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Facilitating long-term coexistence between people and large carnivores is a persistent,

global conservation challenge. Evidence-based decisions to help design and implement

programs that promote coexistence between people and carnivores are required. Using

a case study approach, we evaluated the effectiveness of conflict mitigation efforts of

a community-based program in southwestern Alberta, Canada: the Waterton Biosphere

Reserve’s (WBR) Carnivores and Communities Program (CACP). The CACP’s overall goal

is to support coexistence of people and large carnivores through initiatives including

reducing livestock loss, damage to stored crops, and safety risks from carnivores by

engaging residents in hands-on programming. We used an online survey to assess

program participants’ general awareness of and motivation to engage in the CACP,

safety risks associated with living with large carnivores, and attractant management

and deadstock removal programming. We received 116 completed surveys. Survey

results indicated that participants felt the CACP effectively reduced conflicts with large

carnivores, increased their sense of safety when living with large carnivores, and enabled

them to learn skills and gain confidence in using mitigation tools (e.g., bear spray). We

also evaluated temporal trends in large carnivore conflicts using occurrence records

(i.e., complaint data) from 1999 through 2016. We classified these data into incidents

(e.g., situations where carnivores caused property damage, obtained anthropogenic

food, killed or attempted to kill livestock or pets) and focussed on incidents related to

attractants, including deadstock. We focus our incident review on grizzly bears because

most agricultural attractant incidents in the study area are caused by grizzly bears.

We used a Chow test to evaluate if the 2009 CACP commencement represented a

break point or structural change in the data. Although total reported incidents increased

from 1999 through 2016, we show both reported attractant and deadstock-based

incidents changed from increasing to decreasing after the CACP implementation in 2009.

Our results demonstrate the effectiveness of a contextually specific, community-based

approach to addressing human-carnivore conflicts. More broadly, our evaluation and

lessons learned provide other conservation organizations with a useful framework for

addressing human-carnivore or other wildlife conflicts.

Keywords: coexistence, community-based conservation, human-wildlife conflict, large carnivores, occurrence

data, program evaluation, survey
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INTRODUCTION

Achieving coexistence between humans and large carnivores is
a pressing challenge to global conservation efforts and those
tasked with managing human-carnivore conflicts (Decker and
Chase, 1997; Ripple et al., 2014). Indeed, as Peterson et al. (2010)
suggest, portrayals of carnivores as conscious adversaries or rivals
to human interest can be problematic for conservation efforts.
The different values people hold and perspectives on what it
means to share the landscape with large carnivores, combined
with possible threats to human life and economic interests can
exacerbate this challenge (Wang and Macdonal, 2006; Holmern
et al., 2007; Dickman et al., 2011).

Human-carnivore conflicts can manifest in many ways,
including damaging standing and stored crops (e.g., Pérez
and Pacheco, 2006; Hoare, 2012), killing livestock or pets
(e.g., Naughton-Treves et al., 2003; Miller et al., 2015),
destroying property (e.g., Wilson et al., 2006; Treves, 2009), and
threatening human safety (e.g., Treves and Naughton-Treves,
1999; Ratnayeke et al., 2014). Additionally, large carnivores can
infringe on an individual’s land use, livelihood and well-being
(Young et al., 2015; Miller et al., 2016; Hughes and Nielsen,
2018). As a result, support for conservation efforts can diminish
locally (Anand and Radhakrishna, 2017), with carnivores being
relocated (Blanchard and Knight, 1995; Linnell et al., 1997;
Milligan et al., 2018) or killed (Treves et al., 2016). Further,
population declines for many species can be linked to persistent
conflict (Nyhus, 2016). On the other hand, large carnivore
species are also valued for their ecological role or existence
value (Kellert, 1980; Bruskotter et al., 2015; Vucetich et al., 2015;
Dorresteijn et al., 2016), and are often used as flagship species
in conservation efforts (Macdonald et al., 2017). Recent research
suggests that for some species, such as brown bears (Ursus arctos)
in Europe and Japan as well as gray wolves (Canis lupus) in
the United States, populations have rebounded across multi-use
landscapes in part due to shifts in human attitudes and proclivity
to adopt conservation efforts (Chapron et al., 2014; Mech, 2017;
Sato, 2017).

Despite some examples of successful coexistence, support for
conserving carnivores is not uniform and can vary between
groups of people, including rural land owners and urban

residents, particularly when rural people might directly interact

with these animals (Kellert et al., 1996; Bjerke and Kaltenborn,
1999; Ericsson et al., 2004; Karlsson and Sjöström, 2007; Hughes
and Nielsen, 2018). In a rural context, tolerance for large

carnivores may be contingent on reducing the safety risks or
economic impacts on human livelihoods these species can cause
(Riley and Decker, 2000; Ericsson et al., 2008; Knopff et al.,
2016; Hughes andNielsen, 2018). Further, rural communities and
agricultural areas typically bear the costs of living with carnivores
(Newsome et al., 2015; Morehouse and Boyce, 2017; Hughes
and Nielsen, 2018). Although problems and solutions to human-
wildlife conflict tend to be context-specific (Morehouse and
Boyce, 2017), the general premise of these conflicts is consistent:
where people and wildlife share the landscape, challenges arise.
There is no shortage of literature documenting human-wildlife
conflicts and mitigation efforts across myriad landscapes (e.g.,

Kaczensky, 1999;Musiani et al., 2003; Gunther et al., 2004; Shivik,
2006; Inskip and Zimmermann, 2009), but examples of program
evaluation are still lacking (Eklund et al., 2018).

