OF BLACKBEARS
DIELMOVEMENTS
IN THESOUTHERNAPPALACHIANS
DAVIDL. GARSHELIS,1Departmentof Forestry,Wildlife,and Fisheries, University of Tennessee, Knoxville,TN 37916
HOWARDB. QUIGLEY,Departmentof Forestry,Wildlife,and Fisheries, University of Tennessee, Knoxville,TN 37916
CHARLESR. VILLARRUBIA,
Departmentof Forestry,Wildlife,and Fisheries, University of Tennessee, Knoxville,TN 37916
R. PELTON,Departmentof Forestry,Wildlife,and Fisheries, University of Tennessee, Knoxville,TN 37916
MICHAEL

Abstract: Hourlymovements of radio-collaredblack bears (Ursusamericanus)were monitoredperiodicallyfrom May through
December 1976-1979 in the Great Smoky MountainsNational Parkand Cherokee NationalForest in eastern Tennessee. Diel
movements were affected by habitat,food supply,time of year, time of day, sex, age, presenceof cubs, and social interactions.
Bears were relativelysedentarywhere food was easily obtained but foragedover largerareas when high-energyfoods were dispersed. Nocturnalmovements were most affected by food supply. Daily movements changedseasonallyand from year to year
in response to seasonal and year-to-yearchanges in food supply. Adult males generallytraveled more per day than adult females, and young bears traveled further than adult bears. Females with cubs limited their movements, especiallyduring the
spring. All bears utilizedonly a small portionof their seasonal rangein the course of a day, often travelingin a zig-zagor circular pattern. Circuitoustravel routes were particularlyevident where bear densitieswere high.
Int. Conf. Bear Res. and Manage. 5:11-19

Radio-telemetryhas enabled biologists to track
movements of secluded species such as the black
bear. Studies of black bear movements using
radio-telemetryhave described home range size,
seasonal movements, and dispersal patterns
(Poelker and Hartwell 1973, Beeman 1975,
Piekielek and Burton 1975, Alt et al. 1977, 1980,
Amstrup and Beecham 1976, Lindzey and
Meslow 1977, Reynolds and Beecham 1980, Garshelis and Pelton 1981). Few studies have attempted to examine diel (24-hour) movements.
Analysis of such movements requiresshort sampling intervals (Heezen and Tester 1967), which
are often difficult to achieve (Beeman 1975) or
simply not practicalin black bear studies. Some
recent studies, however, were successful in obtaining hourly radio-locationson black bears continuously for 1-16 days (Rieffenberger 1974,
Rogers 1977:68, R. Hamilton, Univ. Ga., pers.
commun.).
Diel movement patterns may be particularly
importantin evaluating social behavior and habitat utilizationof black bears. Examinationof social behavior through analysis of diel movements
requires a large number of radio-markedindividuals in a particulararea, and determination of
habitatutilizationdemands a high degree of accuracy of radio-locations. Due to dispersion of
radio-markedbears, we generally were unable to
1Present address: Departmentof Entomology, Fisheries
and Wildlife,Universityof Minnesota,St. Paul, MN 55108.

observe social interactions directly using diel
movement data. Similarly,because most tracking
stations in our study areas were accessible only
by foot trails, we usually were restrictedto tracking from 2 fixed stations, which reduced the accuracy of radio-locationsand limited our ability
to decipher detailed habitat utilization from diel
movement patterns. We were able to quantify
daily movement parameters, however, with respect to travel rates, distances moved, and routes
taken. These data were used to evaluate the influence of time of year, time of day, sex, and age
status, as well as infer social and habitatinfluences on blackbear movements.
This study was supportedby funds made available from Mclntire-StennisProjectNo. 12 of the
Department of Forestry, Wildlife and Fisheries,
University of Tennessee, Knoxville, and the
Tennessee Wildlife Resources Agency. Appreciation is extended to those students who assisted in
the collection of field data, especiallyTom Burst,
Tom Eagle, John Eiler, Judy Garshelis, Danny
Gray, Ken Johnson, and Kirk Rau.

