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ABSTRACT

Radio-collars were fitted on 22 black bears captured om a 155 km2
study area in the northwest portion of the Great Smoky Mountains
National Park, Tennessee, between June 1978 and December 1979,

Activity monitors in radio-collars indicated that bears exhibited
crepuscular daily patterns of activity which were modified seasonally;
activity was highest during the day in all seasons but night time
activity was highest during fall. Most seasonal variation in diel
patterns of activity are attributed to changes in foraging patterns.
Monthly activity levels were lowest in the postdenning months of April
and May and the predenning months of November and December; activity
was highest in August and may be a reflection of the influences of
breeding. Neither cloud cover nor precipitation affected activity but
bears displayed depressed activity at high temperatures. Subadult and
yearling females were the most active group overall; adult males were
the least active group.

The convex polvgon method was used to calculate home range
sizes. The fact that home ranges of males (32.1 kmz) were larger than
those of females (5.2 ka) reflects the larger size of males and their
instability in the population in the subadult and early adult years
(<5 years). Larger home ranges in fall than spring/sumner reflects
increased feeding activity prior to denning.

Linear mcvements by 7 bears were termed extensive because they
were large in relation to their normal home range. None of the 7 bears
were over 5 years old; 6 of the 7 hears were male, 2 of the movements

iii
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terminated with the bear being shot. Six bears (287%) were located
outside Park boundaries at some time during the study and neither roads
nor reservoirs appeared to act as barriers to bear movement. Hourly
travel rates were greatest between the hours of 0600 and 2200.

Analysis of habitat relationships with the computer based
IMGRID system revealed that bears preferred areas where mast trees
were abundant. Females showed stronger preference for areas of mast
trees than males; adults showed stronger preference for areas of mast
trees than subadults; and, seasonally, areas of mast trees were pre-
ferred during summer and fall. ©No overall preference for areas of
heath abundance was found but females did exhibit preference for these
areas. Bears avoided areas within 200m of roads but did not avoid
the area around a trail. Females avoided roads more intensely than
males; adults showed stronger avoidance of roads than subadults; and,
seasonally, the strongest avoidance of roads was during fall. The
results of analyses implicate the importance of experience and social
organization in habitat utilization of bears.

Although IMGRID is a powerrul teol for analysis of geographi-
cally based information, it appears that other methods will provide

a more robust analysis of the dynamics of habitat utilization.
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CHAPTER 1

INTRCDUCT LON

In the southern Appalachian mountains black bears (Ursus
americanug) have a varied status, ranging from almost complete preitec-—
tion in the Great Smoky Mountains National Park (GSMNP or Park) to
cotal extirpation from private lands adjacent to the Park or national
forests. Although the species is regarded as a prize game mammal, it
is ofcen hunted illegally both inside and out of protected areas, and
shot on sight in the more settled communities of the region.

Studies on black bears were initiated in the GSMNP in 1970.
During the 12 years since that date many techniques have been developed

1

and/or refined that have enabled researchers to capture {Marcum 1974,
Eagar 1977, Johnson and Pelton 1980a), handle (Eubanks et al. 19786,
Beeman and Felton 1978, Johnson and Pelton 1980b), and effectiveiy
monitcr (Eubanks 1976, Beewman 1975, Garshelis 1978, Eagle 1979, Burst
1679) black bears. Utdilizing these techniquas, the present study
attempted to focus on activity patterns, movements, and habitat
utilization of black bears on a selected study area in the G3MNP.

The activity patterns of black bears as determined from

telemetry vary greatly. Much of this variation is likely due to

the varying infiuences of human pressure, food rescurces, and weather

1y

in aifferent areas of North America; some of the variation is probably
attributable to different methceds of obtaining and intarpreting

data.



Descriptive measurements of mammal movements can take many
forms. The 2 major divisions in these forms are (1) describing the
area within which an animal moves or (2) describing linear movements.
Almost all telemetry studies on black bears include an estimate of the
area which the animal used (home range). Although comparison between
studies is hampered by different methods of calculating home ranges,
several generalizations can be gleaned from the results. Typically,
male black bears used larger areas than female black bears (Eveland
1973, Kordek 1973, Matula 1974, Amstrup and Beechum 1976, Alt et al.
1976, Lindzey and Meslow 1977, Rogers 1977, Brown 1980, Garshelis and
Pelton 1981, Novick 1982). The results of seasonal comparisons of
home range vary from study to study. However, in general, if contrast
were found within a study for home range size or if shifts in location
of home range were exhibited, the food source was said to be responsible
(Beeman 1975, Amstrup and Beechum 1976, Rogers 1977, Garshelis and
Pelton 1981). Other influences on home range are also discussed by
the above authors. Another common analysis of home range data is to
examine the extent of overlap of home ranges. Implications are then
made about black bear social organization (Kordek 1973, Amstrup and
Beechum 1976, Rogers 1977, Lindzey and Meslow 1977, Garshelis 1978).
Extensive conclusions were made from data on spacing of home ranges
by Rogers (1977). Analysis of linear measurement of black bear
movements with telemetry data has been less often undertaken than
home range measurement and is generally very cursory in nature. When
performed, the analysis is usually obtained from distances betwe=zn

consecutive daily locations; heowever, in scme studies there have been



attempts to measure movements between hourly locations (Rogers 1977,
Garshelis et al. in press).

Habitat utilization by black bears has been investigated in
several studies using a variety of techniques. Usually, locational
information on animals is equated to features of the land or vegeta-
tion which are found at or near the location. Jonkel and Cowan (1971)
used relative trapping success as an index of bear use of different
habitat types. McCollum (1973) and Kellyhouse (1980) used relative
occurrence of bear sign in various habitat types to analyze habitat
utilization. By far the most efficient means of obtaining locational
information for habitat analysis is through radio-telemetry. This has
been employed by Miller (1975), Amstrup and Beechum (1976), Rogers
(1967, 1977), Lindzey and Meslow (1977), Landers (1979), Brewn (1980),
and Novick (1982). 1In all of the above studies, bear locations were
analyzed in relation to habitat features measured on site or from
maps (i.e. cover maps or United States Geological Survey maps). Other
techniques for analysis of location data with habitat types are
available, such as digitized habitat maps (Nichols and Warner 1972,
Gilmer et al. 1973), LANDSAT imagery (Brabander and Barclay 1977),
and computer techniques (Wilcott and Gates, 1977, Beeman 1977, Davis
1980, Exum 1981). Given the complexity of influences on black bear
movements, it appears that habitat utilization is best analyzed by
computer techniques because of the ability of computers to manipulate
large amounts of data.

This study was plannad as an extension of research on black

bears in the GSMNP initiated in 1970 by The University of Tennessee,



Knoxville, Department of Forestry, Wildlife, and Fisheries. The
present study was also an immediate expansion on work by Garshelis
{(1978) and was designed to be compared to research initiated simul-
taneously on Cherokee National Forest. The objectives of this study
were:

1. To delineate patterns of daily, seasonal, and annual
activity.

2. To document and measure characteristics of black bear
movements.

3. To quantify the relationship of black bear locations to

selected habitat features.



CHAPTER II
STUDY AREA

Research was conducted in the western edge of the Great Smoky
Mountains National Park (GSMNP or Park) (Fig. 1). The area chosen is
roughly bordered by the Tennessee-North Carolina line to the south,
state highway 129 to the west, the Park border to the north, and the
western edge of Cades Cove to the east, thus encompassing 155 kmz.

The approximate center of the area is defined by the intersection of
35° 33' N latitude and 83° 56' W longitude in Blount County, Tennessee.
The major drainages in the area are Panther Creek, Bible Creek, Parson
Branch, and Abrams Creek. Park-maintained access to the area is
limited to 12 km of unpaved road (Parson Branch Road) accessible to
public traffic from April through October, 17 km of maintained trail
(the Hannah Mountain Trail), and 5.5 km of unpaved road available only
for foot travel by the public (Bunker Hill Road).

This particular section of the Park was chosen for 3 major
reasons: (1) the area borders the edge of the Park so that information
can be gained on movements of bears into and out of the Park; (2) the
vegetation of the chosen area closely resembles that found outside
of the Park, thus aiding the application of results found here to
surrounding areas; (3) the topography and climatic influences are
comparable to another study area established on adjacent national
forest lands to the west for gathering simultaneous information on

black bears for comparison.
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The Great Smoky Mountains are part of the Unaka Mountain Range
of the Blue Ridge Province in the southern division of the Appalachian
Highlands (Fenneman 1938). The area is underlain by sandstones of
the Ocoee Series, which date from the Precambrian Era (King et al.
1968). Soil types are of the Ramsey Association which exhibit medium
to high acidity, low water storage capacity, and moderate fertility
(Anonymous soil survey 1953). The topography of the area is character-
ized by a mosaic of sharp ridges and steep, V-shaped valleys cut by
fast-flowing, rocky streams. Elevation ranges from 265m at Chilhowee
Reservoir to 1508m at Gregory Bald.

The climate of the area is generally classified by Thornthwaite
(1948) as mesothermal perhumid (warm-temperate rainforest). Locally,
precipitation and temperature within the Great Smoky Mountains vary
greatly with differences in elevation and aspect (Shanks 1954, Tanner
1963, Stephens 1969). The precipitation pattern is characterized by
2 maxima: one in late winter, originating from the west to east move-
ment of continental fronts, the other in mid-summer, mainly of
orographic origin. Average annual precipitation for the Park varies
from 140 cm at lower elevations to over 220 cm at the highest elava-
tions. Average annual temperature varies from 14°C at elevations
below 450m to 8°C at elevations over 1900m, with a temperature
gradient of 4°C per 1000m change in elevation. FExcept in rare drought
years, precipitation exeeds evapotranspiration in all seasons (U.S.
Dept. of Commerce 1972).

The highly variable elements of aspect, elevatiocon, precipita-

tion, and temperature, compounded by the relatively old geological



age of the Great Smoky Mountains has created a rich variety of flora.
This includes over 1300 species of flowering plants, within which are
131 species of native trees (Stupka 1960). Both Shanks (1954) and
Whittaker (1956) categorized 6 different forest types while Golden
(1974) defined 20. The 6 types of Shanks are the most recognizable
and most commonly used (Table 1). Of these 6 types, the 2 most common
types on the study area are open oak/pine and closed oak; the spruce-
fir type is absent from the area. Vaccinium spp. and Gaylussacia spp.
are common understory inhabitants, sometimes forming continuous mats
in the open oak/pine forest type. Rhododendron sp. is normally the
dominant shrub on northern aspects and valley bottoms.

Fifty-nine species of mammals have been described for the GSMNP
(Linzey and Linzey 1971). Black bears, white-tailed deer (Odocoileus
virginianus), and European wild hogs (Sus scrofa) are the only large
mammals occurring in the area. Black bears have no natural predator
here and hunting, although it does exist, has been illegal since the
establishment of the Park in 1932.

The study area may be subsequently referred to as the Bunker
Hill area, after a prominent ridge central to research efforts in

the area.



Table 1. Forest types and their important tree species in the

Great Smoky Mountains.

Forest Type

Important Species

Cove hardwood

Hemlock

Northern hardwood

Closed oak

Open oak and pine

Spruce-fir

Yellow poplar

Eastern hemlock

Yellow buckeye

Silverbell

Beech (Fagus grandifolia)

Yellow birch (Betula allegheniensis)
Black cherry (Prunus serotina)

Eastern hemlock

Yellow birch

Silverbell

Fraser magnolia (Magnolia fraseri)

Beech

Sugar maple (Acer saccharum)
Yellow buckeye

Yellow birch

Chestnut oak {(Quercus prinus)

White oak (Quercus alba)

Black oak (Quercus velutina)
Northern red oak {(Quercus rubra)
Pignut hickory (Carya glabra)
Mockernut hickory (Carvya tomentcsa)
Sourwood (Oxydendrum arboreum)

Pitch pine (Pinus rigida)
Scarlet oak (Quercus coccinea)
Virginia pine (Pinus virginiana)

Red spruce {(Picea rubens)
Fraser fir (Abies fraseri)

Source: R. E. Shanks, 1954, Reference list of native plants in the

Great Smoky Mountains,
Tennessee, Knoxville.

Botany Department, The University of
(Mineographed)



CHAPTER III

MATERIALS AND METHODS

Capture and Handling

Field work was begun in June 1978 and ended in December 1979.
Traplines were established on Parson Branch Road, Bunker Hill Road,
and the Hannah Mountain Trail in a small core area within the main
study area boundaries (Fig. 1). This core area was chosen for its
ease of mobility due to roads; high, accessible ridges for radio-
tracking; and the prospect of more information on social aspects of
bear movements through intensive trapping of a small area rather than
widespread trapping of the entire study area. Prebaiting (Marcum
1974, Eagar, 1977, Johnson and Pelton 1980a) was undertaken to locate
areas of bear use for trapping. Traplines were opened intermittently
from June through September, 1978 and 1979, depending on equipment
availability and the need for more study animals.

Black bears were trapped using Aldrich spring-activated foot
snares (Aldrich Animal Trap Co., Clallam Bay, WA) as described by
Marcum (1974) and Eagar (1977) or using modified culvert traps
fabricated from 2 50-gallon oil drums, as described by Eiler (1981).
One free-range capture was also made.

Bears were immobilized with an intramuscular injection of M-99
(Etorphine hydrochloride, D-M Pharmaceuticals, Rockville, MD) at the
rate of 1 mg/45 kg of estimated body weight. Injections were
administered using a jab stick (a syringe fitted to a plexi-glass

10
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rod), a projectile syringe fired from a CO,-charged pistol (CAP-CHUR,

2
Palmer Chemical Co., Douglasville, GA), or a hand-held syringe. The
method of injection depended on the capture method and the temperament
of the animal. M50-50 (Diprenorphine, D-M Pharmaceuticals, Rockville,
MD), intravenously injected with a hand-held syringe at the rate of

2 mg/45 kg estimated body weight, resulted in recovery of the animal
within 3 minutes.

While immobilized, each animal was tagged, lip-tattooed,
weighed, measured, sexed, examined for ectoparasites, and noted as to
general body condition. A sample of blood was taken as described by
Eubanks et al. (1976:29) and Beeman and Pelton (1978:127-129), a
premolar was extracted, and reproductive condition was examined as
described by Eiler (1981:12-13). All bears except 2 were fitted with
radio-collars (Telonics, Mesa, AZ).

The first premolar was sectioned, prepared, and stained using
techniques described by Eagle and Pelton (1978) and age was determined
by the cementum-annuli technique described by Willey (1974). Bears
were placed into 2 age classes: 4 years or older (adult), less than

4 years old (subadult).

Radio~-Telemetry

Bears were either fitted with static collars which had life-
expectancies of 2-3 years or, if they were young bears (1.5 years er
less), they were fitted with break-away collars designed to fall off
in 9 to 12 months due to deterioration of material in the collar
(Telonics, Mesa, AZ). All collars transmitted ian the 150-152 MHz

range.
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Two types of information were sought from radio-collared bears:
activity and location. To obtain activity information each transmitter
incorporated a reset motion sensor, commonly known as a mortality
sensor (Telonics, Mesa, AZ). With this mechanism emploved, the trans-
mitter on a resting or immobile animal emits a signal with a base pulse
rate, or inactive rate. (In this study 2 different base rates were
used: 75 bpm, 40 bpm.) Movement by the animal caused the base pulse
rate to change to an alternate, or active, mode. (In this study 2
different alternate modes were used: 100 bpm, 80 bpm.) The initial
movement and any subsequent movement resets a timing mechanism on the
alternate mode which keeps this mode operating for a programmed time
period. The programmed time period for most transmitters in this
study was 5 minutes. (Transmitters with 2-minute timers were experi-
mented with in the later months of the study.) Thus, for a 5-minute
timer, if an active animal became inactive and remained so for 5
minutes, the pulse rate automatically returned to the base mode.

