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The public overestimates and prefers
greater tolerance for grizzly bear
encounters than defined by the United
States management guidelines

Check for updates
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Large predators are returning to landscapes where they have been absent for centuries, but human
preferences complicate their recovery. Communities often resist predator recovery because of
perceived risks, limitingwhatmanagers call social carrying capacity, or the level of human tolerance for
coexisting with wildlife. Yet practical methods for measuring and integrating social carrying capacity
intomanagement decisions remain limited. To address this, wecombinegeospatial and surveydata to
model individual tolerance for the frequency and severity of grizzly bear encounters. The resulting
estimates predict andmap zip code-level tolerance across the region. Findings show that people tend
to overestimatemanagement’s toleranceof encounters than current federal guidelines. This approach
provides a pragmatic tool to incorporate social carrying capacity into decisions about predator
recovery and reintroduction, helping balance ecological goals with public acceptance.

Global trophic rewilding has accelerated since the late 20th century,
returning many keystone predators to human-occupied landscapes1.
Successful2,3, ongoing4–6, and proposed reintroduction and recolonization7,8

programs of large predators have faced local push-back despite ecological
incentives9,10. Promoting human-predator coexistence has been a long-
standing priority of wildlife managers11,12; an increasingly difficult task with
the growth in outdoor recreation and residential development in the
wildland-urban interface (WUI)13–15.

Despite this, current management plans and wildlife reintroduction
often have little consideration for human tolerance for wildlife risk. Instead,
manager responses to predator conflict typically follow top-down federal
guidelines that support recovery, developed during periods of strong
conservation16. Themanagement plans usually rely on a species being listed
as threatened or endangered under the Endangered Species Act of 1973
(ESA), which may shift priorities from mitigating conflicts to species
recovery. Yet as wildlife populations recover, the potential for human-
predator conflict increases17.

Social tolerance of human-wildlife risks plays an important role in the
success of reintroduction and recovery efforts18. Social tolerance reflects the
willingness to accept the risks associated with wildlife encounters and is a
multidimensional concept that includes attitudes and perceptions that vary
across many dimensions, including beliefs, lifestyle, experience, and
location19. While incorporating aspects of social tolerance can be

complicated20, wildlife managers can improve long-term outcomes for
wildlife by understanding how different stakeholders perceive and respond
to wildlife-related risks21. While managers adapt guidelines to account for
context-specific factors, management decisions would benefit from a sys-
tematic assessment of local risk tolerance22. This is particularly apt in rural
communities where property damages, livestock losses, and threats to
human safety heavily influence wildlife outcomes.

While they impose risks to humans, predators benefit landscapes by
providing critical ecosystem services and functioning, such as disease
mitigation, agricultural production through pest management, and waste
disposal23. Further, public discourse and the spread of information related to
predators create opportunities to educate the public about ecosystem health
and human-wildlife relationships24. Complications arise because there are
heterogeneouspreferences forpredator conservationwithin andacross local
communities, which makes the implementation of uniform management
guidelines challenging. As predator populations recover, humans and pre-
dators can better coexist with an understanding of the local community’s
tolerance for predators25–27. There are a few empirical studies documenting
public attitudes toward predator management. The ‘acceptance capacity”
for grizzlies across the grizzly-inhabited landscape of Montana and Idaho
has been used to identify hot spots of low tolerance where public policy
might have the greatest effect28. Building on this result, regionally specific
investigations have used only Montana residents’ personal opinions on
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grizzly abundance and how this aligns with current management29. Finding
thresholds in abundance, under which grizzlies are locally acceptable and a
problem if the threshold is exceeded, highlighting that there may be mis-
matches between the acceptance threshold and management objectives29.
While concerns of local stakeholders, and the interplay between predator
tolerance andmanagement policy, can shape activemanagement strategies,
effective management can alleviate concerns and thereby increase
tolerance30. In addition, for charismatic predators that live on federal public
lands or have national appeal, such as grizzly bears, non-local stakeholder
interests may be an important consideration in the development of man-
agement goals. In such cases, traditional active management strategies, like
hunting and culling, can shift population targets to reflect preferences for a
healthier, more stable species population, which may not be popular with
certain stakeholders. This tradeoff highlights the need for inclusive
approaches to balance heterogeneous beliefs in stakeholder values for pre-
dator management.

