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ABSTRA CT 

Forty - fi ve ca ptures of 28 bl ack bea rs (Ursus  amer icanus ) were 

made i n  Cherokee Na tional Forest (CNF ) , Tennes see between Ju ne 1978 and 

December 1979. Twen ty-two bears were fi tted wi th rad i o-col l ar s. 

Bea rs ex hi b i ted a crepuscu l ar acti v i ty pattern whi c h  was mod i fi ed 

seasona l l y. H i g he r  l evel s of act i v i ty dur i n g  the day i n  summer a nd at 

ni g h t  i n  fa l l  i s  a ttri buted to bea rs feed i n g  on ava i l abl e berry and 

acorn crops. Fema l es with  cu bs  we re the most active sex -age grou p; thi s 

i s  l i ke l y  rel ated to the h i g h energy demands of ra i s i ng cubs. 

Larger home ranges of ma l e s (30. 1 km2 ) than fema l es (11.6 �2) 
refl ects the g reater mobi l i ty a nd l es s  attachment  to spec i fic  a rea s of 

ma l es ;  t he i r  g reater mobi l i ty l i ke l y  enhances the i r  reprod uct i ve 

succ es s  wi th fema l es i n  the popu l a t i on . Use  of l arge r areas i n  the 

fa l l  than i n  spr i n g/ summer refl ec ts the more act i ve feed i ng by bear s  

pri or t o  wi nter den n i ng. H i g h  home range overl ap  among bears l i ke l y  

i nd i ca te s  the re l atedness o f  bea r s  i n  the s tu dy area. 

Radi o-tel emetry da ta i n d i ca te that bears were rarel y l ocated on 

pri v ate l and . The Tel l i co Bea r Sanctuary and the areas immed i ate ly 

a djacent to i t  accounted fo r 96% of rad i o-l ocation s . Short-term 

movements by s u badu l t ma l es to Nan tahal a Nat i onal  Fore s t ,  North Carol i na ,  

l i ke l y  re fl ected expl oratory mov emen ts by these ani mal s. No bears 

were docume n ted  mov i ng to Great Smo ky Mounta i n s  Nat i on a l  Pa r k ;  however, 

3 bears rad i o- tracked i n  a concu rrent study i n  the Park moved to CNF 

for bri ef per i o ds . Subadu l t bea rs were l ocated  in  hunted areas more 
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frequent ly  than any other sex-age group . No bears were ki l l ed 

i l l egal l y  du ri ng the study; however, 4 subadu l t  bears were ki l l ed 

wi thin  2 km from the Tel l i co Bear Sanctuary .  Movement and reproduct i ve 

data col l ected dur i ng thi s study i nd icated that the bear sanctuary i s  

prov i d i ng refuge for a breed i n g  nuc l eu s  of fema l es whi l e  a l l ow i ng for 

di s persa l of subadu l ts i n to s urround i ng areas . 

The IMGRID computer system was u sed to determi ne habi tat 

uti l i za ti on .  P i ne vegetati on types were preferred dur ing  a l l seasons ; 

th i s i s  attri buted to the abundant berry crops and sca ttered l arge oaks 

in  these types. The oak- h i ckory vegetat i on type was u sed more i n  fal l 

than i n  any other season due to ava i l abl e mast  i n  thi s type . 

Genera l l y ,  mes i c  heml ock, cove hardwood, and oak-h i c kory types were 

u sed l es s  than expected . Les s  food (berri es and acorns ) ,  g reater 

access , and fewer tree dens are probabl e reasons  t he l ower el eva t i on 

heml ock and cove hardwood types were u sed l es s .  

Tel emetry data indi cated that bears d i d  not cro s s  t he Tel l i co­

Robbi n svi l l e h i g hway . An avo i dance of roads  by fema l e  bears and by 

a l l bears duri ng  fa l l was determ i ned and rei nforces the suppos i t i on that 

bears avo i d  roads; the ir  avoi dance is l i ke ly  re l ated to the degree o f  

hara s sment o f  bears by peop l e .  
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CHA PTER I 

I NTRODU CTION  

Bl ack bears  i n  the  Cherokee Nat i ona l  Forest (CNF ) are an 

important natura l resource of the reg i on .  Some bl ack  bear popul ati ons 

i n  the Eas t  are restri cted and threatened by human act i vi ti e s  ( Pel ton 

and Beeman 1 975 ) .  Land-use  practi ces s uch a s  timber� mi n i ng ,  and 

commerci a l  deve l opmen t impact black  bear habi tat and i nfl uence 

management dec i s i ons . I nformati on regard i ng movement and acti v i ty 

patterns of bears a s  wel l  as  s i te-spec i f i c� quanti ta t i ve data on the 

components  of bl ack bear habi tat i s  needed to coord i nate bear manage­

ment pol i c i e s  w ith  a l ternati ve l a nd use s .  

Acti v i ty and movement patterns of bears refl ect the i r responses 

to sea sonal d i fferences in food supply, i ntra-spec i f i c  i nteracti ons� 

env i ronmental i n fl uences and d i s tu rbances by man . Bl ack  bears  are 

cl ass i f ied as mai n l y  di urnal i n  Was h i ng ton (Poel ker a nd Hartwe l l  1 973 , 

Li ndzey and Mes l ow 1 977 )  and I daho (Amstrup and Beecham 1 976 ) and a s  

nocturna l i n  M i n ne sota ( Rogers 1 977 } and North Carol i na ( Ham i l ton  

1 978 ) . In Eas t  Tennes see , Eubanks ( 1 976 ) and  Garshe1 i s  and  Pelton 

( 1 980 ) i ndi cated that bears exhibi ted a crepu scu l ar acti vi ty pattern 

a l thoug h thi s pattern was mod i fi ed sea sonal l y  (Gars he l i s  and Pel ton 

1 980 ) .  Hami l ton ( 1 978) noted that bears were more nocturna l i n  fal l ,  

when human acti v i t i es were hi g hest , than i n  other seasons .  

Home range a nd movement patterns of bears have been reported by 

many authors . Mal e  bears occu p i ed l arger areas than femal es i n  

1 



Pennsylvani a  (Alt et a1 . 1 97 6 ) ,  Idaho ( Amstrup and Beecham 1 9 76), 

Washington ( L i ndzey and Mes 1 ow 1 97 7) and Tennessee (Garshe1 i s and 

2 

Pelton 1 981 } .  Consi derable home range overlap has been reported i n  

several stud i es ( Li ndzey and Meslow 1 977, Reynolds and Beecham 1 980, 

Garshelis  and Pelton 1 981 } although Rogers ( 1 977 } beli eves that lack of 

ki nshi p  relati onships exaggerates overlap. Home range s i ze, overlap, 

and movement patterns, especi ally regardi ng subadults and adult females, 

are i mportant factors i n  establ ish i ng sanctuari es for bears (Sanders 

et al . 1 978 } .  In addition, accessibi l i ty to  the area {roads } affects 

the vulnerabi li ty of bears to hunters (Mcilroy 1 972, Landers et al. 

1 979 ) and may restri ct movement patterns ( Brown 1 980 ) .  

The fundamental components of wildli fe habitat i nclude food, 

cover, and water. The spati al arrangement and temporal relationsh ips 

of these components as well as speci al requ irements of the speci es 

( i . e . ,  breedi ng, denning )  are i mportant i n  determin i ng the number of 

ani mals an area wi ll support (Ki ng 1 938, Treadwell 1 979 ) .  Speci f ic  

hab i tat components such as the distri buti on and abundance of food 

sources, cover, and den avai lab i l i ty affect black bear reproduct ion, 

movements, di spersal, and mortali ty. Dur ing peri ods of food scarc i ty, 

fewer offspri ng are produced, starvation occurs, and the age of fi rst 

breedi ng i ncreases (Jonkel and Cowan 1 9 71 , Rogers 1 976, 1 977, Beeman 

and Pelton 1 980, Ei ler 1 981 ).  Scarci ty of food also causes i ncreased 

movements, di spersal, and bear mortali ty from i ncreased human-bear 

i nteracti ons (Rogers 1 976, 1 9 77, Garshelis  1 978, Beeman and Pelton 

1 980 ). Increased amounts of refuge cover and remoteness have been 
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doc umented i n  decreas i ng the vu l nerab i l i ty of bears to hu nti ng  (Mcil roy 

1 972 , Landers et a l .  1 979 ) and den s i tes appear to be importa n t  a s  

matern i ty areas for femal es and focal  poi nts o f  d i spersal  (Johnson 

and Pel ton 1 979 , 1 980a , 1 981 ).  Dec i s i ons  regard i ng b l a c k  bear manage­

men t  wou l d  be enhanced if these  components of hab i tat coul d be 

q ua n t i tat i ve l y  i dent i f i ed a nd coord i nated wi th other l and u se s. 

Tra di t i onal l y ,  an a n i ma l 's u ti l i zation of va ri ou s hab i tats was 

compared to the ava i l abi l i ty of those habi tats w i thi n the an ima l ' s home 

range. The s i mp l est appl i ca t i on of thi s method i nvol ves c l a s s i fy i ng 

an imal  l ocations  i nto hab i tat  types v i a  a hab i tat map and compari ng 

the proporti on of l ocati ons i n  each type to the ava i l ab i l i ty of the 

type. Habi ta t  u t i l i zati on by b l ack  bea rs i n  Wa shi ngton (L i n dzey and 

Mes l ow 1 97 7 ) , Cal i forn i a  ( Kel l yhou se 1 980,  Nov i c k  1 979 ) ,  North 

Carol i na (Hardy 1 97 4 ,  Lande r s  et a1 . 1 979 ) , Montana (Jo nke1 and Cowan 

1 97 1 ) ,  West Vi rg i n i a  (Mi l l e r  1 973 ) , Eas t  Tenne ssee (Beeman 1 975 ) ,  and 

Idaho (Amstru p and Beecham 1 976 ) ha s been determi ned by th i s  method. 

Other met hods of obta i n i ng and man i pu l a t i ng hab i tat  i nforma t i on to meet 

spec i f i c  object i ve s  have been repo rted. These i ncl ude d i g i t i zed 

ha bi ta t  maps (Ni chol s and Warner 1 972, G i l me r  et al.  1 973) , overl ay 

tec h n i ques (Crozi er et a l. 1 974 , Gyse l and Lyon 1 980 ) , LANOSAT imagery 

(Brabander a nd Barc l ay 1 977 ) ,  and computer tech n i ques  (Wi 1 cott and 

Gates 1 97 7 ,  Beema n 1 977 , Dav i s  1 980, Exum 1 981 ) .  As  l and u ses  i ncrease 

in comp l exi ty and s i ze ,  computer-a s s i s ted techn i ques become more 

pract i ca l .  The se techn i ques  are u sed as inventory sys tems to s to re 

and retrieve s i te-spec i fic  qu anti tative i n formati on. A l s o ,  delinea ti on 
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of the proximi ty and coi nc i dence of resources a nd tradi ti ona l  

habi tat ut i l i zati on-avai l ab i l i ty i s  al so poss i bl e  (Beeman 1977, Dav i s  

1980, Exum 1981). The abi l i ty of these sys tems to man i pu l ate and 

graph i ca l l y  d i spl ay l arge amounts of geographic  data has  broad 

management  impl i ca ti on s  when assess i ng a l ternat ive  uses  of the natu ra l  

resources o f  an  area . 

Resea rch on vari ous aspects of b l ack bear ecol ogy has been 

conduc ted in the Great Smoky Mounta i ns Nat i onal  Park (GSMNP or Park ) ;  

howeve r ,  l i ttl e i nformati on on habi tat ut i l i za ti on i s  a va i l ab l e  for 

th i s area . The mai n  object i ves of the present s tu dy were to 

determi ne movement a nd acti v i ty patterns of bl ack bears i n  Cherokee 

Nat i ona l  Forest a nd to rel ate the i r  movements to sel ected hab i tat 

parameters . 



CHAPTER II 

THE STUDY AR EA 

Locat i on 

The Cherokee Nat i o na l  Fore s t  compri ses  4 , 905 km2 i n  Ca rter, 

Cocke , Greene , John so n ,  McMi nn , Mon roe , Po l k ,  Sul l i va n ,  Un i coi , and 

Was hi ngton counti es , Tennes see , of whi ch 2 , 503 km2 a re i n  publ i c  

owners h i p  admi n i stered by the U.S . Fore s t  Serv i ce ( U SFS) . Thi s 

i nves t i ga ti on was conducted on that port i on of the Tel l i co Ranger 

D i s t r i c t  (approx imate l y  760 km2 ) bordered by the Tel l i co-Robb i nsvi l l e  

Road , the North Caro l i na-Tennessee s tate l i ne , the L i tt l e  Tennessee 

Ri ver , and the Tel l i co  R iver  ( F i g . 1 ) . Th i s  admi ni stra t i ve a rea , 

between 35°20' and 35°37' N l at i tude , 83°55' and 84°20' W l ongi tu de ,  

encompasses approximate l y  500 km2 i n  Mon roe cou nty and i s  adjacent to 

the Grea t Smoky Mounta i ns Na t i o n a l  Park (GSMNP or Park) ( Fi g .  2 ) .  

Approxima te l y  285 km2 of the 500 km2 s tu dy area are owned by the U SFS , 

the rema i nder bei ng pri vate l an d . A port i on of the 500 km2 s tudy area 

was chosen fo r habitat  ana l ys i s .  Thi s  7 1  km2 area (a l l USFS l and ) i s  

desi gnated as  the IMGRID s t udy area (Fi g .  1). In add ition the Tellico 

Bea r Sanctuary compri ses approximately 1 2 1  km2 of the  ma i n  s tu dy a rea 

and 38 km2 of the IMGRID study area ( F i g. 1). 

The major dra i nages  wi th i n  the a rea i ncl ude C i t ico  Creek 

(i ncl u d i ng North and South Forks ) ,  Sl i ckrock C reek , Doubl ecamp C reek , 

and Jake Bes t  Creek. On the Tel l i co Ranger Di stri c t  there a re 200 km 
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F i g ure 1 .  The loca t i on of the study area wi th i n  the 
Tell i co Ranger Di stri ct ,  CNF . 
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Figure 2 .  The relationship of the study area and the 
Great Smoky Mountai ns National Park. 
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of all-weather roads, 38 km of pri m itive roads, 6 1  km of motorcycle 

routes, and 1 58 km of foot trai ls. 

Physi ography and Geology 

1 0  

The Un i coi  Mountai ns are part of the Unaka Mountai n  Range of the 

Blue Ri dge Province i n  the southern di vi s i on of the Appalachi an 

Hi ghlands ( Fenneman 1 938 ). The Unicoi R idge i s  si tuated i n  a north­

south d i recti on and, for much of i ts length, deli neates the North 

Caroli na-Tennessee border. Numerous spur ridges radiate from th is 

mai n  ri dge; the most promi nent bei ng Sassafras and P i ne Ridges, and 

Salt Spri ng Mountai n, whi ch l ie  i n  an east-west directi on. The 

topography i s  character i zed by steep, rugged mountai ns d issected by 

numerous fast-flowi ng streams. Less than 1 0% of the area has less than 

1 0  degrees slope (Message from the President 1 902 ). On the Telli co 

Ranger D istri ct elevations range from 230m, at the confluence of the 

Tellico and L i ttle Tennessee R ivers, to 1 667 m, at Haw Knob. 

Most of the area is  composed of feldspath ic sandstone, si ltstone, 

conglomerate, and shale of the Ocoee Ser ies, whi ch dates to the late 

Precambri an Period .  However, metamorphosi s  has changed the form of 

the rocks to phyllite, slate, quartz ite, and schist .  The Ocoee Seri es 

i ncludes the Great Smoky, Snowbird, and Walden Creek Groups (Ki ng and 

Stupka 1 950, Ki ng et al. 1 968 ). 

So ils of the Ramsey, Matr.ey, Jefferson, and Barbourvi lle seri es 

occur throughout the area. The deeper soi ls occur along drai nageways 

as local alluv ial deposi ts at the base of slopes; shallow soi ls are 

assoc iated w ith narrow ridges and southern aspects (TVA et al. 1 972 ) .  



C l i mate 

General l y ,  the cl imate of the area i s  characteri zed as meso­

therma l  perhumid (warm-temperate rain forest ) (Thornthwa i te 1 948 ) . 

Prec i p itati on max ima general l y  occur  i n  l ate winter-early spring and 

i n  Ju ly-August ; a minim� occurs i n  October. Prec i p itat i on patterns 

are cycl oni c  i n  winter and orograph ic  i n  summer (Di ckson 1 960 ,  

Trewartha 1 966 ) .  Average month l y  temperatu res are usua l l y  h i g hest i n  

Ju l y  and l owest i n  February. 
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Temperature and prec i p i tat i on vary g reat ly wi th di fferences i n  

e l evati on, exposure , and topog rap hy (Shanks l 954a, Tanner 1 963 , 

Stephens 1 969 ) .  Shanks (1 954a ) reported a 4 . 07 C decrease  i n  

temperature per 1 000 m ri se i n  e l evati on i n  the Great Smoky Mountains . 

Preci pi tati on averages 1 40 em per year at l ow e l evat i on s ; wherea s , 

h i g h  e l evati ons can recei ve over 230 em per year.  The average number 

of frost-free days per year  i n  the mountains  on the CNF i s  1 5 1 (USFS 

1 976 ) .  Temperature and prec i p i tati on data for the study period  a re 

presented i n  Append i x  A .  

Fauna 

L inzey and L inzey ( 1 97 1 ) l i sted 59 s pec i e s  of mammal s  for the 

GSMN P ;  an additi onal 6 speci e s  are cons i dered exti rpated .  On the 

Tel l i co Ranger Di stri ct , l arge mamma l s other than b l ack bears i ncl ude 

white-tai l ed deer (Odoco i l eu s  v i rg inanu s ) and European wi l d  hogs (Sus 

scrofa ) .  From 1 959 to 1 972 , the Tennessee Wi l d l i fe Resource Agency 

conducted an i ntens i ve study of the l i fe h i story and eco l ogy of 

European wi l d  hog s on the Tel l i co Ranger D i stri ct {Tennes see Game and 



1 2  

Fi sh  Commi s s i on 1 972 ) . Other stud ies  on the ecol ogy of wi l d  hogs on 

the Tel l i co Di s tri ct i ncl ude Matschke ( 1 964 ) , Henry and Con l ey ( 1 97 2 ) , 

Str i ck l and ( 1 972 ) , and Bel den and Pel ton ( 1 9 75 ) . Al so more than 200 

spec i es of b i rds , 80 repti l es and amphi b i an s ,  and 80 fi shes i nhabi t the 

Great Smoki es  ( Ki ng and Stu p ka 1 9 50 ) . 

Fl ora 

The Cherokee Nati onal  Forest  su pports a v ari ety of p l ant 

commu ni t i es due to d i fferences i n  so i l  types ,  mo i s ture and temperatu re 

patterns , topog raphy ,  el evati on , and man-caused di sturbances. Wh i ttaker 

( 1 956 ) stated that a lmost a l l vegetat i on i s  e i ther topograph i c  c l imax  

or  secondary success i on. 

For the Ci tico Creek Wi l derness  Study Area , Ma l ter ( 1 977 ) 

col l ected 536 spec ies  of vascu l ar p l a nts. The GSMNP supports over 

1 , 300 spec ies  of fl oweri ng p l ants , 1 3 1  be i ng nat i ve trees , 50 fern and 

fern a l l i es , 330 mosses and l i verworts , 2 30 l i chens and 1 , 800 fung i  

( Ki ng a nd Stupka 1 950 ) . Ca i n  ( 1 930 ) reported that 30  spec i es of  woody 

pl ants are endem i c  to the Unaka Mounta i n  Range . 

No quan ti tati ve vegetat i on stud i es are avai l a bl e for the Tel l i co 

Ranger Di strict . However ,  Ca i n  ( 1 935 ) , Shanks ( 1 954b ) , Whi ttaker 

( 1 956 ) , and Gol den ( 1 974 ) have conducted vegetation stud i es i n  the 

GSMNP .  Whi ttaker ( 1 956 ) and Gol den ( 1 974 ) have anal yzed the rel ati on­

shi ps among certa i n envi ronmental parameters and forest cover types; 

they l i sted 1 5  and 1 7  forest cover types , respecti vely. Gol den ( 1 974 ) 

found that the vegetat ion patterns  are most l i ke ly  re l ated to el eva ti on , 

topography ,  and aspect .  
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The Cherokee National Forest is divided into compartments and 

stands which have been mapped into forest cover types. Definitions of 

these terms (Society of American Foresters 1954, 1958) and detailed 

descriptions of forest cover types are given in Appendix B. Age 

distribution of forest cover types on the Tellico Ranger District is 

presented in Appendix C. 

Basically 5 major forest types are recognized (USFS 1976). The 

cove hardwood type consists primarily of yellow-poplar (Liriodendron 

tulipifera), white oak (Quercus alba), northern red oak (Q. ruora), and 

hemlock (Tsuga canadensis). This type occurs between elevations 

152m and 1,219 m on lower slopes, northerly slopes, coves, and moist 

flats. The oak-hickory type includes southern red oak (Q. falcata), 

white oak, hickories (Carya �. ), post oak (Q. stellata), black oak 

(.Q.. velutina), chestnut oak (Q. �rinus), scarlet oak (Q. coccinea), 

shortleaf pine (Pinus echinata), Virginia pine (f. virginiana), and 

pitch pine (f. rigida). This type occurs in coves, mountain slopes, 

and flat ridge tops. The pine type consists of white pine (f. strobus), 

shortleaf pine, Virginia pine, and Table-mountain pine (f. pungens). 

This type occurs in old fields, relatively infertile ridges, dry flats, 

and slopes. The mesic hemlock type includes white pine hemlock, 

yellow birch ( Betula alleghaniensis), yellow-poplar, basswood (Tilia 

sp.), blackgum (Nxssa sxlvatica), northern red oak, and cucumbertree 

(Magnolia acuminata). This type occurs above 457 m elevation in moist 

coves and northern slopes. The northern hardwood type includes sugar 

maple (Acer saccharum), beech (Fagus grandifolia), yellow birch, 
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basswood, red mapl e  (�. rubrum ) ,  hemlock , northern red oak , bl ack 

cherry ( Prunus serotina ) ,  and sweet b irch (B. l enta ). Thi s  type occurs 

above 1 ,066 m el evati on on s i tes with adequate moisture and rel atively 

h i gh ferti l i ty. 

Land Use Patterns 

Littl e  i nformati on i s  avai l able document i ng l and use practi ces 

on the Tel l i co Ranger D istri ct before the establ ishment of Cherokee 

Nat i onal Forest in 1 936 . Earl y l oggi ng practi ces were probabl y  

si m i l ar to those used in  GSMNP .  Duri ng the l ate 1 800's, l ogging was 

restri cted to access i bl e areas and selecti ve cutti ng of black cherry , 

black wal nut (Jugl ans nigra ) , and ash ( Fraxi nus �. ) , and yel l ow-popl ar 

was predominant. Loggi ng operati ons rel i ed heav i l y  on stream and oxen 

transportati on of l ogs . These operati ons removed choi ce popl ar from 

the l ower creeks; accessi b l e  cherry , walnut, and ash were removed from 

the upper drai nages . However , no large areas above streams were 

denuded of t i mber . A lso f i res due to l oggi ng were rare (Lambert 1 96 1 ). 

Mechani zed l oggi ng techni ques brought an end to sel ecti ve 

cutti ng practi ces; it  enabled l oggers to cut any merchantabl e  t imber 

tree. These techni ques were more destructi ve of t i mber and decreased 

i ts capacity for reproducti on. A l so the frequency of f i res due to 

l oggi ng i ncreased (Lambert 1 96 1 ) .  

Much of the C it ico drai nage was l ogged by  the Babcock Land and 

Lumber Company around 1 920-1 925. A l arge f ire ,  whi ch started i n  fresh 

l oggi ng sl ash , burned a porti on of the upper C itico watershed i n  1 925 

{TVA et al . 1 97 2 ) .  
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Current forest practi ces for the CNF are descri bed i n  USFS 

(1 976) . Bas i cally the plan proposes even-aged management on that part 

of the forest that i s  su itabl e. Proposed rotati ons are 60 years for 

Virg in ia pi ne, 80 years for wh ite and yel low p ines , and 100 years for 

hardwood groups. 

The Telli co Ranger Distri ct i s  admini stered and managed i n  

var ious ways and for vari ous purposes . Bei ng a nati onal forest, the 

distri ct is managed under the multi pl e  use-sustained y i eld phi l osophy 

for i ts outdoor recreati on, t i mber, watershed , and wi l dl i fe resources 

(Multiple Use-Sustai ned Y ield Act, 12 June 1960,  PL 86-517 } .  The 

enti re CNF  is  considered a wildl i fe management area and i ts wi l dl ife 

resources are adm i ni stered i n  cooperati on with the Tennessee W i ldl i fe 

Resources Agency . A porti on of the study area is  admin istered as the 

Telli co Bear Sanctuary , 124 km2 (F ig. 1 ,  page 6) ; no bear hunt ing is  

allowed on th is area, although smal l and b i g  game hunt i ng are all owed. 

Dogs are all owed for raccoon and grouse hunti ng (see Sanders et al . 

1 978 for a discussi on on bear sanctuari es) . 

A part of the mai n  study area is  managed as wilderness (Joyce 

Ki lmer-Sl ickrock Wi l derness area ( 1 6  km2) and Citico Creek Wi l derness 

study area (6 km2)) as proposed by the W i l derness Act (3 September 

1964 , PL-88- 5 77) and the Eastern W ilderness Act (3 January 1 975, 

PL93-622). 



CHA PTER I I I  

MATERIALS AND METHODS 

Trappi ng 

Fi el d work for th i s  study was con ducted from June 1 9 78 throug h  

December 1 979 . Prebaiti ng techn i ques ( Marcum 1 974 , Eagar 1 97 7 ,  Johnson 

and Pel ton 1 98Gb } were used to l ocate s ites of b l ack  bear acti v ity. 

Thi s techni que i nvol ved hang i ng 3 open sard i ne  cans from a tree branch 

approx imatel y  2 . 5 m above the g round. Bear c l aw ma rks on  the tree and 

the absence of the bai t  i ndi cated that a bear had v i s ited the s ite .  

Trap l i nes  were establ i shed i n  areas of bear act i v i ty as  

i n d i cated by the preba i ti ng, primari ly  on Cowcamp R i dge and  Ja ke Best 

Creek drai nage {Fi g. 1, page 6 } . These l i nes , l ocated on o l d  l ogg i ng 

roads , were opened i ntermittentl y  from May through October depend i ng 

u pon  the ava i l ab i l i ty of equi pment and personne l . Bl ack bears were 

captured u s i n g  A l dri ch  spri ng-acti vated foot snares (Al dr i ch  An imal  

Trap Co . , C l a l l am Bay, WA ) and barrel traps fabri cated from 2,  50-

gal l on o i l drums wel ded together (Marcum 1 974 , Eagar 1 977 , Johnson and 

Pel ton 1 98Gb ,  Ei l er 1 981 ) .  Sardi nes were used as bait and were 

rep l aced every 3-4 days . 

