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Thesis Abstract

Black bears (Ursus americanus), once extirpated across most of their range in North
America, have been a conservation success story. Since the early 1900s, black bear populations
have been recovering and reincorporating historical ranges (Beckmann & Lackey, 2008). As
black bear populations and occupied range expand, human populations are also expanding into
black bear habitat. Urban development within occupied black bear range is leading to increased
human-bear conflict. This conflict may involve bears getting into garbage and bird feeders, yet
interactions may escalate and include property damage and human injury. As charismatic
megafauna, bears elicit a strong emotional response from the public that often demands non-lethal
management of bears involved in conflict with humans. These public responses challenge
management agencies to find management techniques that will help keep bears at a low level of
conflict while keeping the public safe. Management techniquesinclude education and outreach
along with physical management of individual bears. With this demand for non-lethal
management of bears, | investigated the benefits and costs of education and outreach along with
different hazing options for black bears. Reviewing 54 different publications, we found room for
both techniques combined to be advantageous to bears and plausible options for management of
human-bear conflicts.

Furthermore, | studied the use of dogs as a form of hazing forbears. Dogs as a non-lethal
management tool is gaining in popularity among agencies that manage bears. There is lack of
data on the use of dogs for hazing bears and few published studies compared the use of dogs
coupled with less-lethal ammunition or the dogs alone (Beckmann et al., 2004; Leigh &
Chamberlain, 2008; Comeau, 2013; Klip 2018). | had the opportunity to investigate how to use
dogs to get the best response from bears treated by dogs. 1 used 3 treatments to apply to bears: 1)
releasing dogs off-leash to pursue and potentially make physical contact with the bear, 2)

releasing the bearwith dogs on-leash to pursue the bear with no potential for contact, and 3) a



control group of bears released without dogs involved. After the treatments, | looked at how
many days it took an individual bear to return to chronic conflict and the percentage of time
treated bears spent in residential areas after release. My study found no significant difference
between treatments and the variables examined. Despite the lack of support for the hypotheses
presented in this study, dogs have benefits as part of a bear management program. These benefits
include opportunities for education and outreach by drawing the public to them, safety for

handlers and law enforcement in situations involving an injured human or bear, field assistance
for finding injured or orphaned wildlife, dropped collars, or carcass location. Ultimately, this
study should provide added information to managers considering incorporating dogs into their

human-bear conflict programs.
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Abstract

Black bear (Ursus americanus) populations are expanding across the United States, presenting a
challenge for wildlife agencies charged with managing their populations. As black bears
reestablish their historical ranges, human populations are also increasing and encroaching into
bear habitat. Managers are subjected to growing pressure from concerned stakeholders to focus
on education and outreach of the public over management of bears. Research shows that both
management of individual bears and outreach to educate human populations have a positive effect
on conflict management and could be used in tandem. We reviewed 54 papers to compare
outreach and education and management of individual bears. While education and outreach can
reach a broaderaudience to deliver the message of responsibility in bear country, research shows
that proactive changes by individual people are extremely low, despite targeted messaging. In the
absence of complete compliance among humans with the security of anthropogenic attractants by
stakeholders, individual bears at low levels of conflict may need to be targeted by managers for
management. Non-lethal bear management options have support from the public, allowing
managers to try to keep an individual bear at a low level of conflict, although have limited
efficacy in addressing chronic conflicts. Education and outreach should not be considered a
complete solution for solving human-bear conflict. Similarly, managing individual bears is not
going to stop bears from coming into conflict with humans. A combination of education and
outreach techniques to address human-bear conflicts and managing individual bears to try to keep

them at low levels of conflict are methods that may be advantageous for managers.
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Ursus americanus, anthropogenic, attractants, conflict, education, outreach, hazing



1. Introduction

Black bear (Ursus americanus) restoration is a conservation success story across most of
North America. By the early 1900s, black bears were extirpated from most of their historical
range because of destruction of habitat, unregulated hunting, and overall persecution (Lackey et
al., 2013; Scheick & McCown, 2014). The Industrial Revolution led to an increased dependency
on fossil fuels, rather than wood-burning fuels, and led to beneficial changes in forest
management (Lackey et al., 2013; Scheick & McCown, 2014). These changes and resultant
habitat regeneration allowed bear populations to recover across much of their historical ranges
(Lackey etal., 2013; Scheick & McCown, 2014). Black bears are now common across most of
their historical range and most populations are increasing (Servheen, 1989; Lackey et al., 2013).
Black bears are considered a species of least concern by the International Union for the
Conservation of Nature (IUCN), and the current population estimate for black bears in North
America is 850,000 — 950,000 (IUCN 2021).

Concurrent with increasing black bear populations, human populations also are
expanding across North America, leading to bears and humans increasingly coming into direct
conflict (Conover & Decker, 1991; Conover, 1998; Messmer, 2000; Beckmann et al., 2004).
Strictly speaking, conflict is defined as a situation that occurs when 2 or more parties with
intensely held opinions strongly disagree over conservation objectives and 1 party is perceived to
assert its interests at the expense of another (Redpath etal. 2013). Conflict, then, occurs among
people, and effects of wildlife on people (or effects of people on wildlife) may be catalysts for
conflict if management objectives and approaches are not mutually acceptable. Nevertheless, in
this paper we define human-bear conflict as any situation where there is a real or perceived threat
to human life or property by bears. Human-bear conflictsalso include situations, where bears use
or damage human property, episodes where bears obtained anthropogenic food, where bears

Killed or attempted to kill livestock or pets, were involved in vehicle collisions, when a bear



exhibited stress-related or curious behavior causing a person to take extreme evasive action, made
physical contact with a person, exhibited clear predatory behavior, or was intentionally harmed or
Killed (notincluding legal harvests) by a person (Lackey et al. 2018). This latter definition is
commonly used among bear managers when addressing interactions among bears and humans.
Two levels of human-bear conflict will be discussed in this paper. We describe low-level conflict
as human-bear conflict involving bears accessing anthropogenic food resources without property
damage or public safety concerns (Table 1). This description includes, but is not limited to,
accessing garbage cans, bird feeders, pet food, apiaries, chicken coops, and habituation to the
presence of humans. We describe high-level conflict as human-bear conflict involving bears
causing property damage, structure entry, human injury, or human death (Table 1).

Human development within urban-wildland interfaces that include public land occupied
by bears leads to a high likelihood of conflicts (Beckmann & Berger 2003; Cleary et al., 2021,
Figure 1). Bearsin urban-wildland interfaces and urban areas using anthropogenic foods had
higher population density, individual mass, litter size, and young-bearing years than bears
accessing only wild foods (Beckmann & Berger, 2003). Those same bears had smaller home
ranges and shorter duration of hibernation than bears in wildland areas (Beckmann & Berger,
2003). Marley et al. (2017) noted in modeling options for management of human-bear conflicts
that for every 1% increase in human population there was a corresponding 91% increase in the
chance of an individual bear becoming involved in some form of conflict with humans. In other
words, a small increase in human population leads to a large chance of an individual bear coming
into conflict with that human population.