Social tolerance for predators and wildlife in general has been con-
sidered with concepts of cultural and social carrying capacities. These
concepts were introduced to understand how human attitudes and beliefs
could complicate management that is largely based on the theory of

competition for scarce resources. Notably, pressures from “animal lovers”
could lead to mismanagement, overpopulation of game animals, and
eventual population declines due to a decline in the supportive capacity of
the surrounding environment31,32.With a focusmore on the sustainability of
humans, the concept was not pushed at the time to the human acceptability
of wildlife populations or population dynamics of human-wildlife interac-
tions. Additionally, these studies lack a reflection of human tolerance to
coexist with wildlife. As a result, the practical integration of “social carrying
capacity” or risk tolerance in active wildlife management and legislative
decisions has been limited.

In this paper, we develop a method to estimate spatially specific
measures of risk preferences for predator encounters, specifically grizzly
bears. Risk preferences represent tolerance and are measured by the
acceptable number of encounters (i.e., thresholds) before the grizzly bear is
removed (i.e., euthanized). We compare our estimates of overall and
location-specific tolerance with the thresholds defined in current manage-
ment guidelines. Results provide additional insights on the spatial variation
of the local social carrying capacity of grizzly bears.More broadly, this study
illustrates a potential pathway to measure and incorporate social carrying
capacity into predator management, which may lead to more aligned
community and management preferences and consequently more suc-
cessful predator recovery33.

Results
Our overarching finding is that respondents prefer a more tolerant
approach than current grizzly bear management dictates (the current
guidelines are outlined in Supplementary Table 1). At the time of writing,
managers indicated that, depending on the overall population in an area, the
number of allowed encounters could be increased or decreased above and
below the written guidelines. Still, managers were confident that the stated
guidelines were generally upheld. This administrative discretion is common
in wildlife management and has been shown to reduce the number of
conflicts in other predators10,34. National respondents, relative to the actual
guidelines, are willing to accept a greater number of encounters before the
bear is removed (Fig. 1). This finding emerges for all types of encounters—
property, threat, and injury. Specifically, respondents indicated the pre-
ferred number of encounters to trigger removal is 3.8 for property, 3.1 for
threat, and 2.6 for injury, which is significantly greater than the actual
thresholds of 3, 2, and 1 (p < 0.001).

For each type of encounter, respondents overestimate the level of tol-
erance defined by the management guidelines (Fig. 1). For property and
threat encounters, respondents correctly identified amisalignment between
their preferred and actual tolerance levels, though their beliefs about the
actual level reveal they underestimate the magnitude of these misalign-
ments. For injury encounters, preferred and believed tolerance levels are
statistically equivalent, which indicates that respondents mistakenly believe
the tolerance of managers closely aligns with their preferred tolerance.

Results were similar when only considering the respondents from the
states that are most affected by grizzly bear encounters and management—
Idaho, Montana, and Wyoming (Fig. 2). As with the national sample, the
respondents in states with grizzly bear habitat indicated significantly greater
tolerance levels than those outlined in the guidelines. Also similar to the
national results, respondents correctly identified themisalignment between
preferred and actual tolerance for property and threat encounters, but not
for injury encounters. We further refine the regional analysis by stratifying
respondents by those located within 50 miles of grizzly bear habitat and
those outside 50 miles, and the results are similar across the two groups (as
shown in Supplementary Fig. 7).

Overall, the aggregate numbers offer three key findings. First, results
indicate that people prefer a level of tolerance significantly greater than the
actual tolerance defined in the guidelines. Second, though people are largely
aware of this misalignment (injury encounters being the exception), they
underestimate the magnitude of the misalignment. Finally, these general
findings emerged nationally and in states most affected by the presence and
management of grizzly bears.

