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Abstract: American black bears (Ursus americanus) triggered complaints from property owners

across much of Wisconsin, USA, from 2008 to 2010. Wildlife managers provided technical

assistance and live-trapped bears to mitigate nuisances. We examined the longevity of these
management actions as measured by the risk (or hazard) that a conflict site would generate

a subsequent complaint after live-trapping or technical assistance had been implemented. We

observed that as one expanded outward in distance from the original complaint site, the number

of days separating a management action and a subsequent complaint decreased. Additionally,

the number of bears that were translocated from a conflict location was not associated with

decreased hazard. The percentages of locations that did not have a subsequent complaint were

nearly identical for both technical assistance and live-trapping interventions. Our technique is

a practical one, which could be used to analyze existing agency records. Also, our results could
improve the benefit–cost calculations of agencies contemplating new or modified nuisance-

response protocols for this bear species and perhaps others.
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Human–bear (Ursus spp.) conflict (i.e., complaint

resulting from an encounter between a bear(s) and

a person or person’s property) is an issue that

natural resource agencies face annually across the

United States and Canada. Although most of these

conflicts are not aggressive or predatory in nature,

they may amplify perceived risk or decrease accep-

tance of bears generally (Kasperson et al. 1988,

Kellert 1994, Carpenter et al. 2000, Krester et al.

2009, Dickman 2010, Zajac et al. 2012).

The recurring (and, in some cases increasing)

problem of conflict between humans and American

black bears (Ursus americanus) has been attributed

to many factors, including growing black bear

populations and an increasing number of humans

(Williamson 2002, Hristienko and McDonald 2007,

Spencer et al. 2007). Although chance encounters do

occur, if day-to-day survival of bears becomes

difficult, then encounters are more likely to occur

(Garshelis 1989, Zack et al. 2003, Obbard et al.

2014). Moreover, bears that frequent human-inhab-

ited areas may become habituated, increasing the

likelihood of conflict (Whittaker and Knight 1998).

There are also persons who live close to bears and

fail to limit bears’ access to attractants. Bears may

become food-conditioned and may even alter their

behavioral ecology when this happens (McCarthy

and Seavoy 1994, Peine 2001, Beckmann and Berger

2003a). The complexity of human–bear interactions

can make managing human–bear conflicts challenging.

Many mitigation techniques have been tried and

tested over the years (e.g., Peine 2001; Clark et al.

2002; Beckmann et al. 2004; Ziegltrum 2004; Gore et

al. 2008; Mazur 2010; Baruch-Mordo et al. 2011,

2013). With few exceptions, biologists and managers

acknowledge that conflict mitigation actions are

often short-lived because of competing external

factors. Two widely used conflict mitigation strate-

gies deserve scientific evaluation: live-trapping with

relocation (translocation), and public education.

Translocation of nuisance bears has been a com-

mon method for mitigating damage caused by

black bears throughout the United States (Stowell

and Willging 1992, Linnell et al. 1997, Witmer

and Whittaker 2001, Spencer et al. 2007). The

efficacy of translocating carnivores, generally, has3email: zvoyles@gmail.com
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been questioned in recent years (Fontúrbel and

Simonetti 2011). Evaluating the success of black

bear translocations has been measured by monitor-

ing translocated bears post-release (Alt et al. 1977,

McArthur 1981, Massopust and Anderson 1984,

Fies et al. 1987, Shull 1994, Linnell et al. 1997,

Landriault 1998). Results varied, even within studies,

indicating the potential for translocated bears to

either cease or continue causing problems. For

example, Landriault (1998) found that anywhere

from 10% to 48% of relocated nuisance bears in

South Ontario, Canada, were repeat offenders.

Biologists have also noted the extraordinary ability

of black bears to home back to their capture site

after relocation (Harger 1970, Rutherglen and

Herbison 1977, Massopust and Anderson 1984,

Rogers 1986, Fies et al. 1987, Linnell et al. 1997,

Landriault 1998). Nevertheless, many managers

continue to rely on translocation as a method for

mitigating human–bear conflict.