The value that the human population places on bears has changed since the early 1900s
(Hopkinsetal.,2010). Once considered a form of vermin, bears are now considered charismatic
megafauna with many stakeholders having a mutualistic, or emotional, connection to them

(Hopkinsetal.,2010; Manfredo et al., 2018). State and federal wildlife agencies mandated with



managing human-bear conflicts are increasingly pressured to include both proactive and reactive
strategies for addressing concernsto limit the use of lethal removal of an individual bear (Dubois
& Fraser, 2013; Hopkins et al., 2010).

Human-bear conflict may result from bears accessing garbage, pet food, birdfeeders,
backyard apiaries, and chicken coops to larger issues of livestock loss, property damage, and
public safety. In the past, human-bear conflicts were resolved by either translocating bears or
lethally removing them (Hristienko & McDonald, 2007). Since the 1980s, research has
increasingly been focused on resolution of human-bear conflicts through non-lethal actions.

Unsecured anthropogenic food is the primary cause of most human-bear conflicts.
(Manfredo et al., 2018; Clearly et al., 2021). Anthropogenic food is defined as “foods or
attractants having a human origin” (Hopkins et al. 2010). Anthropogenic attractants may include
garbage (McCarthy & Seavoy, 1994), bird or game feeders (Campbell, 2012; Marley et al., 2017;
Cleary etal., 2021), barbecues, compost, pet food (Cleary et al., 2021), fruit trees (Gore et al.,
2008), livestock (including chickens) (Smith et al., 2000; Garshelis et al., 2020), stored
commodities (Fall & Jackson, 2002), crops (Fall & Jackson, 2002; Hristienko & McDonald,
2007), apiaries (Otto & Roloff, 2015; Pienaar et al., 2015), improper food storage at campsites
(Madison, 2008; Mazur, 2010), and intentional feeding (Hristienko & McDonald, 2007). Those
attractants are both numerous and difficult to address, especially on a landscape scale.

State agencies mandated with managing wildlife populations, have primary statutory
authority for management of black bears and their populations across North America, and are
under pressure from the public for non-lethal options to manage human-bear conflicts. As a
result, those agencies are required to balance scientifically supported methods for resolution of
conflicts with political and emotional pressure from various stakeholders. Past research seems to
indicate that management of human-bear conflicts can only come from large-scale security of the

anthropogenic attractants that cause human-bear conflict rather than managing individual bears



(Gore et al., 2006; Dietsch et al., 2018). Yet both forms of management may have value in
reducing conflicts between humans and bears.

We conducted a literature review, which included 54 peer-reviewed publications of non-
lethal management practices for black bears across North America. Our objective was to
investigate the efficacy of public outreach to increase attractant security as a method of reducing
conflicts between bears and humans at the population level versus the use of techniques to
manage individual bears. Indeed, using public outreach to encourage the public to secure
attractants may be a more effective approach to reduce conflicts between bears and humans

compared with attempting to manage behaviors of individual bears.

2. Education and Outreach

As black bear populations began to rebound across North America during the 1980s,
inevitably, conflicts between bears and humans also increased (Conover & Decker, 1991;
Conover, 1998; Messmer, 2000; Beckmann et al., 2004; Gore et al. 2006; Spencer et al.,2007;
Hristienko & McDonald, 2007; Campbell, 2012; Garshelis et al., 2020; Cleary et al., 2021).
Wildlife management agencies initially addressed human-bear conflicts by focusing on individual
bears involved in the conflict. Techniques for resolving these situations often involved either
translocation or lethal removal of the offending bear without addressing the cause of bear’s
presence in the area (Gore et al., 2006; Baruch-Mordo et al., 2011; Pienaar et al., 2015).
Wildlife managers and stakeholders alike quickly realized that lethally removing or translocating
a bear did not solve the problem or reduce the overall number of conflicts because those
attractants remained present after the removal of individual bears. Atthe same time, translocation
also proved to be an inconsistent solution because bears would frequently return to the location of

conflict (McArthur, 1981; McCarthy & Seavoy, 1994; Beckman et al., 2004)



The use of aversive conditioning for deterring black bears involved in conflict began
gaining momentum in the late 1990s and early 2000s with more than half of state wildlife
agencies in the United States using this tool for management of individual bears (Beckman et al.,
2004; Homstol et al., 2024). Despite the focus to address conflicts between humans and bears in
a non-lethal manner, managers quickly recognized the futility of addressing individual bears
without securing the anthropogenic food sources that initially attracted them (Campbell, 2012).
The need for a large-scale change in human behavior was recognized as imperative to reduce
conflicts by reducing the availability of anthropogenic food sources for bears (McCarthy &
Seavoy, 1994). The Alaska Department of Fish and Game in Juneau established an education and
outreach campaign from 1988 through 1991 in combination with a garbage containment
ordinance, which included a fine for first-time offenders (McCarthy & Seavoy, 1994). That effort
resulted in increased compliance with the garbage containment ordinance. This increased
compliance did not stop food-conditioned bears from gaining access to garbage that was not
secured (McCarthy & Seavoy, 1994). That campaign was one of the first documented efforts
appealing to stakeholders to voluntarily change their behavior to reduce conflicts between
humans and bears.

Spencer et al. (2007) did a comprehensive survey of agencies that had bear management
programs and found that 81% of them had public outreach and education programs to reduce
human-bear conflicts by teaching people to contain their garbage and to make other attractants
secure from bears. Several private organizations in collaboration with state wildlife agencies
formed effortsto provide education and outreach to the public, including general information on
bear biology along with tools to secure attractants both locally and nationally. Examples of those

efforts include: the Bear Aware campaign (www.bebearaware.org), Be Bear Smart

(www.bearsmart.com) and BearWise (www.bearwise.org). The BearWise campaign is supported

by wildlife agencies, including the Association of Fish & Wildlife Agencies.


http://www.bebearaware.org/
http://www.bearsmart.com/
http://www.bearwise.org/

Education and outreach effortstypically take the form of brochures, stickers, signs, and
other written material that is provided to the public either individually or posted in highly visible
locations to reach a broad audience. For example, in Yosemite National Park (hereafter
Yosemite), visitors may encounter more than 400 different outreach communications during their
visit, including providing 95% of their visitors with a food-storage brochure when they enter the
park (Cella & Keay, 1979; Lackey, 2003). Despite this extensive attempt at widespread visitor
outreach and education with signs and brochures in Yosemite, 92% of visitors thought they were
storing their food properly, but only 3% were appropriately excluding bears from their food
(Cella & Keay, 1979; Lackey, 2003). In Black Mountain, North Carolina, an outreach campaign
involved both education and outreach including presentations, flyers or brochures, social media
outreach, stickers, public service announcements, and articles in the newspapers (Poole, 2011).
Of 157 residents surveyed after that effort, slightly more than half (53%) of respondents said they
had seen the materials (Poole, 2011). When the survey asked residents if the material changed
their minds about coexisting with black bears in their community, 70% responded “no” without
further explanation (Poole, 2011). Interpreting those responses is difficult because it is unknown
whether those 70% lived responsibly in bear country already or if those 70% had no intention of
changing their habits to improve security of potential attractants for bears (Figure 2). In the same
study, when asked about using a bear-resistant container, only 71% of respondents confirmed that
they would be willing, leaving the remaining 29% unwilling to use a bear resistant container
(Poole, 2011). Poole’s (2011) study was inconclusive regarding education and outreach affecting
voluntary change in residents. Similarly, Gore et al. (2008) assessed the benefits of public
outreach and education in the state of New York to help people remove or secure attractants from
bears. They provided a set of 8 different materials addressing different known bear attractants
and suggestions for removing or securing those attractants. A survey one year after the

information was provided to residents, with a response from 950 residents, found that only 3% of
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residents changed some behavior (Gore et al., 2008). The 3% changed due to direct altercations
with bears rather than the outreach materials (Gore et al., 2008). Similarly, despite the creation of
a well-known Bear Aware program in Colorado, education efforts did little to encourage humans
to change their behavior (Baruch-Mordo et al., 2011). Likewise, Howe et al. (2010) stated that
education and outreach programs did not always lead to modification of responsible behavior or
improve the public’s understanding of ways to address attractants.

