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Abstract: There is a salient belief that bears (Ursidae) using the wildland–urban interface (WUI) are not
vulnerable to harvest, and therefore, hunting is an ineffective management tool for bears in the WUI of
the eastern United States; however, this question remains untested. We fit and monitored 116 American
black bears (Ursus americanus; hereafter, black bear) with Global Positioning System–Global System
for Mobile Communications collars in 9 municipalities in New Jersey, Pennsylvania, and West Virginia,
USA, during 2010–2013 to determine (1) whether bears in the WUI were vulnerable to harvest; (2) if so,
at what rates are they harvested; and (3) what are other cause-specific mortalities in the WUI. Harvest
mortality did occur on the monitored bears in the WUI during our study. Harvest mortality rates were
lower than statewide tag-return harvest rates from New Jersey and higher 3 of 4 years in Pennsylvania.
The proportion of bears that was harvested was similar for juvenile males (30%), adult males (36%),
and adult females (29%). Annual survival was variable (range = 40–92%), but was similar among adult
males and females. Euthanasia accounted for 8–19% of the total mortality in New Jersey and West
Virginia but only 3% in Pennsylvania. Black bears in the WUI were vulnerable to harvest; therefore,
we consider regulated harvest to be a viable management tool. Agencies may prefer that hunters act as
a compensatory mortality mechanism by harvesting problem bears that would otherwise be euthanized
or killed in bear–vehicle collisions.
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Managing urban American black bears (Ursus ameri-
canus; hereafter, black bear) in the Mid-Atlantic region
of the United States is a challenging proposition for biolo-
gists. Bear management is a balancing act; state agencies
provide harvest opportunity while maintaining popula-
tions at acceptable levels and minimizing conflicts (Ter-
nent 2006, Hristienko and McDonald 2007). As a result
of bear population growth in past decades, management
agencies in the eastern United States have increased har-
vest opportunities (Hristienko and McDonald 2007). In
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states where large numbers of nuisance complaints have
been registered, harvest is used as one tool, among many,
to reduce human–bear conflict (Spiker and Bittner 2004,
Wolgast et al. 2005, Ternent 2006). Bear population man-
agement near urban areas can be onerous because of
limited hunter opportunity (e.g., firearm discharge or-
dinances), limited methods (e.g., bans on hunting with
hounds or bait), and increased mortality risk to bears
from other sources such as bear–vehicle collisions or
euthanasia (Hristienko and McDonald 2007, Beckmann
and Lackey 2008). Increased numbers of human–bear
conflicts have directly influenced management decisions
for bears in New Jersey, Pennsylvania, and West Virginia,
USA, for more than a decade.
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Historically, there has been no management distinc-
tion between rural and urban bears in the wildland–urban
interface (WUI—the zone of transition between unoc-
cupied land and human development; Martinuzzi et al.
2015), which resulted in management recommendations
that were predicated on the assumption that reductions
in the bear population would decrease the number of
urban bears and their associated human conflicts. Hunt-
ing is the management tool recommended for reducing
some types of human–bear conflicts, despite equivocal
supportive evidence in the published literature (Treves
and Karanth 2003, Treves et al. 2010). Human harvest
is typically the largest source of mortality to black bears
(Kasworm and Thier 1994, Wooding and Hardisky 1994,
Czetwertynski et al. 2007, Ryan 2009), and in non-urban
black bear populations is often the most pragmatic and
cost-effective method available for managing populations
(Conover 2001, Diefenbach et al. 2004). Presumably, reg-
ulated harvest should also be effective in managing WUI
bear populations.

The theoretical foundation of sustained, regulated har-
vest of bear populations is well-accepted, but harvest
strategies used in rural populations may need to be modi-
fied for use in WUI populations (Treves 2009). Some ev-
idence suggests that residential areas function as de facto
black bear sanctuaries—areas with abundant food and
reduced mortality risk—although few studies have em-
pirically assessed this (Hristienko and McDonald 2007,
Luke 2013). This may be the case in some areas of the
Mid-Atlantic region of the United States where bears may
be partially protected from harvest because they reside
in the WUI where bear hunting is less common (Wolgast
et al. 2005, Ternent 2008). However, changes in harvest
timing and duration can influence harvest mortality of
black bears in these areas (Ternent 2008, 2012).

