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ABSTRACT 

Th i s  study was conducted on the Tennes see s i de of the Great Smoky 

Mounta i ns Nati onal  Park west  of h i g hway U . S .  441 . The major objecti ves 

were to eva l uate sel ected rad i o i sotopes as pos s i bl e scat ( feces ) tags 

and to determi ne estima tes of the b l ack bear popu l ati on u s i ng data 

col l ected by the techn i que of marki ng scats w i th a rad i oacti ve tag and 

to eval uate the rel i abi l i ty of the popul ati on estimates . 

I n  June of 1 972  two confi ned bears were i nj ected w i th four 

sel ected rad i o i sotopes ; 65zn and 54Mn proved su i tabl e as  tags but 
109cd and 1 44ce were unsati sfactory . 

From June through  September of 1 972 , 30 bears were ear tagged of 

whi ch 28 were i nj ected wi th rad i oi sotopes ; 1 89 scats were col l ected 

from the study area , 35 of wh i ch were rad i oacti vely tagged . Us i ng the 

Schnabel formu l a ,  the popul a t i on was estimated to be 102 an ima l s .  For 

the same period 259 observati ons of bl ac k  bears were made wi th 1 30 of 

these an imal s bei ng tagged ; a popu l at i on est ima te u s i ng these data was 

42 an ima l s .  

From June through September of 1 973 , 35 bears were ear tagged of 

whi ch  32 were i nj ected wi th rad i oacti ve materi al s ;  240 scats were 

col l ected wi th  41 bei ng rad i oactive ly  tagged . Bear observat ions  for 

1 973 tota l ed 1 1 7  wi th 48 of the an i ma l s  bei ng ear tagged . Popu l ati on 

estima tes u s i ng the two sets of data were 1 32 and 54 an ima l s ,  

respect i ve l y .  

The dens i ty o f  bl ack  bears for the area censu sed was estimated to 

be 1 bear per 1 . 06 square mi l es ( 680 acres ) .  Two sma l l er areas wi th i n 

iv 



the study area had estimated dens i t i es of 1 bear per 0 . 42 square mi l es 

( 275 ) (40 bears on 1 7  square mi l es ) and 1 bear per 0 . 54 square mi l es 

( 342 ) ( 28 bears on 1 5  square mi l es ) . 

The estimates based on data from rad i oactive ly  tagged scats were 

bel i eved to be more accurate than those from mark-observati on data due 

to a remova l of b i a ses caused by unequal vu l nerab i l i ty of i nd i v i dua l  

bears , l os s  of  tags , and  fa i l ure to  recogn i ze tags . The estimate of 

1 973 u s i ng radi oacti vely tagged s cats  was bel i eved to be the mos t  

accura te d u e  to a more random d i stri buti on o f  marked an ima l s wi thi n 

the study area . Other poss i b l e  app l i cati ons of the techni que i nc l ude 

popu l at ion mix i ng ,  d i s persa l , and morta l i ty .  
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CHAPTER I 

I NTRODUCTION 

The goal s of popu l ati on est imati on shou l d  be two-fol d :  to obta i n  

the bes t  pos s i bl e  estimates commensurate wi th the objecti ve of the 

s tudy and the t ime , resources , and personnel ava i l abl e and to eval uate 

the accuracy of the estimate (Overton 1 969) . The tec hn i ques for 

estimati ng the dens i ty of l arge carn i vore popu l ati ons are often as 

d i verse as the popu l at i ons and hab i tats themsel ves . For exampl e ,  

Sandfort and Tu l ly ( 1 97 1 ) sent questi onna i res to Conservati on Offi cers 

i n  Col orado i n  an effort to determi ne the number of mounta i n  l i ons 

( Fel i s  concol or )  i n  that state . Mech ( 1 970 ) u sed aer i a l  census i ng 

techn i ques for determi n i ng the wol f ( Can i s  l upus )  dens i ty on I s l e  

Roya l , and Lord ( 1 96 1 ) u sed an age-ratio-reducti on method and the 

Lincol n Index to est imate gray fox ( Urocyon c i nereoargenteu s )  

popul ations i n  F l or ida . 

I n  reference to bear s pec i es , Kl e i n  ( 1 959) censused brown bears 

( Ursus arctos ) a l ong sa lmon streams i n  Al as ka by u s i ng a track  d i ffer­

ent iat i on techni que. Several researc hers have used vari ations  of the 

d i rect count method for obta i n i ng numbers of gri zzly bears (Ursus 

arc tos ) ( Hornocker 1 962 , Troyer and Hensel  1 964 ) . Mark-recapture 

methods have often been used to determi ne popul ati on numbers i n  con­

j unction wi th d i rect observati ons ( Hornocker 1 962 ) . 

Researchers have attempted to census  b l ack  bears ( Ursus ameri canus ) 
using a vari ety of methods . Spencer (195 5 )  attempted to make a state­

wide census  of the bl ack  bear i n  Ma i ne us i ng tracks and other bear 
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s i gns observed on cruise l i nes . Barnes and Bray ( 1 967) made d i rect 

counts of bl ac k  bears al ong roads i des and bac kcountry areas i n  Yel l ow­

stone Nati onal Park . By obta i n i ng annual harvest data on bl ack  bears 

several s tate agenc i es have arri ved at s tatewide popu l ati on estimates 

by assumi ng that the total harvest  is a known percentage of the 

popu l ati on . Carpenter ( 1 973) a ssumed that the annual k i l l  i n  V i rg i n i a  

was 20 percent o f  the popu l ati on . Spencer ( 1 955) arri ved at  an  annual 

harvest percentage based on the tota l  harvest and the percent of young 

an i mal s i n  the harvest . Eri c kson and Petri des ( 1 964 ) u sed the rat io  of 

marked to unmarked bears i n  the harvest of M i c h i gan bl ack  bears to 

determi ne esti mates us i ng the L i ncol n I ndex . 

I n  worki ng wi th l arge carn i vores such as  the bl ac k  bea r ,  atta i n i ng 

rel i abl e data concern i ng popu l at ion  densi ty i s  often h i ndered by such 

factors as: 1 )  genera l l y  s parse popu l ations;  2 )  l arge home ranges and 

movement patterns of the an imal s; 3) characteri sti c s hy and secreti ve 

nature of the an i ma l s; 4 )  habi tat often characteri zed by rough , a l most  

i mpenetrabl e terra i n; 5) i naccess i b i l i ty by  the  researcher to  l arge 

areas; and 6) d i ffi cu l ty of capture-observati on or recapture­

reobservat i on . For these reasons census i ng requ i res a great expend i ­

ture of t ime and resources . 

Techni ques empl oyed i n  prev i ou s  stud i es on popul ati on est i mati on 

of bl ack bears as wel l as  other carni vores often have l i mi ted appl i ca­

b i l i ty or have y i e l ded resul ts of questi onabl e accuracy . Hornocker 

( 1 962 ) bel i eved that d i rect counts of bears were rel i abl e i n  areas 

where there were adequate open areas for observati ons to be made . How­

ever , i n  the Eas tern Un i ted States where the vegetat ion i s  dense and 
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often conti nuou s, the above techn i que i s  not feas i bl e .  The roads i de 

census techni que often i s  b i a sed due to human traffi c and acti v i ti es  

( Hayne 1 949) . Removal techn i ques are becomi ng l es s  appl i cabl e due to 

the fact that many s pecies  of carn i vores are rare and have recei ved 

protected statu s i n  many states ( Fau l kner 1 97 1 ) .  Mul t i p l e recapture 

techn i ques ( Eberhardt 1 969 , Jol l y  1 963)  have been used extens i vely i n  

est imat i ng  popu l ati ons of smal l er an i ma l s such a s  rodents and rabb i ts 

( Brady 1 973) , but the i r  appl i cabi l i ty to s pec i es s uch  as the b l ack  bear 

i s  l i mi ted due to the factors ment i oned above . Kemp ( 1 972 ) u sed a 

mu l t i p l e  recapture method for est imat i ng bl ack  bear popu l ati ons  i n  

Canada , a l though the s i ze of the s tudy area was qu i te sma l l whi ch 

enabl ed h i m  to engage i n  a very i nten s i ve trappi ng program.  

The Li ncol n I ndex and i ts mod i fi cati ons (Schnabe l  1 938 , Schumacher 

and Eschmeyer 1 944) have been used extens i ve ly  to census  popu l at ions  of 

terrestr i al as wel l as aquati c  an i ma l s .  Prov i d i ng that certa i n  assump­

t i ons  about the popu l ati on and the techn i que are met ,  the L i ncol n I ndex 

prov i des rel i a bl e  resu l ts .  Hornocker ( 1 962) and Troyer and Hensel 

( 1 964 ) were abl e to correl ate esti mates obta i ned by the Schnabel method 

wi th d i rect counts of gr izz ly  bears i n  the Northwest. However , too 

often the resu l ts are not rel i abl e because the samp l e  i s  too smal l and 

the data are b i ased due to non-random sampl i ng ,  l os s  of marks , and 

u nequal vul nerabi l i ty of the i nd i v i dual s i n  the popul at ion . 

Mi l l er ( 1 957) , one of the earl i er researchers to use  feces tagged 

with rad i oactive materi al s ,  s tudied vol e movements and suggested the 

pos sibil ity of u s i ng rad i oact i ve feces tags as  a means  of determi ning 

popul ation dens i ti es .  Nel l i s ,  Jen k i ns , and Marshal l ( 1 967 ) conducted 
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prel i mi nary researc h  wi th rad i o i sotopes wh i c h  might be s u i table as scat 

tags for carn i vores . However , there i s  no i nd i cati on i n  the literature 

that the techni que has been used on any a n i mal popu l at i ons . Pel ton 

( 1 972 ) stated that bl ack bears seem to ut i l i ze tra ils in dai ly  move­

ments from one p l ace to another , and tend to defecate on these trails, 

and sugges ted the potent i al use of radi oact i ve scat tags as a technique 

to est imate the i r  popul ati on dens i ty .  

The present study i s  a n  attempt to i ncorporate the principles of 

the prev i ous paragraph i nto a u sefu l technique for est i mating the 

dens i ty of the bl ack  bear popu l ati on in the Great Smoky Mountains 

Nati ona l Park . It  wou l d  seem , wi th  the precar i ous  status of many 

carn i vores at present , that future popul ati on esti mates w ill not be 

abl e to rely on harvest or removal methods and that rel iable population 

status f igures wi l l  become i ncrea s i ngl y cri t i ca l . Wi th  the present 

i nadequa c i es i n  the esti mati on techn i ques and future s i tuati ons whi ch 

w i l l probably magn i fy these probl ems , new techn i q ues for census i ng 

popu l at i ons  of wi l d  carn i vores i s  i mperati ve . 



CHAPTER I I  

DESCR IPTION OF STUDY AREA 

A .  G EOGRAPHY 

The Great Smoky Mounta i ns Nat i onal Park (GSMNP or Park} i s  l ocated 

a l ong the common boundary of Tennes see and North Carol i na .  The Park i s  

composed of parts of B l ount , Sev i er ,  and Cocke Count ies i n  Tennessee 

and Haywood and Swa i n  Counti es i n  North Carol i na .  The Park boundary 

encompas ses s l i ghtl y more than 500 , 000 acres (800 square mi l es}  of 

mounta i nous terra i n .  Major h i ghways i nc l ude one transmounta i n  road 

(U . S .  441 } wh i ch b i sects the Park from Gatl i nburg , Tennessee , to 

Cherokee , North Carol i na ,  wi th Tennes see State Route 73  runni ng para l l el 

to the northern boundary j ust  i ns i de the Park from Townsend , Tennessee , 

to Gatl i nburg , a nd another road connecti ng Townsend wi th the Cades Cove 

area of the Park ( F i gure 1 } .  

The study was restr i cted to the Tennessee portion  o f  the Park 

l ocated west of U . S .  441 encompas s i ng an area of approx i mate l y  125 ,000 

acres . Approxi mately 40 mi l es of major h i ghways , 55 mi l es of un improved 

and jeep roads , 250 mi l es of ma i nta i ned foot trai l s ,  and more than 150 

mi l es of unma i nta i ned and abandoned trai l s  exi st i n  the study area . 

Most of the area i s  a ccess i bl e  on ly  by foot tra i l s ,  espec i a l l y  at h i gher 

e l evations . More than hal f of the s tudy area i s  above 3 , 000 feet i n  

el evat i on; l ess  than 1 0  mi l es of roads are above th i s  e l evati on . 

5 
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B .  TOPOGRAPHY 

The Great Smoky Mounta i ns Nat i onal Park  i s  part of the Unaka 

Mounta i n  Range sect i on of the Bl ue  R idge Prov i nce , l ocated i n  the 

southern d i v i s i on of the Appa l ach i an Hi gh l ands . The topography of the 

area i s  very rugged and i s  c haracteri zed by h i gh mounta i ns and narrow 

r i dges separated by steep-s l oped , V-shaped va l l eys . Most of the 

val l eys are very narrow wi th the excepti on of the cove areas whi c h  are 

scattered throughout the area . The maj or i ty of the l and areas i s  

occu p i ed by the s l opes . El evati on s range from 888 feet above sea 

l evel where Abrams Creek l eaves the Park  to 6 , 643 feet a t  C l i ngman's 

Dome . The study area i s  dra i ned by two major tri butar i es , the eas t ,  

mi ddl e ,  and west  prongs  of the L i ttl e R i ver i n  the East  and Abrams 

Creek i n  the West .  

C .  C L I MATE 
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Due to the h i gh rel ief ,  the c l i mate of the Park  i s  qu i te vari able. 

Genera l ly , the area i s  characteri zed by cool temperatures i n  rel ati on 

to the surround i ng reg i ons and by h i gh amounts of prec i p i tati on . 

Temperatures average some 1 0  to 1 5  degrees cool er at h i gh e l evati ons 

than in the l ower val l eys . Mean temperatures decrease at an average 

rate of 2 . 23 degrees Farenhei t  for every 1 , 000 feet ga i n  i n  elevati on . 

Average temperatures for l ow l y i ng areas range from 39 . 3  d egrees i n  

January to 73 . 7  degrees i n  Jul y .  Prec i p i tati on averages from 5 0  to 55 

i nches annual ly  i n  the val l eys to 85 i nc hes or more at the h i ghest 

e l evati ons .  The Cl i ngman ' s  Dome- Newfound Gap area ( 5 , 000-6 , 600 feet )  

h a s  the h i ghest annual mean prec i p i tati on o f  any area i n  the Eastern 



Un i ted States . Prec i p i tati on and temperature data for Gatl i nburg and 

Newfound Gap are gi ven i n  Tabl es 1 and 2 .  

D .  V EG ETAT ION 
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The vegetat i on of the Park i s  qu i te var i abl e .  There are more than 

1 , 300 spec i es of fl oweri ng p l ants , 350 s pec i es of mosses and l i verworts , 

230 l i chen s , and more than 2 , 000 k i nds  of fungi ( Stupka 1 960 ) . 

C l a s s i f i cati on of the vegetati on patterns i n  the Park has been 

attempted by many taxonomi s ts wi th  the works of Shanks ( 1 954 ) , Ca i n  

( 1 935 ) , and Wh i taker ( 1 956 ) bei ng the noteworthy . Shanks l umped the 

numerous speci fi c forest  vegetati on types i nto s i x  broad phys i ognomi c 

types wh i ch are rel ati vely d i st i nct  i n  spec i es compos i ti on ,  especi a l l y  

i n  the mi nor vegetati on ,  and wh i ch occupy obv i ou s ly  d i fferent s i tes . 

Approxi mate ly  85 percent of the study area i s  compri sed of the 

Eastern Deci duous Forest and i nc l udes s i x  vegeta t i on types : ( 1 ) cove 

hardwood forest  assoc i ati on ( a pprox imate ly  1 5  percen t ) , 2} heml ock 

forest assoc i ati on ( approx i mately  5 percent} , 3} northern hardwood 

forest associ ati on ( approx imately  25 percent ) , 4} cl osed oak fores t  

assoc i ati on (approx i mately  2 5  percent) , 5 )  open oak and p i ne forest 

assoc i ati on (approx i mate ly  20 percent) , and 6} spruce-f i r forest  

assoc i ati on ( approximately  10  percent ) . Tabl e 3 l i sts the  general 

forest  assoc i at i ons  and the i r rel ated pl ant  speci es. 

The rema i n i ng part of the study area , l ess  than 5 percent , i s  i n  

agr i cu l tural l and i n  the Cades Cove area . The major agri cu l tural 

pract i ces i nc l ude graz i ng of cattl e ( 1 , 600 head} and horses ( 50 head ) 

and hay product i on . Row croppi ng i s  excl uded i n  the area . 



TABLE 1 

MONTHLY AVERAGE TEMPERATURES W ITH I N  THE GREAT 
SMOKY MOUNTA I NS NAT IONAL PARK 

Average Monthl y  Temperature i n  °F 

Newfound Gap 
Gatl i nburg ( 1 460 ft . )  (4950 ft . )  

1 923-
1 967 

Month Average 1 972 1 973 1 973a 

January 39 . 3  4 1 . 2  36 . 5  30 . 1  
February 41 . 9  36.2 36 . 8  28 . 1  
March 47 . 8  45 . 7  52 . 8  43 . 4  
Apr i l 5 6 . 8  55 . 6  54 . 0  42 . 0  
May 64 . 8  6 1 . 5  59 . 2  5 1 . 5  
June 72 . 0  65 . 6  70 . 7  6 1 . 9  
J u ly  7 3 . 6  7 1  . 1 73 . 1  63 . 5  
August 73.7 7 1 . 8  7 1 . 8  62 . 7  
September 68 . 9  68 . 4  69 . 0  57 . 6  
October 57 . 9  53 . 9  59 . 4  53 . 0  
November 46 . 7  46 . 1  49 . 6  43 . 4  
December 40 . 2  44 . 0  39 . 5  3 1 . 2  

aLong term data not ava i l abl e .  

Source : Nati onal Park  Serv i ce records . 
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Month 

January 
February 
March 
Apri l  
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Source : 

TABLE  2 

MONTHLY PREC I P ITAT ION WITH I N  THE GREAT 
SMOKY MOUNTA I NS NATIONAL PARK 

Total Monthly Prec i p i tat i on i n  Inches 

1 0  

Gatli nburg ( 1 460 ft . ) Newfound Gap ( 4950 ft . ) 
Average 1 972  1 973  Average 1 972  1 973  

4 . 83 6 . 53 4 . 25 8 . 00 1 1  . 40 6 . 50 
5 . 02 4 . 88 2 . 43 6 . 94 7 . 37 7 . 40  
5 . 58 5 . 40 9 . 98 8 . 04 1 0 . 45 1 4 . 90 
4 . 57 3 . 28 5 . 45 6 . 1 9  5 . 00 9 . 80 
4 . 1 7  6 . 7 5 7 . 55 6 . 57 8 . 30 9 . 30 
501 6  6 . 29  6 . 85 7 . 32 8 . 1 0  7 . 90 
6 . 60 6 . 2 1 4 . 85 1 0 . 24 8 . 30 5 . 80 
5 . 41 4 . 29 5 .  51  7 . 6 1 5 . 00 6 . 96 
2 . 98 7 . 57 4 . 79 4 . 54 7 . 80 5 . 01 
3 .  01 6 . 1 7  1 .  77 6 . 68 9 . 60 2 . 69 
3 .  76  3 . 20 5 . 44 6 . 53 8 .  70  1 0 . 70 
4 . 1 0  6 . 33 4.64 1 0 . 59 1 1 . 90 1 3 . 56 

55 . 1 9  67 . 20 63 . 5 1 89 . 25 1 01 . 92 1 00 . 52 

Nati onal Park Serv i ce records . 