Each time the signal from an animal was received in the field
the signal mode was recorded as active or inactive. Due to the timing
mechanism though, a bias may be interjected in favor of the active
mode (i.e. an inactive animal has emitted 5 minutes of active signal
before the signal gives a true indication of the situation, whereas
an active animal will always produce a signal indicating se). To
compensate for this overestimation of activity, a notation system was
devised for the 5-minute reset monitors {(Quigley et al. 1979). 1If the
signal was initially heard in the active mode, or the signal changed

from the inactive mode to the active mode while the researcher was
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listening, the signal was given a second check 3-8 minutes later.
If an active mode was still heard on the second check, the signal
was recorded as such; if the signal had changed to inactive it was
assumed that the animal's movement was only a temporary comfort move-
ment and the signal was recorded as inactive. Schematically, the

recording system appears as below:

INITIAL MODE SECOND CHECK RECORDED (GROUPING)
A==~ - - - - - - - - - A- - =--=----- A(A)
R e T L(8)
I-A - - - - - - - - - = - A- - === ==~ - A(C)
A-l - - = - = = - - - - - - - - - - - - - -~ 1(D)
A== = = = = = = = = = - I -=-=-=-=-=--- = I(D)
I=A = = = = = = = = = = = I -~ - == == ==~ 1(D)
A = Active I = Inactive

Each time an activity recording was made in the field the follow-
ing information was also recorded: time of day, date, temperature,
weather conditions, cloud cover.

Locational information on radio-collared bears was obtained by
triangulating azimuths obtained from knewn tracking points on the
ground or by aerial locations from an airplane. Ground azimuths
were determined by the loudest signal method (Springer 1979:928).

Over 50% of the azimuths obtained from the ground were taken
from elevated S-element antennas (Hv-Gain Electronics, Lincoln, NB);
the remainder were obtained with a hand-~held, 2-element, "H" antenna
(Telonics, Mesa, AZ). The 8-element antenna exhibited a more precise

directionality than the "H" type, plus, when elevated, the effective



"seeing' area of the antenna is increased while obstructions to the
signal are decreased. Four of these larger antennas were placed on
9m masts at strategic points in the area; one was placed on top of
a 30m fire tower located on Bunker Hill.

Locations obtained from the ground were made from the intersection
of at least 2 azimuths. In most cases, 3 to 5 azimuths were taken on
a single bear before a location was considered acceptable. Many loca-
tions utilized 7 to 9 azimuths. Azimuths that were considered aberrant
were not used in determining locations. These readings were caused
by obstructions between the animal and the researcher, refraction of
the signal due to the high relief of the area, or movement of the
animal. Effort was made to obtain the most direct signal from the
animal that was possible and to reduce the time spent in transit
between tracking points to minimize the effect that a moving animal
can have on the accuracy of the location obtained. Movement to track-
ing points could usually be accomplished by vehicle. In another
effort to assure accuracy and to increase efficiency, azimuths were
roughly mapped in the field, the strength and stability of the signal
were recorded, and the stability and accuracy of the azimuth were
recorded.

Tests for accuracy were undertaken using transmitters in known
locations. The tracking system of 8-element stations and hand-held
"H'" antennas easily placed the Jocation within a circle with a
diameter of 300m. Garshelis (1978) used a circle 300m in diameter

to define locations in the mountainous areas of the GSMNP and Heezen
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and Tester (1967) accepted error polygons of 240m in length with an
automatic tracking system.

Aerial radio-tracking was accomplished from a Cessna 140, 170,
or 172, An "H" antenna was placed on each of the 2 wing struts and
connected through a switch box (Telonics, Mesa, AZ) in the cabin to
the receiver. The switch box allowed the researcher to listen to both
antennas at once or each antenna individually. To locate an animal
using this system, transect lines were flown while listening to both
antennas at once. When a signal was encountered, signals from each
antenna were listened to individually; the animal was assumed to be to
the side of the airplane from which the strongest signal was received.
At the same time, it was noted whether the signal was increasing or
decreasing in intensity (i.e. the animal was ahead or behind the
airplane, respectively). When a decreasing signal intensity was
heard, the airplane was turned to a perpendicular flight path to the
side of highest intensity. This path was continued until a decreasing
signal intensity was heard again and another perpendicular path to the
strong side was begun. This procedure was continued until the signal
was ''boxed-in" to the desired accuracy of the location. The wing
and antenuna were also dipped to the determined location while the
airplane circled to test the signal direction. The location was then
placed on a United States Geological Survey (USGS) 1:2400C or 1:125000
scale map. Most locations took less than 8 minutes to establish from
the air once the signal was encountered and were usually obtained from
alcitudes less than 200m above ground. Tests of accuracy with frans-

mitters placed in the field indicated cthat the 300m diameter circle



used for ground-determined locations was also applicable to aerial
locations. OCn Z occasicns geueral locations con wide-ranging bears
wera obtained from above cloud cover in mountainous regions by

triangulating the pusition of the plane using air traffic beacons.
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Each ground location was replotted under non-field conditions
on USGS 1:24000 scale maps along with aerial locations. Using the
Universal Transverse Mercator System (UTM), all radio-locations were
given a 6-digit coordinate which corresponded to the 100m by 100m cell
in which they fell (Strahler 1969:58-59, 625-627). A transparent grid
overlay, with 1 ha (100m by 100m) UTM divisions, was aligned to grid

north over the USGS maps for this procedure.

Bata Analysis

Home range. Two techniques were used to estimate the area of
an animal's home range [the area transversed by an individual in its
normal activities of food gathering, mating, and caring for young
(Burt 1943:351)]. The first technique, known as the bivariate or
elliptical model, is a computer-based, probabilistic model described
by Koeppl et al. (1975). The 90% and 95% confidence (or probability)
ellipses ware calculated. Only annual ranges were determined with
this technique for the purpose of comparison to other studies because
it was felt that the sampling strategy produced highly variable
scatters of point when broken down By season due to wide-ranging
animals, low sample sizes, and inconsistent sampling intervals. The
second method used for estimates of home range is termed the convex
polygzon or maximum area polygon method. Fer this calculation, the
outermost peolats were connected in such a way that th2 angle to the
inside of the polygon formed by any 3 consecutive points never
exceeded 180°. The area was then calculated using point ceoordinates

(Brinker 1969:248-230). In many cases, distinct clusters of peints
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were formed when a bear moved to a certain area and remained there for
a period of days or weeks and then moved back to the original area
and remained. Inclusion of the entire area between these distinct
point clusters could lead to a gross over—estimation of the area of
home range. For this reason, the 2 (or more) clusters were considered
separately and the areas for each were calculated and added together.
In some cases, these shifts in area of use by bears could be inferred
as being caused by seasonal changes in food supply, and in other
cases they could not. Because of this and tihe highly erratic nature
of some movements, the method of tracing movements of activity centers
to determine range shifts (Hayne 1949, Garshelis 1978:18) could not
be justified. To account for travel area between 2 distinct clusters,
a method for determining a corridor between 2 distinct clusters was
devised. This corridor was defined by 4 points: the last location
obtained in the origin area before the animal moved, the first location
obtained in the new area, the last location obtained in the new area
before the animal moved out, and the first location obtained in the
original area after the animal returned. Locations obtained while
the animal was in transit usually fell within the corridor boundaries,
but if not, the edges of the corridor were defined by those points
also. The corridor area was then calculated (not including ares
within the clusters) and added to the area of the clusters to determine
annual or seasonal home ranges. Although subjective in nature, this
corridor method provides for the area between clusters in a defined
fashion when the inclusion of the total area betweer clusters could

overestimate home range area or exclusiom of any area between clusters
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could lead to underestimation of home range area. The Mann-Whitney-
Wilcoxon U Test (Sokal and Rohlf 1969:391-395) was used in determining
differences in home range size (P=0.05). Home range overlap was
determined with convex polygon estimates. For seasonal divisions of
home range, spring was defined as den emergence through May, summer
as June through September, and fall as October through den entrance

(usually in December).

Movements. The following aspects of diel movement were
analyzed: total daily movement (sum of distances between consecutive
hourly locations), net daily movement (distance between the beginning
point and the ending point in 24 hours of locations), daily range
length (maximum distance between locations in a 24 hour period), and
circuity. Circuity was calculated by dividing the total distance
traveled in a period of 12 or more hours in:o the net movement for
the same period. Thus, a value of 1 indicates straight line movement;
a value of 0O indicates that the animal returned to the same location.
Relatively stationary animals were not included in the analysis of
circuity (Garshelis et al. in press). The above movement parameters
were tested for significance using the Mann-Whitney-Wilcoxon U Test
(P=0.05).

Hourly rates of travel were caiculated by dividing the total
number of consecutive hourly locations into the distance traveled for
that pericd. Diurnal (defined as 0600-2000 hours) rates of travel
were only calculated from diel data when at least 8 hours of movements
were recorded; nocturnal (defined as 2100-0500 hours) rates of travel

were only calculated from diel data when at least 4 hours of movements
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were recorded. All data on hourly movements were tested with the Mann-
Whitney-Wilcoxon U Test (P=0.05). Seasonal divisicns for movements

analysis were the same as for home range analysis.

D

Activity patterns. Tne activity patterns of instrumented bears

were analyzed in relation te information recorded simulitaneously in

e

the field for each activity reading (temperature, time of day, date,

04

cloud cover, precipitation) and knewn infermation for each animal

cellected when the animal was trazpped {sex, ags, reproductive status).

[

Presence cor absence of cubs with females was determined from winter
dens (Eiler 1981). Fer analysis, time of year was divided by montch,

seascns were divided as in home range analysis, time of day was

1

divided by hour (on the half hour), temperature was divided by 3°C

o)

ncrements, and cloud cover was divided by 25% classes. Frecipitation
was defined as light rain, hard rain, srow, or no precipitation.

When no precipitation was occurring, a precipitation history was also
recordad and defined by 3 classes: (1) ne rain in the last 24 hours,

(2) rain within the last 24 hours, or (3) rain within the last 2

1%

hours.
The influences and interactions of time of year, time of day,
weather, sex, age, and presence of cubs on activity were testsd with

the least squares means analysis of variance procedure (5AS Institute

ja

1976). This procec

vl

ure was chesen because of 1its ability to sartial
out and measure the effect that each factor, or a cembinaticn of
facters, has on activity. Thus, activity is reported as a probabiliry

J

under a given condition{s) rather than a percencage of activity

HE
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records for that condition(s). Orthogonal contrasts between least

squares means were used to test sex, age, and family effects.

Habitat. The computer-based IMGRID (Information Management
on a Grid Cell System) system (Sinton 1976), version 3.5 (Holmes and
Jolly 1980), was used to evaluate the relationships of bear locations
to habitat features. The system requires that all information be
input on a grid cell base, each cell being coded for the particular
feature(s) to be evaluated. For this study, the UTM coordinate system
was used to divide the USGA 1:24000 scale base map into 100m by 100m
cells as described earlier (p. 17). A 5300 cell area, which encompassed
most bear locations, was chosen for coding of habitat features. These
features were coded cell by cell from information availabhle on the
USGS base map using a transparent grid overlay. Since no detailed
vegetation map for the area was available, a predictive model for
overstory and understory composition was developed from vegetation plots
analyzed in the study area by Harmon (1981) (Appendices A and B,
respectively). The model uses 3 land features for prediction:
position on slope, aspect, and whether the point is in ridge or valley
type topography. Field tests of the model indicated that it was only
sufficiently accurate when predicting very high or very low percentage
cover of the desired types. Thus, bear locations were only tested for
occurrence with nigh concentrations.

The following compunents were input for analvsis by IMGRID:

1. Elevation (coded to the nearest 6m);

2. Water (permanent streams Or veservoirs);
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3. Man-made construction (i.e. poweriines, roads, trails);
4. Position on slope (lower 1/3, middle 1/2, upper 1/3 of
the slope);

S, Aspzct (N=315-345, E=45-135, S=135-240, Ww=240-315;

=

=

N

vnusual divieiors are due to predictive model [Appendix A, B]

. Convex or concave topegraphy (ridge cr valley);

O]

7. Bear lecations (coded bv sgze by sex by season; thus

C

resulting in 24 different groupings; i.e. subadult female locaticus
in fall).

The 2 predicted vegeration featuras were for hard mast (Quercus spp..
Carya spp., Juglans spp., ragus spp., and Aesculus spp.) and heath

(Vacecinium spp. and Gaylussacia spp.).

Utilization of the vavrious habitat feactures was determined with
the 3 divisions of bear locations--age, sex, season--and by combining
zther. Bear locations were tested for coincidence
with habitat features in the same cell, except in the ana
roads. In the latter case, proximity searches were dene to find bear
locactinns within a defined distance from the road or on the road.
Seascns wevre divided in the following manner: spring = March-May,

summer = June-August, fall = October-December.
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fit tests were used (Sokal and Rohlf 1969) (P=0.10). This was followed
by Bonferroni tests (Neu et al. 1974) to determine which categories
within the habitat component contributed most to the resultant chi-
square statistic. A chi-square statistic was considered invalid if
any expected cell frequency was less than 2. Duncan's multiple range

test was used to test differences in elevation means (P=0.05).



CHAPTER IV

RESULTS AND DISCUSSION

A total of 1619 locations were obtained from June 1978 through
December 1979 on 22 radio-collared bears (Appendix C, Fig. 2). These
locations were considered in the analysis of home range estimates,
movements, and habitat usage. A total of 5880 activity readings were

obtained for analysis of activity patterns.

Assessment of Activity Monitor

The reset motion sensor was chosen for this project even though
its use previous to this had been primarily for sensing mortality of
animals rather than daily activity patterns. Several tests were per-
formed to assess its reliability and function. Using consecutive
hourly diel locations, a high correlation was found (r=0.91, n=24,
P<0.0l) between percentage activity determined by the rest monitor
and mean distance moved for each hour of the day (Fig. 3). The abtove
correlation existed despite the countering influence that was imposad
due to the variation among bears and those affecting circadian patterns
(Garshelis and Pelton 1981, this study, p. 29). Garshelis et al.
(1982), using the same analysis, tested mean distance moved against
percentage of activity as determined by tip-switch sensors and also
found high ccrrelatiocns in both spring-summer (r=0.88, P<0.001) and
fall (r=0.69, P<0.001). The higher correlation coefficient fourd in
the Bunker Hill area may be an artifact of cother influences on
activity rather than superiority of the reset motion over the tip-switch

24
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motion sensor. Although signal integrity was not recorded in this
study, variations in the intensity of some inactive signals lead to
an agreement with the conclusion by Lindzey and Meslow (1977) and
Sunquist (1981) that use of this method may be biased toward activity.

The field recording system devised to compensate for the bias
toward activity in the reset monitor created 4 groupings: group A-
active; group B-inactive; group C-active with a change of mode; and
group D~inactive with a change of mode. Groups C and D were tested
in 2 ways to determine if they were more closely associated with
group A (active) or group B (inactive). First, from diel tracking
sessions, all observations were found in which 1 observer recorded
a group D reading (n=75). In these cases, a second observer recorded
a group A reading 34% of the time, a group B reading 427 of the time,
a group C reading 5% of the time, and a group D reading 17% of the
time. When a group C reading was recorded (n=29), a group A reading
was recorded 217 of the time, a group B reading 62% of the time, a
group C reading 3% of the time, and a group D reading l4% of the
time. A significant association (sign test P<(0.0l} for both group C
and group D was found with group B (inactivity). Second, to further
test this association, a comparison was made of mean distance moved
when both observers recorded group A recerdings (§=457m), both
recorded group B readings (§¥2&2m), and both recorded group ¥ readings
(?5238m). (There were no cases in which both observers recorded
group C readings.} Both of the above examinations indicate that groups
C and D reflect inactivity of the animal and support the contention

that the reset motion sensor overestimates activity. For these reasons,
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readings from groups C and D were placed with group B readings for
analysis, thus creating 2 groupings: active and inactive. These
findings also indicate that a bias-compensating system for field
recording of the reset monitor is justified, at least with reset
timers of 5 minutes or more. In conclusion, the reset motion sensor
was considered adequate for the needs of this project because (1) it
compared favorably with mean distance moved per hour (¥Fig. 3),

(2) signal integrity techniques appear less accurate, (3) only 1
observer is required, and (4) the reset monitor produces a relatively
stable pulse {as compared to the tip-switch monitor) for quick,
precise determination of azimuths.

