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ABSTRACT 

Information related to the reproductive biology of female black 

bears (Ursus americanus) was collected in the Smoky Mountains of 

Tennessee. Denning and weight information were also collected. 

The majority of females utilized tree dens. The denning period 

averaged 114 days, with most females entering dens during the first 3 

weeks of December and emerging from dens between the first and last 

week of April. Females with newborn cubs denned longer and emerged 

from dens later than females without offspring. The date of den 

emergence for females was used to effectively predict reproductive 

condition (with newborn cubs or without offspring). 

Average litter size, determined from den work during 1979-80, 

was 2 . 5  cubs, with average litter sizes of 2 . 2  and 2.7 during 1979 and 

1980, respectively. Tape recording in tree dens was an effective 

method for determining the presence of cubs and estimating litter size. 

t•1ost breeding activity was observed during the last week of June 

and the first 3 weeks of July. The majority of sub-adult females that 

exhibited signs of estrus were without offspring the following winter. 

Vaginal smears were useful in verifying estrus in female black bears. 

Minimum reproductive age was 4 to 5 years, with most females 

giving birth for the first time at age 5. The majority of females 

exhibited a regular pattern of consecutive reproductive cycles: 

breeding and giving birth during alternate years. However, a 

substantial number of females skipped a year between reproductive 
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cycles at some time during their life, probably due to mast availability 

and the nutritional condition of the female. 

Only 1 female was observed lactating during successive years, 

indicating that losses of whole litters is uncommon. Average litter 

sizes dete�ined from den work for females with newborn cubs and 

yearlings were 2.5 and 2.0, respectively, indicating that some cub 

mortality does occur. 

Wild female black bears reached mature weights from 4 to 5 

years of age. Panhandler females reached mature weights earlier and 

weighed more than wild females. 
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CHAPTE R I 

I NTRODUCTION 

The reprod uct ive b i o l ogy of a spec i es i s  extreme l y  i mporta n t  

i n  terms o f  popu l a t i on dynam i c s . Nata l i ty ,  morta l i ty ,  i mm i gra t i o n  and 

emi gra t i on d i rect l y  affect  the s ta tu s  of a popu l a t i on . When these 

fac tors a re in ba l a nce , the popu l a t i o n  rema i n s  rel a t i ve ly  s ta bl e ;  when 

out  of ba l a nce ,  the popu l a ti o n  expa nds or decl i nes . I nforma t i on 

rel a ted to reprod uct ion  i s  e s sen t i a l  i f  wi l d l i fe popu l a ti ons  are to be 

managed effecti ve ly. 

B l a c k  bea rs  ( Ursus amer i ca nu s )  are secreti ve a n i ma l s a nd 

reproduc t i ve i n fo rma t ion i s  d i ff i c u l t to obta i n .  Muc h of the ea rl y 

i n forma t i o n  re l a te d  to reproduct i on wa s obta i ned from capti ve bea rs i n  

zoo l og i ca l  parks ( Ba ker 1 91 2 ) .  F i e l d  stud i es have often re l i ed on 

i n forma t ion from bea rs k i l l ed by hunters . Reproduct i ve tracts  have 

been co l l ected a nd exam i n ed for corpora l u tea and p l a centa l scars to 

est i mate l i tter s i z e  and mi n i mum breed i ng ag e ( Er ic kson and Nel l or 

1 964 , Co l l i n s  1 97 3 ,  Ko rde k  and L i nd zey 1 980 ) . Eri c kson  and Nel l o r 

(19 64 ) u til i zed h i s to l og i ca l  c harac ter i s t i c s  of reproduc t i ve tract s  of 

ma l e  and fema l e  b l a c k  bears to de termi ne reproducti ve act i v i ty .  

Ob serva t i o n s  of  fema l e s wi t h  o ffspri ng  have been used to est imate 

l i tter s i ze ,  e spec i a l l y  i n  area s wi th s u ff i c i ent v i s i b i l i ty .  Bea rs 

e nter dens duri ng the wi n ter and exhi b i t  a peri od of ex tended dorma ncy.  

Wi th  the advent and i mprovement of ra d i o  te l emetry equ i pment  and 

seda t i o n  tec hn i ques , re searc hers have been ab l e to l ocate and 
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tranqu i l ize bears  i n  w i nter dens  to col l ect reproduc t i ve  i nfo rmat i on 

( Rogers 1 97 7 ,  Beecham 1 98 0 ,  Hug i e  pers . comm . ) . 

The reproductive  cycl e of femal e bl ack bears i s  2 yea rs i n  

l engt h .  B l ack bears genera l ly breed dur i ng June o r  earl y J u l y  

( Asde l l 1 946 ) .  The gesta t i on peri od i s  approx i ma tel y 7 to 8 mont h s ,  

wi th  pa rtur i t i on occurri n g  from l ate  Janua ry t o  ear l y  Febru a ry 

( Erickson a nd Nel l or 1 964 ) .  W imsatt  ( 1 963 ) demons tra ted that  b l ack 

bea rs exh i bi t de l ayed i mpl a n ta ti o n . Embryon i c  deve l opment  i s  char­

acte r i zed by a period  of deve l opmenta l a rrest  duri ng  t he b l a stocys t 

s tage . The b l a s tocyst rema i ns free i n  the  u ter i ne l umen for appro x i ­

mate l y  5 months . Impl anta t i o n  a nd devel opment  occur dur i ng  the l a st 

6 to 8 weeks of  ges ta t i on (W im sa tt 1 963 ) .  Cu bs  a re a l tric i a l a t  b i rth  

( Baker , 1 904 ) bu t deve l op rapid l y  and are rel at i ve ly  precoc i a l  a fter 

den emergence ( Jonkel  and Cowa n 1 971 ) .  L i tter s izes of 2 to 3 cubs 

are mos t  commo n ,  but l i tters  of 4 ,  5 and  6 have been reported 

( Rowa n 1 94 5, 1 947 , Ma tson 1 952 ) . The cu bs rema i n  wi t h  the femal e  

d ur i n g  t he summer a n d  fa l l  and  den wi th  her t he fo l l ow i n g  w i n ter. 

Fema l e  bl ack bea rs wi l l  no t come i n to es trus dur i ng  t h i s peri od , 

p robably due to the physiological effects associated with lactation. 

However , Ba ker ( 191 2 )  reported  t ha t  e stru s wou l d  occur i f  the cubs  

were removed from t he fema l e  ear l y  i n  the s ummer .  The fam i l y  unit  

brea ks  up  some t ime a fter emergence from the  den  t he second winter. 

T he adul t fema l e  come s i n to estru s dur i ng t he summer , and  the 

reproducti ve cycl e i s  repea ted . 

I n  most  a reas  o f  the  cou ntry , fema l e bl ack bears become 

sexua l ly ma ture a t  3 years  o f  age  or o l der  ( Erick son a nd Nel l o r  1 964 , 
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Jonke l  a nd  Cowan 1 97 1 , Raybourne 1 976 , Rogers 1 977 ) .  Breedi ng a s  

earl y a s  2 yea rs h a s  been reported i n  bo th ca p t i ve ( St i c kl ey 1 961 , 

Ammon s  1 974 ) and  w i l d  fema l es ( Co l l i n s  1 973 , Raybou rne 1 976 , Kordek  

and L i n dzey 1 98 0 ) . Ra usc h { 1 961 ) sugge s ted tha t sexua l matur i ty may 

vary w i th  l a t i tude . Howeve r ,  the re i s  su bsta n t i a l  i n forma t i o n  tha t  

sexua l  ma tu ri ty may be re l a ted to t he n u tri t i o na l  cond i t i o n  of the 

a n i ma l s ( Jonkel  a nd Cowa n 1 97 1 , Rogers 1 976 ) .  

Bears have o ne of the l owes t  reproduc t i ve ra tes of a ny No rth 

Ame r i c a n  l and  mamma l . They exh i bi t  compara t i ve l y  s l ow reproduc t i ve 

matu r i ty ,  pro l onged reproduc ti ve cyc l es a nd re l ati vel y sma l l l i tter 

s i ze s . Changes  i n  these fa c tors can have a p rofound effec t on  the 

product i v i ty of  the s pec i e s  wi t� i n  an a rea . Cra i g head ( 1 974 ) 

i l l u s tra ted tha t sma l l c ha nges i n  reproduct ion  can grea t l y  a l ter t he 

s ta bi l i ty of  wi l d l i fe po pu l a t i ons  wi th  l ow bi o l ogi ca l  po ten ti a l . 

Resea rch ha s been conducted i n  the Grea t Smo ky Mou nta i n s 

Nati ona l Pa rk ( GSMNP ) re l a ted to popu l a t i on den s i ty ,  food ha b i t s , 

movements  and  the den eco l ogy of b l a c k  bear s ;  l i tt l e i n forma t i o n  ha s 

been  co l l ec ted rel a ted to reproduct i on . The ma i n  objec t i ve of the 

prese nt  s tudy wa s to col l ec t  i nforma t i o n  from the fema l e  segment of 

the pop u l at ion  re l a ted to the reproduc t i ve po tent i a l  of the spec i e s .  

Pr i ma ry i n tere st  wa s centered o n  determi n i ng mi n imum reproduct ive  age ,  

a vera ge l i t ter s i ze ,  the frequency tha t parous  fema l es wi l l  g i ve b i rth 

and cub mo rta l i ty .  Of add i t i ona l  i n terest  wa s how these fa ctors were 

i n fl uenced by c ha nges i n  env i ronmenta l  cond i t i on s , suc h a s  ma st 

ava i l a bi l i ty dur i ng t he fa l l .  Den n i ng i nforma ti on wa s col l ec ted to 

compare d i fferences between fema l es ,  wi th respect to reprod uct i ve 

cond i ti o n . 