TABLE 3 

FOREST ASSOC IAT IONS AND THE I R  IMPORTANT SPEC I ES I N  THE 
GREAT SMOKY MOUNTA INS NAT IONAL PARK 

Forest Assoc i ati on Type 

Cove hardwood 

Heml oc k  

Northern hardwood 

C l osed oak 

Important Speci es  

Eastern heml oc k  ( Ts uga canadens i s )  
S i l verbel l ( Ha l esi a monticola) 
Yel l ow buckeye (Aescu l us octandra ) 
Sugar mapl e (Acer saccharum) 
Yel l ow b i rch  TBetu l a  all egha n i ens i s )  
Tu l i p  popl ar  (Li r1odendron tu l ipifera ) 
Beech ( Fagus trandi foli a) 
B l ac k  cherry Prunus seroti na )  
Bas swood ( Ti l i a heterophyl l a) 
Hydrangea {Hydranaea arborescens ) 
Rhododendron (Rho odendron maximum ) 
Dog hobbl e (Leucothoe ed i torum) 
Sweetshrub ( Cal  canthus fl ori dus ) 
Mounta i n  l au rel  Kal m ia  l at i fol i a )  

Eastern heml ock 
Yel l ow b i rch  
S i  1 verbe 1 1  
Fraz i er magno l i a  (Magnol i a  fraseri ) 
Rhododendron ( Rhododendron catawbi ense 

and R .  max imum) 
t�ountaTn l aurel 
Dog hobbl e 

Beech 
Yel l ow b i rc h  
Yel l o w  buckeye 
Sugar mapl e 
Mounta i n  mapl e (Acer spi catum ) 
Hydrangea 
Wi tch- hobbl e ( V i burnum a l tern i fol i um )  
Dogwood ( Cornus a l tern i folia) 

Whi te oak (Qu(rcus a
.
l ba ) 

Chestnut oak Q .  tr i nus ) 
Northern red oak Q .  rubra ) 
Bl ack oa k (Q .  vel uti na) 
Pi gnut h i c kory (Ca(ya gl abra ) 
t�oc kernut h i c kory C .  tomentosa ) 
Sourwood (Ox dendrum arboreum) 
B l ac k l ocust  Robi n i a  pseudoacac i a )  
Mounta i n  l aurel 
Catbri er ( Smi l ax rotundi fol i a )  

1 1  



Fores t As soc i ati on Type 

Open oak and p i ne 

TABLE  3 ( conti nued) 

Important Speci es 

Scarl et oak (Quercus cocc i nea ) 
Sas safras ( Sassafras albidum) 
P i tch  p i ne (P i nu s  r iTi da) 
Tabl e mountai n  p i ne P .  un  ens ) 
V i rg i n i a  p i ne (f. v i rQi n i ana 
Mounta i n  l aurel 

1 2  

H i g h  bus h  bl ueberry ( Vacc i n i um s i mul atum ) 
Ha i ry bl ueberry ( V .  hi rsutum) 

Spruce-fi r 

Heath  bal d  

Grassy bal d 

Huck l eberry ( Gayl ussac i a baccata ) 

Red s pruce ( P i cea rubens ) 
Fraser fi r (Ab i es fraseri ) 

r�ounta i n  l aurel 
Rhododendron ( R .  catawbi enese , R .  

carol i n i anum� and R .  maximum 
Pepperbush (Cl ethra acumi nata) 
B l ueberri es (Vaccinum spec i es )  
Huc kl eberry 
Lyon i a  (� l i gu stri na ) 
Sand-myr�ei o�hyl lum bux i fol i um)  
M i nn i e-bush (Menz1esia �i losa) 
Wi therod ( V i burnum cas s1noides ) 
Fetter- bush  (Pieri s floribunda )  

Serv i ceberry (Amel anc h i er l aevi s )  
Bl ueberri es 
Mounta i n  oatgrass ( Danthon i a  compressa ) 
Bl ac kberry ( Rubus sp . ) 
P i n  c herry ( Prunus pennsyl vani ca ) 

Sources : R .  E .  Shanks , 11 Reference l i st of nati ve p l ants i n  the 
Great Smoky Mounta i ns , 1 1 and Nati ona l Park  Serv i ce ,  1 1Resource Manage­
ment p l an--GSMNP . 1 1 



Ba i ts 

CHAPTER I I I  

MATER IALS AND METHODS 

A .  CAPTURE OF  BLACK BEARS 

Cured ham scraps were u sed i n  the majori ty of trap sets for bl ack  

bear and  offered many advantages over other ba i ts . Ham scraps were 

eas i l y obta i ned on a weekly bas i s  from l ocal  restaurants i n  Townsend , 

Tennessee . Because the ham was cured , i t  cou l d  be stored wi thout 

refri gera t i on for severa l days before use ; i t  d i d  not become ranc i d  

even after used a s  ba i t . Prev i ous  researchers i nd i cated that ranc i d  or  

putr i d  ba i t  becomes unattracti ve to  bears (Er i c kson 1 957 ) .  Sard i nes  

were u sed occas i ona l l y  as  ba i t ,  espec i a l l y  in  snare sets . Cans of 

sard i nes were eas i l y  c arri ed i nto the backcountry and appeared to be 

effect i ve i n  attracti ng bears . However , after four or fi ve days the 

sets had to be reba i ted because the sard i nes became ranc i d .  Fresh 

an i ma l  k i l l s  were not used because they were genera l ly  not ava i l abl e 

to the researchers . 

I n  backcountry areas the practi ce of preba i ti ng ,  or 1 1ba i t i ng i n11 

of  bears before a tra p  was set was used i n  an effort to i ncrease 

trappi ng effi c i ency (i n terms of man- hours expended per bear captured ) .  

Preba1ts cons i sted of four or f i ve cans of opened sard i nes  wrapped i n  

burl ap  or approx i matel y fi ve pounds of ham scraps t ied e i ght to ten 

feet off the ground from a tree branch . Preba i ts seemed to be more 

successful when l ocated i n  the upper reac hes of smal l dra i nages or at  

1 3  
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sma l l gaps al ong ri dges. Once a preba i t  was d i sturbed by a bea r ,  a 

trap was set wi th i n  a few feet of the s i te .  Us i ng the above techni que 

i t  was poss i bl e  to trap over a muc h  greater area . 

Traps 

Two culvert traps constructed and ma i nta i ned by the Nati onal  Park  

Serv i ce were ava i l abl e for use . These traps were s imilar  to those 

descri bed by Eri ckson ( 1 957 ) , Sti c kley ( 1 957 ) , and Barnes and Bray 

( 1 967 )  ( F i gure 2 ) . 

Cu l vert traps were used exclusively for trapp i ng i n  campgrounds , 

p i cn i c  areas , and a l ong road s i des  and for the transport of nui sance 

bears from one area to another. Traps were usually set wi th the 

treadle end of the trap s l i ght ly  elevated as  suggested by Eri ckson 

( 1 957 ) .  Ba i t  was p l aced i ns i de  the trap on the tread l e ,  a l ong the 

fl oor of the trap back  to the door , and outs i de the trap on the ground 

and i n  the trees and bushes . No part icu l ar effort was made to conceal 

the trap s i nce bears d i d  not seem to hes i tate enter i ng an exposed set . 

I n  1 973 ( records for 1 972 were i ncompl ete ) , 64 trapn ights us i ng the 

culvert trap resulted i n  the capture of 1 3  bears. 

Due to the presence i n  the Park of the European wild hog ( Sus 

s crofa ) and the pol i cy of the Nati onal  Park Serv i ce to control the 

an imal , severa l hog traps were stati oned on the study area . The traps  

were constructed of 10  gauge c ha i n  li nk  fenc i ng welded to  3/4 i nch i ron 

pipe framing . The door was constructed of 3/4 i nch  p lywood , The 

traps were s i x  feet l ong , three feet wide , and three feet h i gh and 

were of simi l ar des ign as  those descri bed by W illi amson and Pel ton 

( 1 971 ) .  



Figure 2. Culvert trap used to capture black bears in the 
Great Smoky Mountains National Park. 
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Hog traps were set for bl ack bear i n  the same manner descri bed by 

Fox ( 1 97 2 )  wi th  ba i t  t i ed to the tri gger mechan i sm so that the door 

c l osed when the ba i t  was pul l ed. Ten bears were captured i n  1 972 i n  

hog traps , a l though s i x  of these an imal s escaped before be i ng tagged by 

breaki ng the fenc i ng mater i a l  or the plywood door . Due to the·h i gh 

rate of escape , hog traps were not used i n  1 973. 

The Al dr i ch spri ng-acti vated foot snare was used i n  backcountry 

s i tuati ons , especi a l l y  i n  1 973 , and on ly  occas i ona l ly  near roads i des 

and campgrounds. The snare cons i s ts of two parts : a l /4 i nc h  steel 

spri ng and a 3/ 1 6  i nch  d i ameter steel cabl e .  Each  snare set was made 

by p l ac i ng the s pri ng i n  the ground wi th the tri gger centered over a 

smal l ( 1  i nch ) depres s i on i n  the ground ; th i s  procedure i nsured proper 

rel ease of the tri gger .  The cabl e was then pl aced a s  a l oop  around the 

depres s i on and the trigger mechan i sm. The l oose end of the cabl e was 

then f i rmly  a ttached to a tree ; care was ta ken to set snares as  cl ose 

to the anchor tree as  poss i bl e .  I t  was fel t that i f  the snare were 

anchored c l ose to the tree i njury to the an imal s woul d be l ess  l i ke ly  

to  occur because the i r  movements wou l d  be  more l im i ted and  a l so ,  a 

tree i s  needed for the construct i on of the wedge wh i c h  a i d s  i n  gui d i ng 

the bear i nto the snare set (F i gure 3 ) .  

Each wedge was constructed of two to s i x  i nch  d i ameter l ogs. A 

wedge was necessary to i n sure that the bear wou l d  enter the set from 

the front s i de .  Ba i t  was p l aced i n  the rear of the wedge j ust  back  of 

the steel spri ng (Fi gure 3 ) .  Care was taken to i nsure that the wedge 

was stabl e and that there were no hol es through wh i ch the bear coul d 

reach the ba i t  wi thout enter i ng the set . Sma l l st i cks , approx i mately  



Figure 3. Snare set used to capture black bears in the Great Smoky r�ountains National Park. 
...... 
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one i nch i n  d i ameter were placed a round the cable loop wi th a two to 

three i nc h  di ameter log be i ng placed i n  front of the loop, The above 

was done i n  an effort to encourage the bear to step on the tri gger but 

not on the cable . I n  addi ti on , a small sti ck  was placed under the loop 

at the front of the set to i n sure that the cable would t i ghten around 

the bear • s  foot above the pad . From one-half to one hour was requ i red 

to bu i ld a wedge and set a snare , depend i ng u pon the amount of con­

s tructi on materi al available i n  the immed i ate area . I n  1 973 , 1 35 

trapn i ghts resulted i n  the capture of 29 bears . 

I n  1 972 , four of the spr i ngs of the snares were mod i fi ed so  that  

the  bear had to  pull u p  rather than push  down on  the tri gger to  acti ­

vate the spri ng . Ba i t  was t i ed to the tri gger mechani sm. Us i ng the 

mod i fi ed snare , four  bears were captured in 1 972 in a total of eight 

tra pn i ghts . However ,  in 1 973 , after e ight u nsuccessful attempts to 

capture bears , the mod i fi ed snares were abandoned . Three s pri ngs were 

lost  when bears carr i ed them away from the snare s i te .  Snare sets , as  

wi th other trap sets , were checked on a da i ly bas i s  in  an effort to 

mi n imi ze i nj u r i es to the animals . 

Project ile Syri nge Gun 

In certa i n  i nstances where bears were accustomed to the presence 

of humans ,  i t  was conven ient to capture animals us i ng an immob i li z i ng 

drug admi n i stered by means of a projectile syri nge and gun . One , two , 

three , or  f ive cc capac i ty ,  rap i d - i nject ion syr i nges fi red from a 

powder-charged Cap-Chur gun were used to deli ver the drug .  Needle 

length ranged from 3/8 to 1 - 1 /8 i nc hes depend i ng upon the s i ze of the 

bea r .  Equ i pment was obtai ned from Palmer Chemi cal and Equ i pment 
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Company of Doug l a svil l e ,  Georg i a, The gun had an  effecti ve range of 20  

to 75 yards depend i ng u pon the s i ze of powder charge used . Cauti on was 

exerc i sed to prevent u s i ng h i gh charges at c l ose range . Mos t  bears 

were shot from a d i s tance of l ess  than 30 yards . After the bears were 

immobi l i zed , they were ei ther tagged at that time or , i n  the case of 

nu i sance bears , p l aced in a cul vert tra p ,  transported to another area , 

and then tagged . The Cap-Chur gun was very effecti ve at road s i des , 

shel ters , and campgrounds where bears were accustomed to feedi ng around 

peopl e .  I n  1 972 , 23  of 27 bears were successful ly  immobi l i zed by th i s  

method . No bears were i mmobili zed i n  1 973 using this method s i nce very 

few captures were made i n  these areas where bears were accustomed to 

peopl e. 

Immobi l i zat ion 

Bears were i mmobi l i zed u s i ng e i ther Sernyl an { phencyc l i d i ne hydro­

ch l oride ) or M-99 ( etorph ine ) . The drugs were deli vered u s i ng a powder ­

charged syr i nge ri fl e  (for free-roami ng animal s ) or by a C02 powered 

syri nge pi sto l  ( for trapped an ima l s ) , The most  effect ive dosages for 

Sernyl an ranged from 0,8 to 1 ,0 mg per pound of an ima l , wh i l e  the most  

effecti ve dosages for M-99 ranged from 0 . 45  to 1 . 0 mg per  1 00 pounds of 

an imal  wei ght (Tabl e 4 ) . Immobi l i zation time was s imi l ar for both 

drugs , rang i ng from 4,5 to 9,5 mi nutes i n  mos t  cases wi th an extreme 

range of 1 . 0 to 30 mi nutes. Us i ng the dosages g i ven , most  of the 

an imal s were compl ete ly  immobi l i zed wh i l e  a few were abl e to move to a 

l imi ted degree . Overdos i ng by as much as twi ce the des i red dosage d i d  

not seem to drast ica l l y  affect the an ima l s a l though wi th M-99 respi ra­

ti on rate decreased to as l ow as one breath per mi nute . However , 



TABLE  4 

DOSAGES , IMMOB I L I Z I NG TIME , AND RECOVERY T IME OF ETORPH I N E  AND 
SERNYLAN ON B LACK BEARS DUR I NG 1 969-1 973 I N  THE SMOKY 

MOUNTA I NS OF TENNESSEE  AND NORTH CAROL INA 

Drug 

Etorp h i ne Sernylan 

Cubs and Adul t  Adult Cubs and Adu l t 
Yearl i ngs Females Males Yearl i ngs Females 

Number of bears ( 1 0 ) (8 )  ( 20 )  ( 4 )  ( 2 )  

Dosages . 01 6  0 01 1 . 01 0  1 . 6 1 . 37 
Range (mg/l b) ( . 008- ( .  009- ( .  006- (. 77- ( 1 .  33-

,030 )  .05 ) '031 ) 3 . 00 )  1 . 4 1 ) 

Immobi l i z i ng time 4A 906 9 . 9 6o3 7 . 8  
Range (mi nutes ( 2 . 5- ( 3 . 0- ( 3 . 5- (1  0 0- ( 5. 0-
after i n i ti al 6o0 ) 30 . 0 ) 30 . 5 )  1 3 )  1 0,5 ) 
i njecti on) 

Recovery t imea 9 . 3  1 4 . 7  23 . 7  1 04.8 303 . 5  
Range (mi nutes) ( 6 . 0- (8 . 0- (8 . 0- ( 97- ( 1 80-

1 5 )  30 ) 1 05 )  230)  427 ) 

aAfter i nj ecti on of antagon i st ( for Etorphine only) . 

Source: Beeman , Pe 1 ton , and t1a rcum ( 1 97 4 ) .  

Adul t 
Males 

( 7 )  

0 . 85 
( .40-

1 . 3 1 ) 

9o7 
( 8o0-

1 3 )  

22 1 .3 
( 1 1 0-

367} 

N 0 



21  

overdos i ng great ly  i ncreased the recovery t ime ,  espec i a l l y  wi th 

Sernyl an . Both drugs worked wel l and produced good resu l ts wi th l i ttl e 

apparent s i de effect to the an ima l s .  M-99 showed a s l i ght advantage 

due to the fact  that an antagon i st i c  drug (M-50-50 ) cou l d  be used to 

effect a faster recovery after the taggi ng operati on wa s over . A more 

compl ete account of the use of these drugs was reported by Beeman , 

Pe l ton , and Marcum ( 1 974 ) .  

Ear Taggi ng 

After immobi l i zat ion , each bear was exami ned c l osely ,  several  

ba s i c  s ku l l  and body measurements were taken , and  the  an ima l  was 

we i ghed u s i ng portabl e spr i ng scal es and a ho i st ( the we i ghts of 1 2  

backcountry bears were esti mated )"  A 1 -l /2 i nch p l asti c ,  col or coded , 

numbered tag was p l aced i n  each  ear for future i denti fi cati on . Tag 

col ors i nc l uded red , bl ue , wh i te ,  and yel l ow. (Green and p i n k  tags 

were u sed before 1 972  by other researchers , but these col ors were 

often confu sed wi th wh i te and bl ue  tags at  n i ght. )  A number was 

tatooed on the smooth i nner surface of the l ower l i p for further 

i denti f i cati on i n  the event that the ear tags were l os t .  The l ower 

r i ght f i rst  premol ar was extracted and l ater sect i oned for agi ng 

purposes . External exami nat i ons were made for paras i tes and i nj uri es 

a s  wel l as  exami nati on for denta l mal formati ons and tooth wear . Rad i o  

transmi tters were pl aced on sel ected i nd i v i dual s a s  part of another 

study on bear movements and acti v i t i es. 
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B, RADIOISOTOPE SELECTION AND INJECTION 

In the spring of 1 97 2  radioisotopes were selected for use  in the 

study based on the following criteria : 1 )  the isotope had to emit 

gamma rays in the decay process since gamma rays are less damaging to 

biological tissue and are easily detectable u sing scintillation 

analysis , 2 )  the isotope had to have a biological half-life long 

enough to allow detection of the radioisotopes in the scat material 

through the time of the study (bu t not so long that the excretion rate 

would be too slow and render detection in the s cats difficult or to 

make the animal rad i oactive for an undue length of time after comple­

tion of the study ) , and 3) the major route of elimination of the 

radioactive materials had to be through the scats, Zinc-65 (65zn ) , 

Manganese-54 (54Mn ) ,  Cadmium-1 09 (1 09cd ) ,  and Cerium- 1 44 (l44ce ) 

appeared favorable in meeting the above criteria (Nellis , et al . 1 967 ; 

Miller and Byrne 1 970 ; Miller , et al . 1 968 ). Prior to the study one 

millicurie of eac h of the isotopes was obtained from the New England 

Nuclear Corporation (Boston , Massachusetts ) .  Isotopes were s hipped a s  

c hloride compounds in 0 . 5N HCl at  concentrations ranging from 3 to 1 0  

millicuries per ml. Table 5 summarizes the basic properties of the 

isotopes . 

Isotopes were diluted using an isotonic saline solution (0 . 9% )  so 

that the final solution of isotope and saline were equal to 50 ml in 

volume for each isotope ; this dilution resulted in an initial activity 

of 20 �c (microcuries ) per ml of solution . All of the radioactive 

materials were stored in a room specified for such  purposes at the 

University of Tennessee at Knoxville and later at a field lab in the 



TABLE 5 

BAS IC  PROPERTIES AND CHARACTER ISTICS OF THE RAD I OISOTOPES USED AS BLACK 
BEAR SCAT TAGS I N  THE GREAT SMOKY MOUNTAI NS NATIONAL PARK 

Effec t i ve Garrma Phys i cal B iologi cal 
MPBBb (}!c ) I sotope a Half- 1 i f e ( d ) Half-li fe (d ) Half-li fe ( d ) Energy (Mev ) Cr i ti cal Organs 

54Mn 31 2 1 7  1 6  0 . 83 40 Ga stro i n testi nal 
Li ver 

65zn 245 930 1 93 1 . 1 2  60 Total body 
Prostate 
Li ver 

1 09Cd 475 200 1 40 0.08 200 L i ver 
Ki dney 
Gas tro i ntes ti nal 

144Ce 285 563 1 93 0 01 3 20  Bone 
Li ver 
Gastro i ntest i nal 

ainternati onal Congress  on Rad i olog i cal Protect i on 1 959 . 
bData based on 1 1Standard man . .. 

N w 
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Park . The fi e l d  lab was u sed on ly  by project personnel and total 

v i s i tat ion t ime i n  th i s  storage fac i l i ty was usua l ly less  than three 

hours per week . No material for s h i eld i ng was used to surround the 

rad i oact i ve materi als due to the small amounts of rad i at i on emi tted . 

From 1 50 to 200 �c of each i sotope were taken from the ori gi nal 

sol uti ons and put  i nto rubber-capped serum bottl es and kept wi th f i eld 

equ i pment carri ed by research personnel . The rubber-capped bottl es 

made i t  poss i b l e  to f ill syri nges eas i ly by push i ng the needle through 

the cap and extracti ng the amount of i sotope needed ; th i s  greatly 

m i n i mi zed the chance of spi l lage or contami nation  of the sol ut i ons . 

At the end of each trapp ing season (1 972 and 197 3 )  one mi crocur i e  of 

each i sotope was kept i n  the l ab for the purpose of ma k i ng counti ng 

standard s  for the rad i oact i ve scat samples. 