Garshelis (1978) devised a system in which "head movement' was
recorded for cases in which the changes of pulse rate from the tip-
switch monitor fell between activity and inactivity cutoffs. Using
the same testing as above, he concluded that head movement was more
closely associated with inactivity than with activity, concluding
that it was generated by '"comfort movements' of 'short duration"
(1978:74). The recordings of readings from groups C and D in this

study are probably indications of these same types of movements.

Factors Affecting Activity

Activity of bears was significantly influenced by the month
of the vear and the hour of the day along with the interactions of
these 2 factors (Table 2). The individual variation in activity
between bears themselves (Bear) and the varviation in activity of
individuals in relatioa to month and hour (Other interactions involving

bear) also contributed a significant effect on levels of activity of
g y
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Analysis of variation in activity patterns of black bears in

the GSMNP, Bunker Hill area, 1978-1979, with respect to time
of year, time of day, differences among bears, and other

interactions.

Source of Variation df SS MS F

Total 5806 1290.2222

Bear 19 80.6856%  4.2466 18.7571°°4

Month 8 56.4279%  7.0535 31.1550°>4
Season 2 40.6333%  20.3166 89.7376°°4

Hour 23 190.8636%  8.2984 36.65372°¢

Month x hour 148 63.1347%  0.4266 1.8842°°4
Season x hour 46 28.8372%  0.6269 2.7690°9

Other interactions 1332 301.5214 0.2264 1 6795574

involving bear

Variation of 4276 576.1984 0.1348

observations within
bear-month-hour

a .
Partial sum of squares.

Tested against other interactions involving bear.

c . A . R
Tested against variation of observations within bear-month-hcur.

d 5<0.05
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bears. The latter, residual contribution, may be due to the effects
of sex, age, and family associations as suggested by Garshelis and
Pelton (1980). Also, although the overall effect of the measured
weather factors had a significant influence on levels of activity of
bears, when broken down, only effects of temperature could be singled
out as having a significant association (Table 3). Garshelis and
Pelton (1980) reported similar results for bears in the GSMNP using

the same techniques of analysis.

Seasonal and Hourly Effects

The monthly levels of activity of bears (Fig. 4) indicate that
they were mostly inactive after den emergence, increasing to their
highest level of activity during the summer months, then returning
to low levels of activity before denning. Garshelis and Peltoa (1980)
found a very similar pattern for bears in the CSMNP. Johnson and
Pelton (1979) documented decreasing predenning activity, an extreme
low in the mid-denning period, and increasing postdenning activity.

A combination of these studies thus produces an annual cyclic picture
of activity of bears with high levels during summer, low levels during
winter, and intermediate levels between the 2 which are either increas-
ing (spring) or decreasing (fall). Amstrup and Beechum (1976) found
that black bears in Tdaho were less active in late fall and early
spring than they were between June and October, suggesting this same
pattern. In addition, studies in Pennsylvania (Alt et al. 1974),
Washington (Lindzey and Meslow 1976), North Carolina (Hamiiton 1978),

and West Virginia (Brown 1980) displayed evidence for this annual
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Analysis of variation in activity patterns of black bears
in the GSMNP, Bunker Hill area, 1978-1979, with respect to
time of year, time of day, differences among bears, and

weather factors.

Source of Variation df SS MS F

Total 3872 877.6081

Bear 19 56.2427 L9601 15.9145%

Month 8 20.8273 .6034 13.9968%

Hour 23 84.1496 .6587 19.6704%

Weather 23 9.8154 4268 2.2946"
Temperature 12 7.4966° L6247 3.3586°
Cloud cover 3 0.0437° L0146 0.0785"¢
Precipitation 8 1.1192° .1490 0.8011"°

Residual 3799 706.5885 .1860

4 p<e.01.

Partial sum of squares.
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Figure 4. Relationship between month and probability of activity for
black bears in the GSMNP, 1978-1979.
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pattern. The monthly curve for activity of bears given by Garshelis
and Pelton (1980) for the Bote Mountain area of the GSMNP has one
distinct anomaly when compared to the pattern found in the Bunker
Hill area (this study) of the GSMNP. Although bears during the summer
months (June, July, August) exhibited the highest levels of activity
in both cases, the bears of the Bote Mountain area exhibited their
greatest activity in June, declining to August, whereas bears in the
Bunker Hill area exhibted increased activity up to August, the highest
level. 1t is possible that food changes played a part in this dif-
ference but good habits work by Eagle (1979) illustrates that major
dietary changes for both areas occurred later in the year. A possible
explanation is in the timing of breeding. Eiler (1981l) found evidence
that young females may breed later than adult females. Examination of
trapping records for the Bunker Hill area and the Bote Mountain area
revealed a significantly younger population of bears in the Bunker
Hill area (5.7 vs 3.1 years mean age) and, consequently, a sanple of
younger bears was monitored using telemetry. Thus, this later activity
peak may reflect increased activity due to unrest associated with
estrus in females, causing higher activity on an individual basis and
in the population as a whole. The mean distance moved per hour from
diel radio-tracking in consecutive hours (p. 63} was highest for the
late July and early August diels; this may be an artifact of breeding
influences also.

The daily activity pattern averaged for the entire vear shows
that bears are mestly inactive during the night and mostly active

during the day, with crepuscular peaks in activity (Fig. 5). The
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crepuscular peaks at 0800 h and 1800 h in the curve were split by a
depression which bottomed out at midday (1200). The lowest level of
activity was in the 0500 h which actually gave a slightly negative
probability of activity (-0.02). Diurnal and/or crepuscular activity
patterns of bears have been reported for Washington (Poelker and
Hartwell 1973, Lindzey and Meslow 1977), Idaho (Amstrup and Beecham
1976), and in the GSMNP in Tennessee (Eubanks 1976, Garshelis and
Pelton 1980). Erickson (1965) reported a more nocturnal pattern of
activity for black bears in Alaska as did Hamilton (1978) for North
Carolina.

A further breakdown of the daily pattern is justified due to
the significant effect which time of year had (month x hour, Table 2).
The seasonal divisions (spring = April-May; summer = June-September;
fall = ®@ctober-Becember) were used to further analyze the effect of
time of year. These divisions proved to contribute significantly to
the variation found within month of the year (month, Table 2) and
hour of the day (season x hour, Table 2).

The spring activity pattern of bears was the most crepuscular
of the 3 seasons (Fig. 6). Spring was characterized by almost complete
depression of activity by bears from 2200 h to 0500 h, except for a
slight increase betwezen 0200 h and 0400 h. The highest activity of
bears was the 0700 h during spring--in fact, for any hour of any
season--and initiated a 13 to 15 hour period of activity. After this
initial extreme at 0700 h, the activity of bears fell to a mid-range
(around 0.3) in which there was an equal probability of finding a

bear active as there was in finding a bear inactive.
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The summer activity pattern of bears was characterized by a
slightly higher level of activity in the late night/early morning
period (0200-0600) than was found for spring (Fig. 6). The crepuscular
pattern that was so obvious in spring was less evident during the
summer. Two peaks were found in the "active'" period (0700-Z000 h)
of approximately the same levels found for spring, but the depression
between the peaks was only about 107 probability, as compared to the
approximately 40% trough between the spring peaks.

The fall pattern appears to be a combination of characteristics
from the spring and summer patterns (Fig. 6). The general level for
the "inactive" period (2000-0600 h) was higher again, as was the
tendencv for the summer level over the spring level for this period;
however, the "active' period shows a return to the crepuscular plan
shown in spring.

The seasonal circadian activity patterns for this study (Fig. 6)
follow, almost exactly, those found by Garshelis and Pelton (1%980) for
the Bote Mountain area of the GSMNP. Their explanations for the
contrasts between the seasons rested almost exclusively in the food
regime and foraging strategies. Their explanations are appropriate for
this study also and are as follows: in spring, the highly crepuscular
pattern is a result of utilizing mostly herbaceous material which is
easily found, causes satiation quickly in the animal, but does not
have high nutritive value. As a result, there are 2 brief feeding
periods in which bears become satiated, but the low energy zain from
these plants restricts activity in middav. In summer, the diet of

berries is more dispersed but the high caloric value allows foraging
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throughout the day. In addition, the caloric content provides for
metabolic needs associated with the mating season and exploratory forays
of young animals. The fall pattern is explained as an interaction of
the patchier distribution of oaks (the main source of fall food), the
added need of building fat stores for winter denning, and the physical
size of acorns. As a result, the nocturnal-diurnal contrast is not
as sharp as during other seasons since bears can still utilize acorns
through tactile searching at night.

The above explanations provided by Garshelis and Pelton (1980)
for the daily patterns of activity for the 3 seasons are completely
acceptable for the Bunker Hill area of the GSMNP since the patterns are
so similar between the 2 studies. In addition, the mating season
(Eiler 1981) and food habits (Eagle 1979) are generally comparable
between the 2 areas.

To test the explanations offered above, the specific differences
in the food regimes of the Bote Mountain area and the Bunker Hill area

were explored. These differences should be reflected by slighc

[=3

rr

differences between activity patterns of the areas as a result o
varying foraging strategies. The major difference between the food
habits of bears in the Bunker Hill and Bote Mountain areas is in the
extended time that berries are utilized in the former area {(Eagle
1979). (Bunker Hill area = Hannah Mountain area in Eagle 197%). The
differences in the topographyv and the availability of water in the

2 areas probahly account for this difference. The Bote Mountainr area
is characterized by higher, sharper ridges than the Bunker Hill area

and is geuncrally higher in elevaticn. The Bote Mountain area receives



more rain due to the orographic rain patterns but receives less sun
due to the generally more northerly aspect. The broader ridge-tops
of the Bunker Hill area and their more southerly exposure probably
contribute to earlier fruit ripening. In the valleys of the area,
fruits would ripen later, thus producing a longer berry season. Spring
data from Eagle (1979:35, 36) indicate that berries are a more consis-
tently utilized food item year-to-year in the Bunker Hill area than
are herbaceous material and grass. If the foraging behavior described
by Garshelis and Pelton (1980) is exhibited, then the peaks and lows
of the crepuscular pattern of bears utilizing herbs and grass should
be dampened somewhat by the injection of more berries (and possibly
squawroot which probably requires a foraging strategy more like that
needed for berries than for herbs and grasses). (Squawroot was found
in high concentration in Bunker Hill scats.) This is exactly what
was found (Fig. 7). The spring peaks in activity of bears in the Bote
Mountain area averaged over 100% probability of activity, whareas in
the Bunker Hill area they averaged 897 probability of activitiy. The
midday trough was also more distinct in the Bote Mountain area {about
387% probability of activity) than was the trough for the Bunker Hill
area {ahout 487 probability of activicty).

Fall {ood hahits also display an extended use of berries in the
Bunker Hill arsa (Eagle 1979). In fact, it was found rthat 'bears
in this section failed to change from the Summer to Early Fall pattern
during either yeac' (1976, 1977) (Eagle 1979) while bears in all
5 other sections of the Purk (including the Bote Mountain areaj had

alveadv shifted from berries to tree-burne mast. Again, if the
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foraging theories presented by Garshelis and Pelton (1980) hold true,
the flattened circadian activity curve for fall in the Bunker Hill
area should not be as distinct as in the Bote Mountain area because
berry foraging is still an influence in the former. Once again, the
predicted contract is found: the Bunker Hill area shows a higher
diurnal than nocturnal contrast in activity levels (Fig. 7). Therefore,
the explanations for circadian patterns of activity of black bears
during the 3 seasons given for the Bote Mountain area by Carshelis
and Pelton (1980) are considered acceptable explanations for the
patterns of activity of bears found in the present study, plus their
findings also appear to be reinforced by these data found in the

Bunker Hill area.

Effects of Weather on Activity

The effect of temperature contributed significantly to the level
of activity of bears (Table 3, p. 31). An examination of seasonal
temperature patterns is difficult to interpret (Fig. &). On the upper
ends of each seasonal curve, it appears that temperatures which have
a depressing effect on activity vary with season: activity level
declines above 19°C in the spring, above 22°C in the fall, and above
25°C in the summer. The lower ends of the seasonal curves are less
easily interpreted. Summer exhibits the most consistent tremnl with
a gently sloping positive correlation as temperature is increased
from a low of 16°C (48% probability of activity) to the highest
probability of activity (67%) at 25°C. In fall, the decreasing of

temperatures from 19°C to 4°C has no significant correlation with

activity. As suggested by Garshelis and Pelton (1980:17), increased
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foraging in the fall may have a dampening effect on the influence of
temperature just as it did on hour of the day. However, below 4°C,
depressed activity of bears is found around freezing but below this
point fall activity increases with decreasing temperature; this may

be due to a larger percentage of males in the sample as females drop
out of the sample by entering dens earlier (Johmnson 1979). Since female
black bears are less active than male black bears in the predenning
period in the GSMNP (Johnson 1979:245), this increase in activity

below freezing in the fall may reflect high percentages of males

being sampled during the lower temperatures late in the vear when most
females are in dens. In spring, a positive correlation exists between
activity of bears and temperature when including only the sample points
of 7°C, 13°C, 16°C, and 19°C. The highly aberrant level at 10°C may

be a result of sexual differences and sampling biases in the post-
denning period (as were found for the predenning period) or sampling
biases in relation to reproductive status. The extremelv low activity
of bears at 7°C in the spring (-0.26% probability of activity) may

also reflect these biases or perhaps inadvertant samplinz cf denned
bears.

Neither cloud cover nor precipitaticn had a significant effect
on activity of bears in this study (Table 3, g. 31). The work by
Carshelis and Pelton (1%80) also found no significant effect from
cloud cover but did find that precipitation explained a significant
portion of the vaciation In activity. Brown (1980), comparing distance
moved with weather conditions, could detect no significant influence

of weather.



Sex, Age, and Family Effects

Five groupings were made using sex, age, and presence or absence
of cubs: (1) adult males, (2) subadult and yearling males, (3) adult
females without cubs (solitary), (4) adult females with cubs, and
(5) subadult and yearling females. @®verall tests of levels of activity
of bears were performed. No significant difference was found between
the activity of adult males and subadult and yearling males (P=0.01).
Likewise, solitary females and females with cubs were not significantly
different from each other (P=0.0l1), but they both had significantly
higher levels of activity than either male group (P<0.01). Subadult
and yearling females exhibited the highest overall activity--significantly
higher than all 4 of the other groups (P<0.01).

Contrasting with the above, Garshelis and Pelten (1930:17)
found that subadult and yearling males exhibited higher levels ef
activity than adult males. The lack of difference between the 2 male
groups in the present study may be due to the small spread in years
between the 2 agze classes. The mean age for subadult and yearlings was
2.3 years; the mean for adults was 4.3 years. The oldest adult male
was only 5 years--1 year into the adult sge class. It could be that
the age difference was not large encugh betwesen the classes to show
a distinction in the activity behaviors. The reasons for other
differences between tnese activity data and those of Garshelis and
Pelton (1980, are not readily apparent. When the 5 groups are viewed
in a hierarchy of levels of activity, the Zunker Hill study shows an
almost total rearrangement from that found in the Bote }Mountain

area. The only obvious similarity is that subadult and yearling



females exhibit higher levels of activity than adult females. Prob-
lems in sampling may be responsible for placing subadult females as
the overall highest group rather than adult females with cubs, as in
Garshelis and Pelton (1980). This possibility exists because no
subadult or yearling females were radio-tracked in the spring months
and all bears exhibited lower levels of activity in spring thamn in
fall. It is likely that, had there been a sufficient sample of sub-
adult and yearling females from spring months, adult females with
cubs would have displaced that group as the most active overall.

The 5 sex, age, and family groupings were also tested with
respect to seasonal variation in levels of activity (Fig. 9). All
available groups displayed increased activitv from spring to summer
and decreased activity from summer to fall; this would be expected
given earlier results (p. 24). An interesting characteristic in the
activity of adult females becomes visible with this seasonal break-
down. Although in the overall comparison females with cubs did not
exhibit greater activity than solitary females (P>0.0l), activity
of this group in fall was significantly greater (P<0.0l1); this
difference was not displayed in spring and summer. The greater
activity of females with ocubs is likely related to the presence of
cubs, but several interacting factors are possible. (1) It is
unclear whether black bear cubs are weaned by the fall months in the
GSMNP but data from Eiler (1981:50) indicate that lactation continues
through September and, most likely, at least partially into October.
For this reason, greater activity could be related to nursing behavior

and to foraging of the ferale to provide for herself and for wmilk
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production. (2) Since females with cubs lose weight from den emergence
through mid-summer (Eiler 1981:62), added foraging may be needed to
replace this loss and to add fat stores for denning. (3) The mere
presence of cubs and the parental care that must be maintained, plus
the added factors of physiological changes associated with the approach
of the denning period (Nelson et al. 1973) and the change in food
regime and diet (Eagle 1979, Beeman and Pelton 1980) may be responsible
for the greater activity in fall of females with cubs. Garshelis

and Pelton (1980:17) also found only a small decline in the activity

of females with cubs from summer to fall.

