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Abstract: During winters 1995-2001, Cooperative Alleghany Bear Study (CABS) personnel handled 119 individual adult American black bears 
(Ursus americanus) and 322 cubs in 198 dens on 2 study areas in western Virginia. Our objective was to determine den-type use and den-type 
fidelity of adult black bears and their offspring. We located 215 dens of radiocollared bears; 68% were in trees. Ground dens used by bears included 
nests in laurel (Kalmia latifolia) thickets, excavations, brush piles, and rock cavities. Although the proportion of all bears using tree dens did not 
differ between our 2 study areas, females used tree dens (65%, n = 127) more often than males on the northern study area. Sex and age were 
significant factors in determining the type of den a bear selected. Older bears denned in rock cavities more often than expected. Of 66 individual 
bears handled for 2-6 consecutive years, 38% consistently used tree dens, 12% were faithful to rock cavities, and only 6% regularly used ground 
dens for denning. Over the 6-year period, 42% switched den types, primarily from tree dens to rock cavities. Rock cavities seemed readily available, 
yet 68% of marked bears used trees. Bears are hunted by hounds in Virginia during December and January and may use tree dens to reduce the 
likelihood of detection during the hunting season. 

Ursus 13:39-44 (2002) 

Key words: American black bear, Cooperative Alleghany Bear Study, den, fidelity, hunting, management, Ursus americanus, Virginia 

Studies of the denning ecology of American black bears 
traditionally have focused on den type (e.g., trees, ground 
dens, excavations, rock cavities), den site and habitat char- 
acteristics, and denning chronology. Studies investigat- 
ing reuse of individual dens have found it to be low: 4.8% 
in Pennsylvania (Alt 1984a), <1% in Alberta (Tietje and 
Ruff 1980), and no reuse in Ontario (Kolenosky and 
Strathear 1987). Several studies have reported a high 
rate of den reuse, which authors attributed to low den avail- 
ability (Lindzey and Meslow 1976, Schwartz et al. 1987). 
Fidelity to one specific den type has been reported for 
polar bears (Ursus maritimus, Amstrup and Gardner 1994), 
but has not been investigated for black bears and their 
offspring. We suspect the paucity of studies reflects the 
requirement of a long-term study that follows individuals 
over several years and the difficulty in marking and fol- 
lowing their offspring. In Virginia, black bears den in 
hollow tree cavities, tree stumps, rock cavities, in excava- 
tions under root systems, under log and brush piles, in 
intricately constructed nests, and in simple day beds. The 
denning period typically occurs between the middle of 
November and early April (Godfrey 1996, Ryan 1997). 
Godfrey et al. (2000) reported that 72.2% of bears moni- 
tored in Virginia between the winters 1995-1997 used tree 
dens, although rock cavities were readily available for 
denning. 

Our objectives were to determine (1) den-type use of 
adult bears, (2) adult bears' fidelity to den type, (3) off- 
spring fidelity to maternal den type, and (4) influence of 
sex, age, size, study area, mast crop, and reproductive sta- 

1 Present address: World Wildlife Fund, 1250 24th Street NW, 
Washington, D.C. 20037, USA. 

tus on den type choice. Our predictions were that larger, 
older bears would den in trees less often than smaller, 
younger bears. We predicted that in years of good mast 
crop bears would den in rock cavities and on the ground 
due to more weight gain and limitations imposed by tree 
cavity size. We also hypothesized that females with year- 
lings would be more likely to den on the ground than in 
trees due to the same cavity size restrictions. We sus- 
pected that habitat differences (stand age) and land own- 
ership (public vs. private) on the 2 study areas would 
influence den choice. Bears are hunted with hounds in 
Virginia during December and January; we hypothesized 
that they might use trees to reduce detection during the 
hunting season. Understanding the importance of tree dens 
can aid in the management and conservation of Virginia's 
bear population. 

STUDY AREAS 
The Cooperative Alleghany Bear Study (CABS) con- 

ducted research on 2 study areas in western Virginia with 
high hunter harvest (Fig. 1). The northern study (860 km2), 
begun in 1994, lies in the Dry River and Deerfield Ranger 
Districts of the George Washington and Jefferson National 
Forest (GW&JNF), and is centered in Augusta and 
Rockingham counties. The 1,200 km2 southern study, 
begun in 1995, is centered in Giles County of the 
GW&JNF and portions of Montgomery and Craig coun- 
ties (Ryan 1997). This part of the GW&JNF, primarily 
along valley bottoms, is highly fragmented by private land 
(K.L. Higgins 1997). 