CHAPTER II 

THE STU DY AREA 

Resea rch  wa s conducted wi t h i n  the GSMNP and the adjacen t 

Chero kee Na t i ona l  Forest  ( CN F ) . The actua l  study area wa s l i mi ted to 

the northwe stern quadra n t  of the GSMN P ,  con s i s t i ng of the Tennessee 

porti on of the park wes t  of t he transmounta i n  roa d ( US H i g hway 441 ) ,  

a nd t he Te l l i co Ra ng er Di stri c t  of  the CN F ,  bou nded by the Ten nessee­

No rth Caro l i na s ta te l i ne , the Te l l i co - Robbi n sv i l l e  Roa d ,  a nd the 

Tel l i co R i ver ( F i g . 1 ) .  The area compri ses 994 km2 i n  B l ou n t ,  Sev i er ,  

and  Mo nroe Coun ti es , Ten ne s see , a nd i s  l oca ted between 35 °20 1  and  

3 5 °4 7 1 N l a ti tude and  83 °05 1 and  84 °20 1 W l ong i tude . Access  to the  

s tudy a rea i s  l imi te d  to  2 64 km of i mproved roads , 1 2 6 km of 

u n i mproved roa d ,  6 1 9 km of ma i n ta i ned tra i l s  and  over 240 km of 

abando ned tra i l s. Mo st  of  t he roads are  l oca ted a t  l ower e l eva t i o n s  

wi th  the maj or i ty of  the s tu dy a rea acces s i bl e  o n ly  by foot  tra i l s .  

The Un i co i  and  Grea t Smo ky Mou n ta i n s a re part of the Unaka 

Mounta i n  Range of the B l ue R i dge Prov i nce i n  t he southern d i vis i on of 

the Appa l ac h i a n  H i gh l a nds  ( Fennema n s  19 38) . The ma i n  r i dge runs i n  a 

northea s t-southwes t  direc t ion  and for muc h of its l ength  del inea te s 

the Tennes see - North  Ca ro l i na bo rde r .  T h i s  ma i n  r i dge con nects a 

ser i e s  of h i gh pea k s ,  wi th  prominent rid ges rad iat i ng out to eac h 

s i de. The topography i s  c ha racter i zed by s teep , rugged mou nta i n s  and  

narrow , V- s ha ped va l l eys . Over 90 % of the  area has  a s l ope of  grea ter 

than 1 0 ° ( Anonymous  1 902 ) . E l ev at ion  ranges from 230 m at the 
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confl uence of the Tel l i co  a nd L i tt l e Tennes see Ri vers , to 2024 m at 

C l i ngma n s  Dome . I n  genera l , mo st  of the study area i s  over 600 m .  

So i l  types w i th i n t he area are broad l y  c l a s s i f i ed i n  the 
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Ramsey Assoc i a ti on ,  wi th  mo st  of t he h i g her e l evat ions  i n  the Ramsey 

Ser i e s  a nd the l ower s l o pes  i n  the Jeffer son Ser i es . The s e  so i l s  are 

c harac ter i zed by l ow water storage capac i ty ,  med i um to h i g h  ac i d i ty 

a nd moderate fert i l i ty ( Ano nymo u s  1 945 , 1 953 ) . The parent mater i a l  i s  

pr ima r i l y  fe l ds path i c  sand s tone , s i l tstone , s ha l e a nd co ng l omera te 

from the Oco ee Ser i es of the l ate Precambr i a n  ( K i ng et a l . 1 968 ) . 

Thornthwa i te ( 1 948 ) c l a s s i f i ed the c l i ma te i n  the area as  

mesothermal perhumi d (wa rm- temperate ra i n  forest ) . Prec i p i ta t i o n  and  

tempera ture vary grea tl y w ith  d i fferences in  el evat ion  and  expo sure 

( S hanks  1 954a , Ta nner 1 963 , Stephens 1 969 ) . Prec i p i ta t i o n  averages 

aro und 1 40 em per yea r a t  l ower e l evat ions  whi l e  h i g her e l eva t i o n s  may 

rec e i ve over 2 2 0  em . Mo st  prec i p i tat ion  occurs  duri ng l a te wi nter­

ea r ly  s p r i n g  and Ju l y-August . September and October rece i ve the l ea s t  

prec i p i ta t i o n . The average annua l tempera ture i s  1 4C at  l owe r el e va ­

ti o n s  ( be l ow 4 50 m ) and 6 C  a t  h i g her e l evat ions  ( above 1 900 m ) , wi th  a 

tempera ture grad i ent  of 4 . 07 C per 1 000 m i ncrea s e  i n  e l eva t i on . 

Lowest  tempera tures occur duri ng February ,  wi th  hig hest temperatures  

i n  Ju l y  ( Shanks  1954 , Ta nner 1 96 3 , Anonymou s  1 972 ) . 

The GSMNP and CNF s u p port a l a rge and d i verse p l a n t  commu n i ty ,  

i nc l ud i ng over 1 300 s pec i es o f  fl ower i n g  p l ants  (wh i c h  i nc l udes 1 3 1 

s pec i e s  of trees ) , a pprox ima tel y  350 mo s ses and l i verworts , 230  

l i c hen s ,  and more than 2000  s pec i es of fu ng i ( Stupka 1 960 ) . Thi rty 

s pec i es of trees  a nd s hrubs  a re endemi c to the Unaka Ra nge i n  ea stern 
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Tennessee and  we stern North Caro l i na ( Ca i n  1 930 ) . W h i tta ker ( 1 95 6 )  

conc l uded tha t mo s t  o f  the vegeta t i on wi th i n  the area wa s e i ther 

topog ra p h ica l c l imax or seconda ry s uccess i on .  The var ied topogra p h i ca l  

range , tempera tu re reg imen and prec i p i tat ion  l evel s ha ve resu l ted i n  

n ume rou s  ha b i ta t  types , ra ng i ng from me s i c  va l l eys to dry r i dges , wi th  

a h i g h  degree of  i n terspers i o n . Severa l au thors have ca tego r i zed 

vari ou s p l ant  a s soc i a t i ons  i nto forest type s .  The c l a s s i f i ca t i on 

sys tem dev i sed by Sha n ks ( 1 954 b )  i s  the s i mpl est  and mo s t  wi de ly  u sed 

( Tab l e 1 ) .  The d i stri buti on  of  fo re st  types may be s i mp l i f ied  a s  

fo l l ows . Spruce-fi r i s  l oca ted a t  the h i g hest  e l eva ti o n s .  No rthern 

hardwoods occu py the s l opes j u s t  bel ow spruce-fi r  a nd the more exposed 

s l opes wi th i n  the spruce-fi r ran ge . Cove hardwood s occ ur i n  t he 

s he l tered va l l eys , whi l e  o pen oa k-p i ne s ta nds and hea th th i c kets occ ur 

o n  dry exposed r i dge top s .  Cl osed oak forests occu py s l opes wi th  

i ntermed i a te expos ure . Hem l ock  fo re st types are fo und a l ong  streams 

and on  s he l tered s l opes up  to 1 1 00 m. 

Rhododendron s pp . , Ka l m i a  l a tifo l i a ,  Sm i l a x spp . and numerous  

mi nor associa tes frequentl y  fo rm nearl y impenetra bl e understory 

t hickets o n  a l most a l l types of s i tes , especia l l y o n  dry r i dges. On 

particu l arl y  s teep a nd rocky ridges , these p l a n ts  fo rm dense hea th  

ba l d s tha t are e s sen tially treeles s. Vacc i n i um spp . and Gayl u ssac i a  

spp . are common u n ders tory s hru bs  i n  the o pen oa k-p i ne forest . 

A few gra s sy ba l ds a re fou nd at h i g her el eva t i ons  a l ong the 

Tennessee-North Ca rol i na border . I n  add i t i on , 7 . 3  km2 of pa stures  

and fi e l ds are ma i n ta i ned in  Cades Cove ( GSMN P )  a s  a h i s tori ca l  s i te .  

The Te l l i co Ranger Di str i c t  i s  mana ged fo r mu l ti p l e  use  and s u sta i ned 
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Ta bl e 1 .  Fore st  a s soc i a t i o n s  a nd  the i r  i mporta nt  tree spec i es i n  the 
Grea t Smoky Mounta i n s  Na t iona l  Park . 

