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ABSTRACT Conserving large carnivores while keeping people safe depends on finding means for peaceful
coexistence. Although large carnivore populations are generally declining globally, some populations are
increasing, causing greater overlap with humans and increasing potential for conflict. One method of
reducing conflict with large carnivores is to secure attractants like garbage and livestock. This method is
effective when implemented; however, implementation requires a change in human behavior. Human-
wildlife interaction is a public good collective action problem where solutions require contributions from
many and individual actions have effects on others. We used the collective interest model to investigate how
individual and collective factors work in concert to influence landowner attractant securing behavior in
Montana, USA, in black (Ursus americanus) and grizzly bear (U. arctos) range. We used data from a mail-
back survey to develop logistic regression models testing the relative effects of collective and individual
factors on landowners' attractant securing behaviors. The most important factor was whether individuals
had spoken to a wildlife professional, a reflection of social coordination and pressure. Other collective
factors (e.g., social norms [i.e., expectations and behaviors of peers] and the existence of discussion net-
works [i.e., how much social influence an individual has]) were equally important as individual factors (e.g.,
beliefs, age, gender) for influencing attractant securing behavior among Montana landowners. This research
suggests pathways for wildlife managers and outreach coordinators to increase attractant securing behavior
by emphasizing collective factors, such as social norms, rather than appealing exclusively to individual
factors, such as risk perception of large carnivores. Furthermore, wildlife agencies would be justified in
increasing their efforts to connect with landowners in person and to connect with members of the public
who play an important role in discussion networks. This research demonstrates that, even on private lands,
collective interests may be a missing and important piece of the puzzle for encouraging voluntary attractant

securing behavior and improving wildlife-human coexistence. © 2021 The Wildlife Society.

KEY WORDS attractants, black bears, carnivores, collective action, grizzly bears, human-wildlife conflict, social
norms.

Despite some confusion over its exact definition (Bhatia
et al. 2020, Knox et al. 2021), coexistence with carnivores is
an increasingly common goal for wildlife agencies, especially
in areas where large carnivore populations are increasing and
stakeholders are attempting to mitigate their effects on
people (Frank et al. 2019). Although large carnivores are of
global conservation concern and most populations are de-
clining around the world (Ripple et al. 2014), there are a few
instances where populations are growing or ranges are

Received: 15 July 2020; Accepted: 18 March 2021

LE-mail- nesbitt. holly@gmail.com

expanding. In these areas, at least partly because of increased
human-carnivore overlap, reported interactions and conflicts
(i.e., negative interactions) have increased, such as with
wolves (Canis Ilupus) in the United States (Treves
et al. 2002) and Europe (Salvatori and Linnell 2005), brown
or grizzly bears (Ursus arctos) in Scandinavia (Steen
et al. 2018) and Canada (Morchouse and Boyce 2017),
Asiatic black bears (U. thibetanus) in Japan (Honda
et al. 20094), cougars (Puma concolor) in North America
(Beier 1991, Halfpenny et al. 1991), and American black
bears (U. americanus) in North America (Baruch-Mordo
et al. 2008, Colorado Parks and Wildlife 2015, Morehouse
and Boyce 2017). Black and grizzly bear populations are
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expanding (Garshelis et al. 2016, Interagency Grizzly Bear
Committee 2020), interactions with humans are increasing
(Morehouse and Boyce 2017), and debates regarding grizzly
bear listing status in the contiguous United States under the
Endangered Species Act (ESA) are escalating (Mott and
Burnham 2019). Conflicts such as these pose a substantial
challenge for the continued recovery of large carnivores
globally. Efforts to reduce negative human-wildlife inter-
actions are generally selected from a suite of measures that
strive to be consistent with recovery and conservation goals
(Treves and Karanth 2003) and can include aversive con-
ditioning, translocation, or euthanasia of animals; monetary
compensation or incentives paid to victims of carnivore ef-
fects; and modifications to human behavior (Sillero-Zubiri
et al. 2007, Krafte Holland et al. 2018).

Conflict reduction measures seeking to modify human
behavior to reduce the likelihood of negative human-wildlife
interactions can benefit from social science insights and
experimental evaluations of human behavioral interventions
(Lischka et al. 2018). Human behaviors that can help re-
duce negative interactions with wildlife include animal
husbandry practices, such as maintaining small herds and
keeping herds closer to people, and securing attractants,
such as removing food sources or establishing physical
barriers (Sillero-Zubiri et al. 2007, Krafte Holland
et al. 2018). Efforts to reduce the likelihood of human in-
teractions with carnivores by securing attractants are effec-
tive in agent-based modeling exercises (Marley
et al. 2017, 2019) and practical applications (Bradley and
Pletscher 2005, Honda et al. 20094, Wilson et al. 2018), yet
most effectiveness studies assume that human behavior is
easy to change (Dietsch et al. 2018). Assumptions such as
these lead practitioners to believe that they simply need to
educate the public for them to adopt desired behaviors;
however, human behavior is far more complex and behavior
change is far more challenging (Heberlein 2012, Gore
et al. 2016). For example, attractant securing behaviors may
be influenced by factors intrinsic to each individual person,
such as past experiences with carnivores (Pienaar
et al. 2015), attitude towards the behavior (Martin and
McCurdy 2009, Willcox et al. 2012), and perceived risk
(Eklund 2019). Although education and outreach can help
improve people's knowledge on how to secure carnivore
attractants properly, limiting factors such as time and money
may hinder uptake of attractant securing behavior regardless
of an individual's level of understanding or desire (Pienaar
et al. 2015, Dietsch et al. 2018). Although a few studies
have investigated how these individual factors influence
uptake of attractant securing behavior, the effects of social
pressures (i.e., collective factors) are not well understood
and may prove useful for efforts to inspire adoption of these
behaviors.