Elevation in both study areas varies from 492 to 1,378 
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Fig. 1. Northern and southern study areas of the Cooperative 
Alleghany Bear Study, George Washington and Jefferson 
National Forests, Virginia, 1995-2001. 

m. Substrates are characterized by well-drained moun- 
tain bedrock dominated by sandstone and shale (Kozak 
1970, Soil Conservation Service 1985, J.C. Higgins 1997). 
Average yearly temperatures vary from 9.0?C in the val- 
leys to 6.2?C on the mountain tops with average tempera- 
tures of -4.2?C in January and 19.2?C in July (Rawinski 
et al. 1994). Average yearly precipitation reaches 86 cm, 
mainly during April to September, with monthly ranges 
between 7 to 246 cm (Ryan 1997) and average annual 
snowfall of 71 cm (J.C. Higgins 1997). Dominant tree 
species on the northern study area include eastern hem- 
lock (Tsuga canadensis), chestnut oak (Quercus prinus), 
red oak (Q. rubra), white oak (Q. alba), and tulip poplar 
(Liriodendron tulipifera). The southern study area also 
includes red maple (Acer rubrum), pitch pine (Pinus 
rigida), and eastern white pine (Pinus strobus; Ryan 1997). 
Common understory species in both areas include rhodo- 
dendron (Rhododendron maximum) and eastern mountain 
laurel (Godfrey 1996, J.C. Higgins 1997). 

METHODS 

Capture, Handling, and Radiotelemetry 
We captured bears with Aldrich foot snares and culvert 

traps from May 1994 to August 2000. Each bear received 
plastic ear tags and a lip tattoo. We recorded weight, sex, 
and reproductive status, extracted the first premolar to 
determine age by cementum annuli analysis (Willey 1974), 
and examined females for lactation or signs of estrus (e.g., 

swollen vulva, discharge). We injected bears with a tetra- 
cycline antibiotic (200 mg/mL) at 4 mL/44 kg body mass 
to prevent post-capture infections. 

Bears were equipped with motion-sensitive radio-trans- 
mitters (Advanced Telemetry Systems, Isanti, Minnesota, 
USA; Lotek, Quebec City, Quebec, Canada; Telonics, 
Mesa, Arizona, USA; Wildlife Materials, Carbondale, Il- 
linois, USA) that included a cotton breakaway device 
(Hellgren et al. 1988). Starting in 1999, yearlings and 
large males received ear tag transmitters (Advanced Te- 
lemetry Systems) to avoid ingrown collars in fast-grow- 
ing individuals. We marked 305 cubs with lip tattoos and 
fitted 118 (those with weight >1.7 kg) of them with ex- 
pandable radiocollars designed by CABS personnel 
(CABS, Virginia Polytechnic Institute and State Univer- 
sity, Blacksburg, Virginia, USA, unpublished data). We 
located dens using ground and aerial telemetry. 

Den Work 
From November to January each year we determined 

the type of den (i.e., tree, rock cavity, excavation, slash- 
pile, open ground nest) radiocollared bears were using. 
Reproductive status was estimated from trapping data 
during the previous summer or from past reproductive 
history. Dens of adult males and females with yearlings 
were not located before handling because they often 
denned in open ground nests and were difficult to ap- 
proach. Once a bear has been disturbed in its den, that 
bear becomes very difficult to successfully handle in suc- 
ceeding attempts. We handled males, females with year- 
lings, lone yearlings, and barren females during 
January-February and pregnant females during March- 
early April. We entered tree dens by cutting a window 
into the tree if we could not reach the bear from the en- 
trance hole (Godfrey et al. 2000). The logistics of han- 
dling bears in tree dens did not allow us to randomly 
sample weights. 