Tagg i ng and Hand l i ng 

Bears were immobi l i zed wi th an i ntramuscul ar i njecti on of M99 

( Etorph i ne hydroch l ori de, O-M Pharmaceut i ca l s, Inc . , Rockv i l l e ,  MD ) 

admi ni stered with a projecti l e  syri nge and fi red from a C02-charged 

p i stol ( CAP-CHU R ,  Pa l mer Chem ica l  Equ i pment Co., Dougl asvi l l e, GA } .  
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The dosage of M99 was 1 mg/ 45.5 kg of est imated body wei ght . M50-50  

( D iprenorphi ne ,  D-M Pharmaceuti cals, Inc., Rockvi lle , MD ) was used as a 

M99 antagoni st at a dosage of 2 mg/45 . 5  kg of estimated body wei ght. 

Usually recovery occurred 2-5 m i nutes after i ntravenous i njection of 

M50-50; i ntramuscular i njecti ons resulted i n  longer recovery ti mes . 

After i mmobil izati on ,  bears were marked with a numbered , si lver 

(metal ) ,  Monel cattle tag i n  1 ear ; a numbered , colored (yellow } ,  cattle 

tag i n  the other ( National Band and Tag Co . ,  Newport , KY ) ,  and a l i p  

tattoo for future i dentif icat i on (Johnson and Pelton l980c }. Also the 

statement 11Return for Reward, Dept. Forestry, UT11 and phone number was 

pr i nted on the ear tags . B i olog ical i nformat i on collected from each 

bear i ncluded: sex and wei ght , blood ( Eubanks et al. 1 976:29, Beeman 

and Pelton 1 978 : 1 2 7-1 29 } ,  a premolar tooth , a ser ies of body measure­

ments (Cherry and Pelton 1 976:32 ) ,  and reproducti ve condit ion ( E i ler 

1 981 : 1 2- 1 3 ) . 

Age Determi nat i on 

A fi rst premolar was extracted for age determinati on. Bears 

were aged using the cementum-annuli techni que (Wi lley 1 974 ) ;  tooth 

secti ons were prepared usi ng methods descr i bed by Eagle and Pelton 

( 1 978) . Bears were placed i n  2 age classes : adult� 4 yrs, subadult 

< 4 yrs . 

Radi o-Te 1 emetr..z:. 

Most ( 79% )  of the bears captured were i nstrumented with radi o­

collars ( Teloni cs ,  Inc. , Mesa , AZ ). The transmi tters ( 1 50-1 52 mhz ) 

had an expected l ife of 3 years . Radio-collars desi gned to fall off 



i n  9-1 2 months a fter a pp l i cat ion  were a l so used .  A brass p l ate was 

attached to the rad i o-col l ar w i th the statement " Retu rn for Reward ,  

Dept . o f  Forestry, UT" and p hone number. 
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Al l rad i o-col l ars were equi pped w i t h  a reset mot i on sensor 

commonl y  known as mortal i ty sensors ( Tel on i cs , I nc . ,  Mesa, AZ ) . To 

detect acti v i ty patterns ,  the t imi ng i n terva l was reduced . Movement by 

the anima l  cau ses the moni tor to change from a base ( i nacti ve, 75 bpm ) 
to an a l ternate (acti ve, 1 00 b pm ) pul se rate a nd any subsequent act i v i ty 

causes the t i mi ng mechan i sm to reset . The t i m i ng i nterval  was pro­

grammed for 5 mi nutes . I f  the an ima l  d i d  not move i n  5 mi nutes the 

pu l se rate automat i ca l l y  returned to the i nact i ve mode . Due to the 

timi ng mechan i sm the reset moti on sensor may overest imate acti v i ty when 

di s crete samp l i ng i s  u sed . The i n acti ve mode i nd i cates  the anima l i s  

not mov i ng ;  the acti ve mode i nd i cates acti v i ty has occu rred wi th i n  5 

m i n utes . The fol l owi ng system was used to compensate for the over­

es timati on of act i v i ty: 

IN I TIAL MODE SECOND CHECK RECORDED 

I --------------------------- - - - - - -- -------------- -- ------ - - -- --1 

I -A--- ------ -------- ------ - -------1--------- ---- ---- ---- ------HM 

1 -A--------- -------- --------------A------- ------------ ---------A 

A-1- ----------- -------- - - ---- - --- ------ ----------- ------------HM 

A--------- -- ---- --- ------------ - --1-- --------- -- --------------HM 

A---------------------------------A----------- -- ------------ - --A 

A=Acti ve 

!= I nact i ve 

HM=Head movement 
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If the s i gna l  i n i t i a l ly i s  heard i n  the act i ve mode wh i l e  the researcher 

i s  l i sten i n g ,  a second check i s  made on the mode 3-8 m inutes l ater 

( Qui g l ey et a l . 1 979 ) . 

The rad i o-rece i v i ng equ i pment cons i sted of a portab l e rece iver 

(Te l on i c s ,  Inc . , Mesa , AZ ) and a hand-he l d  2-e l ement  11 H" antenna 

(Te l on i cs ,  Inc. , Mesa , AZ ) .  The rece i ver operated in the 1 50-1 52  mHz 

range . Al so 2 ,  8-e l ement antennas ( Hy-Ga i n  E l ectron i c s  Corp. , L i n co l n, 

N E )  erected on 9 m masts were used for the d i e l  track i ng per i ods  and 

to i n crease the accuracy of the da i ly rad i o-tracki ng  efforts . 

Tri angu l a t i on stations  were estab l i shed at known l ocat i on s  a l ong 

r i dges throughout the study area. Rad i o- l ocati ons of i n strumented bears 

were estab l i shed by the i ntersection  of 2 or more az imuths taken wi th 

a hand-hel d compass ( Si l va ,  Inc . , LaPorte , IN ) .  Azimuths were 

determi ned by the l oudest s i gna l  method ( Spri nger 1 979 : 928 )  and were 

triangu l ated on 1 : 24000 sca l e  U n i ted States Geol og i ca l  Survey ( USGS )  

topogra ph ica l  maps. Al l radi o- l ocati ons were g i ven a U n i versa l 

Transverse Mercator (UTM ) coordi nate ( Strah l er 1 969 : 58-59 , 625-627 )  to 

the nea rest 1 00 m. A tran sparent overl ay gri d ,  whi ch d i v i ded the l OOOm 

by 1 000 m ( km2) UTM cel l s  i nto 1 00 hectare ( 1 00 m by 1 00 m) cel l s , 

fac i l i tated thi s procedure. The gri d was the s i ze of a topograph i c  map 

and was ori ented to gri d north. Locati ons  were recorded i n  Zones 1 6  

and 1 7  of the UTM system . Attempts were made to l ocate i n strumented 

anima l s 3 t imes per week and to vary the t ime of l ocat i on s .  

Peri od i cal l y ,  i ns trumented bears were mon i tored for d i e l  acti v i ty and 

movement pattern s. Two 8-el ement ma st antennas wi th a compass  rose at  



the base were u sed for thi s  purpose . Approx imate ly  twi ce a mon th 
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aeri al searches were conduc ted i n  a Ces s na 1 4 0 ,  1 7 0 ,  or 1 7 2 a i rcraft . 

Two "H" antennas , mounted on the a i rp l ane ' s  wi ng struts and connected  

through the cab i n  by  a swi tch box, were u sed  for the aer i a l  track i n g. 

Both a n tennas  were u sed unt i l a s i gnal  from an i nstrumented bear was 

heard . Then , whi l e  swi tch i ng from l e ft to r i g ht antennas , para l l e l 

fl i g ht l i nes  were f l own approx imate ly  0 . 5- 1  km apart to determ i ne the 

approximate l oca t i on of the bear .  Thi s  procedure was repeated by fl y i ng 

pa ral l e l l i n es perpend icu l ar  to the f i rst ones. Thus the approx imate 

l ocat i on of the bear coul d be "boxed i n . "  When th i s  was establ i s hed , 

t i g hter a nd t i ghter  c i rc l es were fl own wi th  the l o udest  s ig na l  on the 

i ns i de of the c i rcl e .  The p i l ot and researcher u sua l l y  l i s tened to the 

s i gnal . When a l ocat ion was estab l i s hed , i t  was marked on a 1 : 24000 

sca l e  map to the nearest 1 00 m .  Once a s i gna l  was heard i t  usual ly  

took 5-8 m i n utes to estab l i sh a l ocat i on . 

I nformat i on col l ected wi th each a z imu th readi ng  i nc l u ded t ime of 

day , date , temperature , c l ou d  cover , prec i p i ta t i on ,  and acti v i ty of the 

bear .  Garshe l i s  ( 1 978 ) descri bes other a spects of the rad io-tra ck i n g  

procedure . 

Data Ana lys i s  

Act i v i ty. Act i v i ty of i n strumented bears was recorded a s  

act ive or i nacti ve .  Other i nformati on recorded wi th each acti v i ty 

readi n g  i nc l u ded the date , t ime , temperature , cl oud  cover , prec i p i ta­

t ion; the sex , a ge , a nd presence of  cubs  wi th fema l es was known from 



trapp ing record s .  Act i v i ty read ing s  were taken at l east 1 0  m inutes 

apart ,  except on d i el s ( 1  hr apa rt ) . For the ana l ys i s ,  time of year  

was di v ided i nto months ,  t ime of day d i v i ded i nto hours ( beg inn i ng on 

the ha l f  hour ) , temperature g rouped i nto 3 C increments , c l oud cover 

g rouped into c l asse s  of 25%, and prec i pitat ion c l a s s i f i ed a s  dri zz l e ,  

rai n ,  or snow. 

2 1  

A l east-squares ana l ys i s  of vari ance procedure (SAS Institute 

1 979 ) was u sed to investi gate the rel ati onsh i p s  among weather , time of 

day , time of yea r ,  sex , age , presence of cubs , and acti v ity .  U s ing 

thi s procedure the rel at i ons h i p s  between acti vity and each factor 

cou l d  be mea sured i ndependent of the confounding effects of a l l other 

factors. Therefore , acti vity i s  reported as a probabi l ity of bei ng 

acti ve under the stated conditi on ( s ) rather than as an actua l per­

centage of the observati ons where noted (Garshe l i s  and Pel ton 1 980 ) .  

Movements and home range. Home ranges (the area traversed by 

the i nd i v i dua l  i n  its norma l acti v iti es of food gathering , mating , and 

caring for young ( Burt 1 943 : 351 ) )  were determi ned by connecti ng the 

outermost radi o -l ocati ons of a convex pol ygon and determining i ts area 

(Bri nker 1 969:248-250 ) .  The Mann-Wh itney-Wi l coxon U test ( Saka l and 

Roh l f 1 969:391 -395 ) was u sed to determi ne di fferences i n  home range 

s i ze ( P=0 . 05 ) .  Convex pol ygons were u sed to determi ne home range 

overl ap. 

D ie l  movements were ana l yzed wi th respect to tota l dai l y  

movement ( sum of  d i stances between consecuti ve hour ly  l ocati ons ) , net 

dai l y  movement (d i stance between l ocati ons obta ined 24 hrs. apart ,  
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i . e., d i stance between beg i n n i ng and end poi nts  i n  a 24 hr sequence of 

l ocati ons)� dai ly  range l ength (maximum d i s ta nce between radi o­

l ocati ons i n  a 24 hr peri od ) , and c i rcu i ty .  C i rcui ty was ca l cul ated by 

d i v i d i ng net movement over a per i o d  of 1 2  or more hou rs by the total 

d i stance travel ed i n  that peri od . A va l ue of  1 i nd i ca ted  s tra i ght 

l i ne  movement,  whereas a va l ue of 0 i nd i ca ted that the an imal  returned 

to the ori g i nal l ocati on . Re l at i ve ly  stat iona ry an ima l s were del eted 

from the ana lys i s  of c i rcu i ty ( Garshe l i s  et a l . 1 981 ) .  Mann-Whi tney­

Wi l coxon U tests were used  to test s ign i fi ca nce among these parameters 

( P=O . OS ) .  

Hourl y  rates of  t ravel were computed by d i v i d i ng tota l movement 

measured between consecu t i ve hourl y  l ocat i on s  by the number of 

recorded hourl y  l ocat i on s .  Rates of travel  dur i n g  dayl i ght hours were 

determi ned on ly for d i e l  data i nc l ud ing  8 or more hour l y  movements; 

nocturna l  rates of trave l  were tabul ated for d i e l  data i nc l ud i ng at 

l ea s t  4 con secut i ve hourl y  movements . D i urna l movements were defi ned 

a s  occurri ng between 0600-2000 hr and nocturna l movements a s  occurri ng  

between 2 1 00-0500 hr (Garshe l i s  et  a l .  1 981 ) .  Mann-Whi tney-Wi l coxon 

U tests were u sed  to test d i fferences i n  hourl y  movement parameters 

( P=O . OS ) .  Due to l ack of movement and home range data i n  s pri ng , 

seasons were grouped a s : Spr/S�mmer = March-Aug ust ,  Fa l l  = September­

December . 

Habi ta t .  IMGRID ( I nformat ion Management  o n  a Gri d  Cel l System ) 

i s  a computer system deve loped by S i n ton  ( 1 976 ) .  I n  thi s s tudy ,  

IMGR I D  version  3.5 was used ( Holmes and Jol l y  1 980). A portion of the 



study area whi c h  i nc l uded 96% of bear rad i o- l ocati ons  was chosen a s  

the IMGRID stu dy area ( Fi g. 1 ,  page 1 } . The IMGR I D  ana lys i s area 

( 1 30 km2 ) i s  a rectangu l ar  array of l OOm by l OOm ( ha ) cel l s ;  the 

IMGR I D  s tu dy area i s  an i rregu l arl y-sha ped area wi t h i n  the IMGR I D  

ana lys i s  area for whi c h  hab i tat  i n formation and rad i o-l ocati ons  were 

encoded . The IMGR I D  ana lys i s  ar·ea was needed for i nput of data i nto 

the computer. The base maps  were USGS 1 : 24 , 000 sca l e  topographi cal  

maps; the coord i nate system was UTM . The transparent  overl ay gri d ,  

descri bed earl i er ,  wa s u sed i n  th i s process . 

2 3  

Hab i tat a n d  rad i o- l ocat i on data were then obta i ned for eac h  

cel l i n  the IMGR I D  s tu dy area . A l l data were obta i ned from or encoded 

on USGS map s . The fol l owi ng habi tat components were encoded for each 

cel l i n  the IMGR I D  study area : 

( 1 }  e l eva ti on (recorded to the nearest  6 m) , 

( 2 ) water ( permanent s treams ) ,  

( 3 )  roads  (pub l i c  access ,  4-wheel dri ve , gated roads ,  tra i l s ) ,  

(4 ) pos i t i on on s l ope (u pper l /3 ,  midd l e l /3 ,  l ower l /3 of the 

s l ope ) ,  

(5) a spect ( N=315-45, E=45- l 35,  5=1 35-240, W=24l - 3 15) (Mark 

Harmon , The U n i versi ty of Tennes see , Knoxv i l l e ,  pers . 

comm . ) ,  

( 6 } con cave/convex topograp hy (ri dge or val l ey topography } ,  

( 7 } forest cover types (US  Forest  Serv i ce cover maps),  

(8 )  bear l ocati ons  (recorded as  age by sex by season , i . e . , 

adu l t  mal e  l ocat i on s  i n  summer. 



Forest cover types were p l aced i nto 4 groups : 

( 1 )  cove hardwoods = cove hardwoods-wh i te p i ne-heml ock, up l and 

hardwoods-wh i te p i ne ,  whi te p i ne-up l a nd hardwoods ;  

( 2 ) mes i c  heml ock = wh i te p i ne ,  whi te p i ne-heml ock, heml ock, 

bottoml and hardwood-ye l l ow p i ne ,  ye l l ow pop l a r ;  

( 3) p i ne = pi tch p i ne-oak , Virg i n i a  p i ne-oak, shortl eaf p i ne ,  

p i tch p i n e ,  Virgi n i a  pi ne, Tabl e-moun ta i n  p i ne ;  

( 4) oak -h i ckory = whi te oak-red oak-ye l l ow p i ne ,  northern red 

oak-hi ckory-ye l l ow p i n e ,  chestnut oak, s ca rl et  oak ,  white 

oak-red oak-hi ckory, yel l ow pop l ar-wh i te oak-northern red 

oak ,  s ugar mapl e-beech-yel l ow bi rc h .  
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Us i ng IMGR ID ,  proximi ty searches were conducted from roads  to determ i ne 

i f  bears were l ocated near (<0 . 1  km )  or far (>0 . 1  km )  from roads ) . Due 

to the preponderance of roads on the stu dy area, any corr idor arou nd 

roads  l arger than th i s resu l ted i n  most of the study a rea be i ng "near" 

roads . 

To determi ne hab i tat  ut i l i zation , compari sons  were made among 

d i fferent subsets of rad io- l ocat ions  and habita t data . The fol l owi ng 

sub sets of rad i o- l ocat ions were used : 

( 1 )  a l l rad i o- l ocation s ;  

( 2 )  season ( spr i ng  = March-May , summer = June-Augu s t ,  fal l = 

September-December ;  

( 3) sex; 

(4 } age. 

Chi-square goodness of f i t tests were u sed to detect d i fferences 

in habi ta t  u ti l i zati on ( P=O . l O ) (Saka l and Roh l f  1 969), except for the 



IMGRID-generated e l evation data . Then to determi ne wh i ch categories  

wi thi n the hab i tat component contri buted most to the ch i -square 

stati st i c ,  the Bonferroni approa ch (Neu et a l . 1 974 ) was u sed. When 

necessary ,  or to compare categori es  of i nterest ,  ca tegories  wi thi n 

habi tat components were l umped to i ncrease cel l frequenc i es . If  th i s  

was not poss i bl e ,  the chi -square stati st ic  was con s i dered i nval i d  i f  

any expected ce l l frequency was l ess  than  2 .  Duncan ' s  mul ti p l e  range 

test (SAS I n st i tute 1 979 ) was u sed to determi ne di fferences ( P=0 . 05 )  

i n  e l evat ion means.  Other aspects of the IMG RID  system are descri bed 

i n  Appendi x I .  
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CHAPTER IV 

RESULTS AND DISCUSS ION  

Assessment of Reset Moti on Sensors 

A high correlati on {r=0 . 84, n=24 , P>O.OOl ) ex i sted between mean 

distance moved per hour and percentage activ ity as i nd i cated by the 

reset moti on sensors ( F i g . 3 ) . Using ti p-swi tch motion sensors , 

Garsheli s  ( 1 978 ) also found a h igh correlati on between these 2 

measures of activ ity. Ind i v idual variation among bears (due to age, 

sex , and reproducti ve status ) ,  weather, and t i me of day affect the 

act iv ity pattern of the populati on as a whole (Garsheli s  and Pelton 

1 980, pp . 30- 33 ) . The above relati onsh i p  exi sts despi te the var i ation 

i n  activity caused by these factors. Aud ible changes i n  s i gnal 

strength and frequency were not recorded ; therefore , no compari son 

could be made between distance moved and signal quali ty .  However, 

changes in  s i gnal qual ity were noted whi le the moti on sensor 

i ndicated inactiv ity .  Sl i ght movements by bears, temperature fluctua­

tions, and attenuat i on of the s ignal by terra i n  and vegetati on may 

cause changes i n  si gnal strength and frequency. L i ndzey and Meslow 

( 1 977 ) felt that usi ng signal qualit ies as an ind icator of activ ity 

was bi ased toward act iv ity .  

An analysi s  was performed to test the cri teri a  used to 

di fferentiate head movements {Garshelis  1 978:74 , pp . 1 9-20 ) from 

actual act iv ity by bears w ith reset moti on sensors. When a head 

movement was recorded by an observer (n=64 ) ,  a head movement was 

26 



Figure 3 .  Comparison of 2 measures of acti v i ty for 1 3  
rad i o-col l ared b l ack  bears dur ing 1 978- 1 979 in 
Cherokee National  Forest .  The upper dotted 
curve represents mean distance moved per hour . 
The l ower sol i d  curve represents corresponding 
percentage activity observed du ring the same 
hours using reset motion sensors .  Mean samp l e  
size for the po i nts on each curve a re s hown 
(n= ) ;  act i v i ty determi ned u s i ng reset motion 
sen sors was samp l ed twice per hou r whereas 
movements were sampl ed hourl y .  
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recorded by the second observer 20% of the t ime , i nacti v i ty was 

recorded 53% of the time , and acti v i ty recorded 27% of the t ime. 

29 

There was a s i g n i fi cant a s soc i at ion (s i gn test P>O. O l  S i ege l  1 956 : 68-75 ) 

between what was cal l ed head movement and i nactiv i ty .  Garshel i s  ( 1 978 ) 

reported that head movements were recorded by both observers onl y  

4 times whi ch i nd i cated tha t  the head movement i s  bri ef .  Head movements 

recorded by the 5-mi n reset mot i on sen sor "l asted l onger11 but were st i l l  

associ ated wi th i nact i vi ty .  Th i s  s upports the a ssumpti on that the reset 

moti on sensor i s  b i a sed toward act i vi ty and some record i ng method i s  

needed to compensate for th i s (Qu i g l ey et a l . 1 979, pp . 1 9-20 ) . However 

compari son of mean d i stance moved per hour when 2 i ndependent observers 

recorded head movemen ts (x=362 ms n= l 3 ) , when both observers recorded 

i nact i v i ty (x=252 m ,  n-74 )s  a nd when both observers recorded act i v i ty 

(x=429 m ,  n= l 5 3 ) ,  i nd i cated that movements dur ing  periods when head 

movements were recorded were n ot s i g n i f i cantl y  d ifferent ( P=0 . 5 )  from 

acti ve peri ods or i nacti ve per i od s  ( P=0. 2 ) . These fi gures g i ve no 

c l ear  i nd i cat i on whether the cri teri a  u sed to separate head movements 

from acti v i ty were va l i d .  The sma l l  samp l e s i ze when head movements 

were recorded and h i g h  vari a t ion wi thi n means of a l l  groups  may account  

for thi s d i fference . 

Factors Affect i ng Act i vi ty 

Time of year (Month ) a nd time of day (Hour )  were s i g n i f i ca nt l y  

correl ated wi th acti v i ty patterns of b l ack  bears i n  Cherokee Nationa l  

Forest (Tab l e 1 ) . Al s o  i nd i v i d ua l  differences among bears ( Bear )  and  

the  d i fferi n g  res ponses of some i ndiv i dual s to t ime of year and t ime 
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Table 1 .  Analysi s  of variat i on i n  activity patterns of black bears 
i n  the CNF  w i th respect to time of year , t ime of day, and 
differences among bears. 

Source of var i at i on df ss MS F 

Total 44 1 1  1 079. 7905 

Bear 20  4 1 . 6950a 2,084 8  9.67*b 

Month 9 1 4 1 . 8906a 1 5. 7656 73. 1 243*b 

Season 2 1 08 .  0333a 54. 0 1 67 250. 54 1 3*b 

Hour 23 9 1.081 8a 3 . 9601 

Month x Hour 1 1 1  66. 2 59 7a 0. 5969 

Season x Hour 33 78 . 21 4 3a 2. 37 01 

Other i nteract i ons 
i nvolv ing bear 1 1 96 2 57. 8739 0 . 2 1 56 

Var i at i on of observa-
tions within  bear-
month-hour 3052 477. 1 082 0.1 563 

apartial sum of squares. 

brested agai nst other interacti ons i nvolvi ng bear. 

crested agai nst variati on of observations with in  bear-
month-hour . 

*P<O.Ol . 

1 8. 3678*b 

2. 7686*b 

l0 . 9930*b 

1 . 3794*C 
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of day (Other interactions involving bear } contributed significantly 

to the variation in the level of activity. Garshelis and Pelton ( 1 98 0 )  

reported essentially these same results and noted that sex, age, and 

family associations influence activity patterns. Using mean distance 

moved per hour as a measure of activity, Brown ( 1 980 ) noted that 

activity patterns of black bears in West Virginia were influenced by 

time of year and time of day. Mech et al. ( 1 966 ) found that variation 

in and among individual cottontail rabbits (Sylvilagus floridanus ) 

obscured the relationship of seasonal or sex differences to the 

activity patterns. 

Weather factors were also related to activity patterns although 

the relationship was not as distinct ( Table 2 ) .  Garshelis and Pelton 

( 1 980 ) felt that interactions among environmental and biological 

conditions obscure these relationships. Hayes ( 1 976 ) ,  studying 

woodchucks (Marmota monax ),  and Sunquist and Montgomery ( 1 973 ) ,  

studying three-toed sloths ( Bradypus infuscatus ) ,  also found that 

environmental factors and activity patterns of these animals were not 

well correlated. Other mechanisms (metabolic or endogenous) may 

account for more of the variation. 

Seasonal and Hourly Effects on Activity 

In spring, after emergence from their dens, bears were inactive 

most of the time ( Fig. 4 ) . The level of activity then increased rapidly 

during the June-July breeding season and reached a peak in August. 

Activity then decreased but remained high until October. In the 

months prior to denning most of the bears were inactive. Garshelis 



Tab l e 2 .  Ana l ys i s  of vari at ion i n  act ivity patterns of bl ack bears 
i n  the CNF wi th respect to t ime of yea r ,  time of day , 
d i fferences among bears , and weather factors . 

Source of vari at ion  df s s  MS F 

Total 4001 974 . 1 069 

Bear 20  3 9 . 2648 1 .  9632 1 1 . 07* 

Month 9 63 . 5 1 7 1 7 . 0575 3 9 . 78* 

Hou r 2 3  62. 4800 2 . 7 1 65 1 5 . 3 1 *  

Weathe r  2 4  7 . 3924 0 . 3080  1 . 74* 

Temperature 1 4  5 . 5222a 0. 3944 2 . 22* 

32 

Cl oud cover 3 1 . 2265a 0 . 4088 2 . 3ons  

Prec i pi tat i on 7 1 .  1 534a 0 . 1 648 0 . 93n s  

Res i dual 3925 696 . 24 1 7 0 . 1 774 

apart i a 1  sum o f  squares . 

*P<O .  05 . 



Figure 4.  Relationship between time of year and probability 
of activity of black bears in the Cherokee 
National Forest 1 978- 1 979 . 
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and Pelton ( 1 980 ) noted a s im ilar pattern i n  the phenology of act i v i ty 

i n  GSMNP ; however, the level of acti v i ty peaked i n  June . Trapping 

records ( 1 975- 1 979 } i nd icate that the mean age of radi o-collared bears 

i n  CNF, and for the populati on as a whole, i s  signi ficantly ( P< O. Ol ) 
less than for those i n  GSMNP .  E i ler ( 1 98 1 : 50 )  found that 2 3-year-old 

females i n  CNF had young and that 3-year-old femal es may breed later i n  

the season than the older females ( Eiler 1 981 : 43 ,82 ) .  The d ifference 

i n  age composi t i on between these 2 areas may account for the d ifferences 

i n  the acti v i ty pattern . Alt et al . ( 1 976 ) ,  Amstrup and Beecham 

( 1 976 ) ,  Hami lton ( 1 978 ) ,  and Brown ( 1 980 )  reported s im ilar annual 

act i v i ty patterns for bears i n  Pennsylvani a, Idaho, North Caroli na, and 

West V i rg in ia, respecti vely. Johnson and Pelton ( 1 979 ) and L i ndzey and 

Meslow ( 1 976 ) noted decreased levels of act i v i ty by bears i n  pre- and 

post-denni ng periods . 