We used a case study approach (Espinosa and Jacobson,
2012; Harrison et al., 2017; Johnson et al., 2018; Proctor et al.,
2018) combining carnivore incident report data and social
attitudes to examine a community-based human-carnivore
conflict mitigation program in southwestern Alberta, Canada:
the Waterton Biosphere Reserve’s (WBR) Carnivores and
Communities Program (CACP). This program focusses on
decreasing conflicts between large carnivores and people in an
agricultural landscape by supporting the community through
collaborative projects, capacity building, and educational
outreach. The CACP also provides an avenue for the expression
of community concerns.We conceptually modeled the program’s
main activities using a Theory of Change (ToC) model to identify
the processes and anticipated results of the program (Margoluis
et al., 2009; Center for Theory of Change, 2013; Woodhouse
et al., 2015; Biggs et al., 2016; Allen et al., 2017; Balfour et al.,
2019). Theory of Change conceptually lays out a program’s
logical and causal linkages that lead to a desired outcome,
and has been used in conservation to assess achievement of
objectives in illegal wildlife trade (Biggs et al., 2016), species-level
conservation impacts (Washington et al., 2015), organizational
performance (McKinnon et al., 2015), policy direction and
management action (Balfour et al., 2019), and environmental
education for protected areas (Zorrilla-Pujana and Rossi, 2016).
Our case study provides an example of a community-based
program evaluation, helps articulate what efforts are working at
a local level to facilitate human-carnivore coexistence, and offers
insights to help guide future program direction both locally and
to other developing coexistence efforts more broadly.

Southwestern Alberta and Waterton
Biosphere Reserve’s Carnivores and
Communities Program
Provincially, southwestern Alberta has a high level of carnivore-
agricultural conflicts (Morehouse and Boyce, 2017; Morehouse
et al., 2018). People and large carnivores occupy the same
landscape, and private agricultural lands used for livestock and
crop production abut forested, mountainous public lands. Four
native large carnivore species are present, including cougars
(Puma concolor), black bears (U. americanus), wolves (C. lupus),
and grizzly bears (U. arctos), and their home ranges substantially
overlap private agricultural lands (Morehouse and Boyce, 2016;
Loosen et al., 2018; Bassing et al., 2019). These large carnivore
species are considered secure (i.e., not at risk) within Alberta
except for grizzly bears, which have been listed as provincially
threatened since 2010 (Alberta Government, 1991, 2012, 2016;
Alberta Environment Parks, 2016; Government of Alberta, 2017).

The CACP works with southwestern Alberta communities
to advance its goal of supporting coexistence of people and
large carnivores. An increase in grizzly bear sightings in the
early 2000s coupled with growing community frustration over
human-carnivore conflicts and provincial government wildlife
management decisions precipitated the CACP establishment.

Frontiers in Ecology and Evolution | www.frontiersin.org 2 February 2020 | Volume 8 | Article 2

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Morehouse et al. Carnivores and Communities

In 2009, local community members along with government
and non-government organizations came together as the CACP
to develop locally relevant solutions to address carnivore-
agricultural conflicts. In 2011, the Carnivore Working Group
(CWG) was established to provide direction and guidance to the
CACP. The group meets at least three times per year, is guided
by a terms of reference (www.watertonbiosphere.com), and uses
consensus-based decision-making.

The CACP has three main activities including attractant
management, deadstock (i.e., livestock carcass) removal, and
bear safety workshops (Supplementary Material S1). Previous
research has indicated agricultural products and practices,
including livestock, silage, grain/feed (hereafter referred to as
crops), and deadstock are major attractants for carnivore species,
particularly grizzly bears (Morehouse and Boyce, 2011, 2017;
Northrup and Boyce, 2012). Attractant management refers
to restricting carnivore access to food items by using tools
such as electric fencing, bear-resistant grain bin doors, and
upgraded grain storage (e.g., metal shipping containers, hopper-
bottom bins) (Supplementary Material S1). Deadstock removal
refers to direct services provided to ranchers whereby livestock
carcasses are picked up and completely removed from a property
(Supplementary Material S1). Bear safety workshops provide
information to ranchers and rural residents on bear and other
carnivore behavior, human safety precautions to take in carnivore
country, and the proper use of bear spray. The CACP also
routinely disseminates information on human-carnivore conflict
mitigation, livestock depredation compensation, and science-
based wildlife management through their website, face-to-face
community meetings, tours of CACP projects, youth outreach
events, local newspapers, e-mail newsletters, and social media
posts as part of their educational outreach. The CACP uses
only non-lethal methods in their programming. However, in
Alberta, landowners have the legal right to kill a wolf, cougar, or
black bear on their property (Alberta Government, 2019). Grizzly
bears are protected, and landowners must rely on the provincial
government to remove and/or relocate a problem bear (Alberta
Environment Parks, 2016).

While anecdotal evidence suggests the CACP is well-received
by individuals within the target communities and is considered
to support provincial wildlife management objectives of reducing
carnivore mortality and relocation, a formal program evaluation
has not been completed. We evaluated the three aforementioned
CACP activities using a ToC model (Figure 1) to collect survey
data on participants’ perspectives of the CACP’s effectiveness
relative to reducing economic costs and human safety risks and
an analysis of carnivore conflict data.

STUDY AREA

Our study area is in southwestern Alberta, Canada. The CACP
operates in an area (∼5,012 km2) that extends roughly from
Chain Lakes Provincial Park in the north, British Columbia to
the west, Montana, USA to the south, and an approximation
of grizzly bear range to the east (Figure 2). The area includes
four local municipal districts: Ranchland, Pincher Creek, Willow

Creek, and Cardston County. The CACP operates predominately
on private lands used for livestock and crop production (Statistics
Canada, 2016).