Fig. 1 | National Results. Mean number of believed (blue circles), preferred (red
circles), and actual encounters (black circles) that trigger removal and respective
95% confidence intervals (same colored bars).

Fig. 2 | Rocky Mountain States (ID, MT, WY) results. Mean number of believed
(blue circles), preferred (red circles), and actual encounters (black circles) that
trigger removal and respective 95% confidence intervals (same colored bars).
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Weuse the zip code level predictions to create three nationalmaps that
offer a spatial representation of our findings. We start with Fig. 3, which
illustrates the difference between the local social tolerance (preferred) and
the overall management tolerance set by the national guidelines (actual).
Thus, the map shows the spatial variation of the misalignment between the
social and management tolerances for the risk of grizzly bear encounters.
Across all zip codes, estimates indicate that social tolerance is larger than
current management, but the extent of this misalignment varies across
space. The greatest misalignment is found in the Midwest, Northeast, and
West Coast (darker blue). Of particular interest are the areas in and around
grizzly habitat, and while estimates suggest social tolerance exceeds man-
agement tolerance in these areas, the magnitude is smaller than in other
areas (lighter green).

We now consider two additional maps that offer further insights into
the gap between social and management tolerance. Figure 4 illustrates the
difference betweenbelieved andactualmanagement tolerance,which speaks
to the respondents’ local knowledge of management policy. And Fig. 5, by
mapping the differencebetween preferred and believed tolerance, reflects the
local awareness of any misalignment between social and management
tolerance.

From these maps, a few interesting results emerge. First, while we
might expect residents in grizzly bear-occupying areas to be most familiar
with actual management practices, estimates indicate these areas tend to
have larger overestimates ofmanagement tolerance (darker shades inFig. 4).
This translates to grizzly areas being relatively unaware that management
tolerance does not alignwith local social tolerance (lighter and red shades in
Fig. 5). The story differs for the West Coast and Pacific Northwest regions.
Estimates suggest these areas have relatively more knowledge of current
grizzly management with perceptions about current practice closely align-
ing with actual management (lighter shades in Fig. 4). Consequently, the
WestCoast andPacificNorthwest regions aremore aware thatmanagement
tolerance does not align with their preference for greater tolerance (darker
shades in Fig. 5).

We repeat this exercise for themore severe and less common threat and
injury encounters. For succinctness, we provide the estimates and maps in
Supplementary Tables 4–9; Supplementary Figs. 1–3. However, we note
some findings that differ from the property encounter results. As with
property encounters, local social tolerance for the risk of threat and injury
encounters is universally greater than management practice (Supplemen-
tary Figs. 1 and 4). But unlike property encounters, the misalignment is
smallest in the RockyMountain and Great Lakes regions, and largest in the

coastal areas. Also, estimates indicate that grizzly-occupying areas are
relatively more knowledgeable about management tolerance for the risk of
threat and injury encounters (Supplementary Figs. 2 and 5), which contrasts
with these areas being relatively less knowledgeable about property
encounters. For both threat and injury encounters, estimates suggest that
grizzly areas mistakenly believe the locally desired social tolerance towards
grizzly bears is closely reflected by management policy (Supplementary
Figs. 3 and 6), a result that is common to the property damage setting.

Discussion
The success of predator recovery hinges on effectively managing human-
wildlife conflict in communities reoccupied by native species. Social toler-
ance or social carrying capacity plays an important role in managing
human-wildlife conflicts. By 2070, human-wildlife overlap is expected to
increase in over 55% of terrestrial lands, increasing the chances for human-
wildlife conflict15; despite this, and arguments made in the human dimen-
sions of wildlife literature29, modern approaches to wildlife management
often overlook systematic measurement and integration of social tolerance,
favoring top-down, one size fits all, guidelines applied to diverse local
contexts. Herein, to the best of our knowledge, we undertake a novel
approach to measure social tolerance of human-wildlife encounters and
illustrate how it can inform local adaptive wildlife management.