Individual decisions by landowners and social dynamics
among landowners make coexisting with wildlife a collective
social experience. For example, landowners who protect
themselves from negative carnivore interaction by installing
electric fences may transfer risk to neighbors (Asheim and

Mysterud 2005, Osipova et al. 2018), whereas landowners

who fail to secure attractants may elevate risk for themselves
and neighbors alike. Furthermore, social-psychological dy-
namics may compound the collective nature of human-
wildlife coexistence. For example, an individual's decision to
secure carnivore attractants may be influenced by the be-
haviors and expectations of peers (i.e., social norms; Martin
and McCurdy 2009, Willcox et al. 2012, Young 2018), even
more so than their own attitudes and perceived behavioral
controls (Sakurai et al. 2015) or emotions (Eklund 2019).
There is a large body of evidence reporting that social norms
substantially influence human behavior in a wide range
of contexts, including wildlife management (Zinn
et al. 1998, Campbell and Mackay 2003, Marchini and
Macdonald 2012, Ceausu et al. 2019). Additionally, there is
a small but growing effort to understand the role of social
norms on carnivore attractant securing behaviors (Martin
and McCurdy 2009, Willcox et al. 2012, Sakurai et al. 2015,
Young 2018, Eklund 2019).

Despite increasing attention to normative influences on
human behavior and the collective behaviors required to
successfully mitigate human-wildlife conflict, the mecha-
nisms by which collective action influences human-wildlife
coexistence remain unclear. In its most basic terms, collec-
tive action problems arise when the efforts of >2 actors are
required to accomplish an outcome (Ostrom 1998,
Sandler 2015). In common pool resource collective action
problems, solutions require restraint to prevent resource
depletion, as opposed to public good collective action
problems, which generally require contributions from actors
to maintain or produce the public good (Graham
et al. 2019, Niemiec et al. 2020). Required contributions to
collective action solutions for the public good (e.g., securing
bear attractants) can be facilitated or constrained by in-
dividual and collective factors. Although individual factors,
such as age, values, education, gender, and abilities, are
intrinsic, collective factors arise from the collective character
of the context or problem, such as an understanding of in-
teractions across scales and boundaries, beliefs about com-
munity expectations, and confidence in the group's ability to
accomplish goals (Ostrom 1990, Chong 1991, Finkel and
Muller 1998). These collective factors can be a result of
external forces (e.g., formal laws or sanctions or informal
social sanctions) or internal forces (e.g., wanting to be
neighborly), and are often interrelated. Although in-
dividuals may pursue self-interested actions that do not
further the best interests of the group, individuals may
change their behavior to reciprocate the actions of others,
particularly if they trust each other, and to protect their
reputation to meet perceived community expectations based
on normative beliefs (Ostrom 1998). Collective action
theory has been helpful for better understanding natural
resource issues, such as managing weeds on private land
(Yung et al. 2015) and wildlife (Wagner et al. 2007), illu-
minating the importance of social capital (e.g., trust, reci-
procity, shared norms or values, and social networks) in
forming voluntary associations (Wagner et al. 2007), and
influencing perceptions of risk (Carter et al. 2020). These
factors can either facilitate or constrain cooperation toward
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mutually beneficial outcomes. Wildlife managers have re-
ported use in collective action theory in Florida, USA,
where human behavior (i.e., securing bear attractants) has
been related to whether a person believes their behavior will
influence the collective goal of reduced human-wildlife
conflict (Pienaar et al. 2015). Expanded adoption of a col-
lective action frame may continue to prove useful given the
collective interest in securing wildlife attractants, a voluntary
behavior likely influenced by social norms, trust, and other
collective factors.

One way to examine the relative effects of individual and
collective factors on human behavior is through the collec-
tive interest model (Finkel et al. 1989). The collective in-
terest model has been used to explain why individuals
engage in collective political activism (Finkel et al. 1989,
Finkel and Muller 1998), global warming activism (Lubell
et al. 2007), shared housing (Yau 2011), and weed control
behaviors (Niemiec et al. 2016, Lubeck et al. 2019). For
example, Lubell et al. (2007) examined the relative im-
portance of individual and collective factors in promoting
different kinds of global warming activism among people.
They reported that collective factors such as perceptions of
community reciprocity, perceptions of government official
competence, evidence of political discussion in social net-
works, and level of engagement in community activities
were significant predictors of global warming activism.
Niemiec et al. (2016) used the collective interest model to
understand factors influencing private landowner's engage-
ment with weed control behaviors in Hawaii, USA, finding
that collective factors like injunctive norms (i.e., perceived
expectations from others) and community reciprocity were
among the most significant factors influencing landowner
behavior to control weeds—more significant than individual
risk perception. In a similar study in Montana, USA,
Lubeck et al. (2019) reported that weed control behaviors
were significantly predicted by collective factors like in-
junctive norms and a belief in the cross-boundary nature of
the problem. To our knowledge, this model has not been
applied in the context of wildlife management but may help
clarify the relative importance of individual and collective
factors affecting uptake of actions that might mitigate
human-wildlife conflict.

We investigated the relative importance of multiple col-
lective factors on landowners' behaviors to secure bear at-
tractants in Montana. We focused specifically on securing
items that would attract black or grizzly bears. We applied
the collective interest model to test how individual and
collective factors relate to different bear attractant securing
behaviors. We hypothesized that mitigating the risk of bear-
human interactions on private lands is a collective action
problem because, holding individual factors constant, col-
lective factors would explain significant additional variation
in individual landowner attractant securing behaviors.

