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ABSTRACT 

A tota l of 1310 locations was obta i ned on 18 radio  coll ared 

black  bears ( Ursus ameri canus ) i n  Pi sgah Nati onal Forest , North 

Carol i na ,  during 1982 and 1983.  Mal e  home ranges averaged 3205 

ha i n  summer and 6931 ha i n  fall . Female home ranges averaged 

872 hectares in summer and 1712 hectares i n  fall . N i ne of the 

collared anima l s  were ki l l ed by hunters during the study , 4 of 

these i ll ega 11 y .  

Bear habi tat use was analyzed i n  rel ation t o  timber management 

parameters avai l abl e on the U . S .  Forest Servi ce 11 Continuous Inventory 

of Stand Condi t ion 11 and other parameters deri ved from stand and 

topograph i c  maps . Chi -square ana lysi s i ndi cated that bears preferred 

yell ow poplar-oak and brush cover types at the expense of softwood 

cover types ;  oak-hi ckory stands were used i n  approximate proportion 

to thei r availabili ty .  In  summer bears preferred stands l ess than 

10 years old and stands between 50 and 70 years ol d ;  duri ng the 

fall the preference for young stands di sappeared but the preference 

for stands 50 to 70 years old  conti nued . Mi nor di fferences rel ated 

to sex and year  were noted , but in genera l these patterns were 

rel ated to food habi ts ; summer soft mast i s  avai l able i n  recent 

c lear cuts ; fall hard mast i s  relati vely abundant i n  the 50 to 70 

year old stands as  acorn producti on in most oaks peaks at thi s age . 

Preference for yellow poplar-oak stands over oak-hickory stands may be 

i i i  



due to annual d i fferences i n  mast producti on between·types ,  and 

the greater avai l ab i l i ty of other foods in the yel l ow popl ar-oak 

stands . 

i v  

Other habi tat variables considered i n  the ana l ysi s of habi tat 

use i ncl uded stand condi t ion , operabi l i ty ,  method of cut , management 

type , topography , habi tat di versi ty ,  and road densi ty .  S ign i fi cant 

preferences or avoi dances of categori es wi thi n  these vari a bl es 

were l ess eas i l y  expl a i ned , in part because some data useful i n  

timber management have l i ttle  rel evance to bear habi tat use . 

Mul ti pl e regression model s  cons ideri ng al l the above menti oned 

vari abl es wi th bear use of i ndi vi dual stands as the dependent vari abl e 

were constructed . These model s expl a i ned approximately  15% of 

the vari ance i n  habi tat use . Incl usion of understory communi ty 

data , whi ch were ava i l abl e for only  a smal l part of the study area , 

i ncreased the vari ance expl a i ned to approximate ly  30% .  

A regress i on analysi s rel ating the number of  times i nd i vi dual 

bears crossed roads to the densi ty of roads i n  the home range i ndi ­

cated that l oggi ng road densi ti es may begi n  to restri ct bear movements 

at densities  of 1 . 25 km/km2 and that open i mproved roads may begin  

to  restri ct bear movements at  densi ti es of  0 . 5 km/km2 . 

Concl usions from the study were that hunti ng i s  the primary 

human acti v i ty affecti ng bears i n  the study area . The current program 

of regenerating 10% of the area every decade may ensure a stable  food 

supply by making 50 to 70 year o ld  mast produc i ng stands avai l abl e 

consi stently through ti me .  However , the benefi ts of regenerati on 
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through clearcutti ng must be wei ghed aga i nst the i ncreased vul nera­

bi l i ty of bears to hunting whi ch wi l l  result from roads constructed 

i n  associati on wi th cl earcutti ng .  



TABLE OF CONTENTS 

SECTION 

I .  INTRODUCTI ON . 

I I .  STUDY AREA . • . . • . . . . . . • • .  

I I I .  

Location . . . . . . . . . . . . . 
Geol ogy. . . . . . 
Cl i mate . . . . • . . . . . 
s; ota . . . . . . . . . . . 
Hi story .  . . . . . . . . . . . . . . . . 
USFS Manaqement . . . . • • . . . . . . . • • . .  
Conti nuous I nventory of Stand Condi ti on . . . . .  

METHODS . • . . . . . • . . 
Genera l Approach . 
Trappi ng • . • . .  
Radi o  Tel emetry . 
Sampl i ng Regime • . . . • • • • .  
Data Ana lys i s .  • 

IV . RESULTS AND D I SCUSS ION 
Trappi ng • . • . . . . . . . . • 
Tel emetry . . . . . . . . . . . . . . . . . . . .  . 
Home Ranges . . . . . . . . . .  . 
Notable  Movements . . . . • . • . . •  
Use of Ind i vi dual C ISC Categories . . • . . • . . . . •  
Model i ng the Simu l taneous Effects of Severa l Habi tat 

Vari abl es • . . . . . 
Mortal i ty and Nata l i ty . . . .  . 
Den Sel ection . . . . . . . . . . . . .  . 
Effects of Roads . . . . . . . . . . . . 

V . INTEGRATION . . . . . . . . . . . . . . . . . . . . 
Genera l  Habi tat Use Patterns and Rel ationshi p to 

Other Areas . . . . . . . . . . . . . .  . 
Management Impl i cati ons • . . . . . . . • .  
Prospects for a Habi tat Capabi l i ty Model 

V I . SUMMARY AND CONCLUSIONS . 

L ITERATURE C ITED .  

APPENDICES . . . • 

vi 

PAGE 

1 

5 
5 
5 
7 
8 

1 1  
1 4  
20 

24 
24 
26 
27 
28 
29 

45 
45 
45 
49 
56 
61 

69 
82 
84 
87 

95 

95 
96 
99 

103 

107 

115  



SECTION 

APPENDI X  A . 

APPENDIX  B . 

APPENDIX  C . . 

APPENDI X  D . .  

APPENDIX  E . 

APPENDIX F • 

APPENDIX G . 

V ITA • • • • • • 

vi i 

PAGE 

. . . . . . 116 

1 17 

1 18 

. • . . 1 19 

. • • . 120 

121 

. . . • . . . 122 

• . . • 123 



LIST OF TABLES 

TABLE PAGE 

1 .  U . S .  Forest Servi ce forest cover types on Harmon Den 
and Twe l ve Mi l e  Stri p ,  Pi sgah Nati onal Forest . . . . 9 

2 .  Area of forest cover types and management types on 
Harmon Den and the Twel ve Mi le  Stri p ,  Pi sgah Nat i onal  
Forest, North Carol i na . . • • . . • . . • . . • • . . • 18 

3 .  Descr i pti on o f  stand parameters used i n  the CISC System , 
Pi sgah Nat i onal  Forest . . . . . . • • . . • . . • • • . 22 

4 .  Groupi ngs and ranks of C ISC categories used i n  ana lys i s 
of bear habitat use . • . . • . . . . . • • • . . • . 32 

5 .  Vari abl es deri ved from USFS or USGS maps  and used i n  
analys i s  of bear habitat use . • . . . . . • . . 33 

6 .  Wi l d l i fe habi tat data formerl y col l ected by USFS i n  
Pi sgah Nati ona l Forest . • . . • . . . . . • . . . . 37 

7 .  Parameteri zati on of USFS Wi l d l i fe data for regress i on 
ana l ys i s ,  Compartments 57 , 58 , 60 , and 72 i n  Harmon 
Den , Pi sgah Nati onal Forest , North Carol i na .  • • . . . • 39 

8 .  Summary o f  trappi ng success o n  b lack  bears , Harmon Den 
and Twel ve Mi l e  Stri p ,  Pi sgah Nat ional  Forest ,  North 
Carol i na ,  1982- 1983 .  • . . . . . . . . . . . . . • 46 

9 .  Summary o f  data on captured bears , Harmon Den and 
Twel ve Mi l e  Stri p ,  Pi sgah Nati onal Forest , North 
Carol i na ,  1982- 1983 . . . . . . . . . . • • . . . . 47 

10 . Di stances between seasonal acti vi ty centers of 
i nd i vi dual bl ack  bears on Harmon Den and Twel ve Mi l e  
Stri p ,  Pi sgah  Nat i onal  Forest , North Caro l i na ,  1982 
and 1983 . . . . . . . . . . . . . . . . . . . . . . 55 

1 1 .  Habi tat use by bl ack bears o n  Harmon Den and the Twel ve 
Mi l e  Stri p ,  Pi sgah Nati onal Forest ,  North Carol i na ,  
1982- 1983 .  . . . . . . . . . . . . . . . . . . . . . . . 62 

12 . Effect of forest cover type and stand age on bear use of 
i nd i v i dual  forest stands , Harmon Den and Twel ve Mi l e  
Stri p ,  Pi sgah Nati onal Forest , North Caro l i na ,  1982 and 
1983 , as  determi ned by Analysi s of Variance . . • . . . • 72  

viii  



TABLE 

1 3 .  Partia l  regress i on coeffi cient estimates and R2 val ues 
for model s  of bl ack bear habi tat use us i ng 19 C ISC and 

i x  

PAGE 

deri ved vari ables . . . . . . . . . . . . . . • . . 74  

14 .  Pearson ' s  correl ation coeffi cients for i ndependent 
vari ables  i n  the model s  of bear habi tat use . • • . 77 

1 5 .  Best 19 vari abl es sel ected by SAS ( 1979 )  STEPWISE and 
RSQUARE procedures for use i n  model s of bear habi tat 
use us i ng C ISC ,  deri ved and wi l dl i fe vari ables  • . . . . 79 

16 . Partia l  regress i on coeffi cient estimates for wi l dl i fe 
data vari abl es used in  model s  of bear habi tat use . . . • 81 

17 . Descri pti on of wi nter dens of radio-col l ared bears on 
Harmon Den and the Twel ve Mi l e  Stri p ,  Pi sgah National 
Forest , North Caro 1 i na ,  1983 and 1984. . . . . . . • . . 85 



LIST OF FIGURES 

FIGURE 

1 .  The Harmon Den-Twel ve Mi le  Stri p study area i n  Pi sgah 

PAGE 

Nati onal Forest , North Carol i na .  . . • . • . • . . . . . 6 

2 .  Age d i stri but i on of a l l forest stands on Harmon Den and 
the Twel ve Mi le  Stri p ,  Pi sgah Nati onal Forest i n  1983 . . 16 

3. Hypotheti cal  rel ationsh i p  between road crossi ng frequency 
and road densi ty i f  h i gh road dens it ies do not restrict 
bear movements rel ati ve to l ow road densi ti es. . • . • . . 42 

4 .  Hypotheti cal rel ationshi p between road cross ing frequency 
and road dens i ty i f  h igh road dens it ies do restri ct bear  
movements rel ati ve to l ow road densi ties . . . • . • • . 43 

5 .  Durati on of rad io  tracki ng , number of l ocati ons , and 
tracki ng success for radi o  col l ared bears on Harmon Den 
and the Twel ve Mi le  Stri p ,  Pi sgah National Forest , 1982 
and 1983 . . . . . . . . . . . . . . . . . . . . . . . . 50 

6 .  Annual home range overl ap of rad i o  col l ared femal e  bears on 
Harmon Den and the Twel ve Mi le  Stri p ,  Pi sgah Nationa l 
Forest , 1982 . . . . . . . . . . . . . . . . . . . . . . 52 

7 .  Annual home range overlap of radio  col l ared fema l e  bears 
on Harmon Den and the Twel ve Mi l e  Stri p ,  Pi sgah National 
Forest , 1983 . . . . • . . . . . . • . . . • . . . . • . 53 

8 .  Area of l ong di stance movements by bears rad i o  col l a red 
on Harmon Den and the Twel ve Mi l e  Stri p ,  Pi sgah National 
Forest , 1982 and 1983.  . . . . . . • . . . . . . . . . . 57 

9 .  Contour map of harmoni c  mean val ues of a l l summer bear 
l ocati ons on Harmon Den and the Twel ve Mi l e  Stri p ,  
Pi sgah Nati onal Forest , 1982 and 1983 . . . . . . . . 70 

10 . Contour map of harmoni c  mean val ues of al l fa l l  bear 
l ocati ons on Harmon Den and the Twel ve Mi le  Stri p ,  
Pi sgah Nat ional  Forest , 1982 and 1983.  • . . . . . . 7 1  

1 1 .  Rel ati onshi p between abandoned road cross i ng and density 
i n  the home ranges of bears on Harmon Den and the Twel ve 
Mi le  Stri p ,  Pi sgah Nati onal Forest ,  1982 and 1983 . . . . 90 

X 



FIGURE 

12 .  Rel ationshi p  between restri cted-access i mproved road 
cross i ng and densi ty in the home ranges of bears on 
Harmon Den and the Twel ve Mi l e  Stri p ,  Pi sgah Nati onal 

xi 

PAGE 

Forest , 1982 and 1983 . . . . • . . . • . . • . . • . 91  

13 .  Rel at i onshi p  between unrestri cted improved road cross i ng 
and densi ty i n  the home ranges of bears on Harmon Den 
and the Twel ve Mi l e  Stri p ,  Pi sgah Nati onal Forest , 1982 
and 1983 . . . . . . . . . . . . . . . . . . . . . . . . . 92 

14 .  Rel ationsh i p  between age di stri bution of  forest stands 
and age of stands used by bears for softwood cover types 
on Harmon Den , Pi sgah Nati ona l Forest , 1982 and 1983 .  . . 116 

15.  Rel ationshi p between age di stri buti on of forest stands 
and age of stands used by bears for mi xed hardwood­
softwood cover types on Harmon Den , Pi sgah National 
Forest , 1982 and 1983 . . . . . . . • . . • • . . . . . . 1 17 

16 .  Rel at ionshi p between age di stri bution of  forest stands 
and age of stands used by bears for the Yel l ow Popl ar 
cover type on Harmon Den , Pi sgah Nati ona l Forest , 1982 
and 1983.  . . . . . . . . . . . . . . . . . . . . . . . . 118 

17 . Rel ati onsh i p  between age di stri buti on of forest stands 
and age of stands used by bears for the Chestnut Oa k 
cover type on Harmon Den , Pi sgah Nati onal Forest ,  1982 
and 1983 .  . . . . . . . . . . . . . . . . . . . . . . . . 119 

18 . Rel ationshi p between age di stri buti on of forest stands 
and age of stands used by bears for the Wh i te Oak-Red 
Oak-Hi c kory cover type on Harmon Den , Pi sgah Nati onal 
Forest ,  1982 and 1983 • . . • . . . . . . • . • • . . . . 120 

19 . Rel ationshi p  between age di stri buti on of forest stands 
and age of stands used by bears for the Yel l ow Popl ar­
Whi te Oak-Red Oak cover type on Harmon Den , Pi sgah 
National Forest ,  1982 and 1983 . . • • . . • . . • . . • . 121 

20 . Rel ati onsh i p  between age di stri buti on of forest stands 
and age of stands used by bears for the Scarl et Oa k 
cover type on Harmon Den , Pi sgah National Forest ,  1982 
and 1983.  . . . . . . . . . . . . . . . . . . • . . . . . 122 



I .  INTRODUCTION 

Genera l i sts adapted to a forest envi ronment ( Herrero 1972 ) ,  

b l ack  bears ori g i na l l y  i nhabited a l l forested regi ons of North Ameri ca 

and even today can be found i n  habitats as d i verse as boreal forests , 

deci duous forests , subtropi cal swamps , and h i gh el evation deserts . 

Yet d i rect pressures from man , i n  the form of hunting , and i nd i rect 

pressures , i n  the form of habitat destructi on , have substanti a l l y  

reduced the range of thi s species . Nowhere i s  thi s  reducti on more 

apparent than i n  the eastern Uni ted States , where bears survi ve 

i n  a few i s l ands of semi -wi l derness habi tat surrounded by l arge 

expanses of agri cu ltura l  and urban devel opment . 

As human popu l ati ons and demands for natura l resources i ncrease , 

i t  becomes more and more imperati ve that l and management dec i s i ons 

i nfl uenci ng bears be based on sound bi ol ogi cal data . Research efforts 

to provi de these data have been underway i n  nearly every physi ographi c  

regi on o f  bear range i n  North Ameri ca duri ng the past 2 decades . 

Despite these efforts , spec i fi c  habitat requi rements for bl ac k bears 

have not been descri bed i n  the l iterature ; thi s may be because habitat 

requi rements for the speci es are not spec i fi c .  Thei r genera l i st 

nature and i ntel l i gence have a l l owed bears to adapt and persi st 

under a vari ety of envi ronmental cond iti ons and perturbati ons . 

The majori ty of rema in ing bear habitat i s  federal l and . 

In  the southern Appa l achian Mounta i ns , the Uni ted States Forest 

Servi ce ( USFS ) admi n i sters approximately 260 ,000 ha of bear habi tat 

1 
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i n  Vi rgi n i a ,  Tennessee , North and South Carol i na , and Georgi a ;  the 

Uni ted States Nati onal Park Service admi n i sters approximatel y  220 , 000 

ha of bear habi tat primari ly i n  Tennessee and North Carol i na .  

The majori ty of bl ack bear research i n  the southern Appal achi ans 

has been conducted i n  the Great Smoky Mounta i n s  Nati onal Park ( GSMNP 

or Park ) ,  a 200 ,000 ha reserve protected from al l consumpti ve use 

by humans .  Work by Beeman and Pel ton ( 1980 ) and Eagl e and Pel ton 

( 1983 ) documented that bears are omni vores , survi v ing on herbs , 

grasses and squaw root ( Conophol i s  ameri cana ) i n  the spri ng , soft 

mast , primari ly  of the Heath ( Eri caceae ) and Rose ( Rosaceae ) fami l i es 

in the summer,  and hard mast , primari l y  acorns (Quercus spp . ) and 

h i ckory nuts ( Carya spp . ) i n  the fal l .  Ani mal foods , mostly soc ia l  

i nsects , ma ke up  about 10% of  the d iet throughout the year .  

The annua l home range s i ze for fema l e  bears i n  GSMNP was 

reported to be between 500 h and 800 h ,  whi l e  mal e  ranges averaged 

between 1200 h and 3600 ha ( Garshel i s  and Pel ton 1981 , Qui gl ey 1982 , 

and Carr 1983 ) .  Seasonal di fferences i n  home range s i ze ,  acti vi ty 

centers , d iel act i vi ty patterns , and movements frequently were noted , 

and nearly a l ways were rel ated to the phenol ogy , producti on and 

geographi c  di stri buti on of food resources ( Garshel i s  and Pel ton 

1980 , Garshel i s  et a l . 1981 , Qui gl ey 1982 , Carr 1983 ) .  

Pel ton and Burghardt ( 1976 ) estimated the popul at ion i n  GSMNP 

at approximately  1 bear per 2 . 6  km2 (1 mile2 ) .  Previous research 

on reproduction of bears i n  the Park ( Ei l er 1981 , Wathen 1983 ) rel ated 

recrui tment rates to the food regime , parti cul arly the qua l i ty of 

the fal l  acorn crop . 
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The GSMNP i s  the extant envi ronment most s imi l ar to the 

"pri sti ne" regi onal envi ronment in whi ch bl ack bears have exi sted 

for the l ast few thousand years � and as such the eco l ogy of bears 

i n  the GSMNP may serve as a basel i ne from whi ch to judge the degree 

of perturbati on i n  the eco l ogy of bears i n  more d istu rbed areas 

nearby ,  espec ia l l y  the national forests . Vet i t  i s  unc l ear  how 

much of the GSMNP i nformati on can be appl i ed to bear popu l ati ons 

in the surroundi ng forests � because of the adaptabi l i ty 

of b l ack bears and the rad i cal l y  d i fferent management regimes on 

the nationa l forests . Speci fi cal ly  timber harvests and bear hunti ng , 

both of which  are i l l ega l i n  the GSMNP , are major i nfl uences on 

the national forests . Hunti ng i ncreases the morta l i ty rate and 

can affect age and sex rati os ; timber harvest transforms the more 

natura l "gap-phase rep l acement " dynami cs of smal l patches i n  the 

forest ( Shugart 1984 ) i nto a l arger scale  mosai c  of even-aged stands . 

The effects of timber harvest may i nteract wi th those of hunti ng 

by a l teri ng bear use of habi tat , and , importantl y ,  by i ncreasi ng 

hunter access to bears through the constructi on of roads , whi ch 

are an i ntegral part of timber harvest acti vi ties . 

I n  response to an i ncreas i ng awareness of the need for i nte­

grati ng i ndi vidual resource management acti v it ies � and the need 

for regi on-wi de l ong term wi l dl i fe spec ies management pl ans , 

USFS has recently i n i ti ated the "Wi l d l i fe and Fi sh Habi tat Rel ati on­

shi ps Program" ( Nel son and Sal wasser 1982 ) .  The backbone of thi s 

program wi l l  be a seri es of habi tat capabi l i ty model s for important 



wi l dl i fe spec ies . These model s  are to be parameteri zed i n  such 

a manner as to a l l ow i ntegrati on i nto exi sti ng forest s imu l ati on 

and optimi zati on model s  ( Boyce 1980 ) . 

Gi ven the i mportance of bl ack bears as  both game an i ma l s  

4 

and symbol s of wi l dl ands i n  the southern Appa l achi ans , thi s study 

was i n i ti ated by the National Forests i n  North Carol i na as a fi rst 

step i n  gatheri ng the i nformation necessary to i ntegrate bear manage­

ment i nto general management pl ans . Spec i fi c  objecti ves of the 

study were as fol l ows : 

- to determi ne patterns of habi tat use by bl ack bears 

i n  an area of Pi sgah Nati onal Forest . 

- to rel ate these patterns to habi tat characteri sti cs , par­

ti cul arly those data used by USFS i n  timber inventory .  

- to take the fi rst steps i n  produc ing a descri pti ve/ 

pred i cti ve model of bear habi tat use i n  rel ati on to timber 

management parameters . 



Location 

I I . STUDY AREA 

The study area consi sted of approximately 1 1 , 400 ha on the 

French Broad Ranger Di stri ct of Pi sgah National Forest i n  Haywood 

County ,  North Carol i na { Fi gure 1 ) .  The area i s  bounded by the GSMNP 

on the west , the Tennessee state l i ne on the north , the Mad i son 

County ( North Carol i na )  l i ne on the east , and by Wal ters Lake and 

pri vate l and i n  the Fi nes Creek communi ty on the south . The Pi geon 

Ri ver dra ins  the area , runni ng i n  a genera l l y  northern di recti on . 

Major tri butaries i nc l ude Hurri cane Cree k ,  Col d  Spri ngs Cree k ,  and 

Ground Hog Creek from the east , Di cks Branch and Mt . Sterl i ng Creek 

from the west .  Hi ghway Interstate 40 ( I-40) l i es i n  the Pi geon Ri ver 

gorge and bi sects the area ; the area west of I-40 i s  known l ocal l y  

a s  the 11Twel ve Mi l e  Stri p 11 ( Tf4S ) ;  that to the east , a s  11Harmon Den . .. 

Geol ogy 

Harmon Den and the TMS are in  the Una ka cha in  of the Bl ue 

Ridge physi ograph ic  provi nce of the southern Appa l achi an Mounta ins . 

