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Abstract: During May 1984, we initiated a study of black bear (Ursus americanus) ecology on the 410 km2 Great Dismal Swamp Wildlife Refuge, a forested 
wetland in eastern Virginia and North Carolina. Two male bears (ages 3 and 4) and 2 females (ages 3 and 7) remained active during winter 1984-85. Eight 
other bears (5 males, 3 females) denned for 70-131 days in excavated ground cavities (N= 3), ground-level tree cavities (N = 2), and ground nests (N 
= 3). Winter home ranges, determined by the modified minimum area method, were 1.9 km2 for males and 2.4 km2 for females. Annual home ranges for 
these bears, based on monitoring for 7-12 months, averaged 29.6 km2 and 17.8 km2 for males and females, respectively. Distance between consecutive-day 
relocations, an index of movement, was less in winter than in fall and spring. We observed 3 of the winter-active bears primarily in pocosin-type habitat 
dominated by evergreen shrubs and vines and the 4th in an inundated cypress-gum swamp. Preliminary analysis of scats, evidence of feeding activity, and 
visual observation indicated that bears were consuming fruits of greenbriar (Smilax spp.) and holly (Ilex spp.). Serum levels of urea nitrogen and creatinine 
for a 3-year-old female captured on 4 February 1985 were not indicative of a physiologically hibernating condition. Although occasional instances of 
nondenning behavior in black bears have been reported from areas with mild climates, the high frequency of winter activity we observed is unprecedented. 
Mild winter temperatures, lack of persistent snow cover, and diverse food items in the Great Dismal Swamp may be factors contributing to the high degree 
of bear winter activity. 
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Winter dormancy and denning are characteristic 
winter behavior of the American black bear through- 
out its range. Length of denning appears to vary with 
latitude. Denning periods of 6 months or longer have 
been reported in northern black bear populations 
(Idaho: Amstrup and Beecham 1976, Minnesota: 
Rogers 1977, Alberta: Tietje and Ruff 1980). In 
southern populations, the length of denning decreases 
to 2 or 3 months (North Carolina: Hamilton and 
Marchinton 1980, California: Novick et al. 1981, Ar- 
kansas: Smith 1985) where mild winter climates and 
longer periods of food availability prevail. Several 
radio-telemetry studies have anecdotally reported in- 
stances of winter-active bears, i.e., bears that failed 
to den. Hamilton and Marchinton (1980) and Smith 
(1985) each reported 2 winter-active subadult males 
in coastal North Carolina and eastern Arkansas, re- 
spectively. Alt et al. (1976) and Garner (unpubl. data) 
have noted winter activity in adult females with year- 
lings in Pennsylvania and Virginia, respectively. Pre- 
liminary data from a population in Osceola National 
Forest in north-central Florida suggested that males 
and subadult females do not den but restrict their 
movements during winter (D. Maehr, pers. com- 
mun.), however, home ranges or movements in win- 
ter-active black bears have not been reported. 

Denning and the accompanying metabolic state of 
hibernation (Nelson et al. 1983) in black bears are 
energy-conserving adaptations to decreased food 
availability and severe winter climatic conditions. 
Johnson and Pelton (1980) have theorized that hi- 
bernation and denning are ultimately synchronized 
with the environment by a flexible endogenous cir- 

cannual rhythm that ties bear physiology and behav- 
ior to annual plant cycles. Several environmental and 
internal cues, such as weather conditions, food avail- 
ability, and bear nutritional condition, interact to 
provide the proximate stimulus to den. A study of 
these cues would facilitate modeling of the relation- 
ship between the environment and winter dormancy. 
Ecological study of winter-active bears would provide 
insight into the relative importance of the proximate 
factors that induce winter dormancy, particularly in 
regions with mild climates. This paper describes home 
range, movements, and other aspects of ecology in 
winter-active black bears in the Great Dismal Swamp 
(GDS). 
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Polytechnic and State Univ., Virginia Comm. of 
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field assistance, and N. P. Garner helped with data 
analyses. We also thank D. J. Schwab and the staff 
of Great Dismal Swamp Natl. Wildl. Refuge. 

STUDY AREA 
The 850-km2 GDS is a forested wetland in eastern 

Virginia and North Carolina on the Atlantic Coastal 
Plain (Fig. 1). Mean annual precipitation is 120 cm, 
distributed rather evenly throughout the year. Mean 
monthly temperatures, measured 5 km northwest of 
the study area at Lake Kilby, range from 25.5 C in 
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Fig. 1. Location of the Great Dismal Swamp (GDS) in Virginia and North Car- 

olina. GDS National Wildlife Refuge is the hatched portion. 

