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Abstract
Human-wildlife research has frequently examined attitudes toward single species, especially carnivores and mammals in 
rural areas. Recent research has expanded in scope to evaluate urban residents’ multifaceted attitudes toward multiple 
species or taxa. This paper presents a taxonomically inclusive examination of attitudes toward small mammals, birds, 
reptiles, and insects in metropolitan Phoenix, Arizona (USA) using survey measures that inform human-wildlife coexis-
tence, specifically: tolerance of common wildlife, appreciation of different pollinators, and stewardship of iconic species 
in the region. Incorporating three theoretical sets of predictors, we ask: how do cognitive, environmental, and sociode-
mographic factors influence attitudes toward distinct types of wildlife? Coupling geolocated environmental variables with 
survey data, we found that pro-wildlife worldviews dominated explanations of attitudes broadly. However, environmental 
experiences—approximated by residents’ proximity to and frequency of visiting desert preserves—significantly increased 
how comfortable people feel around wildlife (i.e., tolerance) and support for protection (i.e., stewardship), including for 
threatening and iconic wildlife. Meanwhile, socio-demographics most influenced tolerance and appreciation of pollina-
tors, particularly bees and bats. Although white residents liked potentially threatening pollinators more than others, Latino 
residents tended to dislike bees/bats and exhibited less support for native wildlife stewardship than non-Latinos. Overall, 
our research advances a multi-species/taxa approach to human-wildlife coexistence by identifying distinct attitudes and 
underlying drivers that inform holistic management of urban landscapes for the wellbeing of diverse human and non-
human biota. Understanding the perspectives of diverse residents is crucial to achieving social legitimacy in managing 
urban wildlife.
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Introduction

Despite habitat loss in cities, urban greenspaces provide 
valuable habitat for diverse bird species, important pollina-
tors such as bees, and urban-adapted mammals including 
coyotes and rabbits (Cocroft et al. 2024; Lerman et al. 2018; 
Zepeda et al. 2025). Research on urban wildlife has exam-
ined how land-use/cover configurations affect the distribu-
tion of specific taxa, with a focus on mammals (e.g., Grade 
et al. 2022; Haight et al. 2023a; Moll et al. 2025; Teixeira et 
al. 2015) and birds (e.g., Andrade et al. 2022; Aronson et al. 
2014; Lerman et al. 2021). Ecological research broadly has 
favored mammals and birds, with an estimated 62–80% of 
journal articles in one study (Bonnet et al. 2002). By com-
parison, less research has focused on reptiles, insects, and 
small mammals despite their abundance (Clark and May 
2002; Guénard et al. 2025; Roll et al. 2017; Troudet et al. 
2017; Wierucka et al. 2023). The urban wildlife literature 
demonstrates similar taxonomic bias (Collins et al. 2021; 
Magle et al. 2019).

Research on people’s attitudes toward urban wildlife 
has primarily focused on single species or taxa including 
birds, deer, coyotes, and bees (e.g., Andrade et al. 2022; 
Connors and Short 2023; Draheim et al. 2019; Larson et 
al. 2021). These studies are valuable for managing par-
ticular wildlife based on their unique traits and behaviors, 
as well as people’s concerns and interactions with them. 
Meanwhile, fewer studies have assessed interactions with 
multiple taxa (e.g., Kansky et al. 2014; Liordos et al. 
2020; Ngo et al. 2019). One notable example is Basak et 
al. (2023), which found an increase in public interactions 
with wildlife between 2010 and 2020 in Krakow, Poland. 
Specifically, a larger and more diverse set of conflicts 
emerged for 2020, for example, with property destruction 
linked to wild boar (Sus scrofa) and stone marten (Mar-
tes foina), anxiety and attacks on pets by red fox (Vulpes 
vulpes), and property damage and intrusions by roe deer 
(Capreolus capreolus). Broadly, multi-taxa studies can 
help agencies and organizations anticipate, prevent, and 
manage conflicts and other distinct interactions to propel 
urban human-wildlife coexistence (Liordos et al. 2020; 
Tan et al. 2020).

Although wildlife can pose problems for urban resi-
dents (Basak et al. 2023; Connors and Short 2023), such 
conflicts are less acute or problematic relative to rural 
areas (Larson et al. 2023; Soulsbury and White 2015). 
Broadly, scholars have shifted away from narrowly exam-
ining conflicts to more holistically evaluating human-
wildlife interactions through the lens of coexistence, 
which is commonly defined as a dynamic state in which 
people and wildlife live in shared landscapes for the ben-
efit of both (Carter and Linnell 2016, 2023; Glikman et 

al. 2021). This shift calls for research on an array of inter-
actions and outcomes along a continuum, from physical 
harm, property damage, and milder nuisances to public 
enjoyment and stewardship of wildlife (Bhatia 2021; 
Nyhus 2016; Pooley et al. 2021). Depending on differ-
ent types of interactions in shared landscapes, whether 
parks, neighborhoods, or other land use contexts, coex-
istence involves minimizing and managing conflicts 
between people and wildlife, as well as among different 
groups of people, in addition to fostering appreciation 
and stewardship to benefit human and non-human spe-
cies. With people’s problematic interactions with wildlife 
at the negative end of the spectrum and stewardship at 
the positive end, coexistence involves managing con-
flicts and stewardship actions that reflect conservation. 
Further, scholars argue that coexistence requires socially 
legitimate governance through management strategies 
that are accepted and supported by the public (Pooley et 
al. 2021), thereby underscoring the need for research on 
people’s attitudes toward wildlife.

Along a continuum of coexistence, scholars have 
described human-wildlife interactions ranging from tol-
erance and acceptance to appreciation and stewardship 
(Bhatia et al. 2020; Frank and Glikman 2019). Tolerance 
involves acceptance of wildlife in the face of physical and 
economic harm or less severe annoyances (Bhatia 2021; 
Glikman et al. 2021; Pooley et al. 2021). People’s toler-
ance of wildlife is significantly affected by perceived risks 
and fears, which affect how comfortable people feel liv-
ing around wildlife (Hadidian 2015; Haight et al. 2023b). 
For example, people’s tolerance and willingness to coexist 
with wildlife is greater for less problematic species such as 
tapir in Malayasia compared to tigers and elephants, which 
pose more severe risks (Tan et al. 2020). Meanwhile, posi-
tive perceptions and experiences increase tolerance and the 
potential for public enjoyment and appreciation of wildlife 
such as birds and coyotes (Andrade et al. 2022; Larson et al. 
2023). Beyond tolerance and appreciation, behavioral inten-
tions and actions related to stewardship signal the potential 
for coexistence (Bruskotter et al. 2015; Prévot et al. 2018). 
Support for conservation policies and collective actions are 
important since they are more likely to affect wildlife popu-
lations compared to human behaviors that impact individual 
animals (Bruskotter et al. 2015).