Home Range Analysis

The bivariate elliptical method of home range calculation has
some highly desirable characteristics but its practical application
with data from this project was not acceptable. The point scatters
of many of the locations of bears led to rejection of the estimate
because the assumption of a bivariate normal distribution could not
be met. These scatters of locations resulted from both wide-ranging
movements of bears and the tendency for bears to remain in one small
area for periods of time. This produced highly dispersed distributions
and/or highly clumped distributions, respectively. In an attempt to
bring the F values for skewness and kurtosis (numerical indices of
deviations frem the normal distribution) into acceptable levels
(drcpped from P=0.05 to P=C.25 during the process), points were
eliminated from the analysis. Ffirst, using the method employed by
Garshelis (!97%8:16), points less than 6 hours apart were dropped from

analvsis to meet the assumption of independence of each point. When
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this did not result in an acceptable estimate, a visual assessment was
made of the scatter; points were then dropped to adjust for skewness
or kurtosis, or both. 1In most cases, the number of points dropped
was unacceptable (sometimes over 50% of the total for a given bear)
or the sample size fell below the level at which Koeppl et al. (1975)
felt the model was reliable (20 points). Because of the above problem,
convex polygon estimates of home range are used in this studyv. For
the sake of comparison, elliptical estimates were computed for annual
home ranges and the normality descriptions presented (Appendix D).

Two factors are probably responsible for the fact that data
from this study were unsuitable for the bivariate home range model
whereas the data obtained by Garshelis was suitable: the younger
average age of the study population and more frequent aerial locating
of bears in the Bunker Hill study. Erratic movements of younger
bears resulted in unstable home ranges for these animals, whereas
older bears exhibit more stable home ranges with more centralized
movements. The resultant scatter of points from young bears does not
seem conducive to the proper use of the bivariate model. For example,
tracking success is a measure of how often radio contact is made with
study animals when they are sougbt in their normal area of movement.
The tracking success in the Garshelis (1978) study was 91%, extremely
high when compared to other telemetry studies on large mammals.

But when an animal wzs not found in the usual tracking area, aerial
support could usually not be obtained for a search {(pers. com., pers.
obser.). Garshelis did eliminate 2 home ranges from analysis with

the ellipse because they could not meet normality assumptions; aerial



support might have produced more unacceptable estimates. Although
tracking success was not maintained for the Bunker Hill study, it
would probably fall considerably below 91% (most likely in the 80-85%
range). However, the basic difference is that, barring weather con-
straints, in the present study aerial searches were conducted on a
regular basis or when an animal could not be found in its normal area.
The result is that more, and larger, extensive movements of bears
were recorded in the GSMNP than were recorded previously.

It is likely that the convex polygon method underestimates the
home range sizes of bea%s. However, in many cases the bivariate
elliptical model overestimates home range sizes (Jorgensen and Tanner
1963, Waldschmidt 1979) and has the additional problem of the normality
assumption. It must be kept in mind that home ranges determined from
the convex polygon method are probably estimates of the minimum erea
needed for bears. It should be noted also that travel routes between
distinct areas are included in these polygon estimates, even when

locations between them were not obtained (p. 17).

Home Range Size

Twenty-two individual bears were radio-collared during the
16 menths of this study (excluding the winter denning pericd), result-
ing in a combined total of 46 calculated seasconal and annual home
range estimates (Appendix E). The tracking peried for some bears
was not long encugh for home ranges to pe cvalculated due to premature

loss of breakaway (or non-static) radio-collars, bear mortality,

mid- to late-season trapping, and unexplained disappearances



(Fig. 1, p. 6). The following comparisons, made within this study
and between this and other studies, are performed with home ranges
determined by the convex polygon method.

Annual home ranges for males were significantly larger
(P<0.05) than those of females; the mean area occupied by males (n=3)

2 2

and females (n=6) was 32.1 km” and 5.2 km“, respectively. All 3
seasonal comparisons also revealed significantly larger (P<0.053)
estimated home ranges for males than for females (Table 4). This
sexual dimorphism with respect to home range size in black bears
has been reported for black bears in Washington (Lindzey and MMeslow
1977), Minnesota (Rogers 1977), West Virginia (Brown 1980), Pennsyl-
vania (Alt et al. 1976, Alt et al. 198%0), California (Novick 1982),
and the GSMNP (Garshelis and Pelton 1981), regardless of the method
used to calculate the area. One explanation for this seemingly uni-
versal characteristic is the sexual dimorphism of body size and weight
in black bears. Due to the larger size, the male requires a higher
food intake for metabolic maintenance than does the females. Haresstad
and Bunrell (1979) found that omnivores (including black bears) had
the nighesst correlation (r2=0.75) between home range size and body
welght when compared with herbivores (r2=0.75) and carnivores
(r2=8.81). Although empirical relationships do exist between home

range size and body weight, the dynamics of home range, including

[
[

ze¢, are under the influence of several facters.
A full assessment of home range cannot be accompliched without
understanding the influences of the available foud regime and social

interacticns on bear movements. Amstrup and Beechum (1976}, Rogers
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Table 4. Aunual and seasonal home range sizes (km™) for black bears in the CSMNP, 1978-1979.

Sex/age Spring Home Ranpe Spring/Summer Home Range Fall Home Range Annual Home Range
Category X Range n X Range n X Range n X Range

Subadult males - - - 18.7 13.1-27.7 3 41.0 11.9-80.5 4 39.2 -
Adult males 3.6 0.9-6.3 2 14.0 5.3-28.8 5 14.9 11.0-19.3 3 30.4 14.4-46.8
Combined males - - - 15.8 5.3-28.8 8 29.8 11.0-80.5 7 32.1 14.4-46.8
Subadult females - - - 3.0 2.2-3.8 2 7.8 1.7-22.8 6 4.4 3.8-5.1
Adult fenales 1.2 6.9-1.6 2 2.7 2.0-3.8 4 4.7 1.9-9.4 4 5.5 2.7-10.8
Combined females - - - 2.8 2.0-3.8 §) 6.6 1.7-22.8 10 5.2 2.7-10.8




(1976, 1977), and Garshelis and Pelton (198l) present evidence of

the effects that phenology, knowledge of food sources, and food con-
centrations can have on black bear movements. Phenological changes

in the food regime can bring about changes in the amount of area a
bear needs due to different foraging strategies required for different
food sources (straight-line distances will be discussed under move-
ments). A typical annual food cycle for bears in the GSMNP is
generally characterized by usage of grasses and herbs in the spring,
shrub-borne soft mast in the summer, and tree-borne hard mast in

the fall, with interspersion of colonial insects, squaw root

(Conopholis americana), and tree-borne soft mast (Prunus sp.) (Eagle

1979, Beeman and Pelton 1980). Eagle (19560) found that the shift
from berries to hard mast in the Hannah Mountain area (within the
area of this study) occurred during September. This change in the
available food resource and the differences in the distribution of
these resources appears to be reflected in the seasonal differences
in home range size. PRoth males and females exhibited significantly
larger (P<0.05) home ranges in the fall than in the spring/summer
Table 4). Gaylussacia spp. and Vaccinium spp., the main berry-
producing species in the area, are found in continuous, sometimes
very dense, mats along ridge tops and an 2lmost all soutiiern exposures
down through the upper 2/3 of the ridge (Harmon 1981, pers. obser.).
In contrast, the hard mast producers (Juzrcus spp., Carya spp., Fagus
sp.) are more widely dispersed in the area, alrhough small, pocket
concentrations of these species zan be egncountered (Harmon 1930,

Garshelis and Pelton 1980, pers. observ.). Thus, bears roraging in
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the summer can stay with the food resource almost constantly, while in
the fall bears must travel more to find food. Trees producing hard
mast were found in higher concentrations in the study area of Garshelis
(1978) in the GSM¥P and no difference in the sizes of spring/summer
and fall home ranges was found within the sexes of bears of that
study.

Learning should have important effects on an animal's ability
to utilize food sources efficiently (amount of food found/distance
moved). Thus, young animals, either through experimentation or
transfer of information from the parent, are likely able to determine
areas where the available foraging reward is highest, given the time
of year.

If the above is true, one effect that can be expected is a
reduction in home range size with time as the animal becomes acquainted
with the dynamics of the food regime in the area. Of the 8 home
ranges of bears in this study where 2 years of data are available,
home ranges of 5 bears remained relatively stable and 3 displayed drastic,
significant (P<0.05) decreases in size with increase in age (Table 4).
Sccial influences and vearly fluctuations in the food supplv can also
modify home range size, but this decrease was accompanied by weight
increases expected in the early age classes (Eiler 1981) and the

resu ltant increase in metabelic needs. Tt is intere

wi

ting to ncte also
that the mean annual home range size for subacult females is smaller

than the mean annual home range size of adnlt females (Table 4).

D

Although sample sizes are small, this may reflect the different social



influences on the sexes since subadult and adult males display little
difference in mean annual home range size (Table 4).

Social relationships of cryptic species, such as black bears,
are difficult to ascertain because direct observation of conspecific
interactions in the wild is rare. Using radio-telemetry, some inferences
can be made about how bears relate to each other spatially. Home range
overlap was analyzed for the study area when sufficient information was
available. Since all bears were not radio-collared in the area, a
full assessment cannot be made, but some suggestions can be. In
1979, the only year with several annual home ranges available, extensive
overlap was recorded for adult males, but very little for adult
females (Fig. 10 and Fig. 11, respectively). Males averaged 50% overlap
with other males; females averaged 117 overlap with other females.
Rogers (1977) presented evidence that adult females were at least
partially territorial in his study area, showing little tolerance
for other females within their home ranges. Information from this
study may be a reflection of a similar situation in the GSMNP. Anocother
feature which Regers found is that female offspring were able to
establish hom= ranges within, or with a high degree of overlap of,
their mother's home range. Garshelis (1978) presents evidence for
this social organization in the GSMNP. The high degree of overlap
(Fig. 12) and the age differences between bears E7 and 403 may bhe a
consequence of this feature (E7 was 7 to 9 yvears old, 403 was 3

yvears old).
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Distance between U.T.M. grid tics = 5 km.

Figure L1, Annual home ranges ef 3 female black bears in the
GSMNP, 1979.
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Notable Movements

As stated earlier, many large movements were recorded feor the
radio-collared bears in this study. Many of these movements are
of interest from a land management point of view in relation to Park
boundaries and hunting or they display interesting or unusual patterns.
An extensive movement is defined as one in which a bear moved from
its defined normal area at least a distance equel to the width of
the normal area, or movements which showed little centralization over
a large area; 7 bears made 8 such movements. None of the bears was
over 5 years old (average age 3.1 years); 6 of the 7 were males. Two
of the 8 movements terminated in the bear being shot to death, 1
legally, 1 illegally. All & movements occurred between 1 August and
8 Mecember. Appendix F presents the information related to these 3
movements. The 3 largest movements are worthy of note.

Bear 401, a male, was first captured 28 June 1978. His follow-
ing radio-locations were highly localized for July and early aAugust of

that year. The last radio location on 401l for 1978 was on 1Z August

[
v
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n

extensive aerial searches did not relocate the bear. On 24 September
401 was captured by state wildlife officers in Hartford, Tennessee,

appreximately 70 km east northeast of his nowmal range. The cfficers

"

removed the radio-collar (which was still

[ 3

uncticning) and transported
401L to Andrew Johnson Wildlife Managsment Acea, approximately 235 kn
further from the study area, whore he was released. On © June 1979,
40l was retrapped in the study area, thus displaying an example

of homing over 94 km. The bear was recollared and routinely lucated

in the study area through Qctober of 1979. His Uctober home range



was a relatively small 15 kmz. On 3 November, 401 was located from

the air 8 km northwest of his 31 October location which was within

his normal home range. On 5 November he was located near the 3 November
location. On 7 November the collar was found in Chilhowee Reservoir.
Reports from people in the area were that 401 was seen swimming the
reservoir in the afternoon of 6 November, moving in the direction of

the Park. Poachers trailed the bear with dogs and killed it shortly
after it exited the water.

Bear 406, also a male, was captured on 13 August 1978, as a
yearling. Between 18 November and 27 November he moved 10 km north,
to the edge of the study area and the Park and back south to the North
Carolina-Tennessee border. On 10 October he was located in Cherokee
National Forest, 20 km southwest of his mnormal home range, where he
remained through 9 November (Fig. 13). On 18 November he was located
back in the study area and soon returned to his spring/summer home
range where he denned.

Bear 411, also a male, was trapped 25 August 1978. On
1 September he was located in the study area but contact was lost
on subsequent days until extensive aerial searches succeeded in locat-
ing him about 8 km west of Robbinsville, North Carclina, in the
Snowbird Mountains, 26 km south of his previcus location (Fig. 13).
The last 3 lecations cn 411 docament his return ner:th and then back

soutli, a straight-line distance cof at least 25 km cn each leag:

U~

(1) 18 Octoher, located about 10 km west of Rebbinsville, (2) 24 October,

located near the southern end of Calderwecod Lake, just ocutside of the
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GSMNP, by bears 406 and 411, 1973,

60



61
Park, and (3) 3@ QOctober, killed in a legal hunt in the Snowbird
Mountains.

Movements such as the ones described above are not unheard of
in the GSMNP and are not unusual for black bears in general, but the
reasons for them are far from fully understood. Tag returns by
individuals and by state game agents in North Carolina and Tennessee
have decumented several extensive movements by wild black bears in
the GSMNP, but few have been documented with telemetry. Garshelis
(1978) documented at least 3 such extensive movements, 2 of which
ended with the bear's death from hunters outside of the Park. Rogers
(1977) reported many such extensive movements, several of which were
called dispersal movements. Since the birth places of the bears in
the Bunker Hill area were not known, it is unclear how their movements
can be viewed in terms of dispersal. However, tracking success increased
with time as bears reduced and centralized their wmovements, indicating
the beginning of establishment of stable home ranges, it is likely that
dispersal had already occurred with most individuals. Information
on estrus presented by Eiler (1981) indicates that most mating activity
by black bears in the GSMNP ceases by mid-August. Thus, the young
age of these animals and the fact that reproductive pressures were
small, if not non-existent, by the time these movements occurred,
indicates tnat breeding influences are not likely the cause of these
movements.

In view of the abouve, it appears that the fooud resource is
responsible for the large movements but social pressures are also

implied. Since these movements all were recorded in the late summer
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or fall months, they could be a response to the patchier distribution
of hard mast than berries; these extensive movements would be required
in order to meet metabolic needs.

The lack of females with extensive movements also implicates
social influences as a major cause of such movements. Rogers (1977)
found that young female black bears were able to establish home ranges
next to or overlapping their mother's home range, whereas males
dispersed to establish home ranges in other areas. Garshelis (1978)
also found evidence that this same organization was taking place in
the GSMNP. Females would show much more cohesiveness to an established
area than males.

In relation to Park bordars, of the 21 back-country bears
radio-tracked during this study, 5 males and 1 female (28%) were
located outside the Park boundaries at some time. These bears moved
from the Park to the outside lands at least 15 times during all
months except Pecember. The unpaved Parson Branch Road did not act
as a boundary to bear movements and in fact, transected the home ranges
of many bears. State highway 129 also did not appear to hamper bear
movements; all bears that moved to the area outside the Park cressed

the highway. Although the edge of Calderwood Reservoir acted as a

[}

small section of the horder of the home range of 1 bear (E7), the
locatiens of 3 other bears led to the conclusion that they swam

reservoirs in the area a minimum of 8 times, indicating that water

was not a barrvier to movemants.
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Diel Movements

Diel movements of bears from this study were difficult to
interpret because of problems with sampling. When diel radio-tracking
was performed from stationary mast antennas, only the bears that were
in the core of the study area could be monitored. This usually pre-
sented no problem in the summer because most animals were present
there; but it was difficult to find enough animals in the core area
during the fall months to make diel tracking worthwhile. As a result,
sample sizes in the fall, especially for males, were small and
interpretation of the results must be viewed with care. Also, because
of the small sample sizes, significance tests were not performed on
data from males in the fall.