The TMS i s  the eastern termi nus of the Great Smoky Mounta i ns Range ; 

Harmon Den i s  the western termi nus of the Bal d  Mounta i ns Range 

( Fennemen 1938 ) .  As i s  characteri sti c  of the Unakas the terra i n  

i s  steep , wi th mounta i n  sl opes averagi ng over 30% ( Fi n l ayson 1957 ) 

and the topography hi ghly di ssected wi th spri ng-fed streams formi ng 

a dendri ti c drai nage pattern . El evations range from 439m at Water­

vi l l e to 141 1m at Max Patch Mountai n .  The Appa l ach ians overl i e  

5 



GREAT 
SMOKY 
MOUNTAINS 
NATIONAL 
PARK 

CTN � 
TN • TN t ����:;, ,.. .. "' ,...,, 

o 4flc ·�.; ."1NC "i'··-·· -·· ··f:�· J!!!!r •l· :-:'i-1'' '••• 1 ,,!�<''1'1 'l'-·.�.f. · �···���"'\. ;' �rfiF' A.'!, ,; .... +�l' "'W• trr .,(:/1' .. ( 'i�:�t'r:;�.,..��- �ttJ;!'" ���: .. �-' �,.. .. ....... ,.�\ .,Q.. f!rtill'' ,,''.',. ··!i�,.a�.��-

" 

, ( l 
\�" ..... , 

t.....-.3'-

.,,.�.�. 

I 
J 

,.<l • 
., " 

.l' 
... 

i 
\ 

• U.•PalC"Mtn 
\411 ... 

1 
N 

:u.;;.�-HARMON DEN 
BEAR SANCTUARY 
BOUNDARY 

Fi gure 1 .  The Harmon Den-Twelve Mi l e  Stri p study area i n  Pi sgah Nati onal Forest , 
North Caroli na . � 



7 

an immense regi ona l  thrust bel t ;  the Meadow Fork Fau l t  i s  a major 

l ow angl e thrust fau l t runni ng between and para l lel to Col d  Spri ngs 

Creek and the Tennessee state l i ne mounta i n  crests . 

Geologi c formations and soi l parent materia l s are complex .  

Grani te and gnei ss are the predomi nant exposed roc ks south of  the 

Meadow Fork Fau l t ;  sedimentary rocks of the Snowbi rd format i on are 

exposed north of the fau l t .  Phyl l i tes are frequent i n  sheari ng 

zones , l ands l i des are common where sharply  ti l ted phyl l i te bedrock 

i s  exposed , such as  al ong the l-40 road cut ( Fi n l ayson 1957 , Young 

et a l . 1977 ) .  

Cl i mate 

Thornthwa i te ( 1948 ) cl ass ified the cl i mate of the southern 

Appa l ach i ans  as "mesothermal perhumi d , "  characteri zed by hot humi d 

summers , short mi l d  wi nters , and rel ati vely l ong spri ng and fa l l  

season s .  Mean annual temperature at Watervi l l e i s  12 . 9  C . ; the 

col dest month i s  January ( average 3 . 3 C . ) ,  the warmest i s  Ju ly  ( average 

22 . 6  C . ) .  There are an average of 150 frost-free days per year 

( National Oceanograph i c  & Atmospheri c Admi n i strati on [NOAA] 197 3 ) . 

Preci p itation ranges from an average of 1063 mm per year 

at Watervi l l e to 1515  mm per year at Max Patch ( NOAA 1980 ) . Winter 

preci pi tation patterns are cycl oni c ,  affected by both warm mari time 

a i r  masses from the Gul f of Mexi co and col d conti nental masses from 

Canada . Most wi nter prec ip itation fal l s  as snow but accumul ations 

are mi n imal . Summer prec ipi tati on i s  mostly  orographi c ;  heavy after­

noon thunder storms are frequent .  November i s  the driest month , 



averagi ng 92 mm of preci pi tation . Prec ip itati on peaks i n  March 
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and July,  each averagi ng 144 mm .  Prec i p i tation exceeds evapotrans­

pi rati on every month ( NOAA 1980 ) . 

Bi ota 

Fl ora .  Whi ttaker ( 1956 ) found nei ghbori ng GSMNP to be among 

the most botani cal ly  d i verse temperate areas i n  the worl d .  Ki ng 

and Stupka ( 1950 ) l i sted over 1300 nati ve spec ies of fl owering pl ants , 

i nc l udi ng 131 spec i es of trees , i n  the Smokies . Stud i es by Whi ttaker 

( 1956 ) , Gol den ( 1981 )  and Ca l l away ( 1983 ) have rel ated thi s di vers i ty 

and accompanyi ng vegetati on patterns to topographi c di versi ty and 

the warm wet cl imate . Because el evation extremes i n  the Harmon Den-TMS 

area are not as great as i n  GSMNP , the fl ora of the study area i s  

a subset of that of the Park .  Essenti al ly absent from Harmon Den 

are the l ow el evati on p i ne types ( Tabl e Mountai n  Pi ne-Heath and 

l ower )  and h i gh el evati on Spruce- Fi r type of Whi ttaker { 1956 ) .  

The Forest Servi ce cl assi fi es forest tree communi ti es i nto 

11forest cover types 11 whi ch are named and del i neated on the bas i s  

of domi nant vegetati on ; species ma king up 70% o r  more of the domi nant 

vegetati on i n  the communi ty gi ve thei r name to the type { Soci ety 

of Ameri can Foresters 1980 ) .  Twenty-four cover types occur i n  

the study area , a l though 5 hardwood types together cover approximatel y 

90% of the area ( Tabl e 1 ) .  

Fauna . Li nzey and Li nzey { 197 1 )  l i st 59 spec i es of mamma l s  

i nhabi ti ng GSMNP ; Ki ng and Stupka ( 1950 ) c l a i m  that more than 200 
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Table  1 .  U . S .  Forest Servi ce forest cover typesa on Harmon Den and 
Twel ve Mi l e  Stri p ,  Pi sgah Nati onal Forest . 

Forest Cover Type ( Code )  Dominant Species 

Pi ne Types--Stands i n  whi ch  70% or more of the crowns i n  domi nant and 
codomi nant pos it ion are softwoods wi th the type speci es 
preva i 1  i ng : 

Whi te P ine ( 03 )  Pi nus strobus 

Whi te Pi ne-Heml ock ( 07 )  P .  strobus , Tsuga canadens i s  

Vi rgin ia  Pi ne ( 33 )  P .  v i rgi n i ana 

Pi tch P ine ( 38 )  P .  rigi da 

Tabl e Mountai n  Pine ( 39 ) P .  pun gens 

Pi ne-Hardwood Types--Stands i n  whi ch 51-69% of the crowns i n  the 
domi nant and codomi nant pos i t ion are softwood 
spec i es wi th the type species prevai l i ng :  

Heml ock-Hardwood ( 08 )  

Whi te Pi ne-Cove Hardwood ( 09 )  

Whi te Pi ne-Upl and Hardwood ( 10 )  

Shortl eaf Pi ne-Oa k ( 12 )  

Pi tch Pi ne-Oak ( 15 )  

Vi rgi n ia  Pi ne-Oak ( 16 )  

!· canadensi s ;  + Fagus grandi ­
fol i a ,  Prunus serot i na , Betul a  
al l eghen iensi s ,  Magnol i a  fraseri 

P .  strobus ; + Li ri odendron 
tul ipifera , Prunus seroti na , 
f. grand i fol i a ,  Hal es i a  
carol i na ,  �· a l l eghen i ensi s 

f. strobus ; +f. grandi fol i a ,  
Acer saccharum, �- al l eghenensi s 

P .  echi nata ; + Quercus fal cata , 
:Q. vel uti na 

P. rigi da ;  + g. cocc i nea , 
:Q .  pri nus 
P.  virgini ana ; + g. coccinea , 

g. pri nus 



Tabl e  1 ( Conti nued ) 

Forest Cover Type ( Code ) Domi nant Species 

Hardwood P ine Types--Stands on whi ch 51-69% of the crowns i n  the 
domi nant and codomi nant posi t i ons are hardwood 
species wi th the type species  preva i l i ng :  

Cove Hardwoods-Whi te Pi ne­
Heml ock ( 41 )  

Upl and Hardwoods-Whi te P ine ( 40 )  

Southern Red Oa k-Yel l ow P ine ( 44 )  

Chestnut Oak-Scarl et Oak-Yel l ow 
Pi ne ( 45 )  

No . Red Oa k-Hi ckory-Yel l ow 
P i ne ( 48) 

1· tul i pi fera , f. grandi fol i a ,  
Prunus seroti na ; + P .  strobus , 
T .  canadensi s 

-

F .  grandi fol i a ,  A· saccharum, 
B. al l egheni nsi s ;  + f. strobus 

�· fa l cata ; + f. rigi da ,  
P .  pungens 

�- pri nus , �- coccinea ; + 
P .  rigi da , f. pungens 

�· rubra , Carya tomentosa , 
£ .  gl abra , £ .  cordi formi s ;  + 
f ri gi da , f. pungens 

Hardwood Types--Stands in whi ch 70% or more of the crowns i n  the 
domi nant and codomi nant posi tions are hardwoods wi th 
the type speci es prevai l i ng :  

Yel l ow Popl ar ( 50 )  

Chestnut Oak ( 52 )  

Whi te Oak-Red Oa k-Hi ckory ( 53 )  

L .  tu l  i pi fer a 

�- pri nus 

�- al ba ,  �· fa l cata , �· rubra , 
C .  tomentosa , C .  cordi formi s ,  
:£. gl abra 

-

Yel l ow Poplar-Whi te Oa k-red Oa k ( 56 )  1· tul i pi fera , g. a l ba ,  �· 
fa l cata , g. rubra 

Northern Red Oak ( 55 )  

Scarl et Oak ( 59 )  

Sugar Maple-Beech-Yel l ow Bi rch (81 ) 

�· rubra 

g. cocci nea 

A. saccharum, f. grandi fol i a ,  
B. al l eghenens i s  

10 

Brush speci es ( 99 )  Rhododendron spp . , Kal mi a  l at ifol ia  

auni ted States Forest Servi ce , 1981a , Si l vi cul tural exami nati on 
and prescri pti on handbook--Region 8. Atl anta , GA , 50 pp . 
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species of bi rds , 80 species of repti l es and amphi bians , and 80 

species of fi shes are found there a l so .  Agai n ,  because of the smal l er 

s i ze and more restri cted el evations of TMS and Harmon Den , many 

of these speci es probabl y cannot be found i n  the study area . Bi g 

game species  that share the study area wi th bl ack bears i nc l ude 

whi te-tai l ed deer ( Odocoi l eus vi rgi n i anus ) and wi l d  turkey ( Mel eagri s 

gal l opavo ) . Other nati ve carni vores observed i n  the area duri ng 

the study i nc l uded bobcat ( Fel i s  rufus ) , raccoon (Procyon l otor ) , 

s kunk ( Mephi ti s  meph i ti s ) , grey fox ( Urocyon c i nereoargenteus ) , 

and weasel (Muste la  sp . ) . European wi l d  hogs ( Sus scrofa ) , coyotes 

( Can i s  l atrans ) and fera l dogs (£ . fami l i ani s ) are exoti cs that 

occur onl y  sporadi cal l y  i n  the study area . 

Hi story 

Recorded accounts of the earl y h i story of the TMS and Harmon 

Den area of Haywood County are few , but the Cherokee I nd i ans undoubt­

edl y  i nhab ited the region before whi te settlers arri ved i n  the l ate 

17oo•s ( Dykeman 1965 ) . The fi rst settl ers were farmers ; commerci a l  

l oggi ng started i n  the l ate 18oo•s . Except for a sma l l amount of 

timber on the TMS , essenti a l l y  the enti re area was cl eared , l ogged , 

or burned between 1850 and 1940 . The human popul ation of the area 

pea ked i n  the 192o•s ( J .  MacEl roy, Fi nes Cree k ,  pers . com . ) , and 

careful observation reveal s  abandoned cornfi elds or pastures scattered 

through every major drai nage i n  the area , even i n  those i naccessi b le  

by road or  trai l today . The area contai ns at l east 1 1  cemeteri es . 



12 

In the 1930 ' s  the Uni ted States Forest Servi ce began condemn i ng 

and/or buyi ng pri vate l and to establ i sh the French Broad Ranger 

Di stri ct of Pi sgah National Forest .  The l and acqu i s i ti on process 

conti nues today ; a parcel of Appal achi an bal d  on Max Patch Mounta i n  

was purchased by USFS i n  1982.  Currentl y there are 8 tracts of 

pri vate l and , tota l i ng approximatel y 350 ha , compl etely  surrounded 

by approximately  1 1 , 000 ha of USFS l and . Add i t iona l l y ,  there are 

several  l arge fi ngers of pri vate l and extendi ng i nto the area . Most 

of these pri vate hol di ngs have dwel l i ngs on them , but onl y  2 are 

permanently i nhabi ted . 

Severa l sma l l  communi ties are immedi ately adjacent to the 

area . The vi l l ages of Mt . Sterl i ng and Watervi l l e ,  wi th a combi ned 

popul ati on of approximatel y  7 5 ,  l i e at the north-east end of TMS . 

Mapl e Spri ng Gap , popul ation 25 , i s  l ocated at the head of Hurri cane 

Cree k .  Fi nes Creek and Whi te Oak ,  wi th a combi ned popu l at ion of 

near 1000 l i e i mmedi ately  south of the area . The Lamb Gul f of Cocke 

County , Tennessee , i s  north of the study area , supporti ng a scattered 

rural popu l ati on . The cl osest i ncorporated ci ties are Waynesvi l l e ,  

North Carol i na ( popu l ati on 7000 ) , 25 km to the south , Hot Spri ngs , 

North Carol i na ( popu l ation 1000 ) ,  25 km east , and Newport , Tennessee 

( popul ation 9000 ) 35 km north . 

Interstate 40 , the major east-west route through Tennessee 

and North Caroli na , traverses the study area a l ong the Pi geon River . 

I-40 was compl eted through the area i n  the 1970's ; previously no 

roads penetrated the Pi geon Ri ver gorge between Fi nes Creek and 

the Tennessee state line , al though a narrow gauge rai l spur ran 
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from Canton down the gorge to Col d  Spri ngs Creek in the early 1900 ' s .  

Major repa i rs of 1-40 between Col d  Spri ngs and Watervi l l e were under­

way duri ng th is  study . The Pi geon Ri ver,  whi ch has been bad ly  pol­

l uted ( by papermi l l  effl uent from a pl ant at Canton ) s i nce the 1920 ' s ,  

i s  d i verted at Walters Lake and runs through an underground fl ume 

to a smal l generator operated by Carol i na Power and Li ght Company 

at Watervi l l e .  

Because of the proximity to GSMNP , the Bl ue Ri dge Parkway , 

and its mountai n  setti ng , Haywood County's economy today i s  based 

on touri sm .  Yet there are essenti a l l y  no faci l ities for touri sts , 

and only a few vacation homes , in  the Fi nes Creek-Harmon Den-Watervi l l e 

area of the county . Cattle  farmi ng ,  dai ry farmi ng , and l oggi ng 

( parti cul arly through USFS timber sales )  are the major economi c 

pursuits here . Cul ti vati on of mari juana provi des an i l l ega l but 

profi tabl e economi c base for some resi dents of the area--at least 

4 such fiel ds were observed i n  the area duri ng thi s  study. 

Recreati onal  use of the study area can be heavy at times , 

but except for h i kers on the Appal achi an Trai l use i s  a lmost enti rely 

by l ocal resi dents . Resi dents of Fi nes Creek and Waynesvi l l e  camp 

frequently i n  the area ; horseback ri di ng and fi shi ng the stocked 

waters of Col d  Spri ngs Creek are the major recreati onal acti vities  

duri ng the summer . Duri ng the fal l  hunti ng seasons use i s  extremely 

heavy . Bear hunti ng i s  parti cul arly popul ar ;  it i s  a l arge part 

of the hunting  tradi ti on of the southern Appa l ach i ans , and i n  fact , 

the Pl ott Hound ( a  premier bear hunti ng dog )  was fi rst bred i n  Haywood 
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County .  J .  MacEl roy ( pers . comm. ) estimates that at l east one-thi rd 

of the l ocal  men ( perhaps 150 i nd i v i dual s )  are acti ve bear hunters . 

USFS Management 

Objecti ves . The Mul ti pl e  Use-Sustai ned Yi e l d  Act of 1960 

requ i res that nati ona l forests be managed for the sustai ned yi e l d  

o f  a l l resources ,  i nc l ud i ng timber , recreation , wi l dl i fe ,  watershed , 

and range . The Nati ona l  Forest Management Act of 1976 requi res 

that nati onal forest management objecti ves be i ntegrated i nto l ong 

range Forest P l ans . The requi red pl ann i ng process i s  compl ex , cal l i ng 

for much publ i c  i nput and consi deration of severa l management 

a l ternati ves . The Pi sgah National Forest i s  currently i n  the process 

of reviewi ng these a l ternati ves ; a Fi na l  Forest Pl an for the area 

has yet to be completed ( USFS 1982b ) .  Present ly ,  management objecti ves 

are not central i zed i n  a s ing le  document and are subject to revi s i on 

as  needs ari se and pressures demand . What fol l ows i s  a summary 

of several documents ( USFS 1971 , 1981a , 1981b ,  1982a , 1982b ) ,  conver­

sati ons wi th USFS and North Carol i na Wi l dl i fe Resources Commi ssi on 

( NCWRC ) personnel ,  and persona l observati on .  

Timber . Timber producti on i s  the primary management objecti ve 

on the French Broad Ranger Di stri ct ; 50 . 9% ( 5744 ha ) of the TMS-Harmon 

Den area i s  cons i dered operabl e .  Un i ts are managed on a 60 to 100 

year rotati on , dependi ng on cover type , s i te and producti vi ty ;  c l ear­

cutti ng and assoc iated even-aged management i s  the preferred method 

of regenerati on , both economi cal ly  and ecol ogi cal l y .  Wi l dfi re i s  
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control l ed ,  c l ear-cutting is vi ewed as a necessary and acceptab le  

anal og to the anci ent fi re regime .  Genera l l ong range goa l s  cal l 

for regenerati on of 10% of the area every decade . Operabl e s l opes 

of greater than 40% are l ogged by cabl e ,  fl atter areas are l ogged 

by tractor . There i s  a regi on-wide maximum l imit of 16 . 2 h ( 40 

acres ) on the s i ze of any hardwood c l earcut uni t .  It shoul d  be 

noted here that 24% ( 16 , 223 ha ) of the area has been regenerated 

si nce the USFS took control of the area approximately 50 years ago . 

( Th i s i s  cal cul ated sol ely  from current stand ages , some of the 

area may not have been under USFS juri sdi ction when i t  was regenerated . )  

Thus , concei vabl y, there i s  room for timber harvests total i ng greater 

than 10% of the area per decade over the next few decades i n  order 

to bri ng the forest age di stri bution i nto l i ne with the l ong range 

goal s .  The current age di stri bution of the forest stands i s  shown 

i n  Fi gure 2 .  

A l though current pol i cy cl aims to a l l ow the cover type best 

sui ted to the site to regenerate after cl ear-cutting , past management 

practi ces frequently cal l ed for the rel ease (through thi nn i ng or 

other si l vi cu l tural techni ques ) of commercia l l y  i mportant spec ies , 

such as yel l ow popl ar and white p ine , at the expense of oak and 

mapl e species . Currentl y  34% ( 3877 ha ) of the area i s  i n  a cover 

type di fferent from the management type (management type i s  defi ned 

as the forest type 11 best suited to the s i te1 1 [USFS 198la] ) ; 1 1% 

( 396 ha ) of thi s  area i s  scheduled for conversi on to the management type , 

primari l y  through c l ear-cutti ng , duri ng the current pl ann i ng peri od . 
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fi gure 2 .  Age di stri buti on of al l forest stands on Harmon Den 
and the Twe l ve Mi l e  Stri p ,  Pi sgah Nati onal Forest i n  1983 . 
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Tabl e 2 compares the i n-pl ace areas and the management type areas 

for each forest cover type . Note that whi l e  "pure"  yel l ow popl ar 

(type 50 ) i s  i n  pl ace on 7% (801 ha ) of the area , it  i s  not consi dered 

to be the management type anywhere on the area . 

Recreation . Asi de from timber management , the mul ti p l e  use 

concept requi res that other management needs be addressed , i ncl ud­

i ng recreation and wi l dl i fe .  As previ ously  stated , recreati onal 

use of the area i s  a lmost excl usi vely  by l ocal res i dents but 1-40 

ma kes the area very accessi bl e and there i s  potentia l  for i ncreased 

use . Pl ans to devel op a 70-si te fee-for-use campground i n  the Col d 

Spri ngs basi n  have been at l east temporari l y  aborted , a lthough mi nor 

devel opment , such as the i n stal l ation of several pri v ies and the 

construction of an i nformati on bul l eti n board , has occurred i n  the 

l a st 2 years . Several ki l ometers of foot trai l s  are mai ntai ned 

i n  Harmon Den , but only the Appal achi an Tra i l  recei ves anything 

but very i nfrequent use . More heavi l y  used are the horse tra i l s  

devel oped from temporary l oggi ng roads ; these roads are seeded i n  

grass and c l over and mai ntai ned free of brush , but cl osed by phys ica l  

barri ers to motor vehi c les . There i s  a smal l set of  rai l s  for tyi ng 

horses in the Col d  Spri ngs bas i n .  

Wi l dl i fe .  Wi l dl i fe on the Pi sgah Nati onal Forest i s  managed 

i n  cooperation with NCWRC i n  the North Carol i na Gamel ands program. 

The USFS addresses wi l d l i fe management needs through the "featured 

species .. program , i n  whi ch a wi l d l i fe species of recreati ona l or 
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Tabl e 2 .  Area of  Forest Cover Types and  Management Types on  Harmon 
Den and the Twe l ve Mi le  Strip , Pisgah Nati onal Forest , 
North Carolina . 

