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Seascnal patterns of food utilizaticn by black bears (Ursus
smericanus) in the Great Smoky Mountains Naticnal Fark were determired
by sampling 86 camposites of 646 scats during 1976 and 1977. Five
seasonal patterns based on coumpositicn of tha diat were identified.
Major pilant focd items weve grass (Graminae) and other herbaceous

; squawrcct {Conopholis americana); fruits of serviceberry

(Anelanchier arborea jasvis), blackberry {Rubus sp.}, huckieberry

\

{Bayluscacia sp.), blueberry (Vaccinium sp.j, black cherry {Prunus

L

serctina), fire cherry (P. pennsylvanica), and sassafras ($assafras

217
1|

nt Yoods composed 86% of the

[o}]

corrasponding scate were determined, end nutritionsl value of the
he Eariy Spring diet is of low nutriticnal
vatue, and Sears 1ose weignt wnile foliowing this pattarn of food

censunetion,  The Late Spring, Summer, and carly Fall diets are

pretein and enevay., The Late Fall diet mey nct contribute fo structural
arowtn, but hich eneray aveilability in the diet izads to rapid increasa
¢f b fat reserves,
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I. INTROCUCTION

Fond habits are fregue

o
s
ot

y among the Tirst aspects of a spacies

tudies of the food

wy

biclogy investicated during a research effort.

habits of black bears are no excepticn; such studies wer2 reported

[}
(%]

garly as the 1920's and continue in the literature to the present.

Y
|

[a7}

(]

ny of the eariier studies were of a descriptive nature or

limited discussicn tc 1 or very few food items. Bigelow (1922)

discussed tnhe bear's use of insects for feod. Rajley {1923) and
Shadle {1941) described evidence cf bears eating 1 particular food
item. Lutz (18351), Merrill (1953), and Zesdyk [1957) describad damags

to timber stands attributzd to pears consuming the cambium layer of

ne tyree

ot
[2]

newsom {(1237), Seton (1953), and Cahalane (1661} wrote general
descriptions of the diets of black bears in their works on the Tife
histeries of wildlife,

Other studies wers guantitative, but were of limited value
because the data represented oniy 1 season of sampling., Hurie {1927}

-

analyzed scats collected in Wycming in July. Cottam 2t al. (1939)
determined the early winter fcod habits of bears in Ceorge Washington
Haticral Forest, Virginia. Gilbart (1981) anaiyzed scats and
stomach contants collected in Colorado in summer. Harlow (1C687)
atermined the summer fcood nabits of bears in Florida.
Fortunately, many aquantitative food habits studies, for wnich
data were collected during all ssezons curin

~
3
3

- oy P o PR I S . - J N I 5 .
the VTiteraturs,  Sucn studies were reported Trom Alaska
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[AN]

(Chatelain 1950, Hatler 19€7), Montana !
1971), mountains of Tennessee and Norzn {aro

1677), Washington (Poelker and Hartwell 1973), North Cerolina coast

7]

(Hardy 1974, Landers et al. 1979), and California (Piekielek and

Rurton 1675) (summer and fall only).

°s

~

Beeman and Pelton {3277) reported s2zsonal food habits of bears
in the Smoky Mountainc. Althougn thalr work wes quentitative and
based cn a large collecticn of scais and stomachs, the gerneral nature

¢t the spatial and temporal separation needed to he refined. Since

<3

many of the scats analyzed in the 2arlier study were collected from

locaticns throuchout the Smoky Mountains of Tennessee and Morin

food nahits of bears residing in the ¢urvent study area.
Beeman and Felton's {1977) results were presented with no
spatial division within the Smoky Mountains. Pseman (1675), Eubanks

(1675), and Garshelis {i378) found that individual bears in the Great

~!
(@)

Smoky Mountains National Park (GSMNP or Park) do not range throughout

the study ares. Instead, each bear's movements are gererally restricted

[Vs]

te & portion ¢f the area, cften within a singie watershed. Since the

movements of bezrs were so restricted, scats coilected for the present

they were deposited (see page

Also, tha egriier seasera) Tood hadbits study reported results

iows:  Spring {emergenca through



June 30, Sumrer {Ju
through Qctober 15), and Late Fall (Octoher
A more appropriate approach to determine seasonzl food habits
may be to evaluate focd utilization over shorter pericds of time and
examine the resuits to determine patterns. This apprecach was used
for the present study. It was felt that 2-week intervais were short
olgh to be sensitive to dietary changes, vet long snough to ensure
“the cellection of an adeguate sample of scats.

The technicue for scat anaiysis in mest studies followed ths
hand separated anaiysis described by Tisch (1961). Each scat was
separated and examined, and freguency of occurrence and an index to
volume were calculated for each food item. Hardy {1974) used a

different approach to scat analysis, which was to sampie the contents

j@N)

1964

[

»<

G

e

of each scat using a point frame anaiysis (Chamrad and |
Hansen {1975) uses another sampling technique and samsled composites
of 25 feces to determine the food habits of hcary marmots {Harmota

caligata) in Alaska. Johnson and Hansen (1977) found no significant

[ #2]

Cats

t

fo ]

differerce in recults from analysis of coyote [Canis lairans)

using point frare and hand separated technigques., I[n light of the

above studies it was assumed that sampling composites was adeauatsz o
describe the basic patterns of food utilizaticn by biack pears in the
GSMNP, and a technique based on that assumption was developed for usa

in the present study.

(€8]
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{ing ana McClure 1244, Beck and Reck 1955, Burns and Viers 1973,
Landers et al. 1979) evaluated the nutriticnal value of food items
used by wildlife in various parts of the United States.

Beeman and Pelton (1977) reviewed scma available information
on the nutritional content of focd items utilized by black bears in
the Park. rcods in the diets of bears in that study were high in
carbohydrates and low in proteins. The nutriticnal value of seasona!
diets or the annual diet was rnot evaluated.

Wackernagel (1%€1) reported that 2 diet which encouraces
healthy growth in omnivores, with which re included bears, must have
a crude protein content of approximately 15%. From data reported
in previous studias, the natural, annual diet of black tears probabdiy
contain less than 15% crude protein. It was, therzfore, speculated
that growth in black bears does not occur thrcughout the year, but
is limited to certain seascns. The evaluaticn of the nutrificral

value of seasonal diets c¢f bears, especially determination ¢f i

§]

protein content, may show which seascn or seascns are mest conducive
to growth,

Specific cbjectives ware as foliows:

.

. Determine the biweekly use cf focd items by black bears

in

-de
ot

—+

the study area,.

nND

. Compare the patterns cf food utilization by bears
inhabiting different sections within the study area.
3., Determine the nutriticnel value of major food items in

\ - -~ S H e . - ~ o~
bears in the study araa.

<

b
-0

the diet ¢

£

. Evaluate the nutritional ve
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The boundaries of th
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Tenressee and western MNorth Caroiina. The Park comprises part of th

Unaka Mountain Renge of the Blue Ridge Province in the southern

fD
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O
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divisicn of the Appalachian Highlands (Fennemen Divided by a

promirent ridge runaing apporoximately northeast-southeast, aicng which

lies the Ternessesc-Norih Carolina stats line, and a *transmountain road,
U.S. 4847, which 1inxs Catlinburg, Tennessee and Cherckee, North

Carclina, the Park conzisis of 4 easily recogrizabie guarters. The
stucy area is the northwest quarter, that portion of the Park in

he transmountain read., 1% encompasses parts of

—4
(1]
b)
-3
[>]
w
(%2}
423
(D
42
(%]
ot
o
Zy
ct

nunties {Fic. 1),

[63)
——d
[®]
<
pin
faid
]
s |
[o%
(%
W
<
ot
52
=
(g}

The rugged, mountainous terrain of most of the study ares is
accessible only by foot traiis. OQver 90% of the surface consists of
siopes areater than 10% {Message from the President 1902;.
asscciaticn, wnich is characterizad by low water storage capacity,
modarate natural fertility, and medium to high acidity, comorises the
Soil Survey 1945, 1953). Most parent material

is feldspathic sandstong, silustore, and conglomerate from the Ocecee

B Ty

series of the late Precarbhrian (#ing et al. 19€&).
Precisitation and temperaturss in the Fark vary greatiy with
elevation., The climate may be categorized generaily as mescthermal

- + N @3 oven Lt 120 -
syztem, At Tow efevetions, precipitation averayges about 140 Cm pey
3 : - o Za T ey ~ O VA [ I Tt TN -
year, while well oyer 220 om may accur at ithe nignest elevation.
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Menthly precipitation ranges from a 1ow ot 8 ¢m in September and

3

Octcber to a hich of 16 ¢cm in July, accerding to Hational Park
Service records at Gatlinburg, T
years precipitaticn exceeds evapotranspiration curing all seasons.
Average annual temperature is 14C at lower elevations (below 450 m)
and 6C at higher elevaticns {above 1600 m), with a temperature
gradient cof £.07C per 1008 m rise ir eievation. Monthly temperature
means are usually at a low in February and reach a peak in July
(Shanks 1654a, Tanner 1963, Climatography of the U.S. 1972).

The numercus micrchabitats in the Park support danse and

highly diverse vegetetion with much interspersion of foresi types.

lichen na mora than 2000 species of fungi. Cain (1925), Shanks
(19%4b), Whittaker {1058}, and Golden (1974) categorizaed major forast

types within the Park, and Shanks's {19%&b) descripticn is the nost

There are £9 species of mammals inhabiting the GSINP, nearly

hazlf (approximately 25) of which are of the order Redentisz (Linzey
ancd Linzey 1271;. Other than biack bears, large mammals in the Park

include white-tailad deer {Odoceileus virveinianus) and European wild

. s
hogs {Sus scrofa). The prasenca of the eastern mountain lion ([zlis
concolor) is speculated (Culbertsen 1977), but recent substantiated
evidance is yet te ke feound., Mere than 200 specias of birds, 23
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sciations and their important ftrees and shrucs

Forest Association

Cove nardwoed

Hamlcck

Northern hardwocd

A

lock (Tsuga canadensis)
Silverbell (Halesia monticolia)
Yellow buckeye (fesculus cctandra)
Sugar m=o1e (Acer saccharum)
Yelliow t1rch (Betula a11egnqn ens1s)
Tulip poplar (Liriocendron tulipifera)
Beech (Faqus grandifolia)
Rlack cherry (Frunus serotina)
Sasswood (Tilia heterophylla)
Hydrangea (Hydrangea arborenscens)
Dog hoktble {Leucothoe editorum)
Sweetshrub {Calycantnus floridus)
Mountain Taurel (¥almia latifolia)

Eastern hem

Eastern hemlock
Yellow birch
Silverbell
Frazier magrolia {
Phodcdendren (Rhodcd
and K. rax1muw,
Mountain Teurel
0cg hobble

1ia fraseri)
on catawbiense

Q(‘)
—;..

Beech

Yellow birch

Yellow buckaye

Sugar maple

Mountain maple (Acer spicatum)
Hydrangea

Witch-hotble (Viburnum alternifolium)
Dogwocd {Corrus alternifolia;

White oak (Quercus alha)
Chestrut oak (Q. '7*ws}
Northern red oak (. rubra)
Black wak (0. v*1”fin?§""_
D1fnJ* hwﬁvorj'itarva glabra)
Mockerrut hickory | cmcﬂtﬁva)
Seurwood (UVVuEFAY?T g'tovcum3
Black jocust (Donw1 DS
Mountain Jaur

Catbrie (Smilax ~otundifolia)




able 1 {Continued)

Forest Asscciation Important Species
Upen cak and pine Scarlet oek (Quercus coccineal)

Sassafras [Sassafras alpidum)

Pitch pine (Pinus rigida; )

Tabie mountain pire (P. Dungens

Virginia pine (g. virginiana)

Mountain laurel

High busn b?ueberry {(Vaccinium simulatum)
Hairy blueberry (V. hirsutum)

Huckleberry (uavl ussacia baccata)

Spruce-fir Red spruce (Picea rubans)
Fraser fir (Adies fraseri)
Heath tald Yountain laurel

Phodocendron (R. cata whiense, R.
carelinianum, an ? Waxiﬂum}
99pp6fbusr rCietrra acuminata
Blueberries {Vaccinium spmcxcs)
Huckleberry
Lyonia (Lvon a liqustrina)
Sand-myrtie (LGTOJFV]5L= Suxifolium)
Minnie-bush {Menziesia nilosa)
Witharod (Viburnum cassinoides)
Fetter-bush (Pleris fioribunda)

Grassy bald Serviceberry (Amelanchier Jasvis)
Bluebarries
BEackberry [Rubus species)
Pin cher (?run s pernsvivanica)

S0LYY Shanks (79%4b3}.