July to 3.8 C in January (U.S. Dep. of Commerce 
1984-1985). Lake Drummond, about 4 km in di- 

ameter, is centrally located within the GDS. A west- 
east slope of approximately 19 cm/km characterizes 
the generally flat swamp (Gammon and Carter 1978). 
Field work was conducted on the 410-km2 GDS Na- 
tional Wildlife Refuge. 

The vegetative composition of the GDS includes a 

variety of herbaceous plants, evergreen and deciduous 
shrubs, and deciduous and evergreen, broad-leaved 
or needle-leaved tree species (Gammon and Carter 
1978). Timber on virtually the entire GDS has been 
harvested, beginning in the late 18th century. Besides 
timber harvesting, the vegetative community has been 
disturbed by fire, extensive ditching, and road-build- 

ing, which has changed the hydrologic regime. The 

major forest cover type is the red maple (Acer rub- 
rum)-swamp black gum (Nyssa sylvatica) association. 
Other major cover types are pine (Pinus spp.), bald 

cypress (Taxodium distichum)-gum (Nyssa spp.), At- 

lantic white cedar (Chamaecypares thyoides) and ev- 

ergreen shrub pocosins (Gammon and Carter 1978). 
Isolated mesic sites support oak (Quercus spp.)-beech 
(Fagus grandifolia) associations. Portions of the GDS 
are flooded during winter, particularly along the 
western edge of the swamp. 

MATERIALS AND METHODS 
We trapped bears from June to December 1984 

using Aldrich foot snares and immobilized them with 
a 2:1 mixture of ketamine hydrochloride and xylazine 
at a concentration of 300 mg/ml. Initial dosage was 
6.6 mg/kg estimated body weight, and drugs were 
administered by blow-gun dart syringe (Lochmiller 
and Grant 1983), jabstick, or Cap-chur gun. All bears 
were weighed, measured and ear-tagged. The 1st pre- 
molar was extracted to determine age by cementum 
annuli (Willey 1974). Blood samples were collected 
from a femoral vein using a vacuum tube assembly. 
Serum chemistry analyses were performed by Pa- 
thologist's Service Professional Associates (PSPA), 
Inc. (Atlanta, Ga.), using a Technicon autoanalyzer 
SMAC-2 (reference to this or any other product or 
trade name does not imply endorsement by the U.S. 
Government). Procedures were specified by the man- 
ufacturer and modified by PSPA. 

We fitted selected bears with radiotransmitter col- 
lars (Telonics, Inc., Mesa, Ariz.) in the 164-165 Mhz 
range with a 5-min delay motion sensor and inserted 
a breakaway cotton spacer in each collar. With hand- 
held receiving equipment, we relocated animals 3-7 
times weekly by triangulation using bearings from 3 
to 4 points on refuge or state roads. Flights were 
conducted 2-4 times monthly to relocate bears using 
aircraft-mounted receiving equipment. Telemetry lo- 
cations were plotted on U.S.G.S. 1:24,000 topo- 
graphic maps and assigned grid coordinates based on 
the Universal Transverse Mercator (UTM) system. 

We radio-tracked bears to dens in winter and de- 
fined entry dates as the midpoint between the last 
recorded movement and the 1st of a series of sta- 

tionary signals (O'Pezio et al. 1983). Date of den 

emergence was defined as the midpoint between the 
last denning location and the 1st radio location away 
from the den (O'Pezio et al. 1983). We then ground- 
truthed dens to determine site characteristics. 

Telemetry data was processed by Telem (Koeln 
1980), and home range was determined by the mod- 
ified minimum area method (Harvey and Barbour 

1965). Movements were indexed by distances between 
consecutive locations 12-36 hours apart. Gross hab- 
itat use was determined by matching grid coordinates 
of bear relocations with the vegetative cover map 
prepared by Gammon and Carter (1978) from color 
infrared photography and by site visits to areas fre- 

quented by collared bears. To avoid disturbing the 
bears, we visited sites when collared bears had left 
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the area. We collected scats and noted evidence of 
bear activity during site visits. 

RESULTS 
Twelve bears (7 male, 5 female) were monitored 

during winter 1984-85. Eight bears (5 male, 3 female) 
exhibited denning behavior, whereas 4 bears (2 male, 
2 female) remained active. 

Denning Behavior 
We monitored 7 instrumented bears until they 

denned (Table 1). Dates of den entry ranged from 10 
December to 19 January. An eighth bear, 9-year-old 
male 14, was infrequently monitored and date of den 
entry could not be precisely determined. 