Hectares i n  Hectares in 
Forest Management 

Forest Tl�e {Code}a Cover Tl�eb Tl�eb 

Non-forest ( 0 )  377 377 
White Pine ( 3 ) 193 1 , 425 
White Pine-Heml oc k ( 4) 45 0 
Shortleaf Pi ne ( 32 )  0 1 5  
Vi rg in i a  Pine ( 33 )  69 12 
Pitch Pine ( 38 )  7 5  4 
Tabl e Mounta i n  Pine { 39 )  4 0 
Heml ock-Hardwood { 8 )  126 0 
White Pine-Cove Hardwood ( 9 )  235 0 
White Pine-Hardwood ( 10 )  229 0 
Shortl eaf Pi ne-Oa k ( 12 )  1 5  0 
Pitch Pi ne-Oa k ( 15 )  10 0 
Virginia Pi ne-Oa k ( 16 )  5 0 
Cove Hardwoods-White Pine-Heml ock ( 41 )  60 0 
Upl and Hardwood-White Pi ne ( 42 )  334 0 
Chestnut Oak-Scarlet Oak-Yel l ow P ine ( 45 )  208 0 
Southern Red Oak-Yel l ow Pi ne ( 44 )  27 0 
Northern Red Oak-Hickory-Yel l ow P ine ( 48) 37 0 
Yel l ow Popl ar ( 50 )  801 0 
Chestnut Oak ( 52 )  601 0 
Whi te Oak-Red Oak-Hickory ( 53 )  4 , 444 5 , 313 
Northern Red Oa k ( 55 )  28 0 
Yel l ow Popl ar-White Oa k-Northern Red Oa k ( 56 )  2 , 784 4 ,065 
Scarlet Oak ( 59 )  498 0 
Sugar Map le-Beech-Yel l ow Birch ( 8 1 )  7 1  60 
Brush ( 99 )  10 5 

1 1 , 285 1 1 , 285 

· asee Tabl e 1 ,  page 9 ,  for expl anation of types . 

buni ted States Forest Service , 1982a , Continuous i nventory of 
stand condi ti on summary , French Broad Ranger Distri ct , Ashevil l e ,  N . C .  
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eco l ogi ca l  concern i s  featured i n  each compartment , and the wi l dl i fe 

management acti vi ties i n  that compartment are based on that spec ies '  

habitat needs . Turkey are featured on Harmon Den , bear are featured 

on the TMS . Management practi ces for turkey cal l for provi di ng 

brood range through mai ntenance of open grassy areas . Temporary 

roads seeded i n  grass and cl over meet thi s  objecti ve . There are 

approximately  29 km of these "stri p open i ngs " i n  Harmon Den (many 

of these openi ngs s imu ltaneously  serve as horse tra i l s ) .  Add i t ional l y ,  

USFS ( 197 1 )  cal l s  for mai nta i n i ng certai n  percentages o f  each com­

partment i n  softwood , for cover and roost i ng , and/or mature mast 

speci es for fal l  food , dependi ng on management types and s ites . 

Des i gnated management acti v it ies are l ess spec i fi c  for bear ; 

thi s l i ke ly  refl ects the rel ati vely general i st nature of the spec ies . 

USFS ( 1981b ) cal l s  for the retention of at l east 20% of a compartment 

i n  "mast and den produc i ng capabi l i ty" ( p .  409 . 34 )  ( i . e . , mature 

mast spec i es ) through regenerati on , convers i on ,  or establ i shment 

of key areas . Opti mum hardwood rotati on i s  gi ven as 80 to 100 years , 

with the preservation of ol d snags as den trees . Add iti ona l l y ,  

management practi ces for bears cal l for ma i ntenance of  domesti c 

fru it  trees at abandoned home sites , preservati on of grape sl i cks 

( V iti s spp . ) ,  and restri cti on of road access i nto bear range . 

Bear hunti ng i n  Haywood County was open for 9 weeks , spl i t  

i nto 2 fa l l  seasons ,  duri ng the 2 years of thi s study ; thi s type 

of season has been the norm i n  western North Carol i na si nce 1969 . 

Harmon Den north of Hurri cane Creek has been a NCWRC bear sanctuary 



s i nce 197 1 ,  but the TMS and the pri vate l ands south and east of 

the sanctuary hi stori cal ly  have reported h i gh bear ki l l s .  Pursu i t  

wi th dogs i s  by far the most popu l ar method of hunti ng bears i n  

the area ; bai ti ng i s  l ega l o n  pri vate l and but bears may not be 

shot over  bai t .  Long time residents of the area ( J .  MacEl roy , 
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E .  Hannah , pers . comm . ) cla im  that the bear popul ation has i ncreased 

substantia l l y  s i nce USFS took control of the area 50 years ago , 

whi l e  others ( S .  Ferguson , W.  Messer ) c l a im  that the popul ation 

has decl i ned over the l ast decade . 

Wi l derness .  Of special  concern i s  the essent ia l l y  roadl ess 

area of Harmon Den between 1-40 , the Appa l achian Trai l ,  the Brown 

Gap Road and Col d  Spri ngs Road . Thi s  approximately  2800 ha was 

under consi derati on for wi l derness des i gnation by the 11Roadl ess 

Area Review and Eval uation , Phase 2" process ,  but was dropped from 

consideration i n  197 9 .  Si nce then approxi mate ly  7 km o f  permanent 

gravel roads and 2 km of temporary roads have been constructed i n  

association wi th timber sales on the eastern edge of the area a l ong 

Harmon Den Mountai n .  The remai nder of the ti mber has not been di s­

turbed si nce the 1920's . 

Conti nuous Inventory of Stand Cond it ion 

The USFS uses the "Conti nuous Inventory of Stand Cond i ti on "  

( CISC ) system to manage resources on Pi sgah National  Forest . The 

bas i c  uni t  of management i s  the "stand , "  the average s i ze of stands 
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in the TMS-Harmon Den area bei ng 19 . 5  ha ( USFS 1982a ) .  Compartments 

con s i st of groups of 6 to 40 conti guous stands . Certa i n  data are 

recorded for each stand , and updated conti nuously .  A compl ete 

descri pti on of these parameters i s  gi ven i n  USFS ( 1981a ) ;  descri p­

t ions perti nent to thi s study are gi ven i n  Tabl e 3 .  Stand boundaries 

are del i neated by USFS personnel or contracted foresters , and as 

such , boundaries and assi gned val ues of some C I SC parameters may 

be somewhat subjecti ve . Si nce ass i gned val ues necessari l y  app ly  

to the enti re area wi thi n  a stand boundary , attempt is  made to 

del i neate boundari es coi nc ident wi th d i screte natura l ecol ogi cal 

and economi c uni ts .  Frequently,  though , there may be smal l ( l ess 

than 5 ha ) areas wi thi n a stand in  whi ch the forest characteri s-

t ics do not match those assi gned to the stand ( L .  Hi l l man , USFS , 

pers . comm . } .  



Table 3. Description of stand parameters used in the ClSC System, 
Pisgah National Forest. 

Parameter Class (Code) Notes 

Hectares 
in Study 

Area 

Operability Inoperable (01) Steep slopes. unstable 
soils or low accessi­
bility 

5,746 

Pine potetimber (02) <9.0" diameter at 
breast height (D8H) 

Small pine sawtimber 9.0" D8H - 14.9" D8H 
(03) 

Large pine sawtimber > 15. 0" D8H 
(04) 

Hardwood potetimber <lJ.o• D8H 
(OS) 

138 

53 

0 

2.042 

Small hardwood saw- lJ.o• D8H - 18.9" D8H 28 
timber (06) 

Large hardwood saw- >19.0" D8H 
timber (07) 

Operable multiple 
products (08) 

Pine & hardwood 
potetimber (11) 

Pine & hardwood saw­
timber (12) 

Mixed poletimber and 
sawtimber (13) 

Hardwood poletimber 
and sawtimber (14) 

Pine poletimber and 
sawtimber (15) 

27 

1.711 

80 

12 

204 

748 

77 

22 
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Table 3 (Continued ) 

Hectares 
in Study 

Parameter Class �Code� Notes Area 

Method of No cutting (1) 6,123 
Cut 

Clearcutting (2) 2.012 

Thinning (5) 3,122 

Shelterwood cutting (4) 6 

Sanitation cutting (6) 15 

Condition In regeneration (01) 332 

Damaged poletimber (02) 34 

Damaged sawtimber (03) 0 

Sparse poletimber (05) 23 

Sparse sawtimber (06) 248 

Low quality poletimber (09) 586 

Low quality sawtimber (OS) 188 

Mature poletimber (09) 7 

Mature sawtimber (10) 843 

Immature poletimber (11) 3,848 

Immature sawtimber (12) 4,541 

Seedling & sapling (13) 250 

Not stocked (15) 10 

Age Recorded as birthdate Determined by in-
of stand crement boring 

Site Given to nearest Defined as the 
Index 10 feet height of a 50 

year old tree of 
the management 
type in place on 
the stand. De-
termined from 
measurements on 
an index tree and 
USFS tables. 



I I I .  METHODS 

Genera l  Approach 

Habi tat uti l i zati on studies  have been conducted for a l arge 

number of wi l d l i fe spec i es . An underlyi ng assumption i n  many of 

these studies  i s  that there i s  a non-random use of avai l ab l e  habi tat 

resources , and that thi s non-random pattern of resource uti l i zati on 

i s  rel ated to the spec i es ' l i fe hi story requi rements ( Ki nca i d  and 

Bryant 1983 ) .  There have been at l east 2 general approaches taken 

i n  i nvesti gati ons of wi l dl i fe habitat use . The earl i est i s  that 

of Ivlev  ( 1961 )  i n  whi ch the resources used are functi ona l l y compared 

to the resources avai l abl e ,  and preference or avoi dance for the 

parti cul ar  resource i n  question i s  inferred . The work of Neu et al . 

{ 1974 ) , Chesson ( 1978 ) ,  Strauss ( 1979 ) , Vanderpl oeg and Scavia  ( 1979 ) , 

Johnson ( 1980 ) , and many others are based on thi s pri nci p l e .  Thi s  

approach has 2 short-comi ngs . Fi rst ,  ana l ysi s i s  restri cted to 

1 type of resource at a time--food types , cover types , or topographi c  

posi ti on ,  etc . , but not a l l  types at the same time .  Second , there 

i s  no ! pri ori reason why a non-random use of avai l ab l e  resources 

shou l d i ndi cate anythi ng about the importance of part icu lar  resources 

to a spec i es ; i n  fact , i t  cou l d  be argued that the perfectl y adapted 

species uses resources i n  exact proporti on to the i r  avai l abi l i ty .  

Recently Ki nca id  and Bryant ( 1983 )  have addressed a t  l east the fi rst 

probl em wi th thei r "geometri c method , "  but whi l e  the method appears 

theoreti cal l y  sound i t  wi l l  be hard to apply  to fi el d si tuati ons 

24 
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because it  requi res that di fferent resources be measured in  s imi l ar 

uni ts .  

A second approach to e l uc idati ng habi tat resource uti l i zation 

patterns i s  through mul ti variate stati sti cs .  Commonl y ,  some measure 

of a spec i es ' use of a parti cul ar s i te i s  regressed on a host of 

habi tat variabl es for that s ite .  More sophi sti cated stati sti cal 

techni ques , such as  pri nci pal components or other types of factor 

ana lysi s ,  are frequentl y appl ied to reduce the b iases of col i neari ty 

between i ndependent vari abl es ( Shugart 1981 ) .  Stati stical  coeffi c ients 

d i fferent from 0 i ndi cate that animal  use of a s i te i s  rel ated to 

the va l ue of those habi tat vari abl es .  A probl em wi th thi s approach 

i s ,  whi l e  regressi on techni ques requi re conti nuous vari ables , many 

habitat val ues are categori cal . Mul ti vari ate categori cal techni ques 

that cou l d  address thi s probl em have become avai l abl e recently 

( Stati sti cal Anal ysi s System 1979 , Swafford 1980 ) but to my knowl edge 

they have not yet been appl ied to studies  of wi l dl i fe habi tat use . 

The mul ti variate stati sti ca l  approach has been taken i n  most of 

the recent model s of wi l d l ife habi tat capabi l i ti es ( e . g . , Boyce 

1981 , Sczerzimi e 1981 , Sol i s  1982 ) .  

A more fundamenta l question than how to rel ate habi tat use 

to habi tat characteri sti cs i s  what vari abl es to exami ne in the 

rel ationshi p .  I n  wi l dl i fe studies these dec i s ions are often governed 

more by ci rcumstance than by theory . In the case of l arge sol i tary 

mammal s ,  radi o  tel emetry i s  by far the most effi c ient method of 
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gatheri ng l ocati onal data that can i nd i cate habi tat use and as such 

was chosen for use in thi s  study . Simi l ar ly ,  the USFS C I SC data 

base was a l ready ava i l abl e ,  and use of C ISC as  habi tat data made -,\ '" 
the analyses relevant to USFS management pl ans as  wel l  as  a l l evi ati ng \ 

\ 

the need to gather habi tat data i n  the fi el d .  -·----�-·/ 

Trappi ng 

Bears were trapped i n  order to afi x radi o  col l ars . Three 

trapl i nes were establ i shed . Li nes on Longarm Mounta i n  and Hurri cane 

Ri dge l i nes were chec ked from a vehi cl e ,  a l i ne on Harmon Den 

Mounta in  was chec ked on foot . Traps were opened i ntermi ttently 

between June and September i n  1982 and 1983 .  

Modi fied Al drich foot snares were used to  capture bears us i ng 

methods descri bed by Johnson and Pel ton { 1980a ) .  I n  1982 captured 

bears were immobi l i zed wi th M99 { etorphi ne hydrochl ori de , D-M 

Pharmaceuti cal s ,  Rockvi l l e ,  MD ) at a dose of 1 mg per 45 kg ; after 

process i ng they were reversed wi th a 2 mg per 45 kg i ntravenous 

i njection of M50- 50 { di prenophri ne hydrochl ori de ,  D-M Pharmaceuti ­

cal s ,  Rockvi l l e ,  MD ) .  In 1983 ,  bears were inunobi l i zed wi th i ntra­

muscul ar i n jecti ons of a mi x of Ketaset ( Ketami ne hydrochl ori da , 

Bri stol Laboratori es ,  Ssyracuse , NY ) ,  Rompum ( Xyl azi ne , Haver­

Loc khart , Inc . , Shawnee , KS ) and Carbocai ne V ( Mepi vaca i ne hydro­

chl ori de , Wi nthrop Laboratori es , New York , NY ) at a dose of 200 mg , 

100 mg , and 20 mg per 45 kg , respecti ve ly .  Immobi l i zation drugs 

were admi n i stered by darts fi red from a carbon d i oxi de-powered pi stol 

( CAPCHUR,  Pa l mer Chemi cal Company, Dougl asvi l l e ,  GA). 
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Immobi l i zed animal s were wei ghed and general and reproducti ve 

condi ti ons were noted ( Ei l er 1981 ) . One premolar  tooth was extracted 

for animal  age determi nation i n  the l aboratory usi ng the techni ques 

of Wi l l ey ( 1974 ) and Eagl e and Pel ton ( 1978 ) . Al l captured bears 

were ear-tagged and l i p tatooed ( Johnson and Pel ton 1980b ) . 

Radio  Tel emetry 

Most bears were fi tted wi th moti on-sensi ti ve rad io  col l ars 

operati ng i n  the 151- 152 Mhz range ( Tel oni cs , Mesa , AZ ) . Young 

an imal s • col l ars were des i gned to 11 break-away11 as the animal grew. 

Tel onics TR-2 recei vers , TDP-2 di gi ta l  s ignal processor and 2-el ement 

yagi antenna were used to track the col l ared animal s .  Vi sual observa­

t i on of radi o-tracked bears was extremely rare and not often attempted .  

Ground tracki ng was accompl i shed through tri angu l ati on us ing the 

11 l oudest s i gnal method 11 ( Spri nger 1979 ) . Di recti ona l i ntegri ty 

of radio  s i gnal s was affected by the d i ssected terrai n  and thi ck  

vegetati on ,  so  Spri nger • s  ( 1979 ) error pol ygon method was used to 

establ i sh 94% confi dence areas on each l ocati on . From 3 to 7 azimuths 

for each ani ma l  l ocation were taken and roughly pl otted on USGS 

1 : 24000 topograph ic  maps i n  the fi el d .  from these az imuths 2 were 

chosen to construct the error polygon for each l ocation . Cri teria 

used to deci de whi ch azi muths woul d  be used for a gi ven l ocation 

i nc l uded s i gnal strength and i ntegri ty ,  angl e between readi ngs , 

t ime between readi ngs , and approximate di stance from recei ver to 
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ani mal . A computer program , "PLOTEQ , "  wrHten i n  conjunct ion wHh 

thi s  study , was used to cal cul ate animal  l ocati ons and error polygons . 

Program "NEWPLO" was used to draw each error polygon at a 1 : 24000 

sca l e  on trac i ng paper whi ch cou l d  then be overl a i d  on USFS stand 

maps . Wi th each azi muth taken the acti v ity of the anima l , based 

on the setti ng of the motion sensor ( Qui g l ey et a l . 1979 )  was 

recorded a l ong wi th weather cond i tions . 

When the need and opportuni ty arose , far-rang i ng bears were 

tracked from Cessna 172 or Skymaster a i rcraft wi th yagi antennas 

mounted on each wi ng strut . The ai rpl ane homi ng techni que i s  

descri bed by Carr ( 1983 ) . A ci rcle  of 300 m di ameter was used i n  

pl ace of cal cu lated error polygons for aeri al  l ocati ons ( Qu i g l ey 

1982 ) .  Wi nter dens were l ocated by homi ng on foot after fi rst 

establ i sh i ng the l ocati on of the den by ground tri angul at ion or 

aeria l  homi ng .  

Sampl i ng Regime 

Recent tel emetry studies of bl ack bears i n  the southern 

Appal achi ans ( Garshel i s  and Pel ton 1980 , Garshel i s  et al . 1981 , 

Qui gl ey 1982 , Vi l l arub ia  1982 , Carr 1983 , Garri s 1983 )  have focused 

on seasonal vari ati ons in diel  movement and acti vi ty patterns , and 

as such requi red d ie l  mon i tori ng of col l ared animal s .  The emphasi s 

i n  thi s  study , however , was on habi tat use , and as such the best 

possi bl e  estimates of home range and habi tat uti l i zati on d i stri bu­

ti ons ( Ford and Krumme 1979 , Di xon and Chapman 1980 , Anderson 1982 ) 
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were desi red . Data characteri zed by short time peri ods wi th many 

l ocations fol l owed by rel ati vely l ong periods wi th few l ocations 

have been cri ti c i zed for the observations • l ac k  of i ndependence 

when these data are used to construct model s  of home ranges or 

uti l i zati on d i stri butions ( Dunn and Gi pson 1977 , Smi th et a l . 1981 , 

Garshel i s  1983) .  Dunn and Gi pson ( 1977 ) have poi nted out that the 

covari ance between 2 successi ve l ocations depends on ly  on the time 

i nterva l between them , and that i f  that i nterval i s  constant between 

successi ve l ocati ons in  the sampl e the probabi l i ty di stri bution 

of the sampl e l ocati ons approaches that of the equi l i bri um condi t ion . 

A constant sampl i ng i nterva l does not ensure i ndependence ( i n  fact , 

i ndependence i n  an ima l  l ocation data may be imposs i bl e ,  probably 

no 2 events i n  an animal • s  l i fe are compl etely  i ndependent ! ) but 

can reduce sampl i ng bi ases . The assumpti on was made that a constant 

sampl i ng i nterval woul d  yi e ld  a robust estimate of home range and 

uti l i zati on di stri bution . A sampl i ng i nterval of 1 l ocation on 

each col l ared bear in the study area every 20 hours was chosen because 

i t  seemed l ogi sti ca l l y  reasonabl e and had the added advantage of 

d i stri buting  the sampl e l ocati ons evenly throughout the di el period , 

thus absorbi ng any effects of time of day on habi tat use . 

Data Ana lys i s  

Home ranges . Two techni ques were empl oyed to estimate home 

range boundaries and area s .  The fi rst method was based on that 
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of Di xon and Chapman ( 1980 ) , i n  whi ch a uti l i zati on d i stri buti on 

i s  deri ved from the reci procal mean di stance devi ati ons ( 11 harmoni c  

means " )  between the ani ma l  l ocati ons and a superimposed cal cul ati on 

gri d .  Fol l owi ng Spencer and Barrett { 1983 ) , the i sopleth enc l os i ng 

95% of an anima l • s  l ocati ons was used as the home range boundary . 

Modi fi cati ons i n  the ori gi nal al gori thm recommended by Spencer and 

Barrett ( 1983 )  were i ncorporated i nto 11 HARMON , 11 a computer program 

wri tten as part of thi s study. 11 HARMON 11 was used to cal cul ate and 

produce 1 : 24000 sca l e  contour maps of the uti l i zati on di stri buti ons 

usi ng the Surface I I  Graphi cs System ( Sampson 197 5 )  i nsta l l ed at 

the Uni vers i ty of Tennessee Computi ng Center . Home ranges ca l cu l ated 

by the harmoni c mean method di ffer i n  shape and frequently i n  s i ze 

from home ranges cal cul ated by more trad it iona l methods .  I n  order 

to compare data from thi s  study wi th that of others , the 11Convex 

polygon 11 method used by Garshel i s  and Pel ton ( 1981 ) ,  Qui gl ey ( 1982 ) , 

Carr ( 1983 ) , and others was al so used to determi ne home range areas .  

Areas were cal cu l ated us i ng the computer program 11HOME 11 ( Harestad 

1981 ) 0 

Seasonal  and annua l home ranges were constructed . Seasonal 

defi n i t ions fol l ow Carr ( 1983 )  except that spri ng was absorbed i nto 

summer because of the l ow number of l ocati ons obtai ned between den 

emergence and 31 May .  The 2 seasons then defi ned were summer ( den 

emergence to 31 August ) and fal l  ( 1  September to den entrance ) .  

Thi s  breakdown i s  deri ved from previ ous work { Qu i gl ey 1982 , 

Vi l l arubi a 1982)  and the rel ati onshi ps between food habi ts and 



food-pl ant phenol ogy ( Beeman and Pel ton 1980 , Eagl e and Pel ton 

1983 ) .  
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The l ocati on and val ue of the harmon i c  center of animal  

acti vi ty ( Di xon and Chapman 1980 ) for each seasonal range were used 

to compare seasona l shi fts i n  home range l ocati on .  

Habi tat uti l i zati on . SAS ( 1979 , 1982 ) descri pti ve , regress ion ,  

and categori ca l procedures were used to ana lyze habi tat use i n  rel a­

t i on to forest management parameters . Because regressi on techni ques 

requi re at l east quasi -conti nuous data , the C I SC parameters l i sted 

i n  Tabl e 3 ( page 22 ) were grouped into the rank  categori es descri bed 

i n  Tabl e 4 .  

In  addi t ion to the C ISC parameters , other data that cou l d  

be gathered from the USFS or USGS maps were used i n  anal ys i s .  These 

parameters are descri bed i n  Table  5 and fa l l  i nto 3 categori es : 

di versi ty vari ables , topographi c vari ables , and road vari abl es . 

The edge di vers i ty vari ables attempt to measure the 11beta 11 d i versi ty 

of Nel son and Sa l wasser ( 1982 ) , where the di versi ty of d i screte 

types across a l ocal area i s  consi dered . The ratio  of l i near edge 

to area i s  a measure of the stand • s  shape , and i s  i nc l uded because 

edge has been used frequently in measures of wi l dl i fe habi tat 

qua l i ty ( Hays et a l . 1981 ) .  

Val ues of topographi c vari abl es were deri ved from USFS .. eco­

l og i ca l  management uni t 11 maps ( Young et al . 1977 ) whi ch cl assi fy 

areas on the basi s  of s l ope , aspect ,  soi l  parent materi a l , hydrol ogi c 

regi me , and degree of broad use l imi tation ( a  measure of the overal l 



Table 4 .  Groupi ngs and ranks of  C ISC categori es used in  analys i s  of  bear habi tat use . 