Harvest vulnerability of black bears is influenced by
a variety of factors: hunting pressure, harvest regula-
tions, population demography of the bear population,
food abundance, and hunter density (Noyce and Garshe-
lis 1997, Diefenbach et al. 2004, Czetwertynski et al.
2007, Obbard and Howe 2008, Ternent 2008). In most
instances, male black bears have greater harvest mortal-
ity rates than females because (1) their home ranges are
larger, which increases the probability that they will en-
counter a hunter; and (2) hunter selectivity often favors
males because of their large body size (Kasworm and
Thier 1994, Litvaitis and Kane 1994, Noyce and Garshe-
lis 1997). During natural food paucity, female harvest
mortality rates can double in some populations of black
bears (Noyce and Garshelis 1997); however, this is not
always the case. Sometimes, food scarcity will cause

bears to den earlier, which would result in decreased har-
vest mortality. Conversely, if food is abundant, bears may
stay out of their dens longer to maximize caloric intake
(Johnson and Pelton 1980, Schooley et al. 1994). During
hyperphagia, bears in some regions will frequent urban
habitats seeking anthropogenic foods (e.g., garbage, bird-
seed) when natural foods are scarce (Baruch-Mordo et al.
2014, Lewis et al. 2015). Young black bears (1–3 yr old)
are more vulnerable to harvest than are older bears (Alt
1980, Noyce and Garshelis 1997). Such patterns should
be similar between bear populations in rural areas and in
the WUI, but empirical tests are not yet available.

It is unknown whether black bears residing in the WUI
are vulnerable to harvest. Our objective was to estimate
the harvest mortality rates and cause-specific mortality of
Global Positioning System– (GPS-) collared black bears
in the WUI of New Jersey, Pennsylvania, and West Vir-
ginia. We predicted bears in the WUI would be vulner-
able to harvest but mortality rates from hunting would
be low; we also predicted that bears in the WUI would
have greater mortality rates from anthropogenic sources
other than harvest (e.g., euthanasia of nuisance bears,
bear–vehicle collisions).

Study area
We captured black bears on 7 different study ar-

eas: (1) Johnstown, Pennsylvania; (2) Scranton/Wilkes-
Barre, Pennsylvania; (3) State College, Pennsylvania;
(4) Northwest New Jersey; (5) Beckley, West Vir-
ginia; (6) Charleston, West Virginia; and (7) Morgan-
town, West Virginia—during 2010–2012 and monitored
them until 31 December 2013 (Fig. 1). These study
areas are located in 3 different ecoregions: (1) Ap-
palachian Mixed Metaphysic ecoregion (Johnstown, PA
study area; Beckley, Charleston, and Morgantown, WV
study areas); (2) Appalachian Forests ecoregion (State
College and Scranton/Wilkes-Barre, PA study areas;
the northwestern portion of NJ study areas); and (3)
Northeastern Forests ecoregion (southeastern half of NJ
study area; World Wildlife Fund 2015, derived from
Omernik [1987]; https://www.worldwildlife.org/biome-
categories/terrestrial-ecoregions). Generally, these study
areas represent named municipalities and the surround-
ing areas of the WUI, which is typically mixed-deciduous
forest. The proportions of developed and undeveloped
areas are derived from the 2011 National Landcover
Database (Homer et al. 2011). Developed cover types
included developed classifications (open space, low,
medium, and high), cultivated crops, and pasture–hay;
undeveloped cover types were open water, barren land,
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Fig. 1. Study areas (7) containing populations of American black bears (Ursus americanus) in the wildland–
urban interface of New Jersey, Pennsylvania, and West Virginia, USA, during 2010–2013.

forest (deciduous, evergreen, mixed shrub–scrub), grass-
land, woody wetlands, and emergent woody wetlands).

Forest structure and composition are relatively similar
among study areas. Mixed-deciduous forests consisted of
oaks (Quercus spp.), hickory (Carya spp.), ash (Fraxinus
spp.), tulip-poplar (Liriodendron tulipifera), black gum
(Nyssa sylvatica) at lower elevations, and yellow birch
(Betula alleghaniensis), sugar maple (Acer saccharum),
beech (Fagus grandifolia), and eastern hemlock (Tsuga
canadensis) with dense understories of mountain lau-
rel (Kalmia latifolia) and rhododendron (Rhododendron
spp.) at higher elevations.

Johnstown, Cambria County, Pennsylvania
This 1,045.5-km2 study area (40.326790◦N,

78.921615◦W) is located in southwestern Pennsyl-
vania and is situated on the Allegany Plateau (Fig. 1).
It is bounded on the west by the borough of Bolivar,
Pennsylvania, Route 30 to the south, US-220 to the east,
and the Clearfield County line to the north. The area
contains Johnstown and the surrounding municipalities,
with public lands such as the Gallitzin State Forest
and State Game Lands (SGL) 26, 42 and 79. Human

population density of this study area was 96 people/km2

in 2010 (U.S. Census Bureau 2010), and 12.0% of the
land was developed (Homer et al. 2011).

Scranton/Wilkes-Barre, Luzerne, Lackawanna,
and Wyoming Counties, Pennsylvania

This 671.0-km2 study area (41.345001◦N,
75.749933◦W) is located in the northeastern re-
gion of Pennsylvania and lies primarily within the
Wyoming Valley, extending northeast from the borough
of Mountain Top, north of Interstate 80, to the borough
of Clark’s Summit (Fig. 1). The Scranton/Wilkes-Barre
study area (hereafter, Scranton) is bounded by Ricketts
Glen State Park to the west, I-80 to the south, the Wayne
County line to the east, and the Susquehanna County
line to the north. The urban area runs the length of
the valley with public lands such as the Lackawanna
State Forest and SGL 91 and 119 adjacent to the highly
urbanized valley center. Interstate 81 bisects the study
area. Human population density of this study area was
437 people/km2 in 2010 (U.S. Census Bureau 2010),
and 35.2% of the land was developed (Homer et al.
2011).