Bears were i nj ected wi th rad i oacti ve mater i a l s u s i ng a 2-1 /2 cc 

d i sposabl e syri nge wi th a 1 - l /4 i nc h , 18 gauge needle . I nj ecti ons 

were g i ven i ntramuscul arly i n  the s houlder area . The amount of i s otope 

i nj ected ranged from 40 to 60 pc i n  most i nstances al though some 

i nj ect ions conta i ned as much  as 1 00 �c. I n  1 972 var i ous  combi nati ons 

of the four selected rad i oi sotopes were i njected i n  varyi ng concen­

trat ions . Th i s  was done i n  an effort to i nd i v i duali ze the rad i oact i ve 

tag of each an i mal . I n  1 973 , 65zn and 54Mn were i nj ected i n  equal 

concentrat ions . 

I t  was des i red to have some i nd i cati on as  to how long and i n  what 

amounts i sotopes would be excreted by black  bears . Two penned bears 

used for research by the Uni vers i ty of Tennes see , Department of 

Psychol ogy , and located at the Tremont Env i ronmental Educati on Center 
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wi th i n the  Park  were i njected wi th rad i oacti ve isotopes, One bear was 

i nj ected wi th 50 �c of 65zn and 50 �c of 54Mn, The other bear was 

i njected wi th s im i l ar amounts of 1 44ce and l 09cd . Scat sampl es were 

col l ected on a da i l y bas i s  for two weeks after i njection  and then on a 

b i -week ly  ba s i s  for the durati on of the study, 

C .  I NDEX TRAILS AND SCAT COLLECTION 

B l ack  bear scats were col l ected duri ng June to October of each 

yea r .  Scat sampl es  were col l ected from fi ve prev i ous ly  estab l i shed 

i ndex tra i l s  ( F i gure 1 ,  page 6) on a bi -week ly  bas i s  and from abandoned 

and unma i nta i ned tra i l s  on an i rregu l ar ba s i s .  Whenever pos s i b l e ,  scat 

samp l es were col l ected i nc i denta l to other research operati ons, An 

effort was made to col l ect as much of each sampl e as poss i bl e  wi thout 

col l ecti ng a l ot of debr i s .  Eac h  sampl e was p l aced i n  a l /2 ga l l on 

pl ast ic  bag and l abel ed wi th the date and exact l ocati on of col l ecti on . 

Al l sampl es were frozen unti l l ate fal l  of each year at wh i ch t ime 

they were prepared for i sotope ana l ys i s .  

Approximate l y  1 0  cc of each s cat sampl e were dri ed i n  a dryi ng 

oven at  50 degrees Centi grad e for two days, Each  dri ed samp l e  was then 

broken i nto sma l l part i c l es and p l aced i n  25  x 1 50 mm cul ture tubes . 

He ight of the sampl e i n  the tube was approxi mately  one i nch . Each tube 

was we ighed before and after f i l l i ng i n  order to determi ne the exact 

dry we ight of the sampl e to the nearest l / 1 00 of a gram . Cotton was 

p l aced over the sampl es  i n  the tubes to prevent s pi l l age and contam­

i nat ion of one sampl e by another . In 1 972 sampl es were p l aced i n  one 

pi nt, cyl i ndri ca l , i ce cream conta i ners for dryi ng i n  the oven , then 

ana lyzed i n  the same conta i ners wi thout any further preparat i ons . 
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D.  BEAR S IGHTINGS 

Bear sightings by research and National  Park Service personnel 

were recorded for both 1 972 and 1 973 with specia l note being made 

regarding the presence or absence of ear tags . In addition , postcard 

questionnaires (with instructions on how to compl ete them ) were given 

by Park Rangers to several hundred backpackers when they appl ied for 

backcountry camping permits . Backpackers were requested to record a l l 

l ocations where they observed bears , numbers of bears observed , size 

of the animal ( s ) , the presence or absence of ear tags , and , if the 

animal was tagged , the col ors of the tags and in which ear each 

col or was l ocated. The postcards were pre-addres sed and pos t-paid so  

that the backpacker had on ly  to  drop it in  the  mail once his trip was 

compl eted . Al though these postcards provided observational data of 

bl ack bears for the entire Park , on ly  the data ta ken from the study 

area was tabu l ated for this study . 

E .  LABORATORY ANALYSIS OF SCAT SAMPLES 

Counting equipment used to ana lyze bear scats col l ected during 

the study was made avail abl e by the Ecol ogica l Sciences Division of 

the Oak Ridge National Laboratory at Oak Ridge , Tennessee . The count­

ing equipment util ized in 1 972 inc l uded a 3 x 2 inch Nai sol id 

scintil l ation crystal and counter coupl ed with a Packard t�odel 1 1 5 

mu l ti-channel anal yzer ( Figure 4 ) .  These instruments were u sed for 

counting scat sampl es in ice cream containers. Each sampl e had to be 

manual ly  inserted and removed from the counting chamber .  In 1 973 a 

11Wel l type11 Nai crysta l was used . An auto-gamma spectrometer capabl e 



Figure 4. Packard Model 115 multi-channel analyzer and counting chamber used to analyze black 
bear scat samples in 1972. 

N 
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of hold i ng 50 samples was used to automati cally i nsert and remove the 

samples i n  the culture tubes from the counti ng chamber . The counter was 

coupled to a computer i zed Nuclear Data dual channel  analyzer ( F igure 5). 
In preparati on for counti ng samples , a standard was made for each 

i sotope . Us i ng a 20 A p i pette , i sotope mater i al was drawn from 

ali quots of solu t i on saved for that purpose and mi xed wi th non-tagged 

fecal materi al .  These standards were used to cali brate all of the 

counti ng equi pment, In 1 972 all samples were counted for 1 0  mi nutes , 

wh ile i n  1 973 the count i ng time wa s i ncreased to 1 5  m i nutes, All 

counts were corrected for decay wh i ch occurred between the t ime of 

sample collect ion and counti ng .  

F. POPULATION ESTH1ATES 

Populat i on estima tes were made us i ng the Schnabel method 

( Schnabel 1 938 ) for multi ple sampli ng . Estimates were made u s i ng 

data collected from the scat- taggi ng segment of the study for both 1 972 

and 1 973 . These esti mates were compared to esti mates computed from 

mark-observati onal data provi ded by backpackers9 National Park Servi ce 

personnel , and research personnel for the same years. 



Figure 5. Nuclear Data dual-channel analyzer, computer, and autogamma spectrometer used to 
analyze black bear scat samples in 1973. 
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CHAPTER I V  

RESULTS AND D I SCUSS ION 

A .  EVALUAT ION OF TRAPP ING 

I n  1 972 , 3 1  bears were captured a total of 43 t imes ; 28 of these 

an ima l s  were i nj ected wi th rad i oacti ve i sotopes . In 1 973 , 35 bears 

were captured a total of 40 t imes ; 32 of these an imal s were rad i o­

acti ve ly  tagged ( Append i x ,  Tabl e A- 1 ) .  

Mos t  of the t ime and effort of the present study was devoted to 

the capture of bears ; th i s  has been the case wi th earl i er researchers 

pr imari ly  i nvo l ved wi th popu l at i on estimates of bears ( Eri c kson and 

Petri des 1 964 ) . Trapp i ng success i n  1 973 ( trappi ng records for 1972 

were i ncompl ete ) was l ower i n  August  than in other months ( Tabl e 6 ) , 

a l though success of trapp i ng d i d  not vary greatly  from one month to 

another . Mi l l er ,  McCaffrey , and Wi l l  ( 1 973 ) reported that trappi ng 

effi c i ency i n  New York was best i n  the l ate spr i ng and fal l  wi th a 

reducti on i n  success dur i ng the summer . The above was bel i eved to be 

rel ated to the fact that bai ted traps were l ess attracti ve to bears 

dur i ng the summer because of abundant berry crops . Al though most of 

the tra ppi ng i n  the present study was conducted duri ng the summer , 

there was no evi dence , based on acti v i ty s i gns , to suggest that spri ng 

or fa l l  trapp i ng mi ght be more producti ve. Eri ckson ( 1 957 ) be l i eved 

that tra pp i ng success decreased as the seasons progressed from summer 

to fal l  due to the i nc reased food suppl i es wh i ch became ava i l ab l e  as  

the  mas t  crop ri pened . 
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Trap 
Month Type 

June Snare 
Cul vert 
All 

J u ly  Snare 
Cul vert 
Al l 

August  Snare 
Cu l vert 
Al l 

September Snare 
Cu l vert 
Al l 

Tota l Snare 
Cul vert 
Al l 

TABLE 6 

BLACK B EAR TRAPPI NG RESULTS BY MONTH I N  THE GREAT SMOKY MOUNTAINS  
NAT I ONAL PARK DUR ING 1 973 

V i s i ts by 
Number of Bear Other Bea r  V i s i ts Tra pn i ghts 

Trapn i ghts V i s  i ts Captures M i sses  Ani ma l s per Capture per V i s i t  

1 4  3 2 1 0 1 . 5 4 . 7  
1 6  6 5 1 0 1 . 2 2 . 7  
30 9 7 2 0 1 . 3 3 . 3  
55 22  1 5  7 0 1 . 5 2 . 5  
1 6  5 3 2 0 1 . 7 3 . 2  
7 1  27  1 8  9 0 1 . 5 2 . 6  
56 1 1  8 3 4 1 . 4 4 . 7  
1 4  3 2 1 0 1 . 5 4 . 7  
70 1 4  1 0  4 4 1 . 4 4 . 7  
1 0  4 4 0 0 1 . 0 2 . 5  
1 8  3 3 0 1 1 . 0 5 . 7  
28 7 7 0 1 1 . 0 3 . 9  

1 35 40 29 1 1  4 1 . 4 3 . 3  
64 1 7  1 3  4 1 1 . 3 3 . 7  

1 99 57 42 1 5  5 1 . 4 3 . 4  

Trapn i g h ts 
per 

Capture 

7 . 0  
3 . 2  
4 . 3  
3 . 7  
5 . 3  
3 . 9  
6 . 5  
7 . 0 
6 . 6 
2 . 5  
5 . 7  
3 . 9  
4 . 5  
4 . 8  
4 . 6  

w 
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Prebai ts 

It appeared that preba i ti ng was a s uccessful segment of the trap­

p i ng program . Traps  were set i n  areas where preba i ts had been v i s i ted 

by bears ; i t  a ppears that the proba bi l i ty of bears vi s i t i ng traps was 

i ncreased . The above i s  refl ected i n  the trappi ng data ; an average of 

4 . 6  trapn i ghts was requ i red for each bear captured ( Tabl e 6) . The 

number of trapn i ghts per capture reported by other researchers ranges 

from 40 to 21 3 (Tab l e 7) . Al though d i fferences may ex i s t  i n  dens i t ies 

of bears between the GSMNP and other study areas reported i n  the 

l i terature , i t  i s  not reasonabl e to assume a dens i ty 1 0  to 50 times 

greater for the Park than that fou nd in the Cats ki l l s  of New York 

(Mi l l er ,  et a l . 1 973) or i n  Yel l owstone Nati onal Park ( Barnes and Bray 

1 967) .  Therefore ,  d i fferences i n  dens i ty a l one do not expl a i n  the 

d i fferences i n  trap succes s .  The data suggests that compared to other 

techn i ques , preba i ti ng may be a muc h  more effect i ve method of attract­

i ng and trappi ng bears . 

Preba i ti ng probably d i d  not attract many bears from great 

d i stances but l i ke ly  indicated areas of bear acti v i ty and hence areas 

of h i gh probabl e trap s uccess . Preba i t  s i tes requ i red only  three to 

fi ve mi nutes to set . Hence , preba i ti ng made i t  pos s i bl e to reduce the 

effort requ i red to capture bears and al so made i t  pos s i bl e  to trap 

severa l d i fferent secti ons wi th i n  the study area wi th the l i m i ted 

manpower avai l abl e . 

Cu l vert Traps 

Cul vert traps were usefu l and successfu l  when trappi ng i n  areas of 

h i gh human concentrati ons and acti v i t ies . Bears were conta i ned wi th i n  



Source 

�·1i l l er 1 973  

Eri c kson 1 957 

Barnes and Bray 1 967 

B l ack  1 958 

TABLE 7 

BLACK B EAR TRAPP I NG RESULTS OF OTHER 
RESEARCHERS IN THE UN ITED STATES 

Trap Number of Bear 
Type Trapn i ghts V i s i ts 

Snare 3624 -

Cu l vert 1 60 -

Steel 2393 1 26 
trap 

Cu l vert 1 65 1 1  

Snare 1 5  0 

Steel 2732 1 26 
tra p  

Captures 

1 7  
4 

44 

4 

0 

29 

Trapni ghts  
per Capture 

2 1 3 . 1  
40 . 0  

54 . 4  

4 1 . 2  

94 . 2  

w w 



the trap and posed li ttle or no threat to v i s i tors who approached 

c l osely .  Also , few i nj ur ies occurred to the bears ; the orly i njur i es 

observed were occa s i onal  breakage of the cani ne teeth on the grated 

front and back of the trap .  Another advantage of cu l vert traps was 

that bears cou l d be hel d for l onger peri ods of t ime before hand l i ng 

and/or rel ease . The only d i sadvantage was that use was res tr i c ted to 

l ocati ons acces s i bl e by p i c kup  tru c k . 

Foot Snares 
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Aldri ch s pr i ng-acti vated foot snares were also u sed wi th a great 

deal of success . Due to the i r l ight we i gh t ,  snares were used i n  many 

bac kcountry areas wh ich  were acces s i bl e  only by foot tra i l s . Setti ng 

of snares  was more of an art than setti ng cul vert traps . However , once 

the techn i que was mastered , the sets were rel at i ve ly  easy to construct 

and were very eff i c i ent for captu r i ng bears ( Table 6,  page 31 ) .  

Prev ious  researc hers reported that smal l an imal s such a s  raccoons , 

s kunks , opos sums , squi rrel s ,  and b i rds often d i sturbed snare sets 

( Jonkel and Cowan 1 97 1 ; Mi l l er ,  et a l . 1 973 ; and Eri ckson 1 957 ) . Thi s  

was not a probl em i n  the present s tudy a s  onl y  4 of 1 99 snare sets were 

d i sturbed by an ima l s other than bears ; i n  no i nstances were an imal s 

o ther than bears captured . 

The only apparent d i sadvantage of the foot snare was that the 

bears were not conta i ned as wi th the cul vert trap and hence there 

exi sted a potent ia l  danger to humans who m ight  venture too close and 

i njury to the bear was more l i kely . Approxi mately 75 percent of a l l 

the bears captured i n  snares susta i ned some type of mi nor l eg i nj ury . 

The most common i njur i es i nvol ved swel l i ng of the snared foot wi th a 
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sma l l l /4 i nc h  brea k i n  the s k i n where the cable and the angl e i ron 

rubbed aga i nst  the foot . The i nj ured areas were not treated i n  any way , 

but recaptures i nd i cated that the bears had compl etely  recovered . The 

bears• chewi ng on the snare cabl es resul ted i n  the bac k  s i des of the 

cani nes bei ng grooved on approx i ma tely  50 percent of the bears  as a 

result of the abras i ve act i on of the cabl es . In four cases the cani nes 

were broken off about l/2 i nch  above the gum l i ne . Although a h igh 

percentage of mi nor i nj ur i es occurred , on ly  two i nstances of seri ous 

i nj ury were observed. One bear s u sta i ned a broken rad i us as a resu l t  

of thrash i ng around whi l e  i n  the snare . I n  another case , a fema l e was 

found dead i n  a snare wi th a broken neck  and the v i scera exposed. 

Another an ima l  was obv i ous ly  respons i bl e  for many of the wounds , but 

i t  was not determi ned i f  the bear di ed a s  a resu l t of be i ng snared or· 

by the attack of another an imal . Although ser i ous  i nj u r i es to bears 

occurred i n  only two cases , there was potent ia l  for i nj ury i n  every 

case . Th i s  has led other researchers to abandon or at  leas t  reduce 

the use of snares ( Conl ey ,  Raybourne , and Ernst  personal commun i ca­

t i ons ) .  Snare sets shou l d  be used on ly i n  areas where other capture 

techn i ques are not poss i ble . 

Projecti l e  Syr i nge Gun 

Use  of the proj ect i le syri nge as a means of capturi ng bears was 

l imi ted . In 1 972 , 23  bears were captured whi l e  free-roam i ng .  Al l 2 3  

bears captured u s i ng th i s  techn i que came from campgrounds , tra i l 

shel ters , and roads i de p i cn i c  areas . I n  1 973 l ess  emphas i s  was pl aced 

on the capture of bears from these areas and no bears were captured i n  

the above manner . 
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The major probl em in u s i ng the project i l e  syr i ng was that some 

bears were d i ffi cu l t to l ocate after i njecti on . Four bears shot wi th 

the syr i nge gun near roads i des ran i nto nearby rhododendron thi ckets 

before becomi ng i mmob i l i zed and were not captured . I n  at  l east four 

other cases when the bears tri ed to el ude researchers after be i ng shot ,  

the bears were found in  an i mmob i l e  state wi th i n  a short peri od of 

t ime .  

Locat i on of Captures 

F i gure 6 i l l ustrates the poi nt  of capture of the bears i n  1 972  

and  1 973 w i th i n  the study area . I n  1 973 , an i ntens i ve effort was 

made to capture bears i n  as many parts of the s tudy a rea as pos s i bl e .  

The study area was d i v i ded i nto several un i ts , wi th each un i t  

rece i v i ng a week • s  trapp i ng effort . As a resul t ,  tagged bears were 

d i stri buted over most  of the area . Further d i stri buti on of tagged 

an ima l s was l i kely obta i ned as a resul t of movements of i nd i v i dual 

bears wi th i n  the area . A concentrat i on of captures i n  the Bote 

Mounta i n  area was a resu l t  of a h i g h  dens i ty of bears and more i nten­

s i ve trappi ng efforts i n  th i s  area rel ated to another study on b l ack 

bear movements and acti v i t i es . 

B .  ANALYS IS  OF SCATS COLLECTED FROM PENNED B EARS 

From June , 1 972 through May , 1 973 , a total of 80 samp l es of scats 

were col l ected from two penned bl ack  bears at  the Env i ronmenta l  

Educati on Center at Tremont  i n  the GSMNP .  S i nce 1 09cd and 1 44ce proved 

to be unsuccessfu l  and 65zn and 54Mn were used excl us i ve ly  duri ng 1 973 , 

onl y  data col l ected from the bear i njected wi th 65zn and 54Mn are 
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reported . As i l l ustrated i n  F i gure 7 ,  when rad i oact i v i ty was pl otted 

aga i nst t ime on a semi - l ogar i thm i c  scal e ,  the po i n ts on the graph form 

a curv i l i near l i ne unt i l l ate fal l  ( November ) .  Nel l i s ,  et a l . ( 1 967 )  

used 65zn i n  wor k i ng wi th rabbi ts , foxes , and bobcats and reported 

that acti v i ty p l otted aga i nst t ime on a semi - l ogari thmi c scal e formed 

a stra i ght  l i ne . Beg i nn i ng i n  November there wa s a dev i ati on from the 

regres s i on pattern of the summer and ear ly  fa l l ;  acti v i ty showed a 

s harp i ncrease for both 65zn and 54Mn . By l ate wi nter ( February )  the 

acti v i ty began to decl i ne aga i n ,  a l though the study was termi nated 

before enough data were col l ected to i nd i cate the magn i tude of the 

decl i ne i n  act i v i ty .  

Change i n  the phys i ol ogy of the penned bears cou l d  expl a i n  the 

r i se i n  acti v i ty i n  the l ate fa l l . Bacon ( personal commun i cat ion )  

noted that fecal  excreti on decl i ned by as  much as 90  percent i n  l ate 

fal l and wi nter as the bears went through the i r  wi nter peri od of re­

duced act i v i ty and food i nta ke . Fol k ,  Fol k ,  and Mi nor ( 1 972 ) noted 

that a l though bears reduce food i ntake duri ng the w inter , there i s  

on ly  a s l i ght  reducti on i n  basal body temperature duri ng th i s  t ime ;  

th i s  i nd i cates that there may be on ly  a part i al reducti on i n  metabol i sm .  

Therefore , i t  i s  poss i bl e  that a cont i nued excretion of metabol i c  was tes 

(wh i ch i nc l udes the radi oacti ve materi a l ) coupl ed wi th a decrease i n  

the vol ume of excreta caused by a reducti on i n  food i ntake cou l d  

account for the h i gher act i v i ty w i thout a h i gher excreti on rate of the 

i sotopes themsel ves . 

By the fi fth day post- i nject i on the rad i oacti vi ty i n  the scats of 

the penned bear was l es s  than one- hal f that found in the samp l es 
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col l ected on the fi rst day after i njecti on . The above shou l d  not be 

i nterpreted as i nd i cati ng that the rad i oacti v i ty i n  the body of the 

bear (body burden ) had been reduced to one- ha l f  of the amount i njected . 