STUDY AREA
Data were collected from 3 separate study
areas in the southern AppalachianMountains of
eastern Tennessee: 2 areas within the Great
Smoky Mountains National Park (GSMNP or
Park) and 1 within the Tellico Wildlife Management Area (TWMA) in the southern portion of
the Cherokee National Forest. The GSMNP is
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Fig. 1. Location of 3 study areas in the southern Appalachians. Two are within the Great Smoky Mountains National Park and 1 is
within the Tellico Wildlife Management Area in the Cherokee National Forest.

adjacent to and northeast of the TWMA; the Little Tennessee River and a paved highway separate the 2 areas (Fig. 1).
One of the 2 study areas within the Park extended from Cades Cove to the Little Tennessee
River on the western border of the Park. This
study area is designated as the Bunker Hill area
(Fig. 1) in reference to a prominent fire tower
used extensively during the study. Elevations in
the Bunker Hill area range from 271 m to 1,509
m. The overstory vegetation in this area is predominantly mixed oak (Quercus spp.) and pine
(Pinus spp.); mountain laurel (Kalmia latifolia),
huckleberry (Gaylussacia baccata), and blueberry
(Vacciniumnspp.) form most of the understory.
The other study area in the GSMNP was east
of Cades Cove. Most trapping and radio-tracking
in this area was conducted on Bote Mountain;

thus, this area is referred to as the Bote Mountain area (Fig. 1). Elevations are higher in this
area than in the Bunker Hill area, ranging from
about 365 m to 1,685 m, and mountain slopes
are generally steeper. Vegetation in the higher
elevations is characterized as a cove hardwood association (Whittaker 1956) whereas lower elevations are dominated by several species of oaks
and pines.
The third study area was located within the
Citico Creek watershed of the TWMA and hence
is termed the Citico Creek area (Fig. 1). Elevations in this area range from 290 m to 1,341 m.
The vegetation is similar to that in the Bunker
Hill area.
The climate in all 3 study areas is similar.
Mean annual temperature ranges from 8 C to 14
C depending on elevation. Precipitation averages
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about 140 cm a year at low elevations but ranges we found it generally impracticalto use error
to over 200 cm at the highest elevations. Maxi- polygons in our treatment of diel movements as
mum precipitationusually occurs in July, whereas suggested by Springer(1979) because the analysis
the minimum is in September or October became overly difficult to interpret. Instead, lo(Shanks 1954, Tanner 1963, U.S. Departmentof cations were plotted as points, and distances were
measured between points representingsequential
Commerce 1972).
Legal hunting of bears is not permitted in any hourly locations.
Diel movements were analyzedwith respect to
of the study areas. Poachingdoes occur, but data
from recovered radio-collarsindicatethat mortali- daily range length (maximum distance between
ty from this cause does not exceed 10%annually. radio-locationsin a 24-hour period) and its relationship to seasonal home range length (maxiMETHODSAND MATERIALS
mum distance between 2 points in the seasonal
Bears were captured in either Aldrich foot home range), total daily movement (sum of dissnares or barrel traps, immobilized with intra- tances between 24 consecutive hourly locations),
muscular injections of M-99 (etorphine) at 0.013 net daily movement (distance between locations
mg/kg body weight, or Sernylan (phencyclidine obtained 24 hours apart, i.e., distance between
hydrochloride)at 1.5 mg/kg body weight, and in- beginningand end point in a 24-hour sequence of
strumented with radio-collars in the frequency locations), and circuity of the travel route. Cirrange 150-152 mHz (Wildlife Materials, Inc., cuity was calculated by dividing net movement
Carbondale,IL 62901, and Telonics, Inc., Mesa, over a period of 12 or more hours by the total
AZ 85203). Seventy-two bears were radio- distance traveled in that period. A value of 1 incollared, although data from diel tracking were dicated straight-linemovement, whereas a value
obtained for only 38 of these animals, including of 0 indicated that the animal returned to the
18 in the Bote Mountain area, 12 in the Bunker original location. Relatively stationary animals
Hill area, and 8 in the Citico Creek area; the oth- were deleted from the analysisof circuity.
er radio-collared animals were not within the
Hourly rates of travel were computed by dividrange of our tracking stations. Diel data were ing total movement measured between consecucollected from May through December 1976- tive hourly locations by the number of recorded
1977 in the Bote Mountain area, and from May hourly locations. Rates of travel during daylight
through November 1978-1979 in the Bunker hours were determined only for diel data includHill and Citico Creek areas.
ing 8 or more hourly movements; nocturnalrates
Radio-locationswere determined by triangula- of travel were tabulatedfor diel data including at
tion of simultaneously obtained bearings from 2 least 4 consecutive hourly movements. We detracking stations, each equipped with an 8- fined diurnal movements as occurring between
element antenna mounted to a mast. Attempts 0600 and 2000, and nocturnalmovements as ocwere made to locate all animals within range of curring between 2000 and 0600. These divisions
the trackingstations once an hour for periods of were based on the activity patterns observed for
up to 25, or occasionally48 hours. As many as bears instrumented with motion-sensitive radio15 animals were monitoredfrom a single tracking collars in the GSMNP (Garshelis and Pelton
station during the course of an hourly tracking 1980). Activity interpreted from motion-sensisequence, but usable radio-locations were ob- tive radio-collarswas found to be highly correlattained on only some of these individuals, and ed with diel movements (Garshelis 1978:71-74).
consecutive locations over a period of 12 or more
Seasonaldivisions used in diel movement analhours were obtained infrequently. We rejected ysis also were based on patternsof activity. Howradio-locationsif they appearedanomalous with ever, whereas Garshelisand Pelton (1980) recogrespect to prior or subsequent locations, or if the nized 3 seasons, March-May, June-September,
signal quality received at a tracking station was and October-December, we had insufficient diel
inadequate to determine an accurate azimuth on data in March and April to consider spring a
the animal. Tests with reference transmitters in- separateseason. Thus, we considered spring and
dicated that radio-locations were rarely in error summer a single season lasting from May
by more than 100 m in any direction. However, throughSeptember.
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Table 1. Mean rates of travel (km/hr), grouped by study area, time of day, season, and sex, of black bears in the southern Appalachians, 1976-1979. Black bear sample sizes are shown in parentheses.