Dates of den emergence (N = 6) ranged from 20 
March to 20 April. Emergence was not determined 
for 8-year-old male 12 due to collar failure and male 
14 due to disturbance by researchers. Male 14 aban- 
doned an elaborate ground nest on 11 February 1985 
and never redenned. Researchers disturbed 9-year- 
old female 27 twice (7 February and 4 March 1985), 
but she redenned each time and was active by 20 
March 1985. 

Monitored bears used 3 types of dens on the GDS: 
ground nests, excavated ground cavities, and ground- 
level tree cavities. Three bears used ground nests 
woven of leaves, twigs, pine needles, and vines at the 
base of a tree. Alternate beds were found near 2 of 
the nests. Two adult females used excavated ground 
cavities, including 1 used as a natal den. Researchers 
disturbed both bears in their initial dens; the bears 
then constructed new dens 200 and 600 m away. All 
4 cavities were dug into a mound of vegetation sur- 
rounding old tree stumps in dense, shrub-dominated 
habitats. Standing water was found in only 1 of the 
abandoned dens. Two adult males used basal cavities 

in large gum trees. Neither of these trees was in 
inundated habitats during winter 1984-85. 

Winter Activity 
We recorded 193 relocations for 4 active bears 

during the winter monitoring period; 575 relocations 
were used to calculate annual ranges based on mon- 
itoring periods of 7-12 months (Table 2). 

The annual and winter ranges of male bears 10 
and 19, which were relocated for 41 and 42 days, 
respectively, during the 90-day winter period, over- 
lapped extensively (Fig. 2). During winter, they were 
frequently located < 500 m apart. Both males spent 
the winter months in cover types with a sparse canopy 
and an extremely dense shrub layer, dominated by 
fetterbush (Lyonia lucida), evergreen hollies, and bays 
(sweet bay [Magnolia virginia] and red bay [Persea 
borbonia]), and woven with greenbriar vines. Bear 10 
lost his collar on 10 March in a nearly impenetrable 
thicket of these broad-leaved evergreen shrubs and 
small trees. These bears were less active during win- 
ter, as indexed by distances between consecutive-day 
locations (Table 2), however, neither male remained 
at a site for more than 2 days at a time and daily 
movements exceeded 400 m. Although no scats were 
collected from this area, it is likely the animals were 
feeding on berries of greenbriar and holly (see fol- 
lowing discussion). 

Adult female 28 was relocated 43 times during 
winter. Her winter home range was the largest, and 
her daily movements the greatest of the 4 winter- 
active bears (Table 2). Teat appearance and poor 
condition (e.g., weight of 55 kg) observed during her 
capture on 26 October 1984 indicated she may have 
produced cubs the preceeding winter; however, no 
young were seen at the trapsite and bear 28 was not 
seen again until recaptured on 1 August 1985. The 
upper basin of the Pasquotank River formed most of 
bear 28's winter range (Fig. 3). This area was char- 

Table 1. Denning chronology of black bears in Great Dismal Swamp, Virginia-North Carolina, during winter 1984-85. 

Reproductive x x Days 
Age Sex status N Entry Emergence denned 

Ad M - 4 12 Jan 31 Mara 76 Ad F Barren 2 30 Dec 21 Mar 82 Ad F Pregnant 1 10 Dec 20 Apr 131 

N- = 3 
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Table 2. Annual and winter home ranges' and seasonalb movements in radio-monitored winter-active black bears in Great Dismal Swamp, Virginia-North 
Carolina. 

Distance between 
consecutive daily 

Home range (km2) locations (km) 
Animal Age N 

ID Sex (yrs) Monitoring period Annual Winter Fall Winter Spring Relocations 

10 M 3 24 Jul 1984-10 Mar 1985 21.0 0.9 1.6 0.4 - 95 
19 M 4 1 Sep 1984-9 Jul 1985 38.1 2.8 1.2 0.4 1.0 143 
17 F 3 14 Aug 1984-3 Aug 1985 18.2 0.4 1.4 0.2 1.0 202 
28 F 7 26 Oct 1984-3 Aug 1985 17.3 4.5 1.7 0.6 1.1 135 

a Determined by modified minimum area method (Harvey and Barbour 1965). 
bFall: 21 Sep-20 Dec; Winter: 21 Dec-20 Mar; Spring: 21 Mar-20 Jun. 

acterized by an inundated cypress-gum cover type 
with a deciduous understory, primarily sweet pep- 
perbush (Clethra alnifolia). Greenbriar vines oc- 
curred throughout the area. 