Mast Crop Evaluation 
The Virginia Department of Game and Inland Fisheries 

have conducted quantitative mast crop surveys in Virginia 
since 1971 (Coggin and Peery 1971). The sampling pro- 
tocol calls for 4 plots/county, with plot 1 at the foot of a 
typical ridge in the area, plot 2 about half-way up the 
mountain, plot 3 on top of the ridge, and plot 4 on the 
other side of the ridge at the same elevation as plot 2. 
Mast crop is evaluated by counting acorns on the last 53 
cm of 10 branches chosen at random on 10 white oak and 
10 red oak trees/study plot during the last week of Au- 
gust. To enter the sampling scheme, trees had to have full 
crowns in direct sunlight and have a dbh >18 cm. 

Mast crop was reported as an average number of acorns 
per limb from the 20 trees/plot and averaged across plots 
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for one cumulative score per county. Individual values 
for white and red oak mast were averaged across species. 

Data Analysis 
We used %2 tests of independence to evaluate if den- 

ning in trees (vs. other) was independent of sex and of 
study area and to test if den-type selection differed among 
age classes (Sokal and Rolf 1995). A Mann-Whitney 
U-test was used to test for a difference in age of bears 
captured on the 2 study areas. We report actual signifi- 
cance levels from statistical tests except where P < 0.001. 

We used a proportional odds model (POM), a class of 
ordinal response models, to test if den choice was related 
to sex, age, study area, mast crop, and reproductive status 
(pregnant, with yearlings, lone). An ordinal response is a 
categorical variable that is multinomial (i.e. in our case 
several den types) and not independent. The POM is simi- 
lar to a logistic regression analysis except that the response 
values (ordinal values) are related to each other in a speci- 
fied order. The POM can test interactions between vari- 
ables similar to a regular regression model analysis 
(Schabenberger and Pierce 2002). The order of responses 
necessary for an ordinal response model in our case was 
related to den type. We ordered den types in what we 
assumed to be decreasing order of security against distur- 
bance as follows: trees (most secure; ordinal value = A), 
rock-excavation cavities (moderately secure; ordinal value 
= B), and open dens (least secure; ordinal value = C). A 
POM was fit by PROC GENMOD (SAS Institute? 2000) 
using a multinomial distribution. The significance of a 
variable (sex, age, study area, mast crop, and reproduc- 
tive status) in den choice was given by a likelihood ratio 
test (x2 values). 

RESULTS 

Den-type Use 
CABS handled 83 individual adult black bears and 237 

cubs in 142 dens in the northern study area and 36 indi- 

viduals with 85 cubs in 56 dens in the southern study area 
throughout the winters of 1995 to 2001. Sixty percent of 
handled bears denned in tree cavities (68% of located dens; 
Table 1). In the northern study area, the proportion of 
females using tree dens (65%, n = 127) was larger than 
the proportion of males using trees (33%, n = 15; X' = 
10.69, 1 df, P < 0.001; Table 1). However, when we pooled 
both study areas, the proportion of bears using trees as 
dens did not differ between sexes ( 2 = 1.55, 1 df, P = 
0.214). The proportion of bears using tree dens did not 
differ between study areas (n = 203, 2 = 1.63, 1 df, P = 
0.202). Ground dens included nests in laurel thickets, 
excavations, brush piles, and rock cavities. 

Sex (POM: x2 = 3.76, 1 df, P = 0.053) and age (POM: 
Z2 = 22.40, 1 df, P < 0.001) but not study area (POM: 2 

= 1.07, 1 df, P = 0.302) or mast crop (POM: 2 = 0.36, 1 
df, P = 0.548) were important factors in determining the 
type of den a bear selected. The reproductive status of 
females was not significant in den choice (POM: n = 
133, x2 = 0.0818, P = 0.853). We tested for interactions 
between age and sex, age and reproductive status, age and 
area, and area and sex in den type selection (POM analy- 
sis), but all were insignificant and therefore dropped from 
the analyses to increase degrees of freedom for the analy- 
sis and power of the test (O. Schabenberger, Virginia Poly- 
technic Institute and State University, Blacksburg, 
Virginia, USA, personal communication, 2001). The av- 
erage age of bears handled in the northern area (x = 7.8 
yr) was older than in the southern area (x = 6.0 yr; t = 
4347.0, P = 0.001). Den-type selection differed among 
age classes (Table 2; 2 = 19.86, 4 df, P < 0.001); bears 
<6 years old denned in rock cavities less then expected 
(expected value = 16, observed value = 7), whereas bears 
>10 years old denned in rock cavities more than expected 
(expected value = 13, observed value = 22). 