STUDY AREA

We conducted this study in Montana (380,000 km?) in
2018. Elevations in Montana range from 557 m to 3,900 m.
Mountainous forested landscapes occur in the west, with

common tree species including Douglas-fir (Pseudotsuga
menziesii), Engelmann spruce (Picea engelmannii), lodgepole
(Pinus contorta) and ponderosa pines (P. ponderosa), quaking
aspen  (Populus  tremuloides), ~western larch  (Larix
occidentalis), and western red cedar (Thuja plicata). Grass
and shrub-dominated plains occur in the east, with common
species including western wheatgrass (Pascopyrum smithii),
blue grama (Bouteloua gracilis), rough (Festuca campestris)
and Idaho fescue (F. idahoensis), and big sagebrush
(Artemisia tridentata wyomingensis). In Montana, there are
several large carnivore species, including gray wolves,
mountain lions, coyotes (C. Jatrans), and bobcats (Lynx
rufus), and ungulates, including mule deer (Odocoileus hem-
ionus), pronghorn (Antilocapra americana), and elk (Cervus
canadensis). There are four seasons (spring is Mar—May,
summer is Jun—Aug, fall is Sep—Nov, and winter is
Dec-Feb). Climate varies considerably across the state: the
west is characterized by a northern Pacific coastal climate
and the east by a semi-arid continental climate (Weather
Atlas 2021). Average January lows range from —17 to —=5°C
and July highs range from of 24 to 31°C across the state
(Current Results 2021). Annual total precipitation ranges
from 177.8 mm in the southern lowlands to 889 mm in the
northwest mountains (Frankson et al. 2017). Dominant
land uses include forestry, agriculture, and recreation.
Montana has a population of just over 1 million people and
a population density of 2.8 people/km” (World Population
Review 2020).

Montana is home to American black and grizzly bears, the
latter of which are protected by the ESA although their
populations and ranges have recently expanded in certain
parts of the state (Fig. 1). The Montana Department of
Fish, Wildlife, & Parks (FWP) manages wildlife in the
state, working in conjunction with the United States Fish
and Wildlife Service for species listed under the ESA. Black
bear populations are most dense in forested areas
(FWP 2020), with the population most recently estimated
at 13,307 individuals across the state (Mace and Chilton-
Radandt 2011). Grizzly bear populations are most dense in
the Northern Continental Divide (Kendall et al. 2019),
Greater Yellowstone (Bjornlie et al. 2014), and Cabinet-
Yaak Ecosystems (Kendall et al. 2016) with 1,000, 700, and
55-60 estimated individuals, respectively (Interagency
Grizzly Bear Committee 2020). In Montana, 60% of the
land base is privately owned (United States Geological
Survey 2018); consequently, interactions between people
and bears depend largely on individual landowner behaviors.
As a conservative estimate, FWP spends approximately
$2-2.5 million/year on programs to manage black and
grizzly bears, including those that encourage bear-friendly
behavior among landowners and outdoor recreationists
(J. A. Gude, FWP, personal communication). The United
States Department of Agriculture (USDA) Wildlife
Services branch manages most conflicts with wildlife in
Montana. From 2014 to 2018, Wildlife Services reported
507 and 1,077 incidents with black and grizzly bears,
respectively, largely due to threats or damage to livestock.

They released or relocated 14 black and 47 grizzly bears,
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Figure 1. Generalized black and grizzly bear ranges in Montana, USA, 2018 (FWP 2018). CYE = Cabinet-Yaak Ecosystem, NCDE = Northern
Continental Divide Ecosystem, GYE = Greater Yellowstone Ecosystem.
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Figure 2. Number of A) American black and B) grizzly bear incidents in Montana, USA, as reported by United States Department of Agriculture Wildlife
Services branch, 2014-2018 (USDA 2019).
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and euthanized 42 black and 5 grizzly bears (Fig. 2;
USDA 2019).

METHODS

Data Collection

We collected data for this study using a mail-back ques-
tionnaire administered in 2018 to Montana private land-
owners (Appendix A, available online in Supporting
Information). We co-developed the survey with several
natural resource agencies to address 3 natural resource
management issues, including wildfire preparedness, in-
vasive weed control, and securing bear attractants. We de-
fined our sampling frame to include private landowners who
owned between 0.2 ha and 2,500 ha in unincorporated areas.
We selected this population because they were of particular
interest to our partners involved in natural resource outreach
and education campaigns. We initially stratified the sample
into 3 different regions, west to east, with 1,500 landowners
sampled in each region (4,500 statewide) using the publicly
available Montana cadastral dataset (Montana State
Library 2019); after we removed duplicates and incorrect
addresses, our initial sample size was 4,424. Eleven people
pre-tested the questionnaire: 4 university graduate students
and faculty, 4 state natural resource agency employees, and
3 extension professionals. To administer the survey, we used
a cover letter announcing the forthcoming survey, ques-
tionnaire, reminder postcard, and 2 replacement ques-
tionnaires to non-respondents, each mailed approximately
2 weeks apart (Dillman et al. 2014). The University of
Montana's Institutional Review Board approved all research
methods (protocol 22-17).

Conceptual Model

We used the collective interest model to determine the
relative effects of collective and individual factors on
whether landowners secured bear attractants on their
property. The model posits that the expected utility of en-
gaging in a collective action for an individual (E[4]) will be
a function of the value that an individual assigns to the
public good produced by the action (¥), the perceived
probability that the individual's actions will contribute to
producing the public good (i.e., personal efficacy [p;]), the
perceived probability that the group's actions will contribute
to producing the public good (i.e., group efficacy [p,]), and
the benefits (B) and costs (C), defined broadly, of engaging
in the action (Finkel et al. 1989), where:

E(A):[(;>1.+pg)><V]+B—C.

Presumably, individuals who expect high utility from en-
gaging in a behavior will also engage in that behavior; thus,
we used whether or not individuals secured attractants as a
proxy for their expected utility. We predicted that in-
dividuals would secure attractants (E[4]) if they believed
there was value in reduced conflict with bears, their in-
dividual actions would be effective, their neighbor's actions
together would be effective, there were benefits in
undertaking the action, and costs were not too high.