METHODS

We used two methods to evaluate the CACP’s activities: (1)
an online purposive survey of local ranchers and other rural
residents across target communities within the program area, and
(2) a review of large carnivore incident records. We focused on
rancher and rural residents’ perspectives and experiences as they
were the target audience and participated in the CACP’s activities.
We also summarize yearly costs for the CACP.

Social Survey
We used an online survey as a cost-effective and efficient
data collection technique to evaluate the effectiveness of the
CACP directly from the program participants’ perspectives and
experiences (Archer, 2003; Waylen et al., 2010; Salerno et al.,
2016). The survey was constructed in Survey Monkey (2018)
and organized into the following sections: demographics,
general awareness and motivation to participate, safety
risks and sense of security associated with large carnivores,
assessment of attractant management and deadstock removal
programming, and communications and future direction
(Supplementary Material S2).

The survey was emailed directly to CACP participants and
community members using the programs’ electronic mailing list
(N = 504) and partneringmunicipal government email lists (N =

145) for deadstock pickup. The survey was also available in print
format for those without internet access or if individuals had a
preference to use a paper version. To increase participation, we
advertised the survey in three different local newspapers, placed
posters at key public locations, and shared on the WBR website
and social media (Facebook). We also emailed two reminders to
complete the survey. The survey was open for 7 weeks.

We recognize the limitations with this sampling technique,
including selection and social desirability bias (Palinkas et al.,
2015). However, as this is a case study to assess the situated
knowledge and experience of individuals familiar with the CACP,
and given the length of time the survey remained open, repeated
completion reminders, and costs and time associated with using
probabilistic survey techniques, we believe our approach was
effective at soliciting the data required for our evaluative purposes
(Dillman et al., 2009; Barratt and Lenton, 2010; Palinkas et al.,
2015). Additionally, we followed several of the suggestions in
Woodhouse et al. (2015) for evaluating conservation programs,
thereby further supporting the appropriateness of our methods.

Occurrence Records
We used southwestern Alberta occurrence records (i.e.,
complaint data) from 1999 to 2016 to evaluate temporal trends in
large carnivore incident type. In Alberta, when an individual has
an interaction with a large carnivore, they can report it to the Fish
and Wildlife division of the provincial government. The details
of that event are recorded as a text summary in a provincial
occurrence record database, and these reports are referred to
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FIGURE 1 | Carnivores and Communities Program simplified theory of change, following methods adapted from Biggs et al. (2016).

as occurrence records. We reviewed occurrence records from
1999 to 2016 from the Cardston, Pincher Creek, Blairmore, and
Claresholm Fish andWildlife Districts to identify large carnivore
incidents (Malish and Loosen, 2017a,b; Morehouse and Boyce,
2017). We define an incident as a situation where the large
carnivore caused property damage, obtained anthropogenic
food, killed or attempted to kill livestock or pets, or was involved
in a vehicle collision (Hopkins et al., 2010; Morehouse and
Boyce, 2017). We excluded all non-incident occurrence records
(e.g., sightings). We focus on incidents because they represent
actual reported interactions between people and large carnivores,
and the conflict mitigation efforts of the CACP have focussed on
reducing various types of incidents. Following the methods of
Morehouse and Boyce (2017), we further classified each incident
as involving property damage, livestock (depredation or injury),
attractants, or other (primarily vehicle collisions). Attractant
types used in our analysis included deadstock (i.e., boneyards),
grain, vegetation, bee yard, silage, pet food, garbage, bird feeder,
or other (e.g., chicken feed, wildlife hides).

Because we were interested in evaluating temporal patterns
in relation to the CACP, we focussed on incidents that were
related to two of the three primary CACP initiatives: the
deadstock removal program and attractantmanagement projects.
For incidents involving deadstock, we used data from all four
large carnivore species because all four species have been
observed scavenging from boneyards (Morehouse and Boyce,
2011; Banfield, 2012; Northrup and Boyce, 2012). First, we
summarized the number of deadstock incidents over time. We
then used a Chow test (Chow, 1960) to evaluate if the 2009
commencement of the CACP represented a break point or

structural change in the data. In time series data, the Chow test
can be used to evaluate if a known a priori point in the series
(e.g., the start of the CACP) effectively splits the data into two
parts. The Chow test evaluates if the two sets of observations
before vs. after the assumed break point can be represented by the
same regression line or if two separate regression lines provide a
better fit (Chow, 1960). Thus, we used a Chow test to determine
if the trend in deadstock incidents differed before vs. after the
implementation of the CACP. We present regression values for
these trends.

Next, we focussed on incident patterns for grizzly bears
evaluating both attractant and livestock related incidents.
We focussed on grizzly bears because most agricultural
attractant incidents in the study area are caused by grizzly
bears (Morehouse and Boyce, 2017), and all CACP attractant
management projects have been designed predominantly to
mitigate bear-agricultural conflicts. We evaluated changes
in grizzly bear attractant and livestock related incidents
independently, and again used a Chow test to evaluate if the
2009 CACP implementation represented a structural change in
the data. We present regression values for these trends.

We restricted our analysis to include only incident records
that fell within the CACP focal area. We defined our study
area as a 2.4 km buffer around the CACP’s deadstock pickup
zone. The deadstock zone was originally developed to encompass
the area of southwestern Alberta with the highest number of
large carnivore incidents. We used the deadstock pickup zone
as our study area because the CACP generally does not remove
deadstock outside of this zone and attractant management work
has focussed on sites within this same area (though for both
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FIGURE 2 | The Waterton Biosphere Reserve’s Carnivores and Communities Program area in southwestern Alberta. Pictured are the towns of Pincher Creek,

Cardston, and the Municipality of Crowsnest Pass.

programs specific sites outside this zone are evaluated on a
case by case basis). Because we believe the impact of the CACP
potentially extends beyond the boundaries of the deadstock
zone, we buffered the area by 2.4 km as this represents the
average daily linear movement by grizzly bears within the larger
ecosystem (Apps et al., 2006). We acknowledge that incidents
do occur outside of the buffered area, but our interest was
in evaluating the program’s impact within the CACP focal
area rather than evaluating the spatial extent of the CACP
impact. Thus, the incidents outside the focal area are beyond
the scope of our analysis and their exclusion should not impact
our results.

