban residents
about wildlife and how to mitigate conflicts with wildlife is important,
our findings suggest that conservation organizations could use per-
suasive communication to improve attitudes and reinforce positive
emotions towards wildlife in urban environments. Heterogeneity in
people's tolerance for different wildlife species should also be taken

into account when targeting education and outreach efforts.
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