Response variables.—To determine the expected utility of
each action, we asked respondents whether they had taken
any of the following 6 actions to secure bear attractants on
their property in the past 5 years: use bear-resistant garbage
cans, have electric fences around attractants, remove fruit
from fruit trees, use bear-resistant pet food or feed storage,
remove livestock carcasses, and take down bird feeders
during spring and fall. These actions were included in the
survey based on collaboration with several natural resource
agencies, land trusts, wildlife advocacy groups, the
Confederated Salish and Kootenai Tribes, and county
land managers in Montana. We tested each response
variable independently and assigned a value of 0 if they
had not taken the action or 1 if they had (Fig. 3; Tables S1
and S2, available online in Supporting Information).

Explanatory wvariables—individual factors—We concept-
ualized explanatory variables based on previous research
using the collective interest model (Lubell et al. 2007,
Niemiec et al. 2016, Lubeck et al. 2019) and studies on
collective action and wildlife coexistence, where each
variable was either an individual or collective factor
(Fig. 3; Table S1). Individual factors included the value of
reduced conflict with bears, personal efficacy, and benefits
and costs accrued to the individual that are intrinsic to that
individual. To determine how the individual valued reduced
conflict with bears, we asked about concerns regarding
potential risks from bears on the individual's belongings,
family, pets, and abilities (i.e., risks from bears; Lubell
et al. 2007, Bruskotter et al. 2009) and concern for the lives
of bears (i.e., risks to bears; Lubell et al. 2007). Following
Lubell et al. (2007), we predicted that individuals who
viewed risks from or to bears as high would be more likely to
engage in mitigating behavior. For the bear region variable,
we determined whether respondents lived within black or
grizzly bear ranges using address location and a spatially
explicit geodatabase of extant bear ranges (FWP 2018).
Based on previous research that suggests people respond
differently to different species (Zinn et al. 1998, Kleiven
et al. 2004), we predicted that individuals living in the area
with both black and grizzly bears would more highly value
reduced conflict with grizzly bears and thus be more likely
to undertake mitigative actions than those living with just
black bears. To determine personal efficacy, we asked
whether or not respondents thought their personal actions
could help reduce bear conflict on their property (Lubell
et al. 2007, Niemiec et al. 2016, Lubeck et al. 2019) and
whether the respondent believed they had enough time,
money, and confidence to secure bear attractants (i.c.,
individual ability). We predicted that individuals with high
personal efficacy would be more likely to secure bear
attractants.

We conceptualized individual benefits and costs using so-
ciodemographic and psychological measures (Olson 1971,
Yung et al. 2015). We predicted that individuals who could
afford the cost of securing bear attractants, measured through
self-reported variables on income and education level, would
be more likely to engage in the behavior (Lubell et al. 2007,
Niemiec et al. 2016, Lubeck et al. 2019). We also asked
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Individual factors

Benefits and costs (B-C)
e Age (1) X
« Anthropocentric belief (+) X v
e Area(+) Xv —

Collective factors
Benefits and costs (B-C)
« Discussion networks (+) v
* Norms (+) v
« Sense of community (+) X

« Biocentric belief (+) v

: Behavior (E[A]) ¢
+ Education (+) v >, Garbage storage
* Gender = Male (-) v » Fruit removal
—»| * Food storage |-
-  Electric fence use
Efflcac}' _(Pi) - | - Carcass removal
* Individual ability (+) v « Bird feeder removal

« Talked to professional (+) v

Value of reduced conflict (V)
« Bear region = Black and grizzly (+) v
* Risks from bears (+) v
* Risks to bears (+)

Legend

Efficacy (pg)
« Area-wide satisfaction (+)

* Group-based beliefs (+) v

 Self-contained land (-) v
« Trust in government (+) X

(+) = We predicted a positive effect of this variable on attractant securing behaviors
(-) = We predicted a negative effect of this variable on attractant securing behaviors

v = Evidence supports our prediction

X = Evidence in the opposite direction of our prediction

Figure 3. Conceptual model of the individual and collective factors that may influence behavior to secure bear attractants in Montana, USA, 2018. The
predicted effect of each variable on uptake of attractant securing behavior is shown with a positive (+) or negative (=) sign next to each variable. Variables
with both checks and xs indicate that our results show evidence in support and opposition of our prediction, depending on the behavior model. Variables
without a check or x fell out of all final models. We used whether individuals secured attractants as a proxy for their expected utility (E[A]) of engaging in

that behavior.

respondents their age and gender, and predicted that older
individuals and men would be less likely to secure bear at-
tractants. We also predicted that individuals who owned
more land (i.e., area), and thus who were more likely to be
ranchers or farmers, would be more likely to secure bear at-
tractants because they would incur higher benefits (B) to their
livelihoods (Niemiec et al. 2016, Lubeck et al. 2019). We
measured the individual psychological benefits of securing
bear attractants through biocentric belief and anthropocentric
belief scales (Dunlap and Van Liere 1978) and predicted that
individuals scoring high on these belief scales would feel
benefits of protecting ecological and human-centric values,
respectively (Lubell et al. 2007).

Explanatory wvariables—collective factors—We measured
several collective factors including group eflicacy and
benefits and costs accrued to the individual that are a result
of the group (Table S1, Fig. 3). We conceptualized group
efficacy through several social capital constructs and problem
definitions. Group efficacy variables were the perceived
competency of government agencies (i.e., area-wide
satisfaction) and trust in government agencies (i.e., trust in
government) to manage conflicts with bears (Lubell
et al. 2007, Niemiec et al. 2016, Lubeck et al. 2019);
beliefs about the group's ability to address the problem (i.e.,
group-based beliefs), which included measures of reciprocity,
influence of collective actions, and belief in the cross-
boundary nature of the problem (Lubell et al. 2007, Niemiec
et al. 2016, Lubeck et al. 2019); and whether landowners saw
their land as self-contained (i.e., self-contained land; Lubeck

et al. 2019). We predicted that individuals with a higher
sense of group eflicacy would be more likely to engage in
mitigative behavior.