In our study, we address the question: how do positive 
and negative attitudes toward different types of wildlife 
affect the potential for urban coexistence? Specifically, 
we examined the extent of positive and negative attitudes 
toward a diverse array of wildlife—including small mam-
mals, ground-dwelling birds, reptiles, and pollinators—in 
metropolitan Phoenix, AZ in the southwestern U.S. Using 
data from a survey of residents coupled with geolocated 
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environmental data, we analyzed multidimensional atti-
tudes—which reflect tolerance, appreciation, and stew-
ardship of different wildlife—in relation to three sets of 
explanatory factors: value-based cognitive judgements, 
environmental conditions and experiences, and socio-
demographic attributes of residents (Fig. 1). Respectively, 
and as discussed below, the theoretical explanations draw 
from the cognitive hierarchy framework (Whittaker et al. 
2006; Manfredo 2008), risk perception theory (Slovic 1987; 
Jenkins et al. 2024), and notions of social heterogeneity and 
differentiation (Grove and Burch 1997; Machlis et al. 1997).

Cognitive hierarchy theory posits that relatively broad-
based values, beliefs, and attitudes affect more specific atti-
tudes (Larson and Clark 2023; Manfredo 2008; Whittaker et 
al. 2006). For example, wildlife value orientations (WVOs) 
capture commonly held worldviews, including biocen-
tric protectionism and anthropocentric domination, which 
strongly influence attitudes toward wildlife (Fulton et al. 
1996; Manfredo et al. 2009; Teel and Manfredo 2010). An 
individual’s affinity for a particular place or local ecosys-
tem (e.g., deserts) may further affect their views of native 
wildlife (Anderson and Fulton 2008; Fulton et al. 1996). In 
addition, political orientations may affect attitudes toward 
wildlife and their management, especially those involv-
ing politically contentious government actions and regula-
tory policies (Dietsch et al. 2019; Manfredo et al. 2020). 
Accordingly, we hypothesized that individuals’ WVOs 
would widely affect attitudes toward wildlife; affinity for 
desert ecosystems would especially affect stewardship of 

unique native wildlife; and liberal political identities would 
increase support for protecting wildlife.

Risk perception theory highlights how public views of 
environmental hazards and other threats depend on the char-
acteristics of risks (e.g., whether they are catastrophic and 
controllable), personal experiences with them, and various 
social filters such as media and peer groups (Slovic 1987; 
Kasperson et al. 1988). Thus, a myriad of factors affect the 
willingness to accept risks, and perceptions often diverge 
from expert assessments based on the statistical likelihood 
of outcomes. While personal, social, cultural, and contex-
tual factors combine to influence perceived risks, familiarity 
with a threat also tends to dampen them (Slovic 1987; Jen-
kins et al. 2024). While this may not be the case when peo-
ple’s lives and livelihoods are threatened by wildlife attacks, 
we expected the familiarity thesis may apply to urban wild-
life. The familiarity thesis posits that increased experiences 
with wildlife could increase tolerance, with empirical sup-
port in recent studies of diverse wildlife including small 
mammals, snakes, and insects (Haight et al. 2023b; Larson 
et al. 2024; Liordos et al. 2020; Ngo et al. 2019; Zsido et al. 
2022). Relatedly, nature experiences such as visiting parks 
increase awareness of wildlife and associated recreational 
activities (Hayes Hursh et al. 2024; Ngo et al. 2019). Hence, 
we hypothesized that environmental and personal factors 
that increase exposure to urban wildlife, such as park visi-
tation and tenure of residency, may increase tolerance of 
potential wildlife threats while fostering attitudes conducive 
to coexistence.

Fig. 1  Conceptual overview of 
the multivariate models analyzing 
multifaceted attitudes and under-
lying drivers for human-wildlife 
coexistence. The top of the graph 
depicts the negative-to-positive atti-
tudes we analyzed (i.e., as depen-
dent variables) reflecting tolerance, 
appreciation, and stewardship of 
distinct wildlife. The lower part 
highlights the three sets of theoreti-
cal predictors with variables speci-
fied in boxes.
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Methods

Study area

In the Sonoran Desert of central Arizona, metropolitan 
Phoenix is home to more than five million residents in a 
warm, semi-arid climate. The urban region is expansive 
with low-density, sprawling development interspersed with 
mountainous parks of remnant desert vegetation (Fig.  2), 
which provide significant habitat for native wildlife (Haight 
et al. 2023b; Cocroft et al. 2024). These desert preserves 
punctuate “the Valley” of the Salt, Verde, and Gila Rivers. 
Water flows in these perennial and intermittent rivers are 
highly regulated via diversions and upstream water storage 
in dams; however, their channels and canals serve as habitat 
and corridors for wildlife (Bateman et al. 2015).

Common wildlife in metropolitan Phoenix include mam-
mals such as coyotes (Canis latrans), gray foxes (Urocyon 
cinereoargenteus), collared peccary (Pecari tajacu; collo-
quially and heretofore known as javelina), desert cottontail 
(Sylvilagus audubonii), and black-tailed jackrabbit (Lepus 
californicus). Distinct native bird species include Gambel’s 
quail (Callipepla gambelii; referred to throughout as quail), 
the greater roadrunner (Geococcyx californianus; referred 
to as roadrunner), and four species of hummingbirds. Pol-
linators include the monarch butterfly (Danaus Plexippus) 
and other butterfly species, as well as several species of bats 

As indicated above, social identity and differentiation 
mediate how people perceive and respond to environmen-
tal risks and benefits (Grove and Burch 1997; Machlis et 
al. 1997). Applied to wildlife, sociodemographics (such as 
age, gender, education) have been significantly associated 
with attitudes toward wildlife (Liordos et al. 2020; Ngo et 
al. 2019; Zsido et al. 2022). Thus, we expected that atti-
tudes will differ by racial and ethnic backgrounds, socio-
economic levels, gender, and life stage or lifestyle factors 
that affect people’s experiences and views of distinct types 
of wildlife. This hypothesis is consistent with risk percep-
tion theory, which emphasizes how people’s subjective 
views vary based on personal characteristics and social-
ization (Kasperson et al. 1988; Jenkins et al. 2024). Rather 
than testing specific hypotheses about socio-demographic 
factors, we examined how varied personal and social attri-
butes of residents differentially influence attitudes toward 
wildlife. In addition to standard socio-demographics 
including age, gender, education, income, race and ethnic-
ity, we examined pet ownership since attacks on dogs and 
cats is a main threat that wildlife pose for urban dwellers 
(Larson et al. 2023; Soulsbury and White 2015). Alterna-
tively, despite potential threats to residents, caring for pets 
might signal biophilic care and concern for wildlife such 
that pet-owners exhibit more positive attitudes toward 
wildlife compared to others (Haight et al. 2023b; Larson et 
al. 2021; Liordos et al. 2020).