Rank Val ue for 
Parameter CISC Cl ass Code Grou� for x2 Anal�si s Regression Anal�s i s  Ex�l anati on 

Forest Cover 3 , 4 , 8 , 9 , 10 , 12 ,  Softwood Cover Types 1 Ranked i n  order of % 
Type and 15 , 16 , 33 , 36 , 39 of domi nant trees that 
Management 41 , 42 , 44 ,45 , 48 Mi xed Hardwood-Softwood 2 are mast produci ng 
Type Cover Types 

50 Yel l ow Popl ar  2 

52 Chestnut Oa k 5 

53,81 Whi te Oak-Red Oak-Hi ckory 4 

56 Yel l ow Pop lar-Oak 3 

55 , 59 Scarl et Oak ,  Northern Red Oak 6 

99 Brush 0 

Condit ion 1 , 13 , 15 No mature stems 1 Ranl<ed i n  order of 
2 , 5 , 6 , 7  ,8 , 1 1  Low densi ty of mature stems 2 mature stem densi ty 
9 , 10 , 12 High dens i t� of mature stems 3 

Operabi l i ty 0 , 1  Inoperabl e 1 Ranked i n  order of 
2 , 5 , 1 1 Pol etimber 2 i ncreasi ng basal area/ 
3 , 4 , 6 ,7 , 12 ,  Sawti mber 3 economi c feasi bi l i ty 
13 , 14 , 15 

Method of 0 , 1 No cutti ng 1 Ranked i n  i ncreasi ng 
Cut 5 Thi nni ng 2 order of severi ty of 

2 Cl earcutti ng 3 cut 

w N 



Table 5 .  Vari ables deri ved from USFS o r  USGS maps and used i n  analyst s of bear habi tat use . 

Vari abl e 

To�ographtc Variabl es:  
l evation 

Aspect 

Degree of Broad Use 
Ltmi tatton 

Topographic  
Di vers i ty 

Bi ologi cal Divers i ty 
Varia les : 

Edge-Age 

Edge-Cover Type 
D i vers i ty 

Edge-Area Ratio 

Exp 1 ana t1 on 

Average el evation of the stand . From USGS 
topographic  maps . 
Coded from Ecol ogical Management Unt ta map . 
Average va lue of the s tand. 

Coded from Ecologi cal Management Uni ta map 
Average va l ue of the stand . 

Coded from Ecologi cal Managemeot Uni ta map 
Shannon-Weaver Di versi ty l ndexb cal culated 
from the number and groportt on of Ecologi­
cal ·Management Uni ts wi th i n  the stand . 

Shannon-Weaver Diversi ty lndex, b cal culated 
from the number and proportion of age 
cl asses of surroundi ng stands . Age cl asses 
were 20 year I nterva l s  centered on the age 
of the stand. 

Shannon-Weaver Di versi ty l ndex , b calculated 
from the number and proportion of cover types 
surroundi ng the stand . Cover type groups as 
descri bed in Table 4, page 30. 

Parameterizati on 

Direc t .  To nearest 100 feet 

D i rect .  Between 1 (northern 
exposure &- 1 (southern 
exposure ) 
Ranked: 1 = moderate; 
2 a cri t i ca l ; 3 = severe 

Di rec t .  0 e n o  di vers i ty ,  
I ncreasing t o  high di versi ty 

Di rect .  0 = no d i vers i ty ,  
i ncrea s i ng to high d i versi ty 

Direct. 0 = no di versi ty, 
I ncreasing to high d i versi ty 

Coded from USFS stand maps.  L i near amount of Direc t .  meters/hectare 
edge of the stand d i v i ded by the area of the 
stand. 

w w 



Table 5 ( Continued ) 

Variable Explanation 

Road Variables: 
Unrestricted improved Coded from USFS transportation maps. Paved, 
road densi ty graveled or good d i rt roads permanently 

open to the publ i c .  Length of road 
divided by the area of the stand. 

Unrestri cted 4-wheel 
drive road densi ty 

Restricted access­
improved road 
density 

Permanently closed 
or abandoned road 
density 

Additional Variable :  

'coded from USFS transportation maps. Un­
maintained or poor d i rt roads that are 
permanently open to the publ i c .  Length of 
road divided by the area of the stand. 

Coded from USFS transportation maps. Light 
duty maintained roads behind l ocked USFS 
gates. General ly these are logging roads .  
Length o f  road divided by the area o f  the 
stand. 

Coded from USFS transportation maps and USGS 
geographic maps . General ly these are old 
logging roads that have been seeded and 
blocked with phys i cal barriers. Length of 
road di vided by area of the stand. 

Parameteri zation 

Di rect. kmJkm2 

Di rect. km/km2 

Di rect. lcm/lcm2 

Di rect .  lcm/km2 

Hast capabtl1ty Deri ved from ClSC data and based on USFS mast Ranked i n  order o f  increas-
capabi l i ty guidel i nesC according to age of ing mast production capa-
the stand. bi l t ty: 

Non-mast cover type or stand 
age less than 26 years = 0. 
Stand age between 26 & 40 
years u 1 .  
Stand age between 40 & 50 
years or greater than 70 
years u 2. 
Stand age between 50 & 70 
years = 3. 

avoung . C .  H • •  D. Hanning .  and J. D. Josl i n .  1977. National Forests In North Caro1 1 na 
French Broad Ranger District Soi l Resource Inventory Planning Uni t 18, Soi l Resource Inventory 
Report ,  Apri l 1977, 41 pp. 

bshannon , C. E • •  and V. Weaver .  1949, The mathematical theory of communication , Uni vers i ty 
of I l l inois Press , Urbana. 

CUnited States Forest Serv i ce , 197 1 ,  Wildl i fe Management Handbook--Region 8, Atl anta , GA. w � 
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phys ica l  sui tabi l i ty of a stand for engi neeri ng or timber operati ons ) .  

An addi ti onal vari abl e ,  the 11mast capabi l i ty factor ,  .. wh i ch i s  

based on cover type and age of the stand ( USFS 197 1 } , was a l so 

i nc l uded i n  the ana lys i s .  

ANOVA ( SAS 197 9 )  techni ques and the Chi -square techni ques 

of Neu et a l . ( 1974 )  were used to descri be bear use of categories 

of each vari ab l e .  Al l vari ables were combi ned i nto a regress ion 

model where the percentage of bear l ocati ons i n  each stand served 

as the dependent vari abl e ,  and the i ndependent vari ables  were those 

descri bed in Tabl es 4 and 5. Percentages were arcs i ne transformed 

( Sakal  and Rohl f 198 1 )  and regressi ons were wei ghted by the percenti l e  

va l ue of the harmoni c  mean for each stand . Thi s wei ghti ng 

was empl oyed to accentuate the vari ance of the genera l l y  smal l range 

of percentages resul ting  from the smal l s i ze of a stand i n  rel ation 

to a home range . The wei ghti ng i s  rati ona l i zed by assumi ng that 

use or avo i dance of a stand near the center of an anima l • s  home 

range i s  more i ndi cati ve of the importance of the characteri sti cs 

of that stand to the ani ma l  than i s  use or avoi dance of a stand 

on the edge of i ts home range . Separate model s  were constructed 

for each sex and season , and for each bear where appropri ate . 

Noti ceabl y absent from the i ndependent vari ables used i n  

the model s  are any vari abl es perta i n i ng to unders�orr" ���.t�c��"ri sti cs . 

In the past USFS has col l ected 11Wi l dl i fe 11 data descri bing under­

story composi ti on and abundance , and hard and soft mast capabi l i ties ,  

but thi s practi ce ended i n  the l ate 197o • s .  Data for 4 compartments 
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were sti l l  on record at the Di stri ct Ranger ' s  Offi ce and these data 

were incorporated i nto regress ion model s  i n  attempt to i mprove the 

predi cti ve capabi l i ty of the model s .  These data and the i r parameteri za­

ti on for the model s are descri bed i n  Tabl es 6 and 7 .  

Determi n i ng the effect of roads . Many stud i es have imp l i cated 

roads as factors decreasing the qual i ty of bear habi tat . Hami l ton 

( 1978 } documented an avoi dance of roads by bears in coasta l North 

Caro l i na ,  Mi l l er ( 1975 )  and Brown ( 1980 } found s imi l ar avo i dance 

i n  West Vi rgi n i a . In the southern Appa l achi ans Qui gl ey ( 1982 ) and 

Vi l l arubi a ( 1982 ) c l a i med that bears avoi ded roads in GSMNP and 

Cherokee Nationa l Forest , respecti vely ,  whi l e  Carr ( 1983 ) reported 

l i tt le  effect of roads on bear habi tat use i n  GSMNP . 

Qui g l ey ( 1982 ) and Carr ( 1983 } arri ved at thei r conc l us i ons 

by testi ng the number of radio  l ocations wi thi n  200m of a road 

aga i nst the amount of the i r  study area wi thi n  200m of a road wi th 

the Chi -squared method of Neu et al . ( 1974 } ; V i l l arubi a used the 

same stati sti ca l techni que but tested the number of radi o l ocati ons 

i n  the same lOOm gri d square as a road agai nst the number of gri d 

squares conta i n i ng roads . In  a l l  3 studi es the d i stances used to 

defi ne proximi ty to roads are somewhat arbi trary ( and al so somewhat 

suspect consi deri ng that the reported resol uti on of rad i o  l ocati ons 

for al l 3 studies  was a c i rc le  of 300m d iameter } ,  espec i a l l y  when it i s  

acknowl edged that bei ng 200m away from a road i n  a new cl earcut i s  cer­

ta i n ly a di fferent ecol ogi cal  si tuati on than bei ng 200m away from a road 



Tabl e 6 .  Wi l dl i fe habi tat data formerly col l ected by USFS i n  
Pi sgah Nati onal Forest .  

Parameter Categori es (Code ) Notes 

37 

Understory Mountai n  l aurel - bl ue- Kalmia  l ati fol i a ,  Vacci n i um spp . 
Communi ty berry ( 2 )  

Bl ueberry-huckl eberry- Vacci n i um spp . , Cornus fl ori da 
dogwood ( 4 )  

Dogwood-maple­
sassafrass ( 5 )  

Upl and hardwood ( 6 )  

Cove hardwood ( 7 ) 

Rhododendron­
hydrangea-mapl e 
l eaf ( 8 )  

Sparse o r  absent ( 9 )  

Understory Sparse 
Densi ty 

Medi um 

Dense 

Soft mast Dogwood ( 1 ) 

Gum ( 2 )  

Servi ceberry ( 3 )  

Grape ( 4) 

Hawthorne ( 5 )  

Cucumber ( 7 )  

Cherry ( 8 )  

C .  fl orida , Acer rubrum , -
Sassafras albidum 

Upl and hardwood reproduction 

Cove hardwood reproducti on 

Rhododendron spp . , Hydrangea 
spp . , Vi burnum aceri fol i um 

C .  fl orida 

Nyssa syl vati ca 

Amel anchi er arborea 

Vi tus spp . 

Cretaegus spp . 

Magnol i a  accumi nata 

Prunus seroti na 



Tab l e  6 ( Conti nued ) 

Parameter Categories ( Code ) 

Soft mast No ( 0 )  
Vari ety 

Yes { 1 )  

Soft mast Li ttl e ( 0 )  
Abundance 

Some ( 1 )  

Abundant ( 2 )  

Hard mast % to nearest 10% 
Basal Area 

Hard mast Lbs . /acre to 
l bs . /acre nearest 1/10 l b .  

Notes 

Less than 2 of above species 

3 or more of above speci es  

See cond i ti on codes Tabl e  4 ,  
page 32 . 

Cal cul ated from tabl e cross­
referenci ng condi ti on wi th 
forest cover type ( USFS 1971 )  

38 
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Tabl e 7 .  Parameteri zation of USFS Wi l d l i fe data for regressi on 
anal ysi s ,  Compartments 57 , 58 , 60 , and 72 i n  Harmon 
Den , Pi sgah Nati onal Forest , North Carol i na .  

Codes Val ues for 
Parameter (Tabl e 6)  Regressi on Analls i s  Ex�l anati on 

Hard mast Di rect % 
basal  area 

Hard mast Di rect l bs . /acre 
l bs . /acre 

Soft mast 1 , 2 1 Ran ked i n  order of as-
species 3 3 assumed i mportance to 

4 , 5  4 bears . Based on 
8 5 Beeman & Pel ton 1980 . 
7 2 

Soft mast 0 0 Less than 3 of above sps . 
Vari ety 1 1 3 or more of above sps . 

Soft mast 0 0 Li ttl e 
abundance 1 1 Some 

2 2 Abundant 

Understory 5 ,8 , 9  0 Ran ked i n  order of as-
Food 5 , 7  1 sumed food potenti a l  
Potenti a l  2 , 4  2 based on understory 

communi ty .  

Understory 9 0 Ranked i n  order of as-
Cover 4 , 5 , 6 , 7 1 sumed amounts of escape 
Potenti a l  2 , 8  2 cover i n  understory 

communi ty .  

Understory 0 0 Sparse 
Dens i ty 1 1 Medi um 

2 2 Dense 
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i n  a heath thi cket . Qui gl ey ( 1982 ) acknowl edged that apparent prefer­

ence or avoi dance of a specific  feature such as  a road or tra i l 

may be due i n  l arge part to the characteri stics of the surroundi ng 

habi tat .  

Roads may i n  fact be used by bears a s  travel routes , and 

soft mast produced al ong road margins may be a val uab l e  summer 

food source . Indeed the amount of area actua l l y  occupied by roads , 

even i n  an area such as  Harmon Den , i s  sma l l ,  so that the types 

of spati a l  techni ques used to analyze other habi tat features ( forest 

cover type , stand age , etc . ) are probably i nappropri ate for determi n ing  

the effects of  roads on  habi tat use . 

I n  a l l  stud ies where bears were sai d  to avo i d  roads the avoi d­

ance was thought to be due to the human acti vi ty assoc iated wi th 

roads rather than any speci fi c  effect that roads have on the bi ol ogi ­

cal qual i ty of the habi tat . Hunti ng i s  a parti cul ar  human acti v i ty 

that may cause bears to l earn to avo id  roads . Col l i ns ( 1983 ) found 

that 73% of the bears ki l l ed by hunters in Western North Carol i na 

between 1975 and 1980 were shot l ess than 1 . 6k ( 1  mi l e )  from a road , 

wi th 39% bei ng shot wi thi n  400m of a road . Four-wheel dri ve veh i c l es 

and c iti zen band rad ios are standard equi pment for the modern bear 

hunter,  so that roads are i ndeed peri l ous pl aces for bears . Typi ca l ly ,  

the hunters wi l l  dri ve a l ong the roads sl owly wi th a 11 StrHe dog 11 

on the back or hood of the vehi cl e ,  searching for a pl ace where 

a bear has recently crossed . Thus i t  may be that ana l yzi ng bear 

travel patterns wi th respect to roads wi l l  gi ve a better i ndi cati on 



of the effect of roads on habi tat use than the standard spati a l  

tec hn i ques . 
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The anal ysi s used in thi s study starts wi th the assumpti on 

that i f  bears are i ndi fferent to roads they wi l l  cross roads i n  

di rect proporti on to the dens i ty of roads i n  the i r  home ranges . 

Graphi ca l l y  we woul d expect the rel at ionsh i p  between road densi ty 

and road crossi ngs to be a stra i ght l i ne pass i ng through the ori gi n 

wi th a pos i ti ve s l ope ( Fi gure 3 ) . If  hi gh road densi ties  have an 

i nh i bi tory effect on bear  movement we woul d  expect the proportional 

rel ationshi p between road densi ty and road cross i ngs to be l ess 

at hi gher densi t ies than at l ower densi ties , that i s ,  the s l ope 

of the l i ne wi l l  decrease at hi gh densi ty .  The l i ne coul d  ei ther 

be 2-segmented or approach a certai n  number of crossi ngs asymp­

toti cal l y  ( Fi gure 4 ) . 

For each rad i o  col l ared bear ' s  set of l ocati ons the mi n imum 

number of times the ani ma l  crossed a road was determi ned by 

sequenti a l l y  pl otti ng the l ocations on a USFS transportati on map . 

Roads were cl ass i fi ed accordi ng to the scheme i n  Tab l e  5 ( page 33 ) ,  

i . e . , unrestri cted improved , unrestri cted 4-wheel dri ve , restri cted­

access improved ( col l ector l oggi ng roads ) , and permanently cl osed 

or abandoned . Because the number of l ocati ons obta i ned for each 

ani ma l  varied , the mi n imum number of road crossi ngs was d i vided 

by the total number of l ocati ons for each ani ma l  to arri ve at an 

i ndex of road crossi ng frequency . Thi s i ndex was then pl otted 
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Fi gure 3 .  Hypotheti cal rel ationsh i p  between road cross i ng 
frequency and road dens i ty i f  high road dens i t i es do not restri ct 
bear  movements rel ati ve to l ow road densi ti es .  
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LOW HI GH 

ROAD DENS I TY I N  HOME RANGE 

Fi gure 4. Hypotheti cal rel ati onsh i p  between road crossi ng 
frequency and road dens i ty if h igh road densi t ies do restri ct bear 
movements rel ati ve to l ow road densi ties . 



agai nst the densi ty of roads for each home range , and a l i ne was 

fi tted to the set of poi nts . Thi s  l i ne was then compared to the 

theoreti ca l  l i nes i n  Fi gures 3 and 4 .  
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I V .  RESULTS AND DISCUSS ION 

Trapping 

Twenty-fi ve captures i nvol ving 21  i ndi vi dual bears were made 

i n  687 trap ni ghts duri ng 1982 and 1983 ( Tabl e 8 ) .  Captured anima l s  

i nc l uded 1 3  females  ( 1 1 were adul ts at time of capture ) and 8 mal es 

( 3  were adu l ts at time of capture ) .  Si x traps were sto l en from 

Long Arm Mountai n  on 17 June 1983 ; trappi ng efforts on the TMS were 

suspended after that .  Phys ical data on  captured ani ma l s  are sum­

mari zed i n  Tab le  9 .  

Te l emetry 

Tests of di recti onal accuracy of ground tel emetry were made 

usi ng stati onary transmi tters i n  June 1982 . These tests i nd i cated 

that an arc of ± 7 . 1° used to pl ot error polygons wou ld  yi e l d  an 

average 94% confi dence on l ocati ons obtai ned from ground tri angul ation . 

The mean s i ze of error polygons cal cu l ated wi th thi s  confi dence 

was 23 . 8  ha . The above may seem l i ke a l arge amount of error ,  but 

i t  shoul d be noted that the majori ty of error pol ygons were sub­

stanti al l y  sma l l er than thi s ,  the average was i ncreased by the presence 

of rel ati vely  few very l arge pol ygons . In  any case , the average 

error pol ygon s i ze of 23 . 8  ha i s  on the same sca l e  as the average 

stand s i ze of 19 . 5  ha . Most pol ygons overl apped more than one stand ; 

i n  these cases the fracti on of the error polygon i ncl uded i n  each 

stand was estimated and recorded . 

45 
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Table  8 .  Summary o f  trapp ing success o n  bl ack bears , Harmon Den 
and Twel ve Mi l e  Stri p ,  Pi sgah National Forest , North 
Carol i na ,  1982- 1983 . 

Trapl i ne Locati on 

Harmon Den Mounta i n  

Subtotal 

Hurri cane Ri dge 

Subtotal 

Long Arm Mounta i n  

Subtota l 

Subtota l 1982 

Subtota l 1983 

TOTAL 

Dates Operated 

11 June 82-
29 June 82 

15 July 82 -
25 Jul y 82 

6 June 83 -
18 June 83 

29 June 82 -
1 1  July 82 

5 June 83 -
30 June 83 

3 July 83 -
9 July 83 

14 Aug . 83 -
18 Aug . 83 

9 Sept . 83 -
21 Sept . 83 

24 July 82 -
6 Aug . 82 

17 Aug . 82 -
21 Aug . 82 

4 May 83 -
18 June 83 

Trap Nights Bears Captured 

65 1 

66 2 

63 2 

194 5 

7 1  4 

76 1 + 1 Recapture 

26 1 

19 0 

20 4 + 1 Recapture 

212 10 + 2 Recaptures 

10 3 + 1 Recapture 

12 1 + 1 Recapture 

139 2 

181 6 + 2 Recaptures 

244 11 + 2 Recaptures 

343 10 + 2 Recaptures 

687 21  + 4 Recaptures 



Tabl e 9 .  Summary of data on captured bears , Harmon Den and Twel ve Mi l e  Stri p ,  Pi sgah Nati onal 
Forest , North Carol i na ,  1982- 1983 . 

Ear Tag Date of Age at 1st Wei ght 
Trapl i neb No . Capture Sex a Capture (Kg)  Notes 

123 * 12 June 82 F 3 1/2 53 HD Found dead 17 June 82 .  Probably drug 
rel ated . 

526 * 28 June 82 M 1 1/2 29 HR Excel l ent condi tion 

528 * 7 Jul y 82 M 2- 1/2 57 HR 

529 * 9 July 82 F 5 1/2 61  HR Estrus . Recaptured 21 Sept . 83 . 
Wei ght 66 kg . 

530 * 9 July 82 M 1 1/2 34 HR 

531 * 20 July 82 F 1 1/2 14 HD Poor cond it ion .  Recaptured 8 June 83.  
Wgt . 20 kg . 

532 * 20 July 82 F 7 1/2 59 HD Lactati ng .  

534 * 24 July 82 F 8 1/2 50 LA Recaptured 4 Aug . 82 . 

535 * 29 July 82 M 2 1/2 36 LA 

536 * 30 July 82 M 2 1/2 48 LA Poor cond it ion .  Recaptured 21 Aug . 82 . 

538 * 6 Aug . 82 F 7 1/2 57 LA Top 1/2 of l eft ear mi ss ing .  

539 * 11 June 83 F ? 41 LA Rel ocated from Cl i ngmans Dome ( GSMNP ) 
to Li ttl e Cattal oochee by NPS 25 June 82 .  

� 
....... 



Tabl e 9 ( Conti nued ) 

Ear Tag Date of Age at 1st Wei ght 
No . CaQture Sexa CaQture ( Kg) Trapl i neb Notes 

550 * 12 June 83 F 1 1/2 14 HD 

521 * 13 June 83 F 3 1/2 32 HR Exce l l ent body cond i ti on . 

520 * 17 June 83 M 1 1/2 16 HD 

523 * 8 July 83 M 4 1/2 100 HR Lower cani nes bad ly  worn by uppers . 
Excel l ent body cond i t i on .  

524 * 8 Sept . 83 F 7 1/2 50 HR Lactati ng .  1 cub  observed . Poor body 
condi t ion .  

549 9 Sept . 83 F 12 1/2 59 HR Lactati ng . Excel l ent body condit ion .  

628 13 Sept.  83 F 2 l/2 16 HR Excel l ent cond i ti on . 

427 13 Sept . 83 F 5 1/2 50 HR Fi rst d ig it  on ri ght front paw mi ssi ng . 

*These bears were rad i o  col l ared . 

aM = Mal e ,  F = Femal e .  

bHR = Hurri cane Ri dge , HD = Harmon Den Mounta i n , LA = Long Arm Mountai n .  � co 
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Ei ghteen bears ( 10 female , 8 mal e )  were rad i o-co l l ared . 