Bote
Mountain

Diurnalrate
Bunker
Hill

Citico
Creek

Spring/summer
Females
Males
Total

0.22(8)
0.16(2)
0.21(10)

0.46(11)
0.46(11)
0.46(22)

0.37(4)
0.50(6)
0.44(10)

Fall
Females
Males
Total

0.21(15)
0.35(12)
0.27(27)

0.43(15)
0.25(2)
0.37(7)

0.37(3)
0.34(1)
0.36(4)

The t-test, or when necessary,the approximate
t-test (Sokal and Rohlf 1969:376), was used to
determine statistical significance in all comparisons between means.

RESULTS
Comparisions Among Study Areas
Comparing the Bunker Hill and Citico Creek
areas, we found no significantdifferences in total
daily movements, net movements, circuity of
travel routes, daily range lengths, or hourly rates
of travel, considering both males and females,
and spring/summer, fall, diurnal, and nocturnal
movements (Tables 1-5). Therefore, data for
the Bunker Hill and Citico Creek areas were
combined for this analysis.
Diel movements in the Bote Mountain area
differed appreciablyfrom movements in the Bunker Hill and Citico Creek areas, especiallyduring
the spring/summer season. During this season,
diurnal and nocturnalhourly rates of travel were
significantly higher (P < 0.05) in the Bunker
Hill and Citico Creek areas for both males and
females (Table 1); consequently, total daily
movements were also greater (P < 0.05) for
Table 2. Mean total daily movements (km), grouped by study
area, season, and sex, of black bears in the southern Appalachians, 1976-1979. Black bear sample sizes are shown in parentheses.
Bote Mountain

BunkerHill

Spring/summer
Females
Males
Total

3.2(6)
1.7(1)
3.0(7)

9.6(8)
8.8(9)
9.2(17)

Fall
Females
Males
Total

4.9(23)
6.7(17)
5.7(40)

7.8(5)
5.0(2)
7.0(7)

Nocturnalrate
Bunker
Hill

Citico
Creek

0.03(5)
0.00(1)
0.03(6)

0.27(7)
0.21(10)
0.23(17)

0.26(4)
0.21(6)
0.23(10)

0.16(18)
0.33(11)
0.23(28)

0.27(6)
0.14(2)
0.24(8)

0.23(3)
0.32(1)
0.25(4)