Fig. 2  The study area and mean atti-
tudes by neighborhood relative to 
the nearest desert preserve in metro 
Phoenix, Arizona. (a) Location 
of surveyed neighborhoods rela-
tive to desert preserves and other 
landscape features, and neighbor-
hood averages for attitudes based 
on proximity to preserves: (b) 
common wildlife (rabbits, lizards, 
foxes, coyotes, snakes), (c) benign 
(hummingbirds, butterflies) and 
threatening pollinators (bees, bats); 
and (d) benign native wildlife 
(desert tortoise, roadrunner, quail, 
jackrabbit), and threatening native 
wildlife (Gila monster, javelina, 
rattlesnake). Points and bars cor-
respond to the mean +/- 1 standard 
deviation for all respondents in 
each neighborhood.
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age of adults, the sample was more highly educated and 
underrepresented Latinos compared to the population. Due 
to the sample characteristics and neighborhood-based sam-
pling design, we focus our interpretation of results on the 
patterns and relationships among attitudes and associated 
explanatory variables.

Data and variables

Dependent variables

To operationalize tolerance, appreciation, and stewardship 
as central concepts for coexistence, we evaluated three 
dimensions of residents’ attitudes (i.e., as dependent vari-
ables, see Figs. 1 and 3; supplementary Table A). First, the 
tolerance measure represented levels of dis/comfort living 
around common wildlife in the study region and other urban 
areas: coyotes, foxes, rabbits, lizards, and snakes (Table 
A1). Specifically, we asked, “please tell us how comfortable 
or uncomfortable you would feel seeing [these] wildlife in 
and around where you live,” with a five-point ordinal scale 
including: very uncomfortable (1), somewhat uncomfort-
able (2), neither uncomfortable nor comfortable (3), some-
what comfortable (4), and very comfortable (5).

Second, appreciation was captured as the extent of dis/
like for diverse pollinators that are found in urban areas: 
bees, bats, hummingbirds, and butterflies (Table A2). We 
included these common pollinators since urban habitats 
can affect their populations and they provide important 
ecosystem services to society (Hall et al. 2017; Lerman et 
al. 2018). In particular, the survey asked: “to what extent 
do you dislike or like the following?” The response scale 
included: dislike a lot (1), dislike somewhat (2), neither dis-
like nor like (3), like somewhat (4), and like a lot (5).

Third, stewardship was operationalized as support/oppo-
sition for protecting iconic native wildlife: javelinas, Gila 
monsters, desert tortoises, jackrabbits, quail, roadrunners, 
and rattlesnakes (Table A3). The five-point response scale 
was: strongly oppose (1), somewhat oppose (2), neither 
oppose or support (3), somewhat support (4), and strongly 
support (5). We chose this set of wildlife to represent iconic 
species in the Sonoran Desert since they might serve as rela-
tively unique conservation ambassadors for the study region 
(Larson and Clark 2023; Macdonald et al. 2017).

For all wildlife, we used colloquial wording (e.g., jave-
lina versus collared peccary) and commonly used termi-
nology for animals (i.e., rather than the names of species) 
to ensure survey respondents recognized the wildlife, and 
therefore, could express attitudes toward them (rather than 
selecting “don’t know”). Using three different sets of spe-
cies for each of our three attitudinal measures (tolerance, 
appreciation, and stewardship) allowed us to simultaneously 

and bees. The Sonoran Desert is also home to several spe-
cies of lizards and snakes, with venomous reptiles including 
six species of rattlesnakes (Crotalus sp.) and the distinctive 
Gila monster (Heloderma suspectum). The Sonoran Desert 
tortoise (Gopherus morafkai) is another iconic reptile in the 
region. According to the state of Arizona (Arizona Game 
and Fish Department 2025), “Species of Greatest Conserva-
tion Need” include: the Sonoran Desert tortoise and Gila 
monster as “tier 1” priorities; two venomous rattlesnake 
species and non-venomous reptiles (three snake and three 
lizard species) as “tier 2” priorities; and three hummingbird 
species (broad-billed, Costa’s, and rufous) and several bat 
species (including the Mexican long-nosed bat) of varying 
priority levels.

Survey sampling and implementation

The data for this study were collected through a survey 
focused on human-environment dynamics in metropoli-
tan Phoenix. With a random, stratified sampling design, 
the 2021 survey focused on twelve neighborhoods pur-
posively chosen due to past and ongoing research in the 
area (see Fig. 2 for locations and areal coverage). Delin-
eated by U.S. census tracts, the neighborhoods are diverse 
demographically (e.g. low to high income) and location-
ally (across urban, suburban, and fringe locations of the 
metro area).

The sampling frame included addresses (n = 496) from 
a previous (2017) survey, in addition to new addresses 
(n = 1053) randomly drawn from the U.S Postal Services 
Delivery Sequence Files within neighborhoods. We overs-
ampled five neighborhoods with low participation in 2017, 
which were lower income areas, by randomly sampling 
105 addresses, compared to 75 addresses from the other 
neighborhoods.

The multi-model survey was implemented through the 
internet and mail. To increase participation, five mailings 
began with an initial letter with a web address for the online 
survey starting in early May, followed by a survey booklet 
with pre-paid, self-addressed envelopes for their return, and 
then a postcard reminder. We followed up with non-respon-
dents with two additional full survey packets (i.e., printed 
booklets with return envelopes) in June and July. The survey 
offered a $5 pre-completion incentive with the first survey 
packet and a post-completion $25 Visa gift card for respon-
dents. Each full packet also included a postage card so par-
ticipants could request a Spanish copy of the questionnaire, 
and a Spanish version of the survey was also sent in the third 
packet to households with Spanish surnames.

The response rate for the survey was 35.6% (n = 509). 
Although the sample was representative of the surveyed 
neighborhoods in terms of household income and average 
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domination variables were reverse coded, and a composite 
scale (Cronbach’s alpha = 0.78) was created as the aver-
age of all nine variables. Measured on a five-point dis/
agree scale with a neutral option in the middle, the average 
response was 3.9, indicating moderately pro-wildlife orien-
tations among the sample. Also measured on a five-point 
dis/agree scale, desert affinity was a composite scale (Cron-
bach’s alpha = 0.87) calculated as the mean of three vari-
ables (i.e., the desert is beautiful, a very special place, and a 
nice place to spend time; Andrade et al. 2019). With an aver-
age response of 4.0, the survey participants were somewhat 
positive about the desert. Political orientation was measured 
on a seven-point scale ranging from very, somewhat, and 
slightly (1–3) conservative or liberal (5–7) with a moder-
ate option (4) in the middle; an average of 4 for the sample 
indicated moderate views overall.