Den-type Fidelity by Individual Bears 
From 1995 to 2001, 53 bears in the north and 13 in the 

south were handled for 2-6 consecutive years. Twenty- 
six (39%) bears consistently used tree dens, 8 (12%) bears 

Table 1. Den-type selection by sex and area for black bears of the Cooperative Alleghany Bear Study, George Washington and 
Jefferson National Forests, Virginia, 1995-2001. 

Sex n Tree (%) Rock cavity (%) Open (%) 
Female 

Northern 127 65.4 18.9 15.7 
Southern 54 51.9 42.6 5.6 

Total female 181 61.3 26.0 12.7 
Male 

Northern 15 33.3 40.0 26.7 
Southern 8 75.0 25.0 0.0 

Total male 23 47.8 34.8 17.4 
Total 204 59.8 27.0 13.2 
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Table 2. Den-type selection by age class for black bears of 
the Cooperative Alleghany Bear Study, George Washington 
and Jefferson National Forests, Virginia, during 1995-2001a. 

Age class n Tree (%) Rock cavity (%) Open (%) 
<6 58 74.1 12.1 13.8 
6-10 73 60.3 28.8 11.0 
>10 48 35.4 45.8 18.8 
Total 179 57.5 27.9 14.0 

a Discrepancy in total number of bears to Table 1 because not all ages 
could be determined. 

were faithful to rock cavities, and only 4 (6%) bears con- 
tinuously used ground dens. Twenty-eight bears (42%) 
switched den types over the 6-year period, primarily from 
tree dens to rock cavities (18%) or to open nests (18%). 
Twenty-five of 26 bears consistently using trees were fe- 
male, 25 of 26 weighed <82 kg, and 24 of 26 were <10 

years old. Only 3 males stayed faithful to den type, 1 for 
each den type. Switching den types did not seem to be 
correlated with reproductive status. We observed 2 fe- 
males that had produced cubs in rock cavities denning in 
trees with yearlings. Two females denned in trees when 

producing cubs but constructed day-bed nests when with 

yearlings. 
We followed 5 bears marked as cubs in their dens to 

adulthood. All 5 showed the same den type preferences 
as their mothers. One male denned in an open nest and 
was born under a rock outcropping, 2 females chose trees 
as did their mothers, and one female denned in a rock 

cavity similar to her birthplace. 
We recorded 9 incidences of den-reuse by radiocollared 

bears; 3 females reused their previous den trees (one fe- 
male for 3 consecutive years), 1 female returned to a rock 

cavity during a cub-bearing year (she denned in a tree 
with yearlings between cub-bearing years), and 1 male 
used the same rock cavity as the previous year. The other 
4 incidences involved different bears (3 study animals and 
1 previously not captured bear) using tree dens that had 
been previously occupied by study animals. None of the 
reuse-trees had a window cut to handle the bears in pre- 
ceding years. 

DISCUSSION 
This study revealed several patterns in den-type use and 

fidelity of black bears in Virginia that can aid manage- 
ment. Although other variables such as weight and habi- 
tat availability should have been included in the analysis, 
circumstances prevented their inclusion. 

Den-type Use 
Black bears den in trees primarily in the southeastern 

United States (Wathen et al. 1986), but also use tree cavi- 
ties in Pennsylvania (Alt 1984a), Arkansas (Oli et al. 

1997), Michigan (Switzenberg 1955), and Washington 
(Lindzey and Meslow 1976). In the Appalachian region, 
up to 71 % of black bears den in tree cavities above ground 
(Wathen et al. 1986, Kasbohm et al. 1996, Godfrey et al. 
2000). Our data show a slightly lower use of 60% of 
handled bears denning in trees. 

Female black bears were more likely to use tree dens 
than males in our northern study area, but no difference 
was observed when both study areas were pooled. We 
hypothesize that we did not find a difference between 
males and females using tree dens because of the lack of 

large males (>160 kg summer weight) in our sample. We 
recommend an increased sample of large males in future 
studies of den selection. 