In Florida, however, suggested conflict resolution advice provided by the Florida Fish
and Wildlife Conservation Commission (FWC) was adopted for garage security by 56.2% of
1,649 respondents (Pienaar et al., 2015). Thatsurvey found that interactions with FWC staff may
have played a larger role in outreach and education than printed materials (Pienaar et al., 2015).
They also found that securing attractants, other than garbage, was less effective because fewer
than 15% of survey respondents were willing to take on measures to secure items including bird
feeders or barbecue grills (Pienaar et al., 2015). A local “Bear Smart” effort in Manitoba
summed up the issues of education and outreach well when they reported that, despite
overwhelming support for the program, the actual change in human behavior was ineffective
(Campbell, 2012). That result was further supported by a survey of residentsand campers in New
Mexico after exposure to outreach and education efforts (Dunn et al., 2008). They found the
knowledge about bears and bear attractants increased after residents and visitors were exposed to
the outreach materials, however no measurement was provided regarding compliance by these
groups (Dunn et al., 2008).

Another factor affecting the absorption of outreach and education is the overall attitude of
the people targeted by the information (Harris, 2011). Campbell (2012) found that, despite an
overall positive reaction to the development of a Bear Smart program in Manitoba, 30% of
individuals had a negative response to removal of known bear attractants. Some people may feel

that they should not have to change their lifestyle or may not like the suggestions offered by a
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wildlife management agency (Peine, 2001; Hristienko & McDonald, 2007; Campbell, 2012;
Pienaar etal., 2015; Dietschet al., 2018). For others, following suggestions provided through
education and outreach is financially difficult (Poole, 2011). Lackey’s (2003) study in Yosemite
suggested that the outreach efforts may create a situation where stakeholders become
overwhelmed by the amount they are exposed to and then become apathetic. Conversely, Howe et
al. (2010) suggested that education and outreach must be conveyed repeatedly and over long
periods of time.

Attractant security does substantially reduce the incidences of human-bear conflicts
(Baruch-Mordo et al. 2011, Johnson et a. 2018). Perhaps more effective than education and
outreach is the need to impose ordinances and the threat of fines. Ordinances alone have been
shown to have little effect on human behavior in bear country, but rather, change comes from the
enforcement of those ordinances (Baruch-Mordo et al., 2011). Multiple studies have
demonstrated a positive effect of fines oreven the threat of fines to motivate the public to secure
their attractants (Baruch-Mordo et al., 2011; Scott et al., 2018; Johnson et al., 2018).

With the benefit of securing attractants across large spatial scales, however, Honeyman
(pers comm 2021) cautions that, once one source of food is removed, bears using urban areas will
find anew one. For example, the securing of garbage and bird feeders in the Bow Valley of
Alberta led to a spike in bears using fruit trees and natural vegetation within the same urban areas
(Honeyman perscomm, 2021). The suggestion by Honeyman (pers comm, 2021) was that this
change did not qualify as a desirable outcome for the community because the bears remained in
the developed areas. Many stakeholders argue that the only solution to human-bear conflict is
outreach and education to attain attractant security. Complete compliance seems unattainable,
however, because of differences in human responses. Education and outreach will have a positive
impact on wildlife conservation efforts, but those efforts likely will need to be augmented with a

secondary tool of enforcement, a ‘carrot and stick” approach (Gore et al., 2008). Following initial
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effortsin Juneau, Alaska, new management plans for conflict resolution appear to benefit from
increased enforcement rather than leaving it up to individuals to voluntarily secure attractants
(McCarthy & Seavoy, 1994; Beckmann et al., 2004; Baruch-Mordo et al., 2014).
Complicating this effort is the fact that wildlife management agencies have no authority
over control of municipal garbage (Johnson et al., 2018). Close relationships between
governmental agencies that manage wildlife conflicts, those that manage municipal garbage, and
the municipalities experiencing increased conflicts between humansand bears could prove to be
an important one. If municipalities create enforceable ordinances regarding anthropogenic
attractants to bears such as garbage, wildlife agencies could assist with outreach and education to
inform residents of them. Wildlife agencies and other concerned citizens could also assist in the
enforcement of the ordinances by reporting violations to the proper enforcement entity. When
compliance with ordinances reaches 60% or greater, a linear decrease in conflict has been shown
to occur (Baruch-Mordoetal., 2015; Johnson et al., 2018). Coupling outreach and education

with enforcement should be a solution agencies and municipalities work toward achieving.

3. Management of Individual Bears

Lethal removal of bears, taste aversion chemicals, hazing, and simple translocation are
methods of conflict resolution that have been used by biologists in the past. These methods may
work in specific situations, but generally do not prove to be applicable policies for most situations
addressing human-bear conflicts. The lethal removal of bears, however, through hunting seasons
in Minnesota was an effective way to reduce the number of human-bear conflicts occurring in the
area (Garshelis et al., 2020). McCarthy and Seavoy (1994) stated strongly that allowing
“nuisance” bears to remain after attractants had been secured from bears, as opposed to lethal
removal, would only perpetuate the conflict. Lethal removal of bears, however, is not popular

with the public, and in states where stakeholders are fighting existing or proposed bear hunts, this



13

form of management likely would lose public support for wildlife agencies managing those
conflicts (Dunn et al., 2008; Agee & Miller, 2009; Lewis et al., 2019).

Taste aversion has been tried as a method to reduce conflicts, but the logistics of applying
taste aversion solutions to food sources is complicated, expensive, time consuming, and often
ineffective (Homstol, 2011; Signor, 2010). Signor (2010) reported that a standard 10 mg dose of
thiabendazole on food left out for free-ranging black bears, did not appear to have a strong
enough effect to deter bears. Effective doses may be dependent upon the weight of a bear and the
individual reaction to the chemical (Polson, 1983; Signor, 2010). In urban settings, taste aversion
did not alleviate bear conflict, and the positive reward of attractants seemed to negate any effects
of ingested aversions (McCarthy & Seavoy, 1994). Additionally, the use of taste aversion
techniques in a large spatial scale such as urban and suburban settings may not be practical or
affordable for bear managers.