The dai ly act i vity pattern averaged over the ent i re year 

indicated that bears i n  CNF were generally crepuscular, w ith peaks at 

0700 h and 2 000 h .  Also act i v i ty was h igher during the day than i t  

was at ni ght. Di urnal or crepuscular acti vi ty patterns are reported 

for bears i n  western Washi ngton ( Poel ker and Hartwel l 1 9 73, Li ndzey 

and Meslow 1 977 ),  Idaho (Amstrup and Beecham 1 9 76 ) ,  and eastern 

Tennessee ( Eubanks 1 976, Garshel i s  and Pelton 1 980 ) . Nocturnal activ ity 

patterns have been reported for bears i n  North Carol ina ( Hamilton 

1 978 ) .  However, because t i me of year had a signi ficant effect on 

hourly acti vi ty (MonthXHour Table 1 ,  page 30 ), months were grouped 

into seasons (Spr i ng = March-May , Summer = June- September ,  Fal l  = 

October-December ) and l east square means calculated for each hour of 



each season rather than each hour of each month. Factors believed to 

affect acti vi ty, namely phenologi cal development of the food sources 

(Beeman and Pelton 1 980 ) ,  seasonal range shi fts (Garsheli s  1 97 8 ) , and 

the breed ing cycle, were used to del i neate seasons. These groupi ngs 

accounted for an apprec iable portion of the yearly variat i on i n  

act iv ity (Season , Table 1 ,  page 30 ) and showed an i nfluence on hourly 

activ ity patterns ( SeasonX Hour , Table 1 ). 
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In  this  study no diels were conducted during spri ng ;  therefore, 

a 24 h acti v ity pattern for th is  season could not be assessed 

( Fi g. 5 ) . Also i ntensi ve radi o-tracking was not conducted dur ing 

spring ;  therefore, the i nformati on presented may not be representative 

for that season. However , the level of act i vity i s  low duri ng the day 

and sharply i ncreases from 1 600 h to 1 900 h. 

During the summer , the level of acti vi ty i s  low during the 

early morni ng hours, increases between 0500-0600 h, reaches a peak at 

0 700-0800 h, remains h i gh dur ing the day , peaks aga in  at 1 900-2000 h ,  

then declines to a low level during the ni ght ( F ig .  5 ) .  Garsheli s  and 

Pelton ( 1 980 ) reported a s imilar activity pattern in  the summer for 

bears in  GSMNP. It appears that the extent of acti vity dur ing the 

m iddle of the day is  greater i n  summer than i n  spr ing. Also the 

eveni ng act iv ity peak may occur earlier in spring than in  summer due 

to earlier sunset dur i ng thi s  season. 

The activ ity pattern in  autumn i s  characteri zed by a high level 

of activity dur i ng the n i ght and a low level duri ng the day ( F i g. 5 ) .  

Max imum and m i n i mum a cti vity occurred at 2000 h and 1 300 h ,  

respecti vely. The activity level dur i ng m idday ( 1 000- 1 500 h )  was 



Figure 5 .  Seasona l  differences in the dail y activ ity 
pattern of b l ack  bears in the Cherokee 
Nationa l  Forest 1 9 78- 1 9 79 . 
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s im i l ar to the spr i ng l evel  but l ower than the s ummer l evel . Amstrup 

and Beecham ( 1 976 ) and Ham i l ton ( 1 9 78 ) observed greater nocturnal 

act i v i ty by bears i n  the fal l .  
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Seasonal a nd dai ly act i v i ty patterns of bears may be i nfl uenced 

by the phys i ol og i ca l  cond i ti o n  of the bears , the d i s tr i bution  and 

a bundance of the food supp ly ,  a nd weather pattern s .  In spri ng bears 

l ose wei ght (Jonkel  and Cowen 1 97 1 : 45 ,  Poel ker a nd Hartwe l l 1 973 : 1 1 6 ,  

Beeman 1 975 : 1 959 ) due to a d i et l ow i n  nutri ti onal  v a l ue  and food 

energy (Eagl e 1 979 ) .  Duri ng th i s season Garshel i s  and Pe l ton ( 1 980 ) 

reported a d i st i nct crepuscu l ar pattern of act i v i ty for bears i n  GSMNP 

a nd postu l a ted that i t  may represent an  optima l  forag i ng s trategy for 

bears on  a l ow energy d i et .  I n  CNF , i t  a ppears bears may exhi b i t  a 

s im i l ar pattern i n  spring  but i nsuffi c i e nt data precl uded thi s 

compar i son .  

I n  summer bears i n  CNF exh i bited a n  acti v i ty pattern s im i l a r  to 

that reported by Garshel i s  and Pe l ton ( 1 980 ) .  Shrub-borne fru i ts , 

whi c h  a re h i gh i n  energy va l ue ,  const i tute the mai n part of the bear ' s  

d i et ( Eagl e  1 979 ) .  Thi s trans i t i on from a negative t o  a pos i t i ve 

energy bal a nce enab l es  bears  to ma i ntai n a h i gh  l evel  of acti v i ty 

duri ng the day. An i ncrea sed l evel  of acti v i ty duri ng the summer may 

be attri buted a l so to breedi ng acti vi ty .  I n  the Smoky Mounta i n s , 

b reed i n g  occurs ma i nl y  i n  June-Ju l y  ( Ei l er 1 98 1 ) .  Rogers ( 1 977 ) 

reported i ncreased movements of both mal es and fema l es duri ng the 

breed i ng sea son . 

I n  autumn , bears i n  the C N F  exh i b i ted a n  act i v i ty pattern 

s im i l ar to that reported by Garshel i s  and Pel ton ( 1 980 ) .  The 
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d i stri but ion  and abundance of the food supp ly  ( acorn s )  and the need 

for bears to i ncrease fat reserves before den n i ng may exp l a i n  why 

nocturnal  fora g i ng i s  necessary .  Al so human-re l ated act i v i t i es such a s  

hunt i ng may contri bute to  the i ncrease  i n  nocturna l a ct i v i ty i n  the 

fa l l  ( Hami l ton 1 978 : 81 ) .  

The var iat ion i n  seasona l  acti v i ty patterns of bears i n  CNF 

refl ects thei r opportun i sti c feed i ng behav ior  to d i fferences i n  food 

supp ly  and to the i r  phys i o l og i ca l  needs duri ng d ifferent seasons . · 

Compari son of the seasona l acti v i ty patterns of thi s study wi th those 

reported by Garshe l i s  and Pel ton ( 1 980 ) suggests that endogenou s and 

c l ima t i c  patterns i nteract to produce s im i l ar i t i e s  between seasona l 

act i v i ty patterns of the 2 areas .  

Effec ts of Weather on Act i v i ty 

Temperatu re had a s i gn i f i cant effect on the l evel of acti v i ty of 

b l ack bears in CNF (Tab l e  2 ,  page 3 2 ) . In  spri ng , the l evel  of 

acti v i ty was l ow at temperatures be low 1 3  C and above 2 5  C; acti v i ty 

was h i g h  at temperatures between 1 6-22 C ( Fi g .  6 ) .  Garshe l i s  a nd 

Pel ton ( 1 980 ) fou nd  tha t  act i v i ty i ncreased wi th i n creas i ng temperature 

but i t  seemed to stabi l i ze between 20-26 C .  Becau se bears are i n  a 

negat ive forag i ng period i n  the spri ng ( Beeman 1 975 : 1 59 ) , there may be 

an  11 0pt imum1 1  range of temperatures conduc i ve to act i v i ty by bears . 

I n  summer the l evel of acti v i ty was h i g her than i n  spri ng a nd ex h i bi ted 

a di rect re l a t i on shi p wi th temperature up to 25 C .  Above 25 C 

acti v i ty decreased but rema i ned h i g h .  Th i s  pattern i s  s im i l a r  to that 

reported by Garshel i s  and Pe l ton ( 1 980 ) . In  autumn the l evel of 



F i g ure 6 .  Sea sona l effects of temperature o n  activity 
patterns of b l a c k  bears i n  Cherokee Nationa l 
Forest 1 978- 1 979 . 
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act i v i ty wa s re l a ti ve l y  h i gh at temperatures above 1 3  C and l ow at 

temperatures be l ow 1 0  C;  duri ng th i s  season bea rs i n  GSMNP exhi bi ted 

decreased l evel s of acti v i ty be l ow 0 C and above 20 C (Garshel i s  and 

Pel ton 1 980 ) . 
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Act i v i ty of  b l ack  bears i n  CNF was not  rel ated to the extent of  

c loud cover or to prec i p i ta ti on (Ta b l e  2 �  page 32 ) . Su nqu i st and 

Montgomery ( 1 973 ) a nd Hayes ( 1 976 ) fou nd that acti v ity patterns were 

not  wel l corre l ated with env i ronmental factors . They fe l t  that factors 

rel a ti ng to the p hy s i o l ogy of the anima l  may be more important i n  

determ i n i ng  acti v i ty pattern s .  Thi s  may a l so b e  true for b l ack bears . 

Movements and acti vi t ies of bears are affected by the nature of the 

foo d  supp l y  (Amstrup and Beecham 1 976 , Rogers 1 976 � 1 977 , Garshel i s  

et a l . 1 981 ) , the breedi ng cyc l e  ( Rogers 1 9 77 ) , on set and ces sa t i o n  

of l ethargy (L i ndzey and Mesl ow 1 9 76 , Johnson and Pe l ton 1 979 , 1 980a ) 

and refl ect the d i fferent phys i o l og i ca l  con d i t i ons exper i enced by 

bears wi th in  and between years . 

Sex , Age , and Fam i ly Effects  on Act iv i ty 

Di fferences i n  acti v i ty patterns among d i fferent sex and age 

groups a nd between fema l es wi th and wi thout cu bs  were tested usi ng 

orthogonal contra sts . Overa l l ,  femal e s wi th cubs were more act i ve 

( P< 0. 05 ) than any other sex or age group . Al l other compa ri sons were 

not s i g n i fi ca nt ( P>0 . 05 } . Ga rshel i s  and Pel ton ( 1 980 } found that 

subadu l ts of both sexes were more act i ve than the adul ts of the i r  

respective sex and tha t adu l t  ma l es were more acti ve than sol i tary 

fema l es . 
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On a seasonal ba sis � the patterns of activity between di fferent 

sex and age groups  was a l tered somewhat ( Fig . 7 ) .  I n  spri ng fema l es 

with cubs were most  active but no significant  differences ( P>0. 05 ) 

were observed among the different grou ps . A l so the l eve l of activity 

for a l l groups was l ower than in the summer . Amstrup and Beecham 

( 1 9 76 )  noted that  a higher l evel of spr i ng activity by fema l e s  wi th 

cubs may ref l ect the i r  need for adequate nutrition at th i s  t ime . 

Nu rs i ng and p l ay behav i or by cu bs may a l so affect the l evel  of activity 

of the fema l e .  I n  summer the genera l  l evel of activity increased among 

a l l sex and age groups . Fema l es with cubs  were more act ive  (P< 0 . 05 ) 

than any other grou p and no differences ( P> 0 . 05 ) were observed between 

adu l t  ma l e s  and sol i tary adul t femal es or between subadu l t s  of both 

sexes a nd adu l ts of their res pective sex . I n  autumn the genera l  l evel 

of activity was diminished from that of summer. Fema l es with cubs � 

su badu l t  ma l es ,  and adu l t  ma l es had s imil ar l evel s of activ ity 

( P< O . OS ) � but were different  ( P 0 . 05 ) from so l itary adu l t femal es and 

subadu l t  fema l es (Fig . 7 ) .  

I n  CNF , no overal l differences were observed in the acti v ity 

patterns of different sex and age groups , except for fema l e s wi t h  cubs . 

However�  these pattern s  changed seasona l l y .  The differences in 

activity patterns of bears in CNF and those in GSMNP (Garshel is and 

Pel ton 1 980 ) may be due , in part , to the you nger age structure of 

bears in CNF .  Subadu l t ma l e  bears ex hibit different movement  patterns 

(Rogers 1 97 7 ,  Reynol ds and Beecham 1 980 ) than adu l t  bears , re l at i ng 

main ly  to dis persa l and establ ishment of a home range .  Adu l t fema l e  



Figure 7 .  Sea sona l d i fferences i n  acti v i ty among d i fferent 
sex and age groups and between femal es wi th and 
wi thout cubs . Symbo l s denote s i g n i f i cant 
d i fferences at the 0 . 05 l evel . 
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bea rs al l ow the i r  fema l e  offspri ng to rema i n  i n  the i r  home range 

( Rogers 1 977 ) .  Thi s  may expl a i n  d ifference s observed seasona l l y  i n  
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the ac t i v i ty l evel s of subadu l t  ma l es a nd fema l es .  Al so d i fferences i n  

the d i s tri bu t i on and abundance of food sources between CNF and GSMN P ,  

both  tempora l l y  and s pa t i a l l y ,  may account for the d i ss imi l ar act i v i ty 

pat tern s .  Ga rshe l i s  et a l . ( 1 98 1 ) noted that d i fferen ces i n  d iel  

movement patterns between CNF  and GSMNP were due , in  par t ,  to  the 

d i fferences i n  food suppl y .  

Home Range S i ze 

Mal e  bears occup i ed s i gn i fican tly l arger ( P<0 . 05 )  annual  home 

ranges than fema l es ( Tabl e 3 ) .  The average area occu p i ed by mal es a nd 

fema l es wa s 30 . 1  km2 (n=9 ) and 1 1. 6  km2 ( n=l 2 ) , respective ly .  Ma l e  and 

fema l e  bears  occupi ed a rea s of 295 . 5 and 50. 8 km2 i n  Pen nsyl vani a  ( A l t 

et a l . 1 976 ) ,  5 . 05 a nd 2 . 35 km2 i n  Was h i ng to n  ( L i nd zey a nd Me s l ow 

1 977 ) ,  and 2 1 . 2  and 8 . 4  km2 i n  GSMNP (Garshel i s  1 978 ) . The method 

used i n  al l home range compar i son s  wa s the convex pol ygon . 

Seasona l l y ,  mal e s used l arger ( P<0 . 05 )  home ra nges than fema l es 

i n  spri ng/ summer and fa l l .  I n  add i t i on ,  fa l l ranges of both mal es and 

fema l e s  were l a rger ( P  0. 05 )  than areas occu p i ed in  spri ng/ summer 

( Tabl e 3 and Appen d i x  D ). 

Home range s  of ma l e  bears are typ i ca l l y  l arger than femal es 

(A l t et  a l . 1 9 76, Amstrup and Beecham 1 976, Rogers 1 977 ). Ma l es may 

ex h i b i t  l es s  a ttachmen t for spec i f i c  areas a nd therefore roam over 

l a rger areas ; however , th i s  var i es among i nd i v i dua l s .  Amstrup and 

Beec ham ( 1 976 ) fel t that mal es i ncreased the i r  reproduc t i ve success 

by be i ng more mob i l e .  
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Tab l e 3 .  Mean annua l and  sea sona l home ranges o f  2 1  bl ack  bears i n  
CNF ,  1 9 78- 1 979 .  

Subadu l t 
ma l e s 1 1 . 2 ( 1 ) 3 6 . 5 ( 6 )  9 . 3 ( 1 ) 1 0 . 1 (8 ) 6 . 8 (2 ) 33 . 6 ( 6 )  

Adu l t ma l es 20 . 1 ( 2 )  3 . 2 ( 1 ) 1 1 . 3 ( 3 }  1 5 . 6 (2 ) 

Ma l es 1 1 . 2 ( 1 } 3 2 . 4 (8 } 6 . 3 ( 2 }  1 0 . 2 ( 1 1 }  6 . 8 ( 2 )  29 . 1  (8 ) 

Subadu l t 
fema l e s  1 4 . 7 (4 ) 8 . 0 ( 5 ) 2 . 0 (4 )  4 . 0 ( 2 } 1 3 . 9 ( 4 } 4. 6 ( 5 ) 

Adu l t 
fema l es 22 . 7 ( 1 } 8 . 8 ( 2 } 4 .  2 ( 1 } 4 . 2 (2 }  1 7 . 1 ( 2 )  7 . 1 ( 2 }  

Fema l es 1 6 . 3 ( 3 } 8 . 2 ( 7 ) 2 . 4 ( 5 }  4 . 0 ( 4 )  1 5 . 0 ( 6 } 5 . 3 (7 }  

aHome ranges determi ned by con nect i ng  the ou termost rad io-
l ocations  for each an ima l  (convex pol ygon } and  reported i n  km2 . 

bNumber of bears . 

CSpr/summer = March-Augu st . 

dfa l l  = September- December . 
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Distribution  of food sources , l ea rning , and socia l  interactions 

infl uence the a reas occupied by bears . I n  CNF ,  summer food sources 

( berries ) are l oca l l y  a bu ndant  and c l umped; whereas ,  fal l foods 

(acorn s ) tend  to be more dispersed ( pers . obser . ) .  Thu s bea rs l ike l y  

have t o  travel  further in the fa l l  for food .  Rogers ( 1 97 7 ) and 

Garshel is and  Pe l ton  ( 1 981 ) documented bears  moving to areas of l oca l  

food abundance , main ly  during the fa l l ,  in Minnesota a nd GSMN P ,  

respective ly . A l so ,  Amstrup  a nd Beecham ( 1 976 ) and Rogers ( 1 977 ) 

be l ieved that a knowl edge of a l ternative food sources increased a n  

indiv idua l  bear ' s  fitne s s .  Knowl edge o f  forag ing areas may be passed 

from mother to offspring (especia l l y  her femal e  offspring } or  through 

dis persa l or  range expansio n  movements . Rogers ( 1 977 ) a nd Garshel is 

a nd Pe l ton ( 1 98 1 ) presented evidence for this in Minnesota a nd GSMNP ,  

respective l y .  However ,  variation among indiv idua l bears tends to 

obscu re the rel ationship among factors infl u encing home range size . 

The e stimation  of home range size is infl uenced by sampl ing 

frequency ,  activity patterns of the anima l , topography , a nd method of 

ca l cu l ation . Smith et a l . ( 1 98 1 ) noted that incon sistency in sampl ing 

frequency , observation perio d ,  and method of ca l cu l ation decrease the 

abil ity to correl ate home range size with other eco l og ica l factors . 

Comparabil ity woul d be enhanced if the sampl ing procedure a nd method 

of ca l cu l atio n  a re standardized and a l so if a l arge proportion  of the 

area util ized is estimated . However , the probabil ity of l ocating 

individua l  bears a nd of l oca ti ng a particu l ar bear equa l l y  throug hout 

its range is infl uenced , in mou ntainous terrain , by topography . Some 

bears are more observabl e or accessib l e than others . Aeria l  
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rad i o-tracki ng , i f  done on a regu l a r  bas i s ,  may reduce t hese biases  

when a n  estima te of  home range s i ze i s  the  mai n  objecti ve .  Overa l l ,  

the convex po l ygon i s  an accepta bl e me thod of ca l cu l a t i on because of 

i ts g raph ica l  app l i ca t i ons , s impl i c i ty ,  and promi nence in  the l i tera­

tu re .  S ta t i s t i c a l  methods of ca l cu l at i on ( Jennrich  and Tu rner 1 96 9 ,  

Koepp l  et  a l . 1 975 ) as sume that an  an ima l • s  u se of a n  area conforms to 

some proba bi l i ty di s tr i buti on ; thi s  may be a n  unrea l i sti c a ssumpt i on 

( Wa l dschmidt 1 979 ) .  The above vi ol ation  espec i a l l y may app ly  to data 

obta i ned when rad i o-tracking an ima l s that  roam over l arge a reas of 

i naccess i b l e  terra i n .  Stati st ica l  methods (Wa l dschmi dt 1 97 9 )  and 

pol ygon me thods ( Rogers 1 977 ) may i ndi cate a reas of use where no u se 

was observed . However , the convex pol ygon method seems adequate when 

a determi nat i on of s i ze and rel a ti ve pos i ti on of home rang es  i s  the 

ma i n  object i ve .  

Home Range Overl ap 

As determi ned by the convex polygon method , exten s i ve home range 

overl ap  occurred among subadu l t  mal es ,  among su badu l t  fema l es ,  among 

adu l t  ma l es ,  among adu l t fema l es ,  and between adu l t  mal es and adu l t  

fema l es ( Fi gs . 8- 1 2 ) . L i ndzey and Mes l ow ( 1 977 ) and Reyno l ds and 

Beecham ( 1 980 } a l so reported ex ten s i ve home range over lap  for bea rs i n  

Was h i ng ton and Idaho , respect i ve l y .  However,  Rogers ( 1 977 ) noted t hat  

object i ve determ i nat i on of  home range a nd a l ac k  of  k i nsh i p rel at i on­

sh i p s ,  e spec i a l l y  among fema l es ,  may g i ve an  appearance of overl ap when 

actua l l y  there i s  none ( i . e . , pol ygon met hods may i nc l ude a reas  the 

bears do not u se and fema l e  offspr i ng may e s ta b l i s h a ra nge w i thi n thei r 

mother ' s  range ) .  Rogers ( 1 977 ) bel i eved tha t mature fema l e s were 



Figure 8.  Home range over l a p among 6 subadu l t mal e  bea rs 
i n  Cherokee Nat ional Forest ,  1 979.  
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F igure 9 .  Home range overl ap among 5 subadu l t  fema l e  
bl ack bears i n  Cherokee Na t i onal Forest ,  1 979 .  
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F i gu re 1 0 .  Home range over lap  between 2 adu l t  ma l e  
b l ack bears i n  Cherokee Na t ional  Forest , 
1 979.  
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Fi gure 1 1 0 Home range over l ap  between 2 adu l t  
fema l e  b l ack  bears i n  Cherokee Nationa l  
Forest , 1 979 o 
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F i gu re 1 2 .  Home range overl ap among 2 adu l t  fema l e  
and 2 adu l t  ma l e  b l a c k  bears i n  C herokee 
Nationa l  Forest , 1 979 . 
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terri tor ia l  ( i . e . , they occup ied areas more or l ess exc l u s i vel y ) , at 

l east most of the yea r .  Des p i te these b i ases , the scatter of l ocat i on s  

for bears i n  CNF doe s not i n d i cate that a stri ct ly  s pat i a l  exc l u s i on 

occurs . The h igh  overl ap of howe ranges may i n d i cate the rel atedness 

of bears in  th i s  a rea , especi a l l y  fema l e s .  Hi gh  over l a p  and pos tu l ated 

rel a tedness  wa s a l so  obse rved fo r bea rs i n  Montana ( Jonkel  and Cowen 

1 9 71 ) and Was h ington ( L i ndzey and Mes l ow 1 9 77 ) .  I t  i s  more l i ke ly  tha t 

a spati a-temporal exc l u s i on occurs . Garshel i s  and Pe l ton ( 1 981 ) noted 

that bears  i n  GSMNP mu tua l l y  avoided eac h othe r ;  spati a-temporal 

excl us i on was a l so noted for bears in Wa s h i ngton ( Li ndzey and Mesl ow 

1 977 ) .  

D i e l  Movements 

Hou rly movements of bears were mon i tored on a per i odic  ba s i s  

( Tab l es  4 and 5 ) .  In al l compa ri sons sampl e s i zes were too smal l for 

stati s t i ca l  tests or were not s i g n i ficant  ( P  0 . 05 ) ;  however ,  some 

trends are noteworthy . 

Fema l es exh i bi ted shorter total da i l y movement , net da i ly 

movement , a nd da i ly range l eng th than ma l es dur ing  spri ng/ summer and  

fa l l .  Othe r studies noted that femal es restri ct the i r movements to 

sma l l er areas (Al t  et a l . 1 976 , Amstrup and Beec ham 1 976 ) .  

D i el movemen t pattern s d iffered from those repo rted for bea rs 

i n  GSMNP ( Garshel i s  et a l . 1 981 ) .  Nocturn a l  a nd d i u rna l  hou rly ra tes of 

trave l , and tota l da i l y movements for both sexes i n  CNF were 

s i g n i fi ca nt ly  h i ghe r  ( P>0 . 05 )  tha n  i n  GSMNP i n  spring/summer .  Al so 

spr i ng/summer t ravel rates were more c i rcu i tous ( P<0 . 05 )  i n  CNF than 



Tab l e 4 .  Dai l y  movement parameters of b l ack bears i n  C NF ,  1 978- 1 979 
( di stance in k i l ometers ) .  

Tota 1 dai l y  Net da i ly 
movement movement Ci rcu i t� 

Categor� x SD Max n X SD  n x SD n 

S�rlSummer 

fema l es 6 .  1 1 . 5 7 . 1 2 0 . 6 0 . 4 2 0 . 1  0 . 0 2 

ma l es 8 . 4 1 . 5 1 0 . 0  6 1 . 3  0 . 5 5 0 . 2  0 .  1 5 

tota l 7 . 8 1 . 8 8 1 . 1 0. 5 7 0. 2 0 .  1 7 

Fa l l  

fema l es 4 . 5  1 . 6 5 . 6  2 1 . 6 1 0 . 3 0 . 4  2 

mal es 8 . 6  1 0 . 2 1 

tota l 5 . 4  2 . 3  3 1 . 6 0 . 3 0 . 3  3 

Da i ly range 
l ength  

X SD  Range n 

2 . 0 0 . 8  1 .  2-3 .  1 4 

2 . 5 0 . 4  1 . 9-3 . 2  6 

2 . 3  0 . 6 1 . 2-3 . 2  1 0  

1 . 6 0 . 5 1 . 0-2 . 0  3 

1 . 9  1 

1 . 7 0. 4 1 . 0-2 . 0  4 



Tab l e 5 .  Hou r l y  movement  parameters of bl ack bea rs i n  CNF ,  1 978- 1 979 
( km/ h ) .  

Mean d i u rna l Mea n nocturnal  
( 0600-2 200 ) ( 2 300-0500 ) 
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rate of tra ve 1 rate of trave l  Max imum hour ly  
Catego ry X n X n rate 

S[;!r/Summer 

femal es 0 . 4 4 0 . 3 4 1 . 3  

ma l es 0. 5 6 0. 2 6 2 . 0  

tota l 0 . 5 1 0  0 . 2  1 0  

Fa l l 

fema l es 0. 4 3 0 . 2 3 1 . 6 

mal es 0 . 3 1 0 . 3 1 1 . 1  

total 0. 4 4 0 . 2 4 



i n  GSMNP .  I n  contrast ,  movements du ri ng fa l l  were s imi l a r  between 

the two a rea s . D i fferences in age structure and food supp ly  between 

the 2 areas l i ke l y  i n fl uences these movement pattern s .  
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Mean hour ly  rates of tra ve l  were s im i l ar for mal es and femal es 

i n  spri ng/ s ummer and fal l (Ta b l e  5 ) .  Hou rly rates of travel were l es s  

duri ng nocturna l peri ods of both seasons .  The max imum hourly rates of 

tra vel were s imi l ar to tho se reported i n  other studi es ( Rogers 1 97 7 ,  

Garshel i s  1 978 ) .  