Bote
Mountain

both sexes in the Bunker Hill and Citico Creek
areas (Table 2). However, spring/summer travel
routes in the Bunker Hill and Citico Creek areas
were more circuitous than in the Bote Mountain
area (values of circuity closer to zero, Table 3)
(P < 0.01), resulting in net movements over a
24-hour period that were similar among all study
areas (Table 4). Spring/summer daily range
lengths were not significantly different between
areas for either sex alone, but with both sexes
combined, daily range lengths were somewhat
larger (P < 0.05) in the Bunker Hill and Citico
Creek areas (Table 5).
In contrast to the movements in the spring/
summer season, movements during the fall were
similar among all study areas. Total daily movements, net daily movements, circuity,daily range
lengths, and nocturnal travel rates were not significantly different between Bote Mountain and
BunkerHill-Citico Creek (Tables 1-5). Diurnal
travel rates in the fall were somewhat higher (P
< 0.01) for females in the Bunker Hill and
Citico Creek areas, but these higher diurnaltravel rates occurredonly in 1978; comparisonof the
1979 Bunker Hill-Citico Creek data with Bote
Table 3. Mean circuity of travel routes (net movement/total
movement), grouped by study area, season, and sex, of black
bears in the southern Appalachians, 1976-1979. Values can
range from 0.0 through 1.0; values closer to 0.0 represent more
circuitous travel routes. Sample sizes are shown in parentheses.
BunkerHill

CiticoCreek

0.4(6)
0.6(1)
0.4(7)

0.1(7)
0.2(9)
0.2(16)

0.1(2)
0.2(5)
0.2(7)

0.3(22)
0.2(16)
0.3(38)

0.1(5)
0.1(2)
0.1(7)

0.3(2)
0.2(1)
0.3(3)

Bote Mountain

CiticoCreek
6.1(2)
8.4(6)
7.8(8)

Spring/summer
Females
Males
Total

4.5(2)
8.0(1)
5.4(3)

Fall
Females
Males
Total
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Table 4. Mean net daily movements (km), grouped by study
area, season, and sex, of black bears in the southern Appalachians, 1976-1979. Sample sizes are shown in parentheses.
Bote Mountain

BunkerHill

Spring/summer
Females
Males
Total

1.3(6)
1.0(1)
1.3(7)

0.8(7)
1.4(8)
1.1(15)

Fall
Females
Males
Total

0.8(9)
1.6(7)
1.2(16)

0.8(1)
0.6(2)
0.7(3)

Table 5. Mean daily range lengths (km),grouped by study area,
season, and sex, of black bears in the southern Appalachians,
1976-1979. Sample sizes are shown in parentheses.

CiticoCreek

Bote Mountain

0.6(2)
1.3(5)
1.1(7)

Spring/summer
Females
Males
Total

1.6(1)

Fall
Females
Males
Total

1.6(1)

Mountainyielded no significantdifferences in fall
movements. Indeed, diurnal rates of travel were
found to be significantly higher (P < 0.01) in
1978 than in 1979 in the Bunker Hill and Citico
Creek areas. However, even using only 1979
data from Bunker Hill and Citico Creek, spring/
summer movements, as discussed above, were
found to be significantlygreaterthan in the Bote
Mountainarea.

Seasonal Comparisons
Seasonal differences in diel movements were
apparentonly within the Bote Mountainarea. In
this area, bears of both sexes traveledgreaterdistances (P < 0.05) per day during the fall than
during the spring/summer (Table 2). Whereas
diurnal travel rates were similar in spring/
summer and fall, nocturnaltravel rates were considerablygreater (P < 0.05) in the fall (Table 1).
Travel routes also were more circuitous (P <
0.05) in the Bote Mountain area during the fall
(Table 3), but the difference was significantonly
for males. In the Bunker Hill and Citico Creek
areas, total daily movements, rates of travel, and
circuityof travel routes did not change seasonally
(Tables 1-3). Net daily movements did not vary
seasonallyin any area (Table4). Net daily movements averaged 1.1 km, which compares closely
with the findings of Amstrup and Beecham
(1976) of 1.3 km for black bears in Idaho. Maximum net movement in our study was 4.9 km.
Alt (1977:56) observed net movements of translocated bears in Pennsylvania ranging between
1.5 and 10.8 km.