Translocation, another option available to managers, is defined as “the capture and
subsequent transport of a bear from the site of capture to a location outside its presumed home
range often in an attempt to permanently mitigate bear incidents or augment a population.”
Lackey etal. (2013). Translocation is used by 75% of agencies despite the knowledge that many
translocated bears will return to the area where the original conflict occurred (Lewis et al., 2019).
This option may be effective for temporary resolution of human-bear conflicts, because
translocation allows for the non-lethal, temporary removal of a bear from the area of conflict,

giving managers time to address attractants (Beckmann et al. 2004).

4. Hazing
Aversive conditioning is defined as “a learning process in which deterrents are
continually and consistently administered to a bear to reduce the frequency of an undesirable

behavior” Hopkins et al. (2010). This method is different from hazing, which is defined as “a
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technique where deterrents are administered to a bear to immediately modify the bear’s
undesirable behavior” (Schirokauer & Boyd, 1998; Hopkins et al., 2010). Repeated
implementation of hazing practices on an individual bear could be considered aversive
conditioning, yet most agencies do not have the financial or human resources to apply true
aversive conditioning. For the purposes of this review, we will focus on hazing bears rather than
aversive conditioning. Both the public and wildlife agencies seem to think the outcome from
hazing is to change the behavior of the bear for the rest of its life (Beckmannetal. 2004). While
studies have proven that hazing of bears is not a solution to stopping conflict, those same studies
have pointed that of hazing may increase the ability to keep bears at a low level of conflict by
causing the bear to disperse from the immediate location of conflict (Hopkins et at., 2010,
Homstol et al., 2024).

Despite high reproductive rates in urban areas likely resulting from anthropogenic
resources, these populations are exposed to higher levels of mortality due to increased road
mortality and lethal removal by managers (Beckmann & Lackey, 2008; Baruch-Mordo et al.,
2014). As aresult, urban areas are often population sinks for bears (Beckmann & Lackey 2008).
The simple process of capturing a bear to apply hazing may help gain further cooperation from
stakeholders, helping them invest more in attractant security for the bear’s well-being. The
setting of a trap at a location of conflict also provides the opportunity for a bear manager to
conduct an on-site visit to address and advise the steward or stakeholder on how to secure
attractants. Hazing may also provide managers with the ability to keep individual bears at a low-
level of conflict, potentially avoiding the necessity of lethal removal of the bear altogether.
Unfortunately, agencies often keep incomplete records of individual bears that are treated th rough
hazing and any known outcome of hazing those bears (Spencer et al., 2007).

Deterrents used in hazing typically are meant to deliver a pain stimulus to the bear in the

form of a less-lethal projectile, noise making devices like homs, conductive electrical weapons, or
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using trained dogs (Beckmann et al., 2004, Homstol et al., 2006; Madison, 2008; Mazur, 2010).
Additionally, individuals, residents, or stakeholders may use hazing in the form of auditory
stimulus. Pain stimulus is often more effective because it is not dependent upon the behavior of
the person delivering the stimulus (Homstol et al., 2006; Madison, 2008). A flight response was
elicited froma bear 100% of the time when the bear was treated with a pain stimulus, such as
less-lethal ammunition (Homstol et al., 2006). In general, hazing a bear will not keep it from
coming back to unsecured sources of anthropogenic food or prevent other bears from finding it
(Beckmann etal.,2004; Mazur 2010). Moreover, Beckmann et al. (2004) strongly cautioned
agencies from assuming that treated bears would stop the conflict behavior. McCarthy and
Seavoy (1994) found that of the 14 bears shot with rubber bullets from a 12-gauge shotgun, 43%
vacated the area, however, 93% of the treated bears continued their unacceptable behavior in the
general vicinity. Studies in Yosemite and Sequoia National Parks found that bears treated with
hazing in the form of noise making devices, bear-spray, less-lethal projectiles, and being chased
by bear-management personnel (n >150 bears) continued to use human-occupied areas, but after
treatment, those individuals caused less damage, and accessed fewer anthropogenic sources of
food (Madison, 2008; Mazur, 2010). Mazur (2010) found that less-lethal projectiles elicited an
immediate response more effectively than bear-spray and chasing. Following hazing, many bears
became wary of approaching human-occupied areas and spent less time in those areas (Madison,
2008). Hazing methods are best assessed by the amount of time before a bear returns to urban
areas or exhibits conflict behavior, rather than the complete absence of the bear from an urban
landscape (Beckmannetal., 2004). Beckmann et al. (2004), in a study comparing 6 different
hazing treatments, found the treated bears stayed away from urban areas longer than untreated
bears, returning on average within about a month. Bears also traveled further away from the
release site when hazed versus just released (Leigh & Chamberlain, 2008; Comeau, 2013).

Hazing with a pain stimulus has been more effective than simply yelling or asserting human
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dominance in the form of posturing (Homstol et al., 2006; Homstol, 2011). Pain-stimulus created
more wariness in bears around humans for up to 3 weeks post-treatment compared to control
bears that became more habituated to humans (Homstol 2011). Additionally, hazing with the use
of dogs rather than less lethal ammunition, has been shown to increase the amount of time before
a treated bear returnsto conflict behavior (Beckmannet al., 2004; Leigh & Chamberlain, 2008;
Comeau, 2013; Klip, 2018, Figure 3). This time frame is extremely variable among studies, with
Beckman et al. (2004) noting the return of bears treated with dogs to an urban area varied from 5
to 641 days. In contrast, Leigh & Chamberlain (2008) noted bears treated with dogs returned to
conflict behavior onaverage 21.9 hours after treatment compared to bears not treated with dogs
returning, on average, after only 7.2 hours. Klip (2018) found that bears treated by dogs returned
to their treatment area on average 150 days after treatment, compared to 28 days for control bears.
Leigh and Chamberlain (2008) noted that bears treated with dogs stayed away from the treatment
site 10 days longer than bears not treated with dogs.

Hazing bears early in their conflict behavior is more effective than hazing bears with a
longer history of conflict behavior (Clark et al., 2002; Mazur, 2010; Poole, 201; Heneghan &
Mores, 2019). Females with dependent young were the most difficult to deter from
anthropogenic food sources (Clark etal., 2002). While hazing bears will not solve human-bear
conflicts, its advantages include both in the ability to keep bears at a low-level of conflict, and as

a method of management that is appealing to stakeholders (Heneghan & Mores, 2019).

5. DISCUSSION

Although conflict between black bears and humans are fewer during years of good
production of natural foods than years of food shortage, some conflicts can be expected annually
regardless of availability of natural foods (Gore et al., 2008; Merkle et al., 2013; Baruch-Mordo

etal., 2014). Both human and bear populations are increasing across North America, and
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availability of anthropogenic foods, human behavior, and behaviors of individual bears increase
the odds of conflicts. The values that humans hold toward bears have been changing, and a
greater proportion of the public believes that bears should be allowed specific rights when
involved in conflicts with humans (Dubois & Fraser, 2013). Many people believe that lethal
removal of bears, because humans fail to remove anthropogenic attractants, is unfair (Dubois &
Fraser, 2013). Municipalities and managers must bridge the knowledge gap between science and
human dimensions through investment in education along with management of individual bears
(Dubois & Fraser, 2013).