Movement s  Among Land Use C l asses 

Rad i o-l oca t i on s  of the d i fferent s ex-age grou ps were ca tegori zed 

i nto d i fferent l and use c l a s se s  ( Tabl e 6 ) .  From an  adm i n i s trati v e  

s tandpo i n t  bea rs occa s i ona l l y  roam over areas subj ect to var iou s  

management and pol i t ica l  pol i ci es .  However, based on radi o- l ocat i ons , 

bears rarel y  l eft the adm i n i strati ve boundari es of the nati ona l forest .  

The U SGS maps  do  not i ncl ude a descri pt i on for pri vate i nho l d i ng s .  

Consequently,  a few ( <3% ) l ocations may have occurred on  pri vate 

property . However , ba sed on my knowl edge of the study area , such 

occurrences were rare . 

Al so bears were l ocated and presumab ly  sel dom l eft the defi ned 

s tudy area . More preci se ly ,  the Tel l i co Bear Sanctuary and the a reas 

a djacent to i t  (ma i n l y  east and west ,  Fi g .  1 ,  page 6 )  accounted for 

96% of rad i o- l ocations . Bears not i n  the s tudy area (Tabl e 6 )  ( 1 % )  

genera l ly  moved eas tward to the Joyce Ki l mer-S l i ckrock a rea of 

Nantaha l a  Nati onal Forest ,  North Carol i na .  These movements l i ke ly  

refl ect exp l oratory or d i s persal  behav ior because a l l  bears ( n=3 ) were 



Tab l e 6 .  Percentage of radi o-l oca t i ons  i n  vari ous l a nd u se  c l a s ses for 2 1  b l ack bears trapped 
i n  CNF 1 978- 1 979 . 

Nati ona 1 
Sex-age group(n) b forest 

Subadu l t  
ma l es ( 37 3 )  1 00 

Adu l t 
ma l es ( 1 37 )  1 00 

Ma l es ( 5 1 0 )  1 00 

Subadu l t  
fema l es (394 )  1 00 

Adu l t  
fema l es ( 2 1 9 )  1 00 

Fema l es ( 6 1 3 )  1 00 

Al l bears ( 1 1 23 )  1 00 

asee tex t ,  p .  64 . 

bNumber of l ocations . 

Study 
vs  Pri vatea area 

0 96 

0 1 00 

0 9 7  

0 1 00 

0 1 00 

0 1 00 

0 99 

Land c l a s s  
Ou ts i de 
s tu dy Hu nted Bear 

vs area area vs Sanctuary Tennessee vs N .  

4 2 7  73  96 

0 22  78 1 00 

3 25  75 97 

0 2 1  79 1 00 

0 8 92 1 00 

0 1 6  84 1 00 

1 20 80 99  

Car .  

4 

0 

3 

0 

0 

0 

1 

Q') 
U1 
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s ubadu l t mal es  and the movements were short-term and dur ing d i fferent 

seasons . However , one of these bears ( #303 ) denned i n  North Carol i na i n  

w i nter 1 978-79 , returned t o  the study area (where i t  was i n i t i a l l y  

trapped ) i n  summer,  1 979 , then returned to North Caro l i na i n  earl y 

wi nter 1 979 where i t  was k i l l ed .  I t  i s  u nknown whether thi s bear 

wou l d have estab l i s hed a home range i n  North Caro l i n a .  

N o  bears were documented mov i ng t o  GSMNP ,  a l thoug h 1 bear (#320 ) ,  

wh i c h  was radi o-tracked i n  1 976  prior to t he present s tudy ,  moved to the 

Park for 2 weeks and returned to CNF ( R .  H .  Con l ey ,  Tennes see Wi l d l i fe 

Resources Agency , pers . comm . ) .  Three bears (su badu l t  ma l es ) ,  wh i c h  

were radi o-tracked i n  a concurrent study i n  t he southwest  corner of  

GSMNP ,  moved to CNF for a bri ef per iod and  moved back to  the  Park 

( H .  Qu i g l ey ,  The Un i vers i ty of  Tennessee ,  Knoxv i l l e ,  pers . comm. ) .  

Al so  a n  add i ti onal s ubadu l t  mal e  from t he Park moved to the Snowb i rd 

Mounta i n  area of Nantaha l a  National  Forest , North Carol i na ,  where i t  

was k i l l ed ( H .  Qui g l ey ,  The Un i vers i ty of Tennessee , Knoxv i l l e ,  pers . 

comm . ) .  Al t hough  movements between CNF and GSMNP a ppear to be m i n ima l , 

t he Park may act as a reservoi r  to areas a l ong i ts peri p hery .  

Subadul t bears were l ocated i n  hunted areas most  frequentl y ;  

adu l t  fema l es were l ocated l east  frequentl y  i n  these areas (Tabl e 6 ) .  

When l ocated i n  hunted areas , bears were genera l l y  east or west of  the 

Tel l i c o  Bear Sanctua ry ( F i g .  1 ,  page 6 ) .  No bears were documented 

cros s i ng the Tel l i co-Robbi nsvi l l e road . Thi s roa d  may restrict bear 

movements  between the C i t i co a nd Tel l i co dra i nages .  I n  West  V i rg i n i a , 

bears genera l ly  avoi ded roads , especi a l l y  paved roads ( Brown 1 980 ) . 
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Al s o ,  the areas north and south of the bear sanc tuary are known for 

i l l egal  hunti ng acti v i t i es ; bea rs may l earn to avoi d such areas i f  

soci a l  pressures  a nd food s hortages do not prompt movements i nto these 

areas . I n  North Carol i na ,  bears exh i b i ted decreased movements , 

i ncreased noct urna l  acti v i ty ,  and avers i on to roads i n  fa l l ,  when 

hunti ng acti v i t i es were h i g hest  (Hami l ton 1 978 ) .  No rad io-co l l ared 

bears were ki l l ed i l l egal ly  dur i ng thi s study ; however,  4 ( 2  subadul t 

ma l e s , 2 subadu l t  fema l es ) were k i l l ed l ega l ly  duri ng the 1 979 statewide 

hunt s . Add i t i ona l l y ,  an i n s trumented subadu l t  ma l e ,  whi ch moved to t he 

Santeetl a h  Creek area of North Caro l i na ,  was ki l l ed during t he 1 979 

North Caro l i na hunts . Four of the 5 i nstrumented bears ki l l ed were 

wi t h i n  2 km from the bear sanctuary .  Al thoug h femal es tend to roam 

l es s  t han ma l es , the vul nerab i l i ty of both sexes to hunti ng appears 

equa l  on nat i ona l  forest  l ands i n  Tennessee ( 1 94 of 399 bears ki l l ed 

were ma l es ,  ha rvest  data , Tennessee 1 949-1 979 , Tri -State Bl ack  Bear 

Project , Progress  Report , W-48-R ) . The acces s i bi l i ty of nati onal fores t  

l a nds and the hun t i ng methods (4-wheel dr ive ,  dog hunti ng )  probably  

offset d i fferences i n  vul nerab i l i ty due to behav i ora l d i fferences 

between the sexes . However ,  when protecti on i s  afforded to a popul a­

ti on (GSMNP ) , wi de-rangi ng ma l es or young bears tend to be more 

vu l nerabl e { Pel ton and Burghardt 1 9 76 } i f  the i r  movements take t hem 

outs i de the Park .  

The preba i t- trappi ng-reproducti ve data col l ected i n  thi s  study 

( Appendi xes  E and H and E i l er 1 98 1 ) and the movements data presented above 

i nd i cate that the study area ( primari l y  the bear sanctuary area ) 
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supports a v i ab l e  popul at i on of bears . I n  2 years of tra pp i ng 28 bears 

were captured ( 6  adu l t mal es , 1 0  subadu l t mal es ,  3 adul t fema l es , 9 

subadul t  fema l es } .  A l so d ur i ng the study peri o d  1 2  young were born 

from 6 d i fferent fema l es (Appendix  H ) . The sma l l home ranges 

and movements of bea rs ( Tabl e 6 ,  page 65 ) (espec i a l l y  adu l t fema l es ) 

i nd i cate that the bears k i l l ed i n  Tennes see do not l i ke l y  represent 

d i spersa l from the Park or North Carol i na .  I n  addi t i on ,  the bears 

k i l l ed in t he s tatewi de hunts represented di spersal of younger bears 

from the sanctuary .  I t  appears that the sanctuary i s  prov i d i ng refuge 

for a breed i ng nuc l eu s  of femal es whi l e al l owi ng for d i spersal of 

subadu l t s  i nto surroundi ng areas .  However ,  as ment i oned above, the 

Tel l i co-Robb i nsvi l l e road may i nh i bi t  d i spersa l i nto the Tel l i co  

d ra i nage.  

Uti l i zat i on of Forest  Cover Types 

A total of 1 , 1 3 1  rad io- l ocations on 21 b l ack bears was obta i ned 

dur i ng 1 978- 1 979 . Of t h i s  tota l 1 , 089 ( 96% ) l ocat i ons  occurred i n  t he 

7 , 1 00 ha IMGR I D  s tudy area ( Fi g .  1 ,  page 6 ) .  The I MG R I D  stu dy area i s  

l ocated predomi nate ly  ( 56% ) i n  the Tel l i co Bea r Sanctua ry . Becau se 

radi o- l ocati on s  i n  a parti cul ar  1 ha cel l ( the bas i c  encoding un i t  

used i n  thi s study ) were encoded a s  presence-absence , the frequency of 

rad io-l ocat i on s  i n  these cel l s  cou l d  not be determi ned . As a resu l t , 

8 74 radi o- locati on s  a re actua l l y  encoded i n  the IMGR I D  system . 

Furthermore , i n  spec i fi c  analys i s  i n  whi ch l oca t i on s  were l umped by 

season,  sex , or age , the sampl e s i ze was reduced further by the 

overl ay process .  
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Forest cover types were p l aced i nto 4 groups : cove ha rdwood 

type (666 ha ) ,  mes i c  heml ock type (290 ha ) ,  p ine  type ( 2 , 9 1 7  ha } , and 

oa k-h i c kory type (3 , 1 66 ha } and  were overl a i d , u s i ng IMGR I D ,  wi th bear 

l ocati o ns .  Al though 7 , 1 00 ha were encoded wi th IMG R I D ,  7 , 03 9  ha had  

forest cover type data (Ta b l e s  7- 1 4 } .  

Overa l l ,  chi -square ana l ys i s  i nd i ca ted a di fferent i a l  use of 

cover types by bea rs ( P<O . l O )  ( Tab l e  7 ) .  U s i ng  the Bonferro n i  

approach  (Neu e t  a l . 1 97 4 )  to determi ne preference , certa i n  habi tats 

were u sed more a nd others l e ss tha n  expected . Confi dence i nterva l s 

( 90% s imu l taneous ,  97 . 5% i nd i v i dual ) were constructed a rou nd the pro­

porti on of l oca t ion s  i n  each type and compared to the expected propor­

ti on of rad i o- l ocations  a ssumi ng the bears occ urred i n  eac h type i n  

proporti on to i t s  ava i l a bi l i ty .  

Bears used the p i ne type more than expected ; mes i c  heml ock and  

oak- h i c kory were u sed less  than expected (P<O.  1 0 ,  Tabl e  7 } . Bears  

ut i l i zed the cove hardwoods i n  proporti on to i ts ava i l abi l i ty ( P>O . l O , 

Ta b l e 7 } . Locati ons in  the p i ne and oak-hi cko ry type accounted for 

52 . 8% and 33 . 2% of the rad i o- l oca ti on s ,  respecti ve l y .  

P reference or avoi dance of the fore st  cover types c ha nged 

seasonal ly . I n  spri ng , the pi ne type was u sed greater than expected 

( P<O .  1 0 ) ; a l l other types were used proportional to the i r  ava i l a bi l i ty 

( P>O . l O ,  Tabl e 8 ) . The p i ne type accounted for 6 1 % of the l oca t i on s .  

Use o f  types i n  summer was the same as  the overa l l ut i l i zat i o n ;  p i ne 

type wa s used more ( P<O . l O) ,  mes i c  heml ock and oa k- h i c kory l ess  

( P<O . l O ) ,  and cove ha rdwood proporti o na l ( P >O . l O ) ,  to the i r 



Tab l e 7 .  U ti l i zat ion of forest  cover types by 2 1  b l ack bears i n  CNF ,  1 978- 1 979 . 

Proport ion of 
Forest cover Tota l Proporti on of  # l ocat i on s  # expected l ocati ons i n  

txpea area (ha )  total  areab i n  txpe i n  txpe txpe 

Cove 
hardwoods 666 0 . 095 88 74 0 . 1 1 3 

Mes i c  
heml ock 290 0 . 041  21  32 0 . 027 

P i ne 291 7 0 . 4 1 4  4 1 2 323 0 . 528 

Oak-
h i ckory 31 66 0 . 450 2 59 351 0. 332 

Total  7039 780 780 

asee methods for descri pti ons  of fores t cover types . 

Confi dence 
i nterva l d 

( 0 . 087 , 0 . 1 39 )  

( 0 . 01 3 , 0 . 040 ) 

( 0 . 486 , 0 . 570 )  

( 0. 293 , 0 . 37 1 ) 

bProporti on of tota l a rea represents expec ted bear l ocat i ons  as i f  bears occurred i n  each 
type i n  proport ion to i ts avai l ab i l i ty .  

cca l cu l ated by mu l t i p ly ing  proporti on o f  total area x total l oca t i on s  ( i . e . , 0 . 095  x 780=74 ) .  

d90% s imul taneous ,  97 . 5% i nd i v i d ua l  ( Neu et a l . 1 974 ) .  



Tab l e  8 .  U ti l i zat i on of fores t  cover types i n  spr ing by 21 b l ack bears i n  CNF , 1 978- 1 979 .  

P roport i on of  
Forest cover Total Proporti on of # l ocat i ons  # expected l ocations  i n  Confidence 

type a area (ha)  tota 1 areab i n  type i n  type type i nterva 1 d 

Cove 
hardwoods 666 0 . 095 4 4 0 . 098 ( -0 . 01 0 , 0 . 206 ) 

�1es i c  
heml ock 290 0 . 041 2 2 0 . 049 (-0 . 029 . 0. 1 27 )  

P i ne  291 7 0 . 4 1 4  2 5  1 7  0 . 61 0  ( 0 . 433 , 0 . 787 ) 

Oak-
h i ckory 31 66 0. 450 1 0  1 8  0 . 244 ( 0 . 088 , 0 . 400 )  

Total 7039 

asee methods for descri pti on of fores t cover types . 

bproporti on of total area represents expected bear l ocat i ons as i f  bears occurred i n  each 
type pro portion  to  i t s  avai l ab i l i ty .  

ccal cul ated by mu l ti p lyi ng proporti on of tota l area x tota l l ocat i ons  ( i . e . , 0 . 095 x 41 -4 ) .  

d9Q% s imu l taneous ,  97 . 5% i nd i vi dual  ( Neu et  a l . 1 974 ) . 



Tabl e  9 .  Uti l i zation  of f ores t  cover types  i n  summer by 21 b l a c k  bears i n  CNF , 1978-1979 . 

Propo rti on of 
Fore s t  cover Total Proportion  of # 1 oc a t i o n s  # expected l ocat i on s  i n  Conf i dence 

t��ea a rea (ha i tota 1 areab i n  t��e i n  t�Ee t��e i nte rval d 

Cove 
hardwoods  666 0. 095 38 32 0. 113 (0 . 072,0. 153 ) 

Mesi c  
heml ock 290 0. 041 6 14 0 .018 ( 0. 001 '0 . 035 ) 

Pi ne 2917 0 . 414 205 139 0. 612 (0 . 550 ,0. 674 ) 

Oak-
hi ckory 3166 0. 450 86 151 0. 257 (0. 201 ,0. 312 ) 

Total 7039 335 336 

a see methods for desc r i pt i on of forest  cove r  type. 

bproport i o n  of total a rea represents expected bear l ocat i o n s  as i f  bear s  occur red i n  each 
type i n  proporti on to i ts ava i l ab i l i ty .  

c cal cu l ated by mul t i pl ying  proporti on of to ta l a rea x tota l l ocations  ( i . e . , 0. 095 x 335=32 ). 

dgo% s imu l taneous , 97. 5% i n d i v i du a l  (Neu et a l . 1974 ). 



Tabl e 1 0 . U ti l i zat ion of fores t  cover types i n  fa l l  by 2 1  bl ack  bears i n  CNF , 1 978- 1 979 . 

Pro porti on of 
Forest cover Total  Proport ion  of # l ocat i ons  # expected l ocati ons i n  Confi dence 

t�Qea area (ha l tota l areab i n  t�ee i n  t�ee t�ee i nterva l d 

Cove 
hardwoods 666 0. 095 53 42 0 . 1 20 { 0 . 084 , 0 . 1 56 )  

Mes i c  
heml ock 290 0 . 041 1 5  1 8  0 . 034 { 0 . 0 1 4 , 0 . 054 ) 

P i ne 291 7 0 . 4 1 4  1 S8 1 83 0 . 448 {0 . 393 , 0. 503 ) 

Oak-
h i c kory 3 1 66 0 . 450 1 76 1 99 0 . 398 {0 . 344 , 0 . 45 2 )  

Tota l  7039 442 442 

asee methods for descri pti on of  forest  cover types .  

bProporti on o f  tota l area represents  expected bear l ocat i on s  a s  i f  bears occu rred i n  each 
type i n  proporti on to i ts ava i l ab i l i ty .  

CCal cu l ated by mul ti p ly i ng proporti on of  tota l area x tota l l ocations  ( i . e . ,  0 . 095 x 442=42 } .  

dgo% s imul taneous ,  97 . 5% i ndi v i d ua l  ( Neu et  a l . 1 974 ) .  



Tab l e  1 1 .  Uti l i zat ion  of forest  cover types by 1 5  subadu l t  b l ack  bears i n  CNF , 1 978-1 979 . 

Proporti on of 
Forest cover Total Proporti on of # l ocat ions # expected l oc ations  i n  Confi denca 

type a area (ha ) tota 1 a reab i n  type i n  type tyee i nterva 1 

Cove 
hardwood s  666 0 . 095 47 48 0 . 093 ( 0 . 06 3 , 0 .  1 23 )  

Mesi c  
heml oc k  290 0 . 041 1 2  2 1  0 . 024 ( 0 . 008 , 0. 040 } 

P i ne 291 7 0 . 4 1 4  2 7 2  2 1 0 0 . 535 ( 0 . 483 , 0 . 586 } 

Oak-
h i ckory 31 66 0 . 450 1 77 229 0 . 348 ( 0 . 2 99 , 0 . 397 ) 

Total 7039 508 508 

asee methods for descri pt i on of forest cover types . 

bProporti on of tota l a rea represents expec ted bea r  l ocati ons  a s  i f  bears occurred i n  each 
type i n  proportion to i ts ava i l ab i l i ty .  

cca l cul ated by mu l ti p ly i ng  proport ion  of tota l area x total l ocati ons  ( i . e . , 0 . 095 x 508=48 ) .  

d90% s imul taneou s ,  97 . 5% i nd i v i d ua l  ( Neu e t  a l . 1 974 ) .  



Ta b l e  1 2 .  Ut i l i zation  of forest cover types by 6 adul t b lack bears i n  CNF , 1 978-1 979 . 

Proport i on of 
Forest  cov er Total Proporti on of # l oca t ions  # expected l ocati ons i n  Confi dence 

typea area (ha ) tota l a reab i n  type i n  type type i nterva l d 

Cove 
ha rdwoods  666 0 . 095 42 26 0. 1 56 (0 .  1 05 , 0 . 207 ) 

Me s i c  
hem l oc k  290 0 . 041  9 1 1  0 . 033 ( 0 . 007 , 0 . 058 ) 

P i ne 291 7 0 . 4 1 4  1 40 1 1 2  0 . 5 1 9 ( 0 . 448 , 0 . 594 ) 

Oak-
h i ckory 3 1 66 0 . 450 79 1 22 0 . 293 ( 0 . 228 � 0 . 357 ) 

Tota l 7039 270 27 1  

asee methods fo r descri pti on of fores t  cover types . 

bproporti on of tota l area rep re sen ts expec ted bea r l ocat i ons as  i f  bears occurred i n  each 
type i n  p roport ion  to i ts ava i l abi l i ty .  

cca l cu l ated by mul ti p l yi ng p roporti on of total area x tota l l oca tions  ( i . e . , 0 . 09 5  x 270=26 ) .  

d9o% s imul ta neou s ,  97 . 5% i nd i v i du a l  (Neu et a l . 1 974 ) .  



Tab l e 1 3 .  Uti l i zati on of fores t cover types by 1 2  mal e  b l ack bears i n  CNF , 1 978- 1 97 9 .  

Proportion  of 
Forest  cover Tota l Proportion  gf # l ocat ions  # expected l ocat ions i n  

typea area (ha ) tota 1 a rea i n  type i n  type type 

Cove 
hardwoods 666 0 . 095  3 1  33 0 . 088 

Mes i c  
hem l ock  290 0 . 041  1 0  1 4  0 . 028 

P i ne 291 7 0 . 4 1 4  1 88 1 4 5  0 . 536  

Oak-
h ickory 31 66 0 . 450 1 22 1 58 0 . 348 

Total 7039 35 1  3 50 

asee me thods for descri pti on of forest cover types . 

confi denca 
i nte rva 1 

( 0 . 053 , 0 .  1 23 )  

( 0 . 007 , 0. 048 ) 

(0 .474 , 0 . 598 )  

( 0 . 289 , 0 . 407 ) 

bproporti on of tota l area represents expected bea r l ocati ons as  i f  bears occ urred i n  eac h 
type i n  proporti on to its ava i l abi l i ty .  

ccal cu l ated by mu l ti p lyi ng proport i on o f  tota l area x tota l l ocations  ( i . e . , 0 . 095  x 35 1 =33 ) .  

d90% s imul taneou s ,  97 . 5% i nd i v i dua l  ( Neu et a l . 1 974 ) .  



Tabl e 1 4 .  Ut i l i zati on of forest cover types by 9 fema l e  bl ack bears i n  CNF ,  1 978-1 979.  

Proportion of  
Forest cover Tota l Pro port i on of # l ocat i on s  # expected l ocat i on s  i n  Confi dence 

typea a rea (ha ) tota 1 areab i n  type i n  type type i nterval d 

Cove 
hardwoods 666 0 . 095 57 41 0 . 1 33 ( 0 .  09 5 , 0 .  1 7 1  ) 

Mes i c  
heml ock 290 0 . 041 1 1  1 8  0 . 026 ( 0. 008 , 0 . 048 ) 

P i ne 291 7 0 . 4 1 4  2 24 1 78 0 . 522  ( 0 . 465 , 0 . 5 78 )  

Oak-
h i c kory 31 66 0 . 4 50 1 37 1 93 0 . 31 9  ( 0 . 266 , 0 . 37 1 ) 

Tota l 7039 429 430 

asee methods for description of forest cover types . 

bProporti on of tota l area represents expected bea r l ocati ons as  i f  bears occurred i n  each 
type i n  proport ion to i ts ava i l a b i l i ty .  

cca l cul ated by mul ti p l y i ng proporti on of total area x total l ocat i on s  ( i . e . , 0 . 095  x 429=4 1 ) .  

d90% s imu l taneous ,  97 . 5% i n di v i dua l ( Neu  et a l . 1 974 ) .  
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ava i l abi l i ty ( Tabl e 9 ) . Aga i n  l ocati ons i n  the p i ne type accounted for 

6 1 % of the rad i o- l ocations . Chi - square goodnes s  of fi ts i nd i cated a 
� 

d i fferenti a l  u se of types i n  the fa l l  ( P<O .  1 0 ) ; however , i nd i v idua l  

confi dence l i mi ts d id  not  i ndi -ate whi ch types were preferred or  

avoi ded (Tabl e 1 0 ) , a l thoug h  the  p i ne type was u sed l es s  than  i n  

s pri ng or summer and t he oak -h i ckory was u sed more . C h i - square 

i ndependence tes ts a l so i nd i cated a d i fferent i a l  u se  ( P<O . l O ) of cover 

types among the sea son s .  

Independence chi -square i ndi cated that adu l ts and subadu l ts 

exh i b i ted d i fferent preferences of fores t  cover types ( P<O . l O , Tabl es  

1 1 -1 2 ) .  Subadul ts  preferred t he p ine types ( P<O . l O )  and  u sed mes i c  

heml ock and oak-hi ckory less  frequently ( P<O . l O ,  Tab l e  1 1 ) , whereas 

adul ts preferred cove hardwoods and p i ne type ( P<O . l O ) and u sed oak­

h i ckory less  frequent ly  (Tabl e 1 2 ) .  However ,  adul ts and subadul ts 

were primari l y  l ocated i n  the p i ne and oak-hi ckory types . 

D ifferent i a l  u se of forest  cover types was not s i gn i f i cant 

( P>O . l O ) between mal es and fema l es (Tab les  1 3- 1 4 } .  Both  sexes , 

i nd i v i dual ly ,  exhi bi ted preferer1ce for certa i n  types ( P<O . l O ) wi th 

p i ne type preferred and the oak-h i c kory type u sed l es s  (Tabl es 1 3- 1 4 ) .  

Fema l es may prefer cove hardwoods as i t  was a borderl i ne s i tuation . 

In CNF ,  bears uti l i zed a l l fores t  cover types ; however ,  some 

types were u sed more than others .  On a percen tage basi s  most 

l ocati ons  were in  the pine  or oak-hi ckory types .  The p i ne  type 

appears important to bears i n  CNF . Huck l eberri es  ( Gayl u ss ac i a  sp . ) 

and bl ueberries  ( Vacc i n i um s p . ) compri s e  most  of the bea r ' s d i et i n  
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summer ( Eag l e  1 979 ) and these species are common ly as sociated with  

pine types ( Shan ks 1 954b , USFS 1 976 ) .  Pine types general l y  have a 

we l l  devel oped s hrub l ayer whic h  can prov ide cover for bears whil e 

feedi ng . Lindzey and Mes l ow ( 1 977 ) noted the importance of the 

juxtaposition of food and cover to bears in Washington . Pine types 

may a l so provide sources of acorns for bears in fal l .  Large oaks , 

l eft as  cu l l  trees when the area was l ogged , were noted in most pine 

types (pers . obser . ) especia l l y  at  hig her or more inaccessib l e  l oca­

tions .  Al so in CNF bea rs denned primaril y in l arge oak trees l ocated 

in p i ne types . I n  1 978, 5 of 6 femal es denned i n  oa k trees in pine 

types and 1 denned in oak-hic kory type . The pine type may provide 

important summer food sources , denning  areas , as  wel l as compl ement 

the oak-hickory type with sou rces of acorns . 