Thi rteen hundred and ten l ocati ons were obtai ned on col l ared anima l s  

i n  the 2 years of the study; 317 of these were from ai rcraft . Trapping 

acti v iti es and veh i c l e probl ems prevented a stri ct adherence to 

the pl anned 20-hour sampl i ng i nterva l , but , except for a few weeks 

when sampl i ng was i mpossi ble  because of veh i c l e  probl ems , the 

average sampl i ng i nterval for the 7 fema l e  bears that accounted 

for nearly 70% of the l ocati ons was 25 . 1  hours ( no l ocati ons on 

an  i ndi vidual anima l  were obtai ned l ess than 18 hours apart ) .  The 

sampl i ng i nterval on a l l but 2 mal e  bears was much greater and more 

i rregu lar  because most mal es spent much of the i r  time outs i de 

of the study area . Tracki ng success , cal cul ated as the number of 

days an anima l  was l ocated di vi ded by the number of days trac ki ng 

was attempted ( Garshel i s  and Pel ton 1981 ) ,  ranged from 20% (ma l e  

522 ) to 98% ( fema l e  531 ) .  Attri ti on through hunt i ng was great ; . 

on l y  2 animal s provided i nformati on for the enti re durati on of the 

study . Radi o  tracking  success and eventua l fates of the 18 col l ared 

bears are descri bed i n  Fi gure 5 .  

Home Ranges 

Col l ected data justi fi ed the constructi on of 39 seasona l 

ranges , i ncl udi ng 10 mal e  summer ranges , 8 mal e  fal l  ranges , 11  

femal e  summer ranges , and 10  femal e  fa l l  ranges . At l east 10 l ocati ons 

were used i n  the construction of each range . Average home range 

s i zes , cal cu l ated from convex pol ygons ,  were as fol l ows ( gi ven i n  

hectares , wi th standard devi ati ons ) :  



1982 1983 
Bear Sex � Jun Jul Aug Sep Oct Nov Dec - - - Apr Hay Jun Jul Aug Sep Oct Nov Dec 

626 F A 
526 H S 

5211 H A Q K 
529 F 

530 M 

531 F 
532 F 

534 F 

535 H 
536 H 

538 F 
523 H 
539 F 
522 H 
550 F 

52 1 F 
520 M 

524 F 

Total 
Loca tions 

A 
s 
s 
A 

A 

s 
s 
A 
A 
A 

A 
s 
A 

s 
A 

l 
t-----1 

1.1 T 4) 

T T P 
T K 
T T K 

T U D K 
f. 

T 

T K 

T p 
T W 

4 54 156 154 105 46 27 18 76 85 168 70 1 15 14 1 91 

F - Femal e  
H - Hale 
A - Adul t 
S - Subadul t 
T - Trapped 

W - Winter den v t s t ted 
K • Lega 1 k t 1 1  
P - I l l egal k t l l  
Q - Transmi tter fa i l ure 
1 - Fate unknown 
0 - Col l ar broke away 

Total Tracking 
Locations Success {%} 

26 87 
51  39 
86 66 

1 79 91 
59 3 1  

201 98 

198 92 

33 50 
49 88 
5 1  92 
59 89 
46 40 
18 30 

1 7  20 
48 98 
82 96 

4 1  80 
66 94 

-
1310 

Fi gure 5 .  Durati on of rad io  tracking , number of l ocati ons , and track ing success for radi o  
col l ared bears on Harmon Den and the Twel ve Mi l e  Stri p ,  Pi sgah Nati onal Forest , 1982 and 1983 . c.n 0 



Mal e  

Fema l e  

Sununer 

3 , 205 ± 4 , 374 

872 ± 480 

Fal l  

6 , 931  ± 4 , 770 

1 , 712  ± 761 
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In  a l l  cases these are l arger than the home ranges gi ven for bears 

i n  other parts of the southern Appa l achi ans ( Garshel i s  and Pel ton 

1981 , Qui gl ey 1982 , Vi l l arubia  1982 , Carr 1983 ) .  The a lmost uni ­

versal ly reported rel ati onsh i p  between mal e  and fema l e  range s i ze 

hel d  however ; mal e  ranges were s i gni fi cantl y l arger { p  � 0 . 1 ) .  

Soc ia l  factors , parti cul arly the l ow mal e-parenta l i nvestment i n  

offspri ng whi ch  wou l d  make promi scu ity advantageous ,  a s  wel l  as  

l a rger body s i ze l i ke ly  contri bute to the l arger s i ze of mal e  ranges 

( Rogers 1977 , Harestad and Bunnel 1979 ) .  

Extensi ve overl ap of home ranges was observed ( Fi gures 6 

and 7 ) .  On Harmon Den only the exceptional l y  sma l l  home range of 

a yearl i ng femal e  d id  not overl ap wi th the synchroni c  ranges 

of al l other bears . On the TMS al l synchroni c  home ranges 

overl apped except for the fal l  1982 range of an adul t  femal e  that 

moved out of the study area . Li tt le  overl ap was observed between 

ranges on Harmon Den and the TMS--thi s rel ati onsh i p  wi l l  be d i scussed 

l ater .  

Seasonal d i fferences .  There was a s ign i fi cant i ncrease i n  

range s i ze between sununer and fa l l  for fema l es { p  � . 01 )  and a 

borderl i ne-si gn i fi cant i ncrease for ma l es { p  = . 1 5 ) . Thi s  was true 

despi te the sl i ght reduction i n  range area from summer to fal l exhi bi ted 

by 3 females  ( Fema l e  532 i n  1983,  Femal e  529 i n  1983 , and Fema l e  521 
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Fi gure 6 .  Annual home range overl ap of rad io  col l ared femal e  
bears on Harmon Den and the Twel ve Mi l e  Stri p ,  Pi sgah Nat ional  
Forest , 1982 . Home range boundari es drawn at 95th percenti l e  of 
harmoni c  mean val ues for each anima l ' s  l ocations . 
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Fi gure 7 .  Annual home range overl ap of radio  col l ared 
femal e  bears on Harmon Den and the Twel ve Mi le  Stri p ,  Pi sgah 
Nat i onal Forest,  1983.  Home range boundaries drawn at  95th per­
centi l e  of harmoni c  mean va l ues for each an ima l • s  l ocati ons . 
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i n  1983 ) . Si nce the data for these 3 animal s are more compl ete 
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than the data for most of the others , the genera l conc l us i on that 

range si ze i ncreases i n  the fal l  i s  suspect .  The observed i ncrease 

may be i n  part an arti fact of how the data were col l ected , tracki ng 

success for far-rangi ng animal s increased i n  the fa l l  due to i ncreased 

amount of aeria l  track ing .  

Whatever seasona l changes there were i n  home range s i ze were 

apparently not accompan ied by geograph i c  shi fts i n  acti vi ty centers . 

Tabl e 10 compares seasonal movements i n  the l ocation of the harmoni c  

center of acti vi ty (Di xon and Chapman 1980 ) for each ani mal . The 

i nter-season d i fferences for each year are not si gn i fi cantl y di fferent 

(p � . 05 )  from the inter-annual di stances for each season , suggesti ng 

that geograph i c  changes i n  seasona l acti vi ty centers are not great . 

Aga i n ,  however ,  thi s  conc l us ion i s  somewhat suspect because three 

far-rangi ng bears ( Fema l e  534 , Mal e  530 , Ma l e  525 ) , whose movements 

may have been seasona l ly  medi ated , cou l d  not be i ncl uded i n  the 

ana l ys is  because data were so sparse . The movements of these animal s 

are di scussed i n  a l ater secti on . 

Garshe l i s  and Pel ton ( 1981 ) ,  Carr ( 1983 ) ,  and Garri s ( 1983 ) 

al l noted s i gn i fi cant changes in  the l ocati on of acti vi ty centers 

wi th season for bears in the southern Appa l achi ans , as d i d  Reynol ds 

and Beechum ( 1980 ) for bl ack bears in Idaho . (Al l of these stud i es 

used ari thmeti c centers rather than harmoni c  centers . ) In a l l  cases 

the geographi c shi fts in acti v ity centers were rel ated to the patchy 

di stri buti on of fa l l  food sources , parti cul arly oa ks . Essenti a l l y  
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Tab le  10 . Di stances between seasonal acti vi ty centersa of 
i nd i vi dual bl ack bears on Harmon Den and Twel ve Mi l e  
Stri p ,  Pi sgah Nati ona l Forest , North Carol i na ,  1982 
and 1983 . 

From : 

FEMALE 

Summer 1982 

Fal l  1982 

Summer 1983 

MALE 

Sununer 1982 

Fa l l  1982 

Summer 1983 

Fal l  1982 

9 . 6±2 . 5 ( 4) 

26 . 6± 12 . 5 ( 4 )  

To : 
Summer 1983 

9 . 6±3 . 1 ( 3 )  

1 1 . 8±9 . 3( 3 )  

12 . 7±9 . 3( 2 )  

6 .  3± ( 1 )  

Fa l l  1983 

19 . 2±1 1 . 2 ( 3 )  

13 . 5± 8 . 3 ( 5 )  

( 0 )  

40 . 6±32 . 0( 2 )  

aoi stances gi ven i n  hundreds of meters ± 1 standard dev ia­
ti on . Number of pai rs of seasonal ranges of an i ndi vi dual bear used 
i n  ana l ysi s i s  gi ven i n  parentheses . 
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85% of the Harmon Den-TMS study area i s  covered i n  oak types , so that 

d i stri buti on of oaks i s  not patchy { a l though producti on of acorns 

may be ) , and seasonal sh i fts in acti vity center wou l d  not be expected 

purely  on that bas i s .  

Notabl e Movements 

Whi l e  the Harmon Den-TMS bear popul ati on d id  l i tt le  movi ng 

as a whol e ,  the movements of several i ndi v i dual s are worthy of exami na­

ti on . Fi gure 8 i l l ustrates the fol l owing di scuss ion .  Al l 3 of 

the subadu l t  ma l es i n  Harmon Den made dramati c movements in the 

fa l l  of thei r yearl i ng years . Yearl i ng Ma l e  526 moved from the 

study area to near Round Mounta in , Tennessee , a stra i ght l i ne di stance 

of nearly 13 km ,  i n  August 1982 . He remai ned there through the 

wi nter ,  denni ng i n  a cl earcut on pri vate l and i n  Lamb Gul f .  Spri ng 

1983 found him back in the study area , and h i s movements were l oca l ­

i zed i n  the area of hi s 1982 summer range unti l l ate June . On 

30 June 1983,  he was l ocated back  i n  the Round Mountai n  area where 

he remai ned unti l bei ng poached i n  l ate Ju ly  1983 . 

Mal e  520 was col l ared as a yearl i ng on Harmon Den Mounta i n  

i n  June 1983 .  In  l ate August he al so moved to Round Mountai n ,  

Tennessee , but wi thi n  2 weeks was back i n  the study area on Ground 

Hog Cree k .  He made a short foray onto the TMS , but returned to 

Harmon Den Mounta i n  where he remai ned unti l early October , when 

he moved to the Snowbi rd Mountai n  area on the Tennessee state l i ne . 

On 26 October 1983 he was poached at the mouth of Ground Hog Creek .  
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Mal e  530 was col l ared as a yearl i ng on Hurri cane Ridge i n  

Jul y ,  1982 . Hi s home range remai ned rel ati vel y smal l through the 

summer but i n  earl y October he moved i nto the central part of Harmon 

Den near Hi ckory Ri dge . He l eft the study area for parts unknown 

i n  early November , and I cou ld  not l ocate him from the ai r or ground . 

He returned to Harmon Den i n  the wi nter , however , and denned near 

Hurri cane Gap i n  hi s summer range . He remai ned i n  the study area 

unti l Jul y  1983 when he a l so moved to the Round Mounta i n , Tennessee , 

area . In early September he moved even farther north and east , 

cross i ng the French Broad Ri ver , but 1 week  l ater he was l ocated 

back on Round Mounta i n .  In October he agai n  moved east , to Shuti n 

Creek near Pai n t  Rock ,  North Carol i na ,  a di stance of approximately 

8 km (about 20 km from hi s ori ginal summer range ) where he remai ned 

unti l hi s brea k-away col l ar fel l  off i n  November ,  1983 .  

The 3 adu l t mal es fol l owed duri ng the study al so made l ong 

movements ( i n  fact , Ma l e  523 used the Round Mountai n  and Snowb i rd 

Mountain  areas ) ,  but the movements of these 3 subadul ts are i n  contrast 

to the very restri cted s i ze of thei r yearl i ng summer ranges . Ma l e  

526 ' s  range i ncreased from 422 ha i n  summer 1982 to 12 ,755 h a  i n  

fa l l  1982,  to 14, 400 h a  i n  summer 1983.  Mal e  530 ' s  range i ncreased 

from 893 ha in Summer 1982 to 16 , 242 ha i n  Summer 1983 ( s i ze of 

hi s Fal l 1982 range i s  unknown ) .  Mal e  520 ' s  range i ncreased from 

47 1 ha i n  Summer 1983 to 14 , 233 ha i n  Fal l  1983 .  The subadul t ma l e  

( 535 ) col l ared on TMS al so exhi b ited a n  expanded home range duri ng 

the fal l  of hi s yearl i ng year , but i t  was not nearly as dramati c 
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( 124 ha i n  Summer 1982 to , 1543 ha i n  Fal l  1982)  and was not accompanied 

by a geographi c sh i ft .  

Movements s imi l ar to those of the 3 Harmon Den yearl i ngs 

have been reported frequently ( Rogers 1977 , Garshel i s  and Pel ton 

198 1 ,  Qui gl ey 1982 , Koch 1983 ) ,  but are not ful ly  understood . Such 

movements are often thought to be rel ated to seasonal feedi ng behavi or 

and l ocati on of fa l l  food sources . At fi rst considerati on thi s  

i dea i s  attracti ve i n  thi s  case because the movements seem to be 

l oca l i zed to the Round Mountai n  area ; however ,  Mal es 520 and 525 

started thei r movements i n  August ,  wel l  before acorns were ri pe , 

and Ma le  520 returned to the study area i n  October .  Addi ti ona l l y ,  

the other segments of the popul ati on showed no propensi ty for such 

food-rel ated movements . Rogers· ( 1979 )  i nterpreted some of the s imi l ar 

movements he observed as di spersal behavi or , cl a imi ng that young 

femal es tend to establ i sh adu l t  home ranges coi nci dent wi th the i r  

nata l ranges whi l e  young mal es establ i sh adu l t  ranges outsi de of 

thei r natal ranges . Di spersal seems the l i kely exp l anati on for 

the behav ior of the 3 yearl i ng mal es i n  thi s study , espec i a l l y  when 

compared to the 2 yearl i ng females , both of whi ch exhi bi ted only 

sl i ght range expansi ons wi th i ncreasi ng age . The l oca l i zati on of 

movements may be a refl ecti on of bear popul ati on densi ty more than 

anyth ing el se .  Lamb Gul f  i s  sui table  habi tat for bears but hunti ng 

and poach ing pressure i s  severe so densi ty i s  l ow ,  i nvi ti ng di spersa l  

from more heavi l y  popul ated areas such as Harmon Den . Bear  densi ty on 

TMS i s  l ow ,  perhaps expl a i n i ng the l ack of such possi bl e  d i spersal 

behavi or by Mal e  535 .  



Besi des the movements of the yearl i ng mal es ,  the movements 

of 1 adu l t  femal e  are notabl e al so .  Femal e 534 was captured i n  

l ate July 1982,  and recaptured i n  early August 1982 , o n  the TMS . 
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Her movements were restri cted unti l mi d-September when she moved 

northwest onto the Cherokee Nati ona l Forest near Hal l  Top fi re tower , 

a d i stance of 21 km , cross ing I-40 in  the process . In  October she 

crossed I-40 agai n ,  movi ng southwest 9 km onto Nati onal Park Serv i ce 

l and a long the Foothi l l s  Parkway near Cosby ,  Tennessee . The Foot­

h i l l s  Parkway i s  a smal l i s l and of bear habi tat { approximatel y  1000 

ha ) surrounded on 3 s ides by a rural human popul ati on . The bear 

remai ned a l ong the Footh i l l s  Parkway unti l l ate December when she 

apparently started back towards the TMS . She was poached i n  GSMNP 

near Tennessee Route 32 on 24 December 1982 .  

Bei ng 8 years o l d  at  the time of  capture , the movements of 

thi s fema l e  cannot be considered "di spersa l " i n  the usual sense 

of a juveni l e  ani mal estab l i shi ng a new adul t range . The publ i c  

l and surroundi ng the Foothi l l s  Parkway i s  mature oak-pine forest , 

the pri vate l and i n  the area contains  several appl e orchards and 

gra i n  fi el ds , so that the movements of thi s  parti cul ar animal may 

i n  fact have been food-rel ated . 

In  the context of unusual movements i t  i s  perti nent to di scuss 

I-40 and the Pi geon Ri ver gorge whi ch appeared to form a strong 

but not compl ete barrier to bear movements . As previously menti oned , 

Harmon Den and TMS home ranges overl apped very l i ttl e .  I n  al l ,  

on ly  7 col l ared bears were observed to cross I-40 a tota l of 15 
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t imes , and onl y  2 ani ma l s crossed and recrossed more than once duri ng 

the study , thi s  i nc l uding the movements of the 4 bears just d i s­

cussed . Movement across I-40 occurs but it i s  apparent l y  dangerous--

3 uncol l ared bears were ki l l ed in col l i si ons wi th motor veh i cl es 

on I-40 between Wa l ters Lake and Watervi l l e duri ng the study .  Local 

bea r  hunters cl a im  that bears use the ri dge above the tunnel at 

Ground Hog Creek to cross between the areas , and a l ocati on west 

of thi s tunnel is  a frequently used hunti ng stand . I ndeed , 2 of 

the col l ared anima l s  were shot near the tunnel . 

Use of I ndi vi dual C I SC Categori es 

One thousand and twenty of the 1310 radi o  l ocati ons were 

on USFS l and and so were used i n  the fol l owi ng  ana l yses . Tab l e  1 1  

compares the amount o f  each C I SC category ( Tabl e 4 ,  page 32) used 

by bears to the amounts avai l abl e ;  s i gni fi cance was determi ned after 

Neu et a l . ( 1974 ) .  

Cover type . Both mal es and females showed an avoi dance or 

i nd i fference to the softwood and mi xed hardwood-softwood types through­

out the year .  Both sexes a l so showed a preference i n  the summer for 

brush  areas--these are mostly transmi ss ion l i ne easements or o l d  

fi e l ds  provi d i ng thi ck  cover and conta i n i ng concentrati ons o f  soft 

mast spec ies , part i cu l arl y bl ackberri es ( Rubus spp . ) and pokeberry 

( Phytol acca ameri cana ) .  Mal es showed a summer preference for the 
. 

Yel l ow Popl ar-Oa k stands , and both sexes preferred these stands i n  

the fal l .  Garshel i s  and Pel ton ( 1981 ) ,  Qui gl ey ( 1982 ) , V i l l arubi a 



Table 1 1 .  Habi tat use by black bears on Harmon Den and the Twe l ve Mi l e  Stri p .  Pi sgah Nat i onal 
Fore s t ,  North Caro l i na ,  1982- 1983 . 

S Radi o  Annual % Radi o  Annual 
% of Locati ons Si gn1 fi - Di fference Locations S1 gn 1 f1 - Difference 

Categorl Area in Sunmer cancea 1982- 1983b i n  Fal l  cancea 1 982- 1983b 

FEMALE 

FOREST COVER TYPE 
Softwood types 9 . 3  2 . 9  - 4 . 8  
Hardwood/Softwood types 6 . 2  4 . 7  0 4 . 2  0 
Yel low Poplar 7 . 4  8 . 6  0 6 . 6  0 
Chestnut Oak 5 . 5  3 . 2  0 2 . 5  
Whi te Oak-Red Oa k-Hickory 41 . 2  40 . 2  0 4 1 . 6  0 
Yel l ow Poplar-Wh i te Oak-

No . Red Oak 25 . 7  33 . 0  + 35 . 2  + 
Scarlet Oak 4 . 6  6 . 7  0 5 . 0  0 
Brush 0. 1 0 . 6  + 0 . 1 0 
MANAGEMENT TYPE 
Whi te Pine 16. 9 8. 2 - 5 . 1 
Chestnut Oak 0. 1 0. 1 0 0 . 8  0 
Whi te Oak-Red Oak-Hickory 49 . 0  52 . 7  0 50. 0  0 - + 
Yel l ow Poplar-Wh i te Oak-

No . Red Oak 37 . 5  38 . 4  0 44 . 0  0 
Brush Spec ies 0. 1 0. 6 + 0. 1 0 
STAND AGE 
$ 9 years 3. 4 6 . 0  + 1 . 5  0 
10-29 years 5. 4 2 . 4  - 6. 5 0 
30-49 years 14. 7 5 . 4  - 5 . 6  
50-69 yea rs 62 . 5  82 . 2  + 77 . 0  + 
70-89 years 7 . 7  5 . 2  0 8 . 1 0 
90+ years 6. 3 2 . 8  - 0 1 . 3  
OPERAB I L I TY 
I noperable 54. 3 48. 8  0 42 . 8  - 0 
Poletimber 20 . 0  14. 7 - 0 18. 3  0 
Sawtimber 25 . 7  36 . 5  + 38. 9  + 

• 1 

� 1'\) 



Table 1 1  ( Conti nued ) 

i Radi o  
i o f  Locat i ons 

Categor� Area i n  SUIIIIlE!r 

CONDI T I ON 
In regenera tion 6. 3 4 . 3  
low stem dens i ty 44. 7  42. 3  
High s tem densi ty 49. 0  52. 7  
S I TE INDEX 

0 3 . 4  0 . 6  
40 0. 1 0. 1 
50 2 . 2  2 . 0  
60 3. 7 3 . 4  
70 32. 9  1 7 . 9  
80 22 . 9  50. 2  
90 9 . 7  1 1 . 3  

100 8 . 0  4 . 0  
1 10 9 . 8  6 . 6  
120 0 . 8  3 . 6  
130 0. 5 0 . 2  
MAST CAPAB I L I TY 

0 8 . 5  2 . 9  
1 1 . 1 2 . 0  
2 18. 1 1 4 . 8  
3 72. 3 80 . 2  

METHOD O F  CUT 
No cuts 54 . 3  48. 7  
Clear cuts 17 . 8  17 . 2  
Tht n  27 . 9  34. 1  
S I ZE OF STAND 
1-60 acres 42. 1 66. 3  
61- 155 acres 36. 9  19 . 2  

155 acres 2 1 . 0  14. 5 

. 