Program Costs
We summarized the annual costs in Canadian dollars (CAD)
of the main components of the CACP from the 2012–13
through 2018–19 fiscal years (April 1 to March 31). We
excluded earlier years (i.e., 2009–2011) when the program was
still in formative stages because costs in these early years
did not accurately reflect the resources required for the fully
functional CACP. We included a summary of the annual costs
for attractant management, deadstock removal, education, and
outreach (including bear safety workshops), and personnel, in
order to provide an overview of the financial commitment
required to operate the CACP. We did not include in-kind
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and matching contributions because those costs are not tracked.
Thus, the costs presented represent only the money paid by the
WBR as charged to the organization’s operating grants.

RESULTS

From 2009 to 2018, the CACP completed 70 attractant
management projects, removed ∼4,300 livestock carcasses from
the landscape, and hosted 8 bear safety workshops.

Social Survey
On average, the survey took 35min to complete per respondent,
with 116 completed surveys used in our analysis out of 174
returned. We included only those responses from individuals
within our study area or those that had indicated they had
participated in at least one of the three programs. This resulted in
excluding two surveys where respondents declined participation,
55 incomplete surveys (e.g., agreement to participate but no
other response or only demographics provided), and one
completed survey where the respondent lived ∼200 km outside
our study area.

Respondents included ranchers who owned and raised
livestock (primarily cattle but also sheep and goats) or crops,
rural residents who owed land or hobby farms (e.g., small number
of chickens), and urban residents that lived in larger, but still
rural, population centers (Table 1). Ages ranged from 25 to over
75 years old with 65 to 74 years old as the most common age
bracket. Of all respondents, 87.9% indicated a general awareness
of the CACP, with greatest awareness for deadstock removal
services and bear safety training (Table 2). However, 19.8% of
all respondents indicated they had not directly participated in
any CACP activities. Of those that responded (n = 83), 73.5%
indicated overall satisfied with the CACP and 65.5% felt well-
informed on program activities and outcomes.

When respondents (n = 116) were asked which initiatives
they had participated in, 56.9% attended community meetings or
tours and 43.1% attended bear safety workshops. More ranchers
and rural residents participated in deadstock programming
(58.6%) compared to attractant management projects (12.9%).
Top motivating factors to participate in the CACP included
personal interest (70.7%) and learning techniques to address
ongoing carnivore conflicts (50.0%). Specifically, ranchers and
rural residents indicated learning how to reduce personal costs
associated with carnivore coexistence (36.2%) and ease of
accessing programming (29.3%) as top reasons for participating.

TABLE 1 | Demographics of survey respondents.

Female Male Total

Rancher 21 51 72

Rural resident 19 19 38

Urban resident 4 2 6

Total 45 72 116

Bear Safety Workshops
Respondents’ level of large carnivore safety concerns varied
by species (Table 3). Respondents felt safest around wolves
and the least safe around grizzly bears (Table 3). Several
respondents indicated they had a personal experience with grizzly
bears (50.0%) or black bears (44.8%) in which there was a
safety risk to themselves or family (Table S1). Indeed, most
(56.0%) respondents identified personal/family safety as their
greatest concern associated with living with large carnivores
(Table S2). In contrast, only 8.6% of respondents experienced
a personal/family safety risk from wolves. Pet safety was also a
concern, particularly with cougars (Table S1).

Of those that had experienced safety concerns, 30.9%
indicated they always reported their concerns to government
officials (Table S3). However, 33.0% indicated they never
reported their safety concerns, with (15.5%) citing a negative
past experience with officials when reporting. Comments
also reflected concerns that Fish and Wildlife officers were
understaffed and experienced other job constraints, making
timely response difficult, as indicated by one rancher: “While local
officials try hard to deal with our concerns, they are often limited
by time, resources and jurisdiction. Often we do call at least to
notify them of a problem, though in some cases we are able to
deal with it ourselves.” Of respondents that did report, the two
most important reasons included ensuring officials documented
the information to guide future management decisions (48.3%),
and ensuring officials were aware of problems (32.8%).

In general, respondents held positive views of the bear
safety workshops, with <10% disagreeing with statements of

TABLE 2 | Survey respondents’ level of awareness for various components of the

Carnivores and Communities Program (n = 116).

Aware

(%)

Unsure

(%)

Unaware

(%)

General information about the

Carnivores and Communities

Program

87.9 4.3 8.5

Deadstock removal program 92.2 1.7 6.0

Availability of financial supports

for electric fencing

52.6 7.8 39.7

Cost-sharing opportunities to

improve grain/feed storage

59.5 9.5 31.0

Bear Safety Training 85.3 3.4 11.2

TABLE 3 | Level of safety respondents indicated feeling for each large carnivore

species. Results are expressed as percent responding.

Percent (%)

Safe A little unsafe Very unsafe Unsure

Grizzly bear (n = 116) 18.1 52.6 27.6 1.7

Black Bear (n = 114) 41.2 51.8 6.1 0.9

Wolf (n = 116) 56.9 34.5 5.2 3.4

Cougar (n = 115) 28.7 57.4 10.4 3.5
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effectiveness (Table 4). One rural resident commented that “the
bear awareness course is a fantastic program and I encourage
everyone I know that spends time on the land to take it.” Of those
that participated, 49.5% felt an increased sense of safety, and
61.6% stated they now carried bear spray as a result of training.