Converse l y ,  the oak-hickory type was used l ess  than expected 

ba sed on its avail abil ity, except du ring fa l l  when it was u sed in 

proportion to its avail abil ity . Overa l l ,  however , 2 5-40% of radio­

l ocations were in this type . Several reasons may account for the l ower 

util ization of this type in CNF than reported in other studies ( Beeman 

1 975 , Garshe l is 1 978 ) . Al though 45% of the IMGR I D  study area i s  oak­

hickory , some of this is not mast producing age or size .  In addition , 

areas of oak mast in CNF appear to be dispersed ( pers . obser . )  and the 

pine type prov ides sources of mast  for bears ( pers . obser . ) .  Bea rs in 

CNF exhibited increased nocturna l  activity in fa l l  ( Fig .  5 ,  page 37 ) 

which  may be re l a ted to foraging activity . This was a l so documented 

for bears in GSMNP (Garshel is 1 978 ) .  Because bears may feed more at 



n i g ht du ring  fa l l  and  rad i o-tracking  wa s conduc ted prima r i l y  du r i ng  

dayl i ght hours , the res u l ts may be bia sed . 
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The oak-h i c kory type prov i des sources of acorns  for bea rs , wh i c h  

are the primary food i tem i n  bear ' s d i et i n  fal l ( Eag l e  1 979 ) . Beeman 

( 1 97 5 ) found  t hat  bears i n  GSMNP preferred the c l osed type i n  fal l .  

Ga rshe l i s  a nd Pel ton ( 1 981 ) noted that ma l e  bea rs (prima r i l y  ad ul t 

ma l es ) moved to area s of abundant oaks i n  fa l l i n  GSMNP . 

Both cove hardwoods and mes i c  heml ock were u sed general l y  i n  

proport i on to the i r  ava i l a bi l i ty .  Most of the forest cover types 

whi c h  compr i se the cove hardwood and mesi c  heml ock types do not offe r  

muc h forag i ng opportu n it ies  for bears i n  CNF .  However , some o f  the 

cove hardwood types may be l ocal l y  important to bears and ava i l ab i l i ty 

of dens i n  these types s hou l d be good . I n  GSMN P ,  many tree dens  are 

l ocated i n  heml oc k  a nd cove ha rdwoods assoc i at i on s  (Jo hnson 1 9 78 ) . 

Many facto rs i n fl uence the ut i l i zat ion or cho i ce of hab i tats by 

bea rs ; however,  the c l ues by whi c h  bears recog n i ze 11good habi tat 11 are 

l a rg e l y  unknown . Bea rs probably recogn i ze the spati a l  d i s tr i but i on of 

food sou rce s a n d , by exper i ence , return to areas wh ich  they have 

assoc i ated wi th food in the pa st .  Herrste i n  ( 1 9 71 ) demon strated tha t  

pos i t ive  re i n forcement i n fl uences the behavi or of an ima l s  a n d  prompts 

them to repeat the experience.  Rogers ( 1 977 ) documented tha t bears i n  

M i n nesota moved out of the i r  home ranges  more frequen tly  when food i s  

more abundant outs i de of these a rea s . Beeman a nd Pe l ton ( 1 980 ) a l so 

noted i n c reased movements of bears , ma i n l y ma l es ,  out of GSMNP dur ing  

years of  food scarc i ty .  
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Lea rn i ng probably p l ays an important rol e i n  l ocat ing  food 

s ou rces . Rogers ( 1 977 ) found tha t  fema l e  bears wi th an  extra terri tor i a l  

knowl edge of food sources had h i g her reprod uc ti ve success , especi al l y  

i n  years o f  scarce food , than fema l es who d i d  not expl o i t o ther food 

sources . Al so  femal es wi th  tendenc ies  to roam had offspri ng wi th 

s i m i l ar tendenc i es . Nel son and Mech ( 1 981 ) have suggested that 

l ea rn i ng by deer p l ayed an i mportant rol e  i n  m igrat i on pattern s and 

aff i n i ty for certa i n  area s ,  e spec i al l y  when predat ion  by wol ves ( Cani s 

l upu s )  i s  cons i dered.  Deer prefer fam i l i ar areas , where they are l es s  

vu l nerabl e to  predat ion ,  to areas of 11better habi tat . 1 1 

Thu s ,  many i n teract i n g  factors i nfl uence hab i tat  u t i l i zati on by 

bears . The d i stri buti on ,  abundance , phenol ogy, and qual i ty of the food 

supp ly  have been s hown to i nfl uence popu l a ti on den s i ty ,  d i spers i on ,  

reproduct ion , and soc i a l  behavi our  of bl ack bears  ( Rogers  1 976 , Amstru p  

and Beecham 1 976 , Beeman a n d  Pel ton 1 980 , L i ndzey and Mes l ow 1 977 , 

Landers et  a l . 1 979 )  and therefore are i mportant i n  determi n i ng habi tat 

ut i l i zati on . Di versi ty of cover types or a l ternate food sources has 

al so been documented a s  important  to bea rs ( Jonkel  and Cowan 1 97 1 , 

Rogers 1 977 , Landers et a l . 1 979 ) . I n  C N F  bears were l ocated primari l y  

i n  areas that provi ded foragi ng ,  breed i n g ,  and denn i ng opportuni t i es 

whi l e  s ubject to the constra i nts  imposed by soc i a l  i nteracti ons  and 

human-rel ated di sturbances . Any maj or change i n  human-rel ated acti v i ty 

or l and mod i f i ca ti on may have adverse effects on the bear popu l at i on 

i n  the area . 



Re l at i on s hi p  of Bears to Roads  

Acces s i bi l i ty of  bears to  human act i v i t i e s  i s  an  important 

factor in ma i n ta i n i ng v i abl e bear popu l ati ons in an area ( Mc i l roy 

1 972 , M i l l er 1 975 , Hami l ton 1 978,  Landers et a l . 1 97 9 ,  Brown 1 980 ) .  

My exper i ence i n  the s tudy area suggested that a l l types of acces s  

( publ i c  access  roads ,  4-wheel dri ve roads , gated roads and tra i l s )  

i n fl uenced bears i n  some way. Therefore , a l l types of acce s s  roads  

were cons i dered i n  analyz i ng the re l at i on sh i p  of bears to roads i n  

the IMGR ID study area . 
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Overal l ,  chi -square anal ys i s  i ndi cated a s i gn i fi cant d i fference 

( P<O . l O ,  Tabl e 1 5 )  i n  the prox i�i ty of bears to roads . I t  appears 

that bears were l ocated l ess  than expected near a road (<0 .  1 0  � from 

road ) and more than expected further from roads { >0 .  1 0  km from road ) .  

Al though  the confidence i n terva l s  were not s i g n i f i cant { P>O . l O ) ,  they 

were borderl i ne cases for both of the categor i es . Approxi ma te ly 1 1 %  

of l ocat i ons were l es s  than 0 . 1 km from roads and 89% were greater  

than 0 . 1  km from roads .  Both Mi l l er { 1 975 ) and Brown ( 1 980 ) reported 

s imi l ar res u l ts for bears i n  West  V i rg i n i a . 

On a seasonal bas i s ,  no s i gn if i cant d i fferences ( P>O.  1 0 )  were 

noted i n  the proximi ty of bears to roads during spri ng or summer 

{Tab les  1 6- 1 8 ) .  However, i n  fa l l  bears were l ocated l es s  than 

expected ( P<O. 1 0 ) c l ose to roads and more than expected further from 

roads ( P<O . 1 0 ,  Tab l e  1 8 ) .  Hami l ton ( 1 9 78 )  a l so reported that bears 

avoided roads duri ng  fal l i n  North Carol i na .  

Adu l ts and subadu l ts exh i bi ted no preference or avoi dance of 

roads (P 0 .  1 0, Tab le s  1 9-20 ) . Ma l es and fema l es , however , d i d  exhi bi t 



Tab l e  1 5 .  Proximi ty of 2 1  bl ack bears to roads i n  CNF s 1 978-1 979 . 

Forest cover Total  Proporti on gf # l ocat i ons  # expected 
type a area (ha ) tota 1 area i n  type i n  type 

<0 . 1  km 
from roads 940 0 . 1 32 87  1 03 

>0.  1 km 
from roads 61 61 0 . 868 697 681 

Tota l 71 01 784 784 

Proportion of 
l ocations i n  Confi dence 

t,Ype i n terval d 

0 .  1 1 1  (0 . 089 , 0 .  1 3 3 )  

0 . 889 ( 0 . 867  , 0 . 9 1 1 ) 

aProporti on of total area represents expected bear l ocat ions as i f  bears occurred i n  each 
type in proport ion  to i ts avai l ab i l i ty .  

bcal cu l ated by mu l ti p l y i ng proport i on of total area x tota l l ocat i ons  ( i . e. , 0 . 1 32 x 784=1 03 ) .  

ego% simu l taneous ,  95% i nd i v i dua l  ( Neu et al . 1 974 ) . 

co 

w 



Tab l e  1 6 .  Proximi ty of 21 bl ack bears to roads  i n  s pr i ng i n  CNF � 1 978- 1 979 . 

Proport i on of 
Forest  cover Tota l Proporti on of # l ocat i on s  # expected l ocati ons i n  Confi dence 

typea area (ha } tota 1 a reab i n  type i n  type tl:pe i nterva 1 d 

<0.  1 km 
from roads 940 o .  1 3 2  5 6 0 . 1 1 9  ( 0 . 02 1 � 0 . 2 1 9 )  

>0. 1 km 
from roads 6 1 61 0 . 868 37 36 0 .  881 (0 . 783 , 0 . 979 )  

Tota l 7 1 01 42 42 

aProport ion of total area represents expected bear l ocat i on s  as i f  bears occurred i n  each 
type i n  proporti on to i ts ava i l ab i l i ty .  

bca l cu l a ted by mul ti pl yi ng proporti on of total a rea x total l ocat i ons  ( i . e . , 0 . 1 32 x 42=6 ) .  

C90% s imu l taneous , 95% i nd i v i dua l  ( Neu et a l . 1 97 4 ) . 



Tab l e  1 7 .  Proximity of 21 bl ack bears to roads  i n  summer i n  CNF , 1 978- 1 979 . 

Proporti on of 
Forest  cover Total Proporti on of # 1 ocati ons # expected l ocati ons  i n  

t,r:�ea area {haJ tota l areab i n  t,r:(!e i n  t,r:(!e t,r:(!e 

<0 .  1 km 
from roads 940 0. 1 3 2  4 2  44 0 . 1 2 5 

>0 .  1 km 
from roads 6 1 6 1  0 . 868 293 291 0 .  87 5 

Tota l 7 1 01 335 335 

Confidence 
i n terval d 

( 0 . 090 , 0 . 1 60 )  

( 0 . 840 , 0 . 9 1 0 )  

aProportion  of tota l area represents expected bear l ocat i ons  as  i f  bears occurred i n  each 
type i n  proporti on to i ts avai l abi l i ty .  

bcal cul a ted by mul ti pl yi ng proportion of tota l area x tota l l ocat ion s  ( i . e . , 0 . 1 3 2  x 33 5=44 ) .  

C90% s imu l taneou s ,  95% i nd i v i dua l  ( Neu et  a l . 1 974 ) .  



Tab l e  1 8 .  Prox imi ty of 2 1  b l ack bears to roads i n  fa l l i n  CNF ,  1 978- 1 9 79 . 

Proport ion  of 
Forest cover Total Proportion gf # l ocations  # expected l ocations  i n  Confi dence 

type a area ( ha } total area i n  type i n  type type i nterva l d 

< 0 .  1 km 
from roads 940 0 . 1 32 43 59  0. 096 ( 0 . 069 , 0 . 1 23 )  

> 0 .  1 km 
from roads 61 6 1  0. 868 403 387 0 . 904 ( 0 . 877 , 0 . 931 } 

Tota l 71 01 446 446 

aProporti on of tota l area represents expected bear l ocat ions  as  i f  bears occurred i n  each 
type i n  proport ion to its ava i l ab i l i ty .  

bca l cul ated by mu l ti p l yi ng proportion  of tota l area x tota l l ocations ( i . e . , 0 . 1 32 x 446=59 } .  

ego% s imu l taneou s ,  95% i nd i v i dua l  ( Neu e t  a l . 1 974 ) .  

co 
"' 



Tab l e 1 9 . P roximity of 6 adul t b l ack  bears to roads in CNF,  1 978- 1 979 . 

Proportion of 
Forest cover Tota l Proportion gf # l oca tions # expected l ocations in 

type a area (ha ) tota l area i n  type in type type 

<0.  l km 
from roads  940 0 . 1 32 28 36 0 . 1 03 

>0. 1 km 
from roads 6 1 6 1  0 . 868 243 235 0 . 897 

Tota l 7 1 01 2 7 1  2 7 1  

Confidence 
interva l d 

( 0. 067 , 0 .  1 3 9 )  

( 0 . 86 1 , 0 . 933 ) 

a Proportion of tota l area represents expec ted bear l ocations  as  if bears occurred in each 
type in proportion to its ava i l a bil ity . 

bca l cu l ated by mu l tiply i ng proportion  of tota l  area x tota l l ocations ( i. e . , 0 . 1 32 x 27 1 =36 ) .  

ego% simul taneous ,  95% ind i vidua l  ( Neu et a l . 1 974 ) .  



Tab l e  2 0 .  Prox imi ty of 1 5  subadul t b l a c k  bears  t o  roads i n  CNF , 1 978-1 979. 

Proport i on of 
Fores t  cover Total Pro portion  gf # l ocat i on s  # expected l ocat ions  i n  

type a a rea (ha ) tota l  a rea i n  type i n  type type 

< 0 .  1 km 
f rom roads  940 0. 1 32 60 67 0. 1 1 7  

>0. 1 km 
f rom roads 6 1 6 1  0 . 868 4 5 1  444 0 . 883 

Total 7 1 01 5 1 1 5 1 1 

Conf i dence 
i n te rval d 

( 0 . 089 :. 0 . 1 45 )  

(0 . 855 , 0 . 9 1 1 )  

a proporti on of tota l a rea represents  expected bear l ocat ions  a s  if  bear s  occurred i n  each 
type i n  proportion  to i ts ava i l abi l i ty .  

bca l cul ated by mu l ti pl yi n g  proporti o n  of total area x total l ocat i o ns ( i . e . , 0 . 1 32 x 51 1 =67 ) .  

ego% s imul taneou s :.  9 5% i nd i v i du a l  (Neu e t  a 1 . 1 974 ) .  

co 
co 



d i fferences i n  re l at i on to prox im i ty of roads . Fema l e s  preferred to 

be further from roads ( P< O . l O ) ;  ma l es exh i bi ted  no  p refe rence o r  

avoi dance of roads ( P>O . l O , Tabl es  21 -22 ) .  Brown ( 1 98 0 )  foun d that 

fema l e  bears were more to l erant of roads tha n ma l e s . 
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As  i n d i cated i n  Tabl e s  1 5-2 2  (pages 83-88 , 90-91 ) ,  940 ha i n  the 

IMGRID s tudy a rea have some type of road.  Thi s i nc l ud e s  publ i c  acces s ,  

4-wheel d rive , l ogg i ng roa d s , and tra i l s .  Many l ogg i ng roads were not  

on USGS map s  and therefore were not recorded. Computer-generated maps 

of the IMGRID study area ( 7 , 1 00 ha ) reveal ed that on l y  1 50 ha are 

g reater than 1 km from some type of road . Most  of CNF  i s  acces s i b l e  by 

vehi c l e  or foo t .  

U s e  o f  roads ( o r  prox imi ty to roa d s ) by bear s  i s  i nfl uenced by 

cover and food source s  al ong the road,  bear den s i ty ,  soc i a l  i nter­

act i on s ,  human traff i c  al ong the road , a nd l ea rn i ng .  Bea rs may l ea rn 

to use  or  avo i d  roads based on the posi t i v e  or  negat i v e  re i nforceme nts 

a ssoci ated wi th roads . In some s i t ua t i on s  bears  are attracted to roads.  

In some nat i on a l  parks the beha v i or and d i stri buti on  of bea rs i s  

i nfl uenced  by arti fi c i a l  food sources a l ong  roads and tra i l s .  The 

pos i ti ve re i nforcement due to attra c t i ve food sources and the pro tect i o n  

afforded to bears i n  pa rks h a s  e na b l ed the beha v i or o f  panhandl i n g  to 

devel op i n  some i nd i v i dual s ( Harms 1 97 7 ,  Ta te 1 981 ) .  

However i n  areas where bea rs are hunted , M i l l er ( 1 975 ) ,  Hami l ton 

( 1 9 78 ) ,  and Brown ( 1 980)  have documented that bears genera l l y  avo i d  

roads , espec i a l l y  hard-sur face roads , probably  due to huma n - re l a ted  

acti v i ties  assoc i ated wi th roads . Thi s a l so a ppears true in  CNF . No  

bears (n=21 ) were documented cros s i ng the  Te l l i co-Rob b i n sv i l l e  road  



Tabl e 2 1 . Prox imi ty of 1 2  mal e  b l a c k  bea rs to  roads  i n  C NF ,  1 978-1 979 . 

Proportion  of 
Forest cover Tota l Proporti o n  of # l ocat i on s  # expected l ocations  i n  

t�Eea a rea (ha)  tota l  areab i n  t�Ee i n  t�Ee t�Ee 

<0 . 1 km 
from roa ds 940 0 . 1 32 44 46 0. 1 2 5 

>0. 1 km 
from roads 6 1 61 0 . 868 308 306 0 . 875  

Total 7 1 01 352 352 

Confi dence 
i nterva l d 

( 0. 090 , 0 . 1 6 0 )  

( 0 . 840 , 0 . 9 1 0 )  

a Proporti on of total a rea represents expected bear l ocati o ns a s  i f  bears  occu rred i n  each 
type in proport i on to i ts avai l ab i l i ty .  

bca l cul ated by mul ti pl yi ng proporti on of tota l a rea x total l ocat i on s  ( i . e . , 0 . 1 32 x 352=46 ) .  

ego% simul taneou s ,  95% i nd i v i dual  ( Ne u  et a l . 1 974 ) .  



Tabl e  2 2 .  Proximi ty of 9 fema l e  bl ack  bears  to roads i n  CNF , 1 978- 1 979 . 

Proporti on of 
Forest cover Total Proporti on gf # l ocati ons  # expected l ocat ions  i n  Confi dence 

t�Eea area {ha ) total area i n  t�Ee i n  t.l:Ee t�Ee i nterval d 

< 0 . 1 km 
fr001 road 940 0 . 1 32 43 57 o. 1 00 { 0 . 07 2 , 0 . 1 28 )  

>0 . 1 km 
from road 6 1 61 0 . 868 389 375  0. 900 ( 0. 872 , 0. 928 ) 

Total 7 1 01 432 432 

aProporti on of total a rea represents expected bear l ocat i ons  as  i f  bears oc curred i n  each 
type i n  proporti on to i ts ava i l ab i l i ty .  

bcal cu l ated by mul t i p l yi ng proporti on of total area x tota l l ocat ions ( i . e . , 0 . 1 3 2  x 432=57 ) .  

ego% s i mu l taneous ,  95% i n di v i dua l  (Neu et a 1 . 1 974 ) .  
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and genera l l y . bears e i ther avo i ded roads or used roads in  proport i on 

to the i r  ava i l abi l i ty i n  the area . 

Acces s i bi l i ty of bears to  hunters i s  an important factor i n  

determi n i ng hunter success .  I n  Al a s ka ,  bears feeding i n  more 

acces s i bl e  ti dal marshes were more vul nerabl e to hunters (Mc i l roy 

1 972 ) .  I n  CNF roads appear important  i n  determi n i ng hu nter success .  

The 4 i nstrumented bears ki l l ed i n  the s tudy area duri ng the  Tennes see 

statewi de hunts were wi thi n  0 . 5  km from roads .  Bear 337 was l ocated 

approxi ma te ly  0 . 2 km from a paved road pri or to bei ng  s hot i n  the hunts . 

Al thou g h  many factors i nteract to affect the vu l nerabi l i ty of bears to 

hun ters , acces s i bi l i ty appears to be an important factor i n  east 

Tennes see . 

Rel at i onsh ip  to E l evat i on 

I n  CNF , bears were not l ocated at  s i gn i f i cant ly  d i fferent 

( P>0 . 05 }  el evat i ons seasonal l y  ( Fi g .  1 3 ) .  In GSMNP. Beeman ( 1 97 5 )  

found t hat bears d i d not use d i fferent e l evat ions  seasonal l y ;  whereas , 

Garshel i s  ( 1 978 )  found tha t  bears were l ocated at  l ower el evati ons i n  

fa l l ,  presumabl y due to a greater abundance of oaks at  l ower a l t i tude s .  

In  the mounta i n s  of the western U . S . , bears are genera l l y  l ocated at  

h i g her el evat i on s  i n  summer and fa l l , dependi ng on seasonal food 

ava i l ab i l i ty and t he p henol og i ca l  devel opment  of food pl ants and 

snowmel t (Amstrup and Beecham 1 976 , Nov i c k  1 979 ) .  I n  sou thern 

Cal i forni a ,  bears used h i g her  e l e va t i ons on southern exposures than on 

northern ones (Nov i ck 1 979 ) . I n  CNF , sou rces of both summer foods 

( berri es } and fal l foods (acorns ) occur genera l l y  at m i d - to upper 
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F i g ure 1 3. Mean ,  s tandard dev i a ti on ,  and range of  e l eva t i on 
(m ) at  whi ch 2 1  rad io-col l ared bl ack bears  were 
l ocated i n  Cherokee Nat i onal  Forest  1 978-1 979 . 
Means are not s i gn i f i cantly  di fferent (P>0. 05 ) . 
Sampl e s i ze s  wi thi n  each category were : s pri ng=42 ,  
summer-33 5 ,  fa1 1 =445 .  
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e l evat i ons ( pe rs . obser . ) .  The e l evat ion  range for the CNF s tudy area 

(274-1 , 1 58 m) i s  l ess than the s tudy area i n  GSMN P ( approx imate ly  

400- 1 , 500 m ,  Garshel i s  1 978 ) .  Therefore bears may not have to move a s  

far wi th  re spect to e l evat i on i n  CNF .  

However, di fferent ia l  use  of  el eva t i on s  by bears  (P<0. 05 )  was 

observed between age and sex groups wi t h  adu l ts and ma l e s ,  respecti ve ly  

u ti l i z i ng h i g her el evations ( F i g s .  1 4-1 5 ) .  Garshel i s  ( 1 9 78 )  found that 

mal es used l ower el evati ons than fema l es du ri ng fa l l  wh i ch s ubstant i ated 

the i r  u se of prime feedi ng a rea s .  I n  CNF thi s a l so appears true . Food 

sou rces for bears tend to be d i stri bu ted  at the h i g her,  more 

i nacces s i bl e ,  l ocati ons ( pers . obser . ) .  Al so roads a re general ly  

l ocated near creeks i n  the l ower el evat i on s .  Ma l es and adu l t bears 

may compete successfu l ly for these 1 1better11 a reas o f  habi tat over 

femal es and subadu l ts .  

Bears i n  CNF  u sed the u pper port ions  of the ri d ge systems i n  

the i r home ranges regardl ess  of the e l evat ion . The Cowcamp r i dge 

system i s  h i g her (X approx. 670 m) than the wes t  s l ope of Sal t Spri ng 

Mou nta i n  (x approx . 480 m ) ; however, bea rs i n  both areas were l ocated 

i n  the upper port ions of the respecti ve r idge systems . Thi s  supports 

the conjecture that the more favorabl e hab i tat for bea rs i s  l ocated 

i n  the upper porti ons of respecti ve ri dge sys tems .  Al so the  u pper 

port ions  of ri dge sys tems tend to be more remote and supports the 

hypothes i s that bears prefer areas of remote terra i n .  



F i gu re 1 4 . Means , s tandard dev i a ti on s , and ranges o f  
e l evati on  (m ) a t  wh i ch 1 2  ma l e  a n d  9 fema l e  
b l ack bears were l ocated i n  Cherokee Nati on a l  
Forest 1 978-1 979 . Samp l e  s i zes were : 
ma l e=347 , fema l e=432 . Means are 
s i gni fi cantl y  d i fferent  ( P>0 . 05 ) .  
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Males Females 

F i gure 1 4  



F igure 1 5 .  Means , standard dev i a t i on s ,  and ranges of 
e l evat ion s  (rn ) at wh i c h  6 adul t and 1 5  
su badu l t  bl ack bears were l ocated i n  Chero kee 
National  Fore st 1 978- 1 979 . Sampl e  s i zes were : 
adu l ts=270, subadu l ts=506 . Means were 
s i gni ficantly d i fferen t ( P>0 . 05 ) . 
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Eva l ua t i on of IMGRID 

Des ign and capabi l i t i es of IMGRID . The IMGRID compu ter sys tem 

was dev e l oped i n i t i a l ly a t  Harvard U n i vers i ty as a teac h i ng tool 

( S i nton 1 976 ) .  Subsequently other capab i l i t i es were i n corporated i nto  

IMGRID vers i on 3 . 5  ( Holme s  and Jol l y  1 980 ) .  The system wa s des i gn ed 

to a s s i s t  l and-use pl anners i n  eva l ua t i ng the phys i cal , b i o l og i ca l , 

cu l tural , and econom i c  resources of an a rea . The i nforma t i on genera ted 

u s i ng IMGRID i s  s imi l ar to that obta i ned wi th overl ay ma ps ( Cro z i er 

e t  a l . 1 976 ) .  Howeve r ,  as  l an d  a rea i nc rea ses i n  s i ze ,  comp l ex i ty ,  

and l and-use potent i a l , comp u te r-as s i sted techn i ques  become more 

practi ca l  ( Beeman 1 97 7 ) . The IMGRID system i s  u se r-or i e n ted and i t  

a l l ows for s i te-spec i fi c  i nterpretations  of resource data . 

Any geog raph i cal l y- referenced data i s  i nputed i n to the computer 

system . Each mutua l ly-exc l u s i ve set of data ( i . e . , forest cover type ) 

i s  en coded i n to a g r i d  cel l forma t for i npu t i nto the system 

(Ap pend i x  I ) . IMGRID i s  u s ed to store and retr i eve  geograph i ca l l y­

referenced i nformation .  These data are  upda ted easi l y  by i n di v i d ua l 

g r i d  cel l s ,  by row of g r i d  ce l l s ,  or by an ent i re e l emen t.  Thi s 

capabi l i ty i s  useful for updati ng of doc ume nti ng l and-use change s 

( i . e . , c l earcu ts ) .  