Day/Night Comparisons
In all study areas, diurnal rates of travel exceeded (P < 0.01) nocturnalrates of travel during spring/summer (Table 1). Fall diurnal and
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BunkerHill

CiticoCreek

1.6(6)
1.0(1)
1.5(7)

2.1(7)
2.1(11)
2.1(18)

2.0(4)
2.5(6)
2.3(10)

1.5(23)
2.1(17)
1.8(40)

1.4(5)
0.9(2)
1.2(7)

1.6(3)
1.9(1)
1.7(4)

nocturnalrates of travel were similar in the Bote
Mountain area for the 2 sexes. In the Bunker
Hill and Citico Creek areas, fall diurnal rates of
travel for females were slightly greater (P <
0.05) than nocturnalrates, but these 2 rates were
similar for males. During both seasons, maximum hourly movements recorded in each study
area occurreddiurnally (Table 6); the maximum
hourly diurnal movement was 2.3 km, whereas
the maximum nocturnal movement was only 1.3
km. Rogers (1977:69) observed maximum
movements of 1.6-2.7 km/hr. Maximum total
daily movement in our study was over 14 km.

Comparisons Among Sex
and Age Groups
Male and female movements differed most
dramaticallyin the Bote Mountain area. During
the fall, males traveled further per hour (P <
0.05) than females, both diurnallyand nocturnally (Table 1); thus, total daily movement also was
greater (P < 0.05) for males than females (Table
2). A valid spring/summersex comparisoncould
not be made in the Bote Mountain area because
of a small sample size for male bears. In the
Bunker Hill and Citico Creek areas, there were
no significant differences in diel movements between males and females in either season (Tables
Table 6. Maximumhourly movements (km) recorded, by study
area, season, and time of day, for black bears in the southern
Appalachians, 1976-1979. Sex of bear is shown in parentheses.
Bote Mountain
Spring/summer
Diurnal
Nocturnal
Fall
Diurnal
Nocturnal

BunkerHill

CiticoCreek

1.1(F)
0.8(F)

2.3(M)
1.2(F)

2.0(M)
0.9(F)

1.6(M)
1.3(M)

1.5(F)
1.1(F)

1.6(F)
1.2(F)
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1 and 2), except that females' travel routes were
slightly more circuitous (P < 0.05) than males'
in the spring/summer (Table 3). Differences in
circuity between male and female travel routes
were not noticed in the Bote Mountain area;
thus, greater total daily movements by males in
this area during the fall resulted in daily ranges
that were longer (P < 0.05) than the daily ranges of females (Table 5). However, because female home ranges were smaller than those of
males in both length and area (Garshelis and
Pelton 1981), the proportion of the seasonal
home range covered in the course of a day was
similar for the 2 sexes. Generally, daily range
lengths were 1/3 to 2/3 (mean 0.5) the length of
the seasonal home range, althoughsome very circuitous daily ranges were less than 10% of the
seasonal home range length, and in 1 case a daily
travel route spanned the entire length of the
home range (Fig. 2).
Few differences were observed in diel movement patterns which could be related directly to
differences in age or presence of cubs. Some of
the differences between movements in the Bote
Mountain area and Bunker Hill-Citico Creek
areas may have occurredas a result of differences
in the age of bears being radio-tracked;radiocollaredbears were significantlyolder (P < 0.05)
in the Bote Mountain area than in the Bunker
Hill and Citico Creek areas. Within each study
area, no differences were observed duringthe fall
in hourly travel rates, total and net daily movements, or circuity between adult and immature
bears of the same sex. In the spring/summer,
immature females traveled greater distances per
hour (P < 0.05) during the day in the Bunker
Hill and Citico Creek areas than did adult females
from these areas. It is difficult to determine
whether increased movement by the subadult
bears was due to their young age or the fact that
all of the adult females being radio-trackedwere
travelingwith cubs. Alt et al. (1977) and Rogers
(1977:75) observed limited movements for females with cubs in the spring.

DISCUSSION
Differences in diel movement patterns observed for black bears in the Bote Mountainarea
and the Bunker Hill-Citico Creek areas (Table
7) may have been due in partto the younger age

a.

b.

7

C.