Forest Asso c i a ti o n  Type 

Cove Ha rdwood 

Heml ock  

Northern Ha rdwood 

Cl o sed Oa k 

Open Oa k and  Pi ne 

Spruce-fi r 

Important Spec i es 

E a stern heml ock ( Tsuga canaden s i s )  
S i l verbe l l ( Ha l e s i a  mo nti col a) 
Yel l ow buc keye (Aesc u l u s  oc ta ndra ) 
Tu l i p  po pl ar  ( L i r i odendro n  tuli pi fera ) 
Beec h { Fagu s Zra nd i fo l i a) 
Ye l l ow b1 rchBetul a a l l eghen i en s i s )  
B l ack  c herry { Prunu s seroti na} 
Rhododendron ( Rhododendron  s pp . ) 

Ea stern heml oc k ( Tsuga canaden s i s )  
Yel l ow b i rc h  ( Betu l a a l l eghen i en s i s )  
S i l verbe l l ( Hale s i a  mont i col a) 
Fra ser magnol ia  (Magnol i a fra seri ) 

Beec h ( Fagus grand i fo l i a )  
Sugar ma pl e ( Acer sac c harum )  
Yel l ow buc keye-r,Aesculu s octa ndra ) 
Yel l ow b i rc h  ( Betu l a  a l l eghen i en s i s )  

Chestnut oa k (Querc us  p) i n� )  
Wh i te oa k (Quercus  a l ba 
B l ack  oak  (Quercus veTUt i na ) 
No rthern red oak  (Qu erc u s  rubra ) 
Pi gnut  h i c kory ( Ca(ya gl a bra) 
Moc kern ut  h i c ko ry Carya tome ntosa ) 
Sou rwood ( Oxydendrum a rboreum) 

Sassa fra s ( Sa ssafra s a l bi dum ) 
Scarl et oa k (Quercus  cocc i nea )  
P i tch  p i ne (P1nus r i g i da) 
Vi rg i n i a  p i ne (Pi nus  v i rg i n i a na ) 
Mounta i n  l au re l  ( Ka l m i a  l a ti fo l i a )  

Red spruce { P i cea rube n s )  
Fra ser fi r { Al b i e s fra ser i ) 

Sou rce: R .  E .  S ha n ks , 11 Reference l ist of na ti ve p l a nts i n  the 
Grea t Smo ky Mounta i n s , 11 Bota ny Departmen t ,  The Un i versi ty of  
Tennes see , Knoxv i l l e ,  1 954. ( M imeographed )  
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yi e l d  of t i mbe r ,  wi l d l i fe re sources and rec rea t ion . T imber i s  managed 

u nder an eve n -aged rota ti o n ;  60 yea rs for V i rg i n i a  p i ne ,  80  years for 

whi te a nd yel l ow pi ne ,  and  1 00 yea rs for ha rdwood s .  The CNF  i s  

cons i d ered a wi l d l i fe ma nagement  area , managed i n  conj u nc t i on w i th the 

Ten ne s see W i l d l i fe Resou rces Agency (TWRA ) . Approx i ma tely 1 20 km2 of 

the Tel l i co  Ra n ger Di str i c t  i s  managed a s  a bea r reserve a nd no bea r 

hu nt i ng i s  a l l owed on  th i s  a rea . Other area s of the C N F  a re 

peri od i ca l l y  ope n to bea r h unt i ng  i n  the fa l l .  Except for poac h i n g ,  

the bea r popu l a ti on wi th i n the GSMNP i s  u nexpl o i ted . 

Approx i ma te ly  59  spec i es of mamma l s a re known to occu r i n  the 

s tudy a rea , a l most  ha l f  of whi c h  a re i n  the order Rode nt ia  ( Li nzey 

a n d  Li nzey 1 97 1 ) .  La rge mamma l s wi t h i n  the a rea i nc l ude wh i te - ta i l ed 

deer ( Odoco i l eu s  v i rg i n i anus ) ,  europea n wi l d  hog s ( Su s  scrofa ) ,  a s  

we l l  a s  b l ack bears . S i ght i ngs  of mounta i n  l i ons  ( Fe l i s  conco l or ) 

have been reported , bu t no substanti a l  evi dence ha s been prov i d ed of 

the i r  exi s tence i n  the a rea . Record s  of over 200 spec i e s  of b i rd s ,  

23 spec i e s  o f  s nakes  ( 2  po i sonou s ), and  7 2  spec ies  o f  fi s h  are found 

wi th i n  the area . I n  add i t i o n , the area conta i n s  one of the r i c hest 

va r i et i es of sa l ama nders i n  the worl d (Ano nymous 1969). 



CHAPTER I I I  

MATERIALS AND METHOD S 

Capture and  Handl i ng Techn i ques 

B l ack  bea rs we re captured u s i ng Al d r i c h  spri ng-acti va ted s nares 

a nd mod i f i ed cu l vert tra p s  cons i st i ng of 2 5 0-ga l l on o i l  drums wel ded 

together , a n  ang l e- i ron door frame and a em th i ck  p l ywood doo r .  

Preba i t i ng and  tra pp i ng tec hn i q ues  for Al d r i c h  snares are descri bed by 

Ma rcum ( 1 97 4 )  a n d  Eagar ( 1 977 ) .  Ba rrel tra p s  are set a s  i l l ustra ted 

by F i g . 2 .  An an i ma l  attempt i ng  to reach  the ba i t  p l aced i n  the ba c k  

of the tra p d i s l odges  the tri p s t i c k  wh i c h  l owe rs the door over the 

tra p entrance . 

Bears  we re immob i l i zed wi th  an  i ntramu scu l a r  i njection  of M99 

( Eto rp h i ne hyd roc h l or ide , D-M P ha rmaceu t ica l s ,  I nc . , Rockvi l l e , MD ) a t  

dosage l evel s of 1 mg/45 . 5  kg body we i g ht . Bea rs trapped i n  Al d r i c h  

snares were immobi l i zed wi th a Ca p-chur  syr in ge fi red from a C02-

charged p i s to l  ( Pa l mer Chem i cal  and Sup p l y  Co . ,  I nc. ) . A j ab  st i c k  ( a  

syri nge mou nted on a pl ex i -g l a s s  rod ) wa s u sed to i mmo bi l i ze bears 

caug ht in  ba rrel trap s . M50-50 ( D i pre norp h i ne )  wa s u sed as  an  

antagon i st  fo r M99 at  do sage l evel s of  2 mg/45 . 5  kg  body we i g ht .  

Recovery occurred a pprox ima te l y  5 mi nute s  after a n  i ntravenou s  

i nj ec t i o n  of M50- 50 .  

B l ack  bears  were ma rked wi th  ear tag s  and  l i p ta ttoos to 

as s i st i n  fu ture i dentif i cat ion . Ba s i c  b i o l og i ca l  i nfo rma t ion  wa s 

col l ected , i nc l ud i ng sta ndard mea surements , we i g ht ,  overa l l cond i t i on , 

1 0  
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1 2  

a nd a bl ood samp l e .  Bea rs  were i nstrumen ted wi th  rad i otra n sm i t ters  

equ i pped w i t h  mo t i on - se n s i t i ve  acti v i ty mon i tors ( W i l d l i fe Ma teri a l s ,  

I nc . , Carbonda l e ,  I L  and Te l on i c s ,  Mesa , AZ ) .  

A f i rst  p remo l ar  wa s extracted for age determ i na t i on by the 

cemen tum-a nnu l i tec hn ique  desc r i bed  by Wi l l ey ( 1 974 ) . Too th  sec t i ons  

were p repa red and  s ta i ned as  descri bed by Eag l e  and Pel ton ( 1 978 ) .  

Col l ec t i on of Reproduct i ve Da ta 

Determ i na t i on of reproducti ve cond i t i o n  duri ng summer . Fema l e  

b l a c k  bea rs  were c hecked for s i gns  of reprod uc t i ve cond i ti on :  

l ac ta t i on , the p resence of cubs , or s i g n s  of estrus . Swe l l i ng  of the 

extern a l  gen i ta l i a  occurs dur i ng estru s a nd t h i s cond i t i o n  was noted 

when obs erved . Vag i na l  smears  were taken from femal e b l ack  bears to 

determi ne i f  changes  in vag i na l  ep i the l i um can be u sed to detect the 

onset or  occ u rrence of  estru s .  Ep i thel i a l  ce l l s  from the vag i na we re 

co l l ected u s i n g  cotton swabs , tra n sferred to m i croscope s l i des  and 

sta i ned  wi th Wri g ht-Gi emsa s ta i n . Tes ts to de term i n e  the vag i na l  pH 

and e l ectri ca l re s i s tance of the vag i nal  tract we re conducted on 

fema l e  bears trapped i n  1 979 . A H i c ko k  LX303 d i g i ta l  vo l t-ohm meter 

and  a 1 em d i ame ter probe were u sed to record vagi na l  re s i stance . 

The p H  pa per, sens i t i ve to 1 u n i t  increments, was u sed to obta i n  pH  

read i n gs . 

Lac ta t i on wa s determ i ned by at tempt i ng to i nduce mi l k  l et-down 

by ma nua l s t i mu l a ti on of the mamma ry g l ands . Dur i ng  1 97 9 ,  i n ter­

musc u l a r  i nj ec t i ons  of  Oxytoc i n  { Parke-Dav i s ,  I nc . ) were g i ven to 
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ad u l t fema l e s pr i or to manual sti mu l ation to mi nimi ze the po ss i b i l i ty 

of not detecti ng l actation .  

Fami l y  group observa ti ons . Obse rva tions of fam i l y  groups  

(ad u l t  fema l es w ith offspr i ng )  co l l ected by  the Nat i ona l  Pa rk Serv i c e  

a nd bea r project personnel from 1 970 through 1 979 were comp i l ed .  

S im i l ar i nforma ti on  was co l l ected from hi kers and bac kpac kers from 

1 970 through 1 977 . These data were anal yzed separa tel y a nd u sed to 

estima te cha nges i n  a verage l i tter s i ze .  Summe r tra pp i ng record s  

( 1 97 2-79 ) we re rev i ewed for i nforma tion re l a ted to l i tter s i ze ,  m i ni mum 

re prod uctive age , and the reprod ucti ve cyc l e .  