Education (e.g., Bear-Aware, outreach, extension,

technical assistance) has been widespread in bear

management programs, and many public agencies

and non-profit organizations continue to provide

educational materials to help the public coexist with

bears (Hristienko and McDonald 2007, Spencer et

al. 2007). Research has shown, however, that

educational programs with goals of mitigating or

preventing human–bear conflict were rarely critically

reviewed (Gore et al. 2008). When educational

programs have been critically evaluated, studies

found measurable effects. These effects included

increased public support for direct management

interventions and increased conflict-risk perceptions

(Gore et al. 2008, Merkle et al. 2011a). Zajac et al.

(2012) and Slagle et al. (2013) showed that study

subjects increased acceptance of bears when in-

formational interventions noted benefits that people

gain from bears, and acceptance of bears declined

when information only included nuisance control

recommendations.

Recent studies have given new insights into

human–bear conflicts through spatiotemporal inves-

tigations (e.g., Wilson et al. 2005, Baruch-Mordo et

al. 2008, Merkle et al. 2011b). These studies have

shown that conflicts were not ubiquitous, and

Krester et al. (2009) showed that human perceptions

toward human–bear interactions exhibited spatial

clustering. Our study explored a new vein of

spatiotemporal study where management interven-

tions and complaints served as the foci.

We examined the results of U.S. Department of

Agriculture - Animal and Plant Health Inspection

Service, Wildlife Services branches in Wisconsin

(WS) responses to residents’ complaints about

residential (non-agricultural) black bear nuisances

from 2008 through 2010. We compared 2 interven-

tions (informal technical assistance conducted by

telephone vs. live-trapping bears) and their effects on

spatiotemporal patterns of subsequent nuisance

complaints. Wildlife Services addressed complaints

involving agricultural damage using a distinctly

different set of procedures (Wildlife Damage Abate-

ment and Claims Program) and were therefore

excluded from our analyses. We defined the spatio-

temporal effects of WS interventions as the risk for

a subsequent complaint in the vicinity (,23.31-km2

area) of the original complaint location. Our

definition of spatiotemporal effect mirrored that of

Harper et al. (2008). We also investigated whether

translocating a greater or lesser number of bears

from the same vicinity was associated with changes

in the risk of future complaints in that vicinity.

We predicted that both technical assistance and

translocation would display diminished efficacy over

space and time (i.e., that they were spatiotemporally

limited). To test this prediction, we hypothesized

that the time interval (t1 2 t0) between a management

response (t0) and a subsequent complaint (t1) was

negatively correlated with the distance between the

management response location x0 and the sub-

sequent nearest complaint location x1. We also

predicted that future complaints would decrease

concomitantly with bear translocations. Our second

hypothesis was that the time interval (t1 2 t0)

between when a live-trap was set (t0) and when

a subsequent complaint was reported (t1) increased if

more bears were translocated from the vicinity of the

management response location.

Methods
From 2008 to 2010, residential complaints about

black bears were telephoned into WS offices in

Rhinelander and Waupun, Wisconsin. Providing

technical assistance over the phone was standard

protocol for minor conflicts. If bear nuisance

continued despite complainants’ compliance with

WS recommendations, live-trapping was performed

on or near a complainant’s property. Or, if a conflict

was perceived by WS as dangerous for a person or

bear, then live-trapping was performed. Bears were
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euthanized in the rare case of an extreme safety

concern. Although bears were not always captured

when live-trapping was used, most (.90%) success-

ful captures resulted in bear relocation. Captured

bears were transported .32 km from the capture site

and released onto large tracts of public land. Sex of

captured individuals was unknown unless cubs were

present. Bears were not hazed post-release. Wildlife

Services filed complaint reports following standard

operating procedures regardless of the type of

mitigation provided. We recorded events in which

WS used either live-trapping or technical assistance.

We obtained addresses of complainants from WS

reports and entered them into a Microsoft Excel

(Microsoft Corp., Redmond, Washington, USA)

spreadsheet. We used an ArcMap geo-location

application, which used an Environmental Systems

Research Institute server database as a reference to

plot addresses (ArcMap 10.0; Environmental Sys-

tems Research Institute, Redlands, California,

USA). Addresses that ArcMap could not plot to

an 80% level of assurance were not mapped, but we

did keep them for property-level analysis if they

could be uniquely identified. We truthed locations

that were plotted between 80% and 98% accuracy

using Google (Google, Inc., Mountain View, Cali-

fornia, USA) and Bing Maps (Microsoft Corp.). We

subsequently generalized plotted addresses to Public

Land Survey System (PLSS) sections (2.59 km2) to

comply with U.S. Department of Agriculture rules

regarding personally identifiable information.