(9]
Ml
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Scat Ccllecticn and Preserva
The study area was divided int2 5 sections with an Index Route
running through each section (Fig. 2). The 5 Index Routes were

gsteblished in 197C for earlier studies of black bears in the GSMNP

D

involving scat conllections (Marcum 1674, Eagar 1977, Matthews 1977).
These routes, 21 tc 37 km in lengtnh, traversed &1l forest &associaticns
and different altitudes.

Index Routes were niked and cleared of scats biweekly from
8 May threugh 27 Ssptember, with the exception of 22 May in 1876, and

from 9 May througn 10 QOctober 1977. Scats were also collected from

trails cther than Index Routes and off trziis when encountered, if tha

To avoid the coliection of excess debris which adhered to the

(@)
Yy
b
(&5
.

bottoms of fecss, only the top portion of large scats was coliac
Tnis practice was impossibie when scats were badly weathered or smail.
To prevent rapid deterioration of fecal raterial, scats wers

frozen upon retu

m to the field laberatory and remained in the

freezer until the winter months when the scats were thawed for analysis.

Scat Analvsis

o R T . . \ -
L , 4 RPN ‘a1 by 1 =
C; and stored 1n Jars to await chemical anz
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The Pelative Percentage DJensity (RD identifiad focd items
was caicuiated for each composite using methocds described by Hansen
(1875). The number of quadrats containing a given fcod item was
converted to a percentage frequency. The percentage freguency (F)
was used to determine density (D) of a food item in the composite by
substitution in the following equation and solving for D:

F =100 (1-e79)
where 2 i5 the base of naturai logarithms. The above eguation was
derived frem esquations described by Fraker and Brischle {194
to rmeasure the distribution of plants in a given area.

The D for 2acn Toed item was usad ©
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Ty te calculate RD for
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by the following egquation:

After the RO was calculated for food items in composites from

all sections, the dats were averaged to compute the compositicn of
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hrougnout the s

udy area for each 2-week interval and e
determine major food items. Major foods were those wnich were

cecnsumed during both years of the study and comprised over 5% aof the
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diet of bears *hroughout the study
Biweexly consumption in the study area was examined for seasons
{patterns basad on the proportions of major focd items in the diet).

The wilcexcn signed rank test [Gittone 1878) was used to test



Seeds were identified with the aid of 2 seed manuals (Forest

Service 1848, Martin and Rarklev 1961} used in conjunction with 2

’

books describing the flora in the Smoky Mountains (Stupka 1664,

@]

Radford et &i. 1968). A& key for the study of insects (Berror et al.
197€) and assistance from Keith Watson, graduate student, Department
of Agricultural Biology, The University of Tennessee, Knoxville, wore
helpful for identification of large insect fragments. A key to guard
hair (Stains 1258) and a reference coliection were aids used to
identify hair in scats.

Most seecs, some herbaceous material, and some insect fragments

could ce idantified macroscopically. Remaining items were identifiad

A

using e caissecting microscope at 10X to 20X magnification.

Hoffman {7G€5) listed 1450 species in 126 famiiies of vascular

[

flora, including 113 species of grasses in the GSMNP. With this
extrere diversity of plant material, fragments of grassas and nest

herbacecus material were identified no Turthe
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categories. Tiny insect fragments were impossible o identify.

Since only singie hai

-t

rs were encountered, and many ¢f these were

T
153}
—de
-

underhaiy, identification of hair wes difficuit, and much cf the

was not identified.

o) - 1 Py mdomg b [P , TS TN . .
blueberry were collected. Chestnut cai (. prinus’ zcorns were



collected in the fali. A1l sampies were drisd in a drving oven 2%
7C6C for 48 to 7Z hours upon returning tc the field laboratory.
Samples were stored in jars until the fclliowing winter, All samples
were ground in a Wiley mill cver a Z0-mesh screen, ard sent to the

Animal Science Labcratcry, The University of Tennessee, Knoxville, for
chemical analysis tc determine crude prctein, acid detergent fiber

(ADF), and lignin following procedures cutlined in Crampton and Harris
(1969).
Fecai samples from scats containing rostly herbacecus materiai,

sguawrcot, blackberry, huckieberry and blueberry, or acorn remains

were prepared in the same manrer as the samples of fcod items and
were sent to the laboratory for determinaticn of the same fracticns,
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Patterns of rood Utilization

Biweekly food utilization by black bears throughout the study
areca was calculated {Tables 2 and 3) from compesition of biweekly scat
composites from each section of the study area {Appendix, Tabies 18-27).
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the 2-year study can be divided into 6 categories based on concurrent

utilization and similar nutritional value. Herbacecus material, spring

fruits, shrub-corne soft mast, tree-Lorne soft mast, hard mast, and

-—

animal material Food items classed as herbacecus material includad

grasces, herbaceous siams, green leaves, and hbucs. Squawroet end

v

cerviceberry corprised the cpr1rg fruits. Serviceberry was not earx

Lo

M

both years, but the hezvy and widesoreao use in 1977, howesver,
justifiad classifying this fruit as a major foot item. Shrub-norne

soft mast consisted of hlackberry, huckieberry, and biucberry., 3Slack

were acorns, altheuch mast producing trees in the study area includse

Decris, generally jtems consured incidentally whnile bears

foraged for cther foeds, included fragments of dezad




Vabie 2. Proportion of major food items in the biweekly diets of black bears in the GSMNP, 1976.

2-week interval ending
Apr May ___dun u! Aug _Sep
76 10 / 21 19 2 16 30 13 27 Total

NO. scats
in zarple 6 11

(V8]
o

35 13 54 55 49 4G

~)
o
(&8
(&3]

3

D
Food itwn Percentage of diet
Gravs and
heru. watl. 92 95 78 48 24 24 8 3 6 Z 38
Stuawr oot 12 32 36 11 9 b 3 IR
Blackherry 1 30 19 19 ] 13 11

Huckloberry ) 7 11 28 10 19 1 2
Biuebarvy 3 3 5 3 6 4 2
Llack cherry Tra 11 34 5

fire chervy

(8]
w
ol
—_
—

Sassatras 1 Tr 4 12 7 z




Tabie 2 {Centinued)

Z-week intsrval ending

Aor May Hun Jul Aug

26 i 7 21 19 2 16 33 13 27 Total
Ng. scats
in sample & 11 38 35 13 54 55 49 49 25 335
Food item Percentage of diet
Gak Tr o 13 z
Insect i 1 2 7 19 8 19 15 23 19 11
Maina 1 5 6 4 1 Tr 2 Z
pebris 7 4 Z 4 4 3 9 7 11 9 £

R
cirace.

N
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Table 3. Propertion of major food items in the biweekly diets of black bears in the GSMNP, 147

Z-week intervai ending

Mav Jun Jul Aug Sep Oct

s sc—

9 26 6 20 413 1 15 29 12 26 10 Total

Mo, scats
mn sampie

N
-
~no
-d
M3
™
]
W
N
e

a9 33 34 21 13 28 9 3

-
ol

Food item Percentage of diet

Lrasy and 30 74 15 25 15 f / 9 io 5 12 4 26

hevb., matl.

Squavitont 14 2 17 16 A 1 3

Cwyvicranhe
LA AN

oberry 1

-~

0
ro
~
<
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et
ad
o

Blaciberry 11 35 4 23 1 1

Hucklebarry 2 A | 15 19 l

Fey

~
o~
A

Rluebeirry 1

—t
e
N

3 2 16 2 1 3

Black cnevvy 6

(8]

Fire choery Tre 6 T
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Table 3 {Continued)

No. scats

in cample

Foad item

Insect
Mamina

Debris

2-wnek interval ending

__May Jun Jul Aug Sep Oct
9 26 6 20 4 18 1 15 29 12 26 10 Total
20 27 22 35 29 40 33 34 21 13 28 g9 311
Percentage of diet

8 65 €3 78 18

1 5 17 8 2 6 4 7 N 9 11 6 5

8 Tr a 4 5 7 St 3

1 5 K 2 12 12 & 13 22 12 14 & 10

Tr Tr Tr

™
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Garbage, althcuch not an important food item for most of the
bears in the Park, is included in this discussion because managerent

implications may be related to the bears' use of garbage. Eeeman and

ot

Pelton (1977) reported that

o2

arbage ccmprised €% of the diet of bears
in the Smoky Mcuntains while these artificial foocds accounted for less

tharn 1% of the diet in the present study. The intense search for

-

scats depesited in areas of hign concentration

(€]

of tourists, such as
campgrounds and 2icnic areas, and a gerbage dump (now closed) cccurring

in the previcus ctudy undoubtedly biased resuits toward the use of

the "panhandler” bears, while the wmrasent siudy was directed toward

the cohort of "wild" bears. Wild bears are thosa wnhich generally
avoid contzct with humans and comprise over 95% of the bsar popuiation

in the GSMMP (Pelton and Burghardt 1976;.

Spring, Summer, Farly Fall, and Late Fall (Tables ¢4 and 5,
Fach pattarn was characterizec by a single food catagory tnal was
mere in thet patiern than in any other dizt. In all diets

" - < 3 PR Y YaTe - votun i . am s
excevt Late Spring, the key Food categery was uysed more than any



Table 4. Composition c¢f the seasonal diets of black bears in the
GSMNP, 1976.

Season

Early Late Early

spring spring Summer fall
Category Percentage of diet
Herbaceous
material 95 46 12 4
Spring
fruits 31 7 1
Shrub-borne
soft mast 8 60 22
Tree-borne
soft mast 3 39
Hard mast 6
Animal
material 1 11 13 19

Debris 4 3 5 7




Table 5. Composition of the seasonal diets of black bears in the
GSMNP, 1977.

Season

Early Late Early Late

spring spring Summer fall fall
Category Percentage of diet
Herbaceous
material 90 41 9 20 5
Spring
fruits 30 11
Shrub-borne
soft mast 7 61 15 ]
Tree-borne
soft mast Trd 16 2
Hard mast 7 71
Animal
material 9 12 9 17 9
Debris 1 8 9 16 9

dTrace.



Figure 3. Typical seasonal patterns of food utilization
by black bears in the GSMNP,

27
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Data from Tatlies 2 and 2 were Jrouped into catagorias and
averaged for the corresponding Z-week intervals; results illustirate
the change in diet over time {(Fig. &). It is notable that results 2o

not

[\

ccurately reflect the seazcnal nattern for either 1976 or 1277

because the changes in patterns of food utiiization did not eccur ¢n

a.

the same date in both years. Instead, Fig. 4 may reflect the

ach food category during a particular time interval

M

impertance of

ovar a number of yez

;'\

A general breakdown of food utilizatien showed that foods of
plant origin comprisad cver 80% of the diet of bears in the Park, and
insects were the most important animal food at 9% (Table 2). Mammals

i

were 2 minor porticn of the total diet, and it was beiisved tnat ihe
ysis may have siightly overestirmated the impertance
of marmmals in the diet. The above findings concurred with the overall
resuits of Beeman and Pelton (1977), which included a volume index
percent of over 23 fcr plant fcods, 7 for insacts, and 7 for mammals,
These results 31so agree with the general patterns of food utilization

by black bears in rost portiors of their range.