1 km
I

-4

Fig. 2. Maximumand minimumcircuity of diel travel routes observed for black bears in the southern Appalachians of eastern
(a) = circular travel route of a subTennessee, 1976-1979.
adult male, circuity = 0.05. (b) = zig-zag travel route of an
adult female, circuity = 0.04. (c) = linear travel route spanning
entire length of home range of a subadult female, circuity =
0.74.

structure of the radio-collaredbears in the latter
areas, as suggested above. Not only were the instrumented bears in the Bunker Hill-Citico
Creek areas younger than instrumented bears in
the Bote Mountainarea, but apparentlythe population age structurein general was weighted more
heavily towardyounger age classes in BunkerHill
and Citico Creek, presumablybecause of heavy
poaching pressure in these areas. (Data from
trapping records, 1975-1979, indicated that the
mean age of bears in Bunker Hill and Citico
Creek was significantlyless [P < 0.01] than that
of bears in Bote Mountain.) Greater diel movements by younger bears probablyreflected their
attempts to establish home ranges, their inexperience in locating food sources within their home
range, and their avoidance of more dominant
bears feeding within their home range. Garshelis
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Table 7. Characteristics of the study areas in the southern Appalachians and their effects on diel movements of black bears,
1976-1979.

Studyareas
Bote Mountain

BunkerHillCiticoCreek

Characteristics
of the habitat
1. High topographicrelief;
late ripeningfoods in
spring/summerhome ranges

Effectson food habits
and age structure
1. Bearsforageheavilyon
grassesuntil mid-summer,
acornsin fall

2. Inaccessiblelocation;
low poaching

2. Old age structure;many
females with cubs

1. Low topographicrelief;
earlyripeningfoods in
spring/summerhome ranges

1. Bearsforageon squawroot
and berriesin spring/
summer,acornsin fall

2. Accessibleto humans;
high poaching

2. Youngage structure;
manyfemaleswithoutcubs

and Pelton (1981) observed highly overlapping
home ranges during all seasons for bears in the
GSMNP, and mutual avoidance between bears
with home rangesthat overlapped.
Because differences in diel movements of
bears in the Bote Mountain and Bunker HillCitico Creek areas were evident only in the
spring/summer (Table 7), we suspect that age
differences did not account entirely for the greater movements by bears in BunkerHill and Citico
Creek (otherwise we should have observed differences in fall movements as well). The nature
of the habitat, especially food availabilityin late
spring and early summer, was similar between
Bunker Hill and Citico Creek, but different between these areas and the Bote Mountain area.
Therefore, we believe that differences in food
availability contributed to the differences observed in diel movements between the Bote
Mountain and Bunker Hill-Citico Creek areas.
Eagle (1979:36) found that during May-July
1977, the only year for which spring/summerdiel
movements were observed in the Bote Mountain
area, herbaceous material made up 1/3 of the
diet of bears in this area. In contrast, herbaceous
material was not found in the scats of bears in
the Bunker Hill area (= the Hannah Mountain
area of Eagle 1979). Bears in the Bunker Hill
area were apparentlyable to find sufficient quantities of squawroot (Conopholis americana) and

huckleberryduring this period, as these 2 items
together composed almost 85%of the diet. Herbaceous material probably was more abundant
and consumed more quicklythan small, dispersed
food items like squawroot and huckleberry. In

Effectson diel
movements
1. Short, linear,diurnal
movementsin spring/summer;
long, circuitous,diurnal
and nocturnalmovementsin
fall
2. Males' movementsgreater
than females'
1. Long, circuitous,
diurnaland nocturnal
movementsin both spring/
summerand fall
2. Movementsnot different
for males and females