In the decades-long efforts of scientists, managers, and stakeholders to find the ultimate
solution to reducing conflict between humans and bears, no single answer has been found.
Educationand outreach are generally given more attention to management of individual bears
because effective outreach may influence a larger proportion of the public. Because individual
altercations are likely to continue, the need for management of individual bears remains. With the
concerns of various stakeholders and the emotional reaction that many people have to bears,
municipalities and managers should invest human and financial resources to avoid, mitigate, and
manage conflicts between humans and bears. Many managers already practice both education
and outreach along with management of individual bears. There is certainly a place for treating
an individual bear that is of concern along with treating the bear population as a whole while
simultaneously trying to secure attractants to avoid bears from becoming habituated or food
conditioned. Bearsthat have been involved in low-level conflict with humans could be managed
or conditioned to try to keep them at a low level of conflict.

As many have said in the literature, agencies may consider management that involves
both education and outreach along with working with municipalities to enforce attractant security
through penalties while managing individual bears (Baroch-Mordo et al., 2015; Johnson et al.,

2018). Yosemite National Park has been using this multi-tool technique for two decades and has
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seen a marked decrease in bear incidents and property damage to both visitor property and park
infrastructure (Madison, 2008). Yosemite uses a combination of education and outreach of
visitors, providing secure storage of food and garbage, along with management of individual
bears (Madison, 2008). This interdisciplinary effort within Y osemite, which includes biologists,
law enforcement, maintenance crews, and others, has been touted as a success since its inception
in 1999. That program has shown a 31% decrease in human-bear incidentsand a 63% decrease in
property damage (Madison, 2008). These decreasesin conflict and property damage through this
multi-tool strategy should be an example of the benefits of bear management involving multiple
stakeholders that participate in activities to reduce conflicts between humans and bears.

The use of non-lethal approaches to resolving human-bear has been studied for about 30
years (Spencer etal, 2007). The effects of different education and outreach techniques, the role
of enforcement of municipal ordinances and state laws, along with treatment of individual bears
involved in conflict should continue to be rigorously studied. Managers should maintain a
complete database of individual bears involved in conflicts, not only to help assess different
methods for reducing such incidents, but also to document efforts forindividual bears, especially
if lethal removal of the bear is the outcome. The ability of managersto demonstrate management
activities prior to lethal removal may help the public understand the overall approach to limiting
altercations, human conflicts, and lethal removals of black bears.

Ideally, the public would incorporate the necessary tools for attractant security in areas
also occupied by bears. Realistically, bear-resistant containers or electric deterrents such as
electric fencing, to secure attractants are expensive, and may not be an option for many residents
because of financial and logistical constraints. Johnson et al. (2018) suggests agencies work with
municipalities to implement ordinances to secure garbage and reduce or eliminate feeding of
bears. Franchise agreements between municipalities and sanitation companies to provide bear

resistant containers to clients takes a large financial strain off the public and helps increase
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compliance for secure garbage storage (Johnson et al. 2018). By combining enforcement of those
ordinances with provision of bear-resistant containers by sanitation companies or municipalities,
agencies could see a reduction in the amount of garbage available to bears and increased

compliance by residents on attractant security (Johnson etal., 2018). Coupling these actions with
the ability of agencies to haze individual bears asa form of non-lethal management may reduce
human-bear conflicts overall. Those combined measures may be an effective plan for a future

with fewer conflicts between humans and bears, and fewer bears being killed.
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Table 1. Definitions of levels of conflict.

Conflict Level

Definition

Low

High

Human-bear conflict resulting from bears using food resources in urban
areas without causing property damage or threatening human safety. This
level of conflict includes, but is not limited to, bears accessing garbage,
birdfeeders, pet food, fruit trees, apiaries, and chicken coops.

Human-bear conflict resulting in property damage, structure entry, human
injury, or human death
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Figure 1. An illustration of the increase in conflict calls as reported by the Nevada Department

of Wildlife from 1987-2023 in 5-year averages.



29

Figure 2. An example of residents needing to voluntarily change behaviors. Despite bear-

resistant garbage cans being available to residents, not all residents put forth the effort to obtain
one. This photo illustratesthat one resident has a bear-resistant container (circled, left) with two
neighbors that have not voluntarily reached out to their waste management company to obtain

one and the result of a bear gaining access to their garbage (right). (Photo courtesy Heather

Reich/NDOW 2019)
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Figure 3. An example of hazing of a black bear in Nevada with the use of Karelian Bear Dogs.

(Photo courtesy of John T. Humphrey)
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Abstract
Human-bear conflict is a well-studied issue for management with both education and
outreach along with non-lethal techniques being evaluated for multiple species and different
geographical areas. With increasing interest in non-lethal management of bears that come into
conflict with humans, the use of dogs as a management tool is growing. Dogs may be used for a
variety of uses, including personal protection, location of injured or dead wildlife, location of
dropped radio telemetry collars, and hazing. Few studies have assessed the benefits of dogs as a
tool to be used by bear managers. For agencies mandated with managing bears that may be
considering the use of dogs in their management protocols, how or if to use the dogs when hazing
bears is an unanswered question. Frequent altercations between black bears and humans in the
Tahoe Basin of Nevada provided a scenario where we could test the use of Karelian bear dogs in
hazing of bears coupled with other hazing techniques to determine if the various treatments
influenced subsequent behavior and timing. We evaluated the number of days before bears
returned to chronic conflict and the percentage of time bears spent in residential areas after one of
three treatments of hazing. We hypothesized that hazing bears with dogs off-leash would keep
bears out of chronic conflict longer than bears hazed with dogs on-leash or not treated with
hazing. We found no significant difference between treatments. Despite our inability to detect
any differences in response to treatments of human-bear some benefits, the public is often

mollified by the presence of dogs.

Key Words: Human-bear conflict, Ursus americanus, hazing, Karelian Bear Dogs, management
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1. Introduction

The return of the black bear (Ursus americanus) from extirpation across most of the
United States is a conservation success story (Hristienko and McDonald 2007, Scheick and
McCown 2014). Historically, by the early 20th century, most black bear populations in the
United States had been decimated due to habitat loss, unregulated hunting and trapping, and
general persecution (Lackey et al., 2013; Scheick & McCown, 2014). These black bear
populations began rebounding in the 1970s to 1980s (Hristienko and McDonald, 2007).
Garshelis and Hristienko (2006) showed that 35 of 49 jurisdictions surveyed in North America
were documenting a continuing increase in black bear populations in both survey years of 1997
and 2001. Corresponding with black bear population increases in North America is the
increasing human population across North America. This has resulted in bears and humans
overlapping and suffering conflicts as a result of that overlap as bears take advantage of the
availability of food resources in urbanized areas (Gore et al. 2006, Marley et al. 2019; Baruch-
Mordo et al. 2011).

Conflicts with humans typically are the result of bears becoming conditioned to
anthropogenic sources of food including garbage, bird feeders, pet food, chicken coops, and
apiaries with concomitant escalation of property damage and likelihood of home entry (Mattson
1989, Beckmannetal. 2004, Lackey etal. 2013, Lackey et al. 2018, and Homstol et al. 2024).
We have separated human-bear conflict into two levels. For this paper, low-level conflict is
considered human-bear conflict involving bears accessing anthropogenic food resources without
property damage or public safety concerns (Table 1). This includes, but is not limited to,
accessing garbage cans, birdfeeders, pet food, apiaries, chicken coops, and habituation to the
presence of humans. High-level conflict is defined as human-bear conflict involving bears
causing property damage, structure entry, human injury, or human death (Table 1). Low-level

conflict between humans and bears are likely to continue to increase as human populations
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expand into habitats occupied by wildlife. Marley et al. (2017) reported a positive relationship
between the likelihood of a bear becoming involved in conflict with small increases in human
population size.