Early Srring.-~Results of scat analysis showed

deperded aimost exclusively on herbzcecus material for food during

the Early Spring {Tables € zrd 7;, which included the time period

from emergence uniil late May or early Jdune. There was no majos
variatien in the diet amcrg the sections within the study arez, nce

- o ym e N - R ! N
between the 2 years of the study (P > .1).
Although mammal rewmains comprised 10% of ihe dizt of bear

. < - S < 80 - o v S s
irhabiting the Sucarland Mountain section and 14% of tnese in



Figure 4. Biweekly use of food categories by black bears
in the.GSMNP, 1976 and 1977.
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Table 6. Use of major food items in the Early Spring diet of black
bears in 2 sections of the GSMNP, 1976.

Elkmont- Bote Mtn.- Study
Bent Arm Defeat Ridge area
No. scats
in sample 8 9 17
Food item Percentage of diet
Grass and
herb. matl. 97 93 95
Insect 1 1 1

Debris 2 6 4




Table 7.

bears in 3 sections of the GSMNP, 1977.

33

Use of major food items in the Early Spring diet of black

Sugarland Elkmont- Bote Mtn.- Study
Mountain Bent Arm Defeat Ridge area
No. scats
in sample 4 7 9 20
Food item Percentage of diet
Grass and
herb. matl. 88 83 99 90
Insect 2 1
Manmal 10 14 8
Debris 2 1 1 1




“

c y.

Elkmont-Bent Arm in 1977 (Table 7;, it was fel: mammals were no move

important to hears in the Smoxies than insects, 1% of the diet. It

was believed the incidence of mammals in 1977 was nrobably overestimated
because the mammal remains in each of these sections consisted c¢f

hair in only 1 scat. The hair from the Sugarland Mcuntain sectien

was wocdchuck (Marmota menax) and that from Zlkmont-Zent Arm was

identified as eastern cottontail {Sylvilaagus floridanus). Each

occurrznce prebably represented only 1 meal. Results from Beeman and
Pelten {1977) were not comparable to the findings of this ctudy for

Early Spring cr Late Spring individualiy because their temporal

separation included no division during spring.

Late Spring.--The Late Spring diet (Tables 8 and 5 wac

accompanying the emercence of squawroct. Squawrocot and serviceberry
gbie in late May, 1577 and were utilized heavily. Although
herbaceous material still comprised aimest half of the Jiet, its use
was reduced from the 80% level of farly Spring.

There vere more categories ¢f foods used in the Laze Spring

ring pattern (Fig. 2, page 27), and there was

variation, although insignificent (P > .1), among the sactions of thz
rark. Bears inratiting Sugariand Meuntzin ard the Bote Meountain-Defear



Table 8. Use of major fcod items in the Late Spring diet of black
bears in 5 sections of the GSMNP, 1976.

Sugarland Elkmont- Bote Mtn.- Hannah  Study
Mountain B8ent Arm Tremont Defeat Ridge Mountain area
No. scats
in sample 8 15 7 53 8 86
Fcod item Percentage of diet
Grass and
herb. matl. 42 81 32 25 51 46
Squawroot 48 1 32 60 12 31
Blackberry 1 Trd
Huckleberry 17 14 6
Blueterry 1 4 3 2
Insect 5 9 7 4 18 9
Mammai r 5 7 2
Debris 1 4 7 3 2 3
Gartage 3 1 ]

dTrace.

o
(@3]



Table 9. Use of major food items in the Late Spring diet ¢f black
bears in 5 sections of the GSMNP, 1977.

Sugarland Elkmont- Bote Mtn.- Hannah  Study
Mountain Bent Arm Tremont Defeat Ridge Mountain area

Mo. scats

in sample 6 36 3 36 3 84
Food item Percentage of diet

Grass and

herb. matl. 30 57 84 34 41
Squawrecot 2 5 5 15 50 15
Serviceberry 18 18 a1 15
Huckleberry 33 7
Blueberry 1 Tra
Insect 33 7 4 4 3 10
Manmal ) 12 2
Cebris 15 10 7 6 ] g

aTrace,



(9%)

Both the Tremont and FPannah Mountain sections were inkzbited by
bears showing dietary variation in both years. Huckleberry and
biueberry comprised over 20% of the diet of tears in Tremont in 1976,
almost a Summer diet, while in 1977 the bears displayed an Early
Spring pattern. Bears in the Hannah Mountain section used huckleberry
and tlueberry extansively both years.

Squawroct was utilized throughout the study area in both years;
howsver, its use was considerably reduced in mcst areas in 1977.
Serviceberry was a large porticn of the diet of bears in the Sugarland

Mountain, Elkmont-Bert Arm, and Bete Mountain-Cefzat Ridge sectiors in

—
Vo)
~J
~J
B
>
-
—

cccurrence was noted by Beeman (1971) who found
servigeberry in scats in 1969, but rnot in 1970. Although no
avaitability data were collected, members of the research team

noticed few, if any serviceberries in 1976; hcwever, in 1977

serviceberries were abundant. Any difference in avaiiability of

squawrcot betwean the 2 years was unnoticeable. It appeared that the
bears' use cf squawroct was influenced strongly by the availability of

serviceberry, the Tatter was apparently preferred when available.
P!

When the Early Spring and Late Spring diets were combined and

-

compared to findings of Beeman and Pelton (1977), there was general

1
=

-

agreemant. The use of animal meterial, however, was reported somewhat

A . o

higher in the present study, 11% compared to 4% in the preavicus effor
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es 22 and 23}, which were both p2arly 0% insect remain
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Eliminaticn of these 7 composites decreased the disparity tetween the

[OR =93



studies, tut a difference was stiil evident. The use of animal

2.

material was greater than 5% in most sectiors and was over 107 in 4
instances in the present study. The increzased use of animal material
in this study, especially insects, was possibly related to the
decreased use of garbage. Garbage ccmprised 4% of the Spring foods

in the Zeeran and Pelton (1977) study, but was less than 1% in the
current study during this period. It was believed that results in

the previous study were biased in faver ¢f panhandler bears, and

thosz animals apparently substitute the use of garbage for the foraging

for insects or carrion to fulfill the protein requirement in their

Sumrer.~-The Summer pattern was marked by the use of shrub-torne
soft mast, blackberry, huckieberry, and blusberry, as the largest
source of food (6G%). Although bears used the Jatter 2 fruits as
early as middie June during botn years, it was not until early

August in 19276 and middle July ia 1977 that the Sumrmer pattern wac

)

diszlayed {

o

Bears throughout the study erea continued to consume the food

)

items which characterized the 2 previous seasconal patterns, hut tre

{

use of trnese items was reduc=d. Herbaceous material and spring fruits

cts, increased in the Summer diet.

<
-
=
[
It

This incresse was atiributzsd to greater availability and activity of
the insects during the warm months, Tree-borne soft mast was eaten

3 e - - [ Fiva o N s g 3, F e +} g S 1o
in the suwmer, Lut these items remained JTess than 5% of the dist.



Table 10. Usa of major food items in the Summer diet of black
bears in 5 sections of the GSMNP, 1976.

Sugarland Elkmont- Bote Mtn.- Hannah  Study

Mountain Bent Arm Tremont Defeat Ridge Mountain area
No. scats
in sample 7 38 18 48 47 158
Food item Percentage of diet
Grass and
herb. matl. 26 8 13 8 3 12
Squawroot 8 5 7 16 ] 7
Blackberry 23 71 28 48 1 34
Huckleberry 22 35 2 50 22
Blueberry 1 2 15 4
Fire cherry 8 2 2
Sassafras 1 1 3 1
Oak 2 Trd
Insect 10 4 9 iR 19 1
Mamma 3 1 4 2
Debris 8 2 3 5 7 5
Garbage Tr 1 Tr

dTrace.
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Table 11. Use of major food items in the Summer dist of black
bears in 5 sections of the GSMNP, 13977,

Sugarland Elkmont- Bote Mtn.- Hannah  Study
Mountain Bent Arm Tremont Defeat Ridge Mountain area
No. scats
in sample 12 18 22 58 26 136
Fcod item Percentage of diet
Grass and
nerb. matl. 14 7 6 12 4 9
Sauawroot 11 6 5 4 4 6
Serviceberry 3 5 1 12 3 5
Blackberry 47 39 38 37 32
Huckleberry 5 3 37 7 67 24
Blueberry 7 7 5 5 5
Sassafras 1 1 Trad
Insect 9 9 2 5 5 6
Mammal 1 3 2 7 4 3
Debris 4 20 4 10 8 S
Garbage Tr Tr Tr

dTrace.



Althcugh there was insignificant variation (P > .1} in the
ceneral dietary patterns between the 2 years or among the secticns
of the study area, different food items within the key category were
used in some sections. Bears in the Sugarland Mountain and the
Trement secticns ate larce preoportions of hHlackberries as well as
huckleberries. Elackberries viere by far the mest heavily used fcod
item in the Elkment-Bent Arm and Bote Meuntain-Defeat Ridge sections.
Bears inhabiting the Hannah Meountain section ate mostiy huckleberry
and blueberry during the summer, and virtually no blackberry.

Availability of tne various fruits in the secticns of the study
area was not determined. It was, however, noted that most scats
coliacted in the Hannzh Mountain section were deposited in the Cpan

Oak and Pire forest asscciation, which dominated the nigher e

(@)

in this section and was the location of mest of the research activity,
Huckleberry and blueberry are both important shrubs in this forest
asscciation (Shanks 1954b). Considering the above, it was not

surpricing that huckleberry and blueberry were the food items most

[Je

heavily used by bears in this section.

tariy Fall.--In middie to late August the incidence of shrub-Dorne

, - .
i{Tables 2

soft mast in the diet of bears was reduced in mest sections
and 3, pages 20 and 22, respactively), presumably accompanying a

cecline in fruit production, Ripening cof the tree-borne cott wact

was, undoubtedly, ancther factor. 1In 197¢ cherries and sassafres
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Table 12. Use of major food items in the Early Fall diet of black
bears in 5 sections of the GSMNP, 1976.

Sugarland Elkmont- Bote Mtn.- Hannah  Study
Mountain Bent Arm Tremont Cefeat Ridge Mountain area
No. scats
in sample 4 6 14 32 6 74
Food item Percentage of diet
Grass and
herb. matl. 1 6 5 4 6 4
Squawroot 6 1
Blackberry 19 4
Huckleberry 1 15 5 5 52 16
Blueberry 1 1 10 2
Fire cherry 4 1
glack cherry 69 44 25 3 28
Sassafras 10 10 28 3 10
Oak 1 29 6
Insect 13 18 16 17 25 18
Mammal 4 1

Debris 6 5 12 8 7 7
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Table 13. Use of major food items in the Early Fall diet of black
bears in 5 sections of the GSMNP, 1977.

Sugarland Elkmont- Bote Mtn.- Hannah  Study
Mountain Bent Arm Tremcnt Defeat Ridge Mountain area
No. scats
in sample 2 4 2 g 5 21
Food item Percentage of diet
Grass and
herb. matl. 35 47 8 6 2 20
Blackterry 1 5 1
Huckleberry 35 7
Blueberry 33 3 7
Fire cherry 10 15 5
Black cherry 53 11
Oak 6 26 4 7
Insect 4 10 2 26 4 9
Mamma 38 8

Cebris 27 8 11 27 14 16




item ameng the 3 ¢lassified a5 tree-tborre soft mast. Sassairas ranked

fot]

seccnd in 1976, but was not encountered in 1977. Fire cherry wa

W
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major food item in only 2 sections, Elkmont-Bent Amm and Bote
Mcuntain-lefeat Ridge.