Attractant Management and Deadstock Removal
Sixty-three respondents identified having livestock and/or crops
and were asked a series of questions about carnivore depredation
or damage. All other respondents without livestock were directed
to the next section on communications and future directions.
Most respondents believed large carnivore depredation of
livestock had increased over the past 5 years, particularly by
grizzly bears (Table 5). Several indicated they had personally
experienced livestock depredation or livestock stress from grizzly
bears (44.8%), wolves (35.3%), cougars (27.6%), or black bears
(18.1%, Table S1). This was one of their primary concerns
associated with living with large carnivores (Table S2). Responses
were more evenly split when asked about trends in crop damage,
with 34.6% indicating they perceived increased damage or loss
due to grizzly bears while 28.8% said it had decreased (Table 5).
Of those that had experienced livestock depredation, 71.2%
indicated they reported the incidents to government officials
at least half the time (Table S3). Conversely, only 37.2% of
respondents reported stored grain or feed damage at least half
the time (Table S3).

Most respondents regarded the deadstock removal program
positively (Table 4). Notably, 75.5% said the program helped
reduce conflict with large carnivores, and 84.6% indicated they
wanted the program to continue. Regardless of whether or not
they had participated in the deadstock removal program (n= 83)
77.1% perceived the program was effective at reducing conflicts.

A rancher indicated that “it is an integral part of attractant
management and is directly beneficial to a large number of people.”

Respondents were often undecided in their views on the
effectiveness of the attractant management program (Table 4).
Of those that participated (n = 51), 45.1% agreed the program
helped reduce conflicts with carnivores. However, one rancher
noted there needed to be more consistency in application, with
“all the producers on side. Right now it is piecemeal and large
carnivores travel to the easiest target. [The] program needs area
consistency to have large benefits.” Regardless, 67.9% perceived the
program to be overall effective at reducing conflicts.

Occurrence Records
We reviewed 6,621 occurrence records from 1999 to 2016 that
had spatial locations associated with them. Of those, we extracted
1,696 incident records that fell within our study area (remaining
occurrences were outside are study area or non-incidents). Total
combined incidents for the four large carnivore species increased
from 1999 through 2016 (y = 5.67x +40.40, R2 = 0.53, p
< 0.001, Figure 3). However, incidents related to deadstock
changed from significantly increasing to significantly decreasing
after the implementation of the CACP in 2009 (F = 8.40, p =

0.004; Pre-CACP y = 0.99x + 2.27, R2 = 0.56, p = 0.01; Post-
CACP y = −2.16x + 21.82, R2 = 0.51, p = 0.05; Figure 4).
For grizzly bears, total incidents generally increased from 1999
through 2016, though 2015 and 2016 incidents were lower (y =
4.45x – 2.01, R2 = 0.70, p < 0.001, Figure 5). Trends in grizzly
bear attractant incidents changed from a significant increase to
a non-statistically significant decrease after the 2009 start of the
CACP (F = 6.28, p= 0.01; Pre-CACP y= 1.16x+6.2, R2 = 0.52,
p = 0.02; Post-CACP y = −3.05x + 43.21, R2 = 0.30, p = 0.16;
Figure 5). The trend in grizzly bear livestock incidents, however,

TABLE 4 | Survey respondents’ level of agreement on the effectiveness of the Waterton Biosphere Reserve’s Carnivores and Communities Program bear safety training,

attractant management, and deadstock removal initiatives.

Percent (%)

Bear Safety Workshop

(n = 99)

Attractant Management

(n = 51)

Deadstock Removal

(n = 53)

Agree Undecided Disagree Agree Undecided Disagree Agree Undecided Disagree

The program is readily available to landowners 60.6 36.3 3.0 41.2 49.0 9.8 71.7 17.0 11.3

The program helps reduce conflict with

carnivore species

51.0a 41.8a 7.1a 45.1 49.0 5.9 75.5 17.0 7.5

The program is cost effective for

landowners/rural residents

54.5 43.4 2.0 41.2 45.1 13.7 69.8 24.5 5.7

The program is directly beneficial to me 54.5 41.4 4.0 37.3 51.0 11.8 60.4 24.5 15.1

The program increases my sense of safety and

security

49.5 43.4 7.1 31.4 51.0 17.6 52.8 32.1 15.1

The program is delivered efficiently, in a timely

manner

49.5 47.5 3.0 37.3 54.9 7.8 64.2 30.2 5.7

The program helped me learn how to use bear

spray

60.6 34.3 5.1 N/A N/A N/A N/A N/A N/A

The program increased my confidence in using

bear spray

53.5 39.4 7.1 N/A N/A N/A N/A N/A N/A

aSample size for this statement is n = 98. Percent (%) agreement is calculated based on the number of respondents for each initiative.
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TABLE 5 | Survey respondents’ perceived rate of change in livestock depredation

and grain/feed damage or loss from carnivores in southwestern Alberta over the

past 5 years (2013 through 2018).

Percent (%)

Increasing Same Decreasing Undecided

Livestock Depredation

Grizzly Bear (n = 54) 53.7 18.5 18.5 9.3

Black Bear (n = 52) 11.5 55.8 15.4 17.3

Wolf (n = 53) 26.4 50.9 7.5 15.1

Cougar (n = 52) 17.3 63.5 3.8 15.4

Grain/Feed Damage or Lossa

Grizzly Bear (n = 52) 34.6 23.1 28.8 13.5

Black Bear (n = 52) 13.2 37.7 24.5 34.5

Results are expressed as a percentage of those responding. aWolves and Cougars are

carnivores (as opposed to omnivores like bears) and typically do not cause grain/feed

damage or loss.