Da ta ana l ys i s  usua l l y  con s i sts of restruc tu ri ng data , l ocati ng 

coi n c i dence and prox imi ty of resources , and u s i ng ma them at i cal  

fu ncti ons ( i . e . ,  add i ti on ,  mu l ti p l i ca t i on ) .  Data encoded i nto the 

system are usua l l y  nomi nal  sca l e ;  however , it can be rescal ed to 

ordi nal  ( i . e . , as s i g n  a h i g he r  val ue to ma s t- prod uc i ng hardwoods 
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when eva l uat i ng a n  a rea for fa l l  food sources for bears ) .  Data a re 

combi ned to l ocate the coi n c i dence of d i fferent resou rces ( i . e . , fore st 

cover types and l ocations  of an ima l s obta i ned wi th tel emetry are 

overl a i d  to determi ne  whi ch  forest  cover type the a n ima l s a re u s i ng ) .  

The spat ia l  re l at i on shi p of d i fferent resources can be determi ned 

( i . e . , prox im ity of an imal l ocati on s  obta i ned wi th te l emetry to roads ) .  

F i nal l y  vari ou s  mathematica l funct ions  ca n be perfo rmed on the data . 

For examp le , i n  a model predi ct i n g  areas  of ma st prod uc t i on , a reas w i t h  

ol der mast produ c i ng trees are g i ven  a h i g her va l u e than areas of 

yo unger tree s . Thu s a wei g ht i ng of d i fferent factors i s  i ncorpora ted 

i n  to the mode 1 .  

The computer i s  u sed to c rea te maps of the ana l ys i s  or of the 

data stored i n  the system . For exampl e ,  forest cover type data i s  

d i s p l ayed a l one or the co i n ci dence of forest cover typ es and an imal 

l ocat i on s  can be mapped . Thu s on l y rel evant i nforma t i on from any 

ana l ys i s  i s  d i sp l ayed . Textu a l  i nformati on and a h i s togram wh ich  

summa ri zes the frequency of each i tem on  the ma p i s  a l so d i sp l ayed . 

Compari son of techn i ques  of hab i tat eval uat i on . Many techn i ques 

in hab i tat uti l i zati on-ava i l ab i l i ty stud i e s i nvol ve the categor i zat ion  

of a n ima l  l ocations  (obtai ned throu gh  rad i o-tel emetry , vi su a l  

observation  captu re- recaptu re ) i n to var ious hab i tat  components ( i . e . , 

cover types ) .  Then , the observed  d i str i but i o n  of l ocations  i n  

spec i fi c  cover types i s  compared to an "expected " d i str i buti on or 

avai l ab i l i ty of the speci fi c  cover types based on the hypothes i s  tha t 

the an imal u se s  the vari ous  types i n  proporti on to ava i l a b i l i ty. 
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The s impl es t  appl i ca ti on of thi s method i nvol ves c l as s i fyi ng an i ma l  

l ocat i on s  i n to cover types v i a  a habi tat map and compari ng the 

proporti on of l ocat i ons  i n  each type to the ava i l abl e area of each 

type . A good habi tat map  i s  essential  for th i s  process .  Jonkel and 

Cowan ( 1 97 1 ) ,  Hardy ( 1 974 ) , L i ndzey and Mes l ow ( 1 977 } ,  Landers et  a l . 

( 1 979 ) ,  and Nov i ck ( 1 979 }  have documented avai l abi l i ty and ut i l i zat i on 

of fores t  cover types by bl ack bears u s i ng thi s  method.  In  a s imi l ar 

manne r ,  N icho l s  and Warner ( 1 972 ) and Gi l mer et  al . ( 1 973 ) have u sed 

d ig i ti zed habi tat maps to determi ne ava i l abi l i ty and u se of cover 

types by barred owl s ( Stri x  vari a )  and mal l a rd s  (Anas �l a tyrhyncho s } ,  

respecti ve l y .  I f  good habi tat maps  are not ava i l abl e ,  a non�app i ng 

techni qu e  (Marcum and Loftsgaarden 1 980 } can determ i ne the ava i l abi l i ty 

of t he vari ou s hab i tat  components . Th i s  techn i q ue i s  e s pec i a l l y  

useful i n  i naccess i bl e  terra i n  and when a d i vers i ty of hab i tat  

components makes del i neation of t he types d iffi cu l t .  The ma i n  

advantage of these techn i ques i s  the i r  ease o f  appl i cat i on , espec i a l l y  

when a sma l l number of vari abl es  are con s i dered. Al so , more powerfu l 

s ta ti sti ca l  techni ques such as ANOVA can be eas i ly i ncorporated i n to 

the des i gn  of these stud i e s .  

However ,  a s  l and uses i ncrease i n  s i ze and comp l ex i ty ,  computer­

a s s i sted techn i q ues become more practi cal . These techn i ques enabl e 

s torage and retri eva l of quanti tat ive i nformati on on the p roxim i ty and 

coi nc i dence of resources .  Beeman ( 1 977 ) , Wi l cott and Gates ( 1 977 ) ,  

Dav i s ( 1 980} and Exum { 1 981 ) have demons trated the uses of computer­

ass i sted geograph i c  i nforma t i on systems i n  wi l dl i fe and l and-use 
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p l ann i ng . Beeman ( 1 97 7 )  and Exum ( 1 98 1 } have demonstrated the u se of 

1 techn i que , IMGR I D s  i n  eva l uat i on of wi l dl i fe hab i tat . 

Computer techni ques yi e l d  the same i nforma t i on ( uti l i zat ion­

avai l ab i l i ty data ) as do the more tra d i t i onal  methods . However , once 

i mpo rtant  habi tat parameters are del i neated , mode l s  can be dev i sed to 

determi ne the juxtaposi t i on of these habi ta ts and the i r  rel ative 

importance to each other .  Thus techn i ques  such as  IMGR ID serve a s  

i nve ntory systems wi th broad ma nagemen t  impl ications . 

The cho i ce of an  appropr i ate techn i que depends on  the object ives  

of the proj ect . The ava i l ab i l i ty-uti l i z at i on data obta i ned i n  th i s  

study cou l d  have been obta i ned eas i er and faster ( IMGR I D  i s  time­

consumi ng ) wi th the non-mappi ng techni que (Ma rcum and Loftsgaarden 

1 980 } .  However , for l o ng-te rm projects wi th many hab i ta t  variab l es  to 

co nsi der and  when dec i s io n s  rega rd i ng a l ternat i ve l and uses are 

des i red , the val ue of IMG R I D  becomes evi dent.  



CHAPTER V 

MANAGEMENT CONS IDERATIONS 

The Che rokee Nat iona l  Forest  i s  admi n i s tered and ma naged for 

i ts outdoor recreati on , range , timber ,  wate rshed , and wi l d l i fe 

resou rce s . The wi l d l i fe resources are managed i n  cooperat i on wi th the 

Ten nes see Wi l d l ife Resources Agency .  These competi ng l a nd u ses  and 

adm i n i strat i ve pol i c i es may be be nefi c i al , detrimenta l ,  or have no  

i n fl uence on  the  b lack  bear popu l a ti on i nhabi t i ng the reg i on . 

Rogers ( 1 9 76 ,  1 97 7 ) fel t tha t the dens i ty of bears i n  M i n nesota 

i s  l im i ted by human-caused mortal i ty ,  starvati on ,  and reproducti ve 

fa i l ures a l l of wh ich  depend on the d i stri bution  and abundance of food 

s ou rces . I n  CNF , these factors a l so appear i mportant i n  regu l a t i ng 

bear numbers . Al thoug h no rad i o -co l l ared bears were k i l l ed i n  1 978,  

5 were ki l l e d  l eg a l l y  in  1 979 . No rad i o-col l a red bears were k i l l ed 

i l l ega l l y dur i ng  the s tudy a l though poachi ng of bea rs i n  and  a round 

the Tel l i co Bear  Sanctuary was documented ( R .  H .  Con l ey ,  Ten nes see 

Wi l d l i fe Resources Agency , pers . comm . ) dur i ng the study. Foods 

ut i l i zed by bears were more abundant i n  1 979 than 1 978 (pers . obser. ) 

and  reproduc ti ve succes s  a ppeared h i g her i n  1 979 ( E i l er 1 981 ) .  

I n  CNF bears u sed prima r i l y  the p i ne a nd oak-h i c kory forest  

type s .  These types provi ded the foods necessary for bears seasonal l y .  

Al s o ,  past l ogg i ng practices  tended to l eave l arge , c u l l trees a t  the 

h i g he r ,  more i naccess i bl e  e l evati o ns i n  the forest types whi c h  bears 

used as  den s  ( John son and Pel ton 1 98 1 ) .  I n  certa i n  s i tuations  or 
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areas l ogg i ng may be benefi c i a l  to bears ( Rogers 1 976 , Li ndzey and 

Mes l ow 1 977 ) .  However , the s i ze , s hape , and j uxtapos i t i on of 
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c l earcuts or other timber removal and reproduct ion systems i nf l uence 

the mag n i tude of benefi c ia l  or detrimenta l effects on bears i nhabi t i ng 

the area . Shrub-borne ma st produc i ng spec i es shou l d  be encouraged 

duri ng the regeneration  per iod and subsequent l y  i n  the understory after 

e stabl i shment of the overstory ( i n  ecol og ica l  s i tuat i o n s  whi c h  support 

these specie s ) to provi de for s ummer foods for bears . The convers i on 

of l a rge acreages to white p i ne type wi l l  l i ke l y  be detrimental  to 

bears as i nd i ca ted by the l ow uti l i zat ion of t he cove hardwood and 

mes i c  heml ock types  (primari l y  whi te p i ne ) .  These type s  prov ide  l i ttl e 

food or  denn i ng opportun i ti es for bears i n  CNF . The oak -h i ckory type 

prov i de s  important food energy sou rces for bears prior to the denni ng 

per i od .  Fal l food s hortages are important  i n  determi n i ng reprod ucti ve 

succes s  of fema l es ( E i l er 1 981 ) and bear morta l i ty due to  i ncreased 

movements and i nteractions wi th  humans ( Beeman and Pel ton 1 980 ) .  

A l t houg h  weather factors l arge ly  in fl uence mas t  fai l u res  ( S tri ckl and 

1 972 ) ,  s pec i es compos i ti on and d i s tri but i on ,  of red and whi te oaks 

ma i n l y ,  i s  i mportant in mi n i mi z i ng the effect of mast fa i l ures on 

w i l d l i fe ( Beck 1 97 7 ) . I n  CNF the avai l ab i l i ty of den trees i s  

u n known ; however , i n  the Tel l i cQ Bear Sanctuary the i r ava i l ab i l i ty may 

be su i tab l e  for the current popu l ation  l evel  ( 1 1  of 1 2  dens l ocated 

wi th  rad i otel emetry were tree dens ) .  These trees appear important i n  

s u sta i n i ng v i ab l e bear popu l ations (Joh nson and Pel ton 1 981 ) and 

s hou l d be ma i nta i ned when pos s i bl e .  
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Remote ,  i naccess i b l e  a reas are important as  e scape cover for 

bears (Landers et a l . 1 979 } a nd affect the vu l nerabi l i ty of bears to 

hunters (Mc i l roy 1 972 ) .  Roads can affect bear movements (Mi l l er 1 975 ,  

Brown 1 980 ) and i n  CNF  may restri ct bear movement s .  Ma l e  bears , 

e spec i a l l y  subadul ts ,  moved primari l y  to the Joyce Ki l mer- S l i ckrock 

areas .  However ,  rad i o-co l l ared bears were documented cros s i ng H i ghway 

1 29 and L i tt l e  Tennes see R ivers to the Sl i ckrock and C i t i co areas but 

not the reverse . The GSMNP may act as a reservo i r to area s a l ong the 

peri phery of the Park . I n  add i t i o n ,  data col l ected i n  t h i s  study 

i n d i cate that the Tel l i co Bea r  Sanctuary s upports a v i ab l e popul a t i on 

of bears . I t  appears that the sanctua ry i s  prov i d i ng refuge for a 

breed i ng nuc l e u s  of femal es whi l e  al l ow i ng for d i spersal of subadu l ts 

i nto s urroundi ng areas ( Append ixes  E and H ) . The bear sanctuary 

concept i s  a va l uabl e management  pol i cy ,  e spec ia l l y i n  a reas  of 

dwi ndl i ng bear habi tat . 

I t  i s  common knowl edge i n  the Tel l i co area that more bears 

i n habi t  the C i t i co dra i nage t han  the Tel l i co dra i nage . The Tel l i co 

drai nage i s  more i ntens i ve l y mar.aged and u sed,  both commerc i a l l y  and 

recreat iona l l y ,  than the C i t i c o  dra i nag e .  Whether b i ot ic  factors { food 

or den avai l abi l i ty )  or i nc reased bear morta l i ty due to i ncreased 

access i bi l i ty and u se is reduci ng the bear popul at i on a s  compared to 

C i t i co  i s  u nknown . More comparative research i s  needed to determine  

these factors and  to further the i ntegration  of bear management 

pol i c i e s  and pract ices wi th  competi ng l and uses . 



CHAPTER V I  

SUMMAR Y AND CONCLUS IONS 

1 .  Thi s s tu dy was conducted from June 1 978 to December 1 979 i n  

the C i t i c o  C reek d ra i nage of the Tel l i co Range r  Di stri ct , C he rokee 

Nat i o na l  Fore s t .  Obj ecti ves  of thi s  study were to determi n e  ha bi ta t  

u ti l i za t i on ,  movement a nd acti v i ty patterns of b l ack  bea r s  i n  CNF .  

2 .  I n  2 sea s o n s  of trappi ng 28 ( 1 6 mal e s  and 1 2  fema l e s ) 

d ifferent bea rs were capture d  45  t imes . Rad i o-co l l ar s  were attached to 

22 bear s  whi ch were radi o-tracked peri o d s  ra ng i ng from 1 day to 531 

days . F i ve i ns trumented bea rs wer e  k i l l ed du r i n g  the 1 979 Tennessee  

and North Caro l i na bear hu nts .  

3 .  Reset  mot i o n  sen sors provi ded a rel i ab l e mea s u re of 

acti v i ty pattern s of bea rs .  

4 .  Factors affecti ng a ct i v i ty i nc l u ded time of yea r ,  t i me of 

day , i n d i v i du a l  var i at i on among bears , and  temperatu re . 

5 .  Acti v i ty i nc reased rap i d l y  after bea r s  eme rged from den s ,  

reached a peak i n  Aug u s t ,  and dec l i n ed to a l ow l evel  pr ior  t o  den n i ng .  

6 .  Bea rs ex h i bi ted  crepuscul ar acti v i ty pattern ; however ,  thi s  

was mod i f i ed sea sona l l y . The l ev e l  of acti v i ty wa s h i gher dur i ng the 

day i n  summer a nd h i g he r  at n i ght  i n  fal l .  

7 .  Wea ther factors were not  wel l  c orre l a ted wi th  acti v i ty of 

b l ack  bears . Temperature exh i b i ted  a s i g n i f i ca n t  i nfl uence o n  

act i v i ty ;  acti v i ty was depressed bel ow 1 0° C a n d  a bove 2 5 °  C depe nd i ng 

on the season . 
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8 .  Fema l es wi th cubs  were the most acti ve sex-age g ro u p .  

9 .  Home ranges o f  mal e  bears were s i gn i f i can tly l arger than 

femal e bears averagi ng 3 0 . 1  km2 and 1 1 . 6  km2 , res pect i v e l y .  Mal es 
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u sed s i g n i fi ca n t l y  l a rger ranges than fema l es i n  spri ng/ summer and 

fal l .  The fal l ranges of both mal es and fema l e s  was s i gn i fi cantly 

l arger t han are a s  occupied  in  spring/summer . Mal es exh i b i t l es s  

attachment for s pec i fi c  a reas and , therefore , roam over l a rger areas  

than  fema l es .  Fal l food sources ( acorns ) i n  the study a rea appear more 

d i spersed and bears l i ke l y  travel fu rther i n  fal l  for food . 

1 0 . As determi ned by the c on vex polyg on method , extens i ve overl ap 

occu rred among s u badul t mal e s , among subadu l t  femal es , among a du l t  

fema l es ,  and between adul t mal es and adu l t  fema l es .  The h i g h  overl ap 

of home ranges may i nd i ca te t he rel atedne s s  o f  bear s  i n  the a rea . 

1 1 .  Fema l es exh i b i te d  sma l l er va l ue s  of tota l da i ly movemen t ,  

n e t  dai l y movement , and dai l y range l ength than ma l es du r i ng s p ri ng/ 

s ummer a nd fa l l .  Mea n hou rl y  rates of travel were s im i l ar for ma l es 

a nd fema l e s  i n  spri ng/summer and  fal l .  

1 2 .  L ocati onal data i nd i cated bear s  rare l y  moved ou t s i de the 

s t udy a rea and  more prec i s el y ,  the Tel l i co Bear Sanctuary bears not i n  

t he study area genera l l y  mov ed eastward to the Joyce Ki l mer-Sl i c kroc k  

a re a  of Nan ta ha l a  Nati on a l  Forest , North Ca rol i na .  These  movements 

by s u ba dul t mal es probably refl ect  expl oratory or di s persa l behavi o r  

by these i nd i v i dual s .  No bears were d oc umented  mov i ng t o  G SMNP.  

1 3 . Trappi n g ,  reproducti ve , and movemen t  data col l ected dur i ng 

the study i nd i ca te that the Tel l i co Bear Sanctu a ry s u pports a v i a b l e  



popu l ati on of bears and provi des  refuge for a breedi n g  nuc leus  of 

fema l e s  whi l e  a l l owi ng for d i s persal  of subadu l ts i nto surrounding  

areas . 
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1 4 . The I MGRID  computer system was u sed to determine hab i tat 

uti l i zat ion by b l ack  bears . The system can store , retr i eve , and u pda te 

geog raph ical l y-referenced i nforma ti on ,  res tructure data , l ocate the 

coinc i dence and prox imi ty of res ou rces , a nd perform mathemat ical 

functi on s .  

1 5 . Overa l l ch i - square ana l ys i s i nd i cated d i fferen t ia l  u se  of  

cover types by bears . U s i ng the Bonferroni method to determi ne 

preference , t he p i ne type was u sed more than expected ; mes i c  hem l oc k  

and oak-h i c kory were used l es s  t han expected and cove hardwood u sed i n  

proporti on t o  i t s  ava i l abi l i ty .  

1 6 . Use o f  cover types by bears changed sea sona l l y . However , 

p i ne was the preferred type i n  a l l  seasons and oak-h ickory was u sed 

more i n  the fal l than i n  any other sea son . 

1 7 .  The p i ne type appears important to bears i n  CNF ;  i t  

provi des  important summer food sources , denn i ng areas , a s  we l l  a s  

comp l ementing t he oak-hi ckory type wi th sources for acorns . 

1 8 . Overa l l chi -square ana lys i s  i nd i cated a s i g n i f i cant 

d i fference i n  the proximi ty of bears to roads . Preference or 

avo i dance coul d not be  determ i ned al thou gh  bears tended to be  further 

from roads . Duri ng the fa l l  bea rs were l ocated further from roads . 

Fema l e s  a l so preferred to be further from roads . Access i bi l i ty 

appears to be an i mportant factor affecti ng v u l nerabi l i ty of bears to 

hunt i ng in ea s t  Tennessee . 
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Al though roads w i th i n  the stu dy area were not a barrier  to bea r 

movements , roa ds may appear to restrict bear movements , espec i a l l y  that 

of fema l e s . No bears were observed cross i ng the Tel l i co-Robb i n sv i l l e  

roa d ,  the on ly  paved road i n  the study area . 

1 9 .  Bea rs were not l ocated a t  s i g n i fi ca nt ly  d i fferen t el eva t i on s  

seasona l l y .  However,  adul t a nd mal e  bears were l ocated a t  s i gn i f i cantly 

h i g her  e l evati ons .  Th is  su pports the conjecture that more favorabl e 

hab i tat  for bears i n  th i s  area i s  the upper  por tions  of r idge systems . 

2 0 .  IMGRI D  i s  a sati sfactory techn i que  t o  determ i ne habi ta t 

u ti l i zation-preference i nformati on . It  a l so ha s the ab i l i ty to store , 

retri eve , update , l ocate coi nc i dence and prox im i ty of resources , dev i se 

habi tat mode l s ,  a nd map the resu l t s .  Howeve r ,  use o f  IMGRI D  c a n  be 

t ime-consum i ng .  The va l ue of IMGRID  becomes ev i dent i n  l on g-term 

projects wi th  many ha bi tat variabl e s  or when dec i s i on s  rega rd i ng 

a l ternat i ve l and  u ses are des i red . 

2 1 . More comparati ve research i s  needed i n  areas of presumed 

l ower bear dens i t ies  to determi ne  factors l im i t i ng bea r pop u l at ions  

in  these area s . 
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Tabl e 23 . Monthly average maximum and m i n imum temperatures , Tel l i co 
Ranger D i s tr ict ,  CNF . a 

Average maximum Average mi n imum 
temEerature C ( F )  temeerature c ( F )  

Mon th 1 978 1 979 1 9 78 1 979 

January 3 . 2  (37 . 8 )  5 . 8  (42 . 5 )  -5 . 5  (2 2 . 1 )  -2 . 7  ( 2 7 . 2 )  

February 7 .  1 ( 44 . 7 )  8 . 8  (47 . 8 )  -3 . 8  ( 2 5 .  1 ) -0 . 2  ( 3 1 . 6 )  

March 1 6 . 1 ( 60 . 9 )  1 9 . 3  ( 66 .  7 )  3 . 1  ( 37 . 5 )  6 . 6 (43 . 8 )  

Apr i l  22 . 9  ( 73 . 2 )  20 . 8  (69 . 5 )  7 . 7 ( 45 . 8 )  6 . 9  (44 . 4 )  

May 24. 1 ( 75 . 3 ) 24 . 7  ( 76 . 5 )  1 1 . 8 ( 53 . 3 )  1 1 . 2 (52 . 1 ) 

J une 30 . 2 (86 . 3 )  2 7 . 2  (80 . 9 )  1 6 . 2  ( 6 1 . 1 ) 1 4 . 3  ( 57 . 1 ) 

J u ly  32 . 7  ( 90 . 9 )  2 7 . 2 (80 . 9 )  1 9 . 3  (66 . 7 )  1 8. 6  ( 65 . 4 )  

August  3 1 . 0  (87  . 8 ) 28 . 6 (83 . 5 )  1 9 . 2  ( 66 . 5 )  1 7 . 2 ( 62 . 9 )  

September 30. 8 ( 87 . 4 )  24 . S  ( 76 . 8 )  1 6 . 2 ( 6 1 . 2 )  1 5 . 8 (60. 5 )  

October 2 3 . 2  ( 73 . 7 )  20 . 2 ( 68 . 4 )  6 . 6  (43 . 8 ) 7 . 4 (45 . 3 )  

November 1 9 . 7  ( 67 . 4 )  1 4 . 6  ( 58 . 2 )  5 . 7  (42 . 3 )  3 . 2 ( 37 . 7 )  

December 1 2 . 7  ( 54 . 8 ) 1 0 . 8  ( 5 1 . 4 )  0 . 3  ( 32 . 5 )  -0 . 7  (30 .  8 )  

aFrom U . S . Forest Serv i ce records a t  Tel l i co P l a i ns , Tennessee 
(el evation 293 m ) . 
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Tab l e  24 . Mon th l y  tota l preci p i tati on ,  Tel l i co Ranger D i s tr i ct �  
CNF . a 

Month 

Janua ry 1 2 . 88 ( 5 .  07 ) 1 6 . 81 ( 6 . 6 2 )  

Februa ry 1 . 45 ( 0 . 57 )  1 3 . 72 ( 5 . 40 ) 

March 1 0 . 03 ( 3 . 95 )  1 6 . 66 ( 6 . 56 ) 

Apri 1 1 4 . 68 ( 5 . 78 )  1 5 . 77 ( 6 .  21 ) 

May 8 . 28 ( 3 . 26 ) 1 9 . 23 ( 7 . 57 )  

June 6 .  55  ( 2 .  58 ) 1 0 . 41 ( 4 . 1 0 ) 

Ju l y  1 0. 44 ( 4 . 1 1 ) 3 7 . 87 ( 1 4 . 9 1 ) 

Aug u s t  1 o .  24 ( 4 . 03 )  6 . 07 ( 2 . 3 9 )  

September 2 . 51 ( 0 . 99 )  1 2 . 90 ( 5 . 08 ) 

October 4 .  98 ( 1 .  96 ) 8 . 43 ( 3 . 32 )  

November 6 . 63 ( 2 . 61 ) 2 2 . 07 ( 8 .  69 ) 

December 1 6 . 05 ( 6 . 32 ) 7 . 04 ( 2 . 77 )  

Annua l 1 04 . 72 (41 . 23 )  1 86 . 69 ( 7 3 .  50 ) 

aF rom U . S .  Fores t  Serv i ce records a t  Tel l i co Pl a i n s , 
Ten ne s see {el evati on 293 m ) .  
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Defi n i t i on a nd Description o f  Forest Cover Types on the Tel l i co 

Ranger D i strict 

A forest type i s  defi ned as : "A desc r i pt i ve term u sed to group 

s ta n ds of s im i l ar character as  regards compo s i t i on and devel opment due 

to certa i n  ecol og i ca l  factors , by whi ch they may be d i fferenti ated from 

other g roups of stands1 1  (Soc i ety of Amer i can  Fo resters 1 9 58 : 91 ) . A 

cover type i s  11a fo res t  type now occupyi ng the grou n d , no impl i cat ion  

bei ng conveyed as  to  whe ther i t  i s  tempora ry or pennanent" ( Soc i ety of 

Ameri can Foresters 1 958 : 9 1 ) .  

The U . S .  Forest Servi ce recogn i zes 31 forest cover types on the 

Tel l i co Ranger D i strict  (USFS fi l es ,  C l eve l an d ,  TN ) .  Of these types , 

1 8  are defi ned by the Soc i ety of American Foresters ( 1 954 ) .  

1 .  WHITE P INE-- Eas tern whi te p i ne i s  pure or predomi nant . On 

moi st s i tes i n  the southern Appa l achi a ns , yel l ow-popl a r ,  hem l oc k ,  

n orthern red oa k ,  a n d  whi te oa k are the ma i n  a ssoci a tes . On dri er 

s i tes , chestnut oak ,  scarl et  oa k ,  s hortl eaf p i ne ,  and  p i tch pi ne are 

fou nd . It  i s  found at e l evat ions from 457 m to 1 2 1 9  m .  I n  the 

sou thern Appa l achians  i t  occ urs on mounta i n  s l opes , fl ats . and val l eys 

varyi ng w ide l y  i n  soi l c haracter from sandy to c l ayey l oam a nd from 

rel at i ve ly  mo i st to dry .  The type i s  a l ong-l i ved tempora ry one , 

usua l l y  s ub-cl imax but a pproachi ng  perma nence on sandy soi l s  (Soci ety 

of Ameri can Foresters 1 954 : 1 3- 1 4 ) .  