The use of herbaceous material declined during Eariy Fall in
most secticns; however, it accounted for about 40% of the diet on

Sugariand and in tha2 Elkmont-Bent Arm section. Small cample size,

2 and & scats, respectively, was believed tc be a factor affacting

Shrub-borne soft mast declined in use during Eariy Fall in
Tost secticns, but cears in the Hannah Meountain section continued using
huckleberry as tre primary fcod item. In fact, bears in this section
faiied to chance Trom the Surmer to the [fari
ther yesar. Althouch sassafras is an imporiant tres in the fores?
asscciatign cemprising much of the Hannah Mountain secticn, only
auring Summer, 1976, was any evidence of the bears
encounterad, and then it constituted only 1% of the diet.
Acorn remains were found in scats during Eariy Fall, but
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comprise diet in mest secti Acorns accounted
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for cver 25% ¢f food consumed by bears irhabiting the Bote Mountain-
Defeat Ridge section during tnis season.
The use c¢f insecis incraased slightly with the change to the

Early Fall pattern. The evailability ¢f insects was not believad

study avea ara higher in the Fall {Garshelis 1978}, and thic incrsased
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Late Fall.--The use of hard mast characterizad the Late Fall

pattern (Fig. 3, page 27) of food utilization by nlack bears in the
Fark, and acorns were the only items within this food class
enceuntered in this study (Table 14). The Late Fall pattern was
delineated only in 1977. If scat coliection had continued thraugh
October or Nevember, the switch fo the Late Fall diet would probably
have been detected in 1976 because %he acorn crop was good (Tennessee
#i1d1ife Rescurces Agency 1677), and peak acorn availability is

usually not realized in East Tennessee until! middle October
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Consumption of acorns accounted for over 70% of the diet
throughout the study area during the Late Fall. Tabie 14 shows that
acorns were 83% of the dist in 2 sections, Elkment-Bent Arm and Hannah
Mountain. ©Sears inhabiting Sugarland appearsed to utilize acorns

lTess than those ar

:3
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2als in other sections, but Appendix, Table 23,
shows that the use of acorns in that section vose steadily during the
period in which bears ate the Late Fail diet, 12 September through

10 Octohber, Simiiarly, acorns comprised 80% and 757 of the dieil of

™

bears in the Bote Mountain-Defeat Ridge section during 2 of the 2-week

f’\
S~

intervals of this period and only 37% in the third {Appendix, Table
Cnly 2 scats were in the composite of scats for the 2-week period

ending 10 Cctober in the Bote Mountain-Defeat Ricdge section; 1 of

which contained mostly zcorns and the other mostly grape (Vitis sp.)

A -



Table 14. Use of major food items in the Late Fall diet of black
bears in 4 sections of the GSMNP, 1977.

Sugarland Elkmont- Bote Mtn.- Hannah Study
Mountain Bent Arm Defeat Ridge Mountain area
No. scats
in sample 7 6 30 5 50
Fcod item Percentage of diet
Grass and
nerb. matl. 15 7 2 5
Blueberry 3 1
Black cherry 4 2 2
Oak 52 83 64 83 71
Insect 18 2 8 ) 9

Debris 10 11 9 6 9




acorns were more imporiant in the Bote Mountain-Defeat Ridge ares than

was indicated by this cemposite.

"1

Herbacecus material remained in the diet, but comprised only
% of the total. Blueberry was found in oniy 1 composite, which
represented the earliest collecticn of this seasonal diet. Black
cnerry was found in 2 sections, but was only 2% of the diet of bears

in the study area. NO mammal remains were found during this period,

and insect remains decreased to 9% of the diet.

"]

Pesults from the current study disagreed with findings i

Beeman's (1971} study. Although acorns wera major food items during
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in the previcus study, that effort indicated & much Jower
use of cak mast (157 in 1969 and 417 in 1670). Acorn production rated
cnly fair in 25t Tennesses during the years of Beeman's (1971 study
(Conlay 1970, Tennessse Wildlife Resources Agency 1977), but was good
both years of tha current study. This dit’erzrcs in availability of
acorns undoubtedly accounted for part of the difference between the
use of gak mast found in the 2 studies.

Another facter rmay be considerzsd in the low utitizatiorn of

acorns during the first year of Beeman's {1971) study. He found tha

1 species of tree~borre soft mast, biack cherry, was the most importan

em noted in 1876 of the present study; scat coilection ended

-

before the bears changed from the Early Fall to the Late Fall pattern



oo

consumpticn placed the 1270 diet within the Late Fail pattern defined
in the present study., Harc mest found in the previcus study, however,
included beechnuts as 15% of the diet.

The exclusion of much of the beach forest occurred when the
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study area was vreduc n (1971) study. That exclusion

may expiain part of the reason beech was a major food item in the
previous study while only traces of teech ware encountersd in the

prasent study.

Major Foced ltems

o~
'

Samples of major {food items and corrasponding scats were analyze

to determine crude protein, ADF, and Tignin content {Table 15}, Results

o
ry

other ressarchers applicable to the diet of black bears 1in
are presented in Table 16. HMost authors did not determine ADF content
of foods; instead, they determined crude fiber contant. Both ADF and

crude fiber analyses reveal the fraction of foods *that i3 usuaily not

digestible by moncgasiric species such as bears, and nufritionists have
matkematicelly comparad the 2 determinations {(Chandler 1978). ADF

~

content may be approximated from crude fiter

[n%
T

termination using the

AUDF = crude fiber/0.75
A1V plart food itewms except acorns were iow in proteins and high

in fiter. Acorns wera Yuw in botr grotein end fiber. Animal mwaterial,

h in protein and low In fiver.




Table 15. Crude protein, acid detergent fiter, and lignin content
of food items of black bears and of corresponding scats from the
GSMNP,

Composition {percentage of dry matter)

Sample Crude protein ADF Lignin
Herbaceous scat 11.3 40.2 13.1
Squawroot 5.0 22.2 10,0
Scat 6.5 57.0 30.3
Serviceberry 9.8 22.9 6.8
Blackberry 9.8 29.8 15.2
Scat 13.3 54,2 29.1
Huckleberry and
blueberry 3.1 22.2 11.4
Scat 9.2 55.0 27.7
Acorns (kernel only) 6.0 4.2 0.2

Scat 11.1 9.2 1.2




Table 12. Crude protein and acid detergent fiber content of foods
typically used by black bears in the GSMNP.

Composition (percentage of dry matter)

Food item Crude protein ADF@
Herbaceous mat1.D 19.1 32.5
BlackberryC 8.2 45.2
B]ackberryd 13.1 32.9
Blackberry€ 5.8 28.7
Huckleberryd 2.2 20.7
BlueberryC 4.1 12.9
Blueberryd 5.8 19.7
Cherry (pulp and skin)cC 5.1 17.7
Cherry€ 13.9 43.5
Oak, red (with integument)C 6.6 4.1
Oak, chestnut (with integument)C 6.9 3.5
Oak, white (with integument)C 6.2 3.3
Oak, chestnut (with integument)® 6.4 20.3
Oak, white (with integument)€ 6.7 23.7
GrapeC 5.4 . 17.9
Graped 6.0 26.5
Grape® 9.8 29.¢
insect® 43.4 20.1

MammalG% 79.0 1.7
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Table 16 {Continued;

3ADF calculated oy cellulose

(]
vy
[veny
(%]
—
-~
(g}
>3
P
=3
-4
O
3
3
o+
©
=1
i
«t
fo X

Wainio and Forbes [1947). ADF caiculated by crude protein/0.75 for

items from all cother authors.

BSource: Mealey (1975), average ¢f all herbacecus material.

CSource: Wainio and Forbes {1241).

d N B
SSource: Llanders et al. (1973).

eSource: King and McClure (1944).
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"Source: Beck and Back (1955) and Southwced (1973), average
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bears in the Park. It was 44% of the Late Spring diet, and its use
decreased tc less than 10% of the diet in most other seasons during
the study.

Similar patterns of use were described by other authors in
previous studies. Chatelain (1950) found herbacecus material in
almast all scats in May and Jure, but it was found in less than 10%
of scats coilected in the summer in Alasxka. The spring diet of black

r

bears in Maine was 60% herbaceous material while its use decreased tn

~al

10% and 3% in summer and fall, respectively (Spencer 1981). Merbag

D

omprised the bulk of spring foods and was found in nearly all scats

in Montana, and in summer it was found in many scats, but the volume
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was greatly cecreased (Tisch 1451). tatler (1967)
found that herbaceous items acceounted for 705 of the spring diet, but
only 15% of the fali diet. Hardy {1974) and Landers et al. (1879)

reportad that green vegetation was & major food item for bears on the
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coast of North Car

[

2 only curing the spring or early summer. In
Washington approximately naif of the annual diet of black bears
consisted of herbaceous material (Pcelker end Hartwell 1973).

While grass and cther herbiaceous items are the major porticons

of the diet, bears either gain weight slewly or lecse weight {Jonkel and

Cowan 1971). Poelkar ard Hartwell {1973} concurred with the above

and termed this interval ithe "negative foraging nericd.”" Beeaman (197%)
and Rogers {1°7€) found the above to be true for bears in the GSMNP

and in Minpnssota, respeciive

Hatler (1967} founs tnat green plant watarial appears to be

j&3 ]

ses throunh a bear's

(e

tittle changed in either form or volume as it pa
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bears lack a cecum ang have simple stomachs that are too acid to
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dec¢ for digestion of celiulose (Rogers 137€).
The protein and fiber content of herbaceous matarial was not
determined in this study. Healey (1975), however, determined
nutritional contert of many herbacecus items, and his results were
averaged and included in Table 16. Use of the findings from that

study were believed to Le acceptable for use in the present study
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Herbaceous matserial was relatively high in protein and fiber

content. The nich Tiber content greatly raducad the digestibility

(8]

of thess foods, and the nuirients extracted were probably used as

Spring Fruits.--Beeman {1871) found that no other author

}

-

reported the use ¢of squawroot by black bears in other regions of the
United States. Martin ot al. (19%1) did not list this plant as &

food itew of any wildlife in Americe,

througnout most cf tne Carolinzs and in West Virginia, Virginia,

Ternassee, Brars in the GSHNP and
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accounted for over 107 of the amnual dizt {1978) of bears in the
Park (Table 2, page 20

Nutritionally, sguawroot may be an impcrtant item in the die
of bears. The protein content (8.0%; is slightly higher than that

found in most berries, while the fiber content (22.2%) is lower

{
\

able 15, page 42). Protein content (6.5%) of scats containing

mostly squawroot remains was slightly less than that in the food item.

Fiber content (57.0%), howevar, was much higher in scats. Apparently
bears are able to ertract protein and othar energy-suppiying nutrients

from squawrcot. Althouch herbaceous material is higher in protein
(19.79) than sguawroot, the fiber content is also much greater (32.5%).
As a monogastric species, bears are probably able to digest a greatar
portien of squawroot than of herbaceocus material. The creater
digestibility of squawrcct may be very important to an animal that

is in a negative foraging period.

i

Serviceberry was the other spring fruit consumed by black bears

isch (1951) found that serviceperry occurred in only

—dn

5% of the summer scats of black bears in Montana in 1369, but this

fa S

increased to aver 20% of scats Tound cduring the surmer ef 1370,
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an increase in volume
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d the increased frecuency of this item.
Beeman (1971) found serviceberry seeds in scats in only 1 year of his
Z-year study. Similar results were encountered in the present study.
In 1978 when no serviceberry was availabie, bears consumed larce
amounts of sauawroot (Fig. 5). In 13 cerviceberry was

e by £ . 2y o Jyiom s [ R -~ N e
greater than that of sguawroot during Jduns, bub its usa decrsased



Figure 5. Biweekly use of spring fruits by black bears
in the GSMNP, 1976 and 1977.
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Squawroot {1978)

— ———  Serviceherry (1577)

/\ —— —  Squawrgot (1977)

Perceiitage of Diet

== f —

May June July Aug.

Two WeeKk Interval

Figure 5
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sarples composad mainly of serviceberry remains ware analyzed, it was

selieved that ruch of the nrotain in serviceberry may be available
to bears., The pretein content of this item was higher than that for

]

most berries {
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), and fiber, especially the lignin

.

ables 15 an
contant, was much lower. With a high protein content and only z faw

seeds in each berry, serviceberry may contain protein that i3
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available

i

o black bhears.
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Shrub-borne Soft Mast.~-The 3 fruits included in the shrub-

borne soft mast category were blackberry, hucklieberry, and Dlucberry.
It should be noted tnat all species in the genus, Rubus, wersz

F g U1 R
considered blackberry; only species of Gaylussacia were included as

huck ieberry; and all species of Vaccinium were refarred to as blugbzrry.