In addition to complaint location, we recorded the

date of the complaint. We omitted records that

documented subsequent complaints at a location on

the same day. We did this to allow WS enough time

to respond to a bear complaint and to help avoid

pseudoreplication by artificially inflating the sample.

We also removed repeat complaints that originated

from the same property within the same calendar

year to avoid biasing our results with repeat

locations that may have had subsequent conflict

because of failing to comply with WS recommenda-

tions. By removing these, we also avoided taking

multiple measures for any one location. We excluded

properties with live-trapping and on-site release,

euthanasia, or cubs taken to a rehabilitation center

from our analyses of Hypothesis 2 because it dealt

expressly with translocation; but, we did retain these

cases for our analysis of Hypothesis 1.

From our data set, we identified management

interventions (technical assistance or live-trapping)

at a given location (x0) and time (t0) and then

identified subsequent nuisance complaints in the

vicinity (x1t1). Thus, each observation received a

measurement corresponding to the number of days

between a management intervention (t0) and a sub-

sequent complaint (t1) within a calendar year. We

referred to this measurement as the observed latency

period (t1 – t0). If no subsequent complaint occurred

after an intervention, we assigned a latency period of

365 days, and that observation was censored. We did

not drop censored locations from analysis, but we

did binary-code them to indicate whether or not

a subsequent complaint was made.

We chose 3 spatial scales (vicinities) within which

we identified subsequent complaints: (A) complai-

nant’s property, (B) PLSS section of 2.59 km2, and

(C) 23.31-km2 block of 9 PLSS sections (Fig. 1). We

used ArcMap v. 10.0 to perform the spatial query to

locate x1t1 at the PLSS levels, and a logical query in

Excel to locate x1t1 at the property level.

Our statistical analyses followed those of event

history analysis (Broström 2012). The Nelson–Aalen

estimator of the cumulative hazard function is used

in survival analyses and allows for censoring by

incorporating unobserved responses into the esti-

mate. Rather than estimating survival (s), though, it

provides a hazard estimate (1 2 s). It is a conditional

measure of hazard; in this case, this means that given

a management intervention, it estimated the cumu-

lative proportion of locations at risk for a subsequent

complaint at any given time. The hazard estimates

were quantified using our previously calculated

latency periods. The estimator is

Ĥ(t) ~
X
tjƒt

Number of subsquent complaints at time j~dj

Number of locations at risk at time j~rj

� �

We refined this hazard estimator, adding variables

using a Cox proportional hazards regression (Bros-

tröm 2012). We incorporated vicinity (z1) and the

number of bears translocated (z2) in the vicinity of x0

between t0 and t1 into the estimator so we could

compare hazard at different vicinities (Hypothesis 1)

and hazard’s association with the number of bears

translocated (Hypothesis 2). For some PLSS 2.59-

km2 sections, multiple properties received manage-

ment interventions within a year, and thus some

sections had multiple latency periods. For this

reason, we added a categorical variable (z3) to

identify interventions within 2.59-km2 sections that

followed prior intervention(s) on other properties (1)
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or that were unique at the time of their implementa-

tion (0). Wisconsin WS mitigation efforts and

techniques underwent a dramatic shift around the

first of August because of the developmental changes

in field corn (Zea mays; Voyles 2013). Therefore, we

ran an additional regression using a binary variable

(z4) to code for management responses that occurred

before 1 August (0) or after 1 August (1). Cox’s

regression formula is

h(t zj ) ~ h0(t)e b’zf g

We performed Wald significance tests using R

software (R Core Team 2013) and statistical package

eha (Broström 2013) for our analyses of Hypotheses

1 and 2. We performed all tests of significance with

alpha (a) set to 0.05. We defined tendency as having

a probability where a , P , 2a. Tests presented the

risk of subsequent complaint in the form of ‘‘relative

hazard.’’ Relative hazard represented hazard level

relative to a reference. In the case of categorical

variables (i.e., z1, z3, and z4), one of the categories

served as the reference. For a continuous variable

(i.e., z2), no hazard (i.e., a value of ‘‘0’’) served as the

default reference.