We conceptualized collective benefits and costs through
social capital and psychological factors (Lubell et al. 2007).
We asked respondents about whether or not they perceived
injunctive norms (expectations of their peers) and descrip-
tive norms (behaviors of their peers) regarding attractant
securing behavior. We predicted that those who perceived
norms would be more likely to engage in mitigative behavior
so as to increase their social benefits and decrease social
sanctions (Lubell et al. 2007, Willcox et al. 2012, Niemiec
et al. 2016, Eklund 2019, Sakurai 2019). To determine
community engagement and the influence of each land-
owner within their social network, we asked respondents
whether anyone had asked for or tried to influence their
opinion regarding bear attractants (i.e., discussion networks;
Lubell et al. 2007, Niemiec et al. 2016, Lubeck et al. 2019).
Following Absher et al. (2013), we asked respondents about
their sense of community using 4 items in the questionnaire.
We predicted that those with high discussion networks and
sense of community would have a lower cost of acquiring
information on securing bear attractants and more sanc-
tioning from their social circles, and therefore would be
more likely to engage in mitigative behavior (Lubell
et al. 2007, Janssen 2013, Niemiec et al. 2016, Lubeck
et al. 2019). We also included a variable measuring whether
or not respondents had talked to a wildlife professional (i.c.,
talked to professional) and predicted that those who had
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would be more likely to engage in mitigation because of the
decreased barrier of acquiring information through their
social networks (Lubell et al. 2007).

Scales—We used several different scales for explanatory
variables. Bear region (black bear or black and grizzly bear)
and talked to professional (yes or no) variables were
measured on a dichotomous scale. There were 2 survey
questions for each of the discussion networks and norms
variables, each question on a dichotomous scale. We
measured area and age on a continuous scale. We
measured gender categorically as male, female, or prefer
not to disclose. We measured all other variables on a 5-point
Likert scale using unique response anchors (Table S1).

Analysis

We performed exploratory factor analyses for variable re-
duction within each of the collective interest model desig-
nations (p,, p; ¥, B — C). We used the fa.parallel function
in the psych package (Revelle 2019) in R (version 3.6.1; R
Core Team 2019), finding minimum residuals through or-
dinary least squares with an oblique rotation. We measured
scale reliability for composite variables using Cronbach's
alpha () with a cut-off of 0.65 (Vaske 2008). For dichot-
omous questions (about discussion networks and norms), we
summed responses to generate composite variables. For all
other composite variables, we took the average of responses.
Because question non-response was high for the income
variable, we removed it from all models. After creating
composite variables, we removed all respondents with
incomplete data before analysis.

We tested the relationships between explanatory variables
and each response variable using independent logistic re-
gression models for each of the 6 attractant securing be-
haviors. Following methods in Lubeck et al. (2019), Lubell
et al. (2007), Niemiec et al. (2016), and Yau (2011), to
easily interpret the relationships among variables, we
simplified the collective interest model to:

E (securing bear attractants) = p + 2, +V+B-C

We treated all variables as continuous except for gender,
bear region, and talked to professional, which were cate-
gorical. We built each logistic regression model with all
explanatory variables as the saturated model and did not
include any interaction terms. We used backward selection,
measuring model fit with the Akaike's Information
Criterion (AIC), and sequentially removed terms until the
AIC score could not be reduced further (MASS package,
stepAIC function; Venables and Ripley 2002). With each
final model, we tested the linearity assumption of each
continuous variable by examining plots of the logit versus
the predicted value for each variable and found no evidence
of non-linearity. We looked for influential observations by
examining Cook's distance. Although some distances were
slightly above the suggested cut-off of 4/n, upon closer ex-
amination we found no unusual observations and no
standardized residuals above 3, and thus no evidence of
influence. We also looked for issues of multicollinearity

among our explanatory variables using variance inflation
factors, all of which were below 2 and thus showed no
evidence of collinearity (Ott and Longnecker 2015). We
used likelihood ratio tests to determine whether each model
was significantly different from the saturated and null
models. For each model, we tested goodness of fit using the
Hosmer-Lemeshow test (ResourceSelection package, ho-
slem.test function; Lele et al. 2019) across a range of group
numbers (4-15) because the test results are sensitive to
group number. We also report McFadden's pseudo-R* (pscl
package, pR2 function; Jackman 2017), a proxy for meas-
uring explained variation in logistic regressions. Finally, we
used cross-validation to determine how well each model
predicted individual behavior by splitting the data into a
training set (60%) and a testing set (40%). We used the
training set to parameterize the model and determine how
often it was able to accurately predict individual behavior in
the testing set.

RESULTS

We received 1,305 at least partially completed surveys from
respondents for an overall response rate of 29.5% (Table 1).
After removing respondents with no responses to any bear-
related questions on the survey, remaining observations to-
talled 1,272 for an effective response rate for bear questions
of 28.7%. Additionally, the bear-related questions on the
survey had high non-response in the eastern portion of the
state where there are no bears (7=192 for whom 74% of
question responses were left blank or marked as not appli-
cable). Thus, we removed all respondents from the sample
who were not georeferenced within either grizzly or black
bear ranges, leaving 1,080 respondents from the parts of
Montana inhabited by bears (Fig. 1). We fit separate models
for each attractant securing behavior and removed re-
spondents who either said the action was not applicable or
did not have complete responses to all hypothesized in-
dependent variables. Uptake of attractant securing behavior
varied depending on the behavior. For example, of the re-
spondents who said the behavior was applicable to them,
13% secured livestock with electric fences, compared to 29%
who removed livestock carcasses (Table 1). Respondents
were 71-74% male, mean age was 63—65 years old, and the
most common education class was a college graduate—a
respondent profile consistent with landowner populations in
rural states in the western United States (Butler and
Butler 2016, USDA 2017). To check for nonresponse bias,
we compared respondents and non-respondents across var-
iables in the Montana cadastral dataset (e.g., land value,
total value, building value, total property size, and hectares
of land in the farm, used for grazing, forested, laying fallow,
irrigated, used for wild hay, and unsuitable for farming)
with independent #tests. We found no significant differ-
ences between respondent and non-respondents across these
variables (P < 0.05; Lindner et al. 2001).