Ursus 28(2):195–207 (2017)
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State College, Centre County, Pennsylvania
This 375.7-km2 area (40.797144◦N, 77.859352◦W) is

located in the central part of Pennsylvania and primarily
occurs within the Nittany Valley, extending from the bor-
ough of State College east–northeast to the community
of Pleasant Gap, and includes portions of the Penns Val-
ley between the borough of Centre Hall and community
of Boalsburg (Fig. 1). Human population density of this
study area was 253 people/km2 in 2010 (U.S. Census Bu-
reau 2010), and 24.4% of the land was developed (Homer
et al. 2011).

Northwestern New Jersey
This 4,030-km2 study area (41.078744◦N,

74.638993◦W) is bounded to the west by the state
border with Pennsylvania, to the south by I-78, to the
east by I-287, and to the north by the state border with
New York (Fig. 1). Three municipalities were the focus
of our trapping efforts (Stillwater/Branchville, Vernon
Township, and West Milford, NJ). Population density
for each of the 3 major municipalities in the study
areas was 548 people/km2 in Stillwater/Branchville, 135
people/km2 in Vernon Township, and 132 people/km2

West Milford, New Jersey in 2010 (U.S. Census Bureau
Fact Finder [2010]; http://factfinder.census.gov). Human
population density of this study area was 142 people/km2

in 2010 (U.S. Census Bureau 2010), and 16.6% of the
land was developed (Homer et al. 2011).

Beckley, West Virginia
This 425.0-km2 study area (37.77972◦N,

81.18306◦W) includes the cities of Beckley, Mab-
scott, MacArthur, Sophia, Bradley, Glen Jean, Mount
Hope, Pax, Eccles, Beaver, Grandview, Fairdale, and
Stanaford (Fig. 1). WV-16 and U.S. 19 bisect this study
area, which is located in a mountain valley. The study
area is bounded by forested ridges and has had much
commercial development over the past decade. Human
population density of this study area was 94 people/km2

in 2010 (U.S. Census Bureau 2010), and 18.7% of the
land was developed (Homer et al. 2011).

Charleston, West Virginia
This 162.6-km2 study area (37.77972◦N,

81.18306◦W) contains West Virginia’s largest city
and is located at the confluence of the Elk and Kanawha
rivers (Fig. 1). It contains the cities of St. Albans,
Charleston, South Charleston, Kanawha City, Dupont
City and Dunbar. The Kanawha State Forest borders the
southern boundary of the study area. Human population
density of this study area was 390 people/km2 in 2010

(U.S. Census Bureau 2010), and 45.2% of the land was
developed (Homer et al. 2011).

Morgantown, Monongalia County, West Virginia
This 221.5-km2 study area (39.63361◦N,

79.95056◦W) is located in the Monongahela River
valley (Fig. 1). It contains the cities of Morgantown, Star
City, Sabraton, Granville, and Westover and is wholly
contained within Monongalia County. It is bounded to
the south by I-68, to the west by I-79, and to the east
by the Preston County line. This area (as with all of
the WV study sites) is more forested and less urban
than the Pennsylvania study areas. Human population
density of this study area was 251 people/km2 in 2010
(U.S. Census Bureau 2010), and 25.7% of the area was
developed land (Homer et al. 2011).

Methods
Capture and tagging methods

We captured black bears opportunistically in barrel-
style and culvert-style traps or Aldrich cable foot re-
straints (Wildlife Control Supplies, East Granby, Con-
necticut, USA). We baited and set traps at residences
or commercial properties where bears had been sighted
or human–bear conflicts had occurred. We immobilized
captured bears with a mixture of ketamine hydrochloride
(4.4 mg/kg) and xylazine hydrochloride (1.7 mg/kg) or
tiletamine hydrochloride and zolazepam hydrochloride
(7 mg/kg; Telazol C©, Fort Dodge Animal Health, New
York, New York, USA) delivered by a pole-mounted sy-
ringe or CO2-propelled dart. We tagged bears in both
ears using a self-piercing numbered metal tag, style 56-
L, size 36.5 × 9.5 mm (Hasco Tag Co., Dayton, Ken-
tucky, USA) or round, plastic, pig ear tags (All Flex Tags,
Dallas, Texas, USA). We tattooed bears on the inside of
the lip with their ear-tag identification number. We ex-
tracted premolars (p1) from bears (except cubs) and sent
them for cementum annuli age determination (Harshyne
et al. 1998; Matson’s Lab, Milltown, Montana, USA). We
recorded weight, sex, reproductive status (estrous, lacta-
tion, descended testes), date, and location of capture. In
most cases (n = 105), we released bears near their cap-
ture site. If relocation was required to prevent injury (i.e.,
traffic hazards, domestic animals), the bear was typically
relocated within the mean home-range diameter of bears
in the region (12-km radius for males [n = 63] and 5-km
radius for females [n = 42]; Alt et al. 1976, Tri 2013). In
19 cases, we relocated bears greater distances from the
capture sites (1 F was moved 24.8 km and 18 M were
moved an average of 57.6 km) because it was unsafe to
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release the bear on site. Of these bears, 4 males did not
return and 1 female did not return. All 5 bears that did
not return were censored from analysis. The remaining
14 bears returned to their home range relatively quickly.
Relocated males returned within 10.6 days and females
returned within 13.3 days, on average.