Second, as proxies for potential environmental experi-
ence and familiarity with native wildlife, we evaluated four 
factors that included two survey variables—i.e., reported 
visitation of regional desert parks and length of residence in 
the study region, in addition to two variables calculated in 
GIS based on the location of the residents’ home: distance 
to the nearest desert preserve and the amount of impervious 
surface around residents’ home. Survey respondents indi-
cated the frequency with which they had visited desert parks 
and open spaces in the metro area over the previous year 
using the following five-point scale: never (1), less than 
monthly (2), about monthly (3), more than once a month 
but not weekly (4), and at least once weekly (5). A mean 
response of 3 indicated monthly visits to desert preserves 
for the sample. Respondents also reported the number of 
years lived in the Phoenix region, with an average of 18 
years. For the non-survey variables, we used R version 
4.0.4 (R Core Team 2021) and QGIS version 3.16.16 (QGIS 
Development Team 2021) to capture the environmental con-
text of people’s homes. For proximity to desert preserves, 
which provide crucial habitat to the region’s wildlife, we 
calculated the distance from the centroid of each respon-
dents’ parcel to the nearest desert preserve (Brown et al. 
2021), with an average distance of 5.3 km and a range of 
0.05–16 km. Based on data from the 2019 National Land 
Cover Database (Dewitz 2021), we estimated the percent 
of impervious surface within one kilometer of residents’ 
homes (the mean was 42% with a range of 11–67%).

Third, survey measures captured socio-demographic 
variables including income and education, race and eth-
nicity, and age, gender, and pet ownership. We measured 
income on an eleven-point scale of $20,000 increments that 
ranged from $20,000 or less (1) to more than $200,000 (11). 
We also asked residents to report their highest level of edu-
cation on a six-point scale: grades 1–8 (1), 9–11 (2), high 
school diploma (3), some college or vocational training (4), 

assess multiple kinds of human-wildlife interactions while 
keeping the survey brief to increase response rates.

Explanatory variables

First, we measured wildlife value orientations with nine 
statements including three each for wildlife protectionism 
and human domination (Manfredo et al. 2009) and residen-
tial wildlife experiences (Fulton et al. 1996). The human 

Fig. 3   The dependent variables: attitudes for tolerance (a), apprecia-
tion (b), and stewardship (c) of diverse wildlife. Points and bars cor-
respond to the means +/- 1 standard deviation for individual attitude 
variables, and for the composite survey scales, the shaded areas and 
dotted lines indicate these descriptive statistics (see supplementary 
Table A1-3 for details)
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As detailed below for the factor analysis, attitudes for 
both wildlife appreciation and stewardship were distin-
guished by benign versus potentially threatening animals. 
Thus, simple linear regression models analyzed predictors 
for five highly reliable and distinct attitudinal scales that 
reflect: (dis)comfort with common wildlife (i.e., toler-
ance), (dis)like of benign vs. threatening pollinators (i.e., 
appreciation), and support (vs. opposition) for protect-
ing benign vs. threatening iconic wildlife (i.e., steward-
ship). With missing values replaced by the sample mean 
for the explanatory variables, all model fits were strong, 
and multicollinearity was not problematic based on com-
mon criteria for tolerance (above 0.2) and variance infla-
tion factors (VIF below 2.5; Mansfield and Helms 1982). 
In the results, we report the adjusted R2 values for each 
model while emphasizing variables significant at p < 0.05 
and interpret the standardized Betas (β) of explanatory 
variables (i.e., which involve different data types and 
numeric units) to compare their relative influence on 
each dependent variable. Moreover, β values indicate 
effect sizes across models, wherein 0.10–0.29 are small, 
0.30–0.49 are medium, and > 0.50 are large (Cohen 1988; 
Nieminen 2022).

To test the explanatory power of each set of theoretical 
predictors, we first ran partial models (supplementary Table 
B) with each set of variables (Fig. 1) to compare model fits 
and significant predictors for broad, value-based judge-
ments, environmental factors that reflect potential wildlife 
risks and experiences, and socio-demographic attributes. 
We then present the final results for the full models of all 
predictors for each distinct attitudinal dimension (supple-
mentary Table C), the results of which we underscore in the 
discussion.

Results

As a whole, residents’ distinct attitudes toward wildlife were 
best explained by different explanatory factors (Fig. 4 and 
supplementary Tables B and C). Yet overall, value-based 
judgments, especially pro-wildlife worldviews, consistently 
and most strongly explained all five attitudes, followed by 
social differentiation based on race, ethnicity, and other 
sociodemographic attributes including gender, pet owner-
ship, age, and income. Environmental factors explained the 
least amount of variation across the attitudinal dimensions 
we evaluated, although our hypotheses about nature experi-
ences, specifically frequency of visiting desert preserves and 
proximity to them (Fig. 2), significantly explained specific 
attitudes reflecting tolerance and stewardship. Although 
our hypotheses regarding the three sets of predictors for 
attitudes were supported by the statistical models, a few 

a bachelor’s degree (5), and graduate school (6). The aver-
age income for the sample was 5.9, or roughly $100,000, 
and the average educational level was 4.6, equating to some 
college or a bachelor’s degree (Table 1). For race and eth-
nicity, survey respondents could check all that apply from 
standard options included in census reports. More than 
two-thirds of the sample identified as white, about a fifth 
as Hispanic or Latino (heretofore called Latino), and 6% 
as black, with a small number of Latinos self-identifying as 
white (n = 9) or black (n = 2). Calculated from the reported 
year that participants were born, the average age of survey 
respondents was 54 years. More than half (63%) identified 
as women, which included two non-binary participants, and 
the rest identified as men. Lastly, more than half (58%) of 
respondents had at least one cat or dog.

Statistical analysis

Statistical analysis was conducted in the Statistical Package 
for Social Sciences (SPSS), version 27. We ran descriptive 
statistics for the (16) individual attitudes for distinct wildlife 
representing residents’ levels of tolerance (5), appreciation 
(4), and stewardship (7). Next, factor analysis with principal 
components extraction and Direct Oblimin (Kaiser) rotation 
examined the dimensionality in the three sets of attitudes. 
The factor analysis informed the creation of composite sur-
vey scales that comprise the dependent variables in our mul-
tivariate models (supplementary Table A1-3).