Beeman (1971} faund that hlackberries vere the mest heavily
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used fruit in tne summer in the Smeky Mounta
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ns. Similav results
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Figure 6. Biweekly use of shrub-borne soft mast by black
bears in the GSMNP, 1976 and 1977.
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This heavy utilization of blackberry concurred vwizll with

ceneral wildlife usase, but was contrary to resuits from studiss of

food habits of black bears in cther parts of their range. Martin
et al. (1951} reported that blackberry ranked at the top of summer

focds for wildlife and attributed this sxtensive use at least partiy

(&R

to its widespread distribution in most parts of the country.

Many studies, however, incdicated that blackberry was relatively

»

3

to black

«t

<

unimpertan be

(’)

ars in other areas. Blackberry accounted for
snly 5% of ithe summer foods of black bears in Pennsylvania {Bennet:

et al, 1943). Harlow (1961) and Tisch (1961) found trace amounts of
biackberry cnly in the fall in Flerida and Mentana, respectively. In

Maine oniy 10% of the summer diet consisted of this fruit (Spencer

N

19

1). Peel

=

ar ancd Hartwell (1973) reported that blackberry was of
minor importance to beare in Washington and was found only in summer,
Even alorng the North Cavciina coast blackberry was not important to
Elack bears, amounting 1o only 4% of the diet in Jurne and July

{(Landers et al. 1979).
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ma and

o

Huckleberry rarxed cecond among the shrub-borne sof

U
or

was far more important than tlueberry. Huckleperry was the mo

nhaaviily used food item in the Hannah Mountain region in the Summer
diet {Tables 10 and 137, pages 35 and 40, respectivaly) and was the



important food in July and ¢ ised 18% of the August diet of bears
in southeastern North Carolina.

Species of biusberry, the least important of the shrub-borne

scft mast in the current study and in the previous effort in the Park
(Beeman 1971), are widely used food itams by many species of wiidlife

and can he very important to bears {Martin et al. 1251). ‘Muris {1927}
found blueberry remains in 2 of 64 scats during a summer when the
abundance of crickets and grasshoppers wes unusuzlly high and
pirecluded the coccurrence of virtuaily all other food items. Cottem
et ai. (1939) reported that hblueberries were sacond only to acorns in

the fall diet of black tears in Yirginia. OCOn the Kenail Feninsula,
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revieus yzar's crop until tha current crop ripenad

P
{Chatelain 1950). 2lueberry comprised 10% of the summer diet of bears

l

1D

J. Tisch (1261 reported that blueberry was
most impeortant food item in the €all for bears in Montana, zrnd Jonkel

A\
1 -
|

and Cowan {1971} underscorad the importance of blueberry to tlack baars

in Montana by reporting that reproduction in bezrs approached zero

when blueberries were icaice for 3 consscutive years. Lideberry rormean

focds in intericy Aleska (Hatler 1367) znd Hashingion

were tound in bear scats in spring and sum and were most important

. T . e
in Aucgust (Hardy 1374), but they were important ondy



in the southeastern part of that state {Landers et al. 1973%).

A1l 3 members of the shrub-borne scft mast were energy foouds,
Althcugh biackbarries had more protein than the cthers, results in
Table 15, page 49, showed the protein content of any of the shrub-borre
mast was probably not available to bears. The protein and fiber
portions of the scats were much nigher than the content cf those
nutrients in the food items. It was believed that little, if any,
was digested by bears because protein is found mostly in the se2eds
of these fruits [Yainio and Forbes 1941). The concentration of seeds
in scats coliected in summer showed bears digest only the pulp and

skin of fruits eaten, and carbonydrate is the principal nutrient in

~

fruit puip.

Tree-borne Soft Mast.--Black cherries, fire cherries, and

sassafras berries comprised the tres-borne soft mast, the most
important food category throughout most of the study arsa in the Larly
Fall diet; the Hannah Mountain and Bote Mountain-Defeat Ridge sections
were exceptions (Table 12, page 42).

Black cherry was the most heavily used of these 3 fruits

(Fig. 7). Up to 85% of a local diet was composed of black cherry

during late September (Appendix, Table 19). BReeman and Pelton {1971}
also found that black cherry was an impcrtant food item to bears in

the Smoky Meourntains during the early part of fall,
Bernett et al. (1933) renorted that cherries comprised over

half of the summer dist of bears in Pennsylvania. Spencer {1961}



Figure 7, Biweekly use of tree-borne soft mast by black
bears in the GSMNP, 1976 and 1977.

63



64

e Pack Cherry

o FE(C} Ch‘_}g";’q}r

e Googalras

20

—— — Uy
T - ‘\lxi\i$ T ) ‘\ -
e ——
i .
S B \
— - /
//i‘!ll —_
e, S . A\ B y
——— T
—_— e~
* -
—
“~ ,
/ /
3
/ ¢
/.m
T r .
D LA T
1.. ™

1817 J0 abriuRiag

Aug.

:d

~
Fly

erv

L

Twe Wesak !

Fiqure 7



(o)
(&x

3
H

LU

iaine, but use of cherries decraased graatly during fall, Tisch
(1961) found only trace amounts of cherries in fall scats in Moniana,
and Poelker and Hartwell (1573) reported similar findings in

Washington. Cherries were, however, im

'i

nertant to bears in Minnesota
(Rogers 1976).

Sassafras comprised over 5% of the bears' diet during early
September, but was not an important foed source for black bears in
the Smokies or in other parts of the country. Bennett et al. (1943)
recorted some use cf sassafras by bears in Pennsylvania, but i
comprisad less than 2% of the diet. Martin et al. (1951) raeported

that sassafras was a small part of the diet of only a few species of

Fire cherry was the least important food item among the tree-

terne soft mast and hardly cuatlified as a mejor food item of be

{.‘J

¥soIn
the Park., This fruit may be eaten by tears in other regions, out was
not identified in any report. Some authocrs discussed wild cherries
but did not identify the species,

l.ike the shrub-borne sO7

-4

't mast, cherries appeared to be enevrgy

’

foods. King and McClure (1944) reportad a protein content of rearly
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H8
In scutheastern North Carolina only 17% of ine late fall and winter
diet of black bears was acorns {Landers et al. 1879), and no acorns
were noted in northeastern ticrth Carolina (Hardy 1974).

Acorns ara the main fcod item during the pericd when bears in

the GSMNP gain weight most rapidiy. The low protein and fiber

content of acorns (Table 15, page 49) suggests that this food is

Strickland {1972) reported that acorns persist through the

winter in East Tennessee and are usualiy availabie in Timited

1 3 o Y {Ce 5 a1y N \- VRS LT o A o
wild hogs in the GSMNP (Scott ard Pelfon 19785); however, black bears

finding ¢ surprising since bears Jcse weight during spring due to 2

Animal Material.--Animal material was sncounterad in all seasona?

digts. The pgroportion of animal material, especially insscts, increassd

from a low in Early Spring through farly Fall, then decreased in Late
attributed to greater availability, and high use wes sustained in Zhe
Early Fall diet by greater hourly mavamenis

avaiiability of insects.

“fu‘}‘"gg“ﬂ C,“‘F"i"
IS B : J/



Figure 8. Biweekly use of animal material by black bears
in the GSMNP, 1976 and 1977.
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{Procyen Yotorj, 9%y European wild hog, &% woodchuck, 5% and black

bear, 1%,
Wnile most encounters of bear hair in scats wera attributed %o

grooming, it was recognizec that biack bears may practice cannibalism,

Ouring 1976, 2 bears held in snares were killed by other bears
was partially consumed while s%i11 in the snare. The other was
carried away, presumably by the bear that killed it, after a
researcher removed the dead animail frem the trap, and the researcher
departed for gporoximately 2 hours, It was believed that both
animals were killed in acts of agaressicn rather than predation, and
consumption was an act of opportunity.

The major role of animal material in the diet of black taars

the diet, Protein conten® of insects ranges from 277% in larva

{Beck and Beck 7955) to 55% in ants {Scuthwood 1373); both figures

ware computed on a dry weight basis. Mammals contain an even grester

cropertion of protein, averaging 797 of dry matter (Mealey 1975).
Althgugh proteins in the diet may b2 used Tor energy as well as for
incorporation in cther bedy proteins, it is belisved that the mroteins
of animal origin are used for the Tatter purpcsa becauss thare i¢ a

in small quantities during zhe present study that merit discussion,

o - - -~ X - N ~ ~ iy o~ FaRy
grapas, olack gum iMvese sylvatica), and beezh. fGrarmes G0 nol agpneay
2. H £ - t P . e
o ne a very impoertant cornstituent in the ciet of black pears in an



of tha fall diet (Cottam et al. 1233}, znd BSennett et al., (1933)
reported that ¢rapes were 9% ¢f the ¥all diet of bears in Pennsylvania.
Black gum is unimportant in the Park, but is the most extensively used
fall fcod in northeastarn (Hardy 1974) and southeastern (lLanders

et al. 1979) North Carclina.

Both grares and black gum represent sources ef energy to black
bears, being high in carbchydrates and low in protein and fiber
{Wainic and Forbes 1941, Landers et al. 1979). Like acorns, both of
these foods are compenents of the Early or Late rall diet and are
subject to variable yield. In years of grape or dlack qum abundance,
these fruits may act as a substitute for acerns when the acorn crop iz
poor.  Landers et al. (1979) found that acorns and black gum were
scarce in alternate years and utilization of cne of these foods

compensated for a scarcity of the other. In ennessee the

(s

as:t

1273 acorn yield was rated poor {Tennesses Wildiife Fesources Agency

t
(%3]
o
oo
[N
(72 ]
(]
<<
o
-
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19739), and many local residen biclocgists agreed that the

grapa crop was more abundant than could oe remembered in past years.

-—

Bear scats collected during the fall of 1978 showed a heavy utilization
of grapes by bears in East Tennessae.

Of 7 radic~-tagged bears that were viewed in their winter gen

nis goed condition after an acorn crop shertage i1

z1ternate foods thot are svailable in
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United States. Beecn was cover 30% of the fal! diet of bears in
Fennsylvania {Bennett et «l. 1942) and Maine {Spencer 1961). Beechnuts
were important in the GSMNP (Beeman 1971) during the fall, but this
was probably cnly at high altitudes., Most of the bzech forest in the

-

Park was, however, excluded from the present study.

ct
w

Nutritional Value of Seascnal Diet
The ~utriticnal value of seasonal diets was calcuiated from
protein and fiber content of individual food items and the proportion
of those food items in each ssascnal diet. The crude protein contant
of the tEarly Spring dist was highest {21.3%); Late Spring (16.%%},
farly Fall (14.3%), and Summer (12.5%) diets wer2 intermediate; and
the Late Fall diet (9.7%) was low in protein (Table 17). If the diet
that encouraees nealthy crowth in bears must contain about 15% crucde
protzin (Wackernagel 19615, it appears that growth of bears in the

GSMHP occurs Trom Earily Spring throush Early Fail. Such 2 long period

-

of growth, however, is not believed to occur.

It is recognized that healthy growth requives not only an
adequate quantity of protein in the diet, but alsc there must be a
batance of essential amine acids in the protein. Proteins from green
plants tend Lo lack certain essential amino acids and are, therefore,
proteins. Onege the amino acid in

sted, remaining amino 2cids are deaminized and

used as feod enercy rather than structural components {Crampten and



Table 17. Crude protein and acid detergent fiber content of the
seasonal diets of black bears in the GSMNP, 1976 and 12977,

Composition {percentage of dry matter)

Diet Crude protein ADF
Early spring 21.3 30.3
Late spring 16.9 24.6
Summer 12.6 23.4
Early fall 14.3 17.7

Late fall 9.7 7.5

5



Early Spring.~-The protein of the Farly
from grasses and oiher herbaceous material and

biolcgical value. In addition, the high fiber

undcubtedly prevents the extraction of much of

in food items. The nutritienal value, therefs

diet is low. As a result thers is a tendency

(Baeman 1975) because fat reserves are heing d
any, Sstructural growth occurs,

Spring diet is derived
is, therefore, of low

content of this diet

the energy contained
re, of the Earily Spring
for tears to los2 weight

eplete

Late Spring.--While herbaceous material cemprised approximately
half of the Late Spring diet, the proportion of animal material rose
from 1% in farly Spring to ovar 10%, The result wes a decrease in
fiber, and an increzsed availebility of protein.  In addition, the
croteins from animal material are of high bielogical value, and
theretore, conducive to growth.