We fitted black bears weighing >45 kg with radio-
transmitting neck collars (Vectronics, Berlin, Germany;
Lotek, New Market, Ontario, Canada; Northstar, King
George, Virginia, USA) equipped with Global Position-
ing System–Global System for Mobile Communications
(GPS–GSM). The GPS–GSM collars were configured to
record a location every 3.25 hours, resulting in 7 loca-
tions/day. We monitored bears from 2010 to 2013. We
received location data from GPS–GSM collars daily via
Short Message Service text message and maintained data
in a central repository. We investigated any bear transmit-
ting from the same location for >1 week to assess cause-
specific mortality. We censored locations for 1 week after
fitting of the collar to reduce the possibility of capture bias
on behavior, subsequent habitat use, and probability of
harvest.

Mast surveys
Agency employees and conservation partners con-

ducted mast surveys statewide to estimate annual pro-
duction. Methods varied among state agencies (Ternent
and Kibe 2012, Richmond et al. 2013), so we standard-
ized mast survey data from agency reports into a 3-point
scale (poor = 1, average = 2, abundant = 3). We tabulated
black bear mortalities for each potential cause (harvest,
roadkill, euthanasia, or other) and ran a Kendall’s Tau
correlation analysis in Program R 3.1.0 (R Core Team
2017) to see how harvest and euthanasia correlated with
natural food availability.

Statistical analysis
Mortality and cause-specific survival analy-

sis. We estimated survival using the nonparametric
cumulative incidence function estimator (Heisey and Pat-
terson 2006) in the “wild1” package in Program R 3.3.1.
We chose this estimator to calculate annual mortality, as
well as determine when mortality occurs, to inform those
involved with the black bear season-setting process. Mor-
tality was aggregated into 4 sources: harvest, euthanasia,
vehicle strike, and other (poaching, unknown mortality
cause, etc.). We censored all time intervals when a bear
was not actively monitored (i.e., bear had a collar that
malfunctioned or no longer wore a collar) or were re-
turning to their home range, in the case of the relocated
bears. Harvest mortality differs between young and old

bears as well as males and females (Noyce and Garshelis
1997), so we analyzed each sex and age class (the stage at
which the bear was removed from the study via censoring
or mortality) separately to account for differences in mor-
tality. We pooled bears among New Jersey, Pennsylvania,
and West Virginia to maintain adequate sample size for
sex and age class comparisons and to make broader infer-
ence to WUI in the Mid-Atlantic region. In our analysis,
we considered yearlings and 2-year-olds to be juveniles
and 3-year-olds and older bears to be adults.

For the purposes of this analysis, denned black bears
were considered unavailable for harvest. We determined
den entrance using the tracking analyst toolbox in ArcGIS
10.0 (ESRI, Redlands, California, USA). For each bear,
we examined location data from October to December
for evidence of a stationary collar. We considered a GPS
collar to be stationary (i.e., a bear was in the den) when
the location cluster had a mean position error of <150
m for 3 consecutive days. We used the first date that
the bear became stationary or when the collar stopped
transmitting data, which occurred when the bear entered
a subterranean or rock den.

Concurrent to this study, New Jersey and Pennsylvania
were tagging black bears statewide. We compared those
statewide mortality rates with the mortality rates of bears
in the WUI. There was no concurrent tagging effort in
West Virginia during this study, so we were unable to
make such a comparison.

Results
Sample demographics

We captured and collared 124 black bears in the WUI
(25 in NJ, 78 in PA, and 21 in WV) during 2010–2012;
2 of the 124 bears shed their collars within the 7-day
acclimation period and were censored from analysis. Af-
ter censoring 6 additional bears (5 that did not remain
in their home range, and 1 whose collar failed within 2
weeks of deployment), we were able to assess survival
for 116 bears (n = 42 F and 74 M). We monitored bears
in these study areas until 31 December 2013. Our sam-
ple included both bears that were captured as a result of
nuisance activity in the WUI and non-nuisance bears that
lived in the WUI (80% nuisance bears in the NJ sample,
25% in the PA sample, and 40% in the WV sample);
therefore, we believe the sample is representative of the
bear population in the WUI. The term “nuisance” covers
a broad spectrum; and, to some residents of our study
areas, a bear merely being present in a residential area
constituted a nuisance. In this study, we considered bears
caught at a site in which nuisance activity occurred to
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Table 1. Number and age of American black bears (Ursus americanus) caught in the wildland–urban interface
of New Jersey, Pennsylvania, and West Virginia, USA, during 2010–2012. Ages in this table represent the age
at capture.