Sex and age were significant factors in determining the 

type of den selected. Bears >10 years old denned in rock 
cavities more often than expected. Godfrey (1996) re- 

ported an average diameter of 52.7 cm (SE = 2.7) for tree 
cavities compared to an average ground nest diameter of 
80.7 cm (SE = 5.5) used by black bears on the GW&JNF 

during 1995-96. We speculate that older, larger bears can- 
not find tree cavities large enough for denning and are 
forced to use ground dens instead. The significance of 

age in our POM analyses might be related to increased 

weight with age. We could not quantify this relationship 
between age and weight due to above-mentioned sam- 

pling bias of lighter bears in dens, but a relationship of a 
size threshold for denning in a tree cavity seems reason- 
able. If larger trees are limited, the older segment of our 
bear population might use more tree cavities for denning 
if they were available. 

Study area was not a significant factor in den tree se- 
lection of black bears. However, a larger proportion of 
female bears than male bears denned in trees on the north- 
ern study area. The northern study area has a larger por- 
tion of contiguous wilderness, roadless areas, and National 
Forest with more mature timber that is more difficult to 
extract than on private lands of the southern study area, 
and therefore might have older, larger trees. Conversely, 
the southern study area is highly fragmented with several 
tracts of timber company land. Ryan (1997) reported that 
43% of radiocollared bears on the southern area denned 
on private land, which composed about 50% of the total 

study area. We recognize the need to assess den tree avail- 

ability to verify this relationship. 
Earlier investigations suggested that black bears can 

increase their productivity by choosing tree dens that pro- 
vide energetic savings from thermal insulation (Johnson 
et al. 1978) and a reduced chance of cub mortality due to 

cavity flooding (Alt 1984b). Others, however, did not 
find a difference in litter size among bears in different 
den types (Rogers 1987, Hellgren and Vaughan 1989). 
Bears in the northern hemisphere give birth during the 
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winter, leaving them vulnerable to disturbances which 
could increase energetic expenditure (Ramsay and 
Dunbrack 1986, Linnell et al. 2000). Human disturbance 
by approaching dens during hunting or radiotracking may 
cause bears to abandon their dens and cubs (Poelker and 
Hartwell 1973, Reynolds et al. 1976). Weight loss of up 
to 25% for reproductive females during hibernation lim- 
its the amount of energy that can be allocated to distur- 
bance-induced activities such as den relocation (Hock 
1960, Erickson and Youatt 1961, Tietje and Ruff 1980). 
Because bears are hunted with hounds in Virginia during 
December and January, denning in trees might reduce the 
chance of disturbance by humans (Alt 1980). The effect 
of disruption to bears in ground dens by hound hunters is 
difficult to estimate. 

Den-type Fidelity 
Five of 9 instances of den-reuse were by the same indi- 

vidual. Alt (1984a) reported 41% of all reuse cases in 
Pennsylvania were by the same bear and 11% by a rela- 
tive of the previous bear. In the remaining 4 instances, 
the relationship between occupants was unknown. How- 
ever, because all offspring used the same type of den as 
their maternal site, we believe it likely that offspring could 
occupy their maternal den in the future. We point out that 
although we disturbed these bears by handling them in 
the dens, they returned to the same denning location within 
1-2 years of handling. However, none of the trees that 
were reused had been cut by chainsaws to access the den. 

MANAGEMENT IMPLICATIONS 
Our findings emphasize the importance of den trees for 

Virginia's bear population. Rock cavities appear to be 
readily available, yet 60% of handled bears used trees. 
Hunters have reported that dogs can find denned bears on 
the ground, but do not detect them in trees (Virginia Bear 
Hunters' Association member, Blacksburg, Virginia, USA, 
personal communication, 2001). The fact that older, larger 
bears switch from tree to ground dens might indicate a 
lack of large enough den trees. The protection provided 
by large den trees may be an important factor in the dy- 
namics of Virginia's hunted black bear population. In 
addition, an evaluation of the effects of research activities 
(e.g., cutting a window in a den tree, handling a bear, 
radiotracking) on den sites might be appropriate if den 
trees are not reused after handling for a longer period of 
time than den trees that were not accessed for research 
activities. 
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