The only significant difference (P<0.05) between daily movement
parameters (Table 5), tested over season and sex, was in circuity.
Males had significantly less circuitous travel reutes than did
females; this would be expected given the much larger home ranges of
males. But other parameters (i.e. rates of travel) do not reflect
greater movement of animals in the fall than in the spring/summer
that would be expected given the larger fall home ranges. This is
probably not reflected due to the sampling limitations as mentioned
earlier; the bears that were not on long forays were apparently
very sedentary.

No sex differences were noted in the ccmparison of hourly
movements (Table 6) but overall travel rates for the "diurnal' hours
(0600-2200) were significantly (P<0.05) greater than those for

"nocturnal" hours (2300-0500). The above was true for both



Table 5. DBaily movement parameters of black bears in GSMNP, 1978-~1979 (distance in kilometers).

Lotal Daily Movement Net Daily Movement Circuity __baily Range Length

Category X S.D.  Max. n X S.D. n X S.D. n X S.D. Range n
Spring/sunmer

Females 9.0 3.4 0 16.8 8 0.8 0.3 8 0.1 0.1 8 2.1 0.4 1.5-2.5 7

Males 8.8 4.0 14.2 9 1.4 1.4 9 0.2 0.2 9 2.1 1.2 0.8-5.1 11

Total 9.2 3.7 - 17 1.1 1.1 17 0.2 0.1 17 2.1 1.0 - 18
vall

Femal os 7.8 3.2 13.3 5 0.7 0.2 " 0.1 0.0 5 1.4 0.6 0.9-2.3 5

Males 5.0 2.3 6.3 2 0.6 0.2 2 0.1 0.0 2 0.9 0.3 0.7-1.1 2

Tatal 7.0 3.1 - 7 0.7 0.2 7 0.1 0.0 7 1.2 0.5 - 7




Table 6. Hourly movement parameters of black bears in GSHNF,
1978-1979 (km/hr).

Mean Diurnal Mean Nonturnal
(0600-2200) (2300-0500)
Rate of Travel Rate of Travel .
- — Maximum
Category X (s.D.) n X (§.D.) n Hourly Rate
Spring/summer
Females 0.46 (0.16) 11 0.27 (0.09) 7 0.70
Males 0.46 (0.22) 11 0.21 (0.11) 10 0.59
Total 0.46 (0.19) 22 0.24 (0.11) 17
Fall
Females 0.43 (0.18) S 0.27 (0.20) 6 0.56
Males 0.25 (0.12) 2 0.14 (0.06) 2 0.27

Total 0.37 (0.18) 7 0.24 (0.18) 8
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spring/summer and fer fall seasons. This higher rate of movement of
bears for the "active" period is expected given the activity pattern
displayed by bears in this study (p. 35). The maximum hourly rate

of travel recorded overall was 2.3 km, by a male (401), during daylight
hours.

Garshelis et al. (in press) compared the daily and hourly
movement parameters of black bears in the Bote Mountain area of the
GSMNP to those of the present study. Comparisons during fall, again,
are probably not justified due to small samples. However, most
differences between the 2 areas occurred in spring/summer. Hourly
rates of movement of bears for this season, both diurnal and noc¢turnal,
plus total daily movements, were significantly greater (P<0.05) in
the Bunker Hill area than in the Bote Mountain area, for males and
females; this may reflect the different age structures betw=zea the
2 areas or different food regimes. The mean age of radio-coilared
bears, and of the subpopulations in general, for the 2 areas were

significantly different (P<0.05); the Bunker Hill area had youn

D

T

[§

g
bears. Thus, the greater movements of bears in the Bunker Hill ares
may be a reflection of the instability in the younger age classes
as they weve estzblishing home ranges and becoming familiar witu
consperirics and the food availability of those areas; older bears
had likely established this familiarity and, thus, require less
movenent.

Habitat differences in the 2 areas may also produce dif ferences
in the rate of travel of bears due to different foraging strategles

recuired. Carshelis et al. (1981) speculated that the contrasting



food regimes of the 2 areas, especially in the late spring and early
summer, required the bears in the Bunker Hill area to travel longer
distances. Citing food habits work by Eagle (1979), they pointed out
that the herbaceous diet of the Bote Mountain bears likely required
less movements by bears than the diet of berries (Vaccinium spp.)

and squawroot found in the Bunker Hill area for spring/summer.

Habitat Utilization

From the total of 1619 locations obtained on 22 black bears,
1058 were coded into the IMGRID system for analysis of habitat utiliza-
tion. The loss of 561 locations (35%) is due to locations outside
the 5300 ha IMGRID coded area and to presence-or-absence coding which
does not allow more than 1 location per cell (1 ha). The presence-
or-absence coding system can also cause reduced sample siz2s when sex,
age, and season groups are combined to form new elements for analysis
(i.e. subadult male locations combined with adult male locaticns =
male locations). The coded bear locations were used to analvze
utilization of predicted areas of hard mast producing ovarstacy,
oradicted areas of soft mast understory (heath), use of areas in

proximity of roads and trails, and elevativnal distriwution.

Urilization of Mast Producing Overstory

The search using the predictive model for mast overstory (p. 21
and 2ppendix &) found that half of the 3300 ha was considered to
be mast-producing (2650 ha). An overall chi-square analysis of the
nmazt and non-mast arcas revealed significanc difr erential use by

bears (P<0.01, Table 7). The Benferroni approach (Neu et al. 1974)



Table 7.

Locations Proportion of
Total Froporcion of Locations in Expected Locations in Confidence
Category Area (ha) Total Aread Catepory in Category Category Interval®
Mast 2050 0050 589 529 0.957 0.527 -~ 0.587
Non-Mast 263 0. 50 468 529 0.443 0.413 - 0.473
Total 5360 1as7

Utrilization of predicted mast overstory by 22 black bears in the GSMNP, 1978-1979.

4 Proportion of tutal urca represents expected bear locations as if bears occurred in each

type 1

b caleal:

(i.e. d

LTI

Vopropertion to its availabilbicy,

wved by waltiplying proportion of total darea x total locations
Johid ok 10a7 = 52y,

srmuel tanesus, 957 individoual (New ot al. 1974).

89
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was used to determine the area and degree of differential use. Mast-
producing areas were used more than expacted by bears and non-mast-
producing areas were used less than expected (P=0.10). To further
test this differential use, sex, age, and seasonal breakdowns weare
tested.

Males were found to use areas of mast-producing tress in
approximately the expected proportion (P>0.10), whereas females
displayed a preference for these areas (P<0.10, Tables 8 and 9,
respectively). Age was also found to be a significant influence on
the differential use of the areas of mast-producing trees when sub-
adult and adult groups were tested (chi-square, P<0.01, Tables 10
and 11, respectively). Both groups used the mast areas mere than
expected but adult bears had a stronger preference (Table 1l) than
did subadults (Table 10) who were only slightly into the significant
range (P=0.10 simultanecus, P=0.05 individual). Over the 4 saasonal
groups (spring, summer, Septembzr, fall) no differential use of
mast areas by bears was found (chi~square, P>»0.10). However, when
tested individually, sprinz (Table 12) and Seprember (Table 13)
bear locations still displaved no significance (P>0.1G) while beth

<
L

summer (Table 14) and fall (Table 13) bear lccativns displaved a
marked preference for the areas ol mast-producing trees (P<0.10),
in approximately aqgual de:

e A2 .. . . . - BT R 3 P : F R
the sex differ in mast area utilization found in the Buunker

Hill area is in contrast to that found oy Garshelis and Pelton (1931)

in the Pote Meuntain arca orf the GSMNP., Whereas females displayed a

preference for the wast areas in this study, in the Bote Mountain



Table 8. Utilization of predicted mast overstory by 12 male black bears in the CSMNP, 1978-1979.

Locations Proportion of
Total Froportion of Locatlions in Expected Locdations in Confidence
Catepory Arca(hal Total Aread Catepory in Cutuﬂnryb Category IntervalC
Mast Zohl) 1,50 268 261 0.512 0.469 - 0.555
Hon-.ast 2051 0.50 255 261 0.4884 0.445 -~ 0.531

Total S0 523

4 Proportion of total arca roprescats expected bear locations as iF bears occurrved in each
type I proportion to its availability.

b caleulated by mnttipiyineg proportion of total area x total locations
(Loe. 0050 % 523 = 2600,

C y0% sinal tancous, Y957 individoal (Neu et al. 19724).

0f



Table 9.

Utilization of predicted mast overstery by 10 female black bears in the GSMNP,

1475-1979.

Catuepory
Mast
Non-Mast

Tatal

4 Proportion
Uype Litop

bogitculated
ti.e. 050

S 907 simult

Aredlha)d

dncons, 997

Locatrions Proportion of
Taral Proportion ot Lovations in Fxpected Locations in Confldence

Total Aread Catepory in (Ju(.uy‘uryb Catepary luterval®

269 .50 373 306 . 604 0.520 - 0.648
Tehi) (.5 239 308 0.7391 0.352 - 0.430
RS tl2

ot total area represents cxpected bear locations as it bears occurred in each

roportion to its avallability.

by multiplying propoviion of total area x total locations

et o= J0o).
1974,

individoal (Neu et al.

1L



Table 10. Utilization of predicred

1978-1979.

Tt ol Proputt ian ol

mast overstory by 14 subadult black bears in the CSMNP,

focarions
Fxprected

Proportion ot

Locatrions in lLocat tons  in

Confidence

Cotteneyy Aveaihy) Total Arveqd Catepory Lt (:.ilt",',()t'yb Catepory Interval®
Mast Jun0 0.0 271 248 0.4h47 0,503 - 0.591
Non-Mas o Ferhid .50 274 248 0.453 0.409 - 8.497
Totral RIS 495
A Proportion of total area represents expected bear locations as if bears occurred in each

type In prosortion to its avallabilivy.
b Cateulated by nuitviplying proportion of total area x total locations

(ives (0050 x 4495 = 248),
S 90% simul cineons, 997 individual (Neu et al. 1974).

~.i



Tabls 11. Urildizacicn of predicted mast overstory by 14 adult black bears in the CSMNP,
1978-1979,

lLocations Propoction of
Tolai Proporviion of Locationg in kxpected Locations in Confidence
Calepury Aveatho) Tutad Arend! Calepory in (qu»‘mn‘yh Catiepory Interval®
Mast 2050 .50 359 316 0.5%e8 U.529 - 0.607
Non=tlist 2650 0.50) 273 316 (.432 0.393 - 0.4
Toral S0 ei2

A4 Proportion of total arca represents expected bear locations as if bears occurred in each
fype in propovrtion to lts availability.

b Caleuluced by mulciplying proportion of total arca x total locations
{(l.e. 0000 = 632 < Sl6).

CG0% syaulvancous, 997 individual (Neu et al., 1974).

194



Table 12, Utilization of predicced mast overstory in spring by 7 black bears in the CGSMNP,
1973-1979.

Locations Proportion of
Total tropuort ton ot Locations in Expected Locations in Confidence
Catepory Area s ha) Teral Areadt Catepury in Cat.ngoryh Category IntervalC
Mast J6 50 .50 46 41 0.561 0.45%4 - 0.6868
Non-Mast 2690 0,50 36 41 0.4739 0.332 - 0.546
Total PRISIY: g2

A Propocticon of total area represent s cipected bear locations as if bears oceurred in cach
type dn propurtion to its avatlability.

Caleulated by wultiplving proportion of toral area x total locations
(lee. 0050 x 82 <= 415,

C50% srmuelcancons, 97 individual (Neu et al. 1874).

%!



Table 13. Utilization of predicted mast overstory in September by 16 black bears in the GSMNP,

1978-15979.

focarions Proportion of

total Propariton ot Locations in Expoeuvted Locat iong In Confidence
Catepaory A ciid g Toto b Aread Categury in Catepory? Catepory Interval®
Mt DEyt {1, h0 1 8¢ 0.%31 0.4664 - 0.598
Hon=tant IS Y VY 94 o6 U.669 0.402 - 0.536
JESRANE G 4 211

dobropartion of tural dared repcesent s expected bear locations as if bears occurrved in each
cvpe in proporcios to its avallability,

B Calenlared by multiplying proportion of toral area x total locations
{Loe. OU30 x 201 = 106).

Y0y simul taneous, 95% individual (Heu ot al. 14974).



Table 14.

Caterory

Non-Mast

fotal

Utilization of predicted mast overstory

1978-1979.

Potal Fropovtion of
e b)) Total Areadt
265 (.50

265Q) .50

5300

4 Proportion of total area represents

Uype 1in

proporvtion

49

its availability.

i

ocalions

2064
202

466

btz ory

in
o

in summer by 22 black bears in the GSMNP,

Locations

fx pect ed

in

expected bear locdations as

i’\'s!v,’,nn'yb

b Calenlated by mulciplying proportion of tutal arca x total locations

{i.e.

C oy

0.5 x

stwul fancous,

233).

L0 6 s

957 individuaal

(Nou

ol

al.

19745 .

Proportion of
Locations in Confidence
Category Interval®
.57 G.522 - 0.6172
G.437 0.388 - 0.478
if bears ocvcurred in each

9¢



Table 15. Utilization of predicted mast overstory in fall by 14 black bears in the GSMNP,

1978-1979.
locations Proportion of
Total Proportion ot Locations 1In Expected Locations in Confidence
Category Arca(ha) Total Aread Category in Categoryb Catepory luterval €
Mast 1650 0. 50 180 161 0.%561 0.914 - 0.608
Non-Mast 2650 .50 141 161 0.439 0.392 - 0.48¢6
Total 5300 321

4 Propurtion of total area represents expected bear locations as if bears occurred in
each type in proportion to its availability.

b Calculated by multiplyving proportion of total area x total locations
(f.e. G.50 x 321 = 1bl).

€ 90% simultuneous, 957 individual (Neu et al. 1974).

LL
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area it was found that males showed a stronger attraction to such
mast areas than did females. Males shifted to areas of oak concentra-
tion while females usually shifted to a lesser degree. In the Bunker
Hill area, large shifts by males were also common in the fall but
these movements often took males outside the IMGRID area of analysis.
Perhaps these outside locations were in areas of high mast concentra-
tion and if analyzed would reveal male attraction to oaks as well.
But these outside movements exhibited no tendency toward a central
area as was found with bears of the Bote Mountain area (Garshelis and
Pelton 1981:918-119). Rather, the movements of males in the Bunker
Hill area in the fall produced a dispersed pattern of locations with
some clustering of points for short periods of time; analysis of the
habitat in these areas was not undertaken.

The differences between sexes in the use of areas of mast
trees in the Bunker Hill area may be due to social influences. If
it is assumed that female offspring are able to establish home ranges
within or overlapping the home range of their mother, while male
offspring must disperse (p. 58), then young females may have a distiact
advantage in familiarity with locations of sources of food. During
the time that cffspring travel with their mother (1-1 1/2 years)
they not only learn what to eat but also the location of sources of
food within the home range of the mother. When the cffspring leave
their mother, the female ofispring are likely able to take immediate
advantage of their knowledge of the area because they are able to
utilize, at least partlv, the area with which they are familiar.

Males, on the other hand, must establish residence in a new area
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socially, and must learn the dynamics of the food sources there. Thus,
the foraging efficiency of males and resultant preferences for certain
areas may not appear until the ages of 5 or 6 when they have dispersed,
established a stable home range, and had sufficient time to encounter
the variations in spatial concentrations of food sources.