Yearlings 2-yr-olds ≥3-yr-olds Unknown age Totala

Study area M F M F M F M F M F

NJ 3 1 4 3 2 11 1 0 10 15
Johnstown, PA 4 1 3 2 5 3 1 0 13 6
Scranton, PA 7 1 7 2 8 8 0 1 22 12
State College, PA 2 3 7 3 7 2 0 1 16 9
Beckley, WV 1 0 1 0 9 0 0 0 11 0
Charleston, WV 0 0 1 0 2 0 0 0 3 0
Morgantown, WV 0 0 0 0 6 1 0 0 6 1

Totals 17 6 23 10 39 25 2 2 81 43

aTotal no. of captured bears was 124, but 2 bears that were collared shed their collars within the 1-week acclimation period. We
censored bears with radio failure prior to the start of the study or bears that left their home ranges, which resulted in a
functional sample size of 116 for analysis.

be “nuisance” bears, and bears caught at sites without
nuisance activity to be “wild” bears. We made inference
to the bear population in the WUI as a whole, rather than
to each category, to determine whether bears in the WUI
are vulnerable to harvest.

Our West Virginia sample was mostly adult black
bears; 86% of the sample were ≥3 years old at first cap-
ture; Table 1). Conversely, about half of the New Jersey
and Pennsylvania sample were juveniles at first capture
(16% yearlings, 28% 2-yr-olds; and 23% yearlings, 31%
2-yr-olds, respectively). Sex ratios (M:F) of bears in our
final sample (after removing 2 bears that were too small
to collar) varied widely among states (10:15 in NJ, 50:26
in PA, and 20:1 in WV; Table 1).

Population demographics
Survival and cause-specific mortality. An-

nual survival was highest for adult male and female black
bears (Table 2). Harvest was the largest source of mortal-
ity in all cohorts, except for juvenile females (Table 3).
The juvenile female cohort was small (n = 6), and the

majority (2 of 3) of mortalities were the result of bear–
vehicle collisions. Over the course of this study, mortal-
ity from hunting was similar for juvenile males (30%),
adult males (36%), and adult females (29%). Mortality
rates from bear–vehicle collisions were similar among
all groups (8% for juv M, 6% for ad M, and 11% for ad
F), except for juvenile females (33%). In Pennsylvania,
WUI harvest rates were higher than statewide return rates
in 3 of 4 hunting seasons (Table 4). Conversely, harvest
mortality rates of black bears in the WUI of New Jer-
sey indicated that they were vulnerable to harvest, but at
lower rates than the statewide tag returns indicated (Table
4). West Virginia WUI harvest rates were highly variable
(6–100%; Table 4), but we did not have any concurrent
tag-return data with which to compare.

Timing of mortality
Mortality was variable through time between sex and

age classes (Fig. 2). Mortality of juvenile black bears was
greater outside the hunting season than for adult bears.
Mortality of juvenile male bears was most prominent

Table 2. Annual survival ratesa of American black bears (Ursus americanus) in the wildland–urban interface of
New Jersey, Pennsylvania, and West Virginia, USA, during 2010–2013.

Annual survival ± SE (%)

Sex and age class 2010 2011 2012 2013

Juv M 54.5 ± 15.1 46.7 ± 9.3 40.0 ± 5.6 —
Ad M 86.7 ± 8.8 74.1 ± 9.4 92.6 ± 9.2 56.3 ± 9.1
Juv F 50.0 ± 25.0 — — —
Ad F 78.9 ± 9.4 81.8 ± 10.0 77.2 ± 9.4 76.9 ± 9.2

aA “—” symbol denotes insufficient sample size to estimate annual survival for that cohort and year.

Ursus 28(2):195–207 (2017)
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Table 3. Cause-specific mortalitya of American black bears (Ursus americanus) in the wildland–urban interface
of New Jersey, Pennsylvania, and West Virginia, USA, during 2010–2013.

Mortality source

Study area Sex and age class Bears at risk (n) Harvest (n) Roadkill (n) Euthanasia (n) Otherb (n)

NJ Juv M 2 0 0 1 1
Ad M 7 0 0 0 1
Juv F 1 0 0 0 0
Ad F 13 3 1 1 0

PA Juv M 27 8 3 0 2
Ad M 18 10 1 1 0
Juv F 5 0 2 0 1
Ad F 21 7 3 1 0

WV Juv M 8 3 0 1 0
Ad M 10 3 1 2 0
Juv F — — — — —
Ad F 1 0 0 0 0

Total bears killed (n) Harvest (n) Roadkill (n) Euthanasia (n) Other (n)
Pooled among states Juv M 19 11 3 2 3

Ad M 19 13 2 3 1
Juv F 3 0 2 0 1
Ad F 16 10 4 2 0

aA “—” denotes no bears in that cohort. Totals in this table do not match totals in Table 1 as a result of censoring.
bOther is a composite category of mortality that includes illegal killing and any other unknown cause of death.

during family breakup and dispersal during May and June
(Julian dates: 121–181; Clevenger and Pelton 1989, Lee
and Vaughan 2004), as well as during hunting season in
the autumn (Julian dates: 300–365; Fig. 2). Mortality for
adult males and females started in May and June, but
precipitously increased during hunting season (Fig. 2).