A decrease in the protein content 2c well as the fiber cantent
from the Early Spring diet suggests that a high level of available
energy in the form of carbohyd is in the Late Spring diet. This
carbchydrate conte is attributed to the use of spring fruits. As a
result, bears probebly make a transition from a negative to a positiva
gnercy balance late in the spring and may start to cain weight,

The increase of high biclogical value protains in the diet
sugnests this increasing weight represents structural growth as well
as, and possibly instesd of, increasing fat reserves.

Sunpier, --The change from the late Spring te the Summer patfern
of food use resuils in e decrsase in consumption of hevbacleous



material and ar increase in <onsumption of fruits. Tne utilization of
animal material remained about 107 of the diet and provides adeguate
protein with & gocod talanca of essential amino acids reguired te
sustain growth.

The fiber content of the Summer diet was only slightly lower
than that of Late Sprinj and reflects the many seeds found in the
fruits that ccmoriss the bulk of summer foods. The high utilization
of fruits in the Summer diet provides much energy in the form of
readily aveilable carbchydrates.

The Summer diet is high in availabie energy and contains an

=)

y
-

level o r the Fark

[¢¢]
w

adaquat: high cuality orotein. Therefore, bear

exhibit structural growth accompanyirg the increase in weicght during

the summer reported by Baeman (197%).

Early Fall.~--Although diffarent fruits were consumed in the
Early Fall diet compared tc that of Surmer, nutritional value of the

diets is simiiar. Fiber content is lower in Early Fail, 17.7%

-
.‘.3"

compared (o 23.4% in Sunmer, but this cecrease is attributed to the

n and skin only of cherry in celculation vrather than actual

[
P
1]
(@]
~4
18]
<

dietary differencas
Proteins for growth and carbohydrates for energy use are
providad by the Eariy Fall diet, and bears probably continue

increasing weight and growing structurally while these Toods are caten.

Late Fall,.--Growth of bears may ceass, but increases in weight

cccur cduring fall (Beerman 197 The weight oains curing this period
are rmade poisible by the high ubilization of acorns in the Late Fall



~J
3

die* and probably reflect only increases in fat reserves.

The protein and fiber content of the Late Fali diet (9.7% and
7.5%, respectively) are the lowest reccrded for any diet. Therafore,

the level cof energy-suppiying nutrients, fats or carbchydrates, is

hich. Fat content in white caks and chestnut caks is low while that

]

of red caks is mederately high {Wainio and Forbes 1941). As a

-
i

Sut

w
3

[aly

[44]

, much energy is available to bears consuming Late Fall foods,

(%2

D

and rapid weight gains are possible
1t may be advantageous for structural growth of bears tc cease

during this pre-denning period. Energy utilized for growth of bones,

miscie, and internal corgans is no lonocer available 0 increase the
fat recerves that provide zgnergy during the winter denning period
gnd the negative foraging period of the spring.

-~

Growth sustained by only 3 seascnal diets does net apnly te

newborn cubs. These animals increase in weight as well as exhibit

structural growth during the latter portion of tha denning pericd

and in early spring when most bears experience the negative foraging

pericu. Fats and pretains in their mether's milk account for the
tability of nutrients feor growth during the periods when other

i

bears are 1csing weight. It s not known whether cubs continue

; +
Truch

77

sral growth during their first Late Fall gdiet, but it is

—de

-

telieved that they, Tike oider bears, increase waight only by

increasing

(C‘
-+

at reserves during the time when bears consume mostly

NCRA

acorns in the LGSHNP,

—
~

- .
7o sustain mi

.

e b - 4o R 1 NN
flow, Tactating females probat

croteis contant ia the farly Spring diet in additien to the seasona



diets in which protein contant s usually high. Even with a higher
protein intake in all seascns during which lactation cccurs, body
proteins are probably utilized during milk production, which may
result in detericration of muscle tissue. As a result, the protein
requirenent during Late Fall is probably higher for females with cubs
than for other bears becauss this muscle tissue must be replaced. The
edditional protein reguirement for females with cubs
much higher foraging effort by these animals and probably expiains
the high level of activity exhibited by female hears with cubs during

v

all seasons except winter (Garshelis 1978).

Tecnniaue

\

Evaluation of the Scat Analysis
Cnly sempling of composites was used for scat analysis during

this study; tnavefore, no basis exists for direct comparison fo the

results obtained by hand separation of each scat. Sampling individual

scats, however, was used to determine food habits of black bears

(Hardy 1974} and coyotes [Jchnson and Hansen 1%77). Sanp

\

~

composites of zcats was ussd successfully to determine foods consumed

by heary marmcts (Hansen 1975). There i5 & cenera

food utilizaticn found in this study and that reported by Beeman

and Peiton {1977) which was determined using a hand szparation method.
Sampling comgnsites was ranid; composites containing as many as

25 scats wera analyzed in 20-30 min once identification of food iters

was learned. Prepavation of scats for enalysis recuired use of only

-~

norticn of most scats z2nd was, theresfors, much easier and
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There ware possitle disadvantages to the technique, but it was
felt these were negligible. Mammal remains ware mestiy hair, and
hair separates easily and was found in meny quadrats even when only 1
of many scats in a compesite contained hair; therefera, mammal remains
may have been cver-estimated. Incidence of mammal remains in the
presant study were comparable, howevar, to most cther studies

Identification of insect fragments and marmmal hair was difficuiz
in this study because most insect remains were tiny body fragments, and
many singie hairs were found. Both of these jtems were viriually
impcssimle to identify with confidence. It is feit, however, that

this lack of identificaticn in the present study is a small problem

rimal material in
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1275, and others). 1In additicn, black bears are gererally scavengsrs

rather than pradators; thercfore, tne species of mammal found in the
Undoubtadly, many trace components of the diet were missed
during analysis. This, however, is ccnsidered a benefit because

onger to identify and contribute very 1ittle

In Tight of the abtove, it 1s felt that sampiing scat compeosites

i3 a fast and reliabie method teo determine the basic catterns cof

recuire continued



Major food items consumed by black bsars in the GSMNP were
diviced into 9 categeries: herbacecus meteriai; spring fruits,
including squawrcct and serviceberry; shrub-borne softi mast,
including biackberry, huckieberry, and blusberry; tree-2orne soft
mast, including black cherry, fire cherry, and sassafras; hard mast,
including only acorns; and animal material, including insects and
mammals.

Over 20% o7 the annual diet cof black b2ars in the Park was
comprised of plent Touds. Incects were the major animal feod while
mammnals were only of minor importance.

Baserd on composition of the diet, there were 5 seascne)
patterns of focd utilizaticn dispiayed by bears in the Park. CEtach
natcern was keyed to a single category of food items., The tiarly
Spring diet was keyed by herbaceous material which accounted for over
0% of this dist., Utilization of animal material was low, acccunting
for only 5% of the dist.

In the Late Spring pattern spring fruits {(30%) were the kay

component. fHerbacsous raterial dropped to less than 50% of the die:n.

In 197¢ sguawrcet was the only spring fruit corsumed while hoth

-

noin 1277, 1% appears that
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squawreot and serviceberry were ea



serviceberry is praterred when it is availab

Shrub-torre soft mast keyed the Summer pattern, accounting for
over 60% of tha diet. Use of herbaceous material was unimpertant.
Tree-torne soft mast appeared in the Surmear diet, out was not utilized
heavily (less than 53%). Animal material remained just over 10% cf the
diet.

Blackberry was the most important fruit of the Summer diet
throughout most of the study; however, in the Hannah iHountain region
almost no blackberry was eaten, and huckleberry was the most important
item. Blueberry cenerally appeared in compcsites containing huckleberry,

-
i
i

but was at a much lower level of utilization.

White i1t was the key category of the tarly Fall pattern,

':“}-

reg-borne scft mast accounted for only 28% of the diet. Herbacsous

material remained an unimportant compenent, and shrub-borne so0ft mast

cnly siightly utilized. Consumption of animal material rose to its
nighest level (almost 20%) in the farly Fall diet, and this high

ytilization was attributed to increased hourly movements by bears

Black cherrv was the most important fruit in the key category
of the Early Fall diet. Sassafras ranked a distant second, and fire
cherry was third.

he key component of the Late Fall di

et
1]

t was nard mast, which
accounted for over 70% of the diet. Consumpticn of animal material

i : ~ . e £ - L = Y <M A 'y
decreased, anc other categories of food items were unimooriant.
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of a Lata Fall patteyn in 1970 scats is attributed to the eariy
cessation of scat collectisn, not to a lack of consumption of acerns
that year.

Consumption of artificial foods, carbace, was unimportaﬁt
during all seasons. It was, however, present in trace amounts in

all seascnal diets.

-

Herbaceous material is high in protein and fiber.
fiber content prevents complete digestion of these foods, and the
protein is probably of psor quality due tc & peor balance cf essential
amino acids. Bears are able to extract some protein and other
nutrients from herbaceeus materisl, but the protein is probably used
as an energy scurce, and 1ittle energy is avai

The spring fruits are hizhaer in protein content than other
fruits consumed by bears in the Park, but this protein, tco, is

i

srebebly of low quality end 1ikely used for epergy. Fiber contant

o

—.

s moderate, and these fruits are considered good sources of
carbohydrates

The shriub-borne soft mest is similar o the tree-borre soft
value. Both are enerqgy fods being h
carbohydrates. Frotein content of blackbervy and cherry is high,
but is leocated within the seed and is upavailable to black bears.

Hard mast, acorns, i35 a concentrated energy focd that is
propably hichly digestible by black bears., The orotein and fiter

4 4+ -~ N
contents are very low,

emery of 211 sessonal diets.
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The Early S . The protein

avaiiable is gererally of low biological value, and Tittle food energy
is availebie to bears from this diet. As a result, bears exhibit a
neqgative foraging period until more nutritious foods are avaiiable.
During the period of the Late Spring diet, bears probably make
the transition to a positive energy balance. Crude protein in the diet
decrezses from the Early Spring, but much of it is of animal origin and

y of hign biolcgical value. Hith fiber decreased from Eariy
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t is more digestible, and more energy is
ieved that bears begin to grow
structurally whils consuming the Late Spring diet.

The nutritive value cf the Summer and Early Fall disfs are
similar. Both diets ars mcderately low in fiber and moderatzi)

]

in high quality protein. Structural growth probably acccmpanies

jurs

incraasing weights when the foods of these diets are eaten.
The Late Fall diet is mainly arn energy scurce. 32oth protein
and fiber content are low, while carbchydrates are high. Fats are

moderataly hich in red oak acorns. Structural growth mav step in

, and rapidiy ipcreasing weight represents energy storad in fast

w
ot
1

3ear cubs grow during &l asons and must have adasu

protein and energy in the diet. Their mother's milk supplies these
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femaie bear’s diet, Ircreazed foraging bty females

with cubs s neecgsd throughout the year and is reflected in a high
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lavel of activity by these animals in a

e

ethod to detarmins
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Sampling scat ccmposites is a satisfactory t
the patterns of food utilization of black bears. Aithcugh certain

preblams were encounterad, th2se were minor.






BAILEY, V. 1923. Bears eat cascara terries. J. Mammal. 4:53-54,

B 1655, A method for nutritional evaluation
focds. J., Wildi. Manage. 13:188-205,

BEEMAN, L. €, 1371. Seasonal food nhabits of the black bLear (Ursus
americanus) in the Smcky Mountains of Tennessee and Morih
Carclina. M.S. Thesis, Univ. of Tennessee, Kroxville. 62 pp.

- 1975, Popu?ation characteristics, movements, and
activities of the black bear (Ursus americanus) in the Great
Smcky Mountains National Park. PR.D. . Dissertation, Univ. of
Tennessee, Xnoxville. 218 pp.