Despite widespread education, outreach, and management actions by wildlife agencies,
conflicts between humans and bears will never be fully resolved. Clark et al. (2002) stated that
the frequency of conflicts between humans and bears will increase with increasing population
density of humans and bears, with effects from an expanding wildlife-urban interface. Bears in
residential areas, while increasingly fecund, experience elevated risks of mortality, largely from
vehicle collisions (Beckmann and Lackey 2008). Compounding this effect with the increasingly
mutualistic social culture of residents in North America (Manfredo etal. 2021), and the growing
unacceptability of lethal control of bears (Cleary et al. 2021, Homstol et al. 2024), hazing of
individual bears is often an important part of management of human-bear conflicts. Hazing is
defined as the delivery of deterrents to a bear for immediate behavior modification (Schirokauer
& Boyd 1998, Hopkins et al. 2010). This differs from aversive conditioning, which is the
continual and consistent application of deterrents to a bear to modify behavior (Hopkins et al.
2010). Members of the public began pressuring wildlife management agencies for non-lethal
alternatives to management of conflicts between humans and bears rather than just removals
(Spencer etal. 2007). Gillin etal. (1992) suggested that bear managers in the United States look
into the use of hunting dogs commonly used in Russiaand Finland as a tool for reducing conflicts
between humans and bears (Ursus spp), because combining the use of dogs with other negative
reinforcement techniques may help modify bear behavior in conflict situations. Moreover, use of
dogs may help provide a negative reinforcement to bears in different forms of human-bear
conflict (Gillianetal. 1992). Since the mid-90s, when the suggestion was put forth by Gillin et

al. (1992) and despite the paucity of science on the efficacy of using dogs as a tool for bear



37

management, interest in use of dogs has increased. Specifically, use of Karelian Bear Dogs
(KBDs) as a tool for managing bears has grown nationally and globally.

By the mid-1990s to early 2000s biologists from Montana, Nevada, and Washington
incorporated the use of dogs into their toolkits for non-lethal management of bears. Dogs have
proven useful for providing personal safety and to alert personnel to the presence of a bear when
investigating sites of attacks on humans by bears. They are also helpful in tracking injured bears
or carcassesthat a bear may be feeding on, allowing the dogs to alert to or encounter a bear ahead
of their handlers. Similarly, dogs have helped locate orphaned bears and mountain lion cubs.
Dogs have also assisted in clearing bears out of crawl spaces, finding dropped radio collars,
tracking bears that have been chemically immobilized but flee before the full effects of the
immobilization take place, and as an attraction for outreach and education among the public.
Beyond bears, dogs are used for detection of scat, reptiles, and amphibians for other wildlife
conservation efforts.

The use of dogs began without any scientific data to support them as a non-lethal tool for
management of human-bear conflicts, in part, because of the positive response by the public to
this method of management. Since then, more states, provinces, and countries have embraced the
use of dogs in an effort to manage bears using non-lethal methods. The first study of nonlethal
deterrents, including the use of dogs for management, found that bears chased by hounds upon
release from a culvert trap returned to conflict slightly later than bears from other treatment
groups (Beckmann et al., 2004). In most instances, use of dogs was combined with “less-lethal”
ammunition, including rubber bullets or rubber buckshot (Beckmann et al. (2004); Leigh and
Chamberlain 2008). When less-lethal ammunition alone was compared with use of dogs alone,
bears treated with hounds remained out of the community or treatment location longer than bears
treated with rubber bullets (Comeau 2013). In the case of Comeau’s study (2013), the amount of

time was a difference of only hours, with bears with dogs averaging 21.9 hours before a return to
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conflict in contrast to bears treated with rubber bullets returning after 7.2 hours on average.
Recently, Klip (2018) reported that bears treated with Karelian Bear dogs (hereafter dogs) alone
stayed away from the capture site and release locations foran average of 150 days, compared to
bears treated with dogs coupled with less-lethal ammunition, which returned after an average of
130 days.

Karelian beardogs are currently used by the Nevada Department of Wildlife (NDOW) as
a non-lethal tool for hazing black bears involved in conflicts with humans. This method allowed
us an opportunity to evaluate different methods of using the dogs during the hazing of black bears
in Nevada. With the growing interest in using dogs as a non-lethal tool, we asked the question, is
the effect of the dogs the result of the presence of the dog or does releasing the dogs to chase and
potentially make contact or bite the bears more effective for conflict management of bears? We
hoped to determine if there was an effective way for wildlife management agencies to incorporate
dogs as a non-lethal method for managing conflicts between humans and bears. NDOW currently
uses KBDs forhazing bears captured because of low levels of conflict as opposed to higher levels
of conflict that include property damage or entry. Based on prior studies, we hypothesized that
releasing the dogs off-leash to pursue and contact the bears as they were released would cause a
higher probability of avoidance by bears for a longer period. We further hypothesize that bears
hazed with dogs off-leash would have a higher probability of avoiding spending most of their

time in residential areas or close to human habitation.

2. Methods

The focus of our study was western Nevada, specifically in areas that experienced high
levels of conflicts between humans and bears. The study areaincludes all towns and cities within
the Lake Tahoe Basin, the metropolis of Reno and Carson City, and the smaller towns of Minden,

Gardnerville, Dayton, Virginia City, and Wellington (Figure 1). These areas are contained with 5
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counties that contain the currently documented population of bears in western Nevada (NDOW
2018). Washoe County, the largest in westem Nevada, which contains the city of Reno, boasts a
human population of >486,000. Carson City follows with >58,000 residents, and Douglas
County has>50,000 residents. These counties all show a trend of increasing human habitation
coinciding with a stable or increasing population of black bears (NDOW. 2022). The population
size of black bears in western Nevada is estimated at about 418 bears (95% CI=239-740)
(Sultaire et al.2023).