In addition, Garshelis and Pelton (1981:918) found that
heavier (likely dominant) males used areas of higher oak ceoncentrations
in the fall than did lighter (likely subordinate) males. The 3
heaviest males in their study were between 93 and 117 kg. 1In the
Bunker Hill area only 1 male was known to have reached 90 kg and this
bear removed its collar twice, was never radio-tracked for more than
3 months, and was never tracked during the fall months when the

preference for mast type should be strongest. The othier 2 large male

w

of this study, 401 (82 kg) and 417 (86 kg), likewise were not radio-
tracked for long periods (Fig. 1, p. 6). As a result, data on larges
males are inadequate to make conclusions about their use of mast tree
areas or the effect that these larger males may have on utilization
of mast tree areas by smaller males.

The higher degree of preference for areas of mast trees
shown by adult bears over subadult bears may be a reflecticn of the
doninance by larger and likely older bears suggested by Garshelis and
Pelton (1981) since older bears tend toc be heavier (Eiler 1981).
However, this also may be interlaced with the effect of learned
behavior. 1Increased age should result in increased experience with
the variabilities in success of foraging in an established area.

Increased experience should result in an increased preference for
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areas where important food sources exist. This positive reinforcement
was demonstrated by Herrstein (1971) with animals in experimental
situations. Where black bears now exploit human foods, especially in
national parks, it has been suggested that this is a learned behavior,
rewvarded by food, in which they have overcome innate fear of humans
(Graber 1981, Eagar and Pelton 1978). Rogers (1977) found that female
black bears with experience outside of their normal home range would
move out to utilize these areas during years of food scarcity, resulting
in higher reproductive success in these individuals. In the same study,
it was found that older bears were less prone to nutriticn-related
mortality than younger bears, again possibly an example of the important
role which experience and learning play in foraging success.

Seasonally, the preference found for the areas of mast trzes
in the fall (Table 15) is to be expected given that acorns are the
major focd item at this time. However, mast areas were also found
to be preferred during the summer; this may be a result of the overlap
of the mast and berry areas (berries being the major food in the
surmer). A comparison of the predictive model for mast (Appendix &)
with that for heath (Appendix B) shows that 4 of the 9 combinations
used to predict mast everstory were also used to predict heath under—
story. Thus, use of mast areas by bears during summer may reflect
understory preference rather than overstory preference since acorn
fall in eastern Tcnnessee normally does not begin until late August
(Strickland 1972:16). Since acorns do not begin to fall until late
August, one might expect to see a preference for the mast areas in

September, but this was not found. 1In fact, although not significant
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(P>0.10), in September mast areas were used with less frequency than
their proportion of occurrence overall (Table 14); the protracted berry
season (p. 38) may be responsible for this because, although acorns

may be available in September and even offer nutritional superiority
over berries (Eagle 1979), there may be little incentive to move to
mast areas if berries continue to be abundant. The above is especially
true if bears can utilize both sources in the same area (as found

above in comparing the 2 predictive models). Alternate food sources
may also complicate this picture. Although Eagle (1979) did not find
grapes (Vitis spp.) to be a food item in the area in either year of

his investigation (1976-1977) all 5 scats collected or observed during
September 1978 in the Bunker Hill area contained over 807 grape frag-
ments or pulp (pers. obser.). 1In years of grape abundance bears

may switch from berries to grapes in the early fall before switcaing

to acorns. Eiler (1981:73) also noted the abundance of wild grapes

in 1978 and suggested that grapes may have a cushioning effect on black
bears as an alternate food source in years of hard mast scarcity.
Garshelis and Pelton (1981:919) found evidence that the abundance of

black cherry (Prunus serotina) in a bear's spring/summer home range

may delay movement to areas of oak abundance until cherries beccme

scarce in October.

Utilization of Heath Understory

Berries of the genera Gaylussacia, Vaccinium, and Rubus were

found to be the major summer food items of black bears in the GSMNP

(Eagle 1979, Beeman and Pelton 1980). In the Bunker Hill area of
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this study, Rubus sp. (blackberry) is of only minor importance in the
diet of black bears, occurring in small, highly dispersed patches
(pers. obser.). Eagle (1979) found that blackberries made up less
than 5% of the summer diet in the Bunker Hill area (Hannah Mountain
in Eagle 1979 = Bunker Hill area). On the other hand, Gaylussacia spp.
(huckleberry) and Vaccinium spp. (blueberry) are found in abundance
on the ridges of the Bunker Hill area. Eagle (1379) found that these
2 genera combined made up 65% or more of the summer diet of black bears
in the area. The remainder of the summer diet was made up of small
percentages (usually less than 5%) of grass and herbacecus material,

squawroot, serviceberry {(Amelanchier arborea), sassafras (Sassafras

albidum), and insect and mammal remains. In addition, it was found
that huckleberry and blueberry made up large prcportions (17 to 527
of the late spring and early fall diets of black bears in the Bunker
Hill area. Therefore, areas of abundance of these 2 types of berries
would be expected to be a major influence on where bears were located
from late May through September.

The model for heath was used to predict areas of occurrence of

the following species: CGaylussacia ursina, G. baccata, Vaccinium

vacillans, V. hirsutum, and V. stamineum (Appendix B). The model was
applied to the entire IMGRID study area (5300 ha) and found 1449 ha

of heath (257 of 5300 ha). @®verall, a chi-square test revealed no
significant differential use by bears (P>0.50) of heath or non-heath
areas (Table 16). Sex, age, and seasonal breakdewns of bear locations
were used to test for differential use that may be hidden in overall

testing., No significant differential use of heath area was found



Table 16. Utilization of predicted heath understory by 22 black bears in the GSMNP,

0.313

0.741

1976-1979.
Locations Praportion ot
Total Froportion of focations in Expected Locations in Confidence
Catepary Area (ha) Total Areat Catepory in Ea(u“uryh Catepory Interval®
Mast 1449 0.273 3073 289 0.286 0.259 -
Non-Heath 3851 0.727 755 769 0.714 0.687 -
Total 5300 1058

4 Proportion of total area represeats expected bear locations as 1f bears
type in proportion to its availabilicy.

b galceulated by mulriplying pruportion of total area x total locations
(f.e. 0.273 x 1058 = 2§9).

€ 90% simultancous, 992 individual (Neu et al. 1974).

occurred

in each

£8
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(P>0.10) in any of the comparisons (Tables 16 through 24) except that
of females (Table 18). Females displayed a preference for heath areas.
This preference for heath by females and not by males may be a result
of the same influences that brought about such differences in use of
areas of mast trees (p. 78), i.e. familiarity with locations of food
sources. The above adds strength to the idea that the adherence of
females to areas generation to generation is an advantage over the
situation for males, especially in the early years of life. The
pattern, evidence, and ideas presented in the previous section on use
of areas of mast trees are further strengthened by the following
comparison of bear age groups in heath area utilization. Although the
utilization of heath by subadults and adults (Tables 19 and 20,
respectively) was not significant in either case (P>0.10), adults
displayed a higher degree of association to heath than subadults.
Learning may also be implicated here as it was with the examination
of usage by bears of areas of mast trees (p. 80).

Overall, though, the lack of preference for the heath type, in
light of its importance as a good item, is worthy of note. Several
factors could be involved. First, since breeding occurs during the
summer, movements (and locations) may be related to factors other
than foraging. Secondly, the diet of bears in the summer months is
nuch more diversified than in the fall. Eagle (1979:40) found as many
as 10 separate food items in the summer diet of black bears in the
GSMNP. In contrast, a maximum of 5 items made up the fall diet. One
item, oak, made up 83% of the fall diet in the Bunker Hill area

(Fagle 1979:46). Therefore, with alternate food sources available



Table 17. Utilization of predicted heath understory by 12 male black bears in the GSMNP,

1978-1979.
Locat ions Proportion of
Total Proportion of locations in Expected ; Locations in Confidence
Catepary Arca(ha) Total Aread Catepory in Catcgoryb Category Interval®
Mast 1449 0.273 125 143 0.239 0.202 - 0.276
Non-tivisth 3851 0.727 399 ig1 0.761 0.724 - 0.798
Total 5300 524

4 Praportion of rotal drea represeats expected bear locations as if bears occurved in cach

type 1o proporiion to its availability.

b caleulared by multiplying proportion of total area x total locations
(l.eo 0273 x 524 = 143).

€ Y07 simul taneous, 997 individual (Neu et al. 1974).



Table 18.

Cat Tepyary

Mast
Non=tHeath

Total

Utilization of predicted heath understory by 10 female black bears in the GSMNP,
1978-1979.

Proportion of
focarions in
Catepory

Locat ions
Fxpeeted
in Catvaoryb

Conftidence
Interval®

Locations in
Calegory

Total
Area(ha)

Proportion of
Total Arevad

T4y 0.273 195 167 0.320 0.283 - 0.357
451 n.727 H15 444 0.680 0.643 - 0,717
5300 610

4 Proportion ot total area represents expected bear locations as if bears occurred in each
type din proportion to its availability.

b Caleulated by mulriplying proportion of total area x total locations
(i.e. 0.273 x 610 = 195y,

C90% simul tancous, 95% individual (Neu et  al. 1974).
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Table 19. Utilization of predicted heath understory by 14 subadult black bears in the GSMNP,

1978-1979,
Locatians Proportion of
Tutal Froportion of Laocatrians in Kxpected Locations in Confidence
Catopory Area (had Total Arvead Catepory in {Ia[.egoryb Catuepory Interval®
Mast 1449 0.273 127 135 0.25%8 0.218 ~ 0.294
Non-tleath 3851 0.727 369 361 G.744 0.706 - 0.782
Total 530 496

a Proportion of total arca represents expected bear locations as 1f bears occurred in each
type 1o proportion to its availability.

b Caleulated by multiplying proportion of total arca x total locations
(i.e. 0.273 x 496 = 13%5),

€ 90% simultancous, §5% individual (Neu et al. 1974).
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Table 20. Utilization of predicted heath understory by 14 adult black bears in the GSMNP,

1978~1979.
Locations Proportion ot
Total Praoportion of Locations in Fxpected Locatluns in Confidence
Cateypory Area(ha) Total Aread Catepory in Cutegnryb Catepory Interval®
Hast 449 0.273 190 173 0.300 0.264 - 8.336
Non-Heath d85t u.72/1 [ 461 0.700 0.664 - 0.736
Total 5300 634

4 Proportion of total area vepresents cxpected bear locations as If bears occurred in each
type In proportion to its availability.

b Caleulared by multiplving proportion of total area x total locarions
(L.e. 0,273 x &34 = 173).

907 simultancous, 95% individoal (Neu et al., 1474).
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Table 21, Utilization of predicted heath understory in spring by 7 black bears in the GSMNP,

1978-1979.
Locations Proportion of
Fotal Proportion of Locations in Expected Locations in Confidence
Categpory Arealha) Total Area¢ Catepory in Categoryb Category Interval®
Mast 1449 0.273 17 22 0.207 0.119 - 8.295
don-Heath 3851 0.727 69 60 0.793 0.705 - 0.881
fotal 5300 82

4 Propovtion of total area represents expected bear locations as if bears occurved in each

cype in proportion to its availability.
b caleulated by mualtipl
9

ying pruportion of total area x toral locations
(i.o. 0.27% % 82 = 22

€ Y0% simultaneous, 957 individual (Neu et  al. 1974).
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Table 22, Utilization of predicted heath understory in summer by 22 black bears in the GSMNP,

1978-1979.

Locat ions Proportion of

Total Pruportion of Locations in kxpected Locations in Confideuce
Catepory Aredtha) Total Areadt Category in Category® Catugory Interval®
Mast Taa9 0.273 121 127 0.260 0.220 - 0.300
Non-Heath 3851 0.7:27 345 3139 0.740 0.700 - 0.780
Total h 300 466

4 Proportion of toral area represents expected bear locations as if bears occurred in each
type n proporvtion to its availability.

b galeulated by multiplying proportion of total area x total locations
(i.e. 0.273 x 460 = 127).

C 90% simultancous, 957 individual (Neu et al. 1974).
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Table 23,

1978-1979.

Total
Catepory Arc. (ha)

Mast 1449
Non-buath 3651
Total 5300

8 Propartion ol rotal
type in proportion to

Proportion of

Utilization of predicted heath understory in September by 16 black bears in the GSMNP,

LLocations

Locdations in Expected

b

Proportion of

Locations in Confidence

ared represeat s expected bear

tts availability.

locations as if

bears

b Caleulared by multiplying proportion of total arca x tutal locations

(L.es 0.5 % 211 = 58).
€ 90% simultancous, 95%% individual (Neu o

oal. 1974) .

Total Aread Catepory in Catepory Catepory Interval®
0.273 68 58 0.322 0.259 - 6.385
0.727 143 153 0.678 0.615 - 0.741

211

occurred in each

16



Table 24.

Utilization of predicted heath understory in fall by 14 black bears in the GSMNP,

1978-1979.
Locations Proportion of

Tocal Proportion of Locations in Expected Locations in Confidence
Catepory Area i) Totul Aread Category in Ca[egnryb Category Interval®
Mast 1449 0.273 97 82 0.1424 0.271 - 0.377
Non=lcath 3891 0,72/ 202 217 0.676 0.623 - 0.729
Toral 5300 299

if bears occurred in cach

4 Pruoportion of rotal area represents expected bear locations as
type in proportion to its availabilitvy.

b Calcutated by mul tiplying proportion of total area x total locations
(Lee. 0,273 x 299 = 82).

Coyu% simultancous, 959%% individual (Neu et al. 1974).
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it may not be as important to strictly adhere to heath areas for focd
in the summer as it is to adhere to mast areas in the tfall.

Thirdly, the heath-predicting model may have faults. Of the 7
combinations of physical characteristics that predicted the highest
percentage of ground cover by heath, only 5 were used in the analysis.
The other 2 were dropped from analysis because field tests did not
find them to be sufficiently accurate. More intensive field testing

may not show this to be true.

Relationship of Bears to Roads

To test the effects of roads on bears, 2 types of rcads in the
IMGRID area were coded. The first is state highway 129 which forms the
western boundary of the Park. Travel on this road can occur 24 hours
a day, year round. This road will be termed a public access road.
The second is Parson Branch Road; this is a gravel road ounlv apen to
travel during the hours between sunrise and sunset from April through
October. This road was termed a limited public access road. For
comparison, Hannah Mountain Trail was added to the analysis to repres=nt
a feature of supposed light impact to bears. Hannah Mountain Trail
is open solely to foot travel, year round. The area within apprusimately
200 orf the roads and the trail was searched for bear locations and
tested against the number of locations found outside of th.es2 corridors.
¥ the torazl 53300 ha IMCRID area, the public access road and its
coerridor rmade up 326 ha (6.2%), the limited access read and its

corridor made up 419 ha (7.9%), while the trail and its corridor made

up 484 ha (9.17).
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Overall, chi-square analysis indicated a significant relation-
ship between the 3 categories and bear locations (P<0.001, Table 25).
The 3 were then tested (P=0.10) for individual relationships to bear
locations using the Bonferroni approach (Neu et al. 1974, Table 25).
Both road types were found to be avoided (P<0.10), the public access
road to a higher degree than the limited public access road. 0ddly,
the trail actually exhibited an attractive influence (P<0.10, i.e.
more locations were found in the corridor surrounding the trail than
were to be expected). The results indicate that bears not only avoid
roads, but the degree to which they do so is directly correlated to
the amount of traffic on the roads. This follows due to the fact that
Parson Branch Road is a one-way road from which all vehicles wmust enter
highway 129. Thus, the highway carries all Parson Branch Road traffic
plus other traffic along the border of the Park. In West Virginia,
both Miller (1975) and Brown (1930) also found that bears avoided areas
near roads. Brown found this to be true even when testing the area
out to 1 km from a road.

The apparent attraction of the trail is not likely to b= a
result of use by humans. In some national parks, including the CGSMND,
hears utilize artificial food sources along trails and roads (Eagar
and Pelton 1980, Graber 1981). This not only influences bear Lehavior
{Fagar and Pelton 1980, Hastings 1981) but probably their discributica

(Graver 1981:75). However, of the 3 secticns of the GSMNP that were

sazpled in food habits work by Eagle {1979), the Hannah Mountain area
was the onlv one in which no evidence was found for use of human foods

by black bears. 0On 4 cccasions, bears were sighted from Hannah



Table 25. Utilization of area within 200m of roads and trails by 22 black bears in the GSMNP,

19768-14979,

Locations Proportion of

Total Proportion of Locations in Expected Locations in Confidence
Category Area(ha) Total Area? Category in Categoryb Category Interval®
Public Access 326 0.062 16 66 0.015 0.007 - 0.023
Limited
Public Access 419 0.079 54 84 0.051 0.037 - 0.065
Trail 484 0.091 136 96 0.129 0.107 - 0.151
Other 4071 831
Total 5300 1057

8 Proportion of total area represents expected bear locations as if bears occurred in each
type in proportion to its availability.

b Calculated by multiplying proportion of total area x total locations
(f.e. 0.062 x 1057 = 66).