. and M, R, PELTON. 1677. Seascnal foods and fesding
ecoloay of b]ack bears in trne Smoky Mountains. Prcc. Fourth
intl. Conf. on Bear Res. and Manage., Kalispell, Ment.

{In press.)

METT, L. J., P. F. ENGLISH, and R. L. WATTS., 1943. The food
its of the black bear in Pennsyivenia. J. Mammal. 24:25-3]

RIGELGH, N. XK. 1922. Insect focd of the black bear. Canadian
Entomel. 54:40.80,

M. CelLONG, and C. A. TRIPLEHORN. 1976. MAn
ion to the study of insects. Fourth ed. Heoit,
and Wiinston, MNew York. E52 pp.

BUPNS, T. A., and C. E. VIERS. 1973. <Caloric and moisture caontent
values of selected fruits and mast. J. Wildl. Manace. 37:
585-587.

. Mammals of Morth America. Tne Macmillan Cec.,

CRARLANE, Y. H., 1356
New ‘fork. 6%

CAIN, S. A. 1935. Ecelngical studies
Smoky Mountains. AMm. Midl. Nz

CHAMPAD, A, D., and T. W. B0OX. 1984, A point
ruman contents., J. Wildl. Manage. Z€:47

CHANDLER, P. T. 1878, Qough&ge and fiber. Pages 354-370 in C. J.
Wilcox, H. H. Van Horn, B, Harris, H. H. Head, S. P. Harshail,
W. W. Thatcher, C. W, Webb, and J. M. ¥Wing, =ds. Large dairy
nerd rapacement. Unﬁum;sit, rressez of Florida, Sainesville.
1046 po



I, . F. 1980, Bear-mcose relationships on the Kenai
1a. Trans. N. Am. Wildl. Conf. 15:224-2324.

CLIMATOGRAPHY OF THE UNITED STATES. 1972. U.S. Dept. of Commerce
Nat. Oceanic and Atmos. Admin. Envir. Data Serv. and Nat.
Park Serv. no. 20-40.

CCNLEY, R. H. 1970. Annual progress report: European wild hog
research project. Project no. W-34-R, Tennessee Game and
Fish Cornm. 44 pp.

COTTAM, C., A. L. NELSCN, and T. E. CLARKE. 1%39. Notes on early
winter focd habits on the black hear in George Washington

tijonal Forest. J. Mammal. 20:310-314,

a

E, W., and L. E. HARRIS., 1969. Applied animal nutriticn.
cnd ed. W. H. Fresman and Co., San Francisco. 753 pp.

CULBERTSON, N. 1977. Status and history of the mountain tion in the
Great Smoky Mountains National Park. Manage. Rpt. no. 15.
Uplands Field Res. Lakt., GSMNP, Gatlinburg, Tenn. 70 pp.

EACAR, D. C. 1977. Radicisotope faces tagging &s a populaticn
estimator of black bear (Ursus americanus) density in the
h

Great Smeky Mourtains Naticnal Fark. M.S. Thesis, Univ. of
Tennesses, Knoxviile. 89 pp.

EUBANKS, A. L. 1976. Movements and activities cof the black bear
(Ursus americanus) in the Great Smcky Mountains Naticnal Park,
M.S. Thesis, Univ. of Tennessse, Knoxville, 83 pp.

FENNEMEN, N. M.

]
McGraw-H111

FCREST SERVICE., 1948, Woody-plant seed manual. U.S. Dept. Agric.
Misc., Pub. no. 654. U.S. Govt. Printing Office, Washington,
0. C. 416 gp.

G44. Measuring the local
Ecology 25:282-203.

QARSHELIS, 0. L. 1973, Movement ecology and activity tehavicr of
biack bears in the Great Smoky Meountains National FPark.
M.S. Thesis, Univ. of Tennesses, Knoxville. 117 op.

GIBEBONS, J. O. 1976. Nonperametric methods for gquentitative
aralysis. Holt, Rineharz and Winston, New Yorx. &03 pp.

GULBERT, T, L. 1851, fcenemics ard relazed biclagy of the black
bear in Colorade. M.S. Thesis, Colorado A&t {ollege, Fi.
Coliins., 1€4 op,

68



GOLDEN, M. S. 1974, Forest vegetation and site relationchins in the
central porticn of the Great Smoky Mountains National Park.
Ph.D. Dissertation, Univ. of Tennessze, Knoxville. 275 po.

HANSEN, R. M. 1975. Foods of the hoary marmot on the Kenai Peninsula,
1 . A

Mid1. Nat. 94:348-353.

HARDY, D. M. 1974. Habitat reguirements of the black bear in [Dare
County, HNorth Carolina. M.S. Thesis, Virginia Polytechnic
Institute and State University, Blacksburg. 120 pp.

HARLOA, R. F. 1967, Characteristics ard status of Florida tlack

i1dl. and Nat. Res. Conf. 27:4R81-4G5,

HATLER, D. F. 1967. Some aspects in the ecclogy of the black bear
(Ursus americanus) in interior &laska. M.S. Thesis, Univ, of
Aiaska, Fairbanks, 111 pr.

HOFFMAN, H.
SPuK

.. 1966, Notes on vascular plant families in the Great

Mountains. Castanea 31:301-307.

JOENSCN, M. K., and R. M, HANSEN., 1
and hand saparation ¢f coyote
316-220.

Comparison of point frame

977.
scats. J. Wildl. Manace. 41:

JONKEL, C. J., and I. McT. COWAN. 1977. The black bear in the
spruce-7ir forest. Wildl. Manogr. 27: £7 ppn.

KIRG, P. B., and A, STUPKA. 1350. The Great Smeky Mountains--their
gecicay and natura® history. Sci. Month. 61:371-43.

on
s
[oX¢]

, R. B. NEUMAN, and . B. HADLEY. 1%g8. («o]cgy of the
Great Smoky Mountains Haticral Park. Tennessee and N. "arulﬁna
Geological Survey Prof. Paper 587. U.S. Govt. Printing Offize,

Washington, D. C. 23 pp.

KING, T. B., &and H. £. McCLURE, 1944 Chemical compesition of some
American wild Teadstuffs. J. £g. Res., 63:33-46.

LANDERS, J. L., R. J. HAMILTOM, A. S. JCHNSOM, R. L. MARCHINTCN. 167G,
Foods and habitat of b!ack bears in scutheastern North Larclirna.
J. Witdl, Manage. 43:743-152,

T . ' TRTC G RETY s ¥ Tae & t Smokv
LINZEY, A, V., and D. N. LINZEY. 1971, Mammals of the Great Smoky
A M s e s+ ~F T ~ & Dy o
Mountains Haticnal Park. e University ¢f Tannessse Press,
|
Krexville. 114 pp,



N&)
(@n]

MARCUM, L. C. 1974. £n evaluation cf radioactive feces tagging as a
technigue for det 0"m1n11a populaticn densities of the black
bear (Hrsus americanus) in the Great Smoky Mountains Mational
Parv. ™M.S. Thesis, Univ. of Tenressee, Xncxville. 9% pp.

MARTIN, A. C., H. S. ZIM, and A. L. NELSON. 1951. American wiidlife
and plants, a guide to wiidlife food habits. Dover Pub.,
Inc., Mew York. 500 pp.

— and W. D. BARKLEY. 1961, Se
University of California Press, B
221 pp.

ed identification manual.
rkeley and Los Angelas.

e

MATTHEWS, S.J.K. 1977. The seasonal, altitudiral, and vegetational
incidence of bla ck bear scats in the Great Smcky Mountains
National Park. M.S. Thesis, Univ. of Tennessea, Knoxville,
89 pp.

MEALEY, S. P. 1975. The natural focd nabits of free ranging grizzly
bears in Yellowstone MNational Park. M.S. Thesis, Montana State
Univ., Bezeman. 133 pp.

m
O
=
—
—

. 1953, Bears hamper tree growing in California. J.
1:928-929.

L, A, H
For. 5

MESSAGE FRCM THE PRESICENT. 1502. A report to the Secreiary cf
Agricu]tu re in relation to the furnsts, rivers and mountains
of the southern Appalachian region. U.S. Govt. Printing
Office, Hashington, D. C. 201 pp.

MURIE, A. 1937. Scme food habits of the biack bear. J. Mammed.
18:238-240,

NATICNAL PARK SERVICE. 196S. Resource management plan for the Great
Smoky Mountains Mational Park. Gatlinburg, Tennessee., Sact.
III. 21 pp.

NEWSOM, N M 1937, Marmals on Anticosti Islend. J. Mammal. 18:
d G. M. BURGHARDT. 1576. BRlack bears of the Smckies.
- :

PIEKIELEK, W., and 7. S
in northern if

Vascul

~o
Carold

RADFCRD, A. E., H. E
]
i 107



ROGERS, L. L. 1976. Effects of mast and berry crop failures on
survival, growth, and reproductive success of Dlack bears,
Trans. #. Am. Wildi. and Nat. Res. Con¥. 471:431-438.

SCOTT, C. D., and M. R. PELTON. 1975. Seasonal fcod habits of the
European wild hog in the Great Smoky Mountains National Park.
Proc. St Assoc. Game and Fish Comm. 29:585-593.

SETOM, £. T. 1953, Lives cof e
Charles T. Branford Co., Boston. 367 pp.

irmates of the Creat Smoky Mountains. Etcology

ce 1ist of native plants in the Great

. 1954b. Refer
Botary Dept., Univ. QF Tennessee, Knoxvilia.

“W End
Smoky Mountains.
14 pp. mimec.

ct 73

/EY. 1845, Sevier Cuunty. U.S. Dept.
ic. Exp. Sta., and Tenn. VYalley futhority. ZUJ Cp.

. 1853, Bicunt Ceunty.

R U.S. Lept. of Agric., Univ. Tenn.
Agric. Exp. Ste., and Tenn. Valiey Autherity. 119 op.

The insect/plant relaticnship--an
i R, B

SQUTHWCCD, T.R.E. 1973 c
per ive. Symp. R, Entomel. Scc. Lcnden

voTut‘urcr/

X bear and its statuys in Maine.
pt. of Injand Fisheries and Game,

STRICKLAND, M, [, 187Z. Productiorn of nast Jj sziective species oOF
oak (Quercus sp.) and its use by wildlife in tre Tellico
Wi1diife anagenent Area, Monroz County, Tennessea, M.S,
Thesis, Univ. of Tennassesz, Ynoxville. €3 oo,

STUPKA, A. 1380, Great Smoky Mountains National Park natural history

dbook .5, ULS, Govt. Printing Cffice, Wasrinoton,
7! .
150 Trees, shrubs, and woody vines of tne Great Smoky
ynﬂn aing Hational Park, Lniversity of T¢ e Press,
incivitle, 125 oo



)
HhR

\

2 &4 4oy

TANNER, J. T. 1883, nountﬁﬁn temperaturaes in the southeastern and
scuthwestern Unitead States during late spring and ez r]y summer,
J. Appiied Metecr. 2:473-483,

TENNESSEE WILDLIFE RESCURCES AGEMCY. 1977. Forest game harvest data
and range surveys 1977-1378. TWRA Tech. Rep. 77-14. 194 pp.

. 1°7 . Big game harvest data and range surveys 1978-79.
79-2. 183 pp.

THORNTHWAITE, C. W. 1948, An approach toward a rational classificaticn
of climate. Cecg. Rev. 38:55-G4,

TISCH, E. L. 1981. Seasonal food habits of the black bear in the
Whitefish Range of northwestern Montana. M.S. Thesis,
Montana St. Univ., Bozeman. 108 pp.

VAN DERSAL, W. R, 1940, Utilizaticn of oaks by birds and mammals.

Wildl. Manage. £:404-423.

HACKERNAGEL, H. 1961. Complete nutriticn of zoo animals. Pages
95-102 in C. Jdarvis, ed. The Internaticnal Zoo Yearbook
Vol. II. The Zoological Society of Loadon. 322 pp.