We obtained data from global positioning system (GPS) radio collars from bears
associated with conflicts with humans that were captured by the Nevada Department of Wildlife.
Collars were placed on bears from 2019-2022, with 5 collars being placed on bears from August
to November of 2019, 16 collars being placed on bears from June to November of 2021, 24
collars being placed on bears from May to November of 2021, and 3 collars being placed on bears
from January to June of 2022. Bears were captured in culvert traps or by free-range darting on-
site by NDOW biologists (van Manen et al., 2019). Upon capture, bears were sedated with a
mixture of Telazol and Xylazine and marked with identification tags, tattoos, and passive
integrated transponders (PIT) tags (Biomark LLC, Boise, Idaho, USA) for identification of
individuals over time. Bears were then fitted with Vectronic GPS+, iridium and globalstar collars
(Vectronic Aerospace GmbH, Berlin, Germany). The duty cycle on the collar was set to collect a
location every 3.5 hours from April 1 to December 31. From January 1 to March 30 collars were
setto collect a single GPS location once a day to conserve life during the winter. Bears were
released from culvert traps 12-24 hours after capture and handling and were released either on-
site, relocated within their home range, or translocated outside of their home range. All animal
handling was performed by Nevada Department of Wildlife biologists and was in keeping with
guidelines specified by the American Society of Mammalogists for care and use of wild mammals

(Sikes et al. 2016).
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We began with a dedicated study period from August 2019 to April 2023 and 43 bears
were randomly assigned to three different treatment groups: hazed by dogs off-leash (n=17),
hazed by dogs on-leash (n=12), control (release, no dogs used n=14). Treatments were assigned
after capture of the bear with considerations given to the release location and the safety of bear
and dogs. The randomness was sometimes influenced by supervisors within the Nevada
Department of Wildlife that required off-leash for certain bears. For the off-leash treatment, dogs
were immediately released with the bear to make contact (bite), although this contact was not
always made in these treatments. Dogs on-leash were not allowed to make contact but were
allowed to bark as dogs and handlers chased the bear upon release. Our control group had humans
on site and dogs that remained inside stationary vehicles that often barked. Bears were included in
our study based on their conflict level at the capture. Based on prior studies, bears in low levels
of conflicts with less human-habituation and food-conditioning tend to be more responsive to
hazing than bears involved in property damage or that had become public safety concerns due to
property damage or had caused human injury (Beckmann et al. 2008, Mazur 2010, Homstol et al.
2024). Females with dependent young were not included in the study to prevent separating the
family group or injury to dependent young.

Because of limited sample size in our treatment groups, we created a second study group
of 42 radio collared bears from NDOW’s database from September 2012 - May 2019 along with
the radio collar data fromthe 2019-2023 group. The addition of these data resulted in 4 bears
having duplicate treatments with different radio collars. These duplicate treatments occurred
greater than one yearapart. Due to a lack of information in the data provided by NDOW from
2012-2019, we were unable to determine if those releases included less-lethal ammunition nor
how treatments were assigned. Therefore, those data are presented separately from the previously
described treatments (2019-2023). Treatments were split into the same three treatment groups

based on those data with enough detail to determine how dogs were used during the releases. To
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look at the difference between the presence or absence of dogs, we created a third study group
using all collar data from 2012-2023. Those collar data were separated into two treatments that
were assigned as bears treated with dogs and no dogs used. Treatment 1 included all bears treated
with dogs, no matter if they were on-leash or off-leash. Treatment 2 was the control group of no
dogs used.

We used radio-collar data to quantify how many days after release a bear returned to
chronic conflict. Chronic conflict was defined as two consecutive GPS locations, timed 3.5 hours
apart at human-occupied residences within the same residential area. This was done to avoid
mistaking a bear moving through an areaas one that had returned to chronic conflict. We also
determined the percentage of time bears spent in residential areas by GPS points located within
areas we subjectively determined as urban versus outside of those designated polygons (Figure 1).

We analyzed data using non-parametric Kaplan-Meier (K-M) analysis modified to focus
on the probability of a bear remaining outside of urban areas. Traditional K-M focuses on the
probability of survival. The Kaplan-Meier analysis was modified to a “time to event” analysis
that provided the time a bear was in the study before having an event within the study (in our
case, the day they return to chronic conflict, or the percentage of time spent in an urban area).
Kaplan-Meier analysis also provided us with a way to address staggered timing of entrance and
exit for individuals to and from the study. Using the K-M analysis further allowed us to censor
individuals that exited the study due to a mortality event (such as being hit by a car, management
removal, or harvested in a hunt) or the loss of data from a collar failing or dropping off.
Censoring those individuals permitted usto use the datawith the acknowledgment that they did
not return to chronic conflict (Rich et al. 2010). This method allowed the event interval to
continue despite the loss of the one individual in the study and the acknowledgement that the
duration of their known survival cannot be determined with accuracy, including bears that never

returned to chronic conflict by the end date of the study (Rich et al. 2010). We ran six K-M
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analyses, three of these analyses looked at the amount of time a bear took before returning to
chronic conflict after treatment. One analysis used was done with the short-term study period
from 2019-2023 (n=43, with 9 censored individuals). The second analysis looked at the longer-
term dataset from 2012-2023 (n=85, 23 censored individuals). The third analysis looked at the
long-term dataset with treatments being separated into dogs used (n=62, 15 censored individuals)
and control (n=23, 8 censored individuals).

We further investigated the treatment effect on the percentage of time bears spent in
residential areas versus out of residential areas using a one-way analysis of variance. Due to
older collars in the 2012-2019 dataset not providing correct year assignments to the downloaded
data, this analysis resulted in a smaller sample size, which included dogs off leash (n=29), dogs
on leash (n=11) and control (n=14).

For our study, we did not account for the time that bears were in their dens and

technically unavailable to come into conflict with humans.

3. Results

For the designated study period of 2019-2023, bears receiving treatment with dogs off-
leash took about 148 daysto returnto chronic conflict (+ 273.8 days, Table 2), which was 45.6
days longer than bears treated with dogs on-leash (102.4 days + 283.8 days, Table 2) and 31.5
days longer (179.5 days +178 days, Table 2) than bears in the control group, although those
confidence intervals overlapped one another (Kaplan-Meier, p=0.51, figure 2).

When looking at the longer-term collar data from 2012 to 2023, bears receiving treatment
with dogs off-leash returned to chronic conflict on average 498 days after treatment (+1056.4
days, Table 2). Compared with bears treated with dogs on-leash that entered conflict 149.2 days
sooner at 348.8 days (+ 997.2 days, Table 2). Interestingly, bears in the control group returned to

chronic conflict only 35.2 days sooner than bears with dogs off leash (462.8 days +882.6 days,
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Table 2). Those confidence intervalsalso overlapped with one another (Kaplan-Meier p=0.49,
figure 2). To determine if there was any effect of the dogs at all, we used the combined
data from 2012-2023 and designated two treatments, dogs versus no dogs (control). Bears treated
with dogs (n=62) stayed out of conflict for 421 (+882.7, Table 2) days versus bears not treated
with dogs upon release (n=23) which stayed out of conflict on average 462.6 (+1035.6, Table 2)
days, but the confidence intervals overlapped one another (Kaplan-Meier p=0.24, figure 2).
The results of the ANOVA revealed that bears that were not treated with dogs spent less
time in residential areas than bears hazed by dogs on leash, (F,104 = 4.88, p=0.029, figure 3).
Specifically, the mean percentage of time bears spent in urban areas after treatment by dogs on-
leash was 18.62%, which was significantly higher than the mean percentage for the control group

of 5.60% (p =0.015).

4. Discussion

Our hypothesis that bears treated with dogs, either on or off leash would result in a longer
return to conflict by bears was not supported. Our initial sample size of 43 individuals in the
designated study period was not large enough to detect a difference in the 3 treatments we
compared, nodogs, dogs on leash, dogs off leash. Beckmann et al. (2008), noted that the variation
in the effectiveness of the three treatments could be attributed to individual variation by bears in
their responses to dogs. Many bears in the study area have become highly habituated to
residential areas that include consistent sounds of humans and barking dogs. This habituation to
dogs and humans may dampen responses of bears to the presence of dogs.

