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Abstract: Little is known about the denning ecology of American black bears (Ursus

americanus) in the Cascade Mountains of western Oregon. Extensive logging during the late

20th century altered the landscape significantly and may have affected the availability and

quality of denning habitat. We visited 104 dens of 54 radiocollared bears during 1993–98 to

document den-site characteristics and bear behavior in the Cascade Mountains of western

Oregon. We also monitored bears in the spring and fall to estimate denning chronology. In

addition, we randomly selected 5-ha quadrats to search for fungal activity and potential den

sites. Eighty percent of dens we located were in trees that had cavities created by fungal activity.

The remaining dens were located in rocky outcroppings and caves, under logs, or on the ground.
We found no selection of dens based on micro- or macro aspect, elevation, or slope. Bears

denned more than expected in mature timber with trees that averaged .50.8 cm diameter at

breast height (dbh). Mean den entry date for bears in our study was November 20, and mean

den emergence date was April 15. Pregnant females entered dens earlier and emerged later than

barren females, females with yearlings, and all male age classes. Bears were more likely to

abandon dens at lower elevations with little snow accumulation and less secure den structures.

Fungal activity was randomly distributed throughout the study area. Fifty-one potential tree

and log den structures were found in 27 of 64 quadrats we sampled. This information can help
federal and state foresters schedule and design management activities within stands of timber

containing denning habitat, aid wildlife managers in setting bear hunting seasons, and help

timber cruisers and biologists detect and avoid disturbance of active dens.
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Most American black bears (Ursus americanus)

annually seek refuge in winter dens for an extended

period of hibernation. Once bears enter dens, no

food is ingested and all excretive functions are

stopped. During hibernation, bears metabolize fat

reserves attained during their active period and

recycle all urea that is formed (Nelson et al. 1975).

Denning allows bears to conserve energy during

times of scarce food supply (Lindzey and Meslow

1976, Johnson and Pelton 1980) and provides a

secure place for sows to birth and nurse cubs (Alt

1989). Lindzey and Meslow (1976) speculated that

bears in western Washington used den structures to

avoid heavy rainfall during the winter. Secure dens

also reduce the probability of den abandonment,

which can lead to greater weight loss during the

hibernating period (Tietje and Ruff 1980).

Previous studies have documented a variety of den

types used by black bears in North America (Tietje

and Ruff 1980, Wathen et al. 1986, Hayes and Pelton

1994). Den types differed by geographical location

and were likely related to specific environmental

factors and land management practices (Johnson

and Pelton 1981). Research on black bear denning in

the Pacific Northwest has shown that bears have a

preference for selecting dens associated with trees.

All dens in the Coast Range of Oregon (Noble et al.

1990), on Long Island in Washington (Lindzey and

Meslow 1976), and on Vancouver Island in British

Columbia (Davis 1996) were in or under trees and

stumps. In addition, 88% of dens in northern

California were associated with trees (Callas 2002).
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were the most secure den structures. Because

disturbance during hibernation can negatively affect

reproduction and bear survival (Swenson et al. 1997,

Linnell et al. 2000, Hightower et al. 2002), knowl-

edge of denning habitat and den structures used is an

important aspect of bear management (Johnson and

Pelton 1981, Linnell et al. 2000). Important denning

habitat can be protected and active bear dens can be

avoided if workers marking trees to be removed and

biologists are aware of the characteristics of dens

used by bears. In addition, knowledge of denning

chronology can be used to establish hunting seasons

such that spring hunting ends before females and

cubs-of-the-year emerge from the den and become

vulnerable to harvest (Lindzey 1981).

In conjunction with a study examining bear

reproduction during 1993–98, we investigated the

denning ecology of black bears in the west-

ern Cascades of Oregon. Our objectives were to

(1) describe den site characteristics at multiple spatial

scales by sex, age class, and reproductive status;

(2) observe bear behavior and response to investiga-

tors at den sites; (3) determine denning chronology

by gender, age class, and reproductive status; and

(4) determine the extent of fungal activity by habitat

type within the study area and its role in creating

potential den sites on the landscape.

Study area
The 1,800-km2 study area was located on the west

slope of the Cascade Mountains, approximately

80 km southeast of Eugene, Oregon. The mild

maritime climate was characterized by cool, wet

winters and hot, dry summers. Average annual

precipitation was 120 cm during 1961–98 and

occurred primarily during November–May. Mean

precipitation from July through September was

8.64 cm, and drought conditions were common.

Mean daily temperatures ranged from 3.4uC in

January to 18.8uC in July (1961–98, Oregon Climatic

Service, Oregon State University, Corvallis, Oregon,

USA, unpublished data). Elevations within the study

area ranged from 460 to 2,460 m.