However , Baker , Dunaway , and Auerbach  ( 1 968 ) ,  worki ng wi th rats , noted 

that there was a rap i d  i n i ti a l  l os s  of 1 34cs wi th i n the fi rst two days 

fo l l owed by a l ower rate of l os s  c haracter i st i c of th i s  i sotope ' s  

b i o l og i cal  ha l f- l i fe .  Odum and Gal l ey ( 1 963 ) attri buted the i n i ti a l 

l os s  to excreti on of unass im i l ated i sotope materi a l s .  

After 1 972 , 1 09cd and 1 44ce were abandoned as feces tags a s  a 

resu l t of counts of scats col l ected from the penned an ima l s .  The l ow­

energy rays emi tted by these i sotopes l ed to probl ems i n  the i r  i dent i ­

f i cati on and quanti fi cat ion i n  the scats , espec i a l ly  when the i sotopes 

were present i n  l ow amounts . The major probl em i n  the i dent i fi cat ion 

and quanti fi cati on was due to a reg i on i n  the energy scal e known as 

backscatter ( F i gure 8 ) . Th i s  backscatter reg i on on the sca l e  was 

a l ways present and i ts i ntens i ty was dependent upon several factors , 

i nc l ud i ng the type and amount of rad i oacti v i ty present i n  the samp l es . 

There was confus i on i n  i nterpretat i on of some counts as  to whether the 

peak was a resu l t of backscatter of a l ow energy i sotope present i n  

sma l l amounts . 

Data from the penned bears were col l ected for one year  but i t  i s  

l i ke ly  that the i sotopes wou l d  be detectabl e for several more months .  

Nel l i s ,  et a l . ( 1 967 ) reported that rabb i ts i nj ected wi th 65zn excreted 

detectabl e amounts of rad i oacti ve materi a l s for 400+ days . Ei ght of 

the 240 scats col l ected from the tra i l s  i n  1 973  conta i ned 65zn from 

the previ ous  year , a l though the dpm per gram were l ow .  The above 
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offe� a potenti a l  techni que for determi n i ng popu l ati on morta l i ty from 

one year to the next by noti ng the decrease i n  percentage of scats 

tagged the prev i ou s  year  from the percentage of scats expected to be 

tagged . S i nce several an ima l s tagged i n  1 972 were retagged i n  1 973 

wi th the 65zn , i t  was not pos s i b l e to determi ne the number of scats 

col l ected from bears tagged the prev i ou s  year . 

C .  EVALUAT ION OF RAD IOACTIVE  TAGG I NG TECHN IQUE  

I n  three cases  i n  1 972 the presence of  1 09cd and  1 44ce was 
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questi onabl e in scats col l ected from i ndex tra i l s .  I n  many cases 

i nvol v i ng these two i sotopes , quant i f i cati on was very d i ffi cu l t 

because of the bac kscatteri ng effect .  I n  1 973 when on ly  65zn and 54Mn 

were used as tags , there were no questi onabl e sampl es .  

Dual Taggi ng 

Al l bears i n  1 973  were tagged wi th both 65zn and 54Mn . Nel l i s ,  

et a l . ( 1 967 )  reported that 65zn was extremel y  res i stant to l each i ng 

from sampl es . The dual  tagg i ng wa s underta ken to i nsure that samp l es 

woul d be recogni zed as  tagged even i f  the 54Mn were l eached out .  From 

resu l ts of counti ng data i t  was ev i dent that 54Mn was res i stant to 

l each i ng .  I n  1 973 , 65zn was not used as a s i ng l e tag because i t  had 

been used in combi nation  wi th 1 09cd and 1 44ce i n  1 972 . If  65zn had 

been u sed as a s i ng l e tag , there was the pos s i bi l i ty that bears tagged 

i n  1 972  wi th 65zn m i ght produce mi s l eadi ng data for the 1 973 segment of 

the study . The 65zn-54Mn comb i nat ion was not used i n  1 972 and only two 

bears were tagged wi th 54Mn i n  any comb i nati on ; both of these an imal s 

were removed from the popul ati on before 1 973 . Therefore , there was 
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no poss i bi l i ty of confus i ng tagged scats from a n i mal s i njected i n  1 973  

wi th those i njected i n  1 972 . 

I n  a l l cases , the 54Mn acti v i ty was h i gher than the 65zn acti v i ty 

for each tagged scat for the fi rst s i x  months post- i njecti on . I t  

woul d seem that 54zn wou l d  be more s u i tabl e as  a s i ng l e tag ,  at  l east  

for stud i es wh i ch are to  l ast on l y  a few months .  

Identi fi cati on of Ind i v idual Bears from Scat Sampl es 

In 1 972 an attempt was made to tag bears i n  such a manner that 

each rad ioact i ve scat col l ected mi ght be i dent i f i ed as  comi ng from a 

s pec i f i c  bea r .  U s i ng four i sotopes i t  was pos s i bl e  to tag 1 0  bears 

wi th d i fferent i sotopes or combi nati ons of i sotopes . However , s i nce 

28 bears were captured , i t  was neces sary to vary the rati o of the 

amounts of i sotopes to obta i n  the number of i nd i v i dual i zed tags 

requ i red . ( Examp l e ,  one bear m i ght  be i njected wi th 60 �c of 65zn 

and 30 pc of 54Mn whi l e  another bear mi ght  be tagged wi th 60 pc of 
54Mn and 30 �c of 65zn . )  Identi ty of i nd i v i dual  bears from the i r  

rad i oacti ve scats was extreme ly  di ffi cul t due to the var i abi l i ty among 

the i sotopes as  to the amount of radi oacti ve materi a l  excreted in the 

fi rst few days after i njecti on , var i abi l i ty of excreti on among i sotopes 

due to dai ly  changes i n  metabol i sm ,  and the changes i n  the rati os of 

the i sotopes due to time . Therefore , the amount of data on movement 

of i nd i v i dual  bears col l ected by th i s  techn i que was negl i g i bl e .  How­

ever , by rad i oact i ve ly  taggi ng sub-popu l at ions  of an ima l s wi th d iffer­

ent i sotopes , the techn i que defi n i te ly  has potenti a l  i n  the study of 

sub-popu l ation  d i spersa l , m i x i ng , and i nteract i ons . 
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Publ i c  Hea l th Aspects 

Al though the bl ack bear popu l at i on i n  the Park  i s  compl etely pro­

tected by Nati ona l Park Serv i ce regu l ati ons , the poss i b i l i ty ex i sts 

that tagged bears cou l d  be harvested i l l egal ly  i n s i de the Park , or , i f  

the bears moved out of the Park , l egal l y  o n  an  open hunt . The poss i ­

bi l i ty of tagged bears be i ng harvested and part of the i r carcasses 

eaten shou l d  be g i ven cons i dera t i on . 

The I nternati onal Congress on Radi ol og i ca l  Protecti on ( 1 959 ) set  

l im i ts for the maximum permi s s i bl e body burden (MPBB ) a l l owed for 

var i ou s  groups of the human popul at i on .  The MPBB for 65zn , 54Mn , 
1 09cd , and 1 44ce are 60 , 40 , 200 , and 20 mi crocur i es , respecti vel y .  

Assumi ng that  a bear was k i l l ed and muscl e t i ssues sa l vaged for food 

the day the bear was i njected , approx imately 30 percent of the 

an imal ' s  body burden of 65zn woul d be i ncorporated i n  the musc l e 

t i ssues ( I CRP 1 959 ) .  Data from analys i s  of t i ss ues taken from i nj ected 

bears i n  the Park i nd i cate that 1 09 cd and 1 44ce have a l ower concen­

trat ion i n  musc l e  t i s sues ( ti s sues tagged wi th 54Mn were not 

ava i l abl e ) . Of the amount of rad i oact i ve materi a l  i ngested by the 

human body , 1 0  percent of the 65zn and 54Mn , 0 . 25 percent of the 1 09cd , 

and 0 . 1 percent of the 1 44ce wou l d  be reta i ned by the body wi th the 

rest  pass i ng out of the body by way of the excretory system . The 

h i ghest effective  energy i s  found i n  1 44ce and 65zn . If the bear 

k i l l ed were i nj ected wi th 50 �c of 65zn and 50 �c of l 44ce , then no 

more than 1 5  �c of each i sotope wou l d  be ava i l abl e for consumpti on i n  

the musc l e t i ssues . Of the 1 5  pc of each  i sotope consumed ( a ss umi ng 

that one person consumed a l l of the meat ) , 1 . 5 �c of 65zn and l ess 



than 0 . 01 5  pc of 1 44ce wou l d  be i ncorporated i n to body ti ssues . The 

above wou l d  resu l t i n  an i nternal rad i ati on dose of 0 . 004 rems per 

week from the accumu l ated body burden pl us 0 . 6  rems to the ga stro­

i ntes t i na l  tract from the rad i oacti ve mater i a l s as they pass through 

the d i gest i ve tract . The tota l rad i ati on dose for one year wou l d  be 

approxi ma tely 1 rem . 

I n  a more real i sti c exampl e ,  one mi ght assume that a bear 
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wou l d  not l i ke ly  be harvested on the day of i njection of rad i oact i ve 

mater i al s .  I l l ega l hunti ng pressures are l ow duri ng the summer months 

but i ncrease duri ng the fa l l .  Al so , i t  i s  not l i ke ly  that a l l of the 

muscl e t i ssues wou l d  be sa l vaged for food or that a l l of the ti ssues 

wou l d  be consumed by the same person , Under the above cond i ti ons the 

rad i at i on dose wou l d approxi mate 1 0  percent ( 0 . 1  rem per year ) of the 

dose g i ven i n  the previ ous d i scus s i on .  The hazards  of consumi ng fl esh 

of rad i oacti vely tagged bears are essenti a l l y  i ns i gn i fi can t ,  even under 

the worst s i tuations . However , s i tuati ons  where consumpti on of 

contami nated fl esh  cou l d  occur s hou l d  be avoi ded , i f  pos s i bl e .  

0 ,  COLLECTION OF SCATS 

I n  1 972 and 1 973 , 1 89 and 240 s cat samp l es , respecti ve l y ,  were 

col l ected from des i gnated i ndex and abandoned tra i l s .  I n  1 972 , 630 

i ndex- tra i l -mi l es accounted for 1 7 1 scats , 61 of wh i ch came from tra i l 

shel ter areas , whi l e  25 mi l es of abandoned tra i l -mi l es produced 8 bear 

scats . Ten scats were col l ected from the Cades Cove Campground . I n  

1 973 , 81 0 i ndex- tra i l -m i l es resu l ted i n  the col l ecti on of  14 1  scats , 

55 of wh i ch came from areas around trai l s hel ters . N i nety-n i ne scats 
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were col l ected from approxi mately 1 40 mi l es of abandoned tra i l s .  The 

most product i ve t ime i n  terms of s cat per mi l es h i ked was l a te August  

through the  m iddl e of  September for both years o Abandoned tra i l s  were 

more producti ve than ma i nta i ned tra i l s  s i nce an average of 1 scat per 

3 . 1 2  m i l es and 1 scat per 1 . 41 m i l es were col l ected from these tra i l s  

i n  1 972  and 1 973 as  compared to 1 scat per 3 . 68 m i l es and 1 scat per 

5 o 74 m i l es from ma i nta i ned tra i l s .  The above i s  bel i eved to be due 

to the bears u ti l i zati on of abandoned tra i l s  to a greater extent than 

ma i nta i ned tra i l s .  

There appeared to be a l i near rel at ionsh i p  between the number of 

scat col l ected per m i l e  and el evat i on . Pel ton ( 1 972 ) noted that i n  

the GSMNP there was an i ncrease i n  the number of s cats per mi l e  at 

h i gher el evati ons; 56  percent of a l l scats col l ected were above 4 , 500 

feet . Reasons for the above rel at ionsh i p  cou l d  be dens i ty dependent 

or i t  cou l d  be the resu l t  of heav i er uti l i zat i on of tra i l s  by bears 

at h i gher e l evat i ons . However , data supporti ng e i ther i dea are 

i nconcl us i ve at th i s  t i me .  

E .  POPULAT ION ESTU�ATES 

Popul ati on estima tes for 1 972 and 1 973  were 1 02 and 1 32 animal s ,  

respecti vely ,  us i ng the data obta i ned from rad i oacti ve scat ana lys i s .  

Estimates were 43 and 54 an imal s u s i ng mark-observati on data for the 

two respecti ve years ( Tabl es 8 ,  9 ,  1 0 ,  and 1 1 ) .  

Popul ati on estimates were made u s i ng the method of Schnabel 

( 1 938 ) , s i nce th i s  techn i que made i t  pos s i b l e  to co l l ect data conti nu­

ous ly  throughout each summer . Est imates were obta i ned by the formul a :  



TABLE  8 

BLACK B EAR POPULAT ION ESTIMATE AS DETERM I NED 
BY �·1ARK-OBSERVAT ION DATA US I NG THE 

SCHNABEL METHOD FOR 1 972 

Date ( Per i od ) Mt Ct Rt 

July 2-July 8 9 1 5  6 
Ju ly  9-Ju l y  1 5  1 3  25 1 5  
J u ly  1 6-Ju ly  22  1 7  27 8 
Ju l y 23-Ju ly  29 1 8  20 1 2  
Ju ly  30-August  5 22  25  1 2  
August  6-August  1 2  2 1  1 0  4 
August  1 3-August  1 9  2 1  1 5  7 
Augus t 20-August 26 24 28 20 
August  27-September 2 25  1 4  5 
September 3-September 9 25 1 5  8 
September 1 0-September 1 6  28 30 1 0  
September 1 7-September 23  28  1 1  4 
September 24-September 30 28 1 1 
October 1 -0ctober 7 28 4 1 
October 8-0ctober 1 4  28 4 3 
October 1 5-0ctober 2 1  28 7 7 
October 22-0ctober 28 28 7 6 
October 29-November 4 28 1 1 

-£. 259 1 30 

... .t{Ct  Mt) 5571  N = = = 42 . 85 £ Rt 13'0 
II 

P (36 < N  < 52 ) = 0 . 95 
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Ct Mt 

1 35 
325 
459 
360 
550 
2 1 0  
3 1 5 
672 
350 
375 
840 
308 

28 
1 1 2  
1 1 2  
1 96 
1 96 

28 

5571 



TABLE  9 

BLACK B EAR POPULAT ION ESTIMATE AS DETERM INED 
BY MARK-OBSERVAT ION DATA US I NG THE 

SCHNABEL METHOD FOR 1 973 

Date ( Per i od ) t�t Ct Rt 

J une 1 7-June 23 9 1 6  8 
June 24-June 30 1 3  1 3  5 
J u ly  1 - Ju ly  7 1 3  1 9  4 
J u ly  8-Ju ly  1 4  1 8  5 3 
Ju ly  1 5-Jul y 2 1  1 9  6 3 
Ju ly  22-July 28 24 2 0 
J u ly  29-Augus t 4 27 4 0 
August  5-August 1 1  28 20 9 
August  1 2-August 1 8  33 5 2 
Augus t  1 9-August  25  35  3 1 
August  26-September 1 35 1 0  9 
September 2-September 8 35 2 0 
September 9-September 1 5  35 7 1 
September 1 6-September 22  35 4 3 
September 23-September 30 35 0 0 
October 1 -0ctober 6 35 0 0 
October ?-October 1 3  35 1 0 

£ 1 1 7  48 

"' 
.£ ( Ct Mt ) /Z:.Rt 2606 N = = 48 = 54 

" 
P (42 � N  £ 75 ) = 0 . 95 

48 

ct r�t 

1 44 
1 69 
247 

90 
1 1 4 
48 

1 08 
560 
1 65 
1 03 
350 
70 

245 
1 40 

0 
0 

35 

2606 



TABL E  1 0  

BLACK BEAR POPULAT ION EST IMATE AS DETERM I NED 
BY RAD IOACTIVE  SCAT TAGG I NG US ING THE 

SCHNABEL  METHOD FOR 1 972 

Date ( Per i od ) t�t Ct Rt 

Ju ly  2-July 8 5 1 4  0 
J u ly  9-July 1 5  9 5 0 
Ju l y 1 6-Ju ly  2 2  1 2  28 6 
Ju ly  23-Ju ly  29  1 3  0 0 
Ju ly  30-August 5 1 7  1 9  3 
Augus t  6-August 1 2  1 9  0 0 
August  1 3-August 1 9  1 9  1 7  2 
August  20-August 26 22  0 0 
August 27-September 2 23 41 7 
September 3-September 9 23 27  1 5  
September 1 0-September 1 6  26 1 7  0 
September 1 7-September 23  26 0 0 
September 24-September 30 26 0 0 
October 1 -0ctober 7 26 1 5  1 
October 8-0ctober 1 4  26  0 0 
October 1 5-0ctober 2 1  26  0 0 
October 22-0ctober 28 26 3 0 
October 29- November 4 26 3 1 

� 1 89 35 

II .i. {Ct t�t} N = 
3571 1\ 

N = N = 1 02 £ Rt 35 
,.. 

P {77 .£. N £1 53 ) = 0 . 95 

49 

Ct  Mt 

70 
45 

336 
0 

323 
0 

323 
0 

943 
621 
442 

0 
0 

390 
0 
0 
0 

78 

3571 



TABLE  1 1  

BLACK BEAR POPULATION EST IMATE AS DETERM INED 
BY RADIOACTI V E  SCAT TAGG ING DATA US I NG 

THE SCHNABEL METHOD FOR 1 973 

Date ( Period ) Mt Ct Rt 

J une 1 7-June 23 0 3 1  0 
J une 24-June 30 4 8 0 
Ju ly  1 -Ju ly  7 5 1 9  0 
Ju ly  8-Ju l y  1 4  1 0  1 5  0 
J u ly  1 5-Ju ly  2 1  1 1  6 0 
J u ly 22-July  28 1 6  0 0 
Ju ly  29-August 4 2 1  0 0 
August 5-August  1 1  2 2  1 0 
Augus t  1 2-August 1 8  28 2 0 
August  1 9-August  25  29  12 1 
August  26-September 1 3 1  34 1 2  
September 2-September 8 32  3 1  6 
September 9-September 1 5  32  0 0 
September 1 6-September 22  32  43 1 4  
September 23-September 29  32 8 4 
September 30-0ctober 6 32 1 7  2 
October ?-October 1 3  32 1 3  2 

z... 240 4 1  

" £�ct Mt� 5407 N = � Rt = � = 1 32 
" 

P ( 1 01 L. N L. l 90 ) = 0 .  95 

50 

Ct Mt 

0 
32 
95 

1 50 
66 
0 
0 

22 
56 

348 
1 054 
992 

0 
1 376 

256 
544 
41 6 

5407 



where 

1\ 
N = Z: ( C t  Mt)/£ Rt 

" 
N = popu l at i on estimate 

Ct = tota l sampl e taken i n  the tth peri od 

Mt = total number of marked a n i mal s i n  the popu l at i on at the 

start of the tth peri od 

Rt = number of marked sampl es i n  C t .  

5 1  

I n  u s i ng the above method of  popu l ati on est imat i on certa i n  assumpt i ons 

about the popul ati on and i ts members have to be made ( R i cker 1 955 ) : 

1 )  morta l i ty rates among marked and unmarked members of the popu l at i on 

are equal , 2 )  marks are not l ost , 3 )  mar ks are recogni zabl e ,  4 )  recru i t­

ment i s  negl i g i bl e ,  5 )  marked and u nmarked an ima l s are randoml y mi xed , 

and 6 )  every member of the popul at i on has an equa l chance of contr i ­

buti ng to the est imate . 

A seventh as sumpti on must be made when computi ng est imates based 

on rad i oacti vely tagged and untagged scat samp l es . One must  assume 

that the rat i o  of tagged to untagged scats col l ected from the s tudy 

area i s  proporti onal  to the rat i o  of tagged to untagged bears i n  the 

study area . Mart i n  ( 1 97 2 )  reported that marked and unmarked an ima l  

track observa t i ons cou l d  b e  substi tuted for an ima l  captures or 

observati ons i n  the popu l at i on est imati ng formu l a .  

F lyger ( 1 959)  u s i ng the Schnabel formul a  obta i ned estimates 

wh i ch he bel i eved to be very accurate i n  i ns tances where he cou l d  

e l i m i nate most  of the s i tuati ons where v i o l ati ons of the assumpt ion s  

occurred . Certa i n l y ,  i n  no natura l s i tuati on can al l of the above 

as sumpti ons be met compl ete l y .  However , by m i n i mi z i ng the degree of 

separati on between the i dea l and the actua l , one can m i n i mi ze the 
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degree of error i n  the popul ati on estimate . Hornocker ( 1 962 ) was abl e 

to correl ate estima tes obta i ned by the Schnabel method wi th d i rect 

counts where d i rect counts were feas i bl e .  Troyer and Hensel  ( 1 964 ) , 

worki ng wi th Kod i ak bears , obta i ned estimates 20 percent h i gher u s i ng 

the Schnabel method than wi th d i rect counts , but they bel i eved that 

poor v i s i bi l i ty caused by i ncl ement weather may have resu l ted i n  fewer 

s i ghti ngs . 