Table 1  Descriptive statistics for explanatory variables. *For binary 
variables, the percentage and mode are presented instead of the mean 
and media, respectively.
Explanatory Variables Mean

(or 
Percent)*

Median
(or 
Mode)*

St. 
Dev.

Range

Value-based Beliefs
Pro-wildlife orientations 3.92 4.0 0.66 1–5
Desert affinity 4.06 4.0 0.92 1–5
Political orientation 3.95 4.0 1.65 1–7
Environmental Experience
Desert visitation 3.09 3.0 1.33 1–5
Length of residency 
(years)

27.6 25.0 17.8 < 1–81

Distance to preserve (km) 5.39 5.34 4.55 0.05–
16.0.05.0

Impervious surface (%) 0.42 0.41 1.15 0.11–0.67
Demographic Attributes
Income 5.87 5.0 3.34 1–11
Education 4.63 5.0 1.19 1–6
Race: white 67.0% 1 n.a. 0–1
Ethnicity: Latino 19.8% 0 n.a. 0–1
Race: black 5.9% 0 n.a. 0–1
Age (years) 54.3 56.0 17.4 18–100
Gender: women 62.7% 1 n.a. 0–1
Pet(s): cat/dog 58.2% 1 n.a. 0–1
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Regarding the factor analysis (Table A2), attitudes toward 
hummingbirds and butterflies accounted for 52% of the vari-
ance in the data (loadings > 0.9; Cronbach’s alpha = 0.87), 
and appreciation of bats and bees accounted for 29% (load-
ings > 0.8; alpha = 0.81). Respectively, we labeled the two 
factors as benign and threatening pollinators since the latter 
dimension included bats, which are often associated with 
diseases such as rabies (Reidinger and Miller 2013) and 
bees, which may sting and cause allergic reactions (Turo 
and Gardiner 2019), whereas hummingbirds and butterflies 
are relatively non-threatening, or benign.

Lastly, for stewardship attitudes, survey respondents 
overwhelmingly supported (either somewhat or strongly; 
85–92%) protecting iconic wildlife including desert tor-
toises, greater roadrunners, Gambel’s quail, and black-
tailed jackrabbits (Fig. 3c; details in supplementary Table 
A3). In contrast, 45–78% supported protecting Gila mon-
sters, javelinas, and rattlesnakes. On average (Fig. 3c), 
support for stewardship was strong for tortoises, roadrun-
ners and quail (4.6 for both), and jackrabbits (means = 4.5–
4.7) with more moderate support for Gila monsters (4.3) 
and javelinas (3.9). The sample was relatively split and 
neutral about rattlesnakes (mean = 3.2), with about one-
third of respondents opposing their protection. Similar to 
appreciation of pollinators, stewardship attitudes were dis-
tinguished by two factors reflecting stronger support for 
relatively benign wildlife (loadings > 0.7–9.7; 57% of vari-
ance explained) compared to the potentially threatening 
wildlife (loadings > 0.7–9.7; 16% of variance explained; 
Table A3). The composite scales for these attitudinal 
dimensions were highly reliable for benign (Cronbach’s 
alpha = 0.87) and threatening (alpha = 0.81) iconic wildlife.

variables were insignificant in all models (i.e., education, 
political orientation, and impervious surface).

Multidimensional attitudes toward different wildlife

Regarding tolerance, more than three-fourths of survey 
respondents were either somewhat or very comfortable 
living near rabbits and lizards, whereas the percentages 
dropped to just below half for foxes and coyotes and only 
a quarter for snakes, which was the only wildlife toward 
which a majority of participants expressed discomfort (Fig. 
3a; details in supplementary Table A1). On average, resi-
dents were “somewhat uncomfortable” living around snakes 
(mean = 2.3), relatively “neutral” about coyotes (3.1) and 
foxes (3.3), and “somewhat comfortable” with lizards (4.2) 
and rabbits (4.4). With decreasing levels of comfort, resi-
dents’ attitudes exhibited greater variation around the means 
(Fig. 3a). Based on the factor analysis (Table A1), attitudes 
toward foxes, coyotes, lizards, rabbits, and snakes produced 
a single factor (loadings 0.71–87.71 and 63% of variance 
explained). As a composite scale (Cronbach’s alpha = 0.85), 
the average of these five variables comprised the dependent 
variable for tolerance of wildlife.

For appreciation of pollinators, the vast majority (95–
97%) of respondents reportedly like hummingbirds, in 
contrast to just over half for bees and only a third for bats 
(Fig. 3b; details in supplementary Table A2). Overall, the 
sample means indicated a strong appreciation of humming-
birds (4.8) and butterflies (4.7), lower appreciation of bees 
(3.5) and neutral attitudes to mild dislike of bats (2.7). With 
averages around the midpoint on the response scale, resi-
dents held more disparate views of bees and bats (Fig. 3b). 

Fig. 4  Regression results explain-
ing distinct attitudes toward wildlife 
(full models). Only significant vari-
ables are shown, with the percent-
age of variance explained based on 
adjusted R2 values in parentheses 
for each dependent variable. Insig-
nificant variables included desert 
affinity, pollical orientation, imper-
vious surface, education, and race: 
black. See supplementary Table C 
for model details. For wildlife cap-
tured in the dependent variables, 
see Fig. 3
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The environmental variables best explained tolerance of 
common wildlife (R2 = 0.07) and appreciation of threaten-
ing pollinators (R2 = 0.06), followed by stewardship support 
for threatening iconic wildlife (R2 = 0.04) and appreciation 
of benign pollinators (both R2 = 0.02). While Betas were 
relatively small in these partial models, the strongest envi-
ronmental variables (β values around 0.2; Table  2) were 
distance from desert preserves, which decreased tolerance 
of wildlife (Fig. 2), and desert visitation, which increased 
stewardship of threatening iconic wildlife. Desert visita-
tion significantly explained four of the five attitudinal scales 
(β = 0.13–0.21), with the exception being appreciation of 
benign pollinators. Distance from desert preserves was also 
significant in four models (β = −0.09 to −0.22), with the 
exception of stewardship support for threatening iconic 
wildlife. In addition, tenure of residency explained attitudes 
toward both groups of benign wildlife (β = 0.10–0.11), but 
not threatening wildlife or tolerance of common wildlife. 
Impervious surface was insignificant across all partial mod-
els with the environmental variables.