The study area falls within the western hemlock

(Tsuga heterophylla) zone of the Cascade physiograph-

ic province (Franklin and Dyrness 1973). The climax

association is western hemlock–western red cedar (T.

heterophylla-Thuja plicata) series; however, the lower

elevations are dominated by the seral species Douglas-

fir (Pseudotsuga menziesii) with common understory

vegetation including vine maple (Acer circinatum),

salal (Gaultheria shallon), rhododendron (Rhododen-

dron macrophyllum), swordfern (Polystichum muni-

tum), vanilla leaf (Achlys triphylla), Oregon oxalis

(Oxalis oregana), and twin flower (Linnaea borealis).

Higher elevations (above 1,220 m) are dominated by

the Pacific silver fir (Abies amabilis) series and

herbaceous species including big huckleberry (Vaccin-

ium membranaceum), Alaska huckleberry (Vaccin-

ium alaskaense), rhododendron, grouse huckleberry

(Vaccinium scoparium), coolwort foamflower (Tiarella

trifoliata), false solomonseal (Smilacina racemosa),

queenscup beadlily (Clintonia uniflora), dogwood

bunchberry (Cornus canadensis), sidebells pryrola

(Pyrola secunda), and beargrass (Xerophyllum tenax).

Ownership was primarily federal (Middle Fork

Ranger District, Willamette National Forest) with

some private in-holdings. With the exception of 2

wilderness areas, resource management was primar-

ily for timber production. The landscape was highly

fragmented with a road density of 2.0 km/km2. Eight

percent of these roads were paved and 92% were

aggregate surfaced (Watershed Analysis Report

1995). Vander Heyden (1997, Table 1) described 6

habitat classifications for the study area.

Table 1. Habitat classifications within the Cascade Mountains of western Oregon, from Vander Heyden (1997),
for a study of denning of American black bears, 1993–98.

Habitat classification Description

Grass–forb Very little vertical stand structure; seedling trees and shrubs are not dominant.

Shrub Shrubs dominant, trees provide ,30% crown cover.

Open canopy–sapling–pole Canopy closure ,60%; shrub understory common.

Closed canopy–sapling–pole Canopy closure 60–100%; little ground vegetation.

Closed canopy–mature timber Canopy closure .80% but usually ,100%; average tree dbh . 50.8 cm. Some ground

vegetation present.

Open canopy–mature timber Canopy closure .80%, average tree dbh . 50.8 cm. Understory of shrubs, small trees, and

grass–forb common.

2 BLACK BEAR DENNING ECOLOGY N Immell et al.

Ursus 24(1):1–12 (2013)



Methods
Bears were captured each spring from 1993

through 1998 using Aldrich foot snares following

techniques described by Flowers (1977) and Johnson

and Pelton (1980). Snared and denned bears were

immobilized with a combination of tiletamine and

zolazepam (TelazolE, Fort Dodge, Iowa, USA) using

a pole syringe (Animal Care Equipment and Services

Inc., Crestline, California, USA). Dosages ranged

from 2 to 4 mg of Telazol per 0.45 kg of estimated
bear weight.

Once sedated, snared bears were measured,

weighed and sexed, and a first premolar was

removed for aging (Willey 1974). Uniquely num-

bered Rototag ear tags (Dalton ID Systems,

Ontario, Canada) were placed in each ear. MOD-

500 transmitter collars (Telonics Inc., Mesa, Ar-
izona, USA) with 4.7-hour mortality switches were

attached to males .2 years of age. Telonics MOD-

400 and MOD-500 transmitter collars with 4.9-

minute mortality switches were placed on females

.2 years of age to accommodate a companion

habitat utilization study. MOD 400 transmitters

with 4.7-hour mortality switches and expandable

collars (Telonics CB-3) were placed on all yearlings.
We considered females to be adults at .4 years of

age based on age of first successful breeding as

determined through den checks. Because males

mature at approximately the same age as females,

males .4 years of age were also considered adults.

Den sites of radiomarked bears were located using

aerial radiotelemetry via fixed-wing aircraft and
helicopter or by triangulation from the ground.

Den sites were visited in February and March. We

inspected den sites annually for females and oppor-

tunistically for males when collar adjustment or

replacement was required. Once they were sedated

in dens, we documented the physical condition of

collared bears. If cubs were present, we measured

hair length between the ears and identified gender.
If yearlings were present, we identified gender and

attached ear tags and a radiocollar. Immobilized

bears were generally not removed from dens during

handling to minimize disturbance. When data

collection was finished, dens entrances were sealed

with snow or vegetation.

Micro-aspect of den sites was defined as the
direction of slope on which the den was located and

was measured using a compass. Macro-aspect was

defined as the direction of slope of the major

drainage or mountain on which the den was located.

We estimated macro-aspect, slope, elevation, dis-

tance to roads, and distance to streams using Terrain

Navigator (MyTopo, One Broadway South, Billings,

Montana, USA). For analyses, aspects were divided

into 90u increments based on the 4 cardinal direc-

tions (north 5 316–45u, east 5 46–135u, south 5

136–225u, west 5 226–315u). Snow depth was recorded

during den visits and categorized as (1) ,1 cm; (2) 1–

30.9 cm; (3) 31–60.9 cm; and (4) .61 cm. Tree species

and diameter at breast height (dbh) were recorded for

standing tree dens during den visits. We used SPSS

Version 12.0 (SPSS Inc., Chicago, Illinois, USA) for all

statistical procedures and assumed significance of all

tests at P , 0.05.