2 .  WHITE P I NE-HEMLOC K- -The type i s  composed ch ie fl y of eastern 

wh i te p i ne and eastern heml ock whi c h  are predom i nant  i n  m ixture .  The 
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pr i nc i pa l  ass oc i a tes are beec h ,  sugar map l e ,  b l a ck c herry , bas swood , 

red ma pl e ,  ye l l ow b i rch , sweet b i rc h ,  northern red oak ,  wh i te oa k ,  

ye l l ow-popl ar ,  and cucumbertree . It  occurs from 304 m to 1 , 21 9 m 

el evat ion  i n  Tennessee and North Ca rol i n a .  The type i s  found on a w ide 

range of s i tes  from sand p l a i ns to heavy upl and so i l s ,  but fa vors cool 

l oca ti on s ,  rav ines , and north s l opes i n  the sou thern port i on of i ts 

range ( Society of Amer i can Foresters 1 95 4 : 1 4 ) . 

3 .  HEMLOCK--Eastern heml ock i s  pure o r  predomi nant over any 

s i n gl e  assoc i ate . Among the as soc i a ted spec i es are beech ,  sugar ma pl e ,  

northern red oa k ,  and whi te oak .  I t  occurs a t  e l eva t i on s  u p  to 1 , 524 m .  

I t  prefers cool l ocat i ons , moi st ravines  and north s l o pe s .  The type i s  

con s i dered c l imax , but over l on g  peri ods tends to g i ve way to suga r 

mapl e ( Soci ety of Amer ican  Fo resters 1 954 : 1 4-1 5 ) . 

4 .  RED SPRUCE-FRASER FIR- -Red spruce ( P i cea rubens ) and  Fra ser 

fi r ( Abies  fraseri ) are pure and predomi nant . Assoc i ated i n  the l ower 

a l t i tud i nal  port ions  of the type a re heml ock ,  yel l ow bi rc h ,  and l es s  

frequent ly  beech , sugar map l e ,  yel l ow buckeye (Aescu l u s  octandra ) , 

mounta i n-ash  ( Serbus amer icana ) , and hawthorn ( Crateagu s �. ) .  The 

type occurs at e l evati ons over 1 , 372 m i n the s ou thern Appa l achians ; 

i t  i s  consi dered c l imax ( Soc i ety of Ameri can Foresters 1 954 : 1 5 ) . 

5 .  HEMLOCK- HARDWOOD--Thi s  type i s  cons i dered a variant  of the 

hem l ock  type (Soc iety of Ameri can  Foresters 1 954 : 1 5 ) . 

6 .  WHITE P I NE-COVE HARDWOOD--Thi s type i s  not defi ned by the 

Soc i ety of American Foresters {1 954 ) . 

7 .  WHI T E  P I NE- UPLAND HAR DWOOD--Thi s type i s  not defi ned by the 

Soc i e ty of America n  Foresters ( 1 954 ) . 
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8 .  SHORTLEAF P I NE-OAK--Shortleaf p i ne predom i nates , bu t wi th 

oa k in  m i xture . The o aks i n  the type are s carl et ,  b l a c k ,  post , and 

southern red oak .  I t  occu rs on the pl ateaus a nd footh i l l s  of the 

Appa l achian regi on ,  but not ascend i ng above 61 0 m .  The type i s  a 

trans i ti on be tween s hortl eaf pi ne and the hardwood c l imax  ( Soc i ety of 

Amer i ca n  Foreste rs 1 954 : 26-27 ) .  

9 .  P I TCH P I NE-OAK--Th i s  type i s  n ot defi ned by the Soci ety of 

Ameri can Fore s ters ( 1 954 ) . 

1 0 . V I RG I N IA P I NE-OAK--Th i s  type i s  not defi ned by the Soc i e ty 

of Amer i can Foresters  ( 1 954 ) .  

1 1 . LOB LOL LY P I N E--Lobl o l l y  pi ne (t. taeda ) i s  pu re or pre­

domi nant . Sweetgum ( L iqu i dambar  styraci fl ua )  i s  a characteri st ic  

a s soc iate ( Soc iety of  Amer i ca n  Foresters 1 954 : 28 ) . 

1 2 . SHORTLEAF P I NE--Short l eaf p i ne i s  p u re or predomi nant . Its 

ch ief hardwood a ssoci ates are whi te oa k ,  southern red oak ,  scarl et oak ,  

and b l a c k  oak .  I n  the southern Appa l ac h i an s  i t  occurs bel ow 732 m .  I n  

the mounta i n s  the s hortl eaf pi ne type occup i es l ow ,  wel l -drai ned ri dges 

to roc ky , d ry s l opes and better dra i ned spur ri dges on north s l opes 

( Society of Ame r i ca n  Foresters 1 954 : 26 ) .  

1 3 . V I RG I N IA PI NE--V i rg i n i a  p i ne i s  pure or predomi nant . 

Pr inc i p a l  a ssoc i ates a re short leaf pi ne , wh i te oa k ,  chestnut oak ,  

southern red oak ,  b l ack oak ,  sweetgum, red g um ,  a nd b l ack  g um .  I t  

occurs bel ow 61 0 m i n  the Appal ach i an s .  The type i s  temporary a n d  i s  

succeeded by s hortl eaf p i ne and va ri ou s  hardwoods ( Soci ety of American  

Foresters 1 954 : 2 7 ) .  
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1 4 .  POND  PINE--Pond p ine  ( P .  serot ina ) i s  pu re or predomi nan t ;  

i t  i s  cl imax for the s i te (Soc i ety o f  Ameri can Fores ters 1 954 : 31 -32 ) . 

1 5 . P ITCH P I NE--P i tch p i ne i s  pu re or predomi na n t .  Ch ief 

a s soc i a te s  are chestnut  and  scarl et  oa ks ;  m i n or ones i nc l ude Tab le­

mou nta i n  pine , b l ack oak and b l ackgum. Thi s type occu p i es rel a ti vely 

i n fert i l e  r idges , dry fl ats , and  sl opes . S i tes range from d ry to poorly 

dra i ned . P i tch p i ne i s  a tempora ry type , resu l ti ng from fi re , in the 

absence of whi ch hardwoods wi l l  gradua l l y  become predom i n ant (Soc iety 

of Amer i ca n  Fores ters 1 954 : 20 ) . 

1 6 . TABLE-MOUNTAIN P INE--Th i s  type i s  no t def i ned by the 

Soc i ety of Ameri can Foresters ( 1 954 ) .  

1 7 . COVE HARDWOOD-WH ITE P INE-HEMLOCK--Th i s  type i s  not def i ned 

by the Soc iety of Amer ican  Foresters ( 1 954 ) .  

1 8 .  U PLAND HARDWOOD-WH ITE P INE--Th i s type i s  not defi ned by t he 

Soci ety of Ameri ca n  Foresters ( 1 954 } .  

1 9 .  SOUTHERN RED OAK-YELLOW PINE--Th i s  type i s  not defi ned by 

the Soci e ty of Amer i ca n  Foreste rs ( 1 954 ) .  

20 .  CHESTNUT OAK-SCARLET OAK-YELLOW PIN E--T hi s type i s  not 

defi ned by the Soci ety of Ameri ca n  Foresters ( 1 954 ) . 

2 1 . BOTTOMLAND HARDWOOD-YELLOW P INE--Thi s type i s  not defi ned 

by the So ciety of Ameri ca n  Foresters ( 1 954 ) .  

2 2 .  WH ITE OAK-BLACK OAK- Y ELLOW P INE--Th i s  type i s  not  defi ned 

by the Soc i ety of Ameri can Foresters ( 1 9 54 ) . 

23 . NORTHERN RED OAK-HICKORY-YELLOW PINE--Th i s  type i s  not 

defi ned by the Soc iety of Amer i can  Fore sters ( 1 954 ) .  



24 .  YELLOW-PO PLAR--Yel l ow-popl ar  is  pu re or  predomi nant .  
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Assoc iated are b l ack  l ocust ( Rob i n i a  ESeudoacac i a ) ,  red map l e ,  sweet 

b i rc h ,  northern red oa k ,  cucumbertree , sweetgum , and other moi st s i te 

s pec i e s .  I t  oc cu rs up to e l evat ions  up  to 1 , 21 9 m i n the southern 

Appa l ach i an s .  Usua l ly  i n  sma l l sca ttered stands , the type occupi es 

l ower s l opes , norther l y  s l opes , moi s t coves , and fl ats (Soci ety of 

Ame rican Fo resters 1 954 : 23 ) .  

2 5 .  CHESTNUT OAK--Chestnut oak i s  pure or predomi nan t.  The 

common assoc i a tes are scar l e t  oa k ,  b l ack oak ,  wh ite oa k ,  post oak ,  

pi tch p i ne ,  b l ackgum , sweetgum ,  and red map l e .  I t  occurs a t  

e l eva t i on s  o f  457 m to 1 ,2 1 9 m .  I n  the mounta i n s  i t  occu p i es narrow 

str i ps a l ong r i dges and warm a spects . The type i s  perma nent i n  some 

l oca l i ti es ,  but i t  frequen t ly  fo l l ows f i re and c l earcutti ng i n  types 

con ta i n i ng a m i xture of red and chestnut oaks ( Soci ety of Amer i ca n  

Foreste rs 1 954 : 20 ) .  

26 . WHITE OAK-RED OAK-HICKORY--Whi te oak , northern red oak ,  

a nd  h i ckory predomin ate . There are many other comb i nations  of oa ks , 

h i ckori es ,  and other hardwood s i n  a ssoc i at i on and these vary from 

p l ace to p l ace . Thi s type i s  cl imax i n  the centra l  and  southern 

portion  of i ts range ( Society of Ameri ca n  Foresters 1 954 : 2 1 -22 } .  

2 7 .  NORTHERN RED OAK--Northern red oa k i s  pure o r  predomi nant . 

As soc iates are bl ack oak,  scarl et  oak ,  chestnut  oa k ,  and yel l ow-pop l ar .  

I t  occurs at el evati ons o f  9 1 4  m to 1 , 676 m on ri dge cre s ts and north 

s l opes ( Soc i ety of Amer i can  Foresters 1 954 : 22 ) .  

28.  YE LLOW POPLAR-WHITE OAK-NORTHERN RED OAK-- Ye l l ow-popl ar ,  

whi te oak ,  and northern red oak predomi nate .  Assoc iated  are b lack  oa k ,  
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hem l ock ,  b l a ckgum , and other moi s t  s i te speci es ; a l so h i c kor ies occu r 

on drier s i tes . The type occurs i n  the southern Appa l ach i ans  between 

a l ti tudes of 1 52 m and 1 , 2 1 9 m on norther ly  s l opes , coves , and mo i st 

f l ats  ( Soc i ety of Amer i can Foresters 1 954 : 23 ) .  

29 . SWEETGUM-YELLOW POPLAR--Sweetgum and ye l l ow-pop l ar pre­

domi nate . Assoc i ates are red map l e ,  wh i te ash (f. amer i cana ) ,  green 

ash  (f. pennsyl van i ca ) and other moi s t  s i te spec i es . Mo i sture 

cond i t ions  l im i t the type to l ower s l opes and l imi t i ts occurrence to 

bel ts between s tream swamps and upper s l opes ( Soci ety of American  

Foresters 1 954 : 29 ) .  

30. SCARLET OAK--Scar l et oak predomi nate s ,  but b l ack oa k and 

sou thern red oak are coordi nate associates . Other associates are 

chestnut oak ,  wh i te oak ,  post oak ,  hi ckori es , p i tch p i ne ,  b l ackg um ,  

sweetgum, bl ack l ocus t ,  sourwood (Oxydendrum arboreum ) ,  f l ower i ng 

dogwood (Cornus f l or i da ) , wi th occas ional  shortl eaf and V i rg i n i a  p i ne .  

I t  occurs be l ow 9 1 4  m on dry ri dge s ,  south or west-faci ng s l opes 

(Soc i ety of American Foresters 1 954 : 1 9 ) .  

3 1 . SUGAR MAPLE-BEECH-YELLOW B I RCH--Sugar ma pl e ,  beech ,  and  

ye l l ow b i rch are the component spec ies . Assoc i ated are  vari ous m ixtu res 

of bas swood , red map l e ,  hem l ock ,  northern red oa k ,  whi te a s h ,  wh i te 

p i n e ,  b l ac k  cherry , yel l ow buckeye , and cucumbertree . In the southern 

Appa l achians  i t  occurs between el evations  of 1 , 067 m and 1 , 676 m .  The 

type prefers l oamy soi l s  of excel l ent ferti l i ty and good moi sture 

cond i ti ons ; the type i s  cl imax (Soc i ety of Ameri can Foresters 1 954 : 1 5 ) .  
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Tab l e  2 5 . Age d i stri but i on of regu l ateda forest  cover types , Tel l i co Ranger Di stri c t ,  C NF . b 

Forest  cover t��e 0-1 0 1 1 -20  2 1 -30 
# hectares i n  a�e c l ass  {�ears } 

31-4o 41 -50 51 - o 61 -70 71 -So 81 + Uncl as sed  Total 

Whi te p i ne 4 1 1 246 0 9 0 1 1 8  1 94 0 0 8 986 
W .  P i ne-Heml ock 0 0 2 1  0 0 40 20 0 0 0 8 1  
Heml ock 0 0 0 0 0 0 0 0 1 0  0 1 0  
R .  Spruce-F .  F i r  0 0 0 0 0 1 54 0 0 0 0 1 54 
Heml ock -Hardwood 0 0 0 0 26  47 80 21  0 0 1 74 
W .  Pi ne -Cove Hwd . 0 0 0 0 0 5 1  0 0 0 1 5 2  
W .  P i ne-Up . Hwd . 1 4  1 8  0 0 37  2 98 0 0 0 1 69 

...... Shortl eaf Pi ne-Oak 0 0 0 0 0 80 1 62 1 53 0 0 395 
w P i tch  P i ne-Oak 0 0 0 1 0  204 401 1 58 1 54 1 3  0 940 0 

V i rg i n i a  P i ne-Oak 71 0 0 32 1 87 1 64 0 0 0 0 454 
lobl o l ly  P i ne 0 5 38 0 0 0 0 0 0 0 43 
S hortl eaf P i ne 550 32 62 0 43  47 1  1 92 265 0 0 1 6 1 5  
V i rg i n i a  P i ne 1 864 502 249 562 1 633  3 1 70 86 6 1  0 0 8 1 2 7  
Pond P i ne 0 0 0 0 0 1 1  0 0 0 0 1 1  
P i tch P i ne 255 84 1 55 230 762 1 1 02 1 1 3 0  242 70 0 4030  
Tabl e-Mtn . P i n e  0 0 2 3  0 1 4  72 1 7  0 0 0 1 26 
Cove Hwd . -W .  P i ne-Hem . 0 1 4  0 1 0  0 1 01 1  7 98 39 34 0 1 906 
U p .  Hwd . -W .  Pi ne 4 0 0 0 1 0  0 1 20 0 0 0 1 34 
S .  Red Oak-Y . P i ne 28 0 0 0 0 0 0 87  0 0 1 1 5  
C h .  Oak-Sc . Oak-Y . Pi ne 24 0 0 0 42 1 7 1 93 1 0  0 0 340 
Bt . Hwd . -Y .  P i ne 0 0 0 0 0 7 0 0 0 0 7 
W .  Oak- B . Oak-Y .  P i ne 1 4  0 0 0 7 7  0 0 0 0 0 9 1  
N .  Red Oak-Hi ck . - Y .  P i ne 0 0 0 0 270 5 7 1  1 65 8 0 0 1 01 4  
Y .  Pop l a r  0 0 0 43 1 1 4  397 1 1 9  1 2  0 0 685 
Chestnut Oak 0 0 0 57  1 33 842 98 7 1  40  0 1 24 1  
W .  Oa k- R .  Oak-Hi ckory 1 62 54 1 42 50 1 1 56 3938 2262 1 208 1 4  3 5  9021 
N .  Red Oa k 0 0 0 0 0 1 35 1 8  0 0 0 1 53 



Ta bl e 25  ( Cont inued ) 

21 -30 
# hectares i n  age c l a s s  (xears ) 

Forest  cover t��e 0-1 0 1 1 -20 31 -40 41 -50  51-60 6, _,0 ,, _80 81 + U nc1 as sea To tai 

Y .  Popl ar-W. Oak-N . Red 
Oak 1 3 1  0 1 2  1 6 1 1 036  2892 1 558 265 1 7  0 6072 

Sweetgum- Y .  Po pl ar 0 0 0 0 1 1 1  0 0 0 0 0 1 1 1  
Scarl et Oak 0 0 0 43 0 8 7  93 1 2  0 0 235 
S .  Map l e-Beech-Y . B i rch 1 0  1 2  1 0  64  1 02 228 45  4 6 1  0 536 
Total 3538 967 7 1 2 1 271 5957 1 61 62 7506 26 1 2  259 44 29028 
Wi l d l i fe Openi ngs 

aReg u l a ted i s  the commerc i a l  forest  l and and i ts i nventory tha t can con tri bute to sys temi c 
ti mber p roduct i on under susta i ned-y ie l d pr inc i p l e s .  

bFrom U . S .  Forest  Serv i ce records , C l eve l and ,  TN . 

46 
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APPENDIX D 

Tab l e  26 . Annua l and seasonal home ranges of 21 bl ack bears i n  CNF , 1 978- 1 979 . 

Bear # Sex 

303 M 

309 M 

317 R 

324 M 

325 M 

328 M 

334 M 

337 M 

Subadult males 
average 

30l M 

322 M 

331 M 

335 M 

Adul t males 
average 
Ma l es 
average 

2-3 

3 

1-2 

3 

3 

3 

6 

4 

4 

4 

28 Jun 78-
4 Dec 79 
18 Jun 79-
19 Aug 79 
1 sep 78-
4 Dec 79 
3 Mar 79-
4 Dec 79 
3 Mar 79-
27 Nov 79 
28 Jun 79-
4 Dec 79 
5 Jun 79-
1 2  Sel! 79 
l5 Jun 79-
1 Dec 79 

28 Jun 78-
5 Sel! 78 
2 Jun 79-
7 Dec 79 
3 Jun 79-
7 Aug 79 
10 Jun 79-
7 Dec 79 

1 1 . 2(33) 34 .8(70) 9 . 3(27} 2 . 6{32} 1 .  9{6) 

9 . 9{1 7l 
46. 8(31 ) 1 2 . 3(14) 1 1 . 8{1 5) 

37 . 7(36) 2 . 2{1 5) 

3 1 .  2(34} 2 1 . 2(14)  

1 6 . 4{44) 1 .  9(7) 
2 1 . 4{1 1 1  

52 .3{7 1 )  9 . 0(29} 

1 1 . 2  36.5 9 . 3  10 . 1 6 . 8 

3 . 2(12) 

27.4{31 ) 8. 0(1 5)  

1 8 . 8{12) 

1 2 . 8(77} 7 . 2(31) 

20. 1 3 . 2 1 1 .3 

1 1 . 2 32 ,4  6 . 3  10 . 2 6 . 8 

Bear k i l l ed 
24 . 5{38l 26 Dec 79 

Bea r removed 
breakawa� col lar 
Funct ion ng 

44 . 6(1 7) 
Functioning 

43. 7{2q 
Bea r killed 

21 . 1 (20) 1 Dec 79 
Fu nctioning 

1 6 . 4{37) 
Bea r removed 
breakawal col l ar 
Bear kil ed 

51 . 3(42l 1 Dec 79 

3 3 . 6  
Bea r removed 
col l a r  
F unctf on f ng 

20 . 0{1 6) 
Bear removed 
breakawal col l a r  
Function ng 

1 1 .  1{ 46) 

1 5. 6  

29. 1 



Tab l e  26 (Conti nued ) 

Bea r II Sex 

306 F 3-4 25 Jun 78-
8 Dec 79 1 7 . 4(49} 8 . 2(47) 

307 F 2-3 25 Jun 78-
3 Oct 79 23 . 4 ( 7 1 ) 9 . 6(66) 

308 F 3 9 Jul 79-
14  Dec 78 7 . 2{35) 

3l6 F 2-3 24 Aug 78-
8 Dec 79 1 0 . 7 ( 29 ) 1 4 . 1 (43 ) 

336 F 3 15 Jul 79-

338 F 3 
1 5  Au� 79 
18 Ju 79-
3 Nov 79 5 . 0 ( 1 5 )  

343 F 2 12 Jul 79-
9 Dec 79 

Subadul t females 
3 . 2(26) 

average 1 4 . 7  8 . 0  
305 F 6-7 24 Jun 78-

1 2  Oct 79 22 . 7 (62} 7 . 5(71) 
320 F 7-8 28 Sep 78-

8 Dec 79 1 0. 1  (72) 
Adult fema 1 es 
average 22 . 7  8. 8 
Fema l es 
a verage 1 6 . 3  8 . 2  

4 . 8{26� 3 . 0(1 8} 1 6 . 3 (23} 

1 . 9(28)  6 . 8(45 ) 23 .4(43 ) 

0 . 93(5} 5 . 9{30} 

0 .2 7 (5 ) 9. 6 ( 1 7 )  9 . 8 (24)  

1 .4(1 7) 

2 .6 (6 ) 

o. 35{7) 

2 . 0  4 . 0  1 3 . 9  

4 . 2 (25) 5 . 2 (43) 21 . 9(37) 

3. 1 {18) 1 2 . 2 ( 1 3)  

4 .2 4. 2 1 7 . 1  

2 . 4  4 . 0  1 5. 0  

8. 3{29i 

5 .  0(2 1 ) 

6 . 1 ( 26 ) 

0. 98(9 )  

2 .8(1 9) 

4 .6  

4 . 0(28) 

1 0 . 1 {54 ) 

7 . 1  

5 . 3  

Func ti on i ng 

Col lar  not func-
t i on i ng; bear 
k i 1 1  ed 1 Dec 79 
Bear died 
3 Mar 79 
Bear removed 
col l a r  in 1 978; 
rei n s trumented 
1 979 
Bear removed 
breakawax col l a r  
Bear removed 
breakaway col l ar;  
Bear k f l l ed 
1 Dec 7 9  
Functioning 

tol lar not 
func tion i ng 
Functfoning 

w 

w 



Tab l e 26 ( Conti nued ) 

aHome ranges determined by connect i ng the outermost rad i o-l ocat i on s  for each an ima l (convex 
pol ygon ) and reported i n  km2. 

bNumber of rad io- l ocat ions  used i n  determi n i ng home range.  

cspr/Summer = March-Augu s t .  

dFa l l = September-December . 

eoate of capture to date of l as t  rad io- l ocat ion .  

fAge determi ned by cementum annu l i techn i ques ; Adu l t > 4 yrs . , subadu l t  < 4 yrs . 

gFate as of 1 Jan 81 . 



APPENDIX E 

PREBA IT ING INFORMAT ION 

Areas were u sua l ly preba i ted before they were trapped . I n  1 978 

Cowcamp R i dge exh i b i ted the h i ghest bear act i v i ty ;  i n  1 97 9 ,  Jake Best 

Creek had the h ighest bear  acti vi ty .  A summary of preba i t  i nformation  

for 1 978 and 1 979 i s  g i ven i n  Tabl es 27 and 28 . 

1 3 5  



Tabl e 2 7 .  Preba i t  data for b lac k bears i n  CNF ,  1 97 8 .  

# Preba it  # Bear v i s i ts 
Arealdate) s i tes with i n  5 da�s 

Jeffery • Hel l 9 3 
( 2 7 May ) 

Cowcamp R idge 1 0  6 
( 20 June)  

F l a ts Mou nta i n  1 4  4 
( 20 June ) 

Mc intyre R idg e  9 0 
( 1 7  J u l y )  

Hamp ton Ridge 5 0 
( 1 7 J u l y )  

M i l l er Ri dge 1 6  4 

Total s 63 1 7  

1 36 

% U ti l i zat ion  
wi th i n  5 da.z:s 

33 . 3  

60 . 0  

28 . 6  

0 

0 

25 . 0  

x=24 . 5  



Tab l e 28 . Preba i t  data for b l ac k  bears i n  CNF, 1 97 9 .  

# Preba i t  # Bear % Uti l i zat ion  
Area{date) s i tes v i s i ts by bears 

Jake Beat 8 3 37 . 5  
( 1 May-5 May )  

Cowcamp Ridge 1 0  4 40 . 0  
( 24 May-9 Ju ne ) 

Jake Best 6 5 83 . 3  
( 27 June- 1 7  J u l y )  

Tota l s  24 1 2  x=53 . 6  

1 3 7  

% Uti l i za ti on 
w i th i n  5 days 

37 . 5  

20 . 0  

50. 0 

x=3 s  . 8  



APPEND IX  F 

TRAPP ING  I NFORMAT I ON 

I n  1 978 , 1 5  d i fferent bears ( 7  ma l es ,  8 fema l es )  were captured 

on the s tudy area ; tota l captures amounted to 22 . Bear 307 ( F )  was 

captured 3 times ; 5 bears were captu red twi ce ,  3 03 ( M ) ,  304 ( M ) , 3 05 

( F ) , 306 ( F ) , and 308 ( F ) (Tab l e s  29-30 ) .  Cowcamp Ridge was the mos t  

produc t i ve area for trapp i ng ;  1 1  d i fferent bears and 5 recaptures were 

from that area . 

Sex and age structure are s hown on page 1 44 .  The average age 

for both ma l es and fema l es was 3 . 8  years . 

Three cub bears were donated by the Knoxvi l l e  Zoo for rel ease 

i n  the s tu dy area for restorat i on purposes . Two cubs  were tagged ; 

one was not tagged . Both tagged bears were ki l l ed i l l ega l ly .  

I n  1 979 1 3  d ifferent bears ( 9  mal es , 4 fema l es )  were captured on 

the s tudy area ; tota l captures amou nted to 22 . Three bears were 

captu red twi ce ;  322 ( M ) ,  335 (M ) , 337 ( M ) . S i x  bears captured i n  1 978 

were recaptured;  3 1 6  ( F ) , 306  ( F ) , 305 ( F ) , 309 ( M ) , 303 (M ) ,  and 

307 ( F )  ( Tab l e s  3 1 -3 2 ) . 

Sex and age stru c ture are shown i n  Tab l e  33 . The average age 

for both ma l es and fema l es was 2 . 6 years . 

In  2 years of tra pp i ng on  the CNF , 28 d ifferent bears were 

captured  ( 1 5  i n  summer 1 978 , 2 i n  w i n ter 1 978-1 97 9 ,  1 1  i n  summer 1 979 ) . 

Of these 28 bears , 1 6  were ma l es and 1 2  were femal es .  Tota l captu res 

amounted to 45 ( 22 i n  summer 1 978 ,  3 i n  w i n ter 1 978- 1 979 ,  20 i n  

summer 1 979 ) . 

1 38 



Tabl e 29 . Areas tra pped and trapp i ng success ,  CNF ,  1 978 . 