WAINIQ, W, W., and E. B. FORBES. 1941. The chemical composition of
ferest fruits and nuts from Pennsylvania. J. Ag. Res. £2:

627-635,

WHITTAKER, R. H. 1956. Vegatation of th
Ecol. Monogr. 26:1-80.

@
o
=
D
w
+
(%)
=}
O
~
<
-
o
[
3
prd
e
-—d
=
I

ZEEDYK, W, D. 1957. VWhy do bears girdle Ralsam fir in Maire.
J. For. 55:731-732,



APPENDIX

(]
(=



Table 18. Composition of the biweekly diets of black bears in the
Sugarland Mountain section of the GSMNP, 1976.

2-week interval ending

Apr  May aun Jul Aug Sep
_’E__Té/—m"“"' 13 27

26 i 2 16 30 13 Total

Fcod item Percantage of dietl
No. scats
collected 0 0 2 ¢ 5 5 2 0 £ 0 19
Grass 71 Trd 14 14 20
Herb, mail. 8 5 12 5 1
Squawrosot 8 & 10 5 22
Blackberry 43 3 9
Huckleberry 4l i S
Blueberry 1 Tr
Black cherry g9 14
Sassafras 10 2
Other veg. Trb , r
InsectC a 5 6 13¢ 13 8
Mammal€ Tr 7e 1
Cebris 2 1 16 6 5
Garbage 6 ]

aTrace.
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Table 19. Compositicn of the biweekly diets of black bears in the
Elkiront-Bent Frin section of the GSMNP, 1376.
2-week interval ending
Apr May Jun  Jul Aug Sep
6 10 7 21 19 2 16 30 13 27 Tetal
rood item Percentage of diet
NO. s5Cats
collected ) g 13 i 1T 13 &4 21 &4 ¢ &7
Grass ¢¢ 78 9% ¢ 12 ¢ 3 8 2 36
Herb. matl. 1 e 1 45 1 2 6
Squawrcot 2 g8 5 1 2
8iackberry 67 64 32 24
Huckleberry 1 29 3
Black cherry 1 3 88 10
Fire cherry 8 16 1 3
Sassafras 4 19 3
Oak 2 Tra
Other vegq. 1? . Tr
InsectC 1 Tr Tr 26 2 30 g& 317 ¢¢ 8
Mammal 15h 1
Oebris 2 Tr 2 0 3 3 1 7 & 4
@Trace.
bBeechnut.

Clnidentified unless otherwise s
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G1% beetle, 5% unidentified.

cecified.

hEurcpean wild hog hair, fourd in 1 scat only.
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Table 20. Composition ¢f the biwezkly diets of black bears in the

Tremont secticn of the GRSMME, 1676,
2-week interval ending
Apr May Jun  Jul Aug Sep
25 720 19 72 16 30 i3 27 Total

Food item Percentage of diet
No. scats
collected 0 ¢ Q7 0O 5 9 4 14 172 51
Grass 12 18 3 Trda 8 7
Herb. matl. 10 19 1 6
Squawroot 32 17T 1 9
Bilackberry 18 o7 14
Huckieberry 17 25 61 19 8 3 22
Blueberry 4 2 1 i 1

Tack cherry 4 45 2
Fire cherry 8 1
Sassafras 3 38 18 10
Gthar vegq. 10 Tr
InsectC 7 2 18 gd s ige N
Mammal 2f a9 2
Cebris 7 2 5 3 16 8 7
Garbage 1 1 Tr

dTrace.

-

bAipple (Malus sp.).

~

CUnidentified unless otherwise specified.
dAnt fragments.

€13% yellow jackets, 3% unidentifiad.
“Deer hair.

C6% deer hair, 3% bear hajr.



Tawle 21. Corposition of the biweexly diets of black bears in the
Bote Mountain-Defeat Ridge section of the GSMNP, 1976.
2~-week interval ending
Apr  May Jun  Jul Aug Sep
26 10 7 ¢ i9 2 16 30 13 27 Total
Food item Percentage of diet
No. scats
coliected & 3 22 27 4 10 23 15 21 11 142
Grass 24 94 33 2 4 10 3 3 3 1 18
Herb. mati. 68 Tra 3 2 12 & 1 VvV 2 1 g
Squawroot 58 €9 54 15 17 18 12 30
8lackberry 4 32 &7 48 2 36 17
Huckleberry 4 7 9 1
Blueberry 7 2 ]
Black cherry 5 1 H
Fire cherry 5 2 1
Sassafras 5 1 3 3 2 1
Oak & 26 31 &
Other veg. 140 3¢ 1
Insectd T Tr 2 7 2 10e 7 15f 139 21h 7
Mammald 21 21 1 2
Dabris 7 5 4 ] 2 4 3 7 10 &6 5
Garbage 2 Tr
2T race

bBlack chokeberry (Pyrus el

C8lack gum.

dinidentified unless otherwise sp
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iticrn of the biweekly diets of black bears in the
ction of the GSHMNP, 1976.

2-week intarval ending

Apr Ma Jun  Jul Aug Sep

55 i% 72 % 7775 30 T3 27 Total
Food item Percentage of diet
No. scats
collected 0 0 1 0 2 21 17 9 6 O 58
Grass 94 2 2 6 17
Herb. matl. } 7 5 Z
Squawroct 4 20 2 4
Blackbarry 1 1 Tré
Hucklsberry 27 43 47 A1 B2 Kk
Blueberry £ 16 8 20 10 10
Sassafras 1 Tr
Qak ir Ty
Insecth 37 20 30 j0c 2&d 20
Mamma1b 7e 4 2
Debris 1 3 &4 8 8 7 5

aTrace.



Tab’e 23. Composition of the biweekly diets of black hears in the
Sugarland Mountain secticn of the GSMNE, 1977,
2-week interval ending
May Jun Jul Aug Sen  Qct
g 23 6 20 4 18 Y 15 29 12 26 10 Total

Food item Percentage of diet
No. scats
collected {4 0 1V 5 7 ¢ 3 2 2 2 2 3 27
Grass 21 122 1 1 3% 4 10 10
Herb. matl. 67 15 22 38 1 2 17 12 1 18
Squawrcot 3 30 pd 4
Serviceberry 33 8 4
Blackberry 73 &7 1 14
Huckleberry ] 13 1
2lusberry 4 17 33 & 6
Fire cherry | Trd
Dak 32 417 83 16
Other veg. &b 7¢C ]
Insectd _ s0e 17F 16¢ 5 6h & 19 20e 5 15
iamma1d 101 3 1
Debris 2 28 ¢ 2 2 7 27 13 8 10 10
Garbage 1T Tr

aTrace,

bhemlock needles.

€% mountain ach (Sorbus americana), 1% viburnum (Viburnum sp.).

dUnidentified unless ctherwise specifi
gdood rcaches.

1% ant, 15% unidentified.

o

% unident od,

n1% ant, 5% unidentified.



Table 24. Compositicn of the biweekly diets of black bears in the
Elkmont-Bent Arm secticn of the GSMNP, 1977.
2-week interval ending
May Jun Jui Aug Sep Oct

S 23 6 <0 4 18 1 15 23 12 26 10 Total
Fcod item Percentage of diet
No. scats
collected 7 13 11 12 4 4 5 5 4 2 3 7
Grass 61 41 18 30 1 4 2 4 14 1 15
Herb. matl. 22 45 20 i1 1 1 10 6 33 13
Squawroot 6 4 5 7 17 3
Serviceberry 26 29 10 4 4 1 &
Blackterry i1 51 8% 35 5 13
Huckieberry 3 8§ 1
glueberry 5 1 22 ¢
Black cherry 13 1
rire cherry 10 1
Oak 6 80 7 S7 21
Other ves. 1@ b 4c 14c 2
Insectd 2 413 5 19e g 5f 5 100 1 32 1 5
Mamma1d 14h 1 5 5 2
Cebris 1 4 7 19 46710 10 15 8 © 26 T 13,
Garbage 1 Tyd

aBeechnut.
bBlack chokeberry.

CMountain ash.
dunidentified unless otherwise

Shnts

“wirace.

specified.

with consuming an



Table 25. Composition of the biweskiy diets of biack bears in the
Tremont section of the GSMNP, 1977.
Z-week interval ending
May Jun Jul Aua Sep  Oct
9 23 o <26 4 16 1 15 Z9 12 ¢80 Tota

rood item Percentage of diet
Ng. scats
collected o 2 1 ¢ 4 8 7 3 2 0 0 o 27
Grass 37 2 18 2 1 5 9
Herb. matl. 41 90 1 1 19
Sguawroot 9 20 4
Serviceberry 3 Tra
Blackberry 56 85 27
Huckleterry &7 & 1 72 21
Blueberry 1 Tr
Black cherry 53 3
Other veg. ib 23c 26d 7
Insecte 7001 & Tr 24f 2 3
Mammale 893 Tr ]
Debris 5 7 9 3 2z 1 1 &
Garbage 1 Tr

aTrace.

bBeechnuts.

Cqountain ash.

dAppie.

CUnidentified unless ctherwise specified.

f1% ant, 23% unidentified.

JRaccoen.



Table 28. Cormposition of the biwsekly diets of black bears in the
Bote Mountain-Defeat Ridge section of the GEMNP, 18977,
2-week interval ending

May Jun Jul Aua Sep Oct

9 23 b 20 4 18 T 15 29 712 26 10 Total
Food item Percentage of ciet
No. scats
coliected ¢ 12 § 15 &5 25 14 14 8§ 5 25 2 143
Grass 23 3% £ 16 4 8 20 5 12 4 13
Herb. matl. 76 28 14 3 7 1V 7 1 1 1 5 12
Squawroot 29 3 12 1 4 5
Serviceteryry 68 t&4 16 17 1) 3 14
Blackberry 50 36 32 28 12
Huckleberry 211 G4 3
Blueberry 5 3 13 2
Fire cherry i5 1
Sassafras 4 Tr!
Qak 2 B0 75 37 18
Other veg. 37b 3
InsectC 4 4 3 8 7 3d zezs 7 o& N 7
Mammal 89 i¢n 2
Cebris 13 312 4 39 5 14 27 i3 7 g 10

aTrace.

8
“Grapes.

o

CUnidentified unlass ctherwise specified.

GAnts.

e1% crayfish included.

hé% eastarn cottontadl, 137 unidentified.



Table 27. Composition of the biwsekly diets ¢f black bears in the
Hannah Mcuntain section of the GSMNP, 1977.
2-vieek interval ending
May Jun Jul Aug Sep  Oct

9 23 6 20 4 18 1 15 29 {2 2o 10 Total
Food item Percentage of diet
No. scats
collected o o 9 3 9 3 4 166 5 4 0 1 39
Grass 1 4 1 1 2 Trd !
Herb. matl. 1 N 3 1 2 1
Squawroot 50 16 8
Serviceberry 10 1
Huckleberry 33 67 75 82 44 35 a2
Blueberry 1 3 16 3 3
Black cherry 4 1
Sassafras 5 i
Qak 4 73 93 21
Cther veq. 100 ¢ pJ
Insectd 3 3e 2 13F 4 99 3 5
Mammald 126 11 ] 381 8
Debris 1 2 8 2 18 14 10 2 7

@Trace.

specified,

(o]



VITA

Thomas C. Eagle, son of Mr. and Mrs. William E. fagle, was
baorn on 1 September 1947 in Wilmington, North Carclina. He moved
to Knoxville, Tenneszee in 1961 and graduated from Young Hign
School in June 19€5. The following September he enrclied at The
University of Tennessee, Knoxville. After 1 year, ne joined the
U.S. Navy. Upon discharge in 1970, he re-enrslled at The University
¢f Tennessee, Knoxvilie, where he received a Bachelor of Science
degree in Animal Sciencz in June 1975, ke was accepted by The

Graduate Program in Ecology, The University of Tennessse, Kncxville

in September 1975, In 1978 he was empioyed by the Tennes
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Pesources Agency. He was awarded the Master of Science degree in
tcology from The University of Temnessee, Knoxvillea, in June 1%76
He is married to the former Paula Beryl Phillips of Clandler,

Morth Carolina.
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