€ 902 simultaneous, 95% individual (Neu et al. 1974).
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Mountain Trail during the course of field work in 1978 and 1979. Each
time the bear ran directly away from the researcher. Reports of bear-
human incidents are rare, if not absent, from the Hannah Mountain Trail.
Thus, there is no evidence that bears in the Hannah Mountain or Bunker
Hill area are anything other than a "wild" population, utilizing only
natural foods. The reason for higher than expected bear use near the
trail likely is related to the natural habitat of the area. IMCRID-
generated maps of the Hannah Mountain area indicate not only a high
concentration of predicted mast overstory, but also of heath understory.
The maps revealed only moderate to low concentrations of the 2
vegetation types near either of the roads. It should be noted also
that neither road occurred on a ridge top; Parson Branch Road traveled
mainly in valley bottoms and highway 129 traveled the sides of ridges.
The Hannah Mountain Trail was on a ridge top. In the southern
Appalachians, ga%e trails are common on ridge tops and maintained trails
in the Park were likely developed from these game trails. Burstc (1979)
found that trees marked by black bears were most common on ridge tops.

The avoidance of roads by bears was further investigated using
sex, age, and seasonal subdivisions. With these subdivisions the
numbers became prohibitively low for analysis using the public access
road. Therefore, the limited public access road was testeu for sex,
age, and seasonal variation in bear proximity. Any variatious found
wich the limited public access rvad are probably present in relation
to tha public access road and perhaps intensified.

Females displayed higher avoidance of roads than did males

(Tables 26 and 27, respectively). Although female avoidance was



Table 26. Utilization of area within 200m of a limited public access road by 10 female black
bears in the CSMNP, 1978-1979,

Locations Proportion of
Total Proportion of Locations in Expected Locations in Confidence
Category Area(ha) Total Aread Category in Categoryb Category Interval®¢
Within 200m
of road 419 0.079 24 48 0.039 0.024 - 0.054
More than
200m from road 4881 0.921 588 564 0.961 0.946 - 0.976

Total 5300 612

4 Proportion of total area represents expected bear locations as 1f bears occurred in each
type in proportion to its availability.

b calculated by multiplying proportion of total area x total locations
(L.e. 0.079 x 612 = 48).

€ 902 simultaneous, 95% individual (Neu et al. 1974).
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Table 27. Utilization of area within 200m of a limited public access road by 10 male black
bears in the CSMNP, 1978-1979.

Locations Proportion of
Total Proportion of Locations 1in Expected Locations in Confidence
Category Area(ha) Total Aread Category in Categoryb Category Interval®
Within 200m
of road 419 0.079 32 41 0.061 0.040 - 0.082
More than
200m from road 4881 0.921 491 482 0.939 0.918 - 0.960

Total 5300 523

8 Proportion of total area represents expected bear locations as 1f bears occurred in each
type in proportion to its availability.

b calculated by multiplying proportion of total area x total locations
(1.e. 0.079 x 523 = 41).

€ 90% simultaneous, 95% individual (Neu et al. 1974).

86
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significant (P<0.10) and male avoidance was not (P»0.10), males were
a borderline case. Brown (1980) also tested sex differences in
avoidance of roads. With a 1 km border area on either side of the
roads, males showed a higher degree of avoidance than females; with a
0.5 km border area, the degree of avoidance was reversed (Brown 1980:
68-71). Overall, Brown found that males avoided roads more than
females.

Although both subadults and adults were found less than expected
within 200m of the road (Tables 28 and 29, respectively), adults avoided
the area more intensely. Once again, as with the use of predicted mast
(p. 69) and predicted heath (p. 83) areas, this age dimorphism may be
the result of learned behavior. The more experiences with roads that
a bear has, assuming they are negative experiences, the stronger will
be its avoidance.

Seasonally, bears were found less than expected near roads in
spring, September, and fall (all P<0.10, Tables 30, 31, and 32
respectively) but they were found in these areas in approximately the
same proportion as availability in summer (P>0.10, Table 33). The
results from spring should be viewed with caution because of the low
number of observed locations (n=2). 1If vehicle traffic were directly
responsible for the finding that bears avoid roads, then there is no
reason why bears in the fall snhould exhibit the strongest aveldance
(excluding spring); Parson Branch Road is closed to almest all traffic
during Novembar and December. However, traffic is especially high
during the color change of deciduous trees in early fall. 1t is

possible that after a relatively constant flow of trarffic all suruner,



Table 28, Utilization of arca within 200m of a limited public access road by 14 subadult
black bears in the GSMNP, 1978-1979.

Locations Proportion of
Total Proportion of Locations in Expected Locations in Confidence
Category Area(ha) Total Area8 Category in Categoryb Category Interval€
Within 200m
of road 419 0.079 26 39 0.052 0.032 - 0.072
More than
200m from road 4881 0.921 470 457 0.948 0.928 -~ 0.968

Total 5300 496

8 Proportion of total area represents expected bear locations as 1f bears occurred in each
type in proportion to ita availability.

b calculated by multiplying proportion of total area x total locations
(L.e. 0.079 x 496 = 39).

€ 90% simultaneous, 95% individual (Neu et al. 1974).
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Table 29. Urilization of area within 200m of a limited public access road by 14 adult black

bears in the CGSMNP, 1978-~1979.

Locations Proportion of
Total Proportion of Locations in Expected Locations in Confidence
Category Area(ha) Total AreaS8 Category in Categoryb Category IntervalC
Within 200m
of road 419 0.079 29 50 0.046 0.030 - 0.062
More than
200m from road 4881 0.921 602 581 0.954 0.938 - 0.970

Total 5300 631

8 Proportion of total area represents expected bear locations as if bears occurred in each
type in proportion to its availability.

b calculated by multiplying proportion of total area x total locations
(i.e. 0.079 x 631 = 50).

€ 90% simultaneous, 95% individual (Neu et al. 1974).

101



Table 30. Utilization of arca within 200m of a limited public access

3

Bears in the GSMNP, 1978-1979.

road in spring by 7 black

Locations

Proportion of

Total Proportion of Locations 1in Expected Locations in Confidence
Category Area(ha) Total Area@ Category in Categoryb Category Interval€®
Within 200m
of road 419 0.079 2 6 0.024 0.009 - 0.057
More than
200m from road 4881 0.921 80 76 0.976 0.943 - 1.009
Total 5300 82

8 Proportion of total area represents expected bear locations as 1f bears occurred in each

type in proportion to its availability.

b Calculated by multiplying proportion of total area x total locations

{i.e. 0.079 x 82 = 6).
€ 90% simultaneous, 95% individual (Neu et al. 1974).
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Table 31, Utilization of arca within 200m of a limited public access road in September by

t6 biack bears o the CSMNP, 1978-1979.

Locations Proportion of
Total Proportion of Locations in Expected Locations in Confidence
Category Area(ha) Total Area8 Category {n Categoryb Category IntervalC€
Within 200m
of road 419 0.079 9 17 0.043 0.016 - 0.070
More than
200m from road 4881 0.921 202 194 0.957 0.930 - 0.984

Total 5300 2n

4 Proportion of total area represents expected bear locations as 1f bears occurred in each
type in proportion to its availability.

b Calculated by multiplying proportion of total area x total locations
(L.e. 0.079 x 211 = 17).

€ 90% simultaneous, 95% individual (Neu et al. 1974).
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Table 320 Utrilization of area within 200m of a limited public access

Loears in the CSMNP, 19/8-1979.

road in fall by 14 black

Locations Proportion of

Total Proportion of Locations in Expected Locations in Confidence
Category Area{ha) Total Aread Category in Categoryb Category Interval®
Within 200m
of road 419 0.079 10 24 0.034 0.013 - 0.055
More than
208 from road 4881 0.921 288 274 0.966 0.945 - 0.987
Total 5300 298

4 Proportion of total area represents expected bear locations as if bears occurred in each

type Iin proportion to its availability.

b Calculated by multiplying proportion of total area x total locations

(1.e. 0.079 x 298 = 24).
C 90% simultaneous, 95% individual (Neu et al. 1974).
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Table 33, Utilization of area within 200m of a limited public access road in summer by
22 black bears in the CGSMNP, 1978-1979.

-

Locations Proportion of

Total Proportion of Locations in Expected Locations in Confidence
Category Area(ha) Total Aread Category in Categoryb Category IntervalC®
Within 200w
of road 419 0.079 33 37 0.071 0.048 - 0.094
More than
200m from road 4881 0.921 433 429 0.929 0.906 - 0.952
Total 5300 466
a

Proportion of total area represents expected bear locations as if bears occurred in each
type in proportion to its availability.

5 Calculated by multiplying proportion of total area x total locations
(i.e. 0.079 x 466 = 37).

€ 90% simultaneous, 95% individual (Neu et al. 1974).
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followed by a brief period (2-4 weeks) of heavy traffic that the area
around roads is avoided simply as a learned response. Hamilton (1978)
also found that bears avoided roads in the fall during his study in
North Carolina. In West Virginia, the month of most intense avoidance
of roads by bears was October for both males and females (Brown 1980:
62, 63). Hunting pressure may also have been an influence in both of
the aforementioned projects. Although hunting was illegal in the area
of this study, it does occur and could have been an influenze on bear
avoidance of roads during fall. During the course of this study 1
bear was founrd shot to death within 100m of Parson Branch Ruad awnd 1
hunting party with dogs was caught on the road by Park personnel. It
was not uncommon to find stray dogs in the area (normally those breeds

used for bear hunting) from August through November.

Relationship to Elevation

Sex, age, and seasonal groupings were tested for difierznces in
the use of elevation on the IMGRID analysis area. The mean elsvatisan
es was significantly different than that for females ‘PI0.053);
males used lower elevations than females (Fig. 14). Garshelis (1673
found that males used lower elevations during the fall in the Bote
Mountain area of the GSMNP, probably as a result of their utilizino

tor age differences, adults were found
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Seasonally, no diifference was found between the mean e=levaticns

used by bears in summer, September, and fall (P»0.05); however, mean
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elevation in spring was significantly lower than all 3 others (P<0.05).
Beeman (1975) found no difference in the use of elevation by bears
seasonally in the GSMNP. When the seasonal groups were broken down
by sex, no difference was found between mean elevation used by males
and females in the spring or summer (P>0.03) but there was a significant
difference between the 2 sexes in September and fall (P<0.05); males
were using lower elevations than females (Fig. 14). This is in agree-
ment with the findings of Garshelis (1978:43) who discovered no sexuzal
difference with respect to elevation in the summer, but males were
at lower elevations during the fall. In the Bunker Hill area, the
general food distribution is with summer berries in their highest con-
centrations on the upper portion of ridges and oak concentrations for
fall foraging in the middle portion of ridges, with variations in both
with exposure. Therefore, this lower elevation in fall for males could
be equated with foraging for hard mast, as it was in the work by
Garshelis (1978). However, no significance was found in the investiga-
tion of male association to mast type (p. 69). It is possible thac
some [aorm of competitive exclusion by other Jarger bears may be to

blame (p. 79).

IMGRID As a Habitat Analysis Tool

IMGRID has many features which make it desirable for use as a
habitat analysiz tool. First, the system is '"user-oriented," in that
it is designed with the user in mind so that previous knowledge of
computers is not required in order te understand its ability and
function. Second, the coded area can be added to or changed on a

cell-by-cell basis or an area basis with the need for updating or



109
expansion. For instance, an entirely new area could be coded and meshed
with the original area for analysis or a single cell may require a
change in value to reflect a change in some feature within it. Third,
analysis can take many forms depending on the particular information
needed. Simple coincidence of features in the same cell can be
determined. Searches can be carried out to determine concentrations of
features. Recoding or value coding can even be done to test the co-
incidence of many features that may contain several types withia them.
These are only a few of the capabilities of the IMGRID system which
were utilized in the process of analysis. There are other capabilities
which were not utilized but which may be valuable in habitat analysis.

There are other aspects of the IMGRID system which must be taken
into account because they may limit its function in certain situations.
For one, the initial incoding of the area to be analyzed can be a very
time consuming project. This will depend on the size of the area, tha
size of the cell chosen, the number of elements to be coded and the
number of variations in each element which need to be distinctive.

For example, in the Bunker Hill area, the ''man-made construction"
elz2ment was coded for the retrieval of information on 3 types of roads,
a trail, powerline, and a house. The user must decide whether the

cost in time and money for coding will be outweighed by the potential
value of the final analysis and conclusions.

The most important limitaticn found from this study is in the
weighit that can be given to the results of the analysis, given that
only frequencies of coincidence were generated. The movements of

mammals are the result of dynamic interactions of many influences.
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An animal reacts to a variety of social, biological, and physical
inputs. This study was able to draw from information about activity
patterns and movement measurements to make conclusions or theories
about the results of habitat utilization, yet still only a minimum
undarstanding can be gleaned. BRBecause of this complicated picture,
each link must carry as much weight as possible for analysis. In
particular, habitat utilization analysis should be able to measure
interactions of what may be important features to the animal rather
than simple feature frequencies. For example, in the analysis of
proximity of bears to roads and trails (p. 93), it was found that
roads were avoided and the trail actually displayed an attractive
influence. A closer look at the situation revealed that there were
important concentrations of both mast and heath areas near the trail
whereas the areas around the roads did not have as high a concentration
of these 2 vegetation types essential to bears. A more pcwerful
analysis of the situation would be one which could account for the
influences of other features and still measure the influence of the
feature in question. IMGRID, because of its versatility in analysis,
can probably generate information which would be needed for an "inter-
action' type of analysis but coding and analysis would become very
difficult, and perhaps impossible with situations more complicated
than the one described above.

The needed approach for a fuller analysis appeatrs to be one
as used for activity data in tnis study (p. 20). For this purpose,
it is possible that less incoding may be required because ceils could

be coded as needed for animal locations. For instance, if direct
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coincidence of locations with habitat features and roads within 200m
are to be analyzed, then each cell where a bear location fell would be
coded for features within that cell and the presence or absence of
roads within 200m. As such, time could be saved from coding of areas
which bears did not use, plus the analysis would be more robust. In
summary, IMGRID is a powerful, valuable tool but in the case of habitat
utilization by animals it may not be able to produce results with as

much credibility as other techniques.



CHAPTER V

SUMMARY AND CONCLUSIONS

1. Research was conducted in the northwest porticn of the Great
Smoky Mountains National Park (GSMNP or Park) from June 1978 through
December 1979, to determine the activity patterms, home range dynamics,
movements, and habitat utilization of black bears.

2. Twenty-four bears (10 females and 14 males) were trapped
a total of 31 times over the study period. Twenty-two bears were fitted
with radio-collars and periodically located for periods from 1 day to
15 months (not including the denning period). Activity menitors were
prasent in all radio-collars.

3. Nine bears were tracked from capture until terminaticn of
the project; 7 bears removed their radio-collars; 1 bear was shot
legally, 1 bear was shot illegally; 1 bear died of apparently natural
causes; the fate of 4 bears is unknown.

4. A total of 5880 activity readings were used to determine
how bear activity was affected by time of year, time of dav, weather,
age, sex, and reproductive status.

5. The reset motion sensor was found to be a reliadle activity
moritor for bears with probable advantages over other methods of
determining activity through telemetry.

6. Moothly activity levels were lowest in the postdenning
menths of April and May and the predenning months of Neovemder and
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December, while they were highest in August. The peak in August may
be related to breeding.

7. The daily activity pattern was crepuscular throughout the
year, although it varied seasonally probably due to changing foraging
patterns.

8. Air temperature had a significant effect on levels of bear
activity, causing depressed levels at high temperatures. The lowest
temperatures generally produced the lowest activity levels for each
season.