Den site characteristics

We identified 11 different den types used by bears

in our study area (Table 2). For analyses, we

collapsed den structures into 4 categories based on

broad structure type: (1) standing tree: standing tree

with entrance and den cavity in the base, the side, or

the top of the tree; (2) downed log/stump: hollow log

cut down and left due to heart rot, blown down tree

with a hollow cavity, the stump of a tree remaining

after harvest with the cavity in the base, or an

excavation under a downed log; (3) cave/rock pile:

den in a cave or large boulder pile with a cavity; and

(4) ground nest: den made entirely from vegetative

material from surrounding area and formed in the

shape of a large nest. These categories reflected the

relative level of security each structure type offered

and not necessarily their insulation qualities. We

used x2 tests to infer selection of den type based on

gender, reproductive status, age class, and denning

year. Similar tests were used to infer differences in

micro- and macro-aspects used for den sites assum-

ing the null hypothesis of equal distribution of values

among the 4 directions.

We used t-tests to assess significance of differences

between den sites of males and females with regard

to slope (degrees), distance to roads, distance to

running water, and elevation. We used similar tests

to assess significance of differences between den trees

used by males and females with regard to standing

tree dbh.

We tested the association of dens by habitat

classification by comparing the observed with

expected number in each habitat class using x2 tests.

Although initial habitat classifications (Table 1)

were based on Vander Heyden (1997), some habitat

types were rarely used for denning, so we combined
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habitats into more general categories that reflected

basic structural characteristics of the vegetation. We

created a grass–forb/shrub category by combining

grass–forb with shrub, a sapling pole community by

combining open canopy sapling pole with closed

canopy sapling pole, and a mature timber category by

combining open canopy mature timber with closed

canopy mature timber. We accounted for simulta-

neous inference of multiple comparisons using

Bonferroni confidence intervals (Neu et al. 1974).

Bear response to investigator disturbance

We categorized bear behaviors at dens as

(1) docile (the bear displayed little or no reaction

to investigators); (2) irritated (biting or pawing of jab

stick, popping jaws, vocalizations, bluff charging);

and (3) evasive (the bear abandoned the den). We

examined bear behavior using x2 tests of behavior by

age class, gender, den year, reproductive status, den

type, and snow depth. We used analysis of variance

(ANOVA) to test if behavior category differed by

den elevation or date of den visits and used Tukey’s

HSD post hoc procedures when overall ANOVA

results were significant. For bears that abandoned

dens, we tested for associations among bear response

(returning to the same den versus using a new den)

and reproductive classes and gender using x2 tests.

Chronology

We monitored denning chronology bi-weekly

using a combination of ground triangulation and

aerial telemetry. However, inclement weather pre-

vented consistent aerial telemetry and made the

study area inaccessible for ground telemetry during

some periods of den entry and emergence, particu-

larly during den emergence. Therefore, den entrance

dates were estimated by taking the mean Julian date

between the first location that fell within the

telemetry error circle (linear error 5 352 m, Oregon

Department of Fish and Wildlife [ODFW], unpub-

lished data) of the den and the last known active

date. Telemetry error was calculated using methods

described in White and Garrott (1990). Emergence

dates were estimated by taking the mean Julian date

between the last location of the bear within the

telemetry error circle of the den and the first known

active date. We excluded cases where the last active

location obtained in the fall or the first active

location obtained in the spring was .14 days from

the date the bear was known to be at the den site

(Schwartz et al. 1987, Haroldson et al. 2002).

Denning period was defined as the number of days

between estimated den entry and estimated den

emergence.

Reproductive status of females was noted during

den visits and partitioned into 2 reproductive classes

for analyses: pregnant females (PF), defined as

females observed with newborn cubs during den

visits, and other females (OF), defined as females

observed during den visits that were barren or with

yearlings. We used ANOVA to test if mean den entry

and emergence dates differed by gender, reproductive

Table 2. Frequency distribution of dens used by radiocollared American black bears in the Cascade
Mountains of western Oregon, 1993–98.

Den type

Year

1994 1995 1996 1997 1998 1999 Total

Standing tree

Base entry live tree 2 8 9 13 10 3 45

Base entry snag 1 5 3 2 11

Top entry (arboreal) live 1 1

Side entry (arboreal) live 2 1 3

Top entry (arboreal) snag 1 1 1 3

Total 5 14 10 16 14 4 63

Downed log/stump

Sawn log 4 3 3 1 2 1 14

Blow-down log 1 4 1 6

Stump 1 1 2

Tree associated excavation 1 1 2

Total 5 3 7 2 3 3 23

Cave/rock pile 4 5 2 3 2 16

Ground nest 1 1

Total 14 24 19 23 18 6 104
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class, and age classes (adult and sub-adult) among

and within denning years, using Tukey’s HSD post

hoc procedures when overall tests were significant.