S i nce the Schnabel method i s  a stat i s t i ca l  esti mati on based on 

probab i l i t i es ,  the greater the percentage of the estimated popu l at i on 

sampl ed the l ess  the sampl i ng erro r .  Redd ( 1 956) stated that estimates 

were q uest ionabl e i f  l ess  than 40 percent of the estimated popu l ati on 

were samp l ed . Mosby ( 1 969 ) bel i eved that at l east  one-hal f  of the 

popu l ati on shou l d  be sampl ed whi l e  Strangaard ( 1 967 ) s tated that 

two- th i rds  of the popul at i on shou l d be sampl ed to prov i de acceptabl e 

resu l ts .  

The Li ncol n I ndex has been used by several researchers to estimate 

bl ack  bear popul ati ons ( Kemp 1 97 2 , Eri ckson and Petr i des  1 964 ) . 

Al though the Schnabel method i s  on l y  a mod i fi cati on of the L i ncol n 

I ndex , the Schnabel method has the advantage of a l l ow i ng cont i nuous 

sampl i ng and an averag i ng of the estimati ons ; th i s  genera l ly  tends to 

genera te a l arger sampl e and thereby reduce the sampl i ng error . 

Brady ( 1 973 ) i n  worki ng wi th cottonta i l popu l ati ons i n  encl osures 

observed that the Schnabel method y i el ded estimates as much as  50 per­

cent l es s  than the actual popul at i on . He attri buted the error to 

i nherent  i nd i v i dual behav i or of the rabbi ts and/or l earn i ng through 

experi ence wi th the traps wh i ch resul ted in trap s hyness and/or trap 

proneness  among the members of the popu l at i on . Brady a l so postu l ated 
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that some rabbi ts wou l d  have a greater probab i l i ty of capture s imp ly  

through greater contact wi th the traps . Huber ( 1 962 )  bas i ng h i s  report 

on s i mi l ar evi dence , stated that the use of the mark-recapture methods 

s houl d be rul ed out  a s  accurate techn i ques for censu s i ng cottonta i l s .  

F lyger ( 1 959 ) noted i n  census i ng squ i rrel popu l ati ons us i ng capture­

recapture data and the Schnabel formu l a  that estimates were l ow due 

to many an ima l s becomi ng trap prone and others becom i ng trap shy .  

The probl ems ment i oned above are not restri cted to those s pec i es , 

and certa i nly  must  a l so be cons i dered i n  census i ng b l ack  bear popu l a­

t i ons us i ng the Schnabel  method . Marten ( 1 972 ) stated that non­

recapture sampl i ng techni ques had the advantage of el i mi nati ng 

probl ems due to l ow or unequal catchabi l i ty as wel l as generati ng a 

l arge samp l e  s i ze .  

Kemp ( 1 972 ) was abl e to obta i n  estimates of a bl ack bear 

popul at i on near Col d Lake , Al berta , u s i ng a mul ti p l e recapture 

techn i que as wel l as  Schnabel and L i ncol n Index methods .  However , 

he was worki ng i n  a study area rough ly  40 percent the s i ze of the 

study area i n  the GSMNP . I n  such an area he was abl e to greatly 

i ntens i fy h i s trappi ng efforts wh i ch resul ted i n  an  average of 70  

captures per year over a three year peri od in  an area wi th a dens i ty 

of 1 bear per 1 . 02 square m i l es .  To obta i n  a comparabl e sampl e from 

the present study wou l d  req u i re 1 75 to 200 captures per year . 

Al though the mu l t i p l e recapture techni que has , i n  several i nstances , 

proven very u sefu l for est imati ng popul at i ons  wi th an apparent h i gh 

degree of accuracy ( Brady 1 973 ) , the manpower and resources needed to 

adequate l y  sampl e an area of 2 1 0  square mi l es (or greater ) wou l d  be 



con s i derabl e and unreal i st i c  for census i ng most l arge carn i vore 

popu l ati ons . 

Eval uation of Mark-Observat i on Estimates 
- -- _ __,;_...;.....;....;;....;...;;."'- _.;....:....;.__:.;..� 
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It was fel t that the mark-observati on data y iel ded popu l at ion 

estimates much l ower than actual  numbers of bears present i n  the s tudy 

area duri ng the two years of the s tudy .  Over the two year per i od 66 

d i fferent an imal s were tagged wi th a mi n i mum of 35 add i ti ona l bears 

bei ng removed or k i l l ed duri ng the fal l of 1 972 . Assumi ng recru i tment 

to  be mi n i mal , the  above wou l d  i nd i cate a mi n i mum bl ack  bear popu l at i on 

of at l east  1 00 an imal s i n  1 972 . The l ow mark-observati on estimates 

were probab ly  due to a gross  fa i l u re of the assumpti on that every 

an imal  had an equal chance of be i ng observed . I n  1 972  greater than 

90 percent of a l l observati ons recorded were made at roads i des , 

campgrounds , and tra i l shel ters wi th very few bears observed i n  back­

country areas . To assume that 90 percent of the bear popul at ion  

occup i ed these a reas of  h i gh v i s i tor-use wou l d  not  be va l i d .  A more 

l i kely exp l anati on wou l d  be that a few bears became habi tuated to the 

presence of humans ,  spent a l ot of t ime i n  these areas i n  search of 

arti f i c i al foods , became exposed to a great number of peopl e ,  and 

hence were observed a greater number of time s .  The above i s  supported 

by the fact that more than 80 percent of the observations  of tagged 

bears i n  1 972 i ncl uded on ly  s i x  d i fferent bears . Roads i de and tra i l 

s hel ter bears were usua l ly  easy to capture and recapture and th i s  

further added to the b i as a s  a greater percentage of these bears were 

tagged . 

I n  one sense , the study area can be vi ewed as  bei ng compri sed of 
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two sub-popul ati ons , one popu l at i on whi ch frequents areas of arti fi c i a l  

foods whi l e  another sub-popul ati on never o r  onl y rarely  v i s i ts such 

areas . One sub- popu l ation  had a h i gher proporti on of marked an ima l s 

and a l so a greater i nfl uence on the popul ati on estimate by the fact  

that th i s  sub-popu l at i on afforded more opportuni t i es for observations  

to  be  made . 

On occa s i on other assumpti ons regard i ng the estimate of popu l a t i on 

dens i ty were v i ol a ted . However , the extent to whi ch these v i ol ations  

affected the estimates were d i ffi cu l t to eva l uate . I n stances of bears 

l os i ng tags were noted a l though i t  was not common . The l os s  of tags 

wou l d  tend to i ncrease the estimate by y i el d i ng a l ower tagged to 

untagged rati o .  I n  other i nstances i t  was observed that a tagged 

an ima l  was noted as bei ng untagged by the observer because the observer 

cou l d  not see the tag s .  Al so , i t  was bel i eved that occas i onal l y  some 

backpackers may have reported tagged an imal s wh i ch were not tagged . 

Eva l uat i on of Popul at ion Esti mates from Rad i oacti ve-Tagg i ng Technique 

The estimates obta i ned from data on rad i oacti ve- taggi ng for 1 972 

and 1 973 were more than doubl e the estimates from mark-observat i on 

data for each year . The major reason for the h i gher est imates was 

probab ly  due to the removal  of the b i as caused by unequal  vu l nerabi l i ty 

of i nd i v i dua l bears wi th i n  the popul ati on to the data-col l ecti ng pro­

cess . The bi as  caused by an ima l s becomi ng trap s hy or trap prone was 

removed s i nce recapture was not necessary .  Mark-recapture data 

(unpubl i shed ) i nd i cated that some bears , espec i a l l y  around campgrounds ,  

became extremely  trap prone and thus created a major bi as i n  the 

mark- recapture data . 



The b i as i ntroduced by d i fferent i a l  vu l nerab i l i ty to observati on 

was a l so removed . The probabi l i ty of observ i ng a bear on a tra i l  was 

dependent on the presence of a bear i n  the area , an observer i n  the 

area at the same t i me ,  and the bear not el ud i ng the observer . The 

presence of an observer i n  an area was greatl y i nfl uenced by the fact 

that a majori ty of the backpackers (observers ) tended to prefer to 

h i ke a l ong the Appa l ach i an Tra i l and i ts access tra i l s .  Al so , bears 

wh i ch were accustomed to forag i ng for art i f i c i a l foods around h i gh 

v i s i tor- use areas became l ess  el u s i ve than 1 1wi l d 1 1 bears . The above 

two b i ases were removed when data were col l ected by means of rad i o­

acti ve l y  tagged scats . D i s tr i but i on of the tra i l s  used for s cat 

col l ecti on was such that i t  was reasonab l e to assume that a hi gh 

percentage of the bears i n  the popu l ati on had the i r  home ranges 

traversed by one or more of these tra i l s .  Further , factors deter­

mi n i ng whether or not a bear near one of the tra i l s  defecated on that 

tra i l was probab ly  l i ttl e i nfl uenced by any factor other than chance . 
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The techn i que of rad i oacti ve-taggi ng appeared to g i ve proporti onal 

representati on i n  the estimati on of the two sub-popu l a ti ons descri bed 

earl i er .  I n  certa i n  areas more scat samp l es were col l ected than i n  

other areas . Pel ton ( 1 97 2 )  bel i eved that to a great extent the number 

of sca� col l ected i n  an area per u n i t effort of searchi ng was an i ndex 

to the bear dens i ty i n  that area . As poi nted out earl i er ,  the above 

probably  i s  not true of bear observat i ons . Hence , the col l ect ion of 

several scats i n  one area or tra i l d i d  not i ntroduce the bi as  that 

occurred when many observati ons were made i n  one area . 

Other b i ases cau sed by the l oss  of tags or the fai l ure to 



recogn ize  tags were compl etely  removed u s i ng the techn i que of 

rad i oacti ve-tagg i ng .  S i nce bears were trapped near tra i l s  and scats 

were col l ected on tra i l s  there exi sts a poss i b i l i ty that the rad i o­

acti ve tag data was b i ased due to d i fferent ia l  uti l i zati on of tra i l s  

by tagged and untagged bears . However , there was no data to i nd i cate 

that a b i as d i d  ex i st .  

Confi dence i nterval s computed for the four  estima tes ( Tab l es 8 ,  

9 ,  1 0 ,  and 1 1 ; pages 47 , 48 , 49 , and 50 ) i nd i cate that  the two 
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estimates based on mark-observat i on data were more preci s e .  The above 

was due to the fact that 66 an ima l s were eartagged wh i l e  onl y  60 

an i mal s were rad i oacti vely tagged duri ng the two years of the study . 

Al s o ,  s i nce the mark-observati on estimates were l ower ,  th i s  resul ted 

i n  a greater percentage of the est i mated popu l at ion bei ng tagged . 

Al though confi dence i nterval s are a measure of prec i s i on of the 

popul ati on estima tes based on the quanti ty of data , i t  does not 

refl ect the qual i ty (methods of data col l ecti on ) of the data i n  any 

way . Eva l uat i on of the scat tagg i ng data seem to i nd i cate that these 

data provi ded a more real i st i c  and accurate estima te of the popul at i on 

dens i ty .  

Eval uation  of 1 972  and 1 973 Estimates 

The popu l ati on estimate i n  1 973 ( u s i ng rad i oacti vely tagged scats ) 

was approximate ly  30 percent h i gher than the estimate i n  1 97 2 .  I ntro­

duced i nto the 1 972 estimate was a b i as due to a concerted effort to 

col l ect  scats near campgrounds and s hel ters a s  wel l as a concerted 

effort to trap an imal s i n  these areas . The above factors probably 

resu l ted i n  an  underestimate of the popu l a t i on of 1 972 . Al so , in  1 973 



the overa l l d i stri but i on of tagged bears and col l ecti on of scats was 

much more random than the prev i ou s  year o Thus , i t  was fel t that the 

1 973 estimate was more accurate . 
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There was probab ly  a popu l a t i on reduct i on i n  the fa l l  of 1 972 due 

to h i gh mortal i ty i n  bears whi ch moved outs i de the Park  and the removal 

of severa l bears i n  the Gatl i nburg a rea by the Tennessee Game and Fi sh  

Commi s s i on .  The h i g h morta l i ty and remova l  was not compensated for by 

reproduct i on i n  the wi nter . The above decl i ne i n  numbers i s  ba sed on 

data from the Nati onal  Park Serv i ce and the Tennessee Game and F i sh  

Commi ss i on whi ch accounted for a m i n i mum of 40 bears ki l l ed or removed 

from the study area . Data i nd i cate that fewer cubs were present i n  

1 973 than i n  1 972  (Beeman , personal commun i cati on ) . Assumi ng that the 

1 973 estimate i s  i ndeed accurate , then the bear popul at i on was probably 

h i g her in  1 972  than  in  1 97 3 .  

Al though the study was restr i cted t o  one-fourth o f  the l and area 

of the Park , i t  i s  hoped that some type of i ndex may eventua l ly be u sed 

throughout the Park whi ch wi l l  a l l ow compari sons to be made between the 

study area and the enti re Par k .  A l so ,  i t  i s  hoped that a su i tab l e i ndex 

can be found whi ch wi l l  show defi n i te and prec i se popul ati on fl uctu­

ati on s  from year to year ( Pel ton 1 972 ) o  From the observati ona l data 

col l ected for 1 972  and 1 973 , i t  appeared that observati ons a l ong 

roads i des  and near shel ters and campgrounds do not prov i de an adequate 

i ndex of popu l at i on dens i ty .  The number of bears observed near these 

areas appeared to be rel ated pr imari ly  to food ava i l ab i l i ty and onl y  

secondar i ly  to dens i ty .  

Pel ton ( 1 972 ) i nd i cated that the i nc i dence of bear scat cou l d  
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provi de a su i tabl e i ndex for mon i tor i ng fl uctuati ons i n  bl ack  bear 

popu l at ion s  i n  the GSMNP . Al though the i nc i dence of bear scat i s  

affected by factors other than bear dens i ty such a s  preci p i tati on and 

tra i l use by v i s i tors and horses , th i s  i ndex does not possess some of 

the s hortcomi ngs of the other i nd i ces and , wi th refi nement ,  may prove 

to be u seful . The number of preba i ts uti l i zed by bears duri ng trapp i ng 

operations  mi ght a l so be adapted for use as an i ndex provi d i ng drasti c 

changes i n  the an imal ' s  natura l food supp l i es do not occur from year to 

year . 

Popul ati on Dens i ty 

I n  determi n i ng the popu l a t i on dens i ty of the study area , porti ons 

of the areas north of Cades Cove and north of H i ghway 73 were excl uded 

because no data were col l ected from these areas . The area censused was 

approx imately 90 , 000 acres ( 1 40 square mi l es ) and dens i t i es are based 

on thi s acreage . 

I n  1 973 estimates resu l ted i n  a popul ati on dens i ty of 1 bear per 

1 . 06 square m i l es or 1 bear per 680 acres . Jonkel  and Cowan ( 1 971 ) 

reported a dens i ty of 1 bear per 0 . 8  square mi l es u s i ng the L i ncol n 

I ndex and di rect counts i n  an  area of h i g h  b l ack bear dens i ty i n  

Montana wh i l e  Eri ckson and Petri des ( 1 964 ) reported a den si ty of 

1 bear per 3 . 0  square mi l es i n  good b l ack  bear hab i tat  i n  M i c h i gan . 

Barnes and Bray ( 1 967 ) i nd i cated a bear dens i ty of 1 bear per 20 . 7  

square mi l es i n  Yel l owstone National  Park , a l though they bel i eved th i s  

estimate was l ow .  Spencer ( 1 955 ) ca l cu l ated a dens i ty of 1 bear per 

5 . 6  square mi l es i n  Ma i ne from data obta i ned from a cru i se l i ne census . 

Wi th i n  the study area i n  the GSMNP an  area encompas s i ng the Bote 
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Mounta i n  reg i on ( F i gure 6, page 37 ) was i ntens i ve ly  trapped i n  con­

junct ion w i th another s tudy on the movements and act i v i t i es of bl ack 

bears . A s  a resu l t ,  1 5  i nd i vi dual  bears were trapped i n  thi s area . 

Us i ng the Schnabe l formu l a ,  an est imate of 40 an imal s was obta i ned for 

th i s  1 7  square m i l e  area , The above represents a dens i ty of 1 bear per 

0 . 42 square m i l es ( 1  bear per 275 acres ) or a dens i ty 2- 1 / 2  t imes 

greater than that of the enti re study area , 

Th i s  h i g h  bear dens i ty cou l d  be a resu l t of at l ea st  two factors . 

Large acreages of the Bote Mounta i n area are compri sed of a l most pure 

s tands of wi l d  c herry ( Prunus spp . ) and other berry spec i es wh i ch are 

heav i ly  uti l i zed by bears as food . Numerous scats col l ected i n  thi s 

area from l ate August  through September cons i sted total l y  of cherr i es . 

The abundance of these summer foods cou l d  have contri buted to the h i gh 

bear dens i ty i n  the area . However , the area does not have a great 

number of mas t  produc i ng trees such as  oaks , h i c kori es , and beech . 

Beeman ( 1 974 ) noted that when the berry crop was gone , many bears 

l eft the Bote Mounta i n  area , perhaps i n  search for food , i n  ear ly  

October but  returned i n  l ate November . Beeman a l so noted that the 

bears seemed to prefer trees for dens i n  the wi nter and s i nce the Bote 

Mounta i n  area does have a l arge number of over-mature trees , th i s  

cou l d  a l so hel p expl a i n  the h i gh bear dens i ty i n  the area . 

Another factor wh i ch cou l d  contri bute to the h i gher popu l at i on 

dens i ty i s  the rel ati ve i sol at i on of the Bote r�ounta i n  area . Th i s  

i so l ati on provi des the bears  i n  the area wi th a l most total protecti on 

from i l l egal hunt i ng and haras sment by dogs . 

The Abrams Creek area ( F i gure 6 ,  page 37 ) compri sed approxi mately  
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50 square mi l es of bl ack  bear habi tat wi th i n  the study area wh i ch was 

not censused . However , th i s  area appears to be good habi tat for b l ack 

bears and capabl e of s upport i ng h i gh popu l at i on s . The area i s  compri sed 

of l arge areas of oak and h i c kory stands wh i ch are h i g h ly  uti l i zed i n  

the fal l by bears ( Beeman 1 97 1 ) .  I n  add i t i on , l arge areas are occupi ed 

by p i ne stands wi th the ground s pec i es cons i sti ng  l argely  of bl ueberry 

spec i es ,  a preferred food of bears i n  the summer . However , the Abrams 

Creek area i s  s ubject to i l l egal  hun t i ng pressures wh i ch cou l d  l i mi t 

the popu l at ion i n  the area , a l thoug h  the extent of the hunti ng or i ts 

effects on the popul at ion i s  not known and i s  d i ffi cul t to eval uate . 

The Coa l en Ground Ri dge area ( F i gure 6 ,  page 37 ) i s  adj acent and 

very s i mi l ar to the Abrams Creek area i n  regard to hab i ta t  and food 

compos i ti on .  L im i ted data from th i s  area ( approx i mately  1 5  square 

mi l es )  y i e l ded a popu l ation  of 28 bears or 1 bear per 0 . 54 square 

m i l es ( 340 acres ) .  

In  compari son to other reg i ons  i t  wou l d  appear that the GSMNP has 

one of the h i g hest bl ack bear dens i ti es i n  the U n i ted States . Th i s  i s  

to be expected s i nce most of the Park i s  cons i dered "pr ime 11 bl ack 

bear habi tat w i th a vari ety of food produc i ng p l ant  spec i es and l arge 

areas offeri ng rel at i ve protecti on from hunti ng . 



CHAPTER V 

SUMMARY 

A study to determ ine the dens i ty of a bl ack bear popu l at ion us i ng 

rad i oacti vel y  tagged scats was conducted i n  the GSMNP from June through 

October of 1 97 2  and 1 97 3 .  The major obj ecti ves of the study were : to 

eval uate the techni que of rad i oacti vely  tagg i ng bears as a mean s  of 

prov i d i ng rel i abl e data for popu l at i on estimates and to del i neate the 

dens i ty of the b l ack bear popu l ati on i n  the GSMNP . 