Focusing on grizzly bears, our study finds that the social tolerance of
the risks associated with human-grizzly encounters is generallymuch larger
than the tolerance outlined by the top-down, federal management guide-
lines. Further, results show significant variation in social tolerance across
local and regional areas, which highlights the potential benefits of locally
tailored approaches to wildlife management. Equipped with this type of
information, wildlife managers can better navigate the competing interests
that affect recovery and management efforts. For example, a better under-
standingof local carrying capacity can allowmore effective communications
about current actions as well as more appropriate and intentional adjust-
ments to management policies.

For the grizzly-occupying states of Idaho,Montana, andWyoming, we
find that residents believe that agency actionsmirror their preferenceswhen
the local community is more tolerant of potential human-grizzly interac-
tions. To illustrate, public petitions demanded relocation, not removal, in
three recent cases: the well-known Yellowstone grizzly “Blaze” in 2015,
grizzly 1057 (offspring of the famous grizzly 399) in 2022, and a West
Yellowstone female with a cub in 2023. Yet, all three bears were
euthanized35–37. These episodes demonstrate the potential for conflict when

Fig. 3 | Property: Preferred - Actual Encounters.
The predicted difference between the preferred and
actual number of property encounters required to
trigger management actions based on an estimating
sample of N = 975 zip codes and predicted for
N = 33144 zip codes nationally.
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there is a gap between local risk tolerance and management action. Incor-
porating quantitative estimates of social tolerance would allowmanagers to
select non-lethal responses (or justify lethal ones) with improved commu-
nity expectation alignment.

Grizzly bears are charismatic, threatened, and reside on federal
public lands, which makes them relevant beyond areas inside and
nearby grizzly habitat areas. For such species, management may con-
sider the tolerance of all people (local and non-local) who benefit from
wildlife conservation. Current practices, such as public comments and
town halls, are often biased towards the loudest voices, potentially
overlooking important local and non-local perspectives. Such practices
operate in tandem with the human dimensions of wildlife literature that
offer managers tools for decision-making22,38,39. Our work contributes to
this toolkit. While local and non-local preferences may not be weighted
equally, both may be relevant. Incorporating broader views could

improve the overall alignment of management actions with public
sentiment.

Mapping local and non-local wildlife management preferences
emphasizes the importance of representing social tolerance in a comparable
fashion to the currentmanagement variables, such as ecological or biological
carrying capacity. Understanding preferences for wildlife management can
also help target predator recovery efforts more intentionally. While habitat
suitability is often well-understood, social acceptance may be less pre-
dictable.Using social tolerance, asmeasuredby themethod employed inour
paper, managers can compare biological carrying capacity more directly
with social tolerance rather than relying on indirect inferences. For example,
informally discussed recovery efforts in the Sierra Nevada (California) may
require more management tolerance than similar efforts around the
Mogollon Rim (Arizona) due to differing levels of local support. This
information is important when prioritizing conservation projects, as it

Fig. 4 | Property: Believed - Actual Encounters.
The predicted difference between the believed and
actual number of property encounters required to
trigger management actions based on an estimating
sample of N = 975 zip codes and predicted for
N = 33144 zip codes nationally.

Fig. 5 | Property: Preferred - Believed Encounters.
The predicted difference between the preferred and
believed number of property encounters required to
trigger management actions based on an estimating
sample of N = 975 zip codes and predicted for
N = 33144 zip codes nationally.
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impactsmanagement costs and the likelihoodof success. By evaluating these
trade-offs, managers can improve the outcomes of species restoration
programs and resource allocation.