Potential denning habitat

Because fungal activity played a large role in the

creation of dens within our study area, we attempted

to locate potential denning habitat during 1995–98

by randomly surveying timber stands for fungal

activity. We subjectively selected a 400-km2 portion

of our study area that we believed was representative

of our entire study area. Sixty-four random points

were generated within this area and surveyed. We

utilized a stratified random sampling design where

random points were distributed proportionate to the

relative distribution of dens of collared bears in each

habitat type. This resulted in 19% of random points

in the sapling–pole category and 81% in the mature

timber category.

At each of the 64 points, we established quadrats

5 ha in size using a belt chain and compass. Two or 3

crew members walked parallel transects within each

5 ha quadrat to search for potential den sites and the

fungal activity that creates dens. Transects were 10–

50 m apart, depending on visibility in the understory,

and trees were marked along transects to ensure full

coverage of the quadrat. We established 3 categories

of stand condition based on the age and extent of

fungal activity: (1) high current potential: site with

potential dens with high fungal activity; (2) high

future potential: site with no potential dens sites but

high fungal activity; and (3) no potential: site with no

visible fungal activity. Potential dens were identified

using 3 conditions based on observer experience: (1) if

the den site was a hollow log, hollow base of a live tree

or snag; (2) if a bear could fit inside the cavity; and

(3) if the cavity entrance was of similar dimensions to

known dens of radiomarked bears. We recorded the

type and number of potential dens in each quadrat. In

addition, we recorded 4 general characteristics for

each quadrat. Micro-aspect of each quadrat was

measured using a compass. We estimated macro-

aspect, elevation, and slope of each quadrat using

Terrain Navigator. We tested for differences in

elevation and slope between quadrats that had visible

fungal activity and those that did not using standard

t-tests and for differences in macro- and micro-aspect

using x2 tests. Because some quadrats contained

multiple potential den sites while others had none, we

used the Poisson distribution to estimate the total

number of tree and log dens within our study area.

Results
We captured 96 bears (64 M, 32 F) 154 times, of

which 91 were initially captured in foot snares and 5

were captured as yearlings in dens. We categorized

53 bears as adult, 32 as sub-adults, and 11 as

yearlings at initial capture. We visited 104 dens of 54

bears (32 M, 22 F) during 1994–99. Seven dens were

re-used by bears during the study (6.7% re-use rate).

Five dens were re-used by the same bear and 2 dens

were re-used by different bears. The 5 dens that were
re-used by the same bear were eliminated from

analyses. Three of 5 bears that re-used the same den

were females. Of the 2 bears that re-used dens of

other bears, 1 was an adult female with cubs and the

other was a sub-adult male. Subsequent DNA

analysis revealed that neither of those bears were

closely related to the previous den occupants.

Den site characteristics

We eliminated the single ground nest from further

analyses; it was used in only 1 year by 1 bear. We

recorded multiple den sites for 25 bears. When the

same type of den structure was used more than once

by an individual bear, we only used the first den it
selected of that structure type in our den site

characteristics analyses. This eliminated 29 dens

from analyses.

Eighty percent of dens were associated with trees.

The remaining dens were found in rocky outcrop-

pings, caves, excavations beneath downed logs, and

ground nests (Table 2). We detected no differences in
den type use by gender (x2 5 0.954, 2 df, P 5 0.621),

reproductive status (x2 5 5.697, 4 df, P 5 0.223), age

class (x2 5 2.726, 2 df, P 5 0.256), or denning year

(x2 5 13.12, 10 df, P 5 0.217). Mean elevation of all

den sites was 1,200 m (SE 5 133.01, n 5 69, range 5

609–3,048). We detected no difference in mean

elevation of dens used by males (1,208 m) and

females (1,185 m, t 5 20.278, 67 df, P 5 0.782). The
mean degree of slope for all bear dens was 14.84u
(SE 5 0.73, n 5 69, range 5 1.10–28.8). Mean degree

of slope for male dens (15u) and female dens (14u)
was similar (t 5 0.573, 67 df, P 5 0.568). We

detected no differences of observed from expected

den aspects at either the micro-aspect (x2 5 2.942, 3

df, P 5 0.401) or macro scales (x2 5 4.56, 3 df, P 5

0.207). Mean distance to a road for all dens was
167 m (SE 5 20.91, n 5 69, range 10–1,190). We

detected no difference in mean distance to roads of

dens used by males (x̄ 5 154 m) and females (x̄ 5

188 m, t 5 20.789, 67 df, P 5 0.433). Mean distance
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to running water for all dens was 160 m (SD 5 13.98,

n 5 69, range 5 1–540). We detected no difference in

mean distance to running water of dens used by

males (x̄ 5 161 m) and females (x̄ 5 158 m, t 5

0.084, 67 df, P 5 0.934).