addition, herbaceous material was digested less
completely and provided less energy than squawroot and huckleberry(Eagle 1979:54, 62). Thus,
bears that fed largely on herbaceous material in
the Bote Mountain area likely became satiated
more quickly, and also were more energetically
restricted,than bears that fed on dispersed, nutritious food items in the Bunker Hill and Citico
Creek areas; daily movements of bears in the
Bote Mountain area therefore were more limited
than movements of bears in the Bunker Hill and
Citico Creek areas during the spring/summer.
The availabilityof fall foods, chiefly acorns, was
similaramong all areas (Eagle 1979:45); thus, fall
movement patternswere similar.
Differences in diel movement patterns between years also may be attributedto differences
in food supply. Bears moved greaterdistances in
both spring/summerand fall of 1978 than in the
spring/summerand fall of 1979. Observationsby
2 of us (Quigley and Villarrubia) and a deer
range survey (Tenn. Wildl. Resour. Agency,
Pittman-RobertsonProj. Rep. 110-046, TWRA
tech. rep. 77-11, Nashville, Tenn., 1977) indicated that spring/summer and fall foods (i.e.,
both berries and acorns) were less abundant in
1978 than in 1979; thus, in 1978 bears were
forced to forage over largerareas. Garshelis and
Pelton (1981) indicatedthat bears in the GSMNP
made greater fall movements in years when
acorns were scarce than when they were abundant. The high nutritive value of berries and
acorns (Eagle 1979; 62, 68) evidently prompted
bears to search widely for these items when they
were in short supply.
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Differences between spring/summer and fall
movements were not evident in either 1978 or
1979 in the Bunker Hill and Citico Creek areas
(Table 7). We assume from this that bears were
able to use similar foragingstrategies throughout
the year in these 2 study areas, although the food
consumed changed from squawrootto berries to
acorns. In both seasons, foraging was somewhat
more common during the day than during the
night, but nocturnalforaging was apparentlynecessary, especially during the fall when bears increased their body weight priorto winter.
Seasonal differences in movements were more
apparent in the Bote Mountain area, probably
correspondingto greater seasonal differences in
food quality, abundance, and distribution (Table
7). Bears feeding on herbaceous materialin the
spring/summer were more sedentary, especially
during the night, than when feeding on acorns
during the fall.
Sex related differences in diel movement patterns were observed only in the Bote Mountain
area (Table 7). Males moved greater distances
than females in this area, but the movements of
the 2 sexes were in proportion to the sizes of
their respective home ranges. In contrast, male
and female diel movements were similar in both
the Bunker Hill area and the Citico Creek area.
We offer 2 explanations for this: (1) Sexual differences in movement patternswere less distinct
for subadult than adult bears. Garshelis and
Pelton (1980) showed that differences in activity
related to sex were more pronounced for adult
bears, especially because many adult females
were with cubs or yearlings. Thus, because most
bears radio-trackedin the Bunker Hill and Citico
Creek areas were subadults, sexual differences in
diel movements were not evident. (2) Many of
the male bears in the Bunker Hill and Citico
Creek areas that appearedto move the most, frequently moved out of range of our trackingstations; therefore, diel movement data on these individualswere often lacking.
Many of the diel movements we observed
were probably influenced by social interactions.
However, because we were never able to radiocollar all bears in a given area at one time, it was
difficult to witness directly the effects of social
interactionson movement patterns. Instead, social interactions had to be inferred from diel

movement parameters, especially circuity. Very
circuitous travel routes indicatedconfined movements (Fig. 2). Bears may have confined their
movements because of physical limitations imposed by the habitat, their preference to remain
within a small area of concentratedfood, or their
avoidance of other bears. Our observations of
diel travel routes, as well as physical signs of
bears, including scats and mark trees, indicated
that bears often traveled along trails, stream
drainages, and ridgetops. Prominant ridge systems marked home range boundaries (Garshelis
and Pelton 1981), but smaller ridges within the
home range were crossed frequentlyduring daily
travels. Apparently, physical barriers did not
greatly influence the circuity of travel routes of
bears in the southern Appalachians.Thus, we assume that circuity of travel routes was affected
primarily by the distribution and abundance of
food, and social interactions. In the Bote Mountain area, bears may have traveled more circuitously during the fall than during the spring/
summer (Table 7) because densities of bear in
fall feeding areas were greater than densities in
the area of spring/summer home ranges (Garshelis and Pelton 1981). The more circuitous
travel routes of bears in the Bunker Hill and
Citico Creek areas than in the Bote Mountain
area during the spring/summer may reflect a
more patchy distribution of food and/or greater
density of bears in BunkerHill and Citico Creek.
It is also possible that the social organizationof
bears in Bunker Hill and Citico Creek differed
somewhat from that of bears in the Bote Mountain area because of differing age structures. For
example, mutual avoidance may have been greater between subadult bears than between adults
and subadults, causing more circuitous travel
routes where encounter rates between subadults
were higher (as expected in the Bunker Hill and
Citico Creek areas). Rogers (1977:121-126)
noted greater tolerance between females and
their offspringafter family breakupthan between
subadultsiblings.
It is apparentthat movements of black bears in
the southern Appalachianswere affected by habitat, food supply, time of year, time of day, sex,
age, and social interactions. Although we were
unable to relate daily movement parametersto
weather conditions, we believe, considering its

DIELMOVEMENTS
OFBLACKBEARS* Garshelis et al.

effects on activity (Garshelis and Pelton 1980),
that weather also represents an important factor
influencing the diel movements of black bears.
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