We acknowledge that there were other potential

confounding factors that could have contributed to

latency periods (e.g., local bear densities, natural

food availability, or the type of conflict) that we

could not account for. Though these factors were

relevant, they were not quantifiable from the records

available to us; and, though potentially limiting, we

feel their omission predisposes our technique to

managers looking for rapid assessment.

Results
From approximately 3,460 complaint records filed

by WS from 2008 to 2010 (Engstrom et al. 2008, 2009,

2010; Z. Voyles, unpublished data), we calculated

2,532 latency periods within the larger 2 vicinities

(2.59 km2 and 23.31 km2) plus an additional 137 for

properties that could not be mapped reliably but

were identifiably unique. Most locations had no sub-

sequent complaint and were thus censored. However,

the number of subsequent complaints increased as

our measure of vicinity expanded (Table 1).

A Cox regression yielded a significant positive

correlation with vicinity (z1). Whether management

Fig. 1. Management response location (x0t0) and subsequent complaint location (x1t1) for nuisance
complaints about black bears in Wisconsin (USA), 2008–2010.
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interventions consisted of live-trapping or technical

assistance alone, the relative hazard for a subsequent

complaint was higher by a factor of 3.6 (Rel. hazard

5 3.61, SE 5 0.09, P , 0.001) when we expanded

the vicinity from the property level to 2.59 km2; and

by a factor of 8.7 (Rel. hazard 5 8.69, SE 5 0.08,

P , 0.001) when we expanded it to 23.31 km2. In

short, risk of a subsequent complaint progressively

increased outward from the location of the manage-

ment intervention (Table 2).

Hazard at the property level was significantly

higher when more bears were removed (Rel. hazard

5 1.28, SE 5 0.09, P 5 0.004). That is, relative

hazard for a property increased by a factor of 1.28/

translocated bear. An average of 241 (SD 5 7)

properties per year had live-trapping. Of those, 142

(SD 5 7) resulted in translocation; and, an average

of 108 (SD 5 12) of those had only 1 bear

translocated, while 16 (SD 5 0.5) had 2 bears and

18 (SD 5 5) had .3 bears translocated. There was no

significant association between the number of

translocations and hazard at either the 2.59-km2 or

23.31-km2 levels (Table 3).

When we examined the aftermath of prior man-

agement interventions (z3) within a PLSS 2.59-km2

section, we found an approximate 2–3-fold increase

in hazard if another property within a section had

received prior intervention(s) that year (Table 4).

Forty 2.59-km2 sections had multiple properties with

live-trapping interventions, while 267 had multiple

technical assistance calls (not counting those proper-

ties where technical assistance was given in tandem

with live-trapping). Allowing for standard error,

hazard for 23.31-km2 vicinities was approximately

2.0 times higher if the central 2.59-km2 section had

either prior technical assistance or live-trapping (SE

5 0.087, P , 0.001; SE 5 0.208, P 5 0.003). Hazard

was also higher within the 2.59-km2 section itself,

although the increase differed between technical

assistance and live-trapping (2.9 for 2.59-km2 sec-

tions having had technical assistance prior, and 2.0

for 2.59-km2 sections having had live-trapping prior;

SE 5 0.109, P , 0.001; SE 5 0.281, P 5 0.011).

Season (z4) and hazard for subsequent complaints

were not significantly associated. However, we did see

a tendency for season to be associated with property-

level hazard when WS responded with live-trapping.

Hazard for a subsequent complaint was nearly two-

thirds less if live-trapping took place after 1 August

(Rel. hazard 5 0.353, SE 5 0.592, P 5 0.078).

Table 1. Number of management responses to complaints about black bears (x0t0), subsequent complaints
(x1t1), and the percentage of locations that did not have subsequent complaints (censored) for 3 vicinity levels
and 2 management response types in Wisconsin, USA, 2008–2010.

Property 2.59 km2 23.31 km2

Live-
trapping

Technical
assistance Total

Live-
trapping

Technical
assistance Total

Live-
trapping

Technical
assistance Total

Management

responses 722 1,947 2,669 720 1,812 2,532 720 1,812 2,532
Subsequent

complaints 66 112 178 145 412 557 322 812 1,134

Table 2. Cox regression analysis using vicinity (z1)
as a predictor variable for hazard of a subsequent
complaint in the vicinity of the initial management
response to complaints about black bears in
Wisconsin, USA, 2008–2010. Rel. hazard is hazard
relative to the reference (property level). Significance
is defined at a = 0.05.