Bears used 8 species of trees for standing tree dens

(n 5 42). The majority were in Douglas-fir (n 5 27).

The remaining were in western red cedar (n 53),

western hemlock (n 5 6), sugar pine (Pinus

lambertiana, n 5 2), western white pine (Pinus

monticola, n 5 1), noble fir (Abies procera, n 5 1),

Pacific silver fir (Abies amabilis, n 5 1), and grand

fir (Abies grandis, n 5 1). The dbh of standing den

trees averaged 134 cm (SE 5 5.32, n 5 21, range 98–

181) and did not differ between male (134 cm) and

female dens (135 cm, t 5 20.116, 19 df, P 5 0.909).

However, stand type used by radiomarked bears for

denning differed from expected (x2 5 3.89, 2 df, P 5

0.049). Bonferroni confidence intervals showed

greater use of mature timber than would be expected

and avoidance of grass–forb/shrub (Table 3).

Bear response to investigator disturbance

Bears were generally alert and aware of our

presence during denning activities. When we arrived

at dens, 45% of bears were categorized as docile,

37% as evasive, and 18% as irritated. Twenty-six

percent of bears abandoned dens. Eighteen of the 27

bears that abandoned dens did so before we arrived

at the den and the remainder fought their way out as

we attempted to block the den entrance. Type of

behavior in response to investigator disturbance was

unrelated to age class (x2 5 2.04, 2 df, P 5 0.360),

gender (x2 5 1.82, 2 df, P 5 0.401), den year (x2 5

9.99, 10 df, P 5 0.441), reproductive status (x2 5

7.39, 4 df, P 5 0.117), or date that bears were denned

(F 5 0.702; 2, 93 df; P 5 0.498). However, bears that

denned in the log/stump den type had a greater

tendency to abandon dens than bears that denned in

standing tree cavities. (x2 5 12.44, 6 df, P 5 0.053).

Snow depth also affected bear likelihood to abandon

dens in response to investigators (x2 5 7.60, 2 df,

P 5 0.022). Bears that denned in deeper snow were

less likely to abandon dens. Elevation of bear dens

had the greatest effect on bear behavior (F 5 7.62; 2,

92 df; P 5 0.001). Tukey’s post hoc procedures

indicated that the mean elevation of dens that bears

abandoned was 283 m lower than the mean elevation

of dens that bears did not abandon.

Sixty-three percent of all bears that abandoned

dens found new dens, 30% returned to the same den,

and 7% remained active. Females with cubs were

more likely to return to the same den than barren

females (x2 5 7.02, 1 df, P 5 0.008). No females with

yearlings abandoned dens. We detected no difference

between males and females in the likelihood of

selecting new dens rather than returning to the

abandoned den (x2 5 2.44, 1 df, P 5 0.118).

Only 1 female with cubs did not return to her

original den. After closely monitoring her for

24 hours, we determined that she was still .1.5 km

from her den site. We removed her cubs and placed

them in a den with a known-lactating female. The

cubs were adopted by this female, who was

subsequently illegally harvested the following fall,

preventing us from determining the fate of the

adopted cubs.

Chronology

We estimated mean date of den entry for 52 males

and 43 females (Table 4). Males entered dens

primarily in November and December. Mean date

of den entry did not differ between sub-adult and

adult males (1 Dec, F 5 1.91; 1, 6 df; P 5 0.173),

which were then pooled for subsequent analyses.

Male mean den entry dates did not differ between

years (F 5 0.471; 4, 47 df; P 5 0.757). Males entered

dens later than OF (F 5 39.15; 1, 76 df; P , 0.001)

and PF (F 5 47.42; 1, 61 df; P , 0.001).

Females entered dens primarily in October and

November. Mean date of den entry did not differ

between PF (28 Oct) and OF (7 Nov, F 5 3.50; 1,

Table 3. Habitat type, proportion of study area in each habitat type, number of dens observed in each habitat
type, number of dens expected to be observed in each habitat type, proportion of each habitat type used for
denning, and associated 95% confidence intervals for American black bear dens in the Cascade Mountains of
western Oregon, 1993–98.

Habitat type
Proportion of
study area

Number of
dens observed

Expected number
of dens

Proportion used
for dens (Pi)

Confidence interval on
proportion of occurrence

Grass–forb/shrub 0.27 6 28 0.057 0.008 , P1 , 0.105

Sapling–pole 0.23 15 24 0.144 0.071 , P2 , 0.217

Mature timber 0.50 83 52 0.798 0.759 , P3 , 0.837
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35 df; P 5 0.070). PF mean den entry dates did not

differ among years (F 5 0.953; 3, 7 df; P 5 0.466).