We found that all final models were significant in pre-
dicting attractant securing behaviors, with little to no evi-
dence of lack of fit (Table 2). All final models were
significantly different (P<0.05) from their null model but
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Table 2. Sample size, degrees of freedom, significance and goodness-of-fit tests, and prediction accuracy for each final model predicting bear attractant

securing behavior in Montana, USA, 2018.

Test Garbage storage  Fruit removal  Food storage  Electric fence use ~ Carcass removal  Bird feeder removal
n 328 265 275 293 210 290
Degrees of freedom 8 11 11 8 11 8

LR test (null)* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

LR test (saturated)® 0.96 0.58 0.81 0.81 0.68 0.81
HLGOF (tests < 0.05) 0 1 0 2 0
Prediction accuracy with 73% 76% 66% 75% 64% 65%

cross-validation

* Likelihood ratio (LR) tests against the null indicate model significance (when P< 0.05), whereas LR tests against the saturated model indicate that there
is no significant difference between the reduced model and the saturated model (when P> 0.05).
® We used the Hosmer-Lemeshow goodness-of-fit (HLGOF) test with 4-15 groups per model to test lack of fit—the number reported here is the number

of times out 12 that the test was significant (i.e., evidence of lack of fit).

not significantly different from their saturated model, sug-
gesting that variables were significant predictors of attrac-
tant securing behavior and that the reduced, less complex
models, performed just as well as their saturated counter-
parts. Of the 12 Hosmer-Lemeshow tests conducted for
each model, only 1 test was significant for the fruit removal
model and 2 for the carcass removal model, providing little
evidence of poor model fit for all models. McFadden's

pseudo-R? ranged from 0.27 to 0.33 and prediction accuracy
using cross-validation ranged from 64-76% across models.

Significant predictors varied by attractant securing be-
havior (Fig. 4; Tables 3 and 4), yet all models retained both
individual and collective explanatory variables. The most
consistent collective variable predicting attractant securing
behavior was talked to professional, which had among the
largest effect sizes across variables in all models (odds

A 1
Gender = Male (B-C) —;O.——I
I
Anthropocentric belief (B-C) - A ':—V_
Area (B-C) - ':_O_
Age (B-C) ! _A_O
Education (B-C) J|$
Biocentric belief (B-C) ::52—_
Individual ability (pi) : Model
Risks from bears (1) o . Garage storage
Bear region = Black and grizzly (V) : —A—c o E?eoc(:risct(::iz use
! -O- Carcass removal
Self-contained land (p,) B ﬂ—bgi—:- <> Bird feeder removal

Trust in government (pg) —O—_v_:-
Sense of community (B-C) —D—:

Group-based beliefs (pg) —A—:_v_

Discussion networks (B-C) :&
Norms (B-C) _:_?__1%
1
Talked to professional (B-C) 1#%'?’__-—_
-2 -1 (I) 1 2 3

Beta (log odds) estimate

Figure 4. Log odds estimates for parameters in each final model after model selection (based on Akaike's Information Criterion) for A) individual and B)
collective factors that may influence behavior to secure bear attractants in Montana, USA, 2018. The triangle, diamond, square, or circle symbols denote the
point estimate and the bars denote the 95% confidence interval. Collective interest model designations are V =value of the public good produced by the
action, p; = personal efficacy, p, = group efficacy, B-C =benefits and costs.
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Parameters

land + risks from bears + age + anthropocentric belief + education
Age + anthropocentric belief + education + risks from bears + bear region

biocentric belief + anthropocentric belief
bears + personal efficacy + age + biocentric belief
Age + biocentric belief + gender + personal efficacy + risks from bears + bear region

Biocentric belief + anthropocentric belief
Talked to professional + bear region + effectiveness of group + discussion networks + norms + self-contained

Talked to professional + effectiveness of group + discussion networks + norms + trust in government +
Talked to professional + gender + bear region + discussion networks + self-contained land + risks from
Talked to professional + gender + discussion networks + norms + sense of community + biocentric belief
Biocentric belief + gender

Factors in model
Individual + collective

Individual + collective
Individual

Individual + collective
Individual + collective

Individual
Individual
Individual

Electric fence use

Garbage storage
Fruit removal
Food storage

Model

Table 3. Akaike's Information Criterion (AIC) and McFadden's pseudo R? for final models and for final models predicting bear attractant securing behavior in Montana, USA, 2018, and with collective variables

removed.

0.31

32.03

196.77

Talked to professional + gender + area + norms + self-contained land + risks from

Individual + collective

Carcass removal

bears + trust in government + age + biocentric belief
Area + age + biocentric belief + gender + risks from bears

0.15
0.29

228.80

Individual

41.02

261.18

Talked to professional + bear region + area + discussion networks + norms + self-contained

Individual + collective

Bird feeder

land + education
Area + education + bear region

removal

0.15

302.20

Individual

* AAIC is the difference in AIC scores between the model with only individual variables and the model with individual and collective variables.

ratio=2.48-6.35) and was significant in all (P<0.001 to
0.01) except the fruit removal model (P=0.08). Other
important collective variables across most models included
norms (odds ratio=1.29-2.03, P<0.001 to 0.1),
discussion networks (odds ratio=1.29-1.65, P<0.01 to
0.1), and self-contained land (odds ratio=0.61-0.73,
P=0.02 to 0.1).