Determi nation of reproducti ve cond i ti o n  dur i ng w i nter . Fema l e  

b l ack  bears  denni ng on the ground we re sedated to determi ne repro­

ductive  cond i ti on. S i nce  partur i t ion i s  thought to occur a round the 

end of January and the fi rst of February, bears  i n  dens were seda ted 

after the second wee k of February . Ini ti a l l y  M99 wa s us ed to sedate 

b l ac k  bears duri ng the wi nter , pa rti cu l ar l y beca u se of the exi stence of 

the anta gon i st t·150-50. An ani ma l expe r i e nc i ng some d i ffi c u l ty under 

sedati o n  cou l d  be rev i ved qu i ckl y with an i ntravenou s i njecti on of 

r�50-50. Howe ver, M99 appears to ha ve phys i o l og i cal  effects that are 

i ncompati bl e  w i th winter cond i ti o ns . One fema l e  d i ed after an  i n i ti a l  

i nj ecti on  o f  t·199. Two fema l e s sedated wi th M99 di sp l ayed stro ng v i ta l  

s i g ns whe n p l aced ba c k  i n  the den , but d i ed some time l a ter . Fema l e s 

g i ven i ntramu scu l a r  i nj ecti ons of  M50-50 to a i d  i n  recovery apparentl y 

rev i ved too qu i ck l y  and abandoned the den. A comb i na ti o n  of Keta set 

( Ketamine hydroc h l or i de ) and Romp un ( Zyl a z i ne hydroc hl or i de )  wa s u sed 
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as  a repl acemen t  beca u se of  i t s  w i de l a t i tu de of  tol erance . Under mos t  

cond i t i ons , t h e  i mmob i l i z i ng drug  wa s admi n i s tered wi t h  a j a b  s ti c k .  

A d art  p i s tol  wa s u sed when the a n i mal  wa s pos i t i oned out  o f  reac h i n  

the den , or was too a c t i ve to get cl ose enoug h t o  use  the j a b  s t i c k .  

Reproduc t i ve  i nforma t i on was obta i ned concern i ng the pre s ence or 

a bsence o f  cu bs or yearl i ngs , the s i ze and  sex ra t i o  o f  the l i tter ,  

a nd t he we i g ht o f  the offspr i ng . Yearl i ngs  had to  be  seda ted pr ior  to  

handl i ng and  were marked wi t h  ea r tags  a nd l i p tattoos . Sma l l rad i o­

co l l ars , des i gned to brea k away a fter a pproxima tel y 1 2  mon ths , were 

p l aced on sel ected year l i ng s .  I n forma ti on rel a ted to t he cond i ti o n  of  

the adu l t fema l e  wa s a l so col l ected : wei ght ,  s ta nda rd mea su rements , 

general cond i t i on ,  and  a bl ood sampl e .  Rad i o-col l a rs and  other 

ma rk i ngs  ( ear  tag s  a nd 1 i p  ta ttoos )  were repl aced when nece s sa ry .  

Except i n  o n e  i nsta nce , fema l e b l ack  bears  u s i ng tree dens 

were too i nacces s i bl e  to ma ke seda t ion poss i bl e .  Cl i mb i ng ropes or 

a l umi num l adders were u sed to cl i m b  to t he ca vi ty entrance for the 

purpose of ma k i ng v i sua l observa ti ons ( Append ix  A ) . Adu l t  fema l e s a nd 

yea r l i ngs a re d i s t i ngui sha bl e i n  tree den s .  Newborn cubs a re smal l and 

often underneath t he fema l e ,  ma k ing d i rec t observa t i ons  and accurate 

counts i mpo s s ibl e .  However , newborn cubs emi t vocal izat ions  that a re 

eas i l y detec ted . A Ma rantz  EC-2S mi c rophone wa s l owe red i nto the tree 

cav i t i es to record sounds wi t h i n  the den . Record i n g  ses s ions  usua l l y  

l a sted 4 5  mi n utes . When time permi tted , 90-mi nute record i ngs  were 

made . Recorded voc a l i zati ons were used to ver i fy t he presence o f  c u bs 

a nd a ss i s t i n  est ima ti ng t he number present .  A Ser ie s  700 Vo i ce 

I dent i fi cat ion  Spectrogra p h  wa s u sed to produce spec trograms ( vo i c e  
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p r i n ts ) from se l ected voca l i za t i on record i ngs  to a i d  i n  e st imati ng  

l i tter s i ze .  E st ima ted l i tter s i ze based on  the tape  reco rd i ngs  were 

cons i dered m i n i mum est imate s .  One 9- hou r record i ng ses s i on wa s made 

on a fema l e  known to have newborn cubs to prov i de an e st i ma t i on of the 

frequency of  voca l i zat ions . 

Denn i ng I n forma t ion  

Rad i o -co l l ared fema l es were mon i tored dur i ng the fa l l ,  wi n ter 

and s pri n g  to determ i ne den e ntry a nd emergence . Bears were l oca ted 

every 3 days , start i ng  i n  m i d - Novembe r ,  by rad i o -tra c k i ng from the 

g round  or  a i rcraft . Ground l ocat ions  were determ i ned by tria ngu l at i o n  

from a ser i e s  of  promi nent po i n ts . These po i nts were u sed 

sys tema t i ca l l y  when trac k i ng from t he grou nd  to sta nda rd i ze error due 

to topog raphy a nd s i g na l  bou nce . Procedures for rad i o-track i ng are 

descri bed by Ga rshel i s  ( 1 978 ) .  Acti v i ty wa s determi ned from rad i o  

s i gna l s a s  desc r i bed by Qu i g l ey e t  a l . ( 1 97 9 ) . Rad i o  l ocati ons  were 

p l otted on 7 . 5  mi nute USGS quadrang l e  maps u s i ng a 1 . 3 em c i rc l e to 

acco unt  for erro r .  An an ima l  wa s con s i dered i n  the d e n  when the 

p l ot ted l ocat i o n s  cons i sten t l y  fel l wi th i n  the same area. A s im i l a r 

procedure wa s u s ed to determine den emergence . In add i t i on , dur i ng the 

s pr i ng of 1 980 , den s i te s  were v i s i ted to determ i ne if t he bears were 

out  of the de ns . Fema l e s ,  espec i a l l y  those wi th  newborn cubs , m i g ht 

stay wi th i n the general v i c i n i ty of the den after eme rgence; this 

wou l d  not be detec ted from rad i o -tra c k i n g  i nformati on . 

W i nter dens  of rad i o-co l l ared fema l es we re l ocated by fo l l ow i n g  

t he rad i o  s i gna l s  i n to the den s i te s .  Den s  were l oca ted after 

1 January to m i n im i ze di sturba nce ; by that time , mo st  bears  had den ned 
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and acti v i ty had decrea sed s i gn i f icant l y .  Dens  were c l a s s i f ied i n to 

2 genera l categor i e s : ground dens  and tree dens . Any structure 

u ti l i zed a t  g round l evel wa s des i gnated a s  a ground den . Tree den s  

con s i sted o f  ca v i t i es i n  l a rge trees that were l ocated h i g her tha n 

2 m a bove the grou nd . 

Ma st  Yi e l d 

I n format ion on  hard ma s t  y i e l d wa s obta i ned from annua l  sta te ­

w i de m a s t  su rveys by the Tenne s see W i l d l i fe Resources Agency ( TWRA ) .  

I n forma t i on from the Te l l i co W i l d l i fe Management Area , C NF ,  wa s u sed 

to est ima te ma s t  prod uc t ion  wi th i n  the s tudy a rea . 

Sta ti s t i ca l  Ana l ys i s  

Compa ri sons  o f  when fema l e  bl ack  bea rs en tered and emerged from 

wi nter den s ,  a nd  the l e ngth of the denn i ng per i od were made between 

years  of the study ,  reproducti ve condi t i o n  and age of the fema l e ,  a nd 

the i nterva l s u s ed to determi ne entry a nd emergence da te s ( 3 -day 

versu s 5-day i n terva l s )  u s i ng Student's t-d i s tr i but i on . Va g i na l  p H  and  

e l ectr i ca l  res i sta nce  test  resu l ts for estrous  a nd anestrous  fema l e s 

were compared using Student's t-distribution. The 10% level of 

s i g n i f i ca nce  wa s u s ed to determ i ne va r i a nc e  equ a l i ty for the F-test  

of the  2 samp l es be i ng compared . A s i gn i fi cance l evel  of 0 . 05 wa s 

u s ed to dete rm i n e  d i fferences between samp l e s . 

Mul t i p l e  regre s s i on ana l ys i s  wa s u sed to determi ne the rel ati on­

s h i p s  between den entry and emergence for  age , re product i ve cond i t i o n  

a nd c l i ma t i c  fac tors : total prec i p i ta t i o n , the number of days wi th  

prec i p i tat ion , m i n i mum and  max i mum tempera ture , m i n i mum a nd max imum 



tempera ture range , and the a verage and max i mum da i l y wi nd . Wea the r 

cond i t i o n s  were c omp i l ed fo r 5 days pri or  to the da te bea rs entered 
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a nd emerged from wi nter dens . Weather da ta for the centra l and  ea stern 

part of  the study area were taken from the U . S . Wea ther Sta t i on i n  

Gat l i nbu rg , Tennessee . Records ke pt  by t he U . S .  Fore st  Servi ce i n  

Te l l i co , Tennessee  were u sed for bears i n  the we s tern sec t i o n  of the 

GSMNP ( Par son s B ranc h area ) and the CN F .  Informa t ion  re l ated to da i l y 

wi nd wa s ta ken from the Knoxvi l l e  I n terna ti ona l Ai rport . Fac tors 

found s i gn i fi cant  we re used to set up a pred i c t i ve model for repro­

ducti ve cond i t i on u s i ng two c l a s s  d i sc r im i na te ana l ys i s .  The equa t i on 
A A 

u sed for the mod e l  was Y = b0 + b1 X whe re Y i s  the p red i c ted val ue 

( a pprox ima t i ng 1 or 0 depend i ng on  the reproduct ive cond i t i on ) ,  bo the 

Y i n tercep t ,  b 1 the s l ope of the regre s s i o n l i ne , and  X the fac tors 

t ha t  effec t i ve l y  pre d i c t  reproduc tive cond i t i o n .  Pred i c ted va l u es  

fa l l i ng c l ose  to  1 wou l d  i nd i cate a fema l e  wi th c u bs . Va l u e s  fa l l i ng 

c l oser  to 0 wou l d  i nd i cate a fema l e wi t h  yea rl i ng s  or  w i tho u t  offs pr i ng . 