FIGURE 3 | Total combined incidents for grizzly bears, black bears, cougars,

and wolves in southwestern Alberta 1999–2016 (y = 5.67x +40.40, R2
=

0.53, p < 0.001).

changed from a non-significant increase before the CACP to a
significant increase after the implementation of the CACP (F
= 9.37, p = 0.002; Pre-CACP y = 0.63x + 2.73, R2 = 0.25, p
= 0.14; Post-CACP y = 6.44x + 3.89, R2 = 0.74, p = 0.006,
Figure 6).

Program Costs
Personnel represented the greatest operating cost to the CACP
followed by deadstock removal, attractant management projects,
and education and outreach (Table 6). The median total yearly
cost of the CACP from 2012–13 to 2018–19 was $152,968 CAD
(Table 6).

FIGURE 4 | Total combined deadstock incidents for grizzly bears, black bears,

cougars, and wolves in southwestern Alberta 1999–2016. Blue identifies

deadstock incidents prior to the start of the CACP (y = 0.99x + 2.27, R2
=

0.56, p = 0.01), while red identifies deadstock incidents post-CACP

implementation (y = −2.16x + 21.82, R2
= 0.51, p = 0.05).

FIGURE 5 | Total (in black) grizzly bear incidents from 1999–2016 in

southwestern Alberta (y= 4.45x – 2.01, R2
= 0.70, p < 0.001). Also shown

are incidents related to attractants. Blue identifies attractant incidents prior to

the start of the CACP (y = 1.16x + 6.2, R2
= 0.52, p = 0.02), while red

identifies attractant incidents post-CACP implementation (y = −3.05x +

43.21, R2
= 0.30, p = 0.16).

DISCUSSION

The importance of understanding the first-hand perspectives and
experiences of the people who live with large carnivores, who
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FIGURE 6 | Total (in black) grizzly bear incidents from 1999 to 2016 in

southwestern Alberta (y= 4.45x – 2.01, R2
= 0.70, p < 0.001). Also shown

are incidents related to livestock depredation or injury. Blue identifies livestock

incidents prior to the start of the CACP (y = 0.63x + 2.73, R2
= 0.25, p =

0.14), while red identifies livestock incidents post-CACP implementation (y =

6.44x + 3.89, R2
= 0.74, p = 0.006).

TABLE 6 | Minimum, maximum, and median costs of the Waterton Biosphere

Reserve’s Carnivores and Communities Program (CACP) from the fiscal years

2012-13 through 2018-19.

Yearly Costs CADa

Program Minimum Maximum Median

Deadstock programb $17,000 $75,000 $50,231

Attractant managementc $7,862 $34,209 $21,077

Education and outreachd $756 $6,495 $4,593

Personnel $62,037 $89,341 $74,228

Total CACP costs $121,077 $185,339 $152,968

Costs are presented in Canadian dollars (CAD) and are rounded to the nearest whole

dollar. Importantly, reported costs do not include in-kind contributions from project

partners including landowners, municipal districts, and government agencies.
aFiscal years 2012-13 through 2018-19. In-kind and matching funds are excluded.
b In 2015, the rendering company removal rate increased from 9 cents/lb. to 14 cents/lb.,

and the minimum pickup fee increased from $75 to $120 CAD.
cProjects are cost-shared with landowners, most generally on a 50/50 basis. Landowner

contribution is excluded.
d Includes bear safety workshops.

are also often expected to implement policy recommendations,
is increasingly recognized as a vital part of conservation
programming (Carter and Linnell, 2016; Hughes and Nielsen,
2018). Employing a Theory of Change (ToC) approach enabled
us to not only conceptually model the CACP (Figure 1), but also
to target our evaluation of the program’s effectiveness using data
from program participants direct experiences and perspectives,
carnivore incident records, and program costs (Allen et al., 2017).
The CACP’s activities reflect the local context and problems with

large carnivores and, as a primary goal, help reduce direct costs
and risks to ranchers and rural residents. Using a ToC to guide
our evaluation enabled us to conceptualize the impact pathway
of each intervention, at the scale of implementation for people
in southwestern Alberta (Chen, 2015; Woodhouse et al., 2015).
We suggest that other conservation organizations consider using
a ToC approach in program development and evaluation, given
its flexible and adaptive application as well as utility in engaging
a diversity of actors in designing community-based conservation
(Center for Theory of Change, 2013; Baylis et al., 2016; Allen
et al., 2017).

Indeed, our results indicate the CACP appears to be well-
situated to help meet the needs of the local community. For
example, survey respondents identified personal and family
safety as a primary concern of living with carnivores. To
help address safety issues, the CACP, in consultations with
the community, developed a bear safety workshop, which was
generally positively received. These workshops not only allow for
information exchange and hands-on practice with bear spray, but
also bring people together in a collective environment to learn.
The workshops espouse principles of building and fostering
social capital, including co-learning and knowledge exchange
in a safe and respectful environment (Pretty and Smith, 2004).
Despite wide acceptance of bear spray efficacy in the scientific
community (Smith et al., 2008), many people within the general
public do not carry bear spray (Coltrane and Sinnott, 2015;
Gunther et al., 2015).