Bear 28 moved daily except during early January, 
when 6 relocations between 2 January and 14 January 
placed her in the same locality. We attempted to 
locate her den or nest site on 14 January, but the 
attempt was aborted due to dense cover within 30 m 
of the bear. By 18 January, the bear had moved 

Fig. 2. Annual and winter (inset) home ranges of 3-year-old (bear 10) and 4- 
year-old (bear 19) male black bears in the Great Dismal Swamp, Virginia-North 
Carolina, during 1984-85. 

approximately 600 m northeast. A ground nest, a 
clawed and damaged American holly, and 3 fresh 
scats containing seeds of American holly and green- 
briar were found at the 1st site. The bear remained 
active throughout the rest of the winter. Subsequent 
site visits provided additional evidence of feeding ac- 
tivity. On 13 March bear 28 crossed Insurance Ditch 
(Fig. 3), headed north, and left the Pasquotank River 
drainage. 

Subadult female 17, relocated 67 times during the 
winter, exhibited the most restricted activity of the 
winter-active bears (Table 2). She remained near Myr- 
tle Ditch (Fig. 3) from early December until late 
February. Distances between consecutive daily lo- 
cations commonly ranged 100-200 m. Movements of 
this magnitude could be detected because this bear 
was generally < 200 m from Myrtle Ditch and she 
moved parallel to the ditch. Radio fixes were taken 
from the associated roadbed. Telemetric data indi- 
cated that bear 17 bedded down between 18 January 
and 22 January, 500 m west of Myrtle Ditch. She 
remained bedded from 22-27 January. This period 
of inactivity (18-27 January) coincided with the cold- 
est temperatures ever recorded in southeastern Vir- 
ginia: -18 C on 20 January and - 21 C on 21 
January (U.S. Dep. of Commerce 1984-1985). A 900 
m movement between 27 January and 28 January 
placed her within 40 m of Myrtle Ditch. Habitats 
selected by the bear during winter were an inkberry- 
dominated shrub community and a pine cover type 
with evergreen understory (Gammon and Carter 
1978). Both are characterized by dense ground cover. 

Evidence of undisturbed movement and feeding 
activity in bear 17 occurred throughout the winter. 
She crossed Myrtle Ditch on 24 December, 1 January, 
and 15 February and sprung a trap baited with a 
fresh white-tailed deer (Odocoileus virginianus) car- 
cass on 2 February. Bear 17 was recaptured on a 
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Fig. 3. Annual and winter (hatched) home ranges of 3-year-old (bear 17) and 

6-year-old (bear 28) female black bears in the Great Dismal Swamp, Virginia- 
North Carolina, during 1984-85. 

trailset baited with deer meat on 4 February. She 
appeared lethargic at the trapsite. She weighed 48 kg, 
an increase of 7 kg from her original capture weight 
on 14 August 1984. Rectal temperature was 36.5 C 
16 min following immobilization. Blood samples were 
collected 8 and 48 min following immobilization and 
analyzed for serum chemical parameters (Table 3). 
We observed this bear feeding on a greenbriar vine 
draped on a red maple on Myrtle Ditch road on 18 
February. Later examination of the area in which she 
was observed yielded 2 fresh scats containing green- 
briar seeds and leaves. 

DISCUSSION 
The 2 main characteristics of winter dormancy in 

black bears are denning behavior and hibernation 
physiology (Nelson et al. 1983). Our data indicate 
some black bears can circumvent 1 (denning) and 
perhaps both of these characteristics during winter. 
Denning chronology of radio-monitored bears that 
entered the dormant state was similar to that of other 

southeastern bear populations (Hamilton and Mar- 
chinton 1980, Johnson and Pelton 1980, Smith 1985). 
Thus, bears in the GDS are able to den and hibernate; 
however, denned and winter-active bears apparently 
differ in their response to the proximate stimuli nec- 
essary to induce and maintain winter dormancy. 

Factors regulating duration of bear winter dor- 
mancy include weather effects, photoperiod, food 
availability, and bear nutritional condition. Climatic 
effects (e.g., precipitation, temperature, wind, baro- 
metric pressure) have been correlated to date of den 
entry (Jonkel and Cowan 1971, Lindzey and Meslow 
1976, Johnson and Pelton 1980) and den emergence 
(Novick et al. 1981). Subadult female 17 was briefly 
inactive during extremely cold weather, however, 
other winter-active bears did not behave in this man- 
ner. Temperature and precipitation data (Table 4) 
indicate that winter 1984-85 was a normal, mild 
winter in the GDS, albeit with a warm December 
and a cold January. Snow cover never exceeded 8 cm 
nor lingered more than a few days. Other southeast- 
ern bear populations experience even milder winter 
climates (Hamilton and Marchinton 1980, Maehr and 
Brady 1984, Smith 1985). 