Several individual variables explained significant variance
in attractant securing behavior. The most consistent in-
dividual variable predicting attractant securing behavior was
biocentric belief (odds ratio=1.34-1.86, P<0.01 to 0.1),
which persisted in most final models, except the fruit and
bird feeder removal models. The bear region variable had
the largest effect size for the black and grizzly region across
all individual variables but was only present in the fruit
removal (odds ratio=5.77, P<0.001), food storage (odds
ratio=2.1, P=0.09), and bird feeder removal (odds ratio=
6.19, P<0.001) models. Gender (coded as males=1, fe-
males=0) also had a large effect size in the food storage
(odds ratio=0.42, P=0.03), electric fence use (odds
ratio=0.36, P=0.01), and carcass removal (odds ratio=
0.44, P<0.05) models. Risks from bears had a moderate
effect size in the fruit removal (odds ratio =1.44, P=0.05),
food storage (odds ratio=1.42, P=0.05) and carcass re-
moval (odds ratio =1.82, P=0.001) models. Risks to bears
and area-wide satisfaction with bear management dropped
from all final models.

Consistent with our hypothesis and predictions, collective
variables had large effect sizes, high significance, and were
important for explaining variation in all models. For ex-
ample, people who had spoken to a wildlife professional
were as much as 6.35 times as likely to secure bear attrac-
tants than those who had not, holding all other variables
constant. Furthermore, the odds of securing bear attractants
increased by as much as 2 times for every unit increase in
perceived norms (in the garbage storage, fruit removal, and
carcass removal models) and by as much as 1.65 times for
every unit increase in discussion networks (in the food
storage model), holding all else constant. Conversely, the
odds of securing bear attractants were reduced by as much as
39% for every unit increase in self-contained land beliefs (in
the carcass removal model), holding all else constant. When
we removed collective variables from models initially built
with both collective and individual variables, AIC scores
increased across all models, indicating reduced model fit.
Furthermore, removing collective factors from models de-
creased McFadden's pseudo—R2 by 49% to as much as 85%
(Table 3).

DISCUSSION

Understanding how humans and large carnivores might coexist
is an increasingly common goal among those seeking to recover
large carnivore populations while maintaining human well-being
(Nyhus 2016). Securing attractants reduces the likelihood of
interacting with wildlife, thereby reducing potential conflict and
increasing the possibility of coexistence (Sillero-Zubiri
et al. 2007). Our results demonstrate that collective factors af-
fect 6 different individual attractant securing behaviors that
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could minimize negative interactions with bears. Indeed, col-
lective factors were more important than individual factors in
influencing over half of the different behaviors. For example,
talking to a professional had the largest effect size in the garbage
storage, food storage, electric fence use, and carcass removal
models, and had the second highest effect size in the fruit and
bird feeder removal models. Furthermore, social norms had the
second highest effect size in the garbage storage and carcass
removal models, and the variable discussion networks was the
second most ubiquitous predictor across behaviors. These results
suggest that although often overlooked, collective factors play a
critical role in influencing individual behavior (Niemiec
et al. 2016).

Our findings are particularly relevant for wildlife managers
aiming to influence individual actions on private lands,
where collective benefits amount to reduced conflict with
wildlife across the landscape. Although there is increasing
research on collective activities like participatory or delib-
erative decision-making and stakeholder engagement in
wildlife management (Riley et al. 2003, Ban et al. 2013,
Clark and Rutherford 2014, Lundmark and Matti 2015,
Biggs et al. 2017), very little research examines how in-
dividual perceptions of collective factors—such as norms
(Martin and McCurdy 2009, Willcox et al. 2012, Sakurai
et al. 2015, Young 2018, Eklund 2019), discussion net-
works, and group-based beliefs—influence individual be-
haviors. If the current philosophy of increasing or stabilizing
wildlife populations through improved coexistence between
people and wildlife is to be successful, effective prevention
and mitigation is needed. Some of these strategies will re-
quire individuals, landowners included, to voluntarily make
contributions to the collective good. Collective factors may
be an important missing piece of the puzzle for voluntary
actions toward preventing and mitigating conflict with
wildlife on private lands. Where voluntary adoption of bear-
friendly behavior is insufficient, structural fixes may be
needed (Heberlein 2012); for example, municipalities may
unilaterally switch to bear-resistant garbage cans, as in Red
Lodge, Montana (FWP 2008).

Collective factors are highly influential and more likely to
change in response to outreach efforts, whereas individual
factors tend to be more fixed. For example, it is possible to
change normative beliefs with outreach efforts
(Heberlein 2012, Verissimo et al. 2019), whereas age, ed-
ucation, gender, and geographic location are relatively
stable. Value orientations, too, are unlikely to change over
time or in response to interventions (Manfredo et al. 2017).
By focusing on collective factors, practitioners orient their
efforts toward more malleable factors where they may find
greater success inspiring attractant securing behavior.
Although the efficacy of outreach campaigns to reduce
wildlife conflict is rarely tested (Gore et al. 2016), with only
a few examples in the literature (Saypanya et al. 2013; Lu
et al. 2016, 2018), our findings echo >1 study that reported
norms can be powerful tools in wildlife-related behavior
change campaigns. In a study on the use of bear-resistant
storage containers in Colorado, USA, Young (2018) re-
ported that although there were no differences in uptake of

attractant securing behavior between people who received
messages that emphasized the benefits of securing attrac-
tants versus those receiving messages about the risks of not
securing attractants, subjective norms did significantly pre-
dict intention to secure bear attractants. Outreach that
simply conveys the risks posed by bears misses an oppor-
tunity to highlight collective factors and is likely to be less
effective than those that incorporate a normative appeal
(Heberlein 2012, Dietsch et al. 2018).