9. Neither cloud cover nor precipitation had a significant
effect on the activity levels of bears.

10. Subadult and yearling females had the highest overail
activity levels; adult males had the lowest overall activity leval,
Age was implicated as having a substantial effect on the activity
level of bears although age variation within the studyv was smail.

11. Barren females and females with cubs displaved differant
levels of activity for fall but not for spring or summer. Tnis is
tikely due to increas=d foraging as a response to increased znergy
drain of cubs on the female and the approach of denning.

12. The convex polvgon method was used to calculate seasonal

and annual heme ranges; 11 annual home ranges were calculatad using
iz Sivariate elliptical model (Koueppl et al. 1973).
13. Estimated annual home ranges for males were larger than

those of females; the mean area occupied by males and femiles wias

.2 . 2 . . e .
32,0 ¥~ oand 5.2 km, respectively. The difference is partially
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rategies of bears tfar the 2 seascons may be responsible.

e

iS5, Seven bears exhibited extensive movements cutside of their

normel home range. None of the bedrs was cver 5 years old; & of the

7 were males; 2 of the movements tecminated in the bear's death.
3
16, Hourly travel rates were significauntly greater for "diurnal
hours (0500-2200) than for "nocturanal® beours (2200-5300).

17. No sexual difference was found in bourly movement

U
‘J

19. A toral ef 1038 btear locations ware codad inte the 2200 ha

IMGRID
of acquiring habizat utilizaticn informaticn. DPredictive medels Zor
shrub—borne soff mazt and tree-borns hard mast were developad and [ieid
tested for accuracy. Bear locations were analyzed in reslzticn to high
yvield hard oast aress, high yield soff mast areas, proximiuy to roads,
and eievaticnal distributicn.

20. Overall, use of mast aress was sizn than

21, Females preferrved mast arzas while males 4id noc.
272, Adulis preferred mast avess more chan sehadulls.



23. No differential use of mast areas was found for ®ears
in spring or September; differential use of mast areas was found for
sumer and fall.

24, Overall use of heath areas was no higher than expected.

25. There was no differential use of heath by sex, age, or
season except that females preferred it.

26. Bears avoided areas around 2 types of roads but did net
avoid areas around a trail.

27. Females avoided roads more intensely than males.

28. Adults avoided roads more than subadults.

29. Seasonally, roads were avoided most intensely during

L s
o)

bt
—

30. In the analyses of black bear use of mast areas, hesath
areas, and areas in the proximity of roads, the influences of learned
responses, age, and social organization are implied throughout.

31. Overall, males used lower elevations thaun rfemaiss.

32, No difference was found in elevaticnal usage by hears

baetween summer, September, and fall; spring elevationa! uszge was

0

significantly lower than all other seasons.
33. Although IMGRID is a powerful tool for zmalysis o
seosraphically based infermation, other methods nmav previde a more

AN

complete analysis of habifat utilization by animals.
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APPENDIX A

Table 34. Relative basal area (mz/ha) of hard mast producing speciesa
by slope position, aspect, and convexity or concavity of
topography for the Hannah Mountain area, GSMNP (Harmon

1981).
Aspect
Slope Position North East/Westb South
Concave shape
Upper 1/3 4629 66° 63¢
Middle 1/3 46° ¢ 5 63¢
Lower 1/3 5 5 5
Convex to flat shape
Upper 1/3 649 63% 11
Middle 1/3 464 649 11
Lower 1/3 5 5 20
2 Includes Quercus sp., Carya sp., Juglans sp., Fagus sp., and Aesculus
sp.
b Similar values allowed combining of East and West values.
“ Only 23% of this wvalue is Quercus sp., all others include at least
50% Quercus sp.
d

Only these values used in predictive model for high yield areas of
hard mast.



APPENDIX B

Table 35. Percentage area of ground covered by deciduous and fleshy
fruit producing ericads® by slope position, aspect, and
convexity or concavity of topography for the Hannah Mountain
area, GSMNP (Harmon 1981).

Aspect
Slope Position North Fast /Westb South
Concave shape
Upper 1/3 2 11 36°
Middle 1/3 9 1 58¢
Lower 1/3 0 0 1
Convex to flat shape
Upper 1/3 31°¢ 53° 38°
Middle 1/3 0 21 22
Lower 1/3 3 1 15

Includes Gaylussacia ursina, G. baccata, Vaccinium vacillans,
V. hirsutum, V. stamineun,

Similar values allowed combining of East and West values.

Combinations used in predictive model for areas with high conceatra-
tions of shrub-borne soft mast.
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bidck bears vaprurced

APPENDIX C

in Bunker Hill study arca, GSMNP,

1978-14979.

Weight Trap
Bear No. Date Sex Age Tattoo Ear Tags (kg) Type Comments
L7 13 August 1978 F 8 E7 L57 57 Culvert In the company of 3 cubs;
bear previously radio-
collared in winter den,
¢ollar left on bear.
321 29 June 1978 r 3 None LMY7 43 Culvert Radio-collar attached.
RR321
22 June 1979 4 321 51 Snare Refitted with new radio-
collar
20 July 1979 ROr421 48 Snare Right ear tag changed.
401 28 June 1978 M 3 104 LOr401 47 Culvert Radio-collar attached.
RM401
12 August 1973 54 Culvert Captured 24 September 1979

near Hartford, TN by state
wildlife officers who
removed radio-collar and
transported bear to Andrew
Johnson Wildlife Management
Area.



Tablie 36 (concionaed).

Weight Trap
Bear No. Date Sex  Age Tat too Tar Tags (kg) Type Comments
6 June 197G 4 82 Culvert Refitted with new radio~
collar; illegally killed
6 November 1979.
402 29 June 1978 M 4 402 1M402 79 Free- Bear darted while with bear
ROr402 range 403 who was caught in a
snare; radio-collar
attached; bear removed
collar 8 August 1978.
18 Junce 1979 5 91 Snare Radio-collar attached; bear
removed collar 10 September
1979.
403 29 June 1978 F 3 403 LM403 38 Snare Radio-collar attached.
ROr403
6 June 1979 4 43 Refitted with new radio-
collar
504 29 June 1978 F 3 404 LM404 48 Culvert Radio-collar attached; never
located after 15 July 1978,
fate unknown.
405 12 August 1978 M 3 405 L0r405 34 Culvert Radio-collar attached
RM4 05

8¢l



Tab:le 26 {continued).

Weight Trap
8ear No. Date Se: Age Tattoo Ear Tags (kg) Type Comments
22 June 1979 4 45 Culvert Refitted with new radio-
collar.
406 13 August 1978 M 1 406 LOr406 29 Culvert Radio~collar attached.
RM406
407 17 August 1978 M 1 407 LOr407 19 Culvert Radio-collar not attached.
RM407
408 17 August 1978 r 7 408 LM408 52 Culvert Radio-collar attached; bear
ROr408 removed collar prior to
1 September 1978
409 17 August 1978 M 3 409 LOr409 54 Culvert Radio~-collar attached.
RM409
410 25 August 1978 M 1 410 LOr410 26 Culvert Radio~collar not attached.
RM410
28 August 1978 Radio-collar not attached.
411 25 August 1978 M 2 413 LOr4ll 32 Culvert Radio-collar attached; bear
RM&L1Y killed legally 30 October

1978 at Snowbird Mountain,
North Carolina.

elT



Table 36

{continued).

Bear No.

513

I~
—
I~

al9

i~
.
[

Dile

1 Sapr. 1978

5 Sept. 1978

2 June 1979

13 June 1479

17 June 1979

15 July 1979

Weight Trap
Sex  Age Tattoo Ear Tags (kg) Type Comments
M 4 413 LM413 60 Culvert Radio-collar attached; bear
ROY413 died of unknown causes be-
tween 11-18 July 1979,
¥ 3 414 IM414 45 Culvert Radio~collar attached,
ROT414
M 2 416 LOr4le 34 Culvert Breakaway radio~collar
RM&416 attached; bear removed
collar within 3 weeks.
M 4 417 LO0r418 86 Snare Radio-collar attached;
RM417 signal not heard after
23 August 1979, unconfirmed
reports that bear was
illegally killed.
M 1 419 LOr419 23 Snare Breakaway radio-collar
RM419 attached; bear removed
collar between 17-20
October 1979.
M 5 4272 LOra22 70 Culvert Breakaway radio~-collar
RM4 22 attached; bear removed

collar between 4-12
September 1979,

0el



Table 3€& (continued).

Weight Trap
Bear No. Date Sex  Age Tattoo Ear Tags (kg) Type Comments
423 22 July 1979 F 2 423 LM423 23 Snare Breakaway radio-collar
ROr423 attached.
662 23 July 1979 M 4 602 LR602 68 Culvert Radio-collar attached; bear
R———- never radio-located,
reported illegally killed
inside Park (unconfirmed).
424 10 August 1979 F 7 424 LM4 24 43 Snare Breakaway radio-collar
ROr424 attached; lactating,
assumed to be in the
presence of cubs; bear
removed collar between
20-22 Sept. 1979, cub tooth
and claw marks on collar.
426 13 August 1979 F 2 426 LM426 32 Snare Breakaway radio-collar
ROr426 attached.
427 14 August 1979 3 2 427 LM&2 32 Snare Breakaway radio-collar
ROv427 attached.

T¢T



APPENDIX D

Table 37. Anuual home range estimates and normality statistics for 9 black bears using the
bivariate ellipticai model (Koeppl et al. 1975).
Bear Number of Area of Ellipse (km2) Skewness Kurtosis
Number Year Locations 95% 30% XGT/T YGI/T XGZ/T YG2/T
401 1979 101 28.4 21.7 -1.6/-6.7 -0.83/-3.5 7.9/16.7 3.6/6.5
403 1978 95 3.9 3.0 0.2/0.8 -0.5/-2.1 0.1/0.3 2.1/4.4
1979 54 5.3 4.0 0.2/0.7 0.2/0.5 -0.8/-1.2 -0.6/-1.0
4905 1979 115 17.6 13.4 -0.5/-2.3 -0.3/-1.2 2.0/4.6 2.7/6.0
406 1979 125 50.5 38.7 0.9/4.0 -0.3/-1.2 1.1/2.5 0.5/1.3
409 1979 65 70.8 53.6 1.9/6.5 0.1/0.4 4.3/7.5 -0.5/-0.9
413 1978-79 50 54.7 41.5 0.9/2.8 0.4/1.3 -0.2/-0.4 0.4/0.6
414 1979 103 4.1 3.6 0.9/3.8 -0.8/-3.5 1.6/3.4 -0.3/-0.6
E7 1978 70 52.4 40.0 -0.3/-0.9 -1.8/-6.3 -1.8/-3.2 8.8/15.7
i 1978 104 9.2 7.0 1.7/7.1 0.2/0.9 5.7/12.2 -0.1/-0.1
1979 150 7.1 5.4 0.9/4.5 -0.4/-2.2 0.2/0.5 1.1/2.8
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APPENDIX E

Table 38. Awnnual and seasonal home range sizes for 20 black bears in the GSMNP, 1978-1979

Spring Spring/Summer Fall Annual Home Range
Sex/Age Category Home Range Home Range Home Range  Confidence cllipse
Bear Number 1978 1979 1978 1979 1978 1979 907 95% {n) Convex polygon
Subadult males
401 - - 13.1 - - - - - -~ -
405 - - - - 11.9 - - - - -
406 - - - 15.3 80.5 24.9 38.7 50.5 (125) 39.2
409 - - - - 40.9 - - - - -
419 - - - 27.7 -~ - - - - -
401 - - - 14.0 - 11.0 21.7 28.4 (101) 29.6
42 - - - 13.5 - - - - - -
405 - 0.9 - 5.3 - 14.4 13.4 17.6 (115) 14.4
409 - 6.3 - 8.7 - 19.3 53.6 70.8 (65) 46.8

413 - - - 28.8 11.0 - 41.5 54.7 (50) 30.7



Table 38 {continued).

Spring Spring/Summer Fall Annual Home Range
Sex/Ape Catcegory  Home Range Home Range Home Range Confidence ellipse
Bear Number 19738 1979 1978 1979 1978 1979 907 95% (n) Convex polygon
Subadult females
321 - - 3.8 0 3.7 - 7.0 9.2 (104) 5.1
403 0 0 2.2 0 1.7 - 3.0 3.9 (95) 3.8
414 - - - - 22.8 - - - - -
423 - - - - - 4,2 - -~ - -
426 - - - - - 10.2 - - - -
427 - - - - - 3.9~ - - -
Adult females
321 - 1.6 - 2.7 - 5.3 5.4 7.1 (150) 5.5
403 - - - 2.4 - 2.3 4.0 5.3 (54) 3.2
414 - 6.9 - 2.0 0 1.9 3.6 4.1 (103) 2.7
L7 - - 3.8 - 9.4 - 40.0 52.4 (70) 10.8
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Table 39.

APPENDIX F

Chavacteristics of the extensive movements displayed by 8 black bears in the GSMNP,

1978-1979.

Distance from

Bear No. Sex Age Date Previous Location Description of Movement/Location
401 M 3 1979--9 August Located on northwest side of
Gregory Bald.
12 August Activity recording from same area.
24 September 69 km Captured in Hartford TN; released
in Andrew Johnson Wildlife Manage-
ment Area.
4 1979--6 June Approx. 90 km Retrapped in study area.
31 October Located near Parson High Top,
inside the study area.
3-5 November Located on west side of Chilhowee
Reservoir, outside Park boundaries
7 November Radiv-collar located in reservoir.
405 M 3 1978--17 August Located near Sam's Gap in study

ared.



Table 39 (continued).

Distance from

Bear Nou. Sex Age Date Previous Location Description of Movement/Location
1978-~17 August- 12 km Over a period of 2-3 weeks, shifted
8 Scptember to area near Shuckstack Mountain,

on the North Carolina side of the
Park, outside the study area.

8 September— Remained in area described above.
J October
9 October 12 km Located back in study area.
506 M 1.5 1978--18 September Located near Dalton Gap, in study
area.
27 September 10 km Located near Sawmill Ridge/Abrams

Creek, in study area.

10 Oetober Approx. 20 km Located in Cherokee National
Forest to the west of the study
area.

Y November Located in Cherokee National
Forest.

13 November 25 km located on Happy Valley Ridge in

the Park, in the study area.

9ttL



Table 39 (continued).

Date

Distance

Previous J.ocation

from

Description of Movement/Location

411 M 2

1978~--1 September-
30 November

1979~~1-7 October

10 October

26 October

1978--1 September

18 September

13 Oclober

24 QOctober

5-7 km

5-7 km

Approx.

Approx.

26

24

km

km

Approximately 50% of bear's loca-
tions were outside of the Park
between Calderwood Reservoir and
highway 129, outside of study area.

Located near Skunk Ridge, in
study area.

Located in northeast corner of
study area.

Returned to area near Skunk Ridge.

Located near Bunker Hill, in study
area.

Located in northeast slopes of
Snowbird Mountain in North Carolina
outside of the Park, approx. 8 km
west of Robbinsville.

Located in same general area as
above.

Located near southern end of
Calderwood Reservoir, outside of
the Park.

LET



Table 39 {(continued).

Distance from

gear No. Sex Age Date Previous Location Description of Movement/Location
{continued ; 1978--30 October Approx. 24 km Killed legally in North Carolina,
about 15 km west of Robbinsville.
414 F 2 1978-~27 October Located near Hickory Top, in
study area.
3 November 10 km Located in North Carolina side
of Park, near upper
Creek, outside study area.
11 November 4 km Moved further from study area.
1 December Located in same area as above.
8§ December 14 km Located back in study area.
422 M 5 1979--  July Trapped and radio-tracked in

study area.

1 August-— 5~10 km Located intermittently in Chero-

26 September kee National lorest, west of
study area.

G oSepltember— 8-12 kwu Collar removed by bear on 01d

12 September Stewart Ridge near Santeetlah
Creek, North Carolina, outside
of study area.

8¢



Table 39

Bear No.

(continued)

Sex Age bate

Distance

Previous Location

from

Description of Movement/Location

F 8 1978

5-7 km

A minimum of 3 times, moved from
area near Sam's Gap to area
between highway 129 and Calder-
wooud Reservoir, outside of Park,
with 3 cubs (¥Fig. 12, p. 57.
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