OF mean den entry dates differed among years (F 5

8.087; 4, 21 df; P , 0.001). OF entered dens earlier in

fall of 1996 than in fall of 1994 (P 5 0.048, 23 days

earlier) and fall of 1995 (P , 0.001, 31 days earlier).

We were able to estimate date of den emergence

for 8 males and 21 females (Table 4). Most bears

emerged from dens in April. Mean date of den

emergence did not differ between sub-adult (12 Apr)

and adult males (18 Apr; F 5 0.387; 1, 6 df; P 5

0.557), which were then pooled for subsequent

analyses. Male den emergence dates did not differ

between years (F 5 1.45; 2, 5 df; P 5 0.317). Neither

PF or OF mean emergence dates differed between

years (F 5 1.92; 3, 4 df; P 5 0.268 and F 5 3.827; 3,

9 df; P 5 0. 051, respectively). PF emerged from dens

later than OF (1 May versus 13 Apr; F 5 7.13; 1, 19 df;

P 5 0.015). Males emerged from dens earlier than PF

(15 Apr versus 1 May; F 5 7.67; 1, 14 df; P 5 0.016),

but not earlier than OF (15 Apr versus 13 Apr; F 5

0.077; 1, 19 df; P 5 0.784). Males denned for the

shortest duration (x̄ 5 111 days, SD 5 13), followed

by OF (x̄ 5 139 days, SD 5 25) and PF (x̄ 5 153 days,

SD 512).

Potential denning habitat

Sixteen percent of all quadrats surveyed had a

high degree of fungal activity with cavities large

enough for bears to use for dens. An additional 17%

of quadrats surveyed had a high degree of fungal

activity but no cavities large enough for bears to use,

and 4% had some visible fungal activity but no

cavities. All quadrats with fungal activity were in

mature timber. The remaining 62% of quadrats

surveyed had no noticeable fungal activity. Of the

mature timber quadrats we surveyed, 38% had

visible fungal activity. Although we did not docu-

ment fungal activity in any sapling–pole quadrats, it

is likely that some of the quadrats we surveyed were

infected but had not developed visible symptoms, so

infection rates should be considered a minimum. We

detected no differences between quadrats with or

without visible fungal activity with respect to macro-

aspect (x2 5 2.19, 3 df, P 5 0.533), micro-aspect

(x2 5 1.642, 3 df, P 5 0.650), elevation (t 5 0.921, 62

df, P 5 0.361), or slope (t 5 0.340, 62 df, P 5 0.735).

We found 52 potential dens; these were located in

28 of the 64 quadrats. Twenty-seven of those

potential dens were in standing trees and 25 were

in downed logs. Pluralities of potential log dens were

found in sapling–pole and mature timber quadrats,

but no standing potential tree dens were found in

sapling–pole quadrats. In addition, no potential log

dens were found in quadrats that had potential tree

dens. We estimated there were 20,945 (SD 5 264) log

and tree dens within the 1,800 km2 study area.

Discussion
Den site characteristics

Black bears utilize a variety of den structures

throughout North America (Hayes and Pelton

1994), demonstrating their ability to adapt to diverse

environments and make use of available resources.

The predominant use of cavities in trees and downed

logs as den structures in our study was consistent

with other studies located in the forested mountains

and marine west coast forest eco-regions of north-

west North America (Noble et al. 1990, Davis 1996,

Bull et al. 2000, Callas 2002) and the eastern

temperate forest eco-region of the southeast US

(Pelton et al. 1980, Smith 1986, Wathen et al. 1986,

Klenzendorf et al. 2002). This was not surprising

because climatic conditions in these regions are

similar (mild temperatures and with ample precipi-

tation) and favor sporulation and infection of rot-

causing pathogens (Garbelotto 2004). The degree to

which bears utilized those types of structures differed

somewhat between studies and regions. This differ-

ence was probably related to the size of the structure

(Klenzendorf et al. 2002) and their relative avail-

ability across the landscape (Lindzey and Meslow

1976, Johnson and Pelton 1981), which in turn was

Table 4. Denning chronology of radiocollared American black bears in the Cascade Mountains of western
Oregon, USA, 1993–98.

Bear type

Den entry Den emergence
Den period in
days (SD)n Mean date Range n Mean date Range

Males 52 1 Dec 30 Oct–24 Jan 8 15 Apr 17 Mar–29 Apr 111 (13)

Other females 26 7 Nov 6 Oct–9 Dec 13 13 Apr 18 Mar–6 May 139 (25)

Pregnant females 11 28 Oct 15 Oct–16 Nov 8 1 May 18 Apr–12 May 153 (12)

BLACK BEAR DENNING ECOLOGY N Immell et al. 7

Ursus 24(1):1–12 (2013)



influenced by past and current land management

activities within those regions.

Although the type of den site utilized by bears has

not been shown to increase cub survival (McDonald

and Fuller 1998), a mathematical model developed

by Johnson et al. (1978) suggested that use of tree dens

by bears represented a 15% energy savings compared

with open ground dens. This energy savings could be

particularly important in areas that are prone to frequent

food failures, allowing females to rebound faster from

depleted fat reserves to meet the energy requirements

needed for reproduction the following year.