Based on adjusted R2 values, the social differentiation 
models explained a moderate amount of variation (6–17%) 
in attitudes compared to the above models. All socio-
demographic variables except education were significant 
for at least one attitudinal dimension, although the stan-
darized Beta values indicated small effects (Table 2; sup-
plementary Table B). Socio-demographics best explained 

Explanations for multi-dimensional attitudes 
toward wildlife

Partial model results

Among the three sets of predictor variables, value-based 
cognitive factors best explained attitudes (7–25% of varia-
tion), particularly toward threatening and iconic wildlife 
(Table  2 and supplementary Table B). Specifically, the 
highest adjusted R2 values for the partial models were 
for appreciation of the threatening pollinators (R2 = 0.25) 
and stewardship support for threatening iconic wildlife 
(R2 = 0.25), followed by benign iconic wildlife (R2 = 0.21). 
The cognitive variables also explained variation in people’s 
tolerance of common wildlife (R2 = 0.17) and appreciation 
of benign pollinators (R2 = 0.07). Based on standardized 
Betas ranging from 0.26 to 0.45, pro-wildlife worldviews 
most strongly yet moderately influenced all attitudes 
(Table 2). Additionally, desert affinity was significant, albeit 
with low effect sizes (β = 0.10–0.11), for tolerance of com-
mon wildlife and stewardship support for both sets of iconic 
wildlife. Political orientation was insignificant in all five 
partial models.

Compared to both cognitive and socio-demographic fac-
tors, the partial models testing how environmental factors 
affect attitudes toward wildlife explained the least amount 
of variation (2–7%; Table  2 and supplementary Table B). 

Explanatory Vari-
ables: Partial Models

Comfort: Com-
mon Wildlife

Like:
Pollinators
Benign

Like: Pollinators 
Threatening

Support: 
Iconic 
Benign

Support: 
Iconic 
Threatening

Model 1: Value-
based Beliefs

R2 = 0.17 
F = 35.3 
p < 0.001

R2 = 0.07 F = 13.3 
p < 0.001

R2 = 0.25 
F = 58.0 p < 0.001

R2 = 0.21 
F = 45.6 
p < 0.001

R2 = 0.25 
F = 56.5 
p < 0.001

Pro-wildlife values 0.38*** 0.26*** 0.45*** 0.45*** 0.44***
Desert affinity 0.11** 0.05 0.10** 0.03 0.11**
Politically liberal −0.04 −0.05 0.02 −0.01 0.04
Model 2: Environ-
mental Experiences

R2 = 0.07 
F = 11.0 
p < 0.001

R2 = 0.02 F = 3.6 
p = 0.007

R2 = 0.06 F = 9.6 
p < 0.001

R2 = 0.02 
F = 4.0 
p = 0.003

R2 = 0.04 
F = 6.2 
p < 0.001

Desert visitation 0.13*** 0.04 0.17*** 0.10** 0.21***
Years residency 0.02 0.11** −0.02 0.10** 0.07
Distance to preserve −0.22*** −0.11** −0.17*** −0.09** −0.02
Impervious surface −0.07 −0.02 0.05 0.01 −0.02
Model 3. Demo-
graphic Attributes

R2 = 0.17 
F = 11.5 
p < 0.001

R2 = 0.06 F = 4.7 
p < 0.001

R2 = 0.17 
F = 13.3 p < 0.001

R2 = 0.06 
F = 5.2 
p < 0.001

R2 = 0.07 
F = 5.6 
p < 0.001

Income 0.14*** 0.03 0.03 0.08 0.07
Education −0.01 0.03 0.06 −0.04 0.03
Race: white 0.20*** 0.12** 0.21*** 0.14*** 0.15**
Ethnicity: Latino −0.10* −0.07 −0.14*** −0.13** −0.05
Race: black −0.09** −0.03 −0.05 −0.02 0.00
Age −0.07 0.13*** −0.03 0.02 −0.13**
Gender −0.14*** 0.10** −0.22*** −0.02 −0.08*
Pet(s): cat or dog 0.13*** −0.01 0.10** 0.11** 0.12***

Table 2  Regression results for par-
tial models testing distinct theoreti-
cal predictors of wildlife attitudes. 
Standardized Betas presented 
at p < 0.01***, p < 0.05**, and 
p < 0.1* levels, along with adjusted 
R2 values. Missing values replaced 
by means. Bolded Beta values indi-
cate significant variables in the full 
models at p < 0.05 (Fig. 4 and Table 
B). See Supplementary Tables D 
for additional partial model details

 

1 3

Page 9 of 15     99 



Urban Ecosystems           (2026) 29:99 

impervious surface variable was insignificant in all models 
(Table C).

Similar to the partial models, sociodemographic factors 
exhibited complex relationships with attitudes toward wild-
life, as no single explanatory variable was significant across 
all five attitudes (Fig. 4). Gender had the highest Beta values 
in absolute terms, with women expressing lower apprecia-
tion of threatening pollinators (β = −0.22), lower tolerance 
of common wildlife (−0.18), and lower stewardship of 
threatening iconic wildlife (−0.13) compared to men. Mean-
while, older people exhibited lower tolerance for living 
around common wildlife (β = −0.19) and lower levels of 
stewardship support for threatening iconic wildlife (−0.13). 
The white and Latino variables (β = 0.11 and − 0.10 respec-
tively) were also significant for appreciation of threatening 
pollinators; moreover, white residents expressed greater tol-
erance of wildlife compared to other residents (0.13), and 
Latino residents expressed lower stewardship support for 
benign iconic wildlife (−0.10). Additionally, wealthier resi-
dents expressed greater tolerance around common wildlife 
(β = 0.10) and greater stewardship support for benign desert 
species (0.10) compared to lower-income residents. Lastly, 
pet ownership was significant in one full model, such that 
people who have at least one dog or cat expressed more tol-
erance for living around wildlife compared to people with-
out these pets (supplementary Table C).

Discussion

Aligning with past research (Fulton et al. 1996; Teel and 
Manfredo 2010), our study demonstrates that pro-wildlife 
views dominated explanations of varied attitudes. This 
finding confirms that value-based judgments substan-
tially influence specific attitudes; however, affinity for the 
desert had minimal impact on select yet diverse attitudes 
(Table 2), and political orientations were not significant for 
stewardship attitudes (as hypothesized) or otherwise (Table 
C). Our hypotheses regarding environmental factors were 
partially supported, wherein factors reflecting local nature 
experiences explained tolerance of common wildlife and 
stewardship of iconic local wildlife, but not appreciation 
of pollinators. This finding validates past research that sug-
gests nature experiences positively impact attitudes, includ-
ing tolerance for relatively disliked wildlife such as snakes 
(Larson et al. 2024; Ngo et al. 2019). Meanwhile, despite 
the lower occurrence of wildlife in urbanized areas (Haight 
et al. 2023a), developed land (as measured by impervious 
surface) around residents’ homes did not affect attitudes. 
Lastly, our hypothesis about attitudes varying by social 
identity and related demographic attributes was confirmed, 
with race and ethnicity, socioeconomic status, and age 