Increasing the use of bear spray as a non-lethal deterrent
requires a normative shift in beliefs and behavior, which can be
achieved by leveraging influential social bonds across participants
(Gockeritz et al., 2009). Within any particular social context,
individuals tend to conform to perceived social norms in an effort
to be accepted (i.e., normative social influence) and use others as
a guide for determining appropriate actions (i.e., informational
social influence) (Gockeritz et al., 2009). Research also suggests
that individuals retain verbal information better than written
information (Gunther et al., 2015), and that messages need to
be deemed relevant in order to elicit behavioral change (Miller
et al., 2017). Participants of the CACP’s bear safety workshop
are likely influenced by their social relationships, which in turn
can contribute to their adoption of bear safety principles such
as carrying bear spray (Pretty and Smith, 2004; Gockeritz et al.,
2009). To this end, CACP large carnivore safety workshops are
explicitly targeted to farm and ranch families to both improve
first-hand knowledge but also to acknowledge that living with
large carnivores presents a safety risk, and the messaging within
the course speaks to participant values and experiences (Miller
et al., 2017; Cinner, 2018). While we did not specifically examine
relations of trust, we suggest it is likely that the credentials and
relationships of CACP personnel with local participants carry
a level of trust and respect that would influence receptivity of
the information presented (Pretty and Smith, 2004). This is also
referred to as both bonding and linking social capital, where
strong community or neighborhood relationships coupled with
local groups being involved in decision-making exercises with
other agencies can result in bringing people together to address a
common problem (Marin et al., 2012). As a result, well over half
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of workshop participants indicated they now carry bear spray,
which in turn suggests a shift toward desired normative beliefs
and behavior.

In addition to the survey results, our use of incident records
allowed us to further explore conflict patterns. Both survey results
and incident records indicate incidents related to attractants have
declined since CACP implementation. In particular, incident
records specify that reported deadstock incidents have declined,
and survey respondents expressed that they want the deadstock
removal program to continue. The removal of deadstock is
important because all four large carnivores scavenge at these
sites (Morehouse and Boyce, 2011; Banfield, 2012; Northrup
and Boyce, 2012). Certainly, easy access for carnivores to a
high-quality food source like deadstock can result in increased
species abundance, survival and/or productivity (Sullivan and
Sullivan, 1982; Angerbjörn et al., 1991; Morris et al., 2011; Seward
et al., 2013), which in turn may result in higher likelihood
of human-carnivore encounters, safety risks and potentially
exacerbate conflicts. While the practicality of the deadstock
removal program is clear, we also believe the social capital built
and nurtured through the CACP plays a role in successfully
addressing human-carnivore conflict (Pretty and Smith, 2004;
Marin et al., 2012; Cinner, 2018; Galvin et al., 2018). This
can be seen in the governance of the CACP, along with
the sharing of information and experiences of local ranchers
and residents participating in the different initiatives. In turn,
normative behaviors are encouraged with increasing adoption of
CACP activities.

While we cannot definitively link the CACP to the detected
decrease in reported attractant and deadstock incidents, we
believe it is more likely the combined efforts of the CACP
including the relations of trust, reciprocity and exchange that
are driving the observed patterns rather than unaccounted
reporting (Decker et al., 2015; Galvin et al., 2018). Certainly,
part of what appears to have been effective for the CACP is
direct engagement with, and understanding of, local peoples’
concerns, interests, motivations, and expectations of human-
carnivore conflict and coexistence (Galvin et al., 2018). Research
elsewhere has demonstrated that community-based programs
developed using shared conservation goals and a participatory
process can positively impact both wildlife and communities
(Wilson et al., 2017; Lute et al., 2018; Störmer et al., 2019).
Additionally, engaging local individuals directly in the CACP’s
governance enables opportunities for building trust and decision-
making capacity (Pretty and Smith, 2004; Marin et al., 2012).
In turn, this helps to establish ownership over the program and
foster stewardship toward carnivores (Waylen et al., 2010; Clark,
2011).

Additionally, though our results showed several positive
patterns, we acknowledge other program outcomes require
further work. For example, while reported grizzly bear-attractant
incidents have decreased since the CACP implementation,
reported livestock depredation or injury caused by grizzly bears
has continued to increase. During community meetings held
throughout the development of the deadstock removal program,
some people questioned whether restricting access to deadstock
might make carnivores more likely to depredate livestock.

However, research from other areas of the world suggests this
is not the case and carcass removal remains a recommended
strategy for reducing livestock depredation (Shivik, 2004; Lagos
and Bárcena, 2015). Although we have not evaluated the reasons
behind increased grizzly bear depredation of livestock, we
suggest it may be due to a combination of an increased grizzly
bear population that has expanded its geographic distribution
(Morehouse and Boyce, 2016, 2017), reduced government staff
numbers and capacity over a large and dispersed landscape, and
the existence of problem bears that are involved in multiple
livestock depredation events (e.g., Linnell et al., 1999; Morehouse
et al., 2016). However, the most likely explanation is perhaps
that unlike stationary attractants, such as grain or deadstock
that can be dealt with using electric fencing or carcass removal,
livestock are free ranging. Thus, depredation is often more
difficult tomanage and will continue to be a persistent problem in
southwestern Alberta as it is globally (Kolowski and Holekamp,
2006; Morehouse and Boyce, 2011; Li et al., 2015; Morehouse
et al., 2018). Addressing livestock depredation requires a
multi-pronged approach, interdisciplinary collaboration, cultural
sensitivity, robust institutional governance systems, and new
ways of doing business (Hughes and Nielsen, 2018; van Eeden
et al., 2018).

Although the results of our evaluation are promising,
we acknowledge that there are limitations. Smaller sample
sizes are often common in non-random, purposive sampling
because the emphasis is on exploring specific populations, ideas
or phenomena (e.g. case studies) rather than quantity and
generalizability to a larger population (Rust et al., 2017). Sample
sizes for studies using purposive sampling can vary widely
(e.g. Lee et al., 2017; Rust, 2017; Bashari et al., 2018; Redford
et al., 2018; Mitchell et al., 2019), and we note that our sample
size is within the range of other similar published studies.
Criticisms of non-experimental evaluations such as ours include
accounting for the effect of potential confounding factors on the
achievement of program outcomes, which for our study might
include changes in enforcement activity, fluctuations in incident
reporting rates, variations in large carnivore populations, lack
of actual participation despite signing up, or access to other
programming unbeknownst to ourselves (Woodhouse et al.,
2015). We also acknowledge that we have not explicitly measured
tolerance, and favorable views of the CACP do not necessarily
mean the community is more accepting of large carnivores. Our
survey targeted individuals that were familiar with the CACP.
There is likely a section of the community that is not engaged
in coexistence efforts and future work to further understand the
perspectives of those individuals is warranted.