Annual 
S i gn i fi - Di fference 

cancea 1982- 1983b 

0 
0 + 
0 

-
0 
0 
0 
-
+ 

0 
-
0 
0 
0 

-
0 
0 
+ 

0 
0 
0 

+ 
-
-

i Radi o  
locations 

i n  Fal l  

6 . 4  
35. 2  
58. 3 

0 . 1 
0 . 8  
0 . 8  
3. 5 

17. 1 
47 . 6  
1 3 . 2  

3. 5 
9 . 3  
2 . 7  
1 . 5  

6 . 5  
2 . 4  

14. 1 
77 .0  

42. 8  
23. 0 
34 . 1  

61 . 9  
22. 3 
1 5 . 8  

S i gn t ft -
cancea 

0 

+ 

0 
0 
0 

+ 
0 

0 
0 
0 

0 
0 
0 
+ 

0 
0 
0 

+ 

-

Annual 
Di fference 
1982-1983b 

0 

C) w 



Table 1 1  (Conti nued ) 

S Radi o  
S of Locations 

Categor,I Area i n  Sulllller 

� 
FOREST COVER TYPE 

· Softwood types 9 . 3  1 1 . 4  
Hardwood/Softwood types 6 . 2  3 . 6  
Yel low Poplar 7 . 4  5 . 3  
Chestnut Oak 5. 5 7 . 3  
Whi te Oak-Red Oak-Hi ckory 4 1 . 2  44. 1 
Yel l ow Popl ar-Whi te Oak-

No . Red Oak 25 . 7  29 . 0  
Scarlet Oak 4 . 6  9 . 5  
Brush 0 . 1  0 . 8  
MANAGEMENT TYPE White Pine 16 . 9  10 . 6  
Chestnut Oak 0. 1 1 . 1  
Whi te Oak-Red Oak-Hi c kory 49 . 0  52 . 4  
Yel l ow Poplar-White Oak-

No . Red Oak 37 . 5  49 . 0  
Brush 0. 1 1 . 0  
STAND AGE 
3 9 years 3 . 4  6 . 1 
10-29 years 5 . 4  0. 1 
30-49 years 14. 7  6 . 6  
50-69 years 62. 5  80 . 0  
70-89 years 7 . 7  5 . 9  
90+ years 6 . 3  1 . 3  
OPERAB I L ITY 
Inoperable 54 . 3  54 . 3  
Pol etimber 20. 0  18 . 7  
Sawt imber 25. 7 27 . 1  

S i gnf f i -
cancea 

0 -
0 
0 
0 

0 
0 
+ 

-
0 
0 

0 
0 

+ 
-
-
+ 
0 -
0 
0 
0 

Annual S Radi o  
Di fferenc5, Locations 
1982- 1983 i n  Fa 1 1  

9 . 2  
9 . 3  
5 . 4  
8 . 0  

1 7 . 7  

+ 46 . 9  
+ 3 . 5  

0 . 0  

1 7 . 7  
0. 3 

29. 7 

52. 3  
0 . 0  

3 . 0  
2 . 8  

1 2 . 4  
53. 7 
1 5 . 6  
1 2 . 4  

+ 37 . 7  - 1 1 . 0  
57 . 3  

Annual 
S i gni fi -

cancea 
Di fferenc5, 
1982- 1983 

0 
0 + 
0 
+ 

+ 
0 
0 

0 
0 + 
- + 

+ 
0 

0 

0 
0 - + 
+ 
+ 0 

+ 

0'1 � 



Table 1 1  (Continued ) 

% Radi o  
S of Locat i ons Signi f i -

Categor� Area i n  Sulllller cancea 

COND ITION 
In regeneration 6 . 3  4 . 3  0 
Low stem densi ty 44. 7 42 . 9  0 
High stem dens i ty 49. 0  51 . 8  0 
S I TE I NDEX 

0 3 . 4  0 . 6  -
40 0. 1 1 . 1  0 
50 2 . 2  0 . 8  0 
60 3 . 7  2 . 7  0 
70 32. 9  34 . 3  0 
80 27 . 9  37 . 6  + 
90 9 . 2  1 5 . 7  + 

100 9 . 0  4 . 2  -
1 10 9 . 8  2 . 7  -
120 0 . 8  0 . 0  0 
130 0. 5 0 . 0  0 
MAST CAPABILITY 

0 8 . 5  6 . 1 0 
1 1 . 1  0 . 7  0 
2 18. 1 1 3 . 2  0 
3 72. 3 80. 0  + 

METHOD OF CUT 
No cuts 54 . 3  54 . 3  0 
Clear cuts 27 . 9  12. 5 -
Th i n  1 7 . 8  33. 2 + 
S I ZE OF STAND 
1-60 acres 42. 1 53. 1 + 
61- 1 55 acres 36 . 9  30. 7  0 

1 55 acres 2 1 . 0  16. 2 0 

ao : used i n  proportion to ava i l abi l i ty, p S . 10 

Annual % Rad i o  
Dt fferenc:t, Loca tions 
1982- 1983 in Fal l  

3 . 0  
- 3 . 0  

+ 63 . 5  

0 0 . 0  
0 . 3  
1 . 0  
3 . 9  

1 9 . 6  
39 . 0  
17 . 5  

1 . 3  
1 3 . 0  

2 . 3  
2. 1 

4 . 6  
2 . 6  

12. 3 
0 79. 5 

43.7 
25. 8  
30. 5  

54 . 3  
36 . 4  

- 9 . 3  

+ = used i n  greater proport i on than avat l able. p < . 10 .  
- = used i n  l ess proport i on than avai l able. p S :10. 

Annual 
S i gnf f i -

cancea 
Df fferenc:�, 
1982- 1983 

0 
0 
+ 

0 
0 
0 

+ 
+ 

+ 
0 
0 

0 
0 
0 + 
+ 

0 
0 
+ 

+ 
0 

bJ f  the s i gn i f i cance for 1982 or 1983 indi v i dual ly i s  d i f ferent from the s i gni fi cance for 
2 years comb i ned. the i nd i v i dual s i gni f i cance i s  noted in the appropri ate column .  0'1 

Ul 
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( 1982 ) ,  Carr ( 1983 ) and Garri s ( 1983 ) have al l documented strong 

fa l l  preferences for mast areas by bears i n  the southern Appa l achians , 

so that the apparent i ndi fference ( fema les )  or avo idance (ma les ) 

of the Whi te Oak-Red Oa k-Hi ckory type i n  thi s  study was unexpected . 

The age d i stri buti on of Whi te Oak-Red Oak-Hi ckory and Yel l ow Popl ar­

Oak stands i n  Harmon Den are essenti a l ly  the same , so that the prefer­

ence for the Yel l ow Poplar-Oak stands i s  most l i kely not due to a 

preponderance of Yel l ow Popl ar-Oak  stands i n  the more producti ve 

age c l asses . Mast producti on i n  the Yel l ow Popl ar-Oa k stands may 

have been hi gher , however , for other unknown reasons (weather? ) ;  

NCWRC 1983 mast survey data for Harmon Den showed a genera l l y  

hi gher number of acorns at sampl e s ites i n  the Yel l ow Pop lar-Oa k  

type than a t  si tes i n  the Whi te Oa k-Red Oak-Hickory type . Such 

data were not avai l ab le  for 1982 , but persona l observati ons showed 

the 1982 mast crop to be a nearly compl ete fai l ure , perhaps caus i ng 

bears to rel y  on soft mast species , such as cherry ( Prunus seroti na ) 

or servi ceberry (Amel anchi er arborea ) ,  whi ch are more abundant i n  

the Yel l ow Popl a r-Oa k  type ( Gol den 1981 ) .  It i s  al so enti rely  

possi bl e that factors other than food may be responsi bl e  for the 

observed preferences , and that mast producti on i n  the Yel l ow Popl ar­

Oak type , suppl emented wi th occasiona l use of the other oak types , 

may provi de adequate fal l  food suppl ies .  

Management type . Except for males  i n  the fal l  ( and these 

data were confl i ct i ng between 2 years ) ,  the observed forest cover 
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type uti l i zati on patterns di sappear when management type i s  con­

s i dered . There i s  a substanti a l l y  l arger area i n  the Yel l ow Popl ar­

Oak management type than i n  the i n-pl ace Yel l ow Popl ar-Oa k  cover 

type , so that the d i fferences may i nd i cate that bears respond more 

to the vegetati on i n  pl ace than they do to particu lar  s i te character­

i sti cs . 

Stand age . In  the summer , stands of l ess than 10 years o ld  

were preferred by both sexes . Thi s  i s  l argel y  due to the ava i l abi l i ty 

of soft mast i n  cl earcuts . Stands between 10 and 50 years o ld  were 

avoi ded or used i n  proporti on to the i r  ava i l abi l i ty by both sexes 

throughout the year .  Stands in  the 50 to 70 year  age cl ass were 

preferred by both sexes throughout the year ,  except by mal es i n  

fal l 1982 . The use of stands i n  thi s age cl ass i s  espec ia l l y  notable  

because of  the hi gh avai l abi l i ty of such stands , and probably repre­

sents a pronounced preference . Ol der stands were preferred by ma l es 

i n  the fal l  but avoi ded or used i n  proporti on to ava i l abi l i ty by 

fema l es throughout the year ,  and mal es i n  the summer . The mast 

capabi l i ty rati ng i s  essenti al ly  a rec lassi fi cati on of the stand 

age groups based on the rel ati onshi p  between age and mast producti on ; 

the uti l i zati on seen i n  the age cl ass ifi cati on i s  rei nforced by 

the uti l i zation of the mast capabi l i ty cl asses . Bears apparently  

prefer the most producti ve stands . 

Si te i ndex . Fema l es preferred stands wi th s i te i nd ices of 

80 throughout the year ;  ma les preferred stands wi th s ite i nd i ces 
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of 80 or 90 . Use of stands wi th si te i ndi ces above or bel ow thi s  

range seemed reduced , a l though the smal l amount of area wi th s i te 

i ndex greater than 90 wou l d  ma ke concl usi ons about h igh si te i nd i ces 

suspect ; there may be a general pattern of i ncreased use wi th 

i ncreased s i te i ndex .  

Stand condi t ion . No di fferenti al use of condi ti on c l asses 

was evident duri ng the summer . Fal l uti l i zati on was the same for 

both sexes--i ndi fference to stands i n  regenerati on or poor condi tion , 

an avoi dance of establ i shed stands wi th l ow stem dens i ti es and a 

preference for stands wi th h igh stem densi ties . 

Operabi l i ty .  Fema l es apparently avoi ded pol etimber stands 

i n  the summer and i noperabl e stands in the fal l ,  whi l e  sawtimber 

stands were preferred throughout the year .  Ma l es were i ndi fferent 

to operabi l i ty i n  the summer , but used sawtimber stands heavi l y  

i n  the fal l .  There seems to be a general preference for stands 

wi th h igh basal areas . 

Method of cut . Method of cut d id  not seem to affect femal es 

use of stands ; ma l es apparently preferred stands deemed unsui tabl e 

for c l earcutti ng throughout the year .  

Stand s i ze .  Both sexes used stands of 60 acres or l ess at 

the expense of l a rger stands . Smal l stand s i ze i s  a consequence 

of cl earcutti ng , and bears may be respondi ng to the i ncreased 

di vers i ty of stand ages i n  these areas . 
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Model i ng the S imul taneous Effects of Several Habi tat Vari abl es 

Whi l e  i t  i s  possi bl e to di scuss the effect of each habi tat 

vari abl e separatel y ,  a more real i st ic  approach i s  to cons i der the 

s imul taneous effect of several vari ables . The SAS ( 1979 )  11 General 

Li near Model s 11 procedure was used extensi vely i n  the fol l owi ng 

ana lyses . In  a l l  the fol l owi ng ana lyses the use of an i nd i vi dual 

stand by an i nd i v idual bear i s  taken as one sampl e val ue of the 

dependent vari abl e .  Cal cul ati ons were wei ghted by percenti l e  val ue of 

the harmon i c  mean of di stances to bear l ocati ons for each stand ( Fi gures 

9 and 10 ) .  

Forest cover type and stand age . The 2 most i mportant charac­

teri sti cs affecti ng the phys iognomy of a forest stand are the speci es 

composition and the age of that stand . The previ ous ana lyses of 

cover type and age i nd i vi dual l y  i ndi cate that both the successi onal 

stage of a stand and the domi nant tree spec ies may affect the sui ta­

bi l i ty of the stand for bears . Thi s is espec ia l l y  important when it i s  

real i zed that for the fi rst 20 years of a stand • s  l i fe i t  may be 

domi nated by spec i es other than those named i n  the cover type name . 

The resul ts of a 2-way ana lysi s of vari ance i ncorporati ng 

cover type and age as mai n  effects are shown i n  Tabl e 12 . In  

general , age is  found to be the s ign i fi cant effect in  the summer , 

whi l e  age and cover type i nteract i n  the fa l l .  Thi s  i s  i n  keepi ng 

wi th previous observati ons : duri ng the summer very young stands 

are uti l i zed because of thei r soft mast production and the spec i es 

composi tion of the seedl i ngs woul d  l i kely be unimportant ; hard mast 
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Figure 9 .  Contour map of harmoni c  mean va l ues o f  a l l summer 
bear  l ocati ons on Harmon Den and the Twel ve Mi l e  Stri p �  Pi sgah 
Nati onal Forest � 1982 and 1983.  Contour l i nes encompass success i ve 
percenti l es of harmoni c  mean val ues ; contour i nterval i s  10% . 
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Fi gure 10 . Contour map of harmon i c  mean val ues of a l l fal l  
bear l ocations on Harmon Den and the Twel ve Mi l e  Stri p ,  Pi sgah 
Nationa l Forest , 1982 and 1983 . Contour l i nes encompass successi ve 
percenti l es of harmoni c  mean val ues ; contour i nterval i s  10% . 



Tabl e 12 .  Effect of forest cover type and stand age on  bear use of  i ndi vi dual forest stands , 
Harmon Den and Twel ve Mi l e  Stri p ,  Pi sgah National Forest , North Carol i na ,  1982 and 
1983 ,  as determi ned by Analys i s  of Vari ance . 

Females Mal es 
Sununer Fal l  Sununer Fal l  Overa 1 1  

Effect 1982 1983 1982 1983 1982 1983 1982 1983 Sununer Fal l  

Cover Typea { 6  d . f . ) * * * * * 

Stand Ageb ( 19 d . f . ) * * * * * * * 

Cover x Age * * * 

Error degrees 
of freedom 245 466 199 646 161 264 273 127 1 125 1364 

R2 . 2 1 . 1 5 . 24 . 14 . 26 . 17 . 27 . 27 . 13 . 16 

acover types as in  Tabl e 4 ,  page 30 . 

b5-year age cl asses . 

*- i ndi cates F s ign i fi cant at p $ . 10 .  

-.....! N 



producti on i s  rel ated both to spec ies and tree age so that i n  the 

fa l l  interaction between the 2 mai n  effects i s  s i gn i fi cant . The 

summer preference for stands aged 50 to 90 years ( see Tabl e 1 1 ,  

7 3  

page 59 ) was apparentl y not rel ated to the cover type of these stands . 

Addi tiona l l y ,  the l ac k  of any s i gn i fi cant effects for mal es i n  the 

summer shou l d  be noted , a good i nd i cati on that someth ing apart from 

food , breedi ng i nsti nct perhaps , i nfl uences mal e  behav ior i n  the summer . 

summer.  Final l y ,  the rather l ow R2 va l ues i n  each of the model s  

a l so are noteworthy ; there i s  sti l l  a l arge amount of vari ance i n  

bear use of stands to be expl a i ned after the 2 most obvi ous vari abl es 

are taken i nto account .  Fi gures 14 through 20 (Appendi ces A-G ) 
i l l ustrate the rel ati onsh i p  between age of stands used and the age 

of stands avai l abl e for each forst cover type . 

Mu l ti pl e  regress ion model . The 19 vari ables  descri bed i n  

Tabl es 5 and 6 ( pages 31  and 35 , respecti ve ly ) were regressed aga i nst 

bear use of i nd i vi dual stands (Tabl e 13 ) . Stands that none of the 

col l ared bears were ever l ocated i n  were excl uded from analysi s .  

Resul ts d id  not exp l a i n  much of the observed variance ; R2 val ues are 

l ow and reasonabl e biol og ical  i nterpretati ons for some of the s i gn ifi ­

cant coeffi c ient estimates are di ffi cul t to make . However , because 

model s  of thi s type woul d  be useful in maki ng management dec i s i ons , 

they are worthy of d i scuss i on .  One encouragi ng poi nt i s  that the s i gn of 

most of the coeffi c i ents appears to stay constant across the sex and 

seasonal model s .  Cons ideri ng the C ISC vari ables  i n  the model s ,  bear use 



Tabl e 13 .  Parti a l  regress ion coeffi c ient estimates and R2 va l ues 
for model s  of bl ack bear habi tat use us i ng 19 C I SC and 
deri ved vari ables . 

Independent 
Vari abl eb 

FCR 
AGE 
S IT  
CON 
OPE 
MOC 
BUL 
ASP 
MAS 
MGR 
TPD 
EFD 
EAD 
E�R 
ELE 
RD1 
RD2 
RD3 
RD4 

Partial  Regress i on 
Females  

Summer Fal l  

+ - 1 . 4  
+ 

+ . 13 + . 6  
-7 . 11 - 18 . 9  

+ + 
-5 . 3 

+ + 
- 3 . 8  -3 . 4 
+6 . 0  +2 . 9  
+ +1 . 0  

+4 . 4 
+10 . 5  +11 . 5  

+ 
- 11 . 2  

+ . 3  

+ . 5  + . 5  

Coeffi ci ent Estimatesa 
Males  

Summer Fal l  

+ -2 . 5 
+ . 3  

+ + . 2  

+ + 
- 10 . 8 - 1 . 9  

-8 . 3  -3 . 4 
+5 . 9  + 
+ 

+ 
+22 . 8  +13 . 8  
+13 . 0  + 

+ + 
190 . 4 

+6 . 7  + . 2 
+ + 
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R2c (error 
degrees of 
freedom ) . 14 ( 460 ) . 16 ( 642 ) . 19 ( 255 )  . 1 9  ( 113 ) 

aFor estimates s i gni fi cantl y di fferent from 0 at p $ . 10 ,  the 
va l ue of the estimate i s  gi ven . For estimates not s i gni fi cantly 
di fferent from 0 ,  onl y  the s i gn of the estimate i s  gi ven . Al l 
coeffi cients x 103 . 

bvariabl e abbrevi ati ons : FCR=forest cover type rati ng , AGE=age 
of stand , S IT=si te i ndex , CON=stand condi ti on , OPE=operabi l i ty ,  MOC= 
method of cut , BUL=degree of broad use l imi tati on , ASP=aspect ,  MAS= 
mast capabi l i ty rati ng , MGR=management type rati ng , TPD=topograph ic  
di versi ty ,  EFD=forest cover type edge dens i ty ,  EAD=age edge d i vers i ty ,  
EAR=edge to area rati o ,  ELE=el evation , RD1=unrestri cted improved road 
dens i ty ,  RD2=open 4 wheel dri ve road densi ty,  RD3=restricted-access 
improved road densi ty,  RD4=abandoned road dens i ty .  See Tabl e 5 
( page 3 1 )  and Tabl e 6 ( page 35)  for expl anation of vari ables . 

CF val ues for al l model s  si gn i fi cant at p $ . 01 .  
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vari ed di rectly wi th s i te i ndex and operabi l i ty ,  and inversely  wi th 

stand cond i t i on . Cons idering the topograph i c  variables , bear use 

vari ed i nversel y  wi th el evati on and aspect ( the more northerly the 

aspect , the l ower the use by bears ) . Inter-stand di versi ty posi ­

ti vely  affected bear use ; i n  parti cu l ar ,  forest cover type di versi ty 

had a s ign i fi cant pos i ti ve effect for both sexes throughout the 

year .  For opportuni stic feeders such a s  bl ack bears , d i vers i ty 

probably improves habi tat qua l i ty by decreas i ng the rel ati ve negati ve 

effect that the fai l ure of i ndi vi dual food sources i n  a gi ven season 

or area may have . Such protecti on may be especi a l l y  important i n  

l i ght of the recent exti rpation of chestnut ( Castanea dentata ) , 

an unusual ly producti ve and rel i abl e food source . 

The dens i ty of restri cted access improved roads had a s ign i fi ­

cant posi ti ve effect on bear use i n  al l the w.odel s .  More than 

i nd i cati ng a preference on the part of bears for l oggi ng roads ,  

however ,  thi s rel ati onshi p poi nts out a strong but frequently  i gnored 

bias  i n  rad i o  tel emetry studies ; that i s ,  the cl oser an ani mal  i s  

to the routes trave l ed by the i nvesti gator , the more l i ke ly  that 

anima l  i s  to be l ocated . The farther an animal  gets from the rece i ver , 

the more di ffi cul t i s  the s i gnal to p ick  up and to tri angul ate rel i ­

ably .  The use of error polygons keeps the rel i a bi l i ty constan t ,  

but does l i tt le  t o  a l l evi ate the bias , and may , i n  fact , i ntens i fy 

i t  because error polygons cl ose to the recei ver are smal ler  than 

those far away . 
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Once one has been al erted to thi s  bi as , i t  i s  natural to suspect 

that the b ias  i nfl uenced other regressi on coeffi cients . Tabl e 14 

presents the l i near corre l ations between the i ndependent vari ables , 

and i ndeed , the dens i ty of restri cted access l i ght duty roads i s  

s i gn i fi cantly corre l ated wi th several i ndependent vari abl es .  Of 

the i ndependent vari ables  found to be important i n  the model , 

restri cted access road densi ty i s  pos i t i vely  correl ated wi th forest 

cover and age di versi ty ,  but i s  not correl ated wi th s i te i ndex , 

condi tion , operabi l i ty or aspect . However ,  si te i ndex , cond i ti on ,  

operabi l i ty ,  and aspect were found to be hi ghly corre l ated amongst 

themse l ves . 

The next step i n  thi s  type of ana lysi s i s  usual l y  to stream­

l i ne the model by el imi nati ng vari ables that ei ther do not contri bute 

to expl a i n i ng the vari ati on i n  the dependent vari abl e , or contri bute 

redundantl y.  An R2C ( P )  analysi s .( SAS 1979 ) i nd i cated that the most 

effi c ient model uti l i z i ng any of these vari abl es i ncl uded onl y  3 

vari abl es--forest cover type , topographi c d i versi ty ,  and el evati on-­

whi l e  expl a i n i ng just under 9% of the vari ance . These numbers di d 

not offer much hope of ei ther provi d i ng addi ti ona l  i nsi ght i nto 

bear habi tat uti l i zati on or bui l di ng a useful predi cti ve model of 

bear use of forest stands based on these 19 vari ables , so no further 

work wi th thi s parti cu l ar model was undertaken . 

Regress ion model s us ing wi l dl i fe data . I n  order to see i f  

the wi l d l i fe data formerl y col l ected by USFS wou ld  be useful i n  



Tabl e 14.  Pearson ' s  correlation coefficientsa for i ndependent variablesb i n  the mode l s  of bear 
habi tat use . 

AGE S I T  CON OPE HOC BUL ASP MAS HGR TOP EFO EAO EAR ELE RD1 

FCR . 32 - . 02 . 1 1 . 10 - . 04 . 19 - . 01 . 20 . 59 . 09 - . 20 . 08 - . 29 . 05 - . 02 
AGE . 26 . 72 . 52 . 37 . 06 . 25 . 7 3  . 27 . 09 . 05 . 24 - . 24 - . 20 . 03 
S I T  . 58 . 24 . 26 . 00 . 18 . 32 . 28 . 27 . 04 . 21 - . 48 - . 15 . 02 
CON . 40 . 32 - . 07 . 25 . 64 . 28 . 12 . 08 . 34 - . 37 - . 03 - . 04 
OPE . 8 1  . 02 . 42 . 27 . 07 . 08 . 08 . 21 - .03 - . 09 - . 06 
HOC - . 05 . 32 . 35 . 1 1 . 18 . 18 . 07 - . 07 - . 16 . 07 
BUL . 02 . 00 . 10 - . 05 - . 16 - . 01 - . 09 - . 34 . 07 
ASP . 17 - . 03 - . 08 . 04 . 12 . 14 - . 22 - . 17 
HAS . 24 . 14 . 12 . 20 - . 28 - . 26 . 14 
MGR . 16 - . 1 1  . 01 - . 36 . 14 - . 02 
TPD - . 03 . 14 - . 26 - . 1 1  - . 04 
EFD . 20 . 05 - . 1 1  . 12 
EAD - . 18 . 07 - . 12 
EAR . 03 - . 01 
ELE - . 16 
RD1 
RD2 
R03 

acoeffi c ients greater than . 08 or less than - . 08 are s i gni f i cant at p S . 10.  
Coeffic ients greater than . 12 or less than - . 12 are s i gni f i cant at p S . 0 1 .  

bvari able abbrevi a t i ons as in  Table 1 3 .  page 78. 