The disproportionately high use of mature timber

habitat for denning in our study area was not

surprising. Davis (1996) found that bears on

Vancouver Island also avoided denning in habitats

that did not contain large trees. In addition, many

grass–forb/shrub and sapling–pole habitat types in

our study area were created by fire or logging after

the early 1970s. Prior to the early 1970s, the sections

of harvested trees with potential den cavities were

left on the ground as cull logs. Concerns about fuel

loads have since prompted management agencies to

remove all downed woody material (Watershed

Analysis Report 1995). Therefore, bears in our study

likely didn’t use these habitat types because they

lacked suitable den structures.

Bear response to investigator disturbance

Despite our efforts to quietly approach dens from

downwind, some bears still abandoned dens in

response to our arrival. We found the probablity of

den abandonment increased at lower elevations, yet

bears at higher elevations were easily aroused and

many became irritated at our presence. Environmen-

tal conditions that would have changed with

elevation and would have possibly affected bear

behavior were temperature and snow accumulation.

Based on the lapse rate for temperatures in the

Cascade mountains (Minder et al. 2010), the

difference in temperature between the mean eleva-

tion of abandoned dens and the mean elevation of

dens not abandoned was only 1.5uC, an amount that

would seemingly have little effect on bear behavior.

However, we observed a trend that indicated

abandonment was more likely when bears denned

at lower elevations with little or no snow accumu-

lation. Snow accumulations at higher elevations

either completely concealed den entrances or covered

a majority of the entrance, shielding bears from

disturbance. Snow also made our approach to dens

quieter, providing an element of surprise that

reduced bears’ chances of escape. We also observed

a trend in which bears that used log-type den

structures were more likely to abandon dens than

bears in tree dens. Log-type structures generally had

larger den entrances that were less secure and easier

to escape from. In addition, many of these structures

had multiple entrances that made it more difficult

for investigators to block the bear’s escape. Our

findings support Johnson and Pelton et al. (1980)

and Smith (1986), who concluded the degree of

dormancy bears exhibit was fairly constant, despite

geographical and climatic variations, and that

ground-level structures with a high degree of

exposure were more conducive to den abandonment.

Den abandonement caused by human disturbance

has been documented previously (Poelker and

Hartwell 1973, Tietje and Ruff 1980, Smith 1986,

Hellgren and Vaughn 1987, Kolenosky and

Strathearn 1987). Disturbing bears during hiberna-

tion can negatively affect reproduction and increase

over-winter weight loss. Tietje and Ruff (1980) found

that bears that abandoned dens after disturbance

lost more weight than bears that remained in dens

throughout the hibernating period. In addition,

Lundberg et al. (1976) speculated that disturbance

during the early stages of hibernation could lead to

urea poisoning and weight loss. Although the time of

year den checks are performed may affect abandon-

ment rates (Beecham et al. 1983), abandonment will

probably remain a problem in areas that lack

sufficient snow accumulation and secure structures.

Chronology

Variation in black bear den entry dates across

their North America range (97 days difference

between the earliest and latest reported dates) has

been attributed to abundance of fall food (Tietje

and Ruff 1980, Kolenosky and Strathearn 1987,

Schooley et al. 1994) including artificial food sources

(Weaver and Pelton 1994), the cumulative effects of

weather (Lindzey and Meslow 1976, Novick et al.

1981), and physiological changes (LeCount 1983,

Beck 1991). Mean den entrance date for black bears

in our study (20 Nov) was midway between the

earliest reported date in the harsher climates of

Alaska (1 Oct, Smith et al. 1994) and the latest

reported date in the more moderate climate of the

southeastern US (5 Jan, Johnson and Pelton 1980).

Females, regardless of reproductive class, had the

earliest den entry dates for our study followed by
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sub-adult and adult males. This pattern has been

observed throughout the black bear’s range in North

America. Commencement of denning in our study

area coincided with sharp declines in maximum daily

temperatures and increases in precipitation (Fig. 1)

along with a concomitant decrease in available forage.

The latest den entry date we observed (24 Jan) was

that of an adult male that had been feeding on an

adult cow elk (Cervus elaphus) carcass. We believe

the early den entry dates of OF in the fall of 1996

were a response to a failure of huckleberries

(Vaccinium ssp.) to produce fruit that year. Earlier

den entry by females in the fall following mast

failures has been observed in other studies. Schooley

et al. (1994) noted that females in Maine denned

earlier in years beech trees (Fagus grandifolia) did

not produce nuts. Tietje and Ruff (1980) found bears

in Alberta denned later in a year with abundant

blueberries (Vaccinium ssp.), and Johnson and

Pelton (1980) found bears in the Great Smoky

Mountains National Park denned earlier in years of

poor to fair mast production. Extended feeding with

inadequate food supplies would result in a negative

forage period that could further expend fat reserves

needed for hibernation (Lindzey and Meslow 1976,

Smith 1986, Schooley et al. 1994). This could be

particularly true for smaller bears with larger surface

area to body mass ratios (Tietje and Ruff 1980).