Mast conditions
Mast conditions were variable among years and states

(Fig. 3). Mast failures occurred in Pennsylvania in 2010
and in West Virginia in 2011 and 2013. We found no cor-
relation between adult male black bear harvest and food
abundance. We found strong correlations between food

Table 4. Tag returna and harvest totals of American black bears (Ursus americanus) statewide and in the
wildland–urban interface (WUI) of New Jersey, Pennsylvania, and West Virginia, USA, during 2010–2013. WUI
mortality rates were calculated by dividing the number of radiocollared bears killed by the number of radiocol-
lared bears that were alive going into the hunting season. West Virginia did not have a concurrent, statewide
tagging program from 2010 to 2013. The most recent estimate of annual mortality rates in West Virginia was
18% statewide from 1991 to 2002 (Ryan 2009).

No. tagged Tagged bears harvested Statewide tag WUI harvest Total harvest
State Year statewide (n) statewide (n) return rate (%) mortality rate (%) statewide (n)

NJ 2010 298 54 18.1% 12.5% 592
2011 235 39 16.6% 0.0% 469
2012 262 33 12.6% 5.3% 287
2013 243 37 15.2% 0.0% 251

PA 2010 749 122 17.0% 24.2% 3,090
2011 801 150 19.5% 24.4% 4,350
2012 731 126 17.8% 12.1% 3,632
2013 795 113 14.9% 26.2% 3,509

WV 2010 — — — — 2,392
2011 — — — 22.2% 2,009
2012 — — — 6.5% 2,735
2013 — — — 100.0%b 2,692

aA “—” denotes no bears in that cohort. Totals in this table do not match totals in Table 1 as a result of censoring.
bDenotes a high harvest rate where the remaining small sample of bears (n = 3) were all killed in the 2013 WV hunting season.
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Fig. 2. Survival (S(t)) curves of American black bears (Ursus americanus) in the wildland–urban interface
of New Jersey, Pennsylvania, and West Virginia, USA, during 2010–2013. Samples pooled among states to
facilitate sex–age comparisons in mortality. Panels: juvenile males (1–2 yr old), upper left; adult males (≥3 yr
old), upper right; juvenile females (1–2 yr old), lower left; adult females (≥3 yr old), lower right.

abundance and harvest for adult females (τ = 0.42) and
juvenile males (τ = 0.98). As food abundance increased,
harvest increased.

Discussion
Black bears in the WUI were vulnerable to harvest,

and hunting accounted for the majority of the mortality
of WUI bears. This suggests that hunting is a viable tool
for managing bears in these WUI areas. However, har-
vest rates in WUIs varied among areas (e.g., greater than
statewide harvest in PA but lesser than in NJ), indicating
that this tool must be fine-tuned to each municipality by
bear managers.

Direct mortality regulates black bear population
growth in the Appalachians (Bridges 2005, Ryan 2009)

and throughout the range (Bunnell and Tait 1981, Be-
ston 2011). Female bears in our study had mortality rates
higher than are typically reported in the Appalachians
(Carney 1985, Hellgren and Vaughan 1989, Ryan 2009)
and similar to those of males in our study—a most atypi-
cal finding in black bear populations. Thus, given that the
survival rate of adult female bears strongly influences the
growth rate of a bear population (Bunnell and Tait 1985,
Klenzendorf 2002, Ryan 2009), this finding is impor-
tant for managers to consider when developing harvest
recommendations for WUIs.

Black bears in the WUI faced mortality tradeoffs. They
were afforded ample foraging opportunities (Tri et al.
2016) but faced additional sources of mortality from
bear–vehicle collisions and euthanasia. Hard mast trees,
namely oaks, on the periphery of the WUI drew bears
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Fig. 3. Annual, statewide estimates of mast condi-
tions (1 = poor, 2 = average, 3 = abundant) in New
Jersey, Pennsylvania, and West Virginia, USA, during
2010–2013.

into areas where they were more vulnerable to harvest.
Mortality rates from bear–vehicle collisions in Pennsyl-
vania WUIs were 4 times greater than estimates statewide
(Ternent 2013) and twice that of neighboring Maryland,
a difference likely explained by a considerably greater
road density in Pennsylvania (Spiker 2013). Previous
research indicated that nuisance bear mortality in the
WUI was lower than that of rural areas (Wolgast et al.
2005, Hristienko and McDonald 2007, Ternent 2008,
Luke 2013). Our findings further confirm that bears in
the WUI do indeed have reduced probability of harvest,
but suffer higher rates of mortality from other sources
(e.g., bear–vehicle collisions and euthanasia).