Chi square conti ngency ta bl es  were u sed to compare yearl y  

c hanges  i n  l i tter s i z e  determ i ned from fami l y  group ob serva t i o ns , 

mon th l y  c hanges  i n  t he number of wi l d  l actat i n g  femal es  cau g ht d ur i ng 

the summer ,  and the  number  o f  l actat i ng fema l es observed i n  re l ati on to 

age  ( wi th  respect to t he tota l num ber of that age tra pped ) . Compar i sons 

were made between average l i tter s i ze ( determ i ned from fami l y  g rou p 

o bserva t i ons ) and e s ti mated mas t  yi e l d  for the p revi ous  year u s i ng 

s i mp l e  correl a t i on . 

We i g ht i nformat i on wa s comp i l ed by age a n d  grouped i nto 4 

ca tegor i es ba sed on sex a nd s tatus  (wi l d  versu s  panhand l er bea r ) .  
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Growt h c u rves were con s tructed from we i g ht-age data u s i ng the equat i o n  

W = A - Be-kt  where W i s  we i g ht , A i s  the asymptote (where t he s l ope of  

the l i ne app roac hes 0 ) , B i s  an i n tegrat i o n  con stant ,  e i s  the  base of 

the natu ral l og ,  k i s  the i n s tan taneous rel at i v e  g rowth rate , and t i s  

age ( B rody 1 964 ) . Wei ght  est imates based o n  the data were wei ghted so 

that smal l samp l e  s i ze s  wi t h i n  certain  age c l as ses  wo ul d no t bi as the 

resul ts . Di fference s between g rowth c urves and mean we i gh t  val ue s 

were i n spected to determi ne  how we l l  wei g ht-age data for the bl ac k  bear 

refl ected the parame ters of  Brody's mode l . Compari sons between 

seasonal we i g hts of l ac tat i ng and non - l ac tat i n g femal es  we re made 

u s i n g anal ysi s  of vari ance . Di ffe rences i n  cel l means were parti t i oned 

u s i ng Duncan's mul t i pl e range te st at a s i g n i f i cance l evel of  0 . 05 .  



CHAPTER IV 

RES ULTS 

Denn i ng Chronol ogy 

Rad i o - co l l ared femal es entered dens  between 2 1  Novembe r a nd 

4 Janua ry 1 978- 7 9 ,  a nd 2 December and  23 January 1 97 9-80 ( Ta b l e 2 and  

Appen d i x  B ) ,  wi th no  s i gn i f icant  d i fference between the 2 yea rs of the 

s tudy ( n=24 ) .  Den n i ng i nforma t i o n  col l ected over 3 -day a nd 5-day 

i n terva l s s howed no s i g n i f i cant  d i fferences and  were comb i ned . Mo s t  

fema l es ( 1 9 ,  7 9% )  den ned w i th i n  t he fi rst  3 wee ks  of  December ,  wi th  t he 

majo ri ty ( 1 4 ,  6 7 % )  denn i ng between  2 and 1 5  December . On l y  4 fema l es 

( 3  su b-adu l t s  and 1 adul t fema l e wi th  c u bs ) denned a fter th i s  peri od . 

One fema l e  wi th cubs  denned befo re 22  November ,  wh i c h  wa s the ea r l i e s t  

record o f  de n n i ng i n  the GSMNP a n d  t he on l y  i n c i dent o f  den n i ng 

o bserved pr ior  to the fi rst  week of Decembe r .  Du r i ng t h e  w i nter o f  

1 97 9-80 ,  1 s u b-adu l t fema l e  had not denned a s  o f  20 February .  I t  i s  

not known whether s he  denned that winter.  

Fema l e b l ac k  bea rs emerged from the i r  den s be tween 30 Ma rc h a nd 

3 May 1 97 9 ,  and  1 9  March a nd 2 6  Apri l 1 980 (Ta bl e 2 and  Append i x  B), 

with no s i g n i f i cant  d i fference between the 2 yea rs of t he s tudy 

( n=24 ) .  Mos t  fema l es ( 2 0 ,  83% )  l e ft t he i r  dens  duri ng Apri l 

(x= l 4 Apri l ) .  T hree fema l es ( 2  sub-adu l ts and  1 fema l e  wi th yea rl i ng 

cubs ) l eft the dens d uri ng Marc h .  One fema l e  wi t h  newborn cubs  

rema i ned in  the  den  unti l the fi rst  week of May . 

1 9  
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Tab l e 2 .  Da te s o f  den entry a nd emergence , and l ength of  the 
den n i n g  per i od for fema l e  bl a c k  bears i n  the Great 
Smoky Mou n ta i n s  Na ti ona l Park a nd Chero kee Na ti onal  
Fore st ,  wi t h  res pec t to year s  o f  the s tudy a nd 
reproduc t i ve cond i t i o n ,  1 978-80 .  

Yea r/Cond i t ion  Den Entry_ Den Emergence Den n i ng Per i od 

1 978-80 21 Nov - 23 Jan  1 9  Mar - 3 May 7 9  - 1 45 days 
x = 1 4  Dec X= 1 7  Apr x = 1 1 4  days 
( n  = 24 ) ( n  = 24 ) ( n  = 1 5 ) 

1 978-7 9  2 1  Nov - 4 Jan  30  Ma r - 3 May 85  - 1 35 days 
x=l l Dec x = 1 7  Apr x = 1 2 0 days 
( n  = 1 5 ) ( n  = 9 )  ( n  = 7 )  

1 97 9-80 2 Dec - 23 Jan  1 9  Ma r - 26  May 79  - 1 45 days 
x = 1 9  Dec x = 1 2  Apr x = 1 09 days 
( n  = 9 )  ( n  = 1 5 ) ( n  = 8 )  

Fema l e s  wi th  2 Dec - 1 7  Dec 1 9  Apr - 3 May 1 27 - 1 45 days 
newborn cubs x = 9 Dec X= 2 5  Apr x = 1 36 days 
i n  wi n ter den s ( n  = 5 )  ( n  = 9 )  ( n  = 3 )  

Fema 1 e s  wi th 20 Nov - 23 Jan 1 9 Mar - 1 8  Apr 79  - 1 30 days 
yea r l i ng cubs  x = 1 3  Dec x = 1 2  Apr x = 1 09 days 
i n  wi n ter den s  ( n  = 8 )  ( n  = 4 )  ( n  = 4 )  

Fema l e s  wi thou t 2 Dec - 4 Jan  3 0  Mar  - 18  Apr 8 5  - 1 27 days 
offspri ng  i n  x = 1 8  Dec x = 6 Apr x = 1 08 days 
w i n ter dens  ( n  = 1 0 )  ( n  = 1 0 ) ( n  = 8 )  



T he denn i ng period ra nged i n  l ength  from 85 to 13 5 days i n  

1 978- 7 9  a nd 7 9  to 1 45 days i n  1 979-80 ( Ta b l e  2 a nd Append i x  B ) . No 

s i g n i f i ca nt d i fference between yea rs wa s detec ted . The a verage 

denn i ng peri od fo r the s tudy wa� 1 1 4 d ays ( n=l 5 ) .  
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Pregnant fema l e s ( n=5 ) were the fi rst  to enter dens  (x=9 

Decembe r ) . Fema l e s  wi th cubs  ( n=8 )  entered  a n  a verage of  4 days la ter 

( 1 3  December ) .  No n-pregna nt  fema l e s wi t hout offspri ng ( n=l O )  were the 

l a st to enter dens , wi th an  a vera ge entry date of 1 8  December (Tab l e 

2 ) . S ub-adul t females ma de up 83% of thi s catego ry .  The d i fferences 

o bserved between these groups were not s i gn i f i ca n t .  

Femal e s  wi thout offspri ng ( n=l O )  were t h e  fi rs t to emerge from 

den s (x=6 Apr i l ) .  Femal es  wi th yea rl i ng cu bs ( n=4 ) l e ft a n  a verage 

of  6 days l a ter  ( 1 2 Apri l ) .  Femal e s wi t h  newborn cubs ( n=9 ) emerged 

l a st wi t h  an  average emergence da te of 25  Apri l ( Ta bl e 2 ) .  Fema l es 

wi th  newborn c ubs  emerged s i gn i f i ca ntl y l a ter ( P  < 0 . 0001 ) and denned 

s i g n i f i cant l y l onger (P < 0 . 02 9 )  than fema l e s w i t hout  offspr i ng .  The 

s i g n i fi cant d i fference i n  the l e ngth  of the denn i ng per iod  wa s 

p roba bl y  due to t he l a ter emergence of fema l e s wi th cubs , s i nce 

differences in den entry were not significant. Differences in when 

fema l e s wi th  cubs a nd fema l e s wit h  yearl i ng s  l eft the i r  den s were not  

s i gn i f icant  (P < 0 . 094 ) , but th i s wa s po s s i bl y  due to  t he sma l l number 

of fema l e s wi th yearl i ngs  i n  the sampl e ) . 