Our analysis was conservative in that we defined a return to chronic conflict as 2
consecutive locations in a residential area. This was done to discount a single location as having
the potential for being a bear simply moving through the area. Further af fecting the analysis is a

caution made by Carter and Huange (2009), such that in the K-M analysis, as individuals exit the
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analyses and remaining members dwindle through the study, this leads to a small risk set (Carter
and Huange, 2009). The result of a smaller risk set leads to a larger variation in the estimation of
the probability of avoidance (Carter and Huange, 2009). In the case of thisstudy, our risk set was
small, and the resultant avoidance and associated confidence intervals should be interpreted with
caution (Carter and Huange 2009).

Three of the four prior studies that focused on hazing of bears using dogs with less-lethal
ammunition indicated that coupling dogs with less-lethal ammunition showed a slight increase in
time before bears re-entered conflict, and increased distance traveled by bears from the source of
conflict (Beckmannetal. 2004, Leigh and Chamberlain 2008, Comeau 2013 and Klip 2018).
Bears may receive multiple hazing treatments throughout their life, and it would be beneficial to
be able to determine if those events continued to keep individual bears from escalating in conflict
to become a public safety concern. Drought and a resulting food failure may cause any hazing to
be ineffective if food resources are not available in wildland areas and anthropogenic food is too
great of a draw to offset the negativity of hazing (Lewis et al. 2014, Johnson et al. 2017). The
bulk of the 2019-2023 study group occurred during an intense drought, which resulted in a
collapse in production of natural foods on the landscape. This drought prevented the state
wildlife agency from being successful in attempts to keep bears out of conflict, because many
bears were driven into residential areas to search for anthropogenic sources of food in the absence
of natural food. Models show that climate change will continue to cause those types of events, so
knowledge of how to manage opportunistic omnivores like bears could benefit from the fact that
our study was conducted during a D2 drought (Johnson et al. 2018).

Many wildlife managers believe that hazing should permanently change the behavior of
bears exposed to it. Beckmann et al. (2008) suggested that if agencies are looking to define
success as changing bear behavior to never have to deal with an individual bear again then they

will likely find only failure in these efforts. We suggest that the goal of hazing should not be to
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change the behavior of bears permanently, but to keep a bear out of conflict. The use of dogs
may address concerns from stakeholders that managers explored all options to prevent individual
bears in low-level conflict from escalating conflict behaviors to the point of becoming a public
safety concern, likely requiring lethal removal. There needs to be a shift to define success as a
treated bear remaining at a low level of conflict because of hazing rather than hoping for a
permanent change in behavior.

While hazing bears with dogs is not a silver bullet for resolution of human-bear conflict,
managers may be looking to incorporate dogs into their management of human-bear conflicts.
The effect of hazing with dogs, regardless of the way dogs are used, could have limited short-
term benefits (Leigh and Chamberlain 2008, Homstol et al. 2024). The small benefits may be
worth the use of dogs, especially if the gain is increasing public support with corresponding
increased trust in wildlife management agencies. Beckmann et al. (2004) stated that the increase
in public trust and the avoidance of dealing with a bear for some period of time could make the
effort of hazing and deterrents a beneficial aspect of management of bears involved in low-level

conflict.

5. Conclusion

Our study demonstrated that the way dogs are used as part of a non-lethal tool in
management of human-bear conflict does not have a significant effect on the probability of
avoidance of conflict by bears in an urban environment. While ourstudy shows the use of dogs
lacks any effectiveness for reducing human-bear conflicts, incorporating specially trained dogs
into human-bear conflict management may be beneficial to agencies in other capacities.

Dogs have many benefits to a wildlife management agency, aside from hazing, in
positive public perception and acceptance. Use of dogs in bear management has proven effective

in multiple situations including personnel safety, tracking injured or orphaned wildlife, clearing
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bears out from under homes, finding dropped collars, and as ambassadors during outreach and
education efforts. In Montana, KBDs have been used to provide security for law enforcement
investigating a self-defense shooting of brown bears (Manley, pers comm). In those instances,
dogs provide safety for law enforcement where an attack on a human occurred, and the bear may
still be in the area (Manley, pers comm). Handlers with dogs can provide a lookout and early
detection of a bear in the immediate vicinity while law enforcement focuses on evidence
gathering (Manley, pers comm). They have also been used in both Montana, Nevada, and
Washington for tracking injured bears to determine if there is a carcass or a bear that may require
euthanasia. Dogs are used in Nevada to accompany biologists into crawl spaces where bears have
created an urban den to evict the bear from the space and to help biologists determine the
presence and location of bears that have broken into houses. Karelian Bear dogs also are used as
ambassadors, drawing attention from the public at outreach events. Similarly, an agency
employee may be more approachable and appear more compassionate to the public accompanied
with a dog to address the conflict compared with a firearm. The benefits of dogs used in human-
bear conflict go beyond the individual hazing of captured bears and should be considered asa tool

for agencies tasked with managing bears.
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Table 1. Definitions for levels of conflict.

Conflict Level

Definition

Low

High

Human-bear conflict resulting from bears using food resources in urban
areas without causing property damage or threatening human safety. This
level of conflict includes, but is not limited to, bears accessing garbage,
birdfeeders, pet food, fruit trees, apiaries, and chicken coops.

Human-bear conflict resulting in property damage, structure entry, human
injury, or human death
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Table 2. Days (x = SD) to return to conflict and percentage time (x £ SD) bears spent in

residential areas per study group for bears in Western Nevada (2012-2023). N indicates

the number of individual bears in each treatment group.

Date Range Treatment

Time to return to chronic

conflict (days)

Time in urban

environments (%)

x +SD x +SD

2012-2023 Control (n=23) 462.8 + 882.6 143 +148
Off-leash (n=47) 498 + 1056.4 13.8+£13.5

On-leash (n=15) 348.8 + 997.2 19.8 £ 15.6

2019-2023 Control (n=14) 179.5+178.0 143+ 148
Off-leash (n=17) 148.0 £ 273.8 13.8 +13.5

On-leash (n=12) 102.4 + 238.8 19.8+£15.6

2012 — 2023 Control (n=23) 421.0 £882.7 143 +14.8
Dogs used (n=62) 42.6 + 1035.6 153+14.2
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Figure 1. Map of study area with residential areas indicated by gray polygons
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Figure 2. Non-parametric Kaplan-Meier survival curves illustrating probability of
avoidance based on the effect of number of days before a bear returns to conflict. On (top
row) all collared bears from 2012-2023 from three treatment groups, (middle row)
collared bears from 2019-2023 from three treatment groups, and (bottom row) collared
bears from 2012-2023 from two treatment groups. Dotted lines represent 95% confidence

intervals.
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Figure 3. Results from ANOVA (mean and SE) illustrating the difference in the percent of
time spent in urban environments for each treatment type for bears in Western Nevada
(2012-2023). Note that letters over the bars indicate the result of Tukey’s HSD test, bars
with the same letter are not significantly (P>0.05) different. Sample sizes for each

treatment are indicated on the corresponding bar.
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Figure 4. Photos showing examples of (top) a bear being treated with dogs off-leash and

(bottom) a bear being treated with dogs on-leash. (Photos courtesy NDOW/Heather

Reich)