We observed more black bear mortalities from bear–
vehicle collisions in summer or early autumn (Jun–Aug),
which does not correspond to acorn drop but does cor-
respond with peak complaint season when bears utilize
anthropogenic food sources (e.g., birdseed, garbage, fruit
trees in yards) or are moving to meet their natural his-
tory requirements. This is mating season for adult bears
and is when yearling males disperse from their natal
range. Juvenile female mortality (i.e., primarily due to
bear–vehicle collisions) occurred in September–October,
which could result from increased movements to find
food during hyperphagia. In good food years, bears tend
to remain in areas with abundant food to maximize caloric
intake while minimizing effort (Schooley et al. 1994).
The negative correlation between mast conditions and
harvest in West Virginia was similar to that of states that
allow hunters to bait (Noyce and Garshelis 1997). This
pattern may have been due to an abundance of corn on
the landscape—West Virginia hunters can legally bait for
white-tailed deer (Odocoileus virginianus) but not for
bear. Spilled deer bait (i.e., corn) may have drawn bears
near corn feeders when mast conditions were poor, re-

sulting in an increased risk of harvest. Mast conditions
varied considerably among years, but harvest rates did
not seem to track the mast surveys as well as they did
for WUI bear mortality. We do not know why the mast
data tracked better for some of the WUI bear cohorts,
but not the statewide tag-return data. This could be due
to the coarseness of our methodology of categorizing
mast survey data, such that we missed the spatial hetero-
geneity of mast production; it could also be a function
of other factors, such as harvest pressure or local bear
density.

Euthanasia comprised a small but important propor-
tion of black bear mortality in New Jersey and West Vir-
ginia. Euthanasia of nuisance bears is a commonly used
and pragmatic management tool in many jurisdictions of
North America, despite varying levels of public support
(Spencer et al. 2007, Mazur 2010). Mortality levels from
euthanasia in our study varied with each state because
of the composition of nuisance bears in our sample and
differences in how each state handled human–bear con-
flict. New Jersey euthanized Category I bears (bears that
“posed an immediate threat to human safety or which
cause agricultural damage to farmland. . . or significant
damage (≥$ 500) to property”; New Jersey Division of
Fish and Wildlife 2010:17). In West Virginia, there are 4
categories of conflict with adult bears: (1) non-offending
black bears, (2) nuisance black bear, (3) black bears caus-
ing agricultural or property damage, and (4) black bears
posing a threat to public safety; bears in Category 2, 3,
and 4 could be and often were euthanized (West Vir-
ginia Division of Natural Resources 2011). Pennsylvania
Game Commission personnel typically only euthanize a
bear when it “presents an imminent threat to public health
or safety” (Ternent 2006:66). Fewer than 15 bears are eu-
thanized statewide annually (Ternent 2006), and it was
unsurprising that only 2 of our Pennsylvania study bears
were killed in this manner. Furthermore, 80% of the New
Jersey sample were nuisance bears, whereas a smaller
proportion of the Pennsylvania and West Virginia sam-
ples (20% and 40%, respectively) consisted of nuisance
bears.

Differences in harvest regulations (e.g., timing of hunt-
ing season, method of take) among states influenced mor-
tality of black bears in the WUI. New Jersey prohibits
hunting with dogs but allows restricted baiting, and a
hunter could take any bear regardless of size or sex. Many
New Jersey hunters harvest bears incidentally in the Bear
and Firearm Buck/Deer Season. Pennsylvania prohibits
hunting with dogs and bait; the majority of bear hunters
used drive-hunting in which hunters formed a line and
moved through cover in an attempt to flush bears toward
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Table 5. American black bear (Ursus americanus) hunting season dates in New Jersey, Pennsylvania, and West
Virginia, USA, during 2010–2013.

State Year Methoda Dates Bag limitb

NJ 2010 Firearm 6–11 Dec 1
NJ 2011 Firearm 5–10 Dec 1
NJ 2012 Firearm 3–8 Dec 1
NJ 2013 Firearm 9–19 Dec 1
PA 2010 Archery 15–19 Nov 1

Firearm 20–23 Nov 1
PA 2011 Archery 14–18 Nov 1

Firearm 19–23 Nov 1
PA 2012 Archery 12–16 Nov 1

Firearm 17–21 Nov 1
PA 2013 Archery 18–22 Nov 1

Firearm 23–27 Nov 1
Archery* 21 Sep–16 Nov 1
Firearm* 2–14 Dec 1
Muzzleloader* 19–26 Oct 1
Special firearm* 24–26 Oct 1

WV 2011 Archery 15 Oct–19 Nov 2**
Firearm 26 Sep–1 Oct, 21 Nov–3 Dec, and 5–31 Dec 2**

WV 2012 Archery 29 Sep–17 Nov and 3–31 Dec 2**
Firearm 24–29 Sep, 19 Nov–1 Dec, and 3–31 Dec 2**