Di fferences i n  when adul t a nd sub-adul t fema l e s entered den s 

were not s i gn i fi cant . Sub-adul ts emerged from dens s i g n i f icant ly  

earl i er than  adu l t fema l e s  ( P  < 0 . 003 ) . 
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Four fema l e s l eft the i r  i n i t i a l  den s i tes dur i ng the  s tudy . 

Emergence occu rred a n  average of 32 days a fter den entry ( Append ix  B )  

and  wa s not rel a ted to our  re searc h act i v i t i e s . Al l 4 fema l es  denned 

in d i fferen t  l ocat i ons , ra ng i n g  from 0 . 5 km to 2 . 2  km from the 

or i g i na l  s i te .  I n  a sepa ra te i nc i den t ,  one  adu l t fema l e  l oca ted o n  

1 5  December 1 97 9  became extremel y  acti ve when w e  a pproac hed the den . 

An aer i a l  l ocati on  obta i ned on  1 8  December i nd i cated that s he had l eft 

the den and moved to the o ther s i de of a prom i nent r i dge . I n  Ja nuary ,  

t h i s fema l e wa s l oca ted i n  the same den that s he  ha d occup i ed i n i t i a l l y . 

Duri ng  spri n g  1 98 0 ,  9 den s i tes were v i s i ted repea ted l y  to 

a s s i s t i n  determ i n i ng den emergence . Two of  the 5 fema l es w i t h  

newborn cubs a n d  2 of the 4 su b-adu l t fema l es rema i ned wi th i n  the 

genera l  v i c i n i ty of the den a fter emergen ce . The emergence da te 

wou l d  not have been a ccurate l y  de tec ted ba sed so l e l y  o n  rad i o ­

tra c k i ng da ta . 

No s i g n i fi ca n t  rel ati ons h i p  exi sted between age , rep roduc t i ve 

cond i t i o n ,  c l imatic  fa ctors and whe n fema l es en tered den s .  Total 

prec i p i ta t i on , m i n i mum tempera ture and reproducti ve  cond i t i o n  s howed 

t he s tro ngest  l inear rel a ti on s h i p to when fema l es l e ft dens ( R2=0 . 94 ) . 

Fema l e s  tended to l eave afte r periods of heavy ra i n fa l l a nd l ow 

m i n i mum tempera ture , regardl ess  of reprod ucti ve cond i t i o n . Fema l es 

w i t h  yea rl i ngs  refl ected th i s l es s ,  po s s i b l y  due to sma l l sampl e s i ze 

( n=4 ) . 

Pred i c ti ve Model for Reproduc t i ve Co nd i t i o n  

A pred i c t i ve model wa s devel oped to determi ne reproducti ve 

cond i t i o n  fo r fema l e  bl ac k bears ba sed on tota l prec i p i ta t i o n ,  mi n i mum 
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tempe ra ture ( compil ed for 5 days pr ior  to emergence ) and the date of 

emergence from dens  ( R2=0 . 74 ) . Tota l prec i p i ta ti on and m i n i mum 

tempera ture we re not refl ec t i ve of  reproductive co nditio n when 

emergenc e in fo rma tion wa s not inc l uded ( R2=0 . 09 ) .  The date of 

emerg ence from dens wa s a significant  pred i c tor  of reproduc tive 

condition when considered separate l y  ( R2=0 .74 ) .  Fo r this reason , the 
A A 

equatio n  u sed for the model  wa s Y = -5 . 4859 + 0 . 04 1 X where Y i s  the 

predic ted val ue approxima ting 0 or 1 ,  and  X the den emergence date 

( days were g iven a numerica l va l ue ,  wi t h  2 0  November eq ua l  to 1 ) .  A 
A 

c ut-off poin t of  0 . 5 wa s u sed to separa te the Y va l ues in to 2 

ca tegor i es .  Predic ted va l ue s  l e ss  t ha n  0 . 5  i nd i ca ted fema l es without 

o ffsprin g ,  greater than 0 . 5 ind i ca ted fema l es wi t h  cubs . P red i c ted 

va l ue s  were obta i ned for the 1 9  femal es of known reproduc t i ve condit i on 

u s ed in this ana l ys i s { Ta bl e 3 ) .  The p red i c ted val ue for 1 fema l e  in 

the samp l e did not refl ect the a c tua l reproduct i ve conditi on ; 

t herefore ,  5 . 3% of  the fema l es  i n  the  samp l e were misc l a s s i f i ed by t he 

mode l . The p ro ba bi l i ty of error in pred i c t i ng reproduc t i ve condit ion  

from den  emergence u s i ng th i s model ra nges  from 0% to 1 5% wi th  95% 

confi dence . 

Den Uti l i za t i o n  

Tree dens were ut i l i z ed more frequent l y  than ground den s . A 

tota l of  34 (79 % }  fema l e s  u sed tree den s duri ng the s tudy ,  wi th 1 6  

(73 % } and  1 8  ( 86% ) den n i ng i n  trees du r i ng 1 978-79 and 1 979-80 ,  

respec ti vel y ( Append i x  B ) . The pro porti on  o f  den types u sed 

( g round versus  tree den ) va r i ed within d i fferent secti ons of  the s tudy 

a rea ( Tab l e 4 } . Tree dens ran ged from approximate l y  4 . 6  m to 1 8 . 3  m 



Tabl e 3 .  Pred i c ted va l ues  e s t i ma ti ng reproduc t i ve cond i t i on based 
on  den eme rgence for fema l e  bl ac k  bea rs of known 
reproduct i ve cond i t i o n , u s i n g  0 . 5 a s  a cut-off po i nt (Y > 
0 . 5 i nd i cate s  fema l e  wi th cu bs , ? < 0 . 5 i nd i ca tes fema l e  
wi thou t offspri ng ) .  

24 

Bea r No . Pred i cted Va l ue {¥) Re�roduc ti ve Co nd i t i o n  

307 0 .  3773  W i thout offs pri ng  

31 6 0 . 621 5* Wi thout offspri n g  

320 1 . 2323 W i th  c u bs 

321  -0 . 1 521  W i thout offs pr i ng  

403 - 0 . 1 1 1 3  W i thout offspr i ng  

4 1 4 1 .  0694 Wi th c u bs 

306 0 . 7844 Wi th cubs  

31 6 0 . 7844 W i th cubs  

32 1  0 . 9473  Wi th  c u bs 

343 0 . 7844 Wi th  c u bs 

403 0 . 9473 W i th cubs  

4 54 0 . 01 08 Wi thou t offspr i n g  

4 5 9  - 0 . 0299 W i t hou t offspri ng 

47 1 -0 . 0299 Wi t hou t offspr i ng  

486 0 . 01 08 Wi thou t offs pri ng  

498 0 .  25 5 1  W i thou t  offs pr i ng 

487 0 . 6623 W i th cubs  

476  0 .  5401 Wi th  c ubs 

426 0 . 2958 Wi thout  offs pr i n g  

*Pred i cted va l ue does not refl ect actua l reproduc t i ve 
cond i t i on . 



Ta bl e 4 .  Den uti l i zat ion  for fema l e bl ack  bea rs dur i ng 1 978-80 and t i mber practi ces fo r d i fferent 
area s of the Grea t Smo ky Mou n ta i n s Na t i onal  Park and Cherokee Na ti onal  Fore st . 

Area Tree Den Grou nd Dens Ground Den� Timber Prac t i ce s  

Sugar l a nd Mt . , GSMNP 0 3 Roc k  crev i ce ( n=3 ) Logged hea v i l y  duri ng  1 920's 

Smo kemo nt  Area , GSMNP 0 1 Ba sa l  fi re scar ( n= l ) Logged heav i l y dur i ng 1 920 ' s  

Tremo n t  Area , GSMNP 3 1 Up- turned s tump ( n= l ) Logged heav i l y  dur ing  1 930's 

Bote Mt . / Defea t Ri dge , 1 3  4 Root  sys tem ( n=2 ) H i g h  grade t h i n n i ng 1 905 , v i rg i n  
GSMNP Fal l e n t i mber ( n=2 ) t i mber a t  h i gher e l eva t i o n s  

Par sons  Br . ,  GSMNP 9 0 Vi rg i n  t i mber 

C i t i  co Area , CN F 9 1 Roo t  sys tem ( n= l ) Ti mber managed u nder even-aged 
l ogg i ng system 

N 
(.11 



a bove the grou nd , wi t h  the major i ty ( 28 ,  82% ) h i g her t ha n  9 . 1  m .  

Che stn u t  oa k ( Querc u s  pri n u s )  and  northern red oak  ( Quercu s ru bra ) 

were t he mo s t  common tree spec i e s  u ti l i zed . 
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Ground den s  were ca tegori zed i nto 4 ba s i c  grou p s : ca v i ti e s  

formed u n derneat h  fa l l e n t imber ,  under the root systems o f  fa l l en 

trees  o r  u p- tu rned s tumps , a t  the ba se of  stand i ng tree s ,  a nd wi th i n  

roc k ou tcrop s . The types of ground den s  var i ed i n  rel a t i o n  to area of 

the GSMNP and  CN F ( Tabl e 4 ) .  Gro u nd den s formed by roc k  outcrops were 

o bserved o n l y  i n  the Sugarl a nd Mo unta i n  area of the GSMNP . Thi s wa s 

t he o n l y  type of  den o bserved w i th i n  th i s area ; howe ver , t he samp l e 

s i ze i s  sma l l .  Ground  dens  formed by fa l l en ti mber or  u nde r roo t  

sys tems were the mo s t  common den type o bserved i n  other area s .  