Food availability has also been implicated as a 
regulatory factor in bear winter dormancy (Jonkel 
and Cowan 1971, Johnson and Pelton 1980, O'Pezio 
et al. 1983). Indeed, winter dormancy is ultimately 
an energy-conserving adaptation to a decreased food 
supply. However, a number of available winter foods 
occur in the GDS. Preliminary examination of winter 
scats and evidence of feeding activity indicate that 
bears were feeding on fruits of greenbriar and ever- 
green hollies. Other Atlantic Coastal Plain bear pop- 
ulation studies (Hardy 1974, Daniels 1978, Landers 

Table 3. Serum chemical parameters in 2 blood samples collected from a 
winter-active subadult female black bear on 4 February 1985 in Great 
Dismal Swamp, Virginia-North Carolina. 

Sampling time post 
immobilization 

Parameter (mg/dl) 8 min 48 min 

Urea nitrogen (UN) 45 42 
Creatinine (C) 1.4 1.4 
UN/C ratio 32.1 30.0 
Uric acid 1.1 0.9 
Cholesterol 132 140 
Triglycerides 152 181 
Glucose 158 217 
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Table 4. Mean temperature and precipitation during winter 1984-85 and 30-year normal readings at Suffolk Lake Kilby Station.8 

Temperature (C) Precipitation (cm) 
Month Winter 1984-85 Normal Winter 1984-85 Normal 

December 9.1 3.6 6.7 8.7 
January 0.4 3.8 11.8a 10.2 
February 4.3 4.9 9.7 9.2 
March 10.1 9.1 6.7 10.2 

a Five km northwest of Great Dismal Swamp study area (U.S. Dep. of Commerce 1984-1985). 
b 12.2 cm of snow. 

et al. 1979) have reported similar findings from lim- 
ited winter scat samples. 

Habitat selection by winter-active bears reflected 
food preferences. Three of the 4 bears monitored in 
this study used pocosin habitats, which are freshwater 
wetland ecosystems characterized by broad-leaved ev- 
ergreen shrubs or low trees growing on poorly drained 
organic soil (Sharitz and Gibbons 1982). Pocosins in 
the GDS are dominated by dense stands of holly 
(Gammon and Carter 1978) and woven profusely 
with greenbriar. Such areas provide a concentrated 
winter food supply, which may have contributed to 
the bears' reduced movements and home range size. 
The 4th animal, bear 28, used a more open habitat 
(cypress-gum cover type) most of the winter and 
moved through a larger range than other winter- 
active individuals. Comparative data on winter home 
range and movements are limited. Hardy (1974) mon- 
itored an adult male during winter that used an area 
of 2.0 km2 of primarily pocosin habitat dominated by 
greenbriar and inkberry. Due to research-related dis- 

turbances, it was unknown if the bear became dor- 
mant or remained active (Hardy 1974:70). Winter 
home ranges of 2 adult females with yearlings in 
Shenandoah National Park, VA were 0.8 and 0.9 km2 
(Gamer, unpubl. data). These bears primarily used 
dense thickets of evergreen mountain laurel (Kalmia 
latifolia). 

Nutritional condition, which is related to food 
availability, may also affect timing of bear dormancy 
(Lindzey and Meslow 1976, Smith 1985). Three of 
the 4 winter-active bears in this study were subadults 
(Table 2); the 4th, an adult female, may have pro- 
duced cubs the preceding winter. Smith (1985) and 
Hamilton and Marchinton (1980) suggested that su- 
badult males may fail to den in mild southeastern 
regions because fat reserves are low in this age-class. 
Females with yearlings, another sex/age group under 
nutritional stress, have been reported to be active 

throughout winter (Alt et al. 1976, Garner, unpubl. 
data). 

Lindzey and Meslow (1976) proposed that a certain 
physiological condition was a prerequisite to denning 
and that weather factors proximately stimulate den- 
ning behavior. Smith (1985), expanding on Lindzey 
and Meslow's (1976) hypothesis, suggested that body 
weight:stored fat ratio is the ultimate prerequisite for 
dormancy. Both papers argued that denning may be 
stimulated if a net energy loss occurs during foraging, 
even if a high body weight:stored fat ratio has not 
been attained. For example, in Montana, bears den 
regardless of nutritional condition (Jonkel and Cowan 
1971). Subsequently, postdenning yearling survival is 
lower following years of food scarcity (Rogers 1983), 
presumably because fat reserves become depleted dur- 
ing denning and the stressful postdenning period. 
Nevertheless, in northern regions, with virtually no 
winter food supply and severe climatic conditions, 
dormancy would be selectively advantageous over 
energy-deficient foraging (Smith 1985). Thus, nutri- 
tional condition may play a lesser role in induction 
and maintenance of dormancy in these areas (Lindzey 
and Meslow 1976). In southern regions, like the GDS, 
a number of winter food items, mild temperatures, 
and little or no snow cover may allow an energetic 
choice. If the net energetic balance of winter foraging 
is greater than that of denning, it would be adaptive 
to remain active during winter. This strategy may be 
particularly important for bears that have not stored 
adequate body fat (Smith 1985), such as rapidly grow- 
ing subadults and adult females recovering from the 
nutritional stress of lactation. Comparative data on 
condition changes and survival in denned and winter- 
active bears are lacking. 