RD2 R03 

- . 08 - . 02 
- . 02 - . 05 

. 04 . 0 1  

. 04 . 03 
- . 05 . 02 

. 0 1  - . 07 
- . 10 - . 14 

. 02 - . 01 

. 0 1  - . 05 

. 03 . 06 
- . 06 - . 08 

. 12 . 10 

. 0 1  . 1 1 
- . 02 . 10 

. 09 . 31 
- . 05 - . 02 

- . 03 

R04 

. 1 1 

. 03 
- . 09 

. 03 
- . 01 
- . 08 
- . 21 
- . 01 

. 0 1  

. 15 
- . 08 

. 0 1  

. 19 

. 06 

. 40 
- . 02 
- . 06 

. 35 

...... 
...... 
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ana l yz ing bear habi tat use , the data descri bed i n  Table  7 ( page 39 ) 

were inc l uded i n  a regress ion model us ing the 4 compartments for 

whi ch the wi l dl i fe data were avai l abl e .  SAS ( 1979 ) STEPWI SE and 

RSQUARE procedures were used to choose the best 19 of the 27 ( 19 

ori g i nal  habi tat vari abl es pl us 8 wi l dl i fe vari ables ) vari abl es to 

use i n  each model . The R2 val ues for the 19 vari able  model s i ncl ud­

i ng the wi l dl ife data were compared to the R2 va l ues for the 19 

vari able  model s  i nc l udi ng only  the ori ginal  19 vari abl es ( Table  1 5 ) . 

Tab le  16 l i sts the parti al  regress ion coeffi ci ents for the wi l dl i fe 

vari abl es i n  each model . 

The amount of variance expl a i ned by the model s  us i ng the 

wi l dl i fe data i ncreases by . 11 to . 15 over the ori gi nal model s .  

Aga i n , however ,  the coeffi cients i n  Tabl e 16 are di ffi cu l t to i nter­

pret . Hard mast basa l area appears to affect stand use by fema l es 

negati vel y ,  yet hard mast production i ncreases stand use , espec ia l ly  

i n  the fa l l .  Thi s  wou l d  support the previously expressed hypothesi s 

that bears respond to mast producti on more than cover type . Soft 

mast vari ety appears to affect bear use pos i t i vely across al l the 

mode l s ,  support i ng the hypothesi s that di versi ty contri butes to 

the qual i ty of bear habi tat . The parti al  regress i on coeffi cients 

for the other wi l d l i fe variabl es are more di ffi cu l t to i nterpret . 

Summer soft mast avai l abi l i ty appears uni mportant to fema l es and 

exerts a si gn i fi cantly negati ve effect on use by ma l es . Understory 

densi ty i s  i n s ign i fi cant i n  the fal l ,  has a posi ti ve effect on summer 

use by fema l es , and a negati ve effect on use by mal es .  Understory 



Tabl e  15 . Best 19  variabl es sel ected by SAS ( 1979 ) STEPWISE and 
use us i ng C I SC ,  deri ved and wi l dl i fe variabl es . 

Model a 
Fema l es Ma l es 
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Vari abl eb Summer Fa l l  Summer Fal l  

FCR X X X 

AGE X X X X 

S IT X X X 

CON X X 

OPE X X 

MOC X X X 

V) BUL X X 
LLJ ...J 

ASP al X X X c:( 
-c::: 

MAS c:( X X > 
0\ 

MGR - X X X 
...J c:( TPD z: X X -
� 
-
c::: EFD X X 0 

EAD X X X X 

EAR X X X 

ELE X X X X 

RD1 X X X 

RD2 

RD3 X X 

RD4 X X X 
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Tabl e 1 5  ( Conti nued ) 

Model a 
Fema les IVIa les 

Varhbl eb Summer Fal l  Summer Fa l l  

HMB X X X 

V) HMP X X X 
LIJ ..J 

SMR CD X < 
.... a: 

SMV < X X X > 
LIJ 

SMA LL. X X 
.... ..J c 

USD ..J X X X 
.... 
3 

USF X X X X 

usc X X X X 

R2 compari sonc . 176/ . 288 . 131/ . 281 . 253/ . 383 . 530/ . 653 

Error degrees 
of freedom 208 262 68 18 

ax i nd i cates that the vari abl e was sel ected as an i ndependent 
vari able for the best 19 vari abl e model . 

bAbbrevi ati ons for ori gina l  model vari abl es as i n  Tabl e 13 ,  
page 78 , Wi l dl i fe vari able  abbrevi ati ons : .  HMB=hard mast basal area , 
HMP=hard mast producti on , SMR=soft mast spec ies , SMV=soft mast vari ety ,  
SMA=soft mast abundance , USD=understory dens ity ,  USF=understory food 
potenti al , USC=understory cover potenti a l . See Tabl e 6 ( page 35 ) and 
Tabl e 8 ( page 44) for expl anations of vari abl es . See Tabl e 16 
( page 85 )  for parti al  regression coeffi ci ents . 

CModel s  constructed for the 4 compartments for whi ch wi l dl i fe 
data were avai l abl e .  Compari son i s  gi ven as : R2 for model us i ng 
the 19 ori ginal  vari abl es/R2 for model usi ng the 19 sel ected vari abl es . 
F val ues s i gn i fi cant for al l model s  at p � . 0 1 .  



Tabl e 16 .  

Variabl eb 

HMB 

HMP 

SMV 

SMA 

SMR 

USD 

USF 

usc 

Parti a l  regress ion coeffi c ient estimates for wi l dl i fe 
data variables  used i n  model s of bear habi tat use . 
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Partia l  Regression Coeffi c ient Model Estimatesa 
Femal es Ma les  

Summer Fa 1 1  Summer Fa 11 

- . 3 + 

+ +0 . 1 

+0 . 0  +6 . 2  + + 

- 2 . 8  -8 . 0  -9 . 9  

+5 . 7  -8 . 9  + 

+ +3 . 1 -9 . 0  

+ +4 . 2 -9 . 7  

aFor estimates s ign ifi cantly di fferent from 0 at p � . 10 ,  
the coeffi c ient estimate i s  g iven . For estimates not s i gn i fi cantly 
d i fferent from 0, on l y  the s i gn of the estimate is gi ven . Al l 
coeffi cients x 103 . 

bsee Tabl e 1 5 ,  page 83 , for vari abl e abbrevi ati ons . 



food and cover seem to affect use by fema l es pos i t i ve ly ,  but affect 

use by ma l es negati vely .  

Despi te the d i ffi cul ty i n  making  bio l ogi ca l  i nterpretati ons 
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of the coeffi c ients , the i ncrease i n  R2 val ues i n  the model s  u s i ng 

wi l d l i fe data over the ori gina l  model s  i s  substantia l , and i f  the 

Forest Servi ce hopes to eventual ly  bui l d  useful model s of bear habi tat 

uti l i zati on col l ecti on of these data shou l d  be resumed . 

Mortal i ty and Nata l i ty 

Though popu l ation characteri sti cs were not a focus of thi s 

study , mortal i ty and natal i ty i nformati on was gathered i nc identa l l y  

and may contri bute to an understandi ng of habi tat uti l i zati on 

patterns . 

Ten col l ared bears d ied duri ng the study . One of the deaths 

( Fema le  123 ) was most l i ke ly  rel ated to drug compl i cati ons at capture , 

the other 9 were from hunti ng .  Of those ki l l ed by hunters , 5 (2  

fema l e , 3 mal e ) were ki l l ed lega l ly  and 4 (2  fema l e ,  2 mal e ) were 

ki l l ed i l l ega l ly .  Add i t i ona l ly ,  1 bear ( Femal e  529 ) was unaccounted 

for at the end of the study ; she may have been ki l l ed a l so .  Thi s  

amounts to a mortal i ty rate due to hunti ng of 47% to 56% (dependi ng 

on the fate of Femal e  529 ) over the 2 years of the study , wi th an 

annual rate i n  1982 of 31% and i n  1983 of 36% to 43%. Sti ck ley 

( 1961 )  reported a 33% annual harvest rate of marked bears i n  Vi rgi n i a ,  

and Li ndsey et a l . ( 1983 )  report that the annual harvest i n  Pennsyl ­

vani a  has occas iona l l y approached 30% , but otherwi se the rates 
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observed i n  thi s  study are wel l  above those documented i n  any other 

study ( Eri ckson and Petrides 1964 [Mi chi gan] , Jonkel and Cowan 197 1 

[Montana] ,  P ieke l e k  and Burton 1975 [Ca l i forn i a] , Poel ker and Parsons 

1980 [Washi ngton] , Koch 1983 [Cal i forni a] ) .  

In  addi t ion to radi o-col l ared anima l s  at l east 1 1  untagged 

bears were ki l l ed i n  the study area i n  1982 , and at l east 8 i n  1983 , 

so that the hi gh harvest rate observed i n  the col l ared popul ation 

i s  probably i nd i cati ve of the pressure on the l oca l popu l ation as 

a who l e .  

Al l 5 o f  the col l ared animal s whi ch spent over 50% o f  the i r  

t ime ( judged from number of radio  l ocations and tracki ng success 

rates ) i n  areas open to hunti ng were ki l l ed duri ng the study . In  

fact , i t  is  doubtfu l that there are any i ndi vidua l  bears resi dent 

on the TMS for more than a few months at a time ;  a l l col l ared bears 

on the area duri ng the hunti ng season were ki l l ed , and the onl y  

bears trapped o n  the area before mi d-summer appeared t o  be residents 

of GSMNP ( over 90% of the i r  l ocati ons were in the Park ) . 

Three l i tters were born to radio  col l ared femal es during 

the study , i nc l uding  1 l i tter of 2 cubs in 1983 , 1 l i tter of 3 cubs 

i n  1984, and 1 l i tter of an undetermi ned number of cubs i n  1984 . 

Addi ti onal l y ,  4 fema l es were captured whi l e  accompani ed by cubs , 

and 2 were captured whi l e  accompanied by yearl i ngs . Al l adul t 

fema l es then , except for 4 whose reproducti ve condi t i on was un known 

because they were ei ther ki l l ed before wi nter denni ng or unabl e 

to be observed i n  the den , were known to reproduce at some time 

between January 1982 and March 1984. 



It  shou l d  be noted that Femal e  531 had a l i tter of 3 cubs 

when she was on ly  3 years ol d ,  and so had to have bred at 

2 1/2 years . She was captured in June 1983 , the summer that 

she bred , and wei ghed onl y  20 kg at that time .  Femal es 529 ( 5  1/2 

years o ld  at capture i n  1982 ) and 532 ( 7  1/2 years o l d  at capture 

i n  1982 ) each spent at l east 1 year i n  �he study unaccompanied by 

e i ther cubs or yearl i ngs . Thus , whi l e  femal es i n  thi s  popul ati on 

may reach reproducti ve maturi ty early ,  they may not reproduce every 

other year (whi ch i s  thought to be the mi n imum time between l i tters 

for the spec ies [Kordek and Li ndzey 1980] ) .  Data from th i s  study 

are obvi ous ly  much too scarce to draw concl us i ons from , but they 

do provi de an i nteresti ng contrast to those of Wathen ( 1983 ) who 
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found an average age at fi rst reproduction of 5 . 2  years and an average 

i nterval between l i tters of 2 . 15 years i n  GSMNP . 

Den Sel ection 

The wi nter dens of 12 radi o-col l ared bears ( 3  mal es ,  9 fema l es ) 
were vi s i ted duri ng the study (Tab le  17 ) .  E i ght of the dens were 

on USFS l and , 2 were i n  GSMNP , and 2 were on pri vate l and . Of those 

on USFS l and , 2 were i n  recent cl earcuts , 6 were - i n mature timber . 

Both of the dens i n  GSMNP were i n  stands of l arge , mature timber , and 

both of the dens on pri vate l and were c losely associ ated wi th recent 

cl earcuts or cl eari ngs . 

Johnson and Pel ton ( 1981 )  noted a strong preference by bears , 

especi a l l y  fema l es , for above ground tree dens i n  the western secti on 



Table 17. Description of winter dens of radio-col l ared bears on Harmon Den and the Twel ve Hf le Strfp. Pisgah National 
Forest .  North Carol ina . 1983 and 1984. 

Forest 
Bear Den Location Cover Stand Eleva-

Year No. Sexa Ageb Den Structure {Comeartment-Stand! ll:l!ec Age) tiond Asl!ecte Notes 

1983 528 H 3 Rhododendron Ed Top ( 55-14) 110 62 1017 NW 
Thicket-nests 1983 529 F 6 Chestnut stump Poplar Cove ( 57- 15) YO 58 869 H 2 cubs 1983 530 H 2 Under fal len Hurricane Gap WO 62 1049 10 m from 
log (58-09) logging road 1983 531 F 2 Chestnut oak Li ttle Sear Htn . YO 72 942 NE 
snag. above (58-02) 
ground cav i ty 

Ore Knob (52-14) 1984 531 F 3 Slash pf l e  110 7 1036 E 3 cubs 1983 532 H 8 Rock cave Cold Springs Creek so 56 640 Nil 2 yearl fngs (57-10) 70 m from 
Cold Springs 
Road 1984 532 F 9 S lash p i l e  Harmon De n  Htn. 110 2 914 s (59-27) 1983 538 F 8 Chestnut oak Scottfsh Htn. NC HA 1152 SE 

snag above &SMHP 
ground cavi ty 1983 526 M 2 Rhododendron Pri vate l and . NC NA 853 II On edge of 
thi cket Tennessee recent cl ear 

cut 1984 521 F 4 Laurel· thicket Grassy Branch so 81 860 Sll At least 1 (58-21) cub 1984 524 F Blackberry Pri vate land. NC NA '1128 sw At least 1 
thicket/sl ash Ore Knob yearl ing . 40 
p t l e  111 from 

1984 539 F No. Red Oak Catteloochee Gaging 
pasture 

lfC NA 884 Sll 
above ground Statton . GSMNP 
cavity 

liM • male. F • fema l e .  

bJn years . 

cwo & llhfte Oak-Red Oak-Hickory .  YO g Yel low Poplar-Whi te Oak-Red Oak .  SO • Scarlet Oak. 
HC • Not classi fied by USFS. 

d Jn meters . co U'l 
eN 5 north . S • south . E a east. II a west.  
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of G�MNP , and · Johnson et al . ( 1978 ) have descri bed possi bl e energeti c 

advantages of tree dens over ground dens . In  thi s  study on ly  3 

of the 12 dens exami ned were i n  above ground tree cavi t ies , and 

2 of those were i n  GSMNP . The on ly  above ground den i n  Harmon Den 

was used i n  1983 by an i mmature femal e ;  i n  1984 thi s  bear denned 

under a sl ash  pi l e  i n  a 7 year  ol d cl earcut to have her l i tter of 

3 cubs . 

Whether the data from thi s study contradict those from Johnson 

and Pel ton ( 1981 )  i s  not c lear .  Certa i n l y  tree denni ng habi tat , 

as descri bed by Johnson and Pel ton ( 1981 ) ,  i s  not nearly as  abundant 

i n  Harmon Den as i t  was in the GSMNP study area , and so tree dens 

are l ess avai l ab le  to the Harmon Den bears . Yet i nd i vidua l  trees 

that cou l d  be used as dens are present i n  Harmon Den ; i n  fact , 

apparentl y  sui tab le  trees were l ocated wi th i n  lOOm of 3 of the 

ground dens exami ned . The 5 bears that denned i n  or near areas 

of recent d i sturbance a l most certa in ly  had a cho ice between those 

and areas of l ess di sturbance . 

Wathen ( 1983 ) observed a greater tendency on the part of 

bears who were born i n  tree dens to use tree dens once they l eave 

thei r mother than those that were born i n  ground dens , suggesti ng 

that l earn i ng and previ ous experience may pl ay a l arge part i n  den 

sel ecti on . Al though her previous denni ng behavior i s  un known , 

Fema l e  531 used a tree den i n  1984 ; she was ori gi na l l y  from the 

Cl i ngman • s  Dome area , on the edge of the Johnson and Pel ton ( 1981 )  

study area , and had been re located to the east end of GSMNP by the 

Nati onal Park Servi ce . 



The work of Johnson and Pel ton ( 1981 ) ,  Pel ton et a l . ( 1980 ) 

and others who have documented use of tree dens by bears i n  the 

southern Appa l achi ans has l ed to the revi s i on of USFS management 

gui del i nes for bears ( USFS 1981b)  so that now sui table  den trees 

are to be mai nta i ned i n  areas where bears are featured . Thi s  has 

rai sed some controversy among foresters , as the preservation of 

11Wol f trees 11 sui tabl e for bear dens can i nterfere wi th cabl e or 

tractor operati ons , and in order to i nsure the ava i l abi l i ty of den 

trees in the future a certai n  number of trees that are currentl y  

commerci a l ly  val uab le  must be l eft uncut . 
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Many studi es have documented that bl ack bears use a wi de 

vari ety of structures as dens , i ncl uding  even road cul verts ( Barnes 

and Bray 1966 ) and abandoned bui l di ngs . The above ground tree dens 

used by bears in southern forests are not avai l ab le  to bears through­

out the majori ty of the i r  range . It may be , however , that i n  a 

popul ation subject to much human harassment ,  females  wi th cubs are 

more secure i n  above ground dens than i n  ground dens . A greater 

recru i tment from tt"ee dens rel ati ve to ground dens wou l d  

support thi s hypothesi s ,  but has yet to be documented . 

Effects of Roads 

Genera l observations . Before descri bing  the resul ts of the 

formal ana lys i s  some genera l observati ons about the rel ati onsh i p  

between bears and roads should  be rel ated . Roads seem to detract · 

from the qual i ty of bear habi tat primari ly  by a l l owi ng easy human 



access to bears . Three of the 5 col l ared bears ki l l ed l ega l ly ,  

and  at l east 2 of the 4 ki l l ed i l l ega l l y ,  were shot as the bear 

crossed the road in  front of the hunter.  Despi te the des i gnati on 

of Harmon Den as  a bear sanctuary hunters were frequent ly  observed 

on the Col d  Spri ngs Road wi th guns and hounds , ostens i bl y  to i nter­

cept dogs straying i nto the sanctuary from Hurri cane Creek .  The 

restri cted l oggi ng roads ,  supposedl y  protected by l oc ked gates , 

were used by hunters a l so ;  on several occas ions contractors wi th 

permi ssi on to be beh i nd gates for busi ness purposes were seen on 
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the restri cted roads wi th guns and hounds . The rel ati onshi p  between 

I -40 and bear movement has been previ ous l y  descri bed , but i t  i s  

i nteresti ng to note here that I-40 may provide an i roni c form of 

protecti on for bears as hunters were rel uctant to rel ease dogs when 

i t  appeared that the pursued bear was headed towards I -40 ;  at l east 

6 hounds were ki l l ed by veh ic les on I-40 during the study. 

The effect of roads on the bioti c qua l i ty of the habi tat 

may be somewhat benefi c i a l . The resol uti on of tel emetry l ocations 

d i d  not a l l ow me to determi ne how much ti me was actua l l y  spent a l ong 

roads , but much evi dence of bears feedi ng on pokeberry and b lackberry 

a l ong road margi ns  was noted duri ng the summers . Grass and c l over 

pl anted as ground cover i n  road cuts and abandoned roads l i ke ly  

provi des spri ng roughage . 

Road dens i ty-road crossi ng ana lysi s .  The rel ationshi p  between 

road dens i ty i n  the home range and the i ndex of road-cross ing  
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frequency (mi nimum number of road crossi ngs di vided by the total 

number of tel emetry l ocati ons used to construct the home range ) i s  

i l l ustrated i n  Fi gures 1 1 ,  1 2 ,  and 1 3 ,  for abandoned roads , re­

stri cted access ,  improved roads , and unrestri cted roads , respecti vely .  

Because of the l ow number of seasonal ranges ( 39 )  a l l ranges were 

pool ed for thi s  ana lysi s ,  and separate analyses by sex and/or season 

were not performed . The l ow dens i ty of 4-whee l dri ve roads i n  most 

home ranges precl uded analysi s of 4-whee l dri ve road dens i ty .  

The plot of road densi ty vs . road cross i ng i ndex for abandoned 

roads ( Fi gure 1 1 )  conforms wel l  to the theoreti ca l l i ne i n  Fi gure 

3 ,  page 40 . Cross ing  frequency varies d i rectly wi th densi ty and 

the intercept i s  not si gn i fi cantly di fferent from 0 (p S . 01 ) , sug­

gesti ng that abandoned roads probably do not i nhi bi t bear move­

ments . 

The pl ots of road densi ty vs . road cross i ng i ndex for re­

stri cted l oggi ng roads and unrestri cted improved roads conform wel l  

to the theoreti cal two-segmented l i ne i n  Fi gure 4 ,  page 41 . The 

exact l i nes i l l ustrated i n  Figures 12 and 13 were deri ved by tryi ng 

d i fferent road densi ty val ues to use as the i nfl ecti on poi nt and 

l ook ing for the most s i gn i fi cant F val ue .  For the l oggi ng roads 

the most si gni fi cant i nfl ection was found at a densi ty of approxi­

mately 1 . 25 km/km2 ; bel ow 1 . 25 km/km2 the rel at ionshi p is  s i mi l ar 

to that of the abandoned roads , showi ng a pos i ti ve sl ope wi th i nter­

cept not s i gn i fi cantl y  di fferent from 0 .  At densi ties above 1 . 25 
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and densi ty i n  the home ranges of bears on Harmon Den and the Twel ve 
Mi l e  Stri p ,  Pi sgah Nati onal Forest , 1982 and 1983 . 
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km/km2 the s l ope of the r·e l ati onshi p appears negati ve but i s  not 

si gni fi cantly  di fferent from 0 (p > . 24 ) . Thus it appears that 

bear movement may be i nhi bi ted when l oggi ng road den s i ty exceeds 

1 .  25  km/km2 . 
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For the unrestri cted improved roads the most si gn i fi cant 

i nfl ecti on poi nt was found at approximatel y  0 . 5  km/km2 ; bel ow thi s  

poi nt the rel ati onsh i p  has a posi ti ve sl ope wi th i ntercept not s i g­

n i fi cantly di fferent from 0 ( p  = . 28 } . Above 0 . 5 km/km2 the sl ope 

i s  not s i gn i fi cantly di fferent from 0 ( p  > . 99 } . Thus i t  appears 

that open improved roads may restrict bear movements when road 

densi ti es exceed 0 . 5  km/km2 . 