Three i ns tances were o bserved duri ng  th i s study o f  bl a c k  bears  

u ti l i z i ng den s  that had been used previ ou s l y ;  2 fema l e s u sed the same 

ground den s dur i ng succes s i ve wi n ters and 1 fema l e  denned i n  a tree 

den tha t had been used severa l years earl i er .  Al l 3 den s i tes were i n  

area s that  had been l ogged exten s i vel y .  

L i tter S i ze 

Li tter s i ze ba sed o n  den wor k .  Ten fema l es were seda ted i n  

den s duri ng the s tudy .  Fi ve fema l es had g i ven  b i r th , w i th a n  average 

l i tter s i ze of 2 . 6 . Fi ve fema l e s were obse rved wi th yearl i ng s ,  wi t h  a n  

average l i tter s i ze o f  2 . 4 . One fema l e wi t h i n  th i s group  wa s a 

panhand l er bear and  wa s observed wi th  4 yea rl i ng s . Avera ge l i tter s i ze 

fo r fema l es wi t h  year l i ngs  wa s 2 . 0  when on l y bac kcountry bears were 

con s i dered . 
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Vi sual o bservati ons and ta pe record i ng s  were made for 28 

femal e s den n i n g  i n  trees ( Append i x  C ) . Ta pe record i n gs  detec ted t he 

presence of newborn c u bs for 9 fema l es .  A m i n i mum est ima ted l i tter 

s i ze of  2 . 4  wa s determi ned from a na l ys i s of  the record i ng s .  Cub 

voca l i zat i ons  con s i s ted ma i nl y  of cont i nuous nurs i n g w i t h  a n  occa s i onal 

c ry i ng or grunt i n g sound . Nu r s i ng voca l i za t i on s  produced a d i st i nc tl y  

regul ar  pattern when ana l yzed o n  the spec trog ra p h ,  rang i n g from 0 to 7 

KHz but  cen tered between 0 and  2 KHz ( Fi g .  3 ) . Nurs i n g a veraged 1 2  

vocal i zat i o ns per second . Cry i n g  sounds general l y  occurred at  h i g her 

frequenc ies , w i th grunti ng voca l i za ti on s  a t  the l ower range s .  

Di fferences between 1 and  2 cubs nurs i n g were d i st i ngu i s ha bl e aud i bl y  

and wi th  el ectron i c  a na l ys i s ( Fi g .  4 ) .  I t  wa s not po s s i b l e  to d i s­

t i ngu i sh between 2 and  3 cubs nur s i ng ,  due pa rtl y to the l ac k  of a 

contro l samp l e where 3 cu b s  were known to be nurs i n g . E st i mates o f  3 

c u bs were o bta i ned when a comb i na t i on of nurs i ng and  c ryi ng occurred 

that enabl ed t he sounds of a thi rd cu b to be i so l ated . 

Nu rs i ng frequency wa s obta i ned for a ferr:a l e wi t h  3 cubs  over a 

con t i nuous  9- hour per iod from 0900  to 1 80 0  hour s  ( Tab l e 5 ) .  Al l of  

the 1 - hour reco rd i ngs  were ma de between 0900 and 1 800 hours . The 

record i n gs  were anal yzed by 1 m i n u te segments  for the presence of 

nurs i ng voca l i zat i ons and cryi ng/gru n t i ng sou nds . M i nute s egmen ts 

w i th bo th types of vocal i zat ions  were categor i zed as nurs i ng .  Hou r l y  

nurs i ng frequency ranged from 5% (3  mi nutes ) to 1 00% ( 60 m i nutes ) ,  

wi th a n  average frequ ency of 29% ( 1 55 m i n utes/ 540 m i n u tes } .  Mi nute 

segments  wi th cryi ng or grunt i ng  voca l i za t i on s  occurred an average of  

26%  ( 1 40 m i nute s/540  m i n u te s )  of the  t i me , w i th  hou rl y frequenc i e s  
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F i g .  3 .  Sp e c tog ra phs o f  l c u b  n u r s i n g  from record i ng s  o f  2 fema l e s wi t h  cubs i n  t he 
Grea t Smo ky Mou n ta i n s  Na t i o n a l  �ar k .  The e n t i re ra ng e o f  voca l i za t i on i s  s hown . The d a r ke r  
a rea s re p r e se n t  grea te r s ound amp l i t ude . 

N (X) 
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T I M E  (S EC) 

F i g . 4 .  Sp ec toy ra p h s o f  2 cubs  nurs i ng ( a bo ve ) a nd l c ub  nurs i ng wi th a nother c u b  cryi ng 
( be l ow )  from record i n g s  o f  2 fe11 1a l e s wi t h  c u bs i n  t i)e Grea t Smoky Mo u n ta i n s Na t i ona l Pa rk . n. 
r eg u l ar pa t te rn i s  o b s e rv ed whe r 1  o n l y  1 c u b  i s  n u r s i n� ; t he pa ttern i s  not d i s t i ng u i shab l e wnen 
2 or  mo r e  cubs  a r'e nu r s i ng .  

N 
'-0 



Ta bl e 5 .  Nu r s i n g  frequency over a conti nuous 9-hour peri od for a 
fema l e bl ack  bear wi t h  3 newborn cubs  i n  the Great Smo ky 
Mo unta i n s Na ti ona l Pa rk , recorded on 4 Apr i l  1 980 . 

Nurs i ng On ly  Cry i ng  or  Comb i ned 
Hour Voca 1 i za ti  on s Grunti ng Sounds  Voca l i zat ions  

0900 1 7  ( 28 % )  1 8  { 30% ) 3 5  ( 58% )  

1 00 0  1 6  { 2nn 1 6  ( 27 % )  32 { 54% )  

1 1 00 6 0  ( 1 00% ) 6 0  ( 1 00% ) 

1 200 28 ( 47 % )  2 8  { 47% )  

1 300 24 ( 40% )  8 { 1 3% )  32 { 53% ) 

1 4 00 3 { 05% )  29  ( 48% ) 32  { 53% )  

1 500 28 ( 47 % )  1 2  ( 20% ) 40  { 67% ) 

1 600 8 { 1 3% )  8 { 1 3 �� ) 

1 700  7 { 1 2 % )  2 1  ( 35 % )  28 ( 4 7 % )  

To ta l 1 55 ( 29% ) 1 40 { 26% ) 295  ( 55 % )  

3 0  
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rang i ng from 1 3% ( 8  m i nutes ) to 48% ( 2 9  m i n ute s ) . No  nurs i ng 

voca l i za t i o n s  were recorded from 1 200 to 1 3 00 hours a nd 1 600 to 1 700  

hours . Cu b voca l i zat i ons of at  l east  1 c a tegory occ urred du r i ng a l l 

hou r l y  peri od s .  

Three fema l es were observed i n  tree den s wi th  yearl i ng s ; 1 

fema l e w i t h  2 year l i ng s ,  1 fema l e  w i th at  l ea s t  2 year l i n g s  a nd 

p o s s i b l y  3 ,  a nd 1 fema l e  wi th  a n  undeterm i ned number of  yearl i ng s . 

S i xteen fema l e s were wi thout  offs p r i ng i n  den s .  Fou rteen 

( 88% ) fema l e s  i n  th i s  group were 4 years  o l d  or  yo unger . One o l d-age  

fema l e ( 1 0  year s  or  greater ) wa s o bserved for 2 succe s s i ve w i n ters 

wi thout offspri n g .  

A compa ri son o f  a l l den work  o n  bac kcou ntry fema l es s howed a n  

a verage  mi n imum l i tter s i ze of 2 . 5  and 2 . 0  for fema l e s w i th newborn 

c u bs and  yearl i ng s ,  respecti vel y ( Tabl e 6 ) .  A compari son between  a ge 

a nd m i n i mum l i tter s i ze wa s made from i n forma t i o n  obta i ned from 

summer trapp i ng and wi nter den wo rk . Average l i tte r s i ze s  for you ng  

(3  to 4 years ) , m i d (5  to  9 years ) a nd o l d age ( 1 0  yea rs or  o l der ) 
fema l es  were 2 . 2 ,  2 . 5  and 2 . 5 ,  respecti vel y ( Ta bl e 7 ) .  

L i tter s i ze ba sed on  fami l y  group observa ti ons . Fam i l y  group  

observa t i o n s  made by bac kpackers were compi l ed from 1 970-77 . A to ta l 

of 1 53 fami l y  u n i ts were reported . S i x ty-two ( 4 1 % ) , 57  ( 37 % )  and 3 1  

( 20% ) ob servat i on s  were reported for l i tter s i zes  of 2 ,  3 a nd 1 cubs , 

respec t i v el y .  Two o bserva t i ons  were made o f  l i tters wi t h  4 c ubs . 

One l i tter repo rtedl y  had 5 cubs . Average  overa l l  l i tter s i ze from 

o bserva t i o n s  subm i tted by backpackers wa s 1 . 9 .  Year l y est ima tes  

ranged from 1 . 6 in  1 97 3  to 2 . 4  i n  1 974 ( Ta bl e 8 ) . 



Ta bl e 6 .  Mi n i mum est imated l i tter s i ze of bl a c k  bea rs obta i ned from wi nter de n work  i n  the 
Great Smo ky Mounta i n s Na t i onal  Park a nd Chero kee Nati o na l  Fore s t ,  1 979-8 0 .  