tolerance of common wildlife and appreciation of threat-
ening pollinators (R2 = 0.17 for both models), followed by 
support for protecting threatening (R2 = 0.07) and benign 
(R2 = 0.06) iconic wildlife and appreciation of benign pol-
linators (R2 = 0.06). For all five models, white residents 
were significantly more positive about wildlife than others 
(β = 0.14–0.21), with comparatively high Betas (~ 0.2) for 
tolerance of wildlife and appreciation of threatening pol-
linators. In contrast, Latino residents were more negative 
toward threatening pollinators and benign iconic wildlife 
(β = −0.14 and − 0.13 respectively). Black residents were 
also less tolerant of wildlife (−0.09). Meanwhile, higher 
income residents were more tolerant of wildlife (β = 0.14) 
than lower income residents. Additionally, women were 
less appreciative of threatening pollinators (β = −0.22) and 
less tolerant of wildlife (−0.14) than men; however, women 
expressed greater appreciation of benign pollinators (0.10). 
Similarly, age had varying effects on attitudes toward wild-
life, with older people expressing greater appreciation of 
benign pollinators (β = 0.13) but lower stewardship support 
for threatening iconic wildlife (−0.13). Lastly, pet owner-
ship was significantly and positively related to four of the 
distinct attitudes (0.11–0.13), excluding appreciation of 
benign pollinators.

Full model results

With all three sets of explanatory variables, the full models 
(Fig. 4) best explained attitudes toward threatening pollina-
tors (R2 = 0.37) and iconic local wildlife (R2 = 0.32), as well 
as comfort living near common wildlife (R2 = 0.29). Stew-
ardship support for benign wildlife was also relatively well 
explained by the full models (R2 = 0.24) but less so for appre-
ciation of benign pollinators (R2 = 0.10). Wildlife value ori-
entations was the only variable significant in all five models, 
with small to moderate effects; in particular, standardized 
Betas ranged from a low of 0.23 for appreciation of benign 
pollinators and 0.34 for tolerance for common wildlife to a 
high of 0.44 for appreciation of threatening pollinators and 
stewardship support for both threatening and benign iconic 
wildlife (details in supplementary Table C). Neither desert 
affinity nor political orientation were significant in any of 
the full models.

The environmental variables were most strongly linked 
to stewardship support (Fig.  4), wherein longer residency 
in the region and visitation of desert preserves (β = 0.13 and 
0.09 respectively) increased support for protecting threaten-
ing iconic wildlife. Tenure of residency was also significant 
(0.10) for protecting benign iconic wildlife. Meanwhile, 
distance to desert preserves explained comfort living near 
wildlife (β = −0.11), with residents closer to preserves exhib-
iting greater tolerance. As an indicator of urbanization, the 
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of metro Phoenix, Arizona—exhibited higher tolerance for 
wildlife and greater support for stewardship of iconic wild-
life. Importantly, positive attitudes extended to both toler-
ance and conservation support for potentially threatening 
wildlife including coyotes, javelina, and rattlesnakes.

Coupled with our finding that stewardship and other atti-
tudes were not significantly influenced by political orien-
tation, our results indicate that fostering experiences with 
nature and wildlife may enhance stewardship and conser-
vation efforts in ways that can transcend partisan politics. 
Based on our findings and others (e.g., Liordos et al. 2020; 
Ngo et al. 2019), outreach activities that incorporate nature 
experiences–especially hands-on and field-based learning 
about wildlife (e.g., Larson et al. 2024; Prévot et al. 2018)—
could increase positive attitudes toward wildlife and their 
protection. In addition, since childhood experiences are 
formative for conservation attitudes and behaviors (Larson 
et al. 2024; Ngo et al. 2019), youth-oriented programs are 
recommended, along with those targeted to communities 
underserved by nature experiences (Kuras et al. 2020; Row-
land-Shea et al. 2020).

Socially heterogenous attitudes toward wildlife

Our findings for sociodemographic drivers of attitudes 
underscore how social heterogeneity and differentiation 
(Grove and Burch 1997; Machlis et al. 1997) affect mul-
tifaceted attitudes toward diverse wildlife (Liordos et al. 
2020; Ngo et al. 2019; Zsido et al. 2022). In particular, we 
found that lower-income, non-white and Latino residents 
expressed lower tolerance and appreciation of wildlife, spe-
cifically in terms of feeling less comfortable around wildlife 
and disliking pollinators such as bats and bees more so than 
higher income and non-Latino residents. Latinos were also 
less supportive of protecting benign iconic wildlife includ-
ing quail, jackrabbits, and reptiles. These findings may be 
due to lower access to natural areas among Latinos (Kuras 
et al. 2020; Rowland-Shea et al. 2020); however, more 
research is needed to fully understand how and why ethno-
racial beliefs and experiences affect people’s experiences 
with and attitudes toward wildlife (Dietsch et al. 2019; Lute 
and Gore 2019).

Since threats to pets are among the top risks that wild-
life pose to urban residents (Soulsbury and White 2015), the 
biophilic effects of pet ownership in our study—as well as 
others (e.g., Haight et al. 2023b; Larson et al. 2021; Lior-
dos et al. 2020)—suggest that risks to pets may be less 
of a problem for coexistence than intuitively assumed. 
Acknowledging potential harms to pets, however, could still 
include keeping pets indoors, supervised, or on leashes to 
keep them safe, especially given the negative impacts pets 
have on wildlife (Loss et al. 2013). The combined message 

and gender influencing distinct attitudes in complex ways, 
thereby demonstrating the discriminant validity of the 
attitudinal dimensions we analyzed. As discussed further 
below, our analysis of multidimensional attitudes toward 
distinct wildlife underscores the need to tailor wildlife and 
land management in heterogenous cities to diverse people, 
places, and wildlife to achieve social legitimacy of coexis-
tence through holistic yet stratified approaches (Larson and 
Clark 2023; Liordos et al. 2020; Tan et al. 2020).

Dominance of value-based judgments

The significance of wildlife values in explaining multifac-
eted attitudes in our study is consistent with the cognitive 
hierarchy model (e.g., Manfredo 2008; Teel and Manfredo 
2010; Whittaker et al. 2006). Although not surprising or 
novel, this finding amplifies the importance of understand-
ing value-based views and their implications for managing 
human-wildlife interactions, especially since attitudes and 
underlying values are difficult and slow to change (Heber-
lein 2012; Larson and Clark 2023; Manfredo 2008). Given 
the beliefs embodied in the pro-wildlife worldviews we 
evaluated, conservation messaging might emphasize mutu-
alism, protectionism, and appreciation, which are values 
that have increased in the US in recent decades (Manfredo 
et al. 2020). Outreach aimed at coexistence could further 
emphasize anthropocentric benefits such as pest control, 
especially for undervalued wildlife such as snakes, which 
residents may be willing to protect despite negative attitudes 
(Larson et al. 2024). Our results also highlight the impor-
tance of controlling for worldviews to understand the effect 
of other factors—such as environmental experiences and 
socio-demographics—on attitudes toward different wildlife.