Mirroring past research, our findings indicate that miti-
gating conflict with wildlife varies by species and by specific
behavior. For example, holding all else constant, re-
spondents were more likely to remove bird feeders and fruit
from fruit trees, and store food appropriately when they
lived in an area with both black and grizzly bears, rather
than just with black bears. This finding is consistent with
other wildlife coexistence research that suggests people's
cognitions and behaviors vary depending on the species with
which conflict is possible (Zinn et al. 1998, Kleiven
et al. 2004). Regarding behavior specificity, of the behaviors
applicable to respondents, electric fence use had the lowest
uptake and carcass removal had the highest. Garbage
storage was the most applicable behavior to respondents but
had relatively moderate levels of uptake. Although there was
consistency among models, there were also some substantial
differences in the factors that influenced each behavior. In
addition to each behavior-specific model, we attempted to
create a composite behavior model using several different
alternatives (see Composite Response Variable Attempts in
Supporting Information); however, cross-validation of these
models resulted in low prediction accuracies (51-63%)
compared to the prediction accuracies of the behavior-
specific models (64-76%; Table 2). These results are con-
sistent with foundational theory and past research findings
that suggest that specificity is particularly important when
trying to predict behavior change or adoption (Ajzen and
Fishbein 1980, Lubeck et al. 2019).

Although our hypothesis that collective factors would explain
significant additional variation above individual factors was
supported by the evidence, a few results contradicted specific
predictions but still demonstrate the utility of a collective action
approach to wildlife-related behavior change. For example, we
predicted that trust in government would increase group efficacy
and therefore increase the likelihood that an individual would
partake in a collective behavior (Lubell et al. 2007, Niemiec
et al. 2016). Instead, we found the opposite—respondents in
our sample who trusted the government were less likely to use
bear-resistant garbage storage and remove livestock carcasses.
This finding suggests a free-rider effect may be emergent,
whereby individuals' contributions to collective efforts are sup-
pressed when the public good can be achieved (or achieved
enough) without their participation (Sandler 2015). This result
is consistent with other research that shows a complicated re-
lationship between trust and public engagement (Smith
et al. 2013, Stern and Coleman 2015, Parkins et al. 2017).
Similarly, negative effects for sense of community and group-
based  beliefs in some models further  support
evidence of free-riding.
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A few of our predictions were contradicted by the data.
For example, respondents with high anthropocentric beliefs
were less likely to remove fruit from their fruit trees, perhaps
because they had low instrumental use for bears or placed a
high value on fruit and thus accrued less net benefit from
mitigating conflict. Additionally, respondents with large
plots of land were less likely to remove bird feeders in spring
and fall months. This result may be because individuals who
own large tracts of land are likely ranchers or farmers
who have other, more valuable bear attractants (e.g., live-
stock) to secure than bird feeders.

Future research should seek to address limitations we en-
countered in this study. Although not uncharacteristically
low, our response rate could have been higher, especially for
bear-related questions posed to respondents living outside of
black and grizzly bear ranges. Salience may be low in areas
into which bears have not yet expanded, suggesting that fu-
ture survey research may require incentives or other methods
of engagement. Second, the talked to professional variable in
our models may be tautological, such that individuals who
seek information from wildlife professionals may be doing so
because they are already interested in securing bear attrac-
tants, rather than developing an interest in those behaviors
because of interactions with a wildlife professional.
Regardless, we believe this variable indicates the importance
of reducing the costs of acquiring information, communi-
cating social expectation, and bolstering efficacy beliefs, thus,
highlighting the importance of this investment for wildlife
agencies. When we reran our analyses without this variable,
our final models stayed relatively stable, suggesting that even
if we discount the effect of talking to a wildlife professional,
other collective variables remain important for predicting
attractant securing behavior (see Analysis Without the
Talked to Professional Variable in Supporting Information).
Third, some variables were proxies for the concept we were
trying to measure. For example, it will likely be helpful for
future research to measure respondents' direct experiences
with bears (rather than using bear region as a proxy), which
influences human reactions and behavior (Hudenko 2012).
Additionally, quantifying direct benefits and costs of human-
bear interactions on people's livelihoods (e.g., ranching,
tourism) may be constructive.

Many questions remain regarding the collective nature of
securing bear attractants and human-wildlife interaction
more broadly. Future research could examine if or how
group and individual efficacy modify the valuation of at-
tractant securing behaviors (Finkel et al. 1989), rather than
assuming an additive approach as in our models. Another
future step would be to examine whether there are inter-
action effects between group and individual efficacy. For
example, does the perceived efficacy of the group vary by
how individuals perceive their own efficacy? Although use of
normative appeals is well-appreciated in commercial mar-
keting, few examples exist of changing human behavior to
reduce conflict with wildlife (Verissimo et al. 2019). Future
research could also test interventions to determine whether
a change in collective factors (assuming interventions can
change collective factors) results in uptake of actions that

aim to mitigate human conflicts with bears and other car-
nivore species.

MANAGEMENT IMPLICATIONS

Managers and outreach coordinators could benefit from
leveraging collective factors when addressing human-bear
conflict. Managers can use social norms to promote bear-
friendly behavior by increasing both descriptive (e.g., people
like you are securing bear attractants) and injunctive (e.g.,
people you respect believe you should secure your bear at-
tractants) messaging in their campaigns. Wildlife agencies
encouraging landowners to secure bear attractants would be
wise to invest in bear specialists who can interact with the
public face to face and build relationships with influential
members of relevant social networks.

In light of the recent successful efforts to increase and
stabilize some large carnivore populations in the United
States, there is a need to mitigate conflict between people
and wildlife. Given the collective interest at stake and col-
lective action required for success, adopting a collective ac-
tion frame to understand this issue may facilitate new and
effective strategies for managers promoting human-wildlife
coexistence.
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