There i s  a l arge amount of scatter i n  the pl ots of Figures 

1 1 ,  12 and 13 ,  and , i n  fact , non-segmented l i nes coul d be fi t to 

the l oggi ng road and to the unrestri cted improved road data wi th 

stati sti cal l y si gni fi cant resul ts ( F  = 26 . 16 ,  p � . 01 for l og roads , 

F = 2 . 07 ,  p = . 13 for open roads } .  The fact that the s l ope changes 

s i gnifi cantly from the fi rst segment to the second i n  each graph 

supports the i dea that bear movements are i nhi bi ted by h igh  road 

dens it ies . Much of the scatter woul d  then be due to the parti cu­

l ar spati a l  rel ationsh ips between roads and resources i n  each bear • s  

home range . 

The i nfl ecti on val ues of 1 . 25 km/km2 and 0 . 5  km/km2 are 

s imi l arly a functi on of the parti cul ar spati a l  rel ationshi ps between 

roads and resources ,  and these i nfl ection val ues woul d  certa i nly  

change i f  the spat i al re l ationships were al tered . Currently approximately 

8%  of  the stands in  Harmon Den and the TMS have restri cted-access 



i mproved road dens it ies exceedi ng 1 . 25 km/km2 . Approximately  12% 

of the stands have unrestri cted improved road densi ti es exceedi ng 
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0 . 5  km/km2; most of these are on the TMS , an area of characteri sti ca l ly 

l ow bear densi ty .  The exact reasons for roads ' restri ction o f  bear 

movements are unc l ear ,  but , as many i nvesti gators have previously 

thought ( e . g . , Hami l ton 1978 , Qu i gley 1982 ) ; it  is  probably in  l arge 

part due to a l earned avoi dance of roads ; unrestri cted roads recei ve 

more veh i cu l ar traffi c than do restri cted l oggi ng roads and conse­

quently affect bear movements at l ower road densi ties . 
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V .  I NTEGRATION 

General  Habi tat Use Patterns and Rel ationship  to  Other Areas 

Seasonal food avai l abi l i ty has been shown to d i ctate bl ack 

bear habi tat use in many studi es , and i s  i ndeed a major factor 

i nfl uenci ng bear  habi tat use patterns i n  Harmon Den and the TMS . 

Garshel i s  and Pel ton ( 1981 ) ,  Qui gl ey ( 1982 ) , and Carr ( 1983 ) , worki ng 

i n  GSMNP , attri buted dramati c geographi c shi fts i n  act i v i ty centers 

and/or i ncreases i n  range s i ze i n  the fa l l  to the patchy d i stri bution 

of mast compared to the relati vely uni form di stri bution of summer 

foods . Such dramati c  shi fts were not general ly  observed i n  the 

2 years of thi s study , probabl y because of a d i fference i n  seasonal 

food di stri but ion between the Harmon Den-TMS and GSMNP study areas . 

Al though mast production may be patchy i n  a gi ven year ,  Harmon Den 

and TMS are 85% covered in  mast produci ng trees , 70% of whi ch are 

at prime mast produc i ng age . The extens i ve Vacc i n i um understory 

mats descri bed by Garshel i s  and Pel ton ( 1981 )  and Qui gl ey ( 1982 ) 

i n  GSMNP are absent from most of Harmon Den . Instead a l arge amount 

of summer bear food i s  found in the rather concentrated areas of 

recent c l earcuts and a l ong roadsi des . Thus i n  Harmon Den the GSMNP 

s i tuati on of uni formly di stri buted summer foods and patchi ly di s­

tri buted fa l l  foods may be somewhat reversed , and thi s  i s  refl ected 

i n  l ess dramati c seasonal shi fts i n  habi tat use patterns .  

Despi te the di fference i n  habi tats , the smal l area of the Har­

mon Den bear sanctuary appears to support bear densi t ies approxi mati ng 
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those of GSMNP as  a who l e ;  thi s i s  evi denced by the number of mature 

fema l es caught i n  the area and the amount of reproduct ion observed . 

Onl y  1 fema l e  col l ared i n  the sanctuary spent more than 10% of her 

time outsi de of the sanctuary ;  at most 1 of the adul t fema l es i n  

the sanctuary was ki l l ed by hunters duri ng the study , i nd i cating  

that the sanctuary i s  in  fact serving i ts i ntended purpose of provi d­

i n g  a protected reservo i r  of breedi ng fema l es . The observed movement 

of young ma l es out of the sanctuary can be i nterpreted as di spersal 

out of thi s  reservo i r .  The popul ation o n  Harmon Den i s  i n  marked 

contrast to that on the TMS where i t  i s  un l i ke ly  that there are 

any res ident breedi ng bears . The bears that are ki l l ed on the TMS 

i n  the fal l  have most l i ke ly  emi grated from GSMNP (or poss i bl y  Harmon 

Den ) duri ng the summer ,  or been l ured i nto the area by bai t  i n  the 

fal l .  The popul ati on densi ty on TMS thus fol l ows an annua l cyc le  

characteri zed by extremely  l ow densi ty i n  the spri ng , dens i ty bu i l di ng 

through immi grati on i n  the summer and fal l ,  and near compl ete decima­

tion duri ng the hunti ng season . 

Harmon Den and the TMS provi de essenti a l l y  the same type 

of habitat and are subject to the same ti mber management reg ime ;  

the d i fference i n  popul ati on between the 2 areas poi nts out the 

severi ty of hunti ng pressure and underscores the need to protect 

Harmon Den . 

Management Impl i cations 

Si nce it appears that hunti ng is the major human-rel ated factor 

affecting the Harmon Den-TMS bear popul ati on , i t  fol l ows that control 



of the hunti ng pressure may be the most powerfui management tool 

ava i l abl e .  Control  of the hunti ng pressure i s  certa i n l y  the most 

i mmedi ate management tool avai l able--dec i s i ons regard i ng hunti ng 
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can affect bear popul ations on an annual bas i s ,  whi l e  l and management 

deci s i ons genera l l y  wi l l  affect bear popul ations s l owly ,  wi th the 

course of success i on medi ati ng changes i n  food , cove r ,  and i nter­

spersion of resources . But these facts al so poi nt out the need 

for cautious mani pul ati on of the habi tat ; mi stakes made i n  hunti ng 

i n  1 year  can be rel ati vely  eas i l y  corrected over the next few years , 

mi stakes made i n  habi tat man i pul ation may take a century to correct 

themsel ves . 

Of major concern in  Harmon Den i s  the age structure of forest 

stands , whi ch wi l l  change dramati cal l y  over the next 2 decades . 

Currently the majori ty of timber i s  i n  the 50 to 70 year age c l ass , 

whi ch al so appears to be the age of timber preferred by bears i n  

the area . Over the next 20 years the more than 7000 ha ( 62 . 5% ) 

currently i n  thi s  age cl ass wi l l  pass out of the cl ass ; i t  can ei ther 

be regenerated or a l l owed to mature into the o lder cl asses . Cur­

rently 14% of the area i s  more than 70 years ol d ;  bears seem to 

be i ndi fferent to the 70-90 year o ld  stands , and to avo id  the 

stands as they become decadent .  

There are currently  just under 1700 ha ( 14 . 7% )  i n  the 30 to 

50 year age cl ass . Even i f  none of thi s i s  regenerated , there 

wi l l  be a drasti c dec l i ne ( from 7000 to 1700 ha ) i n  the amount of 

habi tat i n  the preferred age cl ass . The dec l i ne wi l l  be even greater 
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i n  the fol l owi ng 2 decades , as l ess  than 13% of the area i s  currentl y  

l ess  than 30 years o l d .  How pl asti c are the observed habi tat use 

patterns in regard to stand age , and wi l l  the patterns change as 

stand age structure changes ? If we assume that use of a stand i s  

rel ated to the mast production of the stand , then i t  i s  qui te l i ke ly  

that over the next 20  years bears wi l l  compensate for the scarc ity 

of 50-70 year  o ld  stands by using the i ncreasi ngly avai l ab l e 70-90 

year  o l d stands . After the next 20 years , however,  there wi l l  be 

l i tt l e  area covered by timber in  the pri me mast produci n g  age cl asses . 

What occurs then i s  dependent on how much area i s  regenerated duri ng 

the next 20 years . The scenario outl i ned above i s ,  of course , subject 

to modi fi cati on by cover type and s i te ,  but as l ong as even-aged 

management i s  practi ced i t  appears that the rough objecti ve of re­

generati ng 10% of the area every decade wi l l  not onl y  be tol erated 

by bears , but wi l l  in fact ensure a rel ati vely  constant food supply .  

Un i ts sel ected for cl earcutti ng must have adequate advance oa k repro­

ducti on , and si l v icu l tural practi ces must ensure that mast produci ng 

speci es domi nate the stand after 50-70 years ( Watt 1979 ) .  

The future qua l i ty of Harmon Den as bear habi tat i s  dependent 

not onl y  on the amount and qual i ty of regenerati on , but on spati a l  

rel at ionshi ps of  the c l earcuts , espec ia l l y  wi th regard to roads . 

I t  appears that , for a vari ety of reasons ,  roads beg i n  to i nterfere 

wi th bear use of the hab itat i n  Harmon Den when the densi ty reaches 

1 . 25 km/km2 for open roads and 0 . 5 km/km2 for l oggi ng roads . 

Road densi ty i n  l ocal  areas shoul d  be kept bel ow these l evel s .  
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Addi tional l y ,  bears seem to benefi t from an i nterspersion of various 

aged stands , so that u l timately there wi l l  be a trade-off between 

scatteri ng c l earcut un i ts throughout the area and keepi ng road densi ty 

l ow .  Long range pl ann ing  i s  necessary i n  order to optimi ze the 

l ocation of cl earcuts and roads . Al l new l og roads shoul d  be cl osed 

to publ i c  traffi c ,  and i t  wou l d  appear that thi s  c l osure must be 

better enforced than i t  was duri ng the years of thi s study . The 

benefi ts of regeneration to bears can be greatly outwei ghed by 

i ncreased vul nerabi l i ty to poachi ng .  

Prospects for a Habi tat Capabi l i ty Model 

The model s  presented earl ier i n  thi s paper wi l l  be of l i tt le  

use i n  d i rect management appl i cation , as thei r predi cti ve capabi l i ty 

appears l ow.  The R2 va l ues i ndi cate that on ly about 15% of the 

vari ance observed i n  bear  use of stands can be expl a i ned by the 

model s  based on C I SC and map-deri ved data , a l though the amount of 

vari ance expl a i ned i s  i ncreased when the "wi l dl i fe "  vari ables  are 

i nc l uded . Whi l e  these model s  may l ack  di rect management va l ue ,  

they are of va l ue i n  i nd i cating what di rections future model -bu i l di ng 

shou l d  ta ke . I t  wi l l  be i nstructi ve here to attempt to expl a i n  

the fai l ure o f  the constructed model s .  

Fi rst , because the model s  are based on empi rical  data , 

assi gned parameter val ues are subject to sampl i ng error and bi ases . 

Some of the bias  i nherent i n  the tel emetry data has been di scussed , 

and there are ,  no doubt , other bi ases rel ated to the sampl i ng 



regime and the parti cu l ar bears used i n  the study. The sampl i ng 

error i n  the tel emetry data was supposedl y control l ed by the use 

of error pol ygons i n  pl otting the l ocations , but error can be 

i ntroduced when dec i d i ng whi ch azimuths to use i n  constructi ng an 

error polygon . The C I SC data are at l east as subject to sampl i ng 

errors as are the tel emetry data ; USFS personnel have expressed 
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concern over the accuracy of the data col l ected by contracted foresters . 

Some vari abl es , such as  s ite index or stand age , are subject to 

l i tt le  error i n  measurement but others , particu l arly forest cover 

type , may be more subject to sampl i ng error because conti nuous ly  

variab le  ecol ogi ca l data must be forced i nto categori cal val ues . 

There are a l so undoubtedly  bi ases i nvol ved i n  the del i neation of 

stand boundari es ,  a necessari ly subjecti ve process . 

Secondl y ,  the structure and parameteri zati on of the model s  

are partly responsi bl e for thei r fai l ure . Model s were constructed 

us i ng l i near regress i on techni ques because these are the s impl est 

techni ques , not because there was any reason to assume that the 

model ed rel at ionshi ps are l i near . For exampl e ,  the s ign i fi cance 

of the esti mated coeffi c ient for mast capabi l i ty woul d  seem to indi ­

cate that the effect of stand age woul d  be better model ed as a 

parabol i c  functi on wi th a peak  i n  bear use at 60 years . Many of 

the C ISC vari ables  were assi gned ran k va l ues to be used i n  the 

regressi ons , and whi l e  the grouping and orderi ng of vari abl es was 

done wi th some biol ogi c justi fi cation , the val ues assi gned to the 
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ranks were compl etely  arbi trary ;  i t  wou l d  be very surpri s i ng i f  

the rel ationsh i ps between the assi gned val ues and bear use of stands 

happened to be l i near .  In  thi s  l i ght the fact that the s i gns of 

many of the i ns i gni fi cant coeffi ci ent estimates were constant across 

the model s i s  encouragi ng--i t indi cates that there may be trends 

i n  the rel ationshi p between vari abl es and bear use of the stands 

but that the arbitrari l y  assigned val ues do not l i neari ze the rel ation­

shi ps . The performance of these model s coul d undoubtedl y  be i mproved 

by a more careful parameteri zati on of the vari abl es , and the f itti ng 

of s impl e curves where appropri ate . 

The vari ables  i n  the model s  were i ncl uded because they were 

readi ly  ava i l abl e ,  not necessari ly because the characteri sti cs they 

measure were thought to be important to bears . Certa i n l y  i t  i s  

i mportant for effi c i ent and i ntegrated management programs that 

the data col l ected for timber management be abl e to be used i n  wi l d­

l i fe management , but the possi bi l i ty of col l ecti ng and us i ng other 

data must be expl ored . I ncl udi ng understory data , whi ch i s  routi nely  

col l ected by some nati onal forests and has been col l ected i n  the 

past by Pi sgah , wou ld  undoubtedly improve the model s '  per-

formance . Data more detai l ed than those i n  C I SC ,  such as exact 

vol umes and speci es compositions , are col l ected from stands i n  

preparation for ti mber sal es ; i nc l udi ng thi s i nformati on a s  i t  becomes 

ava i l abl e may a l so improve the performance of the model s .  

A fi nal  expl anation of the poor performance of the model s  

may be found not i n  the model s themsel ves , but i n  our expectati ons 
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of them. Studi es on bear habi tat uti l i zation have rel ated patterns 

of use to food ava i l abi l i ty ,  and certai nly  the need for sati sfyi ng 

energy and nutri t ion requi rements i s  of pri mary i mportance in shapi ng 

these patterns . Other factors--the need for escape cover , for 

examp le--al so d i ctate habi tat use patterns .  But certai nl y  there 

are sti l l  other factors , onl y  i ndi rectly rel ated to habi tat character­

i sti cs , whi ch i nfl uence bear behavior ;  prime amongst these are soc i a l  

rel ationshi ps . Informati on about bear soc ia l  organi zati on i s  scarce ; 

how the presence of other bears i n  an area affects the behavi or 

of an indi vi dual is unknown . Add i tional l y ,  gi ven the documented 

i ntel l i gence and adaptabi l i ty of the speci es , it i s  l i ke ly  that 

a certai n  amount of bear  behavior has bas i s i n  nei ther habi tat 

characteri sti cs nor soc ia l  rel ationships , but i s  random expl orati on 

that provides an ul timate evol utionary advantage by a l l owi ng bears 

to adapt behavi oral l y  to frequently changi ng envi ronments . 

The tel emetry data col l ected i n  thi s study rel ates onl y  the 

l ocation of an ani mal , not what i t  i s  doi ng at that l ocation or 

how i mportant that acti vi ty i s .  I t  shou l d  not be surpri s i ng then 

that onl y  a part of the vari ation observed i n  the tel emetry data 

can be attri buted to habi tat characteri sti cs . 



V I .  SUMMARY AND CONCLUS IONS 

1 .  Research was conducted i n  a portion of Pi sgah Nati onal 

Forest from June 1982 through January 1984 to determi ne hab itat 

use by bl ac k  bears in rel ation to forest management .  

2 .  Twenty-one i ndi vidual bears were captured a total of 

25 times duri ng the study . Ei ghteen of these bears were fi tted 

wi th radi o-col l ars , and l ocated at dai l y  i nterval s .  

3 .  Seven bears were tracked from capture to termi nati on 

of the project ; 5 bears were ki l l ed duri ng l egal hunts ; 4 bears 

were ki l l ed i l l ega l l y ;  1 bear l ost i ts break-away col l ar ;  1 bear 

was unaccounted for at the termi nation of the project .  

4 .  A total of 1310 tel emetry l ocati ons were obta i ned on 

the 18 bears us i ng ground tri angu l ation or aeri al  homi ng . 

5 .  Seasonal home ranges , constructed us ing the convex polygon 

method , averaged 3205 ha and 6931 ha for ma l es i n  summer and fal l ,  

respecti vely ,  and 872 ha and 17 12 ha for fema l es i n  summer and fal l ,  

respecti vely .  In a l l cases these are l arger than bear home range 

s i zes reported i n  other studies i n  nearby Great Smoky Mounta i ns 

Nati onal Park ( GSMNP ) .  

6 .  Seasonal and annual shi fts i n  geograph ic  acti vi ty centers 

were determi ned us i ng the method of harmoni c  means ; i nter-seasonal 

shi fts were not s i gni fi cantly di fferent from i nter-annual shi fts . 

In  contrast ,  other studies i n  GSMNP reported s i gn i fi cantly l arger 

i nter-seasonal shi fts . 
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7 .  Di fferences i n  home range and acti vi ty center characteris­

ti cs between the Pi sgah study area and GSMNP are probably due to 

d i fferences i n  spatia l  d i stri buti on of resources .  In  GSMNP fa l l  

foods (mostly hard mast ) are patch i ly d i stri buted i n  compari son 

wi th summer foods (mostly soft mast ) . The s i tuation i n  Pi sgah i s  

somewhat reversed . 

8 .  I rregu l ar and l ong-range movements were made by 4 bears 

duri ng the study ; i n  3 cases these were i nterpreted as di spersa l 

movements by subadul t  ma l es .  

9 .  Habi tat use patterns were anal yzed usi ng Chi squared , 

ANOVA , and mul ti pl e  regress ion techni ques . Habi tat vari ables  

consi dered in  the anal ysi s incl uded those on  the U . S .  Forest Servi ce 

11 Conti nuous Inventory of Stand Condit ion 11 ( CISC ) and others measured 

off topograph i c  and stand maps . A total of 19 habi tat vari ables 

were considered . 

10 . Chi -squared analys i s  showed that Yel l ow poplar-Oak stands 

and brush stands , and stands l ess than 10 years o l d  and stands 

between 30 and 70 years o l d  were preferred by bears i n  the summer . 

Yel l ow pop lar-Oa k  stands and stands between 50 and 70 years o l d  

were preferred i n  the fa l l .  

1 1 .  ANOVA showed stand age to be a s i gn i fi cant effect on bear 

habi tat use i n  summer ,  whi l e  stand age and forest cover type i nter­

act s i gn i fi cantly i n  fa l l .  

12 .  Mul ti pl e  regressi on model s  us i ng the 19 var iab les ex­

pl a i ned about 15% of the vari ance in bear use of i nd i v i dual stands , 

wi th much col l i neari ty among predi ctor vari ab les . 
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13 . Some reasons that the regress i on model s  expl a i ned so 

l i ttl e of the vari ance were : 1 )  Some C ISC vari ables were i rrel evant 

to bear behavi or , 2) unreal i sti c structure and parameteri zation 

of the model s ,  3 )  opportuni sti c and genera l i st behavior  of bears 

probably cannot be ful l y  exp la i ned on the bas i s  of any habi tat 

parameters . 

14 .  Twel ve wi nter dens were exami ned duri ng the study. 

Three were i n  above-ground tree dens , 9 were i n  ground dens . Two 

of the ground dens were i n  recent c learcuts . 

1 5 .  The effect of roads on bear habi tat use was exami ned 

by regress i ng the frequency of road crossi ngs by i ndi vidual  bears 

on the densi ty of roads i n  the ir  respecti ve home ranges . Three 

types of roads exami ned were : abandoned l oggi ng roads , restri cted 

access l oggi ng roads ,  and improved , unrestri cted roads . 

16 .  Abandoned roads d id  not appear to i nhi bi t bear  movements ; 

restri cted roads appeared to i nhi bi t  bear movements above dens it ies 

of 1 . 25 km/km2 ; unrestri cted roads appeared to i nh i b it  bear move­

ments above densi ties of 0 . 5 km/km2 . 

17 . Management impl i cations were : 1 )  hunt ing ,  both l ega l 

and i l l egal , i s  the major human acti vi ty affecti ng the study popul a­

tion , 2 )  current USFS pol i cy of regenerati ng 10% of the area through 

cl earcutti ng every decade shoul d  be continued as thi s wi l l  ensure 

a re l ati vely  constant amount of timber of prime mast producing age ; 

3 )  stands chosen for regeneration shoul d  have adequate advance oak  



reproduction ;  4 )  the benefi ts of cl earcutti ng must be ba l anced 

agai nst the i ncreased vu l nerabi l i ty of bears to hunting  whi ch 

resul ts from the assoc iated constructi on of roads . 
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Fi gure 14.  Rel ati onshi p between age di stri bution of forest stands and age of stands used by 
bears for softwood cover types on Harmon Den , Pi sgah National Forest , 1982 and 1983.  Al l l i nes 
smoothed to genera l i ze the rel ati onshi ps . 
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Fi gure 15 .  Rel ati onsh i p  between age di stri bution of  forest stands and  age of  stands 
used by bears for mi xed hardwood-softwood cover types on Harmon Den , Pi sgah National Forest , 
1982 and 1983.  Al l l i nes smoothed to general i ze the rel ati onshi ps . 
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Fi gure 16 . Rel ati onsh i p  between age di stri buti on of forest stands and age of stands used by 
bears for the Yel l ow Popl ar cover type on Harmon Den , Pi sgah Nati onal Forest , 1982 and 1983.  Al l 
l i nes smoothed to general i ze the rel ati onshi p s .  
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Fi gure 17 . Rel ati onship  between age di stri buti on of forest stands and age of stands 
bears for the Chestnut Oa k cover type on Harmon Den , Pi sgah Nati ona l Forest , 1982 and 1983 . 
l i nes smoothed to general i ze the rel ationshi ps . 
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Fi gure 18 . Rel ati onshi p between age d i stri buti on of forest stands and age of stands used by 
for the Whi te Oak-Red Oak-Hi ckory cover type on Harmon Den , Pi sgah Nationa l Forest , 1982 and 
Al l l i nes smoothed to general ize the rel ati onshi ps . 
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Fi gure 19 .  Rel ati onsh i p  between age di stri buti on of forest stands and age of stands used by 
bears for the Yel l ow Popl ar-Whi te Oa k-Red Oak cover type on Harmon Den , Pi sgah National Forest , 1982 
and 1983.  Al l l i nes  smoothed to general i ze the rel ationshi ps . 
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Fi gure 20 . Rel ati onshi p between age di stri bution of forest stands and age of stands used by 
bears for the Scarl et Oak cover type on Harmon Den � Pi sgah Nati ona l  Forest � 1982 and 1983 . Al l l i nes 
smoothed to general i ze the rel ati onsh i ps .  
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