Introducing social carrying capacity and our preference elicitation
technique provides a management tool with broader applicability
beyond wildlife decisions. By measuring national preferences and
understanding current management strategies, adaptations to manage-
ment strategies can be better informed with the locally dependent social
carrying capacity. For example, some areas where a belief and preference
of policy may prove useful are wildfire mitigation, pipeline approvals, or
environmental crises like the Gulf of Mexico Dead Zone and Great
Lakes Algal Blooms. By incorporating human risk perceptions and
social preferences into environmental policymaking, our technique
makes nature-based solutions ecologically effective and socially accep-
table. Thus leading to more successful implementation and greater
overall impact in various environmental initiatives39. While local pre-
ferences remain valuable and are perhaps the most important for suc-
cessful recovery40, incorporating the views of national constituents can
enhance decision-making, especially when managing a wildlife popu-
lation or alternative resource on federal lands. Our proposed social
tolerance measurement should be seen as an additional tool for man-
agers, complementing existing practices like town halls and online
forums, to measure public opinion directly.

Methods
To facilitate grizzly bear recovery, federal and state agencies collaborated to
formulate and approve “Interagency Grizzly Bear Guidelines” that estab-
lished standard management responses for conflicts of varying severity41.
While the guidelines are dated, they remain the authoritative source gov-
erning management responses to “nuisance” grizzly bears. Summarized in
SupplementaryTable 1, the guidelines areorganized around the severity and
frequency of grizzly bear encounters, which determine the appropriate
response by management. In our survey, we only asked about individual
preferences for adult female grizzly bears due to their critical role in
population growth and expansion. Grizzly bear encounters are classified
into one of three types, with human injury having the greatest degree of
severity:
• Property: The bear depredates livestock or accesses secured unnatural

food materials (human and livestock foods, garbage, gardens, and
game meat).

• Threat: The bear has displayed aggressive (not defensive) behavior
toward humans and/or caused minor human injury.

• Injury: The bear has caused substantial human injury or loss of
human life.

Depending on the type and frequency of the encounter, the guidelines
of direct management are to take one of the following two responses:
• Relocation: The bear is captured and moved away, typically

40−90miles from the encounter location.
• Removal: The bear is captured and euthanized (i.e., killed).

An important element for management (and this study) is that, for
each type of encounter, the number of accumulated encounters by a specific
bear determines the appropriate response. For example, one property
encounter by an adult female grizzly bear leads to relocation, while the third
property encounter will lead to removal.

Using this framework, we designed a survey to measure individual
tolerance for the risk of grizzly bear encounters, which can be aggregated to
reflect social tolerance or carrying capacity. The survey has four sections—
warm-up, background, management, and demographic. After receiving
informed consent, the warm-up section elicited knowledge and attitudes
towards national parks and wildlife management. Next, a background sec-
tion provided baseline information about the framework used for grizzly
bear management. This section describes the types of encounters, and an
incident count (threshold) of each typewould trigger relocation or removal.

The current threshold in the guidelines was not shared, just that
thresholds exist.

The management section elicited respondents’ preferred level of tol-
erance and their beliefs about the actual tolerance of management for adult
female bears. We follow a larger literature that elicits stated preferences to
estimate social preferences42, such as preferences for environmental health
risks43, recovery of threatened species44, forest management45, and water
quality46. In our survey, we frame tolerance within the grizzly bear man-
agement guidelines.We elicit the respondent’s preferred tolerance by asking
“For each type of encounter, give your preferred removal threshold (if any)
in an ideal policy. In other words, what do you think should be the number
of encounters that cause a bear to be removed?” Similarly, to elicit the
respondent’s beliefs about actual tolerance by management, we ask “For
each type of encounter, give your best guess of the current policy’s removal
threshold. In other words, what do you think is the current number of
encounters that cause a bear to be removed?” Therefore, this section pro-
vides data on individual beliefs about preferred and actual management
tolerance, with higher (lower) thresholds revealing greater (lower) tolerance
for the risk of grizzly bear encounters.We compare respondent beliefs about
preferred and actual tolerance to the objective tolerance defined by the
thresholds outlined in the Interagency Grizzly Bear Guidelines.