This study provides limited evidence that winter- 
active bears also fail to achieve the metabolic state 
of hibernation (Nelson et al. 1983). The urea nitro- 
gen/creatinine (UN/C) ratio of 2 blood samples from 
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a winter-active bear captured in February was not 
indicative of hibernation (Table 3). Nelson et al. 
(1984) reported that a urea/creatinine ratio of < 10 
(or a UN/C ratio of <4.66) is indicative of black 
bear hibernation. Winter-active bears were also feed- 
ing and defecating, atypical of black bear hibernation 
physiology (Nelson et al. 1983). Scat compostion and 
texture resembled that of scats found during other 
seasons, rather than dense, mucous-covered fecal 
plugs found near bear dens (Johnson 1978, Hamilton 
and Marchinton 1980, Smith 1985). More physiolog- 
ical information, such as data on blood chemistry, 
urine chemistry, endocrinology, and body tempera- 
ture, is necessary to determine whether winter-active 
black bears circumvent hibernation physiology as 
well as denning behavior. 

Johnson and Pelton (1980) hypothesized that bears 
evolved a flexible, endogenous circannual rhythm as 
the ultimate denning mechanism. They suggested that 
neural integration of a number of environmental cues 
provides the proximate stimulus to den and hibernate. 
Changes in these cues may change or "phase" por- 
tions of the rhythm. This study provides evidence 
that under certain conditions (e.g., mild climate, lack 
of snow cover, moderate food availability, low body 
fat deposits), the endogenous rhythm is phased to 
circumvent denning behavior and hibernation phys- 
iology. 

The role of photoperiod in bear dormancy should 
not be ignored. Rate of day-length change and ab- 
solute photoperiod vary widely throughout black bear 
range and may explain much of the variation in den- 
ning chronology between boreal and southern pop- 
ulations. 

Modeling the relationship between proximate fac- 
tors and denning chronology may provide predictions 
for degree of winter activity in southern regions of 
the black bear's range and give further insight into 
what triggers bear winter dormancy. 

LITERATURE CITED 

ALT, G. C., F. W. ALT, AND J. S. LINDZEY. 1976. Home 
range and activity patterns of black bears in north- 
eastern Pennsylvania. Trans. N.E. Fish and Wildl. 
Conf. 33:45-56. 

AMSTRUP, S. C., AND J. BEECHAM. 1976. Activity patterns 
of radio-collared black bears in Idaho. J. Wildl. Man- 
age. 40:340-348. 

DANIELS, F. L. 1978. The fall and winter food habits of 
the black bear (Ursus americanus) in the Great Dismal 
Swamp of Virginia. M.S. Thesis, Old Dominion Univ., 
Norfolk, Va. 30pp. 

GAMMON, P. T., AND V. CARTER. 1978. Vegetation map- 
ping with seasonal color infrared photographs. Pho- 
togramm. Eng. Remote Sens. 45:87-97. 

HAMILTON, R. J., AND R. L. MARCHINTON. 1980. Denning 
and related activities of black bears in the coastal plain 
of North Carolina. Int. Conf. Bear Res. and Manage. 
4:121-126. 

HARDY, D. M. 1974. Habitat requirements of the black 
bear in Dare County, North Carolina. M.S. Thesis, 
Virginia Polytechnic Inst. and State Univ., Blacksburg. 
121pp. 

HARVEY, M. J., AND R. W. BARBOUR. 1965. Home range 
of Microtus ochrogaster as determined by a modified 
minimum area method. J. Mammal. 46:398-402. 

JOHNSON, K. G. 1978. Den ecology of black bears (Ursus 
americanus) in the Great Smoky Mountains National 
Park. M.S. Thesis, Univ. Tenn., Knoxville. 107pp. 
, AND M. R. PELTON. 1980. Environmental relation- 
ships and the denning period of black bears in Ten- 
nessee. J. Mammal. 61:653-660. 

JONKEL, C. J., AND I. McT. COWAN. 1971. The black bear 
in the spruce-fir forest. Wildl. Monogr. 27. 57pp. 

KOELN, G. T. 1980. A computer technique for analyzing 
radio-telemetry data. Proc. Natl. Wild Turkey Symp. 
4:262-271. 