Further, we recognize incident records are not without
error. We have no way of accounting for unreported incident
occurrences, and several survey respondents indicated they do
not report safety concerns or damage to stored grain or feed when
those events occur. Thus, incident records likely underrepresent
the extent of carnivore activity in the area. Changes in reporting
rates can influence patterns in complaint data, and removal of
problem bears by Fish and Wildlife Officers might contribute
to changes in incident levels (Howe et al., 2010). Also, the
implementation of the CACP itself might have contributed to
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changes in reporting rates with community members perhaps
more likely to report incidents as awareness of carnivore-conflict
issues increased. Further, changes in natural food availability can
influence incident levels for bears, with human-bear conflicts
often, but not always (Hertel et al., 2019) increasing in years of
poor natural food availability (Baruch-Mordo et al., 2014; Lewis
et al., 2014). Changes in human population and demographics
might also influence patterns in the occurrence records, but
Morehouse and Boyce (2017) reviewed these possibilities and
eliminated these as the main reason for increasing carnivore
incidents in southwestern Alberta. Additionally, the grizzly bear
population in southwestern Alberta has increased since the
CACP’s implementation (Morehouse and Boyce, 2016), which
might also affect the number of incident records (though
we acknowledge that an increased bear population does not
necessarily mean increased incidents). Data on population
trends for the other large carnivore species are not available,
but an increase or decrease in populations might also affect
reporting rates.

Finally, an additional and important consideration is the
financial commitment required to support programs such as
the CACP. Indeed, the costs of the CACP are not insignificant
and range from ∼$121,000 to $185,300 CAD per year, though
the cost of the program varies from year to year depending
on the specific initiatives undertaken. The program operates on
grant funding, and securing long-term financial commitment is
a continuing challenge. Funding for personnel to implement the
program is particularly difficult to find because many granting
agencies prefer to fund specific short-term projects as opposed
to ongoing personnel costs. Additionally, in-kind contributions
from local governments as well as individual landowners are
a critical component to program success and help emphasize
the necessity of partnerships. We note that the CACP is a
cost-share program and many individuals within our program
area accept some loss and risk associated with living with large
carnivores (WBR, unpublished data). For example, the attractant
management projects are typically implemented on a 50/50 cost-
share basis between the CACP and the individual landowner. It is
also not unusual for the landowner to take on>50% of the project
cost (Loosen et al., 2014; Waterton Biosphere Reserve, 2016).
Thus, the costs of the CACP would be far greater if the program
had to cover 100% of all conflict mitigation efforts. The CACP
continues to explore options such as livestock carcass composting
to help reduce costs of the deadstock program. By helping to
offset the costs associated with sharing the landscape with large
carnivores, the CACP encourages producers to participate in
large carnivore conservation. Persistent conflict between large
carnivores and people means that ongoing financial assistance
and social and human capital will be required to support long-
term coexistence.

CONCLUSIONS

The CACP works toward supporting coexistence of humans
and large carnivores by mitigating and addressing conflicts.
Ultimately, it is the ranchers and rural residents who are

choosing to participate in the CACP, thereby demonstrating
their willingness to participate in non-lethal solutions to coexist
with large carnivores. Thus, the program represents a local
solution to a global problem. Reconciling the differences
among people, and their values for carnivore conservation,
is an ongoing conservation challenge (Redpath et al., 2013;
Hughes and Nielsen, 2018; Lute et al., 2018; Vucetich et al.,
2018). That said, our grassroots and collaboratively designed
program acknowledges, supports, and addresses the needs and
concerns of people, and we suggest this is demonstrated by
our evaluation results. Evaluations of small, community-based
conservation projects (e.g., CACP; the Blackfoot Challenge
in Montana, USA, https://blackfootchallenge.org/; the Global
Snow Leopard and Ecosystem Protection Program in Asia,
https://www.globalsnowleopard.org/) framed around the specific
context in which they occur, are well-situated to make local
policy recommendations based on evidence from participants’
perspectives and experiences (Woodhouse et al., 2015; Salerno
et al., 2016). These evaluations can also provide valuable insight
to other human-wildlife conservation programs at a broader
scale in terms of program design (i.e., what worked/failed) and
lessons learned (e.g., importance of pre-implementation baseline
social and conflict data). Furthermore, our results highlight
the importance of involving the local community in planning
and decision-making to ensure that the strategies and actions
support conservation objectives and resonate with the people
expected to implement them. Doing so can also build the social
capital to manage carnivore species. To that end, southwestern
Alberta landowners have been involved in all stages of the CACP,
from program development and evaluation, to the writing of
this manuscript.

Our study’s insights are useful for both the development
of other community-based organizations as well as other
evaluation efforts. To be effective, future program evaluations
should consider utilizing a participatory ToC approach to
prioritize program activities and goals, collect baseline data
prior to program implementation, incorporate multiple data
sets, and where possible and ethical, use an experimental
or quasi-experimental evaluative design (Biggs et al., 2016;
Treves et al., 2016; Allen et al., 2017). As the human
population increases and wildlife habitat decreases, it
is likely that human-carnivore conflicts will remain a
persistent conservation challenge. Long-term coexistence
of people and large carnivores requires an ongoing multi-
disciplinary commitment to think creatively, test new ideas, and
work collaboratively.
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