Variable z1 x Coeff. Rel. hazard SE Wald P

Property 0.418 0.000 1 (reference)

2.59 km2 0.337 1.283 3.608 0.086 ,0.001

23.31 km2 0.244 2.162 8.685 0.081 ,0.001

Table 3. Cox regression analysis using the number of translocated black bears (z2) as a predictor for hazard of
a subsequent complaint about bears in the vicinity in Wisconsin, USA, 2008–2010. Rel. hazard is hazard
relative to zero bears having been translocated. Significance is defined at a = 0.05.

Variable z2 x Coeff. Rel. hazard SE Wald P

Per translocation from property 0.863 0.248 1.282 0.09 0.004

Per translocation from 2.59 km2 0.878 20.024 0.976 0.08 0.766

Per translocation from 23.31 km2 0.876 0.005 1.005 0.05 0.932
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Discussion
We predicted that both technical assistance and

translocation would display diminished efficacy over

space and time. Our results support this prediction

and showed that hazards for subsequent nuisance

complaints after management interventions were

consistently greater and latency periods shorter at

larger spatial scales (Table 2). Spatiotemporal effects

were exemplified by our finding that subsequent

conflict hazard was not uniform over space or time

(Fig. 2). Managers should not expect efforts directed

toward an individual property to necessarily prevent

conflict on nearby properties for an extended period

of time. This finding helped to substantiate Don

Carlos et al.’s (2009:175) claim that ‘‘Traditional

approaches to conflict management are largely only

short-term solutions…’’ Although efforts directed

toward an individual bear at a unique property

might have relieved immediate conflict potential, our

data suggest that other bears and other properties

eventually experienced conflict regardless of prior

intervention. If bear managers want to increase

management effectiveness, they must acknowledge

the spatiotemporal limitations of management ac-

tions. Acknowledging this can help better allocate

funds, staff, and other finite resources.

Prior management interventions (technical assis-

tance and live-trapping) on nearby properties

were associated with increased hazard both within

the 2.59-km2 sections and the 23.31-km2 blocks

(Table 4). When multiple property owners com-

plained in an area, it may have been because that

area was prone to conflict and thus management

interventions (of either type) were simply more

frequent. Or, previous conflicts might have influ-

enced individuals’ perceptions of risk (Gore 2004,

Krester et al. 2009, Siemer et al. 2009). Social

psychologists have studied ‘‘contagion’’ theories,

which explore the ways in which perceived risk

spreads through communities (Scherer and Cho

2003). We propose that some persons or local areas

that received management assistance were more

likely to seek management assistance in the future

because of social contagion processes, which may

have enhanced conflict awareness or perceived risk.

Increased hazard could have also been due

to human-induced disruptions in bear ecology

(Beckmann and Berger 2003a), varied inter-urban

densities (Baruch-Mordo et al. 2008), or natural

food shortages (Garshelis 1989, Poulin et al. 2003).

There is also a possibility that repeat complaints

were about a different type of nuisance behavior

(e.g., birdseed initially, garbage second). In such

a case, the initial management intervention may

have curbed the first nuisance behavior while failing

to prevent future conflict. Also, some management

interventions were aimed at preventing conflict more

generally (i.e., technical assistance); others were

directed at an individual bear (i.e., translocation).

The former intervention may have translated to

reduced conflict from any bear, but the latter could

only be expected to have stopped the offending bear.

In Wisconsin, we found that neither live-trapping

nor translocation proved to be an effective means

of complaint reduction. We found that live-trapping

was not associated with reduced hazard at any of

the spatial scales we measured. Neither did we find

any significant reduction in hazard for any number

of bear translocations, despite our prediction that

future complaints would decrease concomitantly

with bear translocations. Our hazard results may

have looked different if sex or age information

were included because several studies have shown

sex or age components to bear nuisance behavior

(Garshelis 1989, Beckmann and Berger 2003b,

Treves et al. 2010). However, this information was

Table 4. Cox regression analysis using previous management response (z3; yes or no) as the predictor
variable for hazard of a subsequent complaint about black bears in Wisconsin, USA, 2008–2010. Rel. hazard is
hazard relative to the reference (no previous management response). Significance is defined at a = 0.05.
Vicinities having had a previous response are coded ‘‘1’’; those not are ‘‘0.’’