The GSMNP cons i sts of 800 square mi l es of mounta i nous terra i n  

characteri zed by a d i vers i ty o f  p l ant and an ima l  spec i es . There i s  

cons i derabl e var i ab i l i ty i n  both temperature and prec i pi tati on from 

areas of l ow e l evat i on to areas of h i gh e l evati on . The study area 

cons i sted of 200 square mi l es wi th i n  the Tennessee porti on of the Park 

lyi ng west of U . S .  441 . 

Duri ng the two-year per i od a total of 66 i ndi v i dua l  bears were 

captured and ear-tagged whi l e  60 of these an i mal s were i njected wi th 

rad i o i sotopes . 

Capture techn i ques i nc l uded : free-roami ng capture , hog traps , 

cu l vert traps , and Al dr ich  foot snares . I n  1 973 , 1 99 trapn i ghts 

resu l ted in 57 bear v i s i ts and 42 captures wh i ch y iel ded a trapni ghts 

per capture rati o of 4 . 6 . The techni que of preba i ti ng was bel i eved 

to be respons i bl e  for the h i gh degree of effi c i ency i n  trapp i n g .  

Two confi ned bears were i njected wi th 5 0  pc  o f  65zn and 54Mn 

and 1 09cd and 1 44ce . Scats col l ected from these  bears were analyzed 
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to determi ne how l ong and i n  what amounts the rad i oact i ve mater i al s 

woul d  be excreted . Based on data col l ected from the above bears , 65zn 

and 54Mn were sat i sfactory as rad i oact i ve tags o Both 65zn and 54Mn 

appeared to be res i s tant to l eachi ng i n  the fecal  materi a l and were 

eas i ly i denti fi ed and q uanti f i ed .  

Bear scats were col l ected from prev i ous ly  establ i s hed i ndex tra i l s  

and from abandoned and unma i nta i ned tra i l s .  One hundred and e i ghty­

n i ne scats from 655 mi l es of tra i l s  and 240 s cats from 950 mi l es of 

tra i l s  were col l ected i n  1 972  and 1 973 , respecti vely .  I n  add i t ion , 

b l ack  bear observati ons by researchers , Nati ona l Park Serv i ce Personnel , 

and backpackers tota l ed 259 and 1 1 7  for the two years . 

Popu l ati on estimates were obta i ned by the Schnabel method us i ng 

mark-observati on data and rad i oacti ve-non-rad i oacti ve s cat data for 

both 1 972  and 1 973 . Estimates u s i ng mark-observat ion  data were 43 and 

54 an i mal s ,  respecti vel y ,  for the two years . Est imates u s i ng 

rad i oacti ve- scat tag data were 1 02 and 1 32 an ima l s for the two years . 

The estimate for 1 973 u s i ng rad i oacti ve tags was bel i eved to be more 

accurate than for 1 972 due to a better d i stri buti on of tagged an imal s .  

The b l ack  bear dens i ty for the study area i n  1 973 was computed to 

be 1 bear per 1 . 06 square mi l es (680 acres ) wh i l e  areas of hi gher 

dens i ty w i th i n  the s tudy area i nc l uded one 1 7  square mi l e  area wi th a 

dens i ty of 1 bear per 0 . 42 square mi l es (275  acres ) and another 1 5  

s quare mi l e  area wi th a dens i ty of 1 bear per 0 . 54 square mi l es ( 342 

acres ) .  

I n  attempti ng to correl ate dens i ty wi th certa i n  i nd i ces , i t  was 

determi ned that observati onal i nd i ces are probably  not su i tabl e as 
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i nd i cators of popu l at i on trends . The i nc i dence of bear scats on tra i l s  

a s  an i nd i cator of popul ati on dens i ty s houl d be g i ven further study . 

Preba i t  uti l i zati on by bears al so has potent ia l  as a su i tabl e i ndex . 

The rad i oacti ve-tagg i ng techn i que used to provi de data for the 

Schnabel method appeared to be a much  more accurate techn i que than 

conventional  mark-observe or mark- recapture techni ques for censu s i ng 

the bl ack  bear popu l at ion .  The above appears to be true for severa l 

reasons : 1 )  b i ases i ntroduced by l os s  of or fa i l ure to recogn i ze 

tags were comp l etel y  removed ; 2 )  s i nce the an ima l s d i d  not have to be 

retrapped , the b i a s  i n troduced by an imal s becom i ng trap s hy or trap 

prone was removed ; 3) s i nce bears d i d  not have to be re-observed , the 

b i a s  i ntroduced by an imal s becom i ng  habi tuated to the presence of 

humans  and hence becomi ng observat i on-prone was e l im i nated ; 4 )  s i nce 

scats were col l ected randomly  over the study area , the b i as i n tro­

duced by non-random recaptures or s i ghti ngs ( spec i fi ca l l y  the 

d i sproport i onate number of s i ghti ngs and captures at tra i l shel ters , 

campgrounds ,  and roads i des ) was removed ; 5 )  the rad i oacti ve-tagg i ng 

techni que tended to generate a l arge samp l e  s i ze ;  6) a l though d i ffi cu l t 

to eval uate , i t  was bel i eved that the rad i oacti ve-tagg i ng techn i que 

uti l i zed a much greater percentage of the total popul ati on i n  the 

data col l ect i on process ;  and 7 )  the rad i oacti ve- tagg i ng techn i que 

requi red l ess  expend i tu res of t ime and resources i n  the col l ecti on 

of data when compared to the amount of rel i abl e data obta i ned . 

Rad i oacti ve- tagg i ng  shoul d prove to be usefu l for estima t i ng 

popu l at i ons of many carn i vores s i nce these an imal s are sel dom uti l i zed 

for food by humans . The techn i que a l so has potent ia l  for mon i tori ng 

popul at i on mi x i ng ,  d i spersa l , movements , and mortal i ty .  
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APPEND IX  



TABLE A-1 

BLACK BEAR TAGG I NG DATA 1 97 2- 1 973  

Ear Tagsa 

Date Ri ght left Sex 
We ight 

( Pounds ) Drugb Ba i tC Tra pd Ca pture Po i nt Rel ease Po i nt I s oto pes (.uc) 
5-4-72 B-7 B-8 M 348 M-99 - FR Cades Cove Campground Parson ' s  Branch Road 
6-9-72 W-26 Y-26 M 347 M-99 H c Cades Cove Campground Parson ' s  Branch Road Zn-48 
6 - 1 4-72 B-26 Y-27 M 260 M-99 H c Cades Cove Campground Cooper Road Ce-40 and Mn-40 
6-1 3-72 B- 7 B-8 M - M- 99 - FR Cades Cove Campground I nd i an Camp Road Zn-50 and Cd-5 0  
6- 20- 72 R-27 R-26 M 250 14-99 H c Bote f<lounta i n  Bote Mounta i n  Zn-44 a nd Ce-44 
6-23-72 W-28 W-27 M 260 M-9 9  H c McCaul l y  Pl ace �1cCaul l y  Pl ace Cd-42 and �ln - 5 2  
7-3-72 W- 36 W-37 M 50 s H HT lkCa u l l y  Pl ace McCa u l ly Pl ace Zn-40 a nd Mn-48 
7-6-72 Y-28 Y-29 M 1 90 M-99 H c Bote tlounta i n  Bote Mounta i n  Zn-24 and �ln-58 
7-6-72 R-29 Y-30 F 1 20 M-99 H HT Spence F i e l d  Spence F i e l d  Cd-50 and Ce-5 0  
7- 7- 72 B- 27 B-28 M 30 �1- 99 - FR Spence F i e l d  Spence F i e l d  Ce-50 
7- 1 1 - 72 R-27 R-26 M 203 M-99 H c Bote Nounta i n  Bote ��ounta i n  
7- 1 2-72 R-28 W-30 M 60 M-99 H HT Spence F i el d Spence F i e l d  Zn-20 a nd Cd-56 
7-1 3-72 B- 31  Y�3l  M 60 N-99 H HT Bote Nounta i n  Bote r:ounta i n  f�n-90 
7- 1 2-72 W-29 B-29 F 20 s - FR Spence F i e l d Spence F i el d Cd-40 
7- 1 7- 7 2  Y- 28 Y-29 M 1 95 M-99 H c Bote l·lounta i n  Bote f1ou nta i n  

'J 7- 1 9-72 8-8 B-30 M 337 s - FR Cades Cove I n d i a n  Camp Road 
7-20-72 Y- 32 W- 31 M 255 s - FR u . s .  441 Tremont Road Zn-20 a nd Ce-40 
7-20-72 B- 1 1  P-7 M - - H c Cades Cove Tremont Road 
7-27-72 W- 32 R-30 F 1 50 s - FR S i l er ' s  Bal d S i l e r ' s  Ba l d  Zn-20 and Ce-60 
7- 28-72 Y-33 R- 3 1  M 1 5  s - FR S i l e r ' s  Bal d  S i l e r ' s  B a l d  Ce-20 and Cd- 1 0  
7-28- 72 B- 32 R-35 F 1 3  s - FR Si l e r ' s Ba l d  Si l er ' s Bald Zn-20 and Cd- 1 6  
7-28-72 R- 34/Y R- 33/Y F 1 42 s - FR u . s .  441 Tremont Road Zn-60 a nd Ce-20 
8-4- 72 Y- 38/R Y-37/R M 255 s - FR Cades Cove Trerr.ont Road Zn-20 and Ce-80 
8- 4- 72 R- 38/W R-39/W M 400 s - F R  Cades Cove Bunker Hi l l  Zn-40 and Ce-20 
8-4-72 Y-36/B Y-35/B M 365 M-99 - FR Cades Cove Bunker Hi l l  Zn-80 and Ce-20 
8-9-72 Y-32 W-31 M 268 11- 99 - FR u . s .  441 Pa rson ' s  Branch Road 
8-1 4-72 Y- 38/R Y-37 /R M - s s s Cad es Cove Bunker Hi l l  
8-1 4-72 B-37 /R B-36/R M 3 1 8  M-99 - FR Cades Cove Cooper Road Ce-20 and Cd -80 
8- 1 5- 7 2  B- 34/Y B- 35/Y M 1 25 s s s Cades Cove Tremont Road Zn-20 and Cd-40 
8- 1 6-72 R-37/B R-47/B M 385 M-99 Un known c El kmont Cooper Road Zn-20 a nd Cd-80 
8-1 7-72 B-26 Y-27 M 3 1 2  M-9 9  - F R  Cades Cove Cooper Road 
8- 1 8- 7 2  B-37 /R B-36/R M 318  s s s Cades Cove Bunker Hi l l  
8-2 1 - 72 Y-32 W-31  M - M-99 s s u . s .  441 Cooper Road 
8-23- 72 R-38/W R-39/W M - M-99 - FR Cades Cove Parson ' s  Branch Road 



TABLE A- 1 ( continued ) 

Ear Tagsa 

Date Ri ght Left Sex 
Wei ght 

( Pound s )  Drugb Ba i tC Trapd Capture Poi nt Re l ease Po i nt I sotopes (JJc ) 

8-23-72 W-26 Y-26 M 342 �1-99 - FR Cades Cove Pa rson ' s  Branch Road 
8-25-72 R-50 B- 50 F 1 50 !·1-99 -- FR Spence F i e l d  Spence F i e l d  
8-28- 7 2  R- 5 0  B-50 F 1 50 N-99 - FR Spence F i el d  Spence Fi el d  Ce-20 a nd Cd-20 
9-6-72 R-44 R-45 F 1 2  H- 99 s HT Tremont Tremont Zn-40 and Cd-20 
9-8-72 B-42 R-43 M 1 63 1·1- 99 Unknown c Wa l nut Bo ttoms Tremont Zn-60 and Cd-20 
9-8-72 B-40 W- 33 M 1 80 M-99 - FR u . s .  441  u . s .  441 Ce-58 and Cd-20 
9- 1 4-72 R-48 W-48 M 93 14-99 - FR Newfou nd Gap Newfound Ga p Zn- 1 8  a nd Ce-1 2 

and Cd- 1 8  
1 1 -7-72 Y-40 None M 22 M- 99 s HT Suga rl a nd s  u . s .  4 4 1  
1 1 -7-72 W- 42 None F 1 02 M-99 s HT Sugarlands u . s .  441 
1 1 - 1 4- 72 8-41  B-46 M 25 14-99 - FR Ne�1found Gap Tremon t  
1 1 .:. 1 4- 7 2  B-39 None F 1 6  M-99 Un known c Newfound Gap Tremont 
6- 1 1 - 73 W- 5 5  Y-26 M 280 M-99 H c Cades Cove Tremon t  Mn-80 

6- 1 9- 7 3  Y- 51 R- 5 5  M 87 M-99 H c Cades Cove Cades Cove Zn-40 and Mn-40 
6- 1 7- 7 3  W- 5 1  W- 52 F 1 1 5  N-99 H c Bote �lounta i n  Bote Mounta i n  Zn-40 and Mn-40 
6-1 7 - 7 3  B-52 Y-27 M 320 M-99 H c Cades Cove Tremont Zn-40 and Mn-40 
6- 1 9- 7 3  W- 53 R-53 F 72 M-99 - s Defea t Ri dge Defeat R i dge Zn-40 and Mn-40 
6- 1 9- 7 3  - - F 1 2oe - - s Bote Mounta i n  Dead 
6-29-73 R- 5 1  R-26 M 243 r�-99 II c Bote l·lounta i n  Bote Mounta i n  Zn-40 and l·in-40 

7-3-73 B- 53/55 Y-52 F 7 1  M-99 H c Bote �\ounta i n  Bote rlounta i n  Zn-40 and Mn-40 

7-4-73 W-54 B-54 F 1 ooe M-99 H s Defeat R i dge Defea t R i dge Zn-40 and Mn-40 
7-4-73 Y-53 B-5 1  F 40e 14- 99 H s Defeat Ridge Defeat Ri ege Zn-40 and Mn-40 

7 - 5- 7 3  W-56 Y-56 F 1 ose ��- 99 H s Defeat R i dge Defe a t  R i dge Zn-40 and �in-40 
7 - 5- 7 3  R-52 R-54 F l ODe M-99 H s Defea t Ri dge Defea t Ri dge Zn-40 and Mn-40 

7 - 1 2-73 B-56 R-56 H 93 M-99 H c Bote �lounta i n  Bote l'.ounta i n  Zn-40 and 1-ln-40 

7 - 1 7-73 Y- 5 5  Y-54 F 70e M-99 H s Bent Arm Bent Arm Zn-L:O and Mn-40 
7- 1 8- 73 W- 57 B-57 F 1 1 0e M-99 - s M i ry R i dge M i ry R i dge Zn-40 and i·�n-40 

7- 1 8- 7 3  B-60 W- 60 F 65e 14-99 - s N i ry R i ege Mi ry Ri dge Zn-40 and Mn-40 
7-1 9-73 Y-59 W- 59 F 40e M- 99 - s Jakes Gap Jakes Gap Zn-40 and Mn-40 

7 - 2 1 - 7 3  B-58 Y- 58 F 1 20e M-99 - s Jakes Gap Jakes Gap Zn-30 and Mn- 1 4  
7-24-73 W-62 W-58 M 1 05 1�-99 - s L 1 tt l e  Ga l d  Li ttl e [la l d  Zn-30 and 1-ln-30 
7-24- 73 Y-57 Y-60 M 73 �1- 99 H c Bote Mount a i n  Bote Mounta i n  Zn- 30 and Mn-30 
7-27-73 R-29 Y-30 F 140 M- 99 - s Spence F i el d  Spence F i e l d  Zn-30 a nd Mn-30 
7-28-73 B-65 Y-65 M 1 85 14-99 - s Li ttl e Bal d L i ttl e Ba l d  Zn-30 and Mn-30 

-....J 
N 



Ear Tagsa 

Date R i g h t  Left Sex 

7-28-73 R-65 B-50 F 
7-31 -73 R-61 B-61 M 
8-7-73 R-62 Y-62 �1 
8-8-73 W-63 B-63 F 
8-8-73 R- 63 Y-63 M 
8- 9-73 W- 61 Y-61 F 
8-9-73 R-64 W-64 M 
8- 9-73 Y-57 Y-64 M 
8-1 6-7 3  R-66 Y-66 M 
8-1 8-7 3  R-66 Y- 66 M 
8- 1 9- 7 3  W- 5 5  Y-26 M 

8-23-73 B-67 Y-67 F 
8-28- 73 B-66 Y-68 M 
9-3-73 B- 66 Y-68 M 
9-4-73 R-67 - F 
9-6-73 R-65 B-51 F 
9-7-73 W-66 Y-70 F 
9- "1 2-73 W- 53 R-53 F 

as - B l ue 
w - Wh i te 
Y - Yel l ow 
R - Red 

bs - Sernyl an 

CH - Ham 
S - Sard i nes 

d FR - Free-roami ng 
HT - Hog trap 
S - Al dri c h  foot snare 
C - Cul vert trap 

ewei ghts were estimated . 

We ight 
( Pound s )  

1 50 
1 0oe 
1 1 0  
1 1 9  
1 58 
1 20 
1 4 5  

80 
250e 
250e 
300 

85 
55 
55 
75e 

1 73 
1 20e 

95 

TABLE  A- 1 ( conti nued ) 

Drugb Ba i tC Trapd Capture Poi nt 

N-99 - s Spence F i el d 
14-99 - s Derr i c k  Knob 
M- 99 - s Ra b b i t  C reek Road 
N-99 - s Ra bbi t Creek Road 
M-99 - s Rabb i t  C reek Road 
�1-99 - s Ra bbi t  C1·eek Road 
M-99 - s Rabb i t  Creek Road 
M-99 H c Bote Mounta i n  
M-99 - s Hus key Gap 
M- 99 - s Huskey Gap 
M-99 s s Caged s i nce J une a t  

Tremont 
M-99 - s Sam ' s  Gap 
M-99 H c Bote Nounta i n  
M- 99 - s Bote !'.ounta i n  
M-99 - s Bote Mounta i n  
M-99 H c Bote Mounta i n  
M-99 - s Spence F i el d 
M-99 H c Bote Mounta i n  

Re l ease Po i n t  

Spence F i el d  
Derri c k  Knob 
Rabbi t Creek Road 
Rabb i t  Creek Road 
Rabb i t  Cree k Road 
Rabb i t  Creek Road 
Rabb i t  Cree k Road 
Bote Moun ta i n 
Hus key Gap 
Hus key Gap 
Tremont 

Sam ' s  Gap 
Bote tl.ounta i n 
13ote �lounta i n  
Bote Mounta i n  
Bote Mounta i n  
Spence F i e l d  
Bote Mounta i n  

I sotopes (JJC ) 

Zn-30 and �1n-30 
Zn- 30 and Mn-30 
Zn-30 and Mn-30 
Zn-30 a nd Mn-30 
Zn-30 and Mn-30 
Zn-30 and Nn-30 
Zn-30 and Mn- 30 
Zn-30 and Mn-30 
Zn-30 and Mn-30 

Zn-20 and Mn-32 
Zn-2 0  and Mn-30 

-...J w 



Date 

7-3-72 
7-5-72  
7-6-72 
7-6-72  
7-6-72 
7-7-72 
7-7-72 
7-7-72 
7-8- 72 
7-8-72 
7-8-72 
7-8-72 
7-8-72 
7-8-72 
7-8-72 
7-9-72 
7-9-72 
7-9-72 
7-9-72  
7-9-72 
7-9-72 
7-1 0-72 
7- 1 0-72 
7- 1 1 -72  
7- 1 1 -72  
7- 1 1 -72  
7- 1 1 -72 
7- 1 1 -72 
7-1 2-72 
7- 1 2-72 
7- 1 2-72 
7- 1 2-72 
7- 1 2-72 
7 - 1 2-72 
7 - 1 2-72 
7- 1 2-72 
7 - 1 3-72 
7- 1 3-72 
7- 1 3-72 
7- 1 4-72 

TABLE  A-2 

BLACK B EAR OBSERVATION DATA I N  THE GREAT St·10KY 
MOUNTA INS NATIONAL PARK - 1 972-1 973 

Locat ion 

�1cCaul ly  Pl ace 
B i rch  Spri ngs 
Spence F i el d 
Bote f4ounta i n  
S pence F i el d 
Spence F i el d  
Spence F i el d 
Cucumber Gap 
Spence F i e l d 
Spence F i e l d 
Spence F i el d  
Spence F i e l d  
Spence F i e l d 
S i 1 er 1 s Ba 1 d 
S i l er 1 s  Ba l d  
Abram 1 s Creek 
Hus key Gap 
Si l er ' s  Bal d 
Mol l i e 1 s  R i dge 
Mol l i e 1 s R i dge 
Spence F i e l d 
Spence F i e l d 
Spence F i e l d  
Dome Road 
Dome Road 
Dome Road 
Bote Mounta i n 
Bote 14ounta i n  
5 m i l es bel ow Spence F i e l d  
Bote Mounta i n  
Newfound Gap 
Dome Road 
Spence F i el d  
Spence F i el d  
Bote Mounta i n  
Spence F i el d 
Spence F i el d  
Spence F i e l d 
Bote r4ounta i n  
Cades Cove 