Tra�nishts �er 
# Trap # # Ca�tures I n i tial  

Area (date ) S i tes Tra�n ishts Initial s Reca�tures Ca�ture Bear 

Head of Doubl ecamp 6 66 66  66  
(3 1  Ma�-1 0  Ju ne} 
Jeffery 1 s He 11 5 48 1 48 48 
( 3 1  Mai:-9 Ju ne} 
Cowcamp Ridge 
{20 June-30 June}  

11 112 5 22 . 4  22 .4  

F l ats Mountai n 5 30  �20 June-26 June} 
owcamp Ridge 14 41 2 20 . 5  20 . 5  

{8 Ju l�- 1 1 Jul�} 
Hampton Ri dge 4 20 
{ 1 9  Ju li:-24 Ju l�} 
Miller R i dge 7 1 03 2 1 51. 5 34 .'3 �3 1  Ju l�- 1 4  August} 

owcamp Ridge 7 90 2 4 45 . 0  22. 5  
( 1 1  Augu st-24 Ausust} 
Cowcamp Ri dge 1 3  1 04 1 2 1 04 52 . 9  
( 2 0 Ausu s t-5 Se�tember} 
Cowcamp Ridge 7 80 1 80 80 
{25  Se�tember-7 October} 
Total s 79  694 1 5  7 x-=46 . 3  x-=31. 5 



T ab l e  30. C apture d a t a  for b l ac k be ars c aptured i n  CNF , 1 978 . 

We ight Ear 
Date Capture area Sex Age (kg) Tattoo tags 

6 Jun 78 Jeffery ' s  Hel l H 

24 Jun 78 Cowcamp Ridge F 
25 Jun 78 Cowcamp Ridge F 
25 Jun 78 Cowcamp Ridge F 
28 Jun 78 Cowcamp Ridge M 

g Ju l 78 Cowcamp Ridge F 

11 JU1 78 Cowcamp Ridge M 
3 Aug 78 Hiller Ridge k 
7 AUg 78 Miller Ridge F 

Sep 78 Cowcamp R1dge M 
28 Sep 78 Cowcamp Ridge F 

4 64 

RK301 
6 56 305 [H305 

RYJOS 
J 42 306 [1'1306 

RY306 2 38 307 CM3o7 
RY307 2 34 303 LY3o3 
RK303 3 43 308 LH308 
RY308 

2 36 309 
2 46 304 
2 34 313 

50 311 
7 83 320 

Comnents 

Not radiocol l ared 

Not radiocollared, recaptured 
1 1  Aug 78 
Not radlocollared 

bear removed 

Radlocollar aftached 

Radiocollar attached 

1 40 



Tab l e 3 1 . Area s  trapped a nd trappi ng success , CN F �  1 979 . 

Traenights Eer 
# Tra p # Trap  # # Ca12tures Trapni ghts Inibal 

Area (date) si tes n i9hts V i s i ts I n 1t i a1 RecaEture 12er v i s i t  ca12tu re Bear 

Cowcamp R idge 1 0  406 52 8 9 7 . 8 50. 8 23 . 9  
( 29 May- 1 2  Ju 1 )  

Jake Best 5 7 1  4 3 0 1 7 . 8  23 . 7  23 . 7  
( 5-22  Ju 1 ) 

Jake Best 5 20 0 0 0 
( 3 0  J u 1 -3 Aug )  

Jake  Best 5 1 5  0 0 0 
( 6-9 Aug ) 

Cowcamp Ri dge 6 24 0 0 0 
( 24-28 Sep )  

To ta 1 s 3 1  536 56 1 1  9 x=9 . 6  x=48. 7 x=26 . 8  



Tab l e 32 . Capture data for bl ac k bears captured i n  CNF ,  1 979 . 

Wei ght  
Date Cat!ture area Sex Ase �ksl Tattoo 

3 Mar 79 Cowcamp R idge M 8 325 

3 Mar 79 Cowcamp Ridge M 1 14 324 

2 Jun  79  Cowcamp Ridge M 4 82 322 

3 Jun 79 Cowcamp Ridge M 4 73 331 

5 J un  79 Cowcamp Ri dge M 3 45 334 

7 Jun  79 Cowcamp Ridge F 1 1 4  326 

S Jun  79 Cowcamp Ridge F 3 41 316 

lO Jun 79 Cowcamp Ridge M 4 73 335 

11 Jun 79 Cowcamp Ridge F 4 41 306 

1 3  Ju n 79 Cowcamp R idge F 7 51 305  

1 5 Jun  79 Cowcamp Ridge F 3 45 336 

1 5  Jun 79 Cowcamp Ridge M 3 52 337 

1 8  Ju n 79  Cowcamp R idge M 3 49 309 

Ear 
tags Comments 

LY325 Offspri ng of bear 308 
RM325 breakawa� col l ar attached 
LV324 Offspring of bear 308 
RM324 breakawa' col l ar attached 
LY322 Rad i ocol ar  attached 
RM3 22 Reca�tured 5 Jul 79 
LM331 Brea away col lar  attached 
RY331  Bear removed col l ar 
LV334 Breakaway col lar attached 
RM334 Bear  removed col l ar 
LM326 Not radiocollared 
RY326 
LM327 Recaptu re from 1978 
RY327 N ew rad i oco l l ar a ttached 
LY335 Radiocoll ar a ttached 
RM335 Reca�tured 1 4  Jun  79 
LM306 Recapture from 1 978 
RY306 
LM30S Recapture from 1g78 
RY305 
LM336 Breakaway col lar attached 
RM336 Bear removed col l ar 
LV337 Radi ocoll ar a ttached 
RM337 Reca�tured 4 Ju l 79  
LY309 Recapture from 197S 
RM309 Breakaway col l ar attached 

Bear removed col l ar 
.p. 
N 



Tabl e 3 2  { Conti nued ) 

Date 

28 Jun 79 

29 ,J .111  7!) 

7 Ju l 79 

9 Ju l  79  

12  Jul  79 

1 8  Ju l 79 

Capture area 

Cowcamp R i dge 

Co\'!Carr·p Ridge 

Cowcamp R idge 

Jake Best 

Jake Best 

Jake Best 

Sex Age 

M 3 

M 3 

F 3 

M 2 

F 2 

F 3 

Wei g ht Ear 
( kg ) Tattoo tag s Comments 

5 2  328 LY328 Rad i oco l l ar attached 
RM328 

41 303 LV3o3 Recapture from 1978 
RM303 

41 3oi LM307 Recaptu re from 1 978 
RY307 

33 332 LY332 No t  radi ocol lared 
RM332 

36 343 LM343 Breakaway col lar attached 
RM343 

4 1  338 LM338 Breakaway col l ar attached 
RY338 Bear removed co l l a r  



Tab l e  33 . Sex and age s tru cture of b l ack bears trapped i n  CN F ,  
1 978-1 979.  

Number of bears 
1 978 1 979 Age a 

(�ears } r:la1e Femal e Aale Femal e 

1 2 

2 3 3 1 1 

3 2 3 2 

4 1 3 

5 

6 1 

7 

8 

9 

1 0  1 

Total 7 8 9 4 

aAges  determi ned by cementum annu l i counts  and repor ted as  
age at  l a s t b i r thday . 

1 44 



APPENDI X  G 

RAD IOTELEr.ETRY I NFORMAT ION 

I n  1 978 ,  1 0  bears were f i tted wi th radi o-col l ar s  ( Tab l e  34 ) .  

Bear 31 5 ( M )  removed i ts rad i o-co l l ar after 1 day; the col l ar was 

retri eved . One bear 301 ( M )  l eft the study area and had not been 

l oca ted s i nce Augu s t  1 978 , even though  several aer i a l  searches were 

conducted . On 2 November 1 97 9 , duri ng a managed deer hu n t  on the 

Tel l i co Bear Reserve , a deer hunter found bear 30l ' s  rad i o-co l lar .  

The bear had removed the col l ar ,  a nd it  was no l onger functi oni ng . 

Al s o  2 radi o-co l l ared bears ( P6 ,  F ,  452 M )  from the GSMNP were 

rel ea sed i n  the s tudy area . Both of t hese bears were panhand l er s  and 

moved back to the Park .  In  add i t i on ,  another radi o-co l l ared bear 

( 406 M )  from the GSMNP  moved i nto the s tudy area for abou t 2 weeks and 

then returned to the Park . 

I n  1 979 , 1 2  bears were f i tted w i th rad io-co l l ars  ( 1 0  du r i ng 

the summer trappi ng ses s i on ,  2 dur i ng a wi nter immobi l i zat ion}  

(Tabl e 34 ) .  Bear 308  ( F ) d ied from drug comp l i cations  duri ng a w i nter 

immobi l i zat ion , and her 2 yearl i ng s  ( 324 M ,  325 M )  were fi tted w i th 

break-away col l ars . S ix  bears , 309 ( M ) , 325 ( M ) , 331  (M ) , 334 ( M ) , 

336 ( F ) , and 338 ( F ) , removed the i r  break-away col l ars . Al so  5 bears ,  

303 (M ) , 307 ( F ) , 325  ( M ) , 337 (M ) , a nd 338 ( F )  were k i l l ed dur i ng 

l ega l  bear hunts . Bears 325 and 338 had removed the i r  rad i o-co l l ars 

prev iou s  to be i ng k i l l ed .  Bear 303 was k i l l ed on 26 December 1 979 i n  

the L i ttl e Sa nteetl ah dra i nage , North Caro l i na .  The other 4 bears 

1 45 



Tabl e 34 . Bear number ,  rad io-track i ng per i od , and sex of rad i o-co l l ared b l ack bears , CNF , 
June 1 978-December 1 979 . 

Bear # 

301  

303 

305 
306 
307 

308 
309 
3 1 5  
31 6  

31 7 
320  
322 
324 
325 

328 
331 
334 
335 
336 
337 

# Rad i o  
Per i od tracked l ocati ons 

23 Jun 78-5 Sep 78 1 2  

28 Jun 78-4 Dec 79 106 

24 Jun  78-1 2 Oct 79 l 34 
2 5  Jun 78-8 Dec 79 98 
2 5  Jun  78-3 Oct 79 1 38 

9 Ju l 78-3 Mar 79 37 
18 Jun 79-19 Aug 79 17 
1 8  Aug 78-21 Aug 79 1 
24 Aug 78-8 Dec 79 74 

1 Sep 78-4 Dec 79 47 
20 Sep 78-8 Dec 79 87 
2 Jun 79-7 Dec 79 31 
3 Mar 79-4 Dec 79 42 
3 Mar 79-27 Nov 79 34 

28 Jun  79-4 Dec 79 44 
3 Jun . 79-7 Aug 79 1 2 

l O  Jun 79-7 Dec 79 77 
1 5  Jun 79-1 5 Aug 79 17 
1 5  Jun 79-l Dec 79 7 1  

Sex 

M 

M 

F 
F 
F 

F 
M 
M 
F 

M 
F 
M 
M 
M 

M 
M 
M 
M 
F 
M 

Comments 

Rad i o-col l ared Jun  78 ,  Bear removed co l l ar ,  Co l l ar not 
funct ion i ng 
Radio-collared Jun 78, Bear kil led 26 Dec 79 , 
L.  Santeetl ah Cr . ,  N . C .  

Radi o-collared Jun 78 
Rad i o-co l l ared J un  78, Radi o-col lar  not funct i o n i ng 

Radio-col lared Jun 78, Bear kill ed 8 Dec 79, 
Rad i o-col l ar not fu nct i on i ng 

Radio-coll ared Ju n 79, Bea r removed col lar  Aug 79 
Radio-col l ared Jul 78, Died 3 Mar 79 i n  den 

Rad i o-col lared Aug 78 ,  Bear removed col l ar Aug 78 

Radi o-col lared Sep 78 
Rad io-col lared Sep 78 

Radio-col lared Jun 79 
Bear 308 offspri ng, Radio-col lared Mar 79 
Bear 308 offspring , Radio-col l ared Mar 79 , Bear 
removed col l ar, Ki l l ed 1 Dec 79 ,  Fl ats Cr . , TN 
Radi o-col l ared 79 
Rad io-coll ared Jun  79 ,  Bear removed col lar Aug 79 
Rad io-col l ared Jun  79,  Bear remov�d col lar  Aug 79 
Radio-collared Jun 79 
Radio-collared Jun 79, Bear removed col l ar Aug 79 
Rad io-coll ared Jun  79 , Killed 1 Dec 79, Jake Bes t  
Cr . ,  TN 



Ta bl e 34  { Conti nued ) 

Bear # 

338 

343 
P6a 
452a 
547a 
612a 
406b 

# Rad i o  
Peri od tracked l ocati ons 

1 8  Jul  79-3 Nov 79 1 5  

1 2  Jul 79-9 Dec 79 26 
25 Oct 78-29 Oct 78 3 
5 Jul 78-13 Jul 78 5 
24 Aug 79-25 Aug 79 1 
15  Jun 79-16 Ju n 79 1 
1 1  Oct 78-1 Nov 78 3 

Sex 

F 

F 
F 
M 
F 
F 
M 

COil111ents 

Radi o-col l ared Jul 79 , Bear removed col l ar Nov . 
K i  1 1  ed l Dec . 79 ,  B i v en B r . ,  TN  
Rad i o-col l a red Jul 79 
Moved back to Park 
Moved back to Park 
Bear remov ed collar  
Bear removed radiocol lar  
Moved back to Park 

apan handl er bear rel ea sed i n  study area . 

bcaptured i n  GSMN P .  

79 , 



1 4R 

were ki l l ed dur i ng the Te nnessee sta tewide  bear season ( 1 -8 December 

1 979 ) i n  the Jake Best area of the s tudy area . Two bears , 305 ( F )  and 

307 ( F ) have not been l ocated s i n ce October 1 979 al though several aer i a l  

sea rches were made . Bear 307 was k i l l ed duri ng the Tennes see s tatewide 

bear season and the ra di o-co l l ar was no l onger func t ion i ng . Bear 305 

wa s trapped i n  the stu dy area i n  summer 1 981 and the rad i o-co l l ar was 

no l onger functi on i ng as of Oc tober 1 979. In add i t i on ,  2 rad i o­

col l ared bears , 547 ( F ) a nd 6 1 2  ( F ), were rel eased i n  the study area ; 

both of t hes e bear s were panhandl ers and both removed the i r  col l ars  

the day af ter re l ea se .  



Winter 1 978-1 979  

APPEND I X  H 

DENN I NG I NFORMAT ION 

Al l bears entered dens from 1 December-20 December 1 978 . Dur i ng 

January-March 1 979 , dens were l ocated by rad i o- tracki ng i ns trumented 

bears  to the i r dens . A tota l of 1 0  dens were l ocated i n  th i s  manner 

(Tab l e 35 ) . Seven of the 1 0  dens were tree dens ; 3 were ground dens . 

However,  the grou nd dens u sed by bears 3 24 and 3 2 5  were a resu l t  of the 

death  of  thei r mother , bear 308 . S i x  fema l es were caught  on  a nd denned 

near Cowcamp R i dge . Two subadu l t  ma l es caught on  Cowcamp R i dge  both 

rel ocated and denned i n  a new l oca tion . Al l bears ex i ted dens between 

30 March- 1 0  May 1 979 . A fema l e  (320 ) wi th cubs was the l a s t  to l eave 

the den (Ei l er 1 981 ) . 

An effort was made to as sess the reprod uct ive b i o l ogy of fema l e  

bears ( E i ler 1 981 ) . S i nce 5 of 6 fema l es denned h i gh i n  tree cav i ti es ,  

l ad ders or ropes were u sed to cl imb tree dens and observ e t he bears . 

I f  cubs were heard , a mi crophone connected to a cassette tape recorder 

was l owered i nto the den to record cub vocal i zati ons . Bear 308 denned 

i n  a root cav i ty of a fal l en tree . She was immobi l i zed and d i ed of dru g  

compl i cat ions . A subsequent necropsy by Un i ver s i ty of Tennessee 

Veteri nary Hosp i tal  d i d  not determi ne the s peci f i c  i nteracti on whi ch 

l ed to the bear ' s  death . Th i s  bear was ac compan i ed by 2 yearl i ng s  

(325 M ,  3 25 M ) ; both bears were rad i o-co l l ared wi th brea k-away rad i o­

co l l ars . These yearl i ngs  subsequently denned i n  d i fferent l oca tions . 

1 49 



1 50 

Ta bl e 3 5 .  Den n i ng d ata for b l ack  bears i n  CNF , w inter 1 978-1 979 . 

Bear # Age a Sex Den type Locat ion  Canments 

3 03 3 M tree den Joyce Ki lmer 
Memoria l  Forest 

305 7 F tree den Cow camp Ridge 2 yearl i ngs  i n  den 

306 4 F tree den Cowcamp R i dge 

3 07 3 F tree den Cowcamp R i dge 

308 4 F ground den Cowcamp R idge D i ed of d rug comp l i ca -
t ion s ,  2 yearl i ng s  i n  
den 

3 1 6 3 F tree den Sa l t Spr i ng 
Moo nta i n  

3 1 7  2 M tree den S l  i ckrock  
dra i nage 

320 8 F tree den Sa l t Spr i ng 2 newborn cubs  
Mou n ta i n  

324 M ground den Cowcamp Ridge Offspr i ng of bear 3 08 
redenned after death of 
fema l e  

3 25  M ground den Cowcamp R i dge Offs pr i ng of bear 308 , 
redenned after dea th of 
fema l e  

aAge a s  of Feb . 1 97 9 .  



Of the 6 fema l es captured , 2 had 2 year l i ng s  each and l had 2 

newborns . The bear wi th newborns ( 3 20 )  a l so had cubs i n  1 977 ( Tabl e 

36 ) . 

Wi nter 1 979- 1 980 

1 5 1 

Dur i ng January-March 1 980 , dens were l ocated by rad i o-track i ng 

i ns trumented bears to the ir  den s .  Due t o  manpower and t ime co nstra i nts 

on ly dens of femal e bears were l ocated . A tota l of 4 dens were 

l ocated i n  thi s manner ; a l l were tree dens (Tabl e 37 ) .  Al l bears 

ex i ted dens between l l -22  Apr i l 1 980 . Of 4 rad i o-col l ared fema l es 

tracked to thei r den , l had year l i ng s  a nd 3 had newborn cubs 

(Tabl e 38 ) (E i l er 1 981 ) .  



Tabl e 36 . Reprodu ctive i nformat ion on bl ack  bears i n  CNF , 
wi nter 1 978-1 979 .  

Estrus  
Bear # Asea i n  summer 78 Newborns 

305 7 no 

306 4 no none 

307 3 yes none 

308b 4 no 

3 1 6 3 yes none 

320C 8 yes 2 

aAge a s  of Feb . 1 979 . 

bo ied 3 March 1 979 . 

CHad 2 cubs Feb . 1 977 . 

1 52 

Yearl i nss 

2 

none 

none 

2 

none 



Tabl e 3 7 .  Den n i ng data for b l ac k  bears i n  CNF ,  wi nter 1 979- 1 980 . 

Bear # Age a Sex Den type Locati o n  

3 06 5 F tree Cowcamp R i dge 

3 1 6 4 F tree Cowcamp R idge  

3 20 9 F tree Cowcamp R i dge 

343 3 F tree Sal t Spr i ng Mou nta i n  

aAge a s  of Feb . 1 980 . 

Tab l e 38 . Reproductive i nforma tion  on b l ack  bears i n  CNF , 
wi nter 1 979- 1 980 . 

E stru s i n  
Newbornb Yearl i f!gSb Bear # Age a summer 1 979 

306 5 no 2 

3 1 6 4 no 2 

320  9 1 

343 3 yes 2 

aAge a s  of Feb .  1 980 . 

bM i n imal number of offspr i ng . 
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APPEND IX I 

IMGRID  

Geograph i cal i nformation  is  stored in  the IMGRID  system in  a g r i d  

cel l format.  Each cel l  of the  gr id  ha s a u n i qu e  coord i nate or row/ 

col umn pos i t ion  and cel l s  are equa l  i n  s i ze . Thi s crea tes a rectangu l a r 

array of cel l s  over the study area . 

Un i ted States Geol og i ca l  Survey 1 : 24000 sca l e  topograph i ca l  maps  

were u sed a s  a base ma p and UTM coord i nates were used to reference the 

cel l s  to the earth . The cel l s i ze has 1 ha ( 1 00 m by 1 00 m ) . The 

IMGR I D  a na ly s i s  area { 1 3 , 000 ha } i s  the tota l rectangul a r array of  

cel l s .  The IMGR ID  study area { 7 , 1 00 ha } i s  an  i rregu l a rl y-shaped area 

w i th i n  the IMG R I D  a na lys i s  area for wh i c h  the data ( ha b i ta t ,  rad i o­

l ocation s } were encoded . The l oca t i on of the IMGR ID  analys i s  area i s :  

( 1 } northwes t  corner UTM 60031 0 Zone 1 6  Rafter Quad ; 

( 2 )  northea st corner UTM 286 309 Zone 1 7  Ta poco Quad ; 

( 3 )  sou theast  corner UTM 280209 Zone 1 7  Ta poco Quad ; 

( 4 }  southwest co rner UTM 60021 0 Zone 1 6  Rafter Quad .  

The l ocat ion  of the IMGR I D  study area ( a l l on Whi teoak F l a ts Quad , 

Zone 1 6 ) i s :  

start; nor thwest corner UTM 61 0300 t hen 9000 m east to UTM 

700300 then 2000 m sou th to UTM 700280 then 2000 m east  to UTM 

720280 then 2000 m sou th to UTM 720260 then 1 000 m wes t to UTM 

7 1 0260 then 2000 m south to UTM 7 1 0240 then 1 000 m wes t  to UTM 

700240 then 1 000 m sou th to UTM 700230 then  3000 m west  to UTM 
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670230 then 1 000 m south  to UTM 67 1 220 then 5000 m wes t  to 

UTM 620220 then 4000 m north to UTM 620260 then 1 000 m west  

to UTM 6 1 0260 then 4000 m north to UTM 61 0300 . 
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Hab i ta t  and rad i o- l ocat i on data were encoded on a cel l by ce l l 

bas i s  for the IMGRI D  s tudy area . These data were arranged a s  data 

e l ements  ( a  mu tua l l y  excl u s ive set  of i nformat ion that  describes a 

natural resou rce or l a nd-u se u n i t ,  i . e . , forest cover ( Beeman 1 97 7 : 234 ) ) .  

Data e l ements are composed of d?ta i tems { descri pt ive i nformat ion i n  

each gr i d  cel l whi ch col l ect ive ly  make u p  a data e l ement ,  i . e . ,  oak­

h i c kory forest type i s  one data i tem i n  the forest cover data e l ement 

( Beeman 1 977 : 234 ) ) .  

In  thi s s tudy , 22 e l ements were encoded . Al l i nforma ti on was 

obta ined from USGS maps  or had been recorded on those map s  {rad i o­

l oca t i on s , forest  cover types ) .  The data el ement s ,  i tems ,  and encod i ng 

procedures are s hown i n  Tab l e 39 . 



1 56 

Tab l e  39 . Data el ements , i tems , and e ncodi ng procedu res u s ed wi th 
IMGR I D . 

Da ta e 1 eme nt Data i tem Data code E ncodi ng procedu re 

E l evat ion  El evati o n  i n  m to center-poi nt 
nearest 6 m .  

Water Outside  s tudy area 0 presence-absence 
l and 1 
water ( creek ) 2 

Construction  Ou tsi d e  s tudy area 00 presence-absence 
no construct ion  0 1  
pub l i c  access  road 02 
l im i ted accEss  road 03 
ga ted road 04 
tra i l  05 
campgrou nd 06 
wi l d l i fe open i ng  07  
2 & 3 08 
2 & 4 09 
2 & 5 1 0  
2 & 6 1 1  
2 & 7 1 2  
4 & 5 1 3  
4 & 7 1 4  
5 & 7 1 5  
2 & 3 & 5 1 6  
2 & 5 & 7 1 7  

P os i ti o n  on s l ope Outs ide study area 00 predomi nant  type 
l ower 1 /3 of s l ope 0 1  
m i ddl e 1 /3 of s l ope 02 
u pper 1 /3  of s l ope 03 

Aspect Ou ts ide stu dy area 00 cente r-dot 
north 3 1 5-45 0 1  
east 45-1 35  02 
sou th 1 35-240 03 
west 240-3 1 5  04 

Convex/Concave Ou ts ide stu c!y area 00 center-dot 
convex 01  
concave 02 
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Tabl e 39  (Con tinued ) 

Data el ement Data i tem Data code Encod i ng procedure 

Fo rest cover type Ou ts ide study area 00 predomi nant type 
non-fores t 01  
wh i te p i ne 03 
whi te p i ne-heml ock 04 
heml ock 05 
wh i te p i n e-u p l a nd hwd . 1 0  
pi tch p i ne-oak 1 5  
vi rg i n i a  p i ne-oak 1 6  
shortl eaf p i ne 32 
v i rg i n i a  p i ne 33 
p i tch p i ne 3 8  
tab l e mtn p i ne 39  
cove  hwds-wh i te p i ne-
heml oc k 4 1  
u p l and hwd-whi te p i ne 42  
chestnut oa k-scarl et oa k-
yel l ow p i ne 45 
bottoml and hwd-yel l ow 
p i ne 46 
wh i te oak-b l ac k oak-
yel l ow p ine  4 7  
northern red oak-h ic kory-
yel l ow p i ne 48 
yel l ow pop l ar 50 
chestnut oa k 5 2  
wh i te oa k-red oak-hi ckory 53 
yel l ow popl ar-white oa k-
northern red oak 56  
scarl et oak  59  
sugar ma p l e-beech-
ye l l ow b i rch 81 

Adu l t fema l e  l oca- no l ocati on 00 pres ence-absence 
t i ons i n  spri ng l oca ti on 01  

Su badu l t  ma l e  l oca- no l oca t i on 00 
t ions  i n  spr i ng l oca t i on 01  

Subadu l t  fema l e  no l ocat ion  00 
l ocat i o ns i n  l ocati on 01 
spr i ng 

Adu l t  ma l e  l oca- no l ocati on 00 
t i ons i n  summer l oca tion  01  
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Tabl e  39  ( Conti nued ) 

Data e l ement Data i tem Data code E ncodi ng procedure 

Adu l t  femal e  n o  1 ocat ion  0 0  presence-absence 
l ocati ons  i n  l ocat ion  0 1  
suiTiller 

Su badu l t  ma l e  l oca- no l ocati o n  00 
t i ons i n  sumner l ocat ion  0 1  

Subadu 1 t fema 1 e no l ocat ion  00 
l ocat i o n s  i n  l ocati on 01  
summer 

Adu l t  ma l e  l oca- no l ocati on  0 0  
t i o ns in  September 1 ocati on 0 1  

Adu l t  fema l e l oca- no 1 oca t ion  00 
t i o n s  i n  September 1 oca t ion  0 1  

Subadu l t  ma l e  l oca- n o  l ocat ion  00 
t ions  in Sep tember l ocation 01 

Subadu l t  fema l e  n o  l ocati o n  00 
1 ocat i  ons  in l ocati o n  0 1  
September 

Adu l t  ma l e  l oca- no 1 ocati o n  00 
t i o n s  i n  fa l l  l oca tion  0 1  

Adu l t  fema l e  l oca- no l oca tion  00 
t ions i n  fa l l  l ocation 01  

Subadu l t  ma l e  l oca- no l oca t ion  00 
t i on s  i n  fa l l l ocat i on 0 1  

Subadu l t  femal e  no l ocat i on 00 
l ocati ons i n  fa l l  l oca tion  01 
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