2.59 km2

live-trapping 2.59 km2 technical assistance 23.31 km2 live-trapping
23.31 km2 technical

assistance

Variable z3 0 1 0 1 0 1 0 1

Mean 0.957 0.043 0.903 0.097 0.963 0.037 0.911 0.089

Coeff. 0.000 0.716 0.000 1.073 0.000 0.622 0.000 0.691

Rel. hazard 1 (reference) 2.045 1 (reference) 2.924 1 (reference) 1.863 1 (reference) 1.996

SE 0.281 0.109 0.208 0.087

Wald P 0.011 ,0.001 ,0.01 ,0.001
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not observable firsthand by WS personnel in most

circumstances, and such information was often not

available before decisions had to be made. Natural

processes, different offending bears, and enhanced

conflict awareness or perceived risk could have also

limited translocation effectiveness.

Although we found no statistically significant

association between season and hazard, we did

observe a tendency for properties that had live-traps

placed after 1 August to be two-thirds less likely to

report subsequent conflict than properties having

live-traps placed prior to 1 August. This was partly

because complaints reported after 1 August had less

time to experience future conflict before bears began

denning. Wisconsin’s annual bear harvest occurred

from early September to mid-October, and this could

have curtailed nuisance behavior, although recent

studies question hunting’s capacity to reduce conflict

(Treves et al. 2010, Obbard et al. 2014). It might also

have been due to the seasonal nature of bear

conflicts in Wisconsin, where non-agricultural com-

plaints were more frequent prior to 1 August before

field corn reached the palatable milk stage and

before hard mast became readily available (Voyles

2013).

The feasibility and requirements of management

actions such as technical assistance and translocation

differ. Technical assistance is a speedy response and

is more easily staffed than live-trapping and trans-

location, which requires travel, specialized equip-

ment, and staff trained to handle and release or

possibly euthanize bears. Given a choice devoid

of circumstances, managers would choose techni-

cal assistance. In reality, however, circumstances

Fig. 2. Proportion of human–bear conflict sites in Wisconsin, USA, 2008–2010, at risk of subsequent conflict
post–management intervention (technical assistance or live-trapping) within a given vicinity (property, 2.59
km2, 23.31 km2) of the conflict site. Proportion at risk was calculated by taking 1 2 s (i.e., 1 2 survival) and is
a measure of hazard.
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surrounding human–black bear nuisances (such as

threats to health and human safety) may limit the

options managers have. Given our results, though,

we would suggest managers consider using technical

assistance more often and limit live-trapping and

translocation when circumstances allow. We strong-

ly recommend that managers thoroughly evaluate

the circumstances in which they implement live-

trapping; and, when live-trapping is implemented,

that they monitor its effectiveness.

On account of inconsistencies with WS bear-

complaint reports, we were unable to include

complaint types in our analyses. We would advise

all managing agencies to record the nature of bear

complaints consistently and concisely, while leaving

room for extemporaneous descriptions. It is also

important that reporting forms avoid ambiguous or

vague descriptors such as ‘‘property damage.’’ We

encourage managers to use electronic records as

opposed to written records if circumstances allow,

or to enter hand-written reports into electronic

databases at minimum. Further, new technologies

are allowing the public to self-report conflicts

(e.g., British Columbia Conservation Foundation’s

Wildlife Alert Reporting Program). Self-reporting

programs could help agency staff strategize conflict-

mitigation efforts, including where best to allocate

resources in the field. We also advocate locally based

proactive education and enforcement. There are

communities that have experienced positive results

from such programs (Peine 2001, Baruch-Mordo et

al. 2011).

Our methods in this study were practical, and can

be used retroactively by bear managers and biolo-

gists to analyze existing records of human–bear

conflict. Differentiating the spatiotemporal limits

of management actions can lead to better decision-

making, help create evidence-based action plans,

and ultimately save resources. Unfortunately, the

utility of our technique did not accommodate

some potentially confounding factors that may have

affected our observed latency periods. Future hazard

studies would benefit from including factors such as

local bear densities, food availability, property

characteristics, and conflict types.
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