LANDERS, J. L., R. L. HAMILTON, A. S. JOHNSON, AND 
R. L. MARCHINTON. 1979. Foods and habitat of black 
bears in southeastern North Carolina. J. Wildl. Man- 
age. 43:143-153. 

LINDZEY, F. G., AND E. C. MESLOW. 1976. Winter dor- 
mancy in black bears in southwestern Washington. J. 
Wildl. Manage. 40:408-415. 

LOCHMILLER, R. L., AND W. E. GRANT. 1983. A sodium 
bicarbonate-acid powered blow-gun syringe for remote 
injection of wildlife. J. Wildl. Dis. 19:45-51. 

MAEHR, D. S., AND J. R. BRADY. 1984. Food habits of 
Florida black bears. J. Wildl. Manage. 48:230-235. 

NELSON, R. A., G. E. FOLK, JR., E. W. PFEIFFER, J. J. 
CRAIGHEAD, C. J. JONKEL, AND D. L. STEIGER. 1983. 
Behavior, biochemistry, and hibernation in black, 
grizzly, and polar bears. Int. Conf. Bear Res. and 
Manage. 5:284-290. 
, T. D. I. BECK, AND D. L. STEIGER. 1984. Ratio of 
serum urea to serum creatinine in wild black bears. 
Science 226:841-842. 

NOVICK, H. J., J. M. SIPEREK, AND G. R. STEWART. 1981. 
Denning characteristics of black bears, Ursus ameri- 
canus, in the San Bernardino Mountains of southern 
California. Calif. Fish and Game News 67:52-61. 

O'PEZIO, J., S. H. CLARK, AND C. HACKFORD. 1983. Chro- 
nology of denning by black bears in the Catskill region 
of New York. N.Y. Fish and Game J. 30:1-11. 

ROGERS, L. L. 1977. Social relationships, movements, and 
population dynamics of black bears in northeastern 
Minnesota. Ph.D. Thesis, Univ. Minn., Minneapolis. 
194pp. 
. 1983. Effects of food supply, predation, cannibalism, 
parasites, and other health problems on black bear 
populations. Pages 194-211 in F. L. Bunnell, D. S. 
Eastman, and J. M. Peek (eds.). Symposium on natural 
regulation of wildlife populations. For., Wildl. and 
Range Exp. Sta., Univ. Idaho, Moscow. 

SHARITZ, R. R., AND J. W. GIBBONS. 1982. The ecology 
of southeastern shrub bogs (pocosins) and Carolina 
bays: a community profile. U.S. Fish and Wildl. Serv., 
Div. Biol. Serv., Wash., D.C. FWS/OBS-82/04. 93pp. 



234 BEARS-THEIR BIOLOGY AND MANAGEMENT 

SMITH, T. R. 1985. Ecology of black bears in a bottomland 
hardwood forest in Arkansas. Ph.D. Thesis, Univ. 
Tenn., Knoxville. 208pp. 

TIETJE, W. D., AND R. L. RUFF. 1980. Denning behavior 
of black bears in boreal forest of Alberta. J. Wildl. 
Manage. 44:858-870. 

U.S. DEP. OF COMMERCE. 1984-1985. Climatological data 
Virginia. Natl. Oceanic Atmos. Admin., Asheville, 
NC. 

WILLEY, C. H. 1974. Aging black bears from first premolar 
tooth sections. J. Wildl. Manage. 38:97-100. 


	Article Contents
	p. [227]
	p. 228
	p. 229
	p. 230
	p. 231
	p. 232
	p. 233
	p. 234

	Issue Table of Contents
	Bears:  Their Biology and Management, Vol. 7, A Selection of Papers from the Seventh International Conference on Bear Research and Management, Williamsburg, Virginia, USA, and Plitvice Lakes, Yugoslavia, February and March 1986 (1987), pp. 1-394
	Front Matter
	Preface
	Status and Distribution
	Status of the Brown Bear in the Cantabrian Mountains, Spain [pp.  1 - 8]
	Early Experiences with the First Radio-Marked Brown Bears in Sweden [pp.  9 - 12]
	The Cryptic Brown Bear Populations of Norway [pp.  13 - 16]
	Status of a Remnant Brown Bear Population in Trentino, Italy: 1981-85 [pp.  17 - 18]
	Observations of Brown Bear Movements in the Hargita Mountains, Romania [pp.  19 - 21]