Role of nature experiences and environmental 
factors

Broadly, our results for environmental factors indicate that, 
similar to the familiarity thesis in risk perception research, 
residents’ experiences with wildlife may attenuate percep-
tions of related risks and increase people’s tolerance of 
wildlife (Jenkins et al. 2024; Kasperson et al. 1988; Lute 
et al. 2020; Slovic 1987). This finding is notable since (1) 
risk perception research has largely focused on natural and 
technological hazards; and (2) much of the human-wildlife 
research has demonstrated intolerance for wildlife among 
people who are most affected by threats (e.g., ranchers 
whose livestock is threatened by large carnivores; Lute and 
Gore 2019). In contrast, urban residents in our study who 
were more likely to encounter wildlife—that is, based on 
proximity to habitat, how often they had visited desert pre-
serves, and how long they had lived in the Sonoran Desert 
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2022). As noted above, improved measures for experiences 
with wildlife could increase the explanatory power of mul-
tivariate models, since our environmental models explained 
the least amount of variance in attitudes toward widllife. In 
general, since our goal was not to predict attitudes (Ozili 
2023), but instead to compare explanations for multifaceted 
attitudes across distinct theoretical predictors for different 
dimensions of attitudes toward wildlife, the results of our 
research are nonetheless informative.

Implications for human-wildlife coexistence

Overall, heterogeneity in attitudes across different people 
and places (Figs. 2 and 3) calls for diverse strategies for 
human-wildlife coexistence, including those aimed at 
managing both human-wildlife interactions and human-to-
human conflicts (Lute and Gore 2019; Pooley et al. 2021). 
For the latter, identifying attitudes that are negative or neu-
tral, on average, and highly varied (e.g., for coyotes and 
bats; see Fig. 3) can help wildlife managers anticipate and 
plan for disagreement over contentious species. Moreover, 
when residents exhibit low tolerance and appreciation of 
wildlife (e.g., potentially threatening snakes and bats; Fig. 
3), management efforts could focus on deterrence strategies 
to keep unwanted wildlife off private property. To increase 
their effectiveness while preventing harm to wildlife, evi-
dence-based deterrence efforts (e.g., hazing; Sampson and 
Van Patter 2020) could be tailored to species such as coy-
otes or to neighborhoods with high occurrence of unwanted 
or potentially threatening wildlife (Haight et al. 2023a). As 
another example, removal of low-lying vegetation (e.g., 
lantana) and other landscape features (e.g., hose contain-
ers), which serve as places for snakes to shelter and forage, 
can prevent feared or unwelcomed wildlife on residential 
or other properties, as can snake-proof fencing (Bateman 
et al. 2021; Enloe et al. 2024). Whether through fencing, 
vegetation maintenance, or removal of attractants such as 
pets, food, and water (Reidinger and Miller 2013), deter-
rence strategies are important for coexistence in the face of 
negative attitudes toward particular wildlife. Considering 
that coexistence involves managing conflicts and intoler-
ance toward wildlife (Bhatia 2021; Glikman et al. 2021; 
Pooley et al. 2021), promoting conflict-prevention strategies 
that keep people safe and reassured while also protecting 
wildlife populations are a crucial part of the management 
toolkit for coexistence.

Meanwhile, when public appreciation is high (e.g., for 
pollinators such as hummingbirds and butterflies) or stew-
ardship support is widespread (e.g., for iconic wildlife such 
as desert tortoise and roadrunners), wildlife could serve as 
conservation ambassadors (Macdonald et al. 2017). Since 
desert tortoises, monarch butterflies, and some species of 

of keeping both pets and wildlife safe could broadly appeal 
to diverse residents, rather than focusing on one message or 
the other.

Together, our novel findings regarding positive attitudes 
linked to both pet ownership and residents’ proximity to 
nature preserves (i.e., as primary urban habitat) warrant 
deeper examination since both factors increase the poten-
tial threats of wildlife to people (Soulsbury and White 
2015; Larson et al. 2023). In light of “Not in My Backyard” 
(NIMBY) opposition to environmental risks, including 
decreased tolerance of ‘backyard wildlife’ in some studies 
(e.g., Hamazaki and Tanno 2002; Scott et al. 2016), our find-
ings are surprising and significant for coexistence since risk 
factors were linked to higher tolerance and support for stew-
ardship. Future studies could further test our results through 
similar approaches that couple survey data with geolocated 
environmental variables, such as proximity to wildlife cor-
ridors and other habitat features. Additional research could 
also explore how fear or other factors underly perceived 
threats and tolerance of wildlife risks.

Research limitations and future research

We acknowledge several limitations to our study. First, we 
only evaluated certain dimensions of tolerance, apprecia-
tion, and stewardship for limited types of wildlife. Future 
research could build on this research by examining dis-
tinct attitudes under the coexistence framework, inclu-
sive of small mammals, herpetofauna, invertebrates, and 
other understudied wildlife (Collins et al. 2021; Magle et 
al. 2019). Similar research can inform holistic approaches 
to managing wildlife in shared urban landscapes while 
complementing single-species or taxa research to identify 
varied public responses to different wildlife (Liordos et al. 
2020; Tan et al. 2020). To this end, operationalizing atti-
tudes and behaviors within the framework of coexistence 
is worthwhile for managing a range of passive-to-active 
interactions (from tolerance to stewardship; Fig.  1) and 
outcomes for both wildlife and people. Second, regard-
ing our environmental measures for nature and residential 
experiences broadly, future studies could more precisely 
examine how specific experiences with wildlife uniquely 
affect different attitudes and behaviors. Third, given var-
ied findings about sociodemographics within and across 
studies, as well as our limited focus on neighborhoods in 
metropolitan Phoenix, meta-analyses or systematic litera-
ture reviews (similar to Kansky et al. 2014) could compare 
how different socio-demographic attributes affect attitudes 
toward distinct wildlife across geographic contexts.

Lastly, we realize that the R2 values for some of our mod-
els were small, as were the effect sizes for explanatory vari-
ables based on standardized Betas (Cohen 1988; Nieminen 
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Data availability  The survey data are currently being prepared for 
online publication. The reference will be added before publication.
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