WV 2013 Archery 28 Sep–23 Nov and 9–31 Dec 2**
Firearm 21–27 Sep, 7–11 Oct, 25 Nov–7 Dec, and 9–31 Dec 2**

aThe * denotes the addition of additional seasons in the urban, intensive bear-management zones (regulations vary by wildlife
management unit) in 2013.

bThe ** denotes that the annual bag limit of black bears in WV is 2, if >1 is harvested in the intensive harvest zone (Boone, Fayette,
Kanawha, Logan, McDowell, Raleigh, and Wyoming counties; Mingo county was added to this list in 2012).

other hunters. In West Virginia, there is a strong tradition
of hunting with hounds; however, based on the proximity
of bears to cities and the restrictions of bear hunting with
dogs (only allowed in rural counties), harvest of a bear
in the WUI by hunters using hounds was unlikely. West
Virginia prohibits the use of bait, so most hunters used a
spot-and-stalk or still-hunting approach.

By altering the timing and duration of black bear hunt-
ing season, state agencies can influence harvest rates (Ter-
nent 2008, 2012). The differences between statewide har-
vest rates and WUI harvest rates in New Jersey were puz-
zling. Typically, adult nuisance bears in New Jersey have
higher mortality probabilities than those tagged in “wild”
settings (Raithel et al. 2016), but we did not find the same
pattern. Nearly 80% of our collared sample in New Jer-
sey were nuisance bears and only 3 adult females were
killed by hunters. The disparity between New Jersey and
Pennsylvania could be because of differences in harvest
pressure, but also differences in the timing of the seasons.
Hunting season in New Jersey started in early Decem-
ber, at which point female bears are typically denned up
(Table 5). If food conditions (either natural mast or sup-
plementation from anthropogenic sources) were better in
the WUI than in rural areas, WUI bears may have reached

optimal body condition and denned up earlier than rural
bears. It stands to reason that New Jersey harvest vulner-
ability probably would have increased if the season was
moved earlier into the autumn. However, changes in sea-
son dates may have only limited impacts on harvest mor-
tality of bears in WUIs if private landowners prohibited
hunting or if city ordinances prohibited firing firearms
or bows and arrows. In such cases, harvest probabilities
would not dramatically increase with a longer season
unless hunters have access to private lands or agencies
purchase lands to preserve hunter access. Hunter access
is key to using regulated hunting as a management tool
for bears in the WUI.

Our study design necessitated the pooling of individual
black bear populations from 9 different municipalities in
3 different states. Although this did allow us to make
broader spatial inference, it limited our ability to extrap-
olate these results to other states and municipalities. It
also eliminated our ability to assess sex- and age-specific
differences for each municipality, and as such, we were
unable to develop specific management guidelines for
each area. Furthermore, the differences in harvest regu-
lations, method of take, and the structure of the harvest
make comparisons with other studies difficult. The key
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finding of this study was that bears in the WUI are sub-
ject to harvest, despite substantial differences among the
study areas. Regulated hunting is possible in the WUI
and is a pragmatic tool for bear managers that work in
urban areas.

Further research could focus on testing of experimental
harvest regulations on populations of WUI black bears.
A finer spatial scale would likely remove some of the is-
sues that were confounding in our analysis, such as state
boundaries, differing regulations, bear density, and har-
vest pressure. Sample size was a limiting factor in our
analysis, so choosing a municipality with a high bear
density would enable researchers to better explain how
harvest in the WUI could be best used to manage the bear
population. One could empirically test if moving a season
earlier in the autumn (using the NJ example) would be
effective in increasing WUI bear mortality. Experimen-
tal seasons, such as the deer and bear firearm seasons
employed in limited areas, could also be tested. Addi-
tional means of take should also be empirically tested.
Archery seasons in the WUIs may be more effective than
firearms seasons because of restrictions from firearm dis-
charge laws. For example, the vast majority of WUI bear
harvests in West Virginia were archery kills in Septem-
ber and October when deer archery season overlaps bear
archery season.

Management implications
Regulated hunting was a viable black bear manage-

ment tool in the WUI. Approximately 13–67% of black
bears in the WUI of New Jersey, Pennsylvania, and West
Virginia died annually and most of this mortality was
due to hunting. However, the variability in harvest rate
suggests that managers will have to consider each WUI
separately. In some cases, harvest levels need not be in-
creased because of increased mortality from bear–vehicle
collisions and euthanasia; mortality rates may be suffi-
ciently high to manage population growth. In other man-
agement scenarios, agencies may prefer that hunters act
as a mechanism to harvest problem bears that would
otherwise be euthanized or be killed in bear–vehicle col-
lisions. Four pragmatic options exist to increase harvest
mortality of black bears in the WUI: (1) lengthening
the season; (2) implementing earlier season dates to in-
crease harvest vulnerability during hyperphagia, prior to
denning; (3) adding an archery season in areas where
firearms would not be legal or safe to discharge; and (4)
identifying key areas within the WUI to purchase in order
to secure hunter access so that hunting can be preserved
as a management tool in urban areas.
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