74 

Tagged 

X 

X 
X 

X 

X 

X 

X 

X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
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TABLE A-2 ( conti nued ) 

Date Locat ion Tagged 

7- 1 7-72 Bote f�ounta i n  X 
7- 1 7-72 Cades Cove X 
7 - 1 9-72 S i l er 1 s  Ba l d  
7 - 1 9-72 S i 1 er 1 s Ba 1 d 
7 - 1 9-72 S i l er 1 s Ba l d  
7- 1 9- 72 S i l er 1 s  Ba l d  
7- 1 9-72 Spence F i el d  
7- 1 9-72 Spence F i el d  
7- 1 9- 72 Spence F i el d X 
7- 1 9-72 Spence F i e l d 
7- 1 9-72 Spence F i el d 
7- 1 9-72 Spence F i e l d 
7- 20-72 Spence F i e l d 
7- 20-72 Spence F i e l d  
7- 20-72 Spence F i e l d  
7-20-72 Cades Cove Campground X 
7- 20-72 u . s .  441 X 
7-20-72 Newfound Gap X 
7-20-72 S i l er • s Bal d X 
7-20-72 S i l er 1 s  Ba l d  
7- 20-72 S i 1 er 1 s Ba 1 d 
7- 20-72 S i l er 1 s  Ba l d  
7- 20-72 Doubl e Spr i ngs  
7- 20-72 Doubl e Spri ngs  
7- 2 1 -72  Spence F i el d X 
7- 2 1 - 72 Spence F i el d  
7-2 1 -72 Spence F i el d 
7-22-72 Spence F i e l d  X 
7-23-72 Cades Cove Campground 
7- 25-72 Spence F i el d X 
7-25-72 Spence F i e l d X 
7-26-72  Spence F i el d  X 
7-27-72 Wal ker Prong 
7-27-72 Wal ker Prong 
7- 27-72 Si 1 er 1 s Ba 1 d X 
7-27-72 S i l er 1 s  Ba l d  
7-27-72 S i l er 1 s Ba l d  
7-27-72 S i l er 1 s  Ba l d  
7-28-72 S i 1 er 1 s Ba 1 d X 
7- 28-72 S i l er • s  Bal d X 
7-28-72 Wal ker Prong X 
7-28-72 Spence F i e l d X 
7-28-72 Dome Road 
7-28-72 Dome Road 
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TABLE A-2 (conti nued ) 

Date Locat ion Tagged 

7-28-72 U . S ,  44 1 X 
7- 28-72 u . s .  441 X 
7-29-72 u . s .  441 X 
7- 29- 72 u . s .  441 X 
8- 1 - 72  Spence F i e l d X 
8- 1 -72  S i l er ' s  Bal d X 
8- 1 - 72 S i l er ' s  Ba l d  
8-1 -72 S i 1  er ' s Ba 1 d 
8- 1 -72 S i l er ' s  Ba l d  
8- 1 -72  Spence F ie l d X 
8- 1 - 72  Wa l ker Prong 
8-2-72  Cades Cove Campground X 
8-3-72 Cades  Cove Campground X 
8-3-72 Spence F i e l d X 
8-3-72 Spence F i el d X 
8-4-72 Spence F i el d 
8-4-72 Spence F i el d 
8-4-72 Mt . Col l i ns  
8-4-72  Cades Cove Campground X 
8�4-72 Cades Cove Campground X 
8-4-72 Spence F i el d  X 
8-4-72 Russel l F i el d X 
8-4-72 Doubl e Spri ngs  
8-4-72 Doubl e Spr i ngs  
8-5-72  Rus sel l F i e l d  X 
8-5-72  Si l er ' s  Bal d 
8-5-72 S i l er ' s  Bal d 
8-5-72 S i l er ' s  Bal d 
8- 5-72 S i l er ' s  Ba l d  
8-6-72  Moore ' s  Spr i ng 
8- 6-72  Spence F i el d  X 
8- 7-72  Spence F i e l d X 
8-8-72  Russe l l F i e l d  
8-8-72  Russel l F i el d 
8-8-72 Russel l F i el d  
8- 9-72 u . s .  441 X 
8-9-72 Sam ' s Gap 
8- 1 0-72 Dome Road X 
8- 1 2-72 Dome Road 
8- 1 3-72 Mei gs Mounta i n  
8- 1 4-72 Cades Cove Campground X 
8- 1 4-72 Cades Cove Campground X 
8- 1 4-72 Cades Cove Campground X 
8- 1 4-72  Cades Cove Campground 
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TABLE  A-2 (conti nued ) 

Date Locati on Tagged 

8- 1 4-72 Doubl e Spr i ngs 
8- 1 5-72 Cades Cove Campground X 
8- 1 5-72 Dome Road 
8- 1 6-72 E l kmont X 
8-1 7-72 Dome Road 
8- 1 7-72 Dou b l e  Spri ngs 
8- 1 7-72 Spence F i e l d 
8- 1 7-72 Spence F i el d  
8- 1 7-72 Cades Cove Campground X 
8-1 8-72 Cades Cove Campground X 
8-20-72 Cades Cove Campground X 
8-20-72 Thunderhead Mounta i n  
8-20-72 Russel l F i el d 
8-20-72 Spence F i el d X 
8-20- 72 Spence F i e l d X 
8-2 1 -72 u . s .  441 X 
8-2 1 -72 Cades Cove Campground X 
8-2 1 -72 Russel l F i el d  X 
8-21 -72 Spence F i el d  X 
8-22-72 S i l er ' s  Bal d 
8-22-72 S i l er ' s  Ba l d  
8-22-72 Cades Cove Campground X 
8-23-72 Cades Cove Campground X 
8-23-72 Cades Cove Campground X 
8-23-72 Cades Cove Campground X 
8-23-72 Tremont X 
8-23-72 Spence F i e l d 
8- 24-72 Spence F i e l d  X 
8-24-72 Tremont X 
8-25-72 Spence Fi el d X 
8- 25-72 Spence F i el d  X 
8-25-72 Russel l F i e l d  
8-25-72 Russel l F i e l d 
8-25-72 Russel l F i e l d 
8-25-72 Rus sel l F i e l d  X 
8-25-72 Spence F i e l d  X 
8-25-72 Spence F i e l d  X 
8-25-72 Thunderhead Mounta i n  X 
8-27-72 Spence F i el d X 
8-27-72 Gregory Bal d 
8-28-72 Spence F i el d X 
8-28-72 Spence F i e l d X 
8-29-72 Mt .  Col l i ns 
8-29-72 Cades Cove Campground X 
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TABLE A-2 ( conti nued ) 

Date Location Tagged 

9-2-72 Spence F i e l d 
9-2-72 Spence F i el d 
9-2-72 Spence F i el d 
9-2-72 Spence F i el d X 
9-2-72 Si l er ' s  Ba l d  
9-2-72  S i l er ' s  Bal d 
9- 2-72  S i l er ' s  Ba l d  
9-2-72  S i l er ' s  Ba l d  
9-3-72 Spence F i e l d 
9-3-72 Spence F i el d X 
9-3-72 u . s .  441 
9-3-72 u . s '  441 
9-3-72 u . s .  441 
9-3-72 Dome Road X 
9-5-72 Cades Cove Campground X 
9-6-72 Cades Cove Campground X 
9-6-72 Tremont X 
9-8-72  u . s .  441 X 
9-9-72 S i l er '  s Ba 1 d X 
9-9-72 S i l er • s Ba 1 d 
9-9-72 S i l er ' s Bal d 
9-9-72 Si l er ' s  Ba l d  X 
9-9-72 Si l er ' s  Bal d 
9- 1 0-72 Spence F i el d X 
9 - 1 0- 72 Spence F ie l d 
9- 1 1 -72 Si l er • s Ba 1 d X 
9-1 1 -72  Si l er ' s  Bal d X 
9- 1 1 -72 S i l er • s Ba 1 d X 
9- 1 1 -72  S i l er ' s  Ba l d  
9- 1 1 -72 Si l er • s Ba 1 d 
9- 1 1 -72 Cades Cove Campground 
9- 1 2-72 S i l er ' s  Bal d 
9- 1 2-72 Russel l F i e l d  
9 - 1 2-72 Ru sse l l F i el d 
9 - 1 3-72 Bi rch Spr i ngs 
9- 1 3-72 S i l er ' s  Ba l d  
9- 1 3-72 S i l er ' s  Ba l d  X 
9-1 3-72 Si l er ' s  Ba l d  
9- 1 3-72 S i l er ' s Ba l d  
9 - 1 3-72 Si l er ' s  Bal d 
9- 1 3-72 Spence F i el d 
9- 1 4-72 Dome Road X 
9- 1 4-72 t�oore ' s Spr i ngs X 
9- 1 5- 72 r�oore I s  Spri ngs X 
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TABLE  A-2 (conti nued ) 

Date Locat ion Tagged 

9 - 1 5-72 Cades Cove Campground X 
9 - 1 5-72 Jakes  Gap 
9- 1 5-72 S i l er ' s  Ba l d  
9 - 1 5-72 Si l er ' s  Ba l d  
9- 1 5-72 S i 1 e r ' s Ba 1 d 
9- 1 5-72 Si l er ' s  Ba l d  
9- 1 6-72 Spence F i e l d X 
9 - 1 6-72 Spence F i el d 
9- 1 6-72 Spence F ie l d 
9- 1 7-72 Leadbetter Ri dge 
9- 1 7-72 Spence F i el d X 
9- 1 7-72 Spence F i e l d  
9- 1 7-72 Spence F i e l d  
9 - 1 7-72 Dome Road 
9- 1 8-72 Cades Cove Campground X 
9- 1 9-72 Cades Cove Campground X 
9-20-72 Cades Cove Campground 
9- 2 1 -72 Tremont 
9-23-72 Spence F i el d  X 
9-23-72 Spence F i e l d 
9- 29-72 u . s .  441 X 
1 0- 1 -72  Newfound Gap  X 
1 0- 1 -72 Sugarl ands 
1 0- 1 -72  Sugarl ands 
1 0-2-72 Hannah Mounta i n  
1 0- 9-72  Dome Road 
1 0- l 0-72 Cades Cove Campground X 
1 0- 1 1 -72 Cades Cove Campground X 
1 0- 1 2-72 Cades Cove Campground X 
1 0- 1 6-72 Cades Cove Campground X 
1 0- 1 7-72 Cades Cove Campground X 
1 0- 1 8-72 Cades Cove Campground X 
1 0- 1 9-72 Cades Cove Campground X 
1 0- 20-72 Cades Cove Campground X 
1 0-2 1 -72  Cades Cove Campground X 
1 0- 2 1 -72 Gregory Ba 1 d X 
1 0- 22-72 Cades Cove Campground X 
1 0- 23-72 Spence F i e l d X 
1 0- 25-72 Spence F i el d X 
1 0- 26-72 Cades Cove Campground X 
1 0- 27-72 Cades Cove Campground X 
1 0- 27-72 Spence F i e l d X 
1 0- 28-72 Spence Fi e l d 
1 0- 29-72 Cades Cove Campground X 
6-1 7-73 Cades Cove Campground 
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TABLE  A-2 (conti nued ) 

Date Locat ion Tagged 

6- 1 7-73  Cades Cove Campground 
6- 1 8-73  Spence F i el d X 
6- 1 8-73  Dome Road X 
6- 1 8-73 Ru ss e 1 1  F i e  1 d 
6 - 1 8- 73 Spence F i e l d X 
6- 1 8-73 Spence F i el d X 
6- 1 8- 73 Spence F i el d 
6- 1 9-73 S i l er ' s  Bal d X 
6- 1 9-73 S i l er ' s  Ba l d X 
6- 1 9-73 Si l er ' s  Ba  1 d 
6 - 1 9-73 S i 1  er ' s Ba 1 d 
6-20- 73 Spence F i e l d X 
6- 2 1 -73  Li ttl e Ba 1 d X 
6-24-73 Spence F i el d X 
6-24-73 Spence F i e l d X 
6-24-73 L i ttl e Ba l d  
6-23-73 Doubl e Spri ngs 
6-23-73 B i rch  Spri ngs 
6- 25-73 Si l er ' s  Bal d 
6-27-73 S i l er ' s  Bal d X 
6-27-73 S i 1  er ' s Ba 1 d 
6-27-73 S i l er ' s  Ba 1 d 
6-29-73 Doubl e Spri ngs 
6-29-73 Bote ��ounta i n  
6-30-72 t�t .  Col l i ns 
6- 30- 73 Bote Mounta i n  
6- 30-73 Bote Mounta i n  X 
6-30-73 Dome Road X 
7- 1 - 73 Spence F i e l d X 
7-2-73  Spence F i e l d 
7-2-73  Si l er ' s  Ba l d  
7-2-73 Spence F i e l d  
7-2-73 Bote Mounta i n  
7-3-73 Spence F i el d X 
7-4-73 Spence F i el d 
7-4-73 Spence Fi el d 
7-4-73 Spence F i el d 
7 -4-73 Spence F i e l d X 
7-4-73 Derr i c k  Knob 
7 - 5-73  Doubl e Spri ngs 
7-5-73  Doubl e  Spri ngs 
7-5-73  Spence F i e l d X 
7-6-73 Jakes Gap 
7-6- 73 Spence F i e l d X 
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TABLE A-2 ( conti nued ) 

Date Location  Tagged 

7-7-73  M i ry Ri dge 
7-7-73  Doubl e Spri ngs 
7-7-73  Doubl e Spri ngs 
7-8-73  Spence F i el d X 
7- 1 0-73  Spence F i el d X 
7 - 1 1 -73 L i ttl e Bal d 
7- 1 3-73 Russel l F i e l d  
7 - 1 4-73 Spence F i el d X 
7- 1 6-73 Dome Road X 
7- 1 6-73 Dome Road 
7- 1 6- 73 Dome Road 
7- 1 6-73 Dome Road 
7- 1 6-73 Spence F i el d X 
7- 1 8-73 S i l er ' s  Ba l d  X 
7- 23-73 Doubl e Spri ngs 
7-23-73 Doubl e Spri ngs 
7-31 -73 B i rch Spr i ngs  
8- 1 - 73 Anthony Creek 
8-2-73 Mol l i e • s R i dge 
8-3-72 Dome Road 
8-6-73 Dou b l e  Spri ngs 
8-6-73 Spence F i e l d X 
8- 7-73 S i l er • s  Bal d 
8-7-73 Spence F ie l d 
8-7-73 Spence F i el d X 
8-7- 73 Spence F i el d  X 
8-7-73 Spence F i el d X 
8-8- 73 Bote Mounta i n  X 
8-8-73  Bote Mounta i n  
8-8-73  Bote Mounta i n  
8-8-73  S i l er • s  Bal d X 
8-9-73 Mt . Col l i ns  
8-9-73 Spence F i el d X 
8- 1 0-73  Spence F i e l d 
8- 1 0-73 Dome Road X 
8- 1 0-73 Dome Road 
8- 1 0-73 Dome Road 
8- 1 0-73 Dome Road 
8- 1 0-73 Mt . Col l i ns  
8- 1 1 -73 Doub l e Spr i ngs X 
8- 1 3-73 S i l er • s  Ba l d  X 
8- 1 7-73 Ru ssel l F i e l d  
8- 1 8-73 Doubl e Spri ngs 
8-1 8-73 Doubl e Spri ngs 
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TABLE A-2 ( conti nued ) 

Date Locat ion Tagged 

8- 1 8-73 Doubl e Spri ngs 
8-20-73  Mt . Cal l i ns 
8-2 1 -73 Spence F i e l d X 
8-23-73 r�ol l i e ' s  Ri dge 
8-26-73 Si l er ' s  Bal d X 
8-28-73 S i 1  er • s Ba 1 d X 
8-28-73 Spence F i el d X 
8-28-73  Spence F i el d X 
8-28- 73 Spence F i el d X 
8-28-73 Spence F ie l d X 
8-30-73 Spence F i e l d X 
8-30-73 Spence F i el d X 
9- 1 -73  �1o 1 1  i e '  s R i dge 
9- 1 - 73 S i l er ' s Ba l d  X 
9-6-73 u . s .  441 
9-8-73 Sam ' s  Gap 
9-9-73 Dome Road X Appa l ach ian  

Tra i l  
9- 1 0-73 Doub l e Spri ngs 
9- 1 0-73 Doubl e Spri ng s  
9- 1 0-73 Doubl e Spri ngs 
9- 1 0-73 Spence F i el d X 
9- 1 1 -73  S i l er ' s  Bal d 
9- 1 3-73 Townsend Y 
9- 1 7-73 El kmont X 
9-1 7-73 El kmont X 
9- 1 7-73 Cades Cove 
9-20-73 Spence F i e l d X 
1 0- 1 2-73 Bi rch  Spri ngs 



Date 

7-8- 72 
7-8- 72 
7-8-72 
7-8-72 
7-8-72 
7-8- 72 
7-8-72  
7-8- 72 
7-8-72 
7-8- 72 

7-8- 72 
7-8-72 
7-8-72 
7-8-72  
7- 1 1 -72 
7 - 1 1 -72 
7- 1 1 -72 
7- 1 1 -72  
7- 1 2-72 
7- 1 7-72 
7-22-72 
7- 22-72 
7-22-72 
7-22-72 
7-22-72 
7-22-72 
7 -22-72 
7-22-72 
7-22-72 
7-22-72 
7- 22-72  
7-22-72 
7-22-72 
7- 22-72 
7-22-72 
7 -22-72 
7-22-72 
7-22-72 

TABLE A-3 

BLACK BEAR SCAT COLLECTIONS 
FOR 1 972-1 973 

Locati on 

Buckeye Gap 
S i l er ' s  Ba l d  
S i l er ' s  Bal d 
S i l er ' s Ba l d  
S i l er ' s  Ba l d  
S i l er ' s  Bal d 
1 - l / 2 m i l es pas t  S i l er ' s  
Doubl e Spr i ngs 
Doubl e Spri ngs 
1 - l /2 m i l es from Doubl e 
Spri ngs 
Goshen Ri dge 
Goshen R i dge 
Sam ' s Gap 
Sam ' s  Gap 
Spence F i el d 
Spence F i el d  
Spence F i e l d  
Spence F ie l d 
Bote Mounta i n 
Bote Mounta i n  
Bent Arm 
Bent Arm 
Bent Arm 
Bent Arm 
Bent Arm 
Bent Arm 
M i ry Ri dge 
t� i ry Ri dge 
M i ry Ri dge 
Sugarl ands Mounta i n 
Sugarl ands Mounta i n 
Sugarl ands Mounta i n  
Doub l e Spri ngs 
S i l er • s Ba 1 d 
S i l er ' s  Bal d 
S i l er ' s  Bal d 
S i l er ' s  Ba l d  
Spence F i el d 

83  

Rad i oact i ve ly  
Tagged 

Ce , Mn 

Ce , Cd 
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TABLE A-3 (cont i nued ) 

Rad i oacti vely 
Date Locati on Tagged 

7-22-72 Spence F ie l d 
7-22-72 Spence F i el d Ce , Cd 
7 -22-72 Spence F i el d Zn 
7-22-72 Spence F i el d  Ce , Cd 
7-22-72 Spence F i el d  Cd 
7- 22-72 Gregory Bal d  
7-22-72 Hannah Mounta i n  
7-22-72 S i l er ' s  Ba l d  
7-22-72 Doubl e Spri ngs 
8-5-72 Sugarl ands Mounta i n  
8-5-72 Sugarl ands Mounta i n 
8-5-72 Huskey Gap 
8- 5-72 Hu s key Gap 
8- 5-72 Bent Arm 
8-5-72 M i ry Ri dge 
8-5-72 S i l er ' s  Ba l d  
8-5-72 S i l er ' s  Bal d 
8- 5-72 S i l er ' s Ba l d  Zn 
8- 5-72 Doubl e Spr i ngs 
8-5-72 Spence F i el d  Cd , Ce 
8-5-72 Spence F i e l d  Cd , Ce 
8-5-72 Sam ' s  Gap 
8- 5-72 1 - 1 /2 m i l es from Sam ' s Gap 
8-5-72 Hannah Mounta i n  
8-5-72 Hannah Mounta i n  
8-5-72 Hanna h Mounta i n 
8-5-72 Fl i nt Gap 
8- 1 4-72 Fl i nt Gap Zn , Ce 
8- 1 9-72 Sugarl ands Mounta i n  
8- 1 9-72 Sugar1 ands Mounta i n  
8- 1 9-72 Goshen R i dge 
8- 1 9-72 Goshen R i dge 
8- 1 9-72 Goshen R i dge 
8- 1 9-72  S i l er ' s  Ba l d  
8- 1 9-72 Bent Arm 
8-1 9-72 Bent Arm 
8- 1 9-72 M i ry Ri dge 
8- 1 9-72 Jeep tra i l  to Derri ck  Knob 
8- 1 9-72 Ru ssel l F i el d  
8- 1 9-72 Between Ru s sel l F i el d  and 