	Population Biology
	Black and Brown Bear Density Estimates Using Modified Capture-Recapture Techniques in Alaska [pp.  23 - 35]
	Brown Bear Density, Denali National Park, Alaska, and Sighting Efficiency Adjustment [pp.  37 - 43]
	Prospects for Yellowstone Grizzly Bears [pp.  45 - 50]
	Characteristics of Nonsport Brown Bear Deaths in Alaska [pp.  51 - 58]
	Patterns of Grizzly Bear Predation on Caribou in Northern Alaska [pp.  59 - 67]
	Population Characteristics of Brown Bears on Oshima Peninsula, Hokkaido [pp.  69 - 73]
	Causes of Black Bear Cub Mortality [pp.  75 - 82]
	Survival of Introduced Black Bear Cubs in Shenandoah National Park, Virginia [pp.  83 - 85]
	Brown Bear Mortality during 1946-85 in Gorski Kotar, Yugoslavia [pp.  87 - 92]
	Harvest Characteristics of Brown Bears in Northern Hokkaido, Japan [pp.  93 - 95]
	Brown Bear Mortality in Central Italy from 1970 to 1984 [pp.  97 - 98]
	Size and Growth Patterns of the Yellowstone Grizzly Bear [pp.  99 - 107]
	Harvest Age Structures as Indicators of Decline in Small Populations of Grizzly Bears [pp.  109 - 116]
	Anursus: A Population Analysis System for Polar Bears (Ursus maritimus) [pp.  117 - 125]

	Habitat Relations
	Habitat Components of the Spectacled Bear in Machu Picchu, Peru [pp.  127 - 133]
	Criteria for Assessing Habitat Quality of the Spectacled Bear in Machu Picchu, Peru [pp.  135 - 143]
	Characteristics of Adult Female Black Bear Daybeds in Northern Arizona [pp.  145 - 149]
	Black Bears' Use of Abandoned Homesites in Shenandoah National Park [pp.  151 - 157]
	Behavior and Habitat Use of Grizzly Bears in Northeastern Alaska [pp.  159 - 167]
	Habitat Use by Grizzly Bear Family Groups in Interior Alaska [pp.  169 - 178]
	Wildfire's Influence on Grizzly Bear Feeding Ecology in Banff National Park, Alberta [pp.  179 - 186]
	Foraging Strategies of Coastal Grizzly Bears in the Kimsquit River Valley, British Columbia [pp.  187 - 197]
	Grizzly Bear Food and Habitat in the Front Ranges of Banff National Park, Alberta [pp.  199 - 213]
	Food Habits of Brown Bears in Hokkaido, Japan [pp.  215 - 220]
	Food Habits of Brown Bears in Plitvice Lakes National Park, Yugoslavia [pp.  221 - 226]
	Home Range and Movements of Winter-Active Black Bears in the Great Dismal Swamp [pp.  227 - 234]
	Black Bear Home Range Overlap in North Carolina and the Concept of Home Range Applied to Black Bears [pp.  235 - 242]
	Timber Harvest and Black Bear Population Dynamics in a Southern Appalachian Forest [pp.  243 - 250]
	Responses of Grizzly Bears to Logging Truck Traffic in the Kimsquit River Valley, British Columbia [pp.  251 - 257]
	The Effects of Developments and Primary Roads on Grizzly Bear Habitat Use in Yellowstone National Park, Wyoming [pp.  259 - 273]
	Movements and Habitat Use of Japanese Black Bears in Nikko [pp.  275 - 279]
	Denning Ecology of Three Black Bear Populations in Alaska [pp.  281 - 291]
	Denning Ecology of Brown Bears on Admiralty and Chichagof Islands [pp.  293 - 304]
	Winter Denning of Black Bears in East-Central Ontario [pp.  305 - 316]
	Den Selection and Use by Black Bears in Michigan's Northern Lower Peninsula [pp.  317 - 322]

	Physiology
	Yohimbine as an Antagonist to Ketamine-Xylazine Immobilization in Black Bears [pp.  323 - 327]
	Leucine Metabolism in the Black Bear [pp.  329 - 331]
	Blood Chemistry, Hematology, and Condition Evaluation of Black Bears in Northcoastal California [pp.  333 - 349]
	On Serum Chemistry of Brown Bears in Croatia, Yugoslavia [pp.  351 - 353]
	Changes in Serum Progesterone Levels and Growth of Fetuses in Hokkaido Brown Bears [pp.  355 - 358]

	Management Applications
	Interpopulation Applicability of Equations to Predict Live Weight in Black Bears [pp.  359 - 362]
	Approaches to Augmenting Grizzly Bear Populations in the Cabinet Mountains of Montana [pp.  363 - 367]
	Movements and Rates of Return of Translocated Black Bears in Virginia [pp.  369 - 372]
	Arkansas Black Bear Hunter Survey [pp.  373 - 375]
	Visitor Impact on Brown Bears, Admiralty Island, Alaska [pp.  377 - 381]
	Field Tests of Potential Polar Bear Repellents [pp.  383 - 390]

	Back Matter [pp.  391 - 394]