American black bear den emergence dates range

from mid-March in Michigan (Manville 1987) to

6 May in Alaska (Schwartz et al. 1987). Mean

emergence date for all bears in this study (15 Apr)

were again intermediate (51 days difference between

the earliest and latest reported dates). Sub-adult

males, adult males, and OF had the earliest den

emergence dates followed by PF, again following

patterns observed throughout North America.

Bears emerged from dens in our study area as

temperatures were rising and precipitation decreasing.

Timing of den emergence for nursing females was

constrained by cub development (Doan-Crider and

Hellgren 1996). For all other gender and age classes of

bears, climate has often been cited as a major factor

influencing den emergence (Lindzey and Meslow 1976,

Novick et al. 1981, Kolenosky and Strathearn 1987).

More specifically, however, it was likely that the

cumulative climatic effects on the phenology of spring

forage ultimately influenced den emergence (Beck 1991).

Potential denning habitat

Fungal activity, and thus potential denning

habitat, was established sufficiently within mature

timber stands in our study area to provide an

adequate supply of potential dens sites. Some of the

most important cavity-creating fungal species we

observed included the Armillaria, Heterobasidion,

Fig. 1. Monthly minimum (dashed line) and maximum (solid line) mean temperatures (6C) and monthly
precipitation (Precip) totals (cm) at the Willamette Hatchery, Oakridge, Oregon, USA, 1993–98.
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and Phellinus weirii spp. complexes as well as

Inonotus tomentosus, Echinodontium tinctorium, and

Phaeolus schweinitzii. Although our analyses were

limited, we found no metric to explain fungal

distribution patterns on our study area. While

distribution appeared to be random, primary infec-

tion generally occurs via airborne basidiospores

(Garbelotto 2004); therefore, prevailing winds and

topography would play a large role in determining

where new infestations would occur. Once estab-

lished, however, large areas would be infected via

vegetative or somatic spread with eradication nearly

unattainable (Garbelotto 2004).

Exactly how bears located dens in trees and logs

is unknown. With the large number of existing

potential tree and log dens in our study area, bears

could have been locating dens while exploring their

home range and climbing trees. Alternatively, they

may have found them incidentally while foraging

for ant and bee colonies, beetles, grubs, and small

mammals, which also utilize tree cavities and

decaying wood. It is also possible that bears

associated the smell of fungus with denning cavities.

Although we have no empirical data to support this

speculation, we observed 2 base entry tree dens

where the top of the cavity entrance was below the

soil line prior to excavation by the bear.

The number of potential tree and log dens available

within the study area was quite large. Based on mean

fixed kernel home range estimates for males and

females within our study area (181 km2 and 33 km2

respectively, ODFW, unpublished data), there were

2,105 potential tree and log dens available within an

average male home range and 383 available within an

average female home range. However, fungal activity

was not evenly distributed in the study area and this

would influence the number of dens available for some

bears. In addition, extensive home range overlap

would mean many bears would be sharing the same

potential dens. Nonetheless, the large number of

fungal-created dens documented on our study area

helps explain the high use of these den types that we

observed and the low re-use of existing dens.

Although tree dens have extended longevity and

new cavities are constantly being formed (Johnson

and Pelton 1981), nearly 50% of the potential den

sites we found were in logs. Most of these were cull

logs from previous logging operations. Once on the

ground, decay occurs slowly (Maser et al. 1979) and

the potential for den utilization will last many years.

However, restrictions on logging since the early 1990s

to protect spotted owl (Strix occidentalis) habitat and

removal of decayed logs for fire control has limited

the creation of this den type, and they will eventually

disappear from our study area. Conversely, logging

restrictions have also saved many standing tree dens

that appear from our work to be more secure den

types for bears. It may take decades before effects of

recent changes in forest management on the denning

habits of bears can be assessed.

Management implications
Our data indicate utilization of den structures by

black bears in our study was most likely related

to structure availability. With the high use of den

structures created by fungus in our study area, land

management agencies should consider incorporating

this information into timber management activities.

In addition, knowledge of bear den site selection and

chronology can help foresters avoid logging during

the denning period in stands that contain good

denning habitat. Knowledge of denning chronology

is also an important aspect of bear management in

hunted populations and should be considered when

setting hunting seasons (Johnson and Pelton 1980,

Lindzey 1981, Inman et al. 2007). Spring season

dates can be adjusted to reduce the vulnerability of

females with newborn offspring, and fall hunting

pressure can be delayed until after females accom-

panied by cubs of the year enter dens. Finally, bear

researchers should carefully consider the negative

impacts of den abandonment on bears when

designing den studies in areas with little or no snow

accumulation and unprotected den structures.
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