Spence F i e l d  
8-1 9-72 Spence F i el d 
8- 1 9-72  Spence F i el d 



85 

TABLE A-3 ( conti nued ) 

Rad i oacti vely  
Date Locati on Tagged 

8-1 9-72  Spence F i e l d 
8- 1 9-72  Spence F i el d Zn 
9-2-72 Sugarl ands Mounta i n  
9-2-72 Sugarl ands Mounta i n  
9-2-72 2 m i l es above Hus key Gap 
9-2-72 1 mi l e  above Hu s key Gap 
9-2-72 1 m i l e  above Hu skey Gap  
9-2-72 Bent Arm Ce , Zn 
9-2-72 Bent Arm 
9-2-72 Mi ry Ri dge 
9-2-72 Mi ry Ri dge 
9-2-72 Mi ry Ri dge 
9-2-72 M i ry Ri dge 
9-2-72 Mi ry Ri dge 
9-2-72 t� i ry Ri dge 
9-2-72 t� i ry Ri dge 
9-2-72 S i l er • s Bal d 
9-2-72 S i l er • s  Ba l d  
9- 2-72 S i l er • s  Ba l d  
9-2-72 S i l er • s  Ba l d  
9-2-72  S i l er • s  Ba l d  
9-2-72 Between S i l er • s  and Doub l e 

Spri ngs 
9-2-72 Between S i l er • s and Doubl e 

Spri ngs 
9-2-72 Between Si l er • s  and Doub l e 

Spri ngs 
9-2-72 Between Si l er • s  and Doub l e 

Spri ngs 
9-2-72 Goshen Ri dge 
9-2-72 Goshen Ri dge 
9-2-72 Goshen R i dge 
9-2-72 Goshen Ri dge 
9-2-72 Goshen Ri dge 
9-2-72 Goshen Ri dge 
9-2-72 Goshen Ri dge 
9-2-72 Anthony Creek Tra i l 
9- 2-72 Bote Mounta i n  Zn 
9-2-72 Spence F i e l d  
9-2-72 Spence F i e l d  Cd , Zn 
9-2-72 Between Spence and Ru s sel l Ce 
9-2-72 Between Spence and Russel l Ce , Zn 
9-2-72 Between Spence and Russel l Ce , Zn 
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TABLE  A-3 (cont i nued ) 

Rad i oacti vely 
Date Locati on Tagged 

9-2-72 Russe l l F i el d Ce 
9- 2-72 Sam • s Gap 
9-2-72 Hannah rqounta i n  
9-2-72 Hannah �1ounta i n  
9-5-72 Cades Cove Campground Zn 
9-5-72 Cades Cove Campground Zn 
9-5-72 Cades Cove Campground 
9-5-72 Cades Cove Campground Ce , Zn 
9-5-72 Cades Cove Campground Zn 
9-5-72 Cades Cove Campground Zn 
9-5-72 Cades Cove Campground Zn 
9-5-72 Cades Cove Campground 
9-5-72 Cades Cove Campground Zn 
9-6-72  Spence F i e l d 
9-6-72 Spence F i el d  
9-6-72 Spence F i e l d 
9 -6-72 Spence F i el d Cd , Zn 
9-6-72 Spence F i e l d 
9-6-72 Spence F i e l d Cd , Ce 
9-6-72 Spence F i e l d 
9-6- 72 Spence F i el d Cd , Ce 
9-6-72 Spence F i el d Cd , Ce 
9-6-72 Spence F i el d Zn 
9-6-72 Spence F i e l d Cd , Ce 
9-6-72 Spence F i e l d 
9-7-72 Spence F i e l d Cd , Zn 
9-7-72 Spence F i e l d Cd 
9- 7-72 Ru s sel l F i el d 
9-7-72 Russel l F i el d 
9-7-72 Russel l F i el d 
9-7-72 Russel l F i el d 
9 - 1 6-72 Sugarl ands Mounta i n  
9- 1 6- 72 Mi ry Ri dge 
9- 1 6-72 Hu s key Gap 
9- 1 6- 72 S i l er • s Ba l d  
9- 1 6-72 S i l er • s  Ba l d  
9- 1 6-72 Between S i l er • s and Doubl e 

Spri ngs 
9- 1 6-72  Between S i l er • s  and Doubl e 

Spr i ngs 
9- 1 6-72 Between S i l er • s  and Doub l e 

Spri ngs 
9 - 1 6-72 Goshen Ri dge 



Date 

9- 1 6-72 
9- 1 6-72 
9- 1 6-72 
9- 1 6- 72  
9- 1 6-72 
9- 1 6-72 
9- 1 6-72 
1 0- 2-72  
1 0-2-72  
1 0-2-72  
1 0-2-72  
1 0-2-72  
1 0-2-72 
1 0-2-72 
1 0-2-72  
1 0- 2-72  
1 0-2-72 
1 0-4-72 
1 0-4-72 
1 0-4-72 
1 0-4-72 
1 0-4-72 
1 0- 27-72 
1 0- 27-72 
1 0-27-72 
1 0-29-72 
1 0-29-72 
1 0- 29-72 
6-1 9-73 
6- 1 9-73 
6 - 1 9-73 
6- 1 9-73 
6- 1 9-73 
6- 1 9-73  
6- 1 9-73  
6- 1 9-73 
6- 1 9-73 
6- 1 9-73 
6- 1 9-73  
6- 1 9-73 
6- 1 9-73 
6- 1 9-73 
6-1 9- 73 

TABLE A-3 ( conti nued ) 

Locati on 

Jeep tra i l to Derr ick  Knob 
Sam • s Gap 
Sam 1 s Gap 
Mi ry Ri dge 
Jakes Gap 
Sam • s Gap 
Sam ' s  Gap 
Sugarl ands Mounta i n  
r� i ry Ri dge 
Si l er ' s  Bal d 
S i l er ' s  Bal d 
S i l  e r • s Ba 1 d 
Goshen R i dge 
Sam •  s G ap 
Moore ' s  Spr i ng 
Moore ' s  Spri ng 
r�oore I s  Spri ng 
Spence F i e l d 
Defeat R i dge 
Defeat Ri dge 
Defeat Ri dge 
Defeat Ri dge 
Spence F i e l d 
Spence F i el d 
Rocky Top 
Dome Road 
Dome Road 
u . s .  441 
S i l er ' s  Ba l d  
S i l er ' s  Bal d 
S i l er ' s Bal d 
S i l er ' s  Bal d 
S i l er ' s  Ba l d  
S i l er ' s Ba l d  
S i l er ' s  Ba l d  
S i l er ' s  Bal d 
S i l er • s Ba 1 d 
Si l er •  s Ba l d  
Doub l e Spr i ngs 
Doub l e Spri ngs 
Bent Arm 
Bent Arm 
Bent Arm 

Rad i oacti vely 
Tagged 

Cd 

Ce 
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TABLE A-3 ( cont i nued ) 

Rad i oacti vely  
Date Locati on Tagged 

6- 1 9-73 Bent Arm 
6- 1 9-73 Bent Arm 
6- 1 9-73 Goshen R i dge 
6- 1 9-73  Buckeye Gap  
6- 20-73 Bote f4ounta i n  
6- 20-73 Bote Mounta i n  Zn 
6-20-73  Bote Mounta i n  
6-2 1 -73  Bote Mounta i n  
6-21 -73  Bote Mounta i n 
6-21 -73 Bote Mounta i n  
6-23-73 Spence F ie l d 
6-23-73 Spence F i el d 
6-23-73 Spence F i el d 
6-23-73 Spence F ie l d 
6-23-73 Spence F i el d 
6-23-73 Spence F i el d 
6-25-73 Bote Mounta i n  
6-26-73 Defeat Ri dge 
6-26-73 Defeat Ri dge 
6-27-73 Defeat Ri dge Zn 
6- 28-73  Defeat Ri dge 
6- 28-73  Defeat R idge 
6-29-73 Defeat R i dge Zn 
6-29-73 Defeat R i dge 
7 - 1 -73 Sam ' s  Gap 
7-4-73  Bent Arm 
7-4-73 M i ry Ri dge 
7-4-73 Bent Arm 
7-5-73  Derr i ck Knob 
7-5-73  l /4 mi l e  from S i l er 1 s  
7-6-73 S i l er ' s  Bal d 
7-6-73 Si l er ' s  Bal d Zn 
7-6-73  S i l er ' s  Ba l d  
7-6-73 S i l er ' s  Bal d Zn 
7-6-73  Si l er ' s  Bal d 
7-6-73 S i l er ' s  Ba l d  
7-6-73 Si l er ' s  Ba l d  
7-6-73 S i l er ' s  Bal d 
7-6-73 Si l er ' s  Bal d 
7-6-73 1 /4 mi l e  from S i l er ' s  Zn 
7-6-73 1 /4 mi l e  from S i l er ' s 
7-6-73 Doubl e Spri ngs 
7-6-73 Goshen Ri dge 



Date 

7-9-73 
7-9-73 
7-9-73 
7-9-73 
7-9-73 
7-9-73 
7- 1 0-73 
7- 1 0-73 
7- 1 0-73 
7- 1 0-73  
7- 1 0- 73 
7- 1 0-73 
7- 1 0- 73 
7- 1 0-73 
7- 1 0-73  
7- 1 6-73 
7- 1 6- 73 
7- 1 7-73 
7- 1 7-73 
7- 1 7-73  
7- 1 8- 73  
8-9-73 
8- 1 6-73 
8- 1 7-73  
8-20-73 

8-20-73 
8-20-73 
8-20-73 
8-20-73  
8-20-73 
8-20-73 
8- 20-73  
8-22-73 
8-22-73 
8-22-73  
8-22-73  
8-26-73  
8-26-73 
8-27-73 
8-27-73  
8-27-73  
8-28-73  
8-28-73 

TABLE A-3 ( conti nued ) 

Locati on 

Sugarl ands Mounta i n  
Sugarl ands Mounta i n  
Sugarl ands Mounta i n  
Sugarl ands Mounta i n  
Sugarl ands Mounta i n 
Sugarl ands Mounta i n 
Spence F ie l d 
Spence F i e l d 
Spence F i el d 
Spence F i el d 
Spence F i e l d  
Spence F i el d 
Spence F ie l d 
Bote Mounta i n  
Bent Arm 
Fl i nt Gap 
Sam • s Gap 
S i l er • s  Ba l d  
Russel l F i el d 
Bent Arm 
Sugarl ands Mounta i n  
Fl i nt Gap 
Sam • s Gap 
t� i ry Ri dge 
1 /2 mi l e  from Doub l e 
Spri ngs 
Doubl e Spri ngs 
Doubl e Spri ngs  
Doubl e Spri ngs 
Bent Arm 
Bent Arm 
Bent Arm 
Bent Arm 
Coa l en Ground R i dge 
Coa l en Ground R i dge 
Coa l en Ground R i dge 
Coal en Ground R i dge 
Sugarl ands Mounta i n  
Sugarl ands Mountai n  
Sugarl ands Mounta i n  
Sugarl ands Mounta i n  
Sugarl ands Mounta i n  
Russel l F i el d 
Spence F i el d 

Rad i oact i ve ly  
Tagged 

Mn , Zn 
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TABLE A-3 (conti nued ) 

Rad i oact i ve ly  
Date Loca t i on Tagged 

8-28-73 Spence F i el d 
8-29-73 Defeat R i dge 
8-29-73 Defeat R i dge 
8-29-73 Defeat R i dge Mn , Zn 
8-29-73 Defeat R i dge Mn , Zn 
8-29-73 Defeat Ri dge Mn , Zn 
8-29- 73 Defeat Ri dge Mn , Zn 
8-29-73  Bote Mounta i n  Mn , Zn 
8-29-73 Defeat Ri dge 
8-29-73 Defeat Ri dge 
8-29-73 Defeat Ri dge Mn , Zn 
8-29-73 Defeat Ri dge Mn , Zn 
8-29-73 Defeat Ri dge Mn , Zn 
8-29-73 Defeat Ri dge 
8-29-73 Defeat Ri dge 
8-29-73 Defeat R i dge Mn , Zn 
8- 29-73 Defeat R idge Mn , Zn 
8-29-73 Defeat Ri dge 
8-29-73 Defeat Ri dge 
8-29-73 Defeat Ri dge Mn , Zn 
8-29-73 Defeat R idge 
8-29-73 Defeat Ri dge 
8-30-73 F i s h  Camp Prong 
8-30-73 F i sh Camp Prong 
8-30-73 F i s h  Camp Prong 
8-30-73 F i sh  Camp Prong 
8-30-73 M i ry Ri dge 
9-2-73 S i l er ' s  Ba l d  
9-2-73 S i l er ' s  Bal d 
9-2-73 S i l er ' s  Ba l d  
9-2-73 S i l er ' s  Bal d 
9-2-73 Goshen Ri dge 
9-2-73 Bent Arm 
9-2-73 Bent Arm 
9-2-73 Bent Arm 
9-2-73 Bent Arm 
9-2-73 Bent Arm 
9-2-73 Bent Arm 
9-2-73 Goshen R i dge Mn , Zn 
9-2-73 S i l er ' s  Bal d 
9-2-73 S i l er ' s  Bal d 
9-2-73 Goshen R i dge 
9-2-73 Goshen Ri dge 
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TABLE  A -3  (conti nued ) 

Rad i oact i ve ly  
Date Locati on Tagged 

9-2-73 Goshen R i dge 
9-2-73 S i l er ' s  Ba 1 d 
9- 2-73 Doub l e Spr i ngs 
9-2-73 E l kmont Road Mn , Zn 
9-4-73 Bote Mounta i n  Mn , Zn 
9-4-73 Ekaneetl i e  Gap 
9-6-73  Sam ' s  Gap  Mn , Zn 
9-6-73 Coal en Ground R i dge Mn , Zn 
9-6-73 Coal en Ground R i dge 
9-6-73  Defeat Ri dge 
9-6-73 Defeat R i dge 
9-6-73 Defeat R i dge 
9-6-73 Defeat Ri dge Mn , Zn 
9-6-73 Defeat R i dge 
9-20-73  G i ant Pop l ar 
9-20-73  Sam ' s  Gap  
9-20-73  Fl i nt Gap 
9- 2 1 -73 Andrew ' s  Ba l d  
9- 2 1 -73  Ch imney ' s  P i cn i c  Area 
9-2 1 -73  Andrew ' s  Bal d 
9-21 - 73 Bul l Branch 
9-2 1 -73 Ri ch  Mounta i n  
9-2 1 -73  Lumber R i dge 
9- 2 1 -73  Defeat R i dge 
9- 2 1 -73 Defeat R i dge 
9-2 1 - 73 Defeat R i dge 
9-2 1 - 73 Defeat Ri dge Mn , Zn 
9- 2 1 -73  Defeat Ri dge Mn , Zn 
9-2 1 -73 Defeat Ri dge Mn , Zn 
9-21 -73  Defeat R i dge 
9-21 -73 Defeat R i dge 
9-21 -73  Defeat R i dge 
9-2 1 - 73 Defeat Ri dge 
9-2 1 -73 Defeat Ri dge r�n , Zn 
9-2 1 - 73 Defeat Ri dge 
9-2 1 -73  Defeat R i dge Mn , Zn 
9-2 1 -73  Defeat R i dge 
9-2 1 -73 Defeat Ri dge Mn , Zn 
9- 2 1 - 73 Defeat R i dge Mn , Zn 
9- 21 -73 Defeat R i dge Mn , Zn 
9-2 1 -73  Defeat R i dge 
9-21 -73 Defeat Ri dge Mn , Zn 
9-21 -73 Defeat R i dge �1n ,  Zn 



Date 

9- 2 1 -73  
9-2 1 -73 
9-2 1 -73  
9-21 -73  
9- 2 1 -73  
9-2 1 -73  
9-22-73 
9-22-73 
9-22-73 
9-22-73 
9-22-73 
9-22-73 
9-22-73 
9-22-73 
9-24-73 
9-24-73 
9-24-73 
9-25-73 
9-25-73 
9-25-73 
9-26-73 
9-27-73  
1 0-4-73 
1 0-4-73 
1 0-4-73 
1 0-5-73  
1 0-5-73  
1 0-5-73 
1 0- 5-73  
1 0- 5-73 
1 0-5-73 
1 0-5-73  
1 0-5-73  
1 0- 5-73  
1 0-5-73  
1 0- 5-73  
1 0-6-73 
1 0-6-73  
1 0- 6-73 
1 0- 1 0-73  
1 0- 1 0-73  
1 0- 1 0-73  
1 0- 1 0-73  

TABLE A-3  (conti nued ) 

Locati on  

Defeat Ri dge 
Defeat R i dge 
Defeat Ri dge 
Defeat R i dge 
Defeat R i dge 
Defeat Ri dge 
Bent Arm 
Bent Arm 
Bent Arm 
Bent Arm 
Bent Arm 
Goshen Ri dge 
Goshen Ri dge 
Goshen R i dge 
Mark 1 s Cove 
Mark 1 s Cove 
Mark 1 s Cove 
Jen k i ns R idge 
Jenk i ns R idge 
Hi ckory Tree Gap 
Bote Mounta i n 
Lumber Ri dge Tra i l  
Cades Cove 
Bote Mounta i n  Road 
Cades Cove 
Laurel Creek 
Laurel Creek 
Laurel Creek 
Laurel Creek 
Laure l Creek 
M i ry Ri dge 
Mi ry Ri dge 
Ja kes Gap 
Bent Arm 
Bent Arm 
Bent Arm 
Sugarl ands Mounta i n  
Sugarl ands Mounta i n  
Sugarlands  Mounta i n  
Hannah Mounta i n  
Hannah Mounta i n  
Hannah Mountai n  
Hannah Mounta i n  

Rad i oacti vely  
Tagged 

Mn , Zn 
Mn , Zn 
Zn , Mn 

Mn , Zn 

Mn , Zn 

Mn , Zn 

Mn , Zn 

Zn 

Mn , Zn 

Mn , Zn 
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Date 

1 0- 1 0-73  
1 0- 1 1 -73  
1 0- 1 1 -73 
1 0- 1 1 - 73  
1 0- 1 1 -73 
1 0- 1 1 -73  
1 0- 1 1 -73 
1 0- 1 1 -73  
1 0- 1 1 - 73  

TABLE A-3 ( conti nued ) 

Loca t i on 

Hannah t�ounta i n  
Defeat R i dge 
Defeat R i dge 
Defeat R i dge 
Defeat R i dge 
Defeat R i dge 
Defeat R i dge 
Gregory Bal d 
Defeat R i dge 

Rad i oacti vely  
Tagged 

Mn , Zn 
Mn , Zn 
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TABLE A-4 

RADI OACTIVE  ANALYSIS OF FECES COLLECTED FROM 
CONFI�i�

H
Bk��� ���R54��ECTED 

Date of 
dpm/g 54MN dpm/g 65zn Col l ect i on 

6-6-72 1 3099 5859 
6- 6-72  1 1 08 1  259 1  
6-7-72  6989 2429 
6-7-72  8996 41 5 1  
6-9-72 2 974 1 462 
6-9-72 3 1 1 8  1 609 
6- 1 0-72  2 1 500 2076 
6- 1 1 - 72  2838 1 050 
6- 1 2- 72 2029 695 
6- 1 3-72  1 090 601 
6- 1 3-72  33708 1 673 
6- 1 4-72 1 609 374 
6- 1 4-72  1 747 484 
6- 1 7-72  1 050 333 
6- 1 7 -72  2 2 1 0 469 
6- 1 8-72  1 353 233 
6-21 -72  1 41 3  425 
6-27-72  2932 307 
7-3-72 22 1 9 257 
7- 1 0-72  1 055 1 89 
7-2 1 -72  502 1 36 
8- 1 -72  202  1 02 
8- 1 0-72  1 07 82 
8-2 1 -72  305 5 1  
9- 1 -72  54  58 
9- 1 3-72 92  74 
1 0- 1 -72  4 1  88 
1 0- 1 1 -72  26 63 
1 1 - 1 1 -72  37  4 1  
1 1 - 28-72 580 1 50 
1 - 5-73 672 238 
1 - 5-73 332 1 85 
2-3-73 258 2 1 1 
3- 3-73 302 1 74 
3- 1 3-73 266 1 50 
4-2-73 383 1 66 
4-30-73  1 89 1 30 
5-1 5-73 1 26 73 
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