The follow-up section asks respondents to indicate their experience
with grizzly bear habitat, grizzly bear encounters, and any risk reduction
actions taken to mitigate the risk of grizzly bear encounters. The survey
concluded with a demographic section that collected socioeconomic infor-
mation about age, income, sex, political affiliation, education, and state of
residence. The full survey instrument, including specific question wording,
is provided in Section C in the SI.

The sample, protocols, and instrument were reviewed and determined
exempt by the University of Wyoming’s Institutional Review Board
(#20230425TC03550). Respondents (N = 1157) were recruited online by
Qualtrics with quotas to achieve a more representative sample. Qualtrics
maintains a nationally representative database of respondents and employs
quality control measures, including attention check questions and auto-
mated detectionmethods (e.g., straight-lining patterns, completion time) to
filter responses. Participation in our survey was restricted to adults (18+) in
theUnited States.Qualtrics estimated distributions of 30%18−34 years old,
32% 35−54 years old, and 38% 55+ years old for age, and 48% male and
52% female for sex. To facilitate habitat-specific analysis, we follow the
literature [e.g. ref. 47] andoversample the statesmost affectedbygrizzly bear
encounters and grizzly bear management—Idaho, Montana, and Wyom-
ing. The disproportionately large sample (N = 307) better ensures statistical
power for the location-specific analysis of grizzly-habitat states. A com-
parison of sample and population characteristics is provided in Supple-
mentary Table 3.

To consider the spatial distribution of tolerance, wemerge the primary
data from the survey with secondary data frommultiple sources, including
the U.S. Census Bureau’s American Community Survey, U.S. Fish and
Wildlife Service, and the National Land Cover Database. A complete list of
variables and sources for secondary data is given in Supplementary Table 2.
We estimate amodel of individual preferences and beliefs for the number of
encounters that trigger removal. Estimated coefficients are used to conduct
out-of-sample zip code-level predictions of beliefs and desires, which are
mapped for the contiguous United States.

Specifically, we use an empirical model to generate out-of-sample zip-
code-level predictions for believed and preferred tolerance for grizzly bear
encounterswith amore refined spatial characterization. Todo so,we use the
following model:

Di;j ¼ αþ βXi;j þ γZi;j þ εi;j; ð1Þ

in which Di,j is respondent i’s stated belief/preference for the number of
encounters that trigger management action, Xi.j is a vector of individual-
specific characteristics (e.g., age, income, education, etc.), Zi,j is a vector of
location-specific characteristics (e.g., distance to grizzly habitat, region,
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percentage of total land designated cropland, pastureland, grassland,
developed land, etc.) associated with respondent i’s zip-code j, α is the
constant term, and εi,j, is an idiosyncratic error term.

There are two important things to note about Equation (1). First, we
employ a censored Poisson model because Di,j captures count data that is
censored from above and shows no overdispersion; thus, the Poissonmodel
is preferred to the Negative Binomial model. Second, we estimate two
models— preferred tolerance for removal (model 1) and believed (model 2)
tolerance for removal. Specific coefficient estimates are reported in Sup-
plementary Tables 4–9 for model 1 and Supplementary Tables 10–15 for
model 2.

Using zip-code-level social and demographic (�Xj), geographic and
landscape characteristics (�Zj) outlined above, we expand our results from
the in-sample estimation to conduct an out-of-sample prediction (D̂i;j) of
stated beliefs/preferences for each zip code j in the contiguousUnited States.
Note, if zip-code specific data in aggregated form are missing (either �Xj or
�Zj), we exclude the zip-code frompredictivemaps. Also, given that property
encounters account for most encounters, we presented the results for the
tolerance for property counters (Figs. 3–5). The results for human threat are
provided in Supplementary Figs. 1–3 and injury encounters in Supple-
mentary Figs. 4–6.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Data availability
The cleaned data and all replication materials generated by and used for
analysis in the current study are at: https://osf.io/fqmhp.
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