Reprod uct ive  No . of  No . of  Fema l es Fema 1 e s  Fema l e s  Average 
Cond i t i o n  Fami l y  Groups Offspr i ng wi th  1 Cu b wi th 2 Cu bs wi th  3 Cubs L i t ter S ize 

Femal es 
wi th  c u bs 1 3  32 0 7 7 2 . 5  

Fema 1 e s  
wi th yea rl i ngs  6 1 2  1 4 1 2 . 0  

w 
N 



Tabl e 7 .  M i n i mum e sti mated l i tter s i ze i n  rel a t i o n  to age for bac kcoun try fema l e b l ack  bears from 
summer trappi ng and wi nter  den wo rk  i n  the Great Smo ky Mo unta i ns Na t i ona l Pa rk  and the 
C herokee Nat i ona l  Forest ,  1 972 -80. a 

Age 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1 +  

Femal es  Fema 1 es  Fema l es Average 
Age Cl a s s  wi th 1 Cub wi th 2 Cu bs wi th 3 Cubs L i tter S i ze 

Yo ung 2 2 . 0  

You ng  2 1 2 . 3  

M i d  3 1 2 . 3  

M i d 2 1 2 . 3  

M i d l b 2 2 . 3  

M i d 1 2 . 0  

M i d 1 2 2 . 7  

Ol d 2 2 . 0  

O l d 1 3 2 . 8  

a Femal es  wi th year l i ngs i nc l uded a s  fema l es  wi th  cubs  for p rev i ou s  yea r .  

bFema l e  w ith  1 yearl i n g .  

Average Li tter 
S i ze fo r Age C l a s s  

2 . 2  

2 . 5  

2 . 5  

w 
w 



Tabl e 8 .  Fam i l y  group  s i g hti n g s  o f  bl a c k  bears  reported by bac kpackers a nd h i kers i n  the Grea t 
Smo ky Mou nta i n s Na t i ona l  Pa rk , 1 97 0- 7 7 . 

Number of Number Fema l e s  Fema l es Fema l es  Fema l es Average  
Year Fam i  l,l Groues of Cubs wi th 1 Cub  wi t h  2 Cubs  wi t h  3 Cubs  wi th  4 Cu b s  L i tter S i ze 

1 97 7  1 0  1 9  2 ( 20% ) 7 ( 70% ) 1 ( 1 0% ) 1 . 9 

1 976 27 49 1 0  ( 3 7 % ) 1 2  ( 44 % )  5 ( 1 9% ) 1 . 8 

1 975  1 2  28 3 ( 25% ) 4 ( 33% ) 4 ( 33% )  1 * ( 9% ) 2 . 3  

1 974 1 4  34 1 ( 8% )  8 ( 5 7% ) 3 ( 2 1 % )  2 ( 1 4% )  2 . 4  

1 973 1 5  24 6 ( 4 0% )  9 ( 60% )  1 . 6 

1 97 2  5 1  89 25 ( 4 9% ) 1 4  ( 2 7% )  1 2  ( 24 % )  1 . 8 

1 97 1  

1 97 0  24 44 1 0  ( 42 % )  8 ( 33% ) 6 ( 25% ) 1 . 8 

To ta l 1 53 287 57 ( 3 7% )  62 ( 4 1 % )  3 1  ( 20% ) 3 ( 2 % )  1 . 9 

*Fema l e  wi th 5 c ubs . 

w � 
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A tota l of 1 52 fami l y  u n i ts were s i g hted by bear p roj ect and NPS 

personnel  from 1 97 0- 7 9 .  L i tters o f  2 cubs were mos t  common ( 7 9 ,  52% ) . 

Th i rty- fo u r  ( 22 % )  and  32 ( 2 1 % )  l i tters  were o bserved wi th  3 and 1 c u bs , 

respect i vel y .  Avera ge overa l l l i tter s i ze wa s 2 . 1 , wi th  yea r ly  l i tter 

s ize rang i ng from 1 . 5 i n  1 972  to 2 . 6  i n  1 974 ( Ta b l e  9 ) . NPS and bea r 

proj ect observa t i o n s  were categorized i n to 2 groups : bac kcountry a nd 

pan hand l er bear s  ( bea r s  that ha b i tua l l y  come i n to deve l o ped a rea s to 

obta i n  food ) .  The pa nha nd l er category i nc l uded bac kcountry pan­

ha ndl ers around bac kcountry camps i tes and shel ters , a nd front  cou n try 

panha n d l ers  a ro u nd p i c n i c  a rea s ,  campgro u nds  and  roa d s i d e s .  L i tter  

s i zes of  2 c u bs were observed mo st  often for a l l ca tegor i e s .  Ave rage 

l i tter s i ze wa s 2 . 2  for pan ha nd l er bears , wi th 2 . 2  a nd 2 . 3  for fro n t  

coun try and bac kcountry o bserva t i on s ,  respect i vel y .  W i l d  bac kco u n try 

fema l e s  had a n  average l i tte r s i ze of 2 . 0 . 

Chi  s q ua re ana l ys i s i nd i cated that d i fferences i n  l i tter s i ze s  

o bserved be tween yea rs  were no t s i g n i f i ca n t . Corre l a t i on ana l ys i s  

fa i l ed to show a ny rel ati on s h i p  between l i tter s i ze ( ba sed on  

observa t i on s  of fami l y  groups  by ba ckpackers  and NPS/ bear proj ect 

person nel ) and estimated mast yiel d .  

Sca ttered o b serva t i o n s  of pa nhand l e r fema l es wi th  year l i ng s  

we re made from 1 978-80 by NPS personne l , wi th a n  a verage  l i tter s i ze 

o f  2 . 2  ( Append i x  F). 

Reproducti ve Tracts  

S ix  reproduct ive  tracts were col l ec ted from fema l e  b l ac k  bea rs  

k i l l ed d u r i ng t he 1 979  bear hunts  on the  CN F and l os ses  wi thi n the 

GSMNP ( road k i l l s , etc . ) .  Corpo ra l u tea were o bserved i n  the ovar i e s  



Ta bl e 9 .  Fami l y  g rou p s i ght i ngs  o f  bl ack bea rs reported by Na t i ona l Park  Serv i ce a nd The Uni vers i ty 
of Ten nessee bear proj ect  personnel i n  the Great Smoky Mou n ta i n s Na t i ona l Par k ,  1 97 0- 7 9 .  

Number o f  Number Fema 1 e s  Fema l es  Fema l es Femal es Averag e  
Yea r Fami  1 y_ GrouES of Cu bs wi t h  1 Cu b wi th  2 Cubs wi th 3 Cu bs wi th 4 Cubs L i tter S i ze 

1 97 9  30 64 4 ( 1 3% }  1 9  ( 6 3% )  6 { 2 0% ) 1 ( 3% )  2 . 1  

1 978 22  52 5 ( 23% ) 7 ( 32% )  7 ( 32% )  3 ( 1 3% )  2 . 4  

1 977 1 1  1 8  5 ( 4 5% )  5 ( 4 5% )  1 ( 1 0% ) 1 . 6 

1 97 6  8 1 6  1 ( 1 3% )  6 { 75 % ) 1 ( 1 3 % )  2 . 0 

1 97 5  

1 974* 1 3  34 6 {46% )  6 ( 46 % )  1 (8% )  2 . 6  

1 973*  1 3  23 5 ( 39%)  6 (46%)  2 ( 1 5 % )  1 . 8 

1 97 2 *  2 1  39 5 ( 24 % )  1 4  ( 67 % )  2 ( 9% )  1 . 5 

1 971 * 1 5  33 2 ( 1 3% )  8 ( 54% ) 5 ( 33% )  2 . 2  

1 970* 1 9  41 5 ( 26% } 8 ( 42% )  4 ( 2 1 % )  2 ( 1 1 % ) 2 . 2  

Tota l 1 5 2 320 32 ( 2 1 % )  7 9  ( 52% )  34  ( 22% )  7 ( 5% )  2 .  1 

*Beeman ( 1 975 ) .  
w 0'\ 
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of  3 femal es ( 3 ,  3 a nd 2 ) .  One of  the 3 tracts  wi thou t corpora l utea 

was from a fema l e  known to have g i ven b i rth the prev i o u s  wi nter ;  3 

p l acenta l scars were v i s i b l e .  The 2 rema i n i ng fema l es were judged to 

be i mma ture ba sed on  the s i ze of t he reproducti ve tra c t .  Three 

imp l a ntat i o n  s i te s  were fou nd i n  the uteru s of a femal e  k i l l ed 

8 Decem ber d ur i ng t he fa l l  hunts . Three c orpora l utea were observe d , 

a l l present o n  1 o va ry ;  imp l a ntat i on s i te s  were present on bo th 

u teri ne horns , i nd ic a t i ng m i grat i on o f  the bl a stocys t wi th i n the 

u teru s .  

C haracter i s t i c s  o f  Offspr i n g  Exami ned i n  W i n ter  Den s 

Wei ghts  were obta i ned for 6 l i tters o f  newborn c ubs a nd 3 

l i tters of  yearl i ng s  e xami ned i n  dens ( Append i x  E ) . Cubs est ima ted to 

be 2 to 3 wee ks  o l d  wei ghed a n  a verage of  0 . 5 kg . Cu bs from 1 l i tter , 

known to be between 4 6  a nd 49  days o l d ,  we i g hed  1 . 8 kg and  had the i r  

eye s  o pe n . Fou r  bac kcountry year l i ng s  ( from 2 l i tters ) we i g hed a n  

a verage of  1 0  kg , rangi ng from 7 . 7  kg to 1 4  kg . We i ghts  of  4 pan ­

handl er year l i n gs  ( from 1 l i tter ) ran ged from 1 4  k g  t o  28 kg , wi th an  

a verage we i g ht of  2 1  kg  ( Append i x  E ) . 

Pronounced d i fferences were observed i n  the wei ghts  and 

devel opment of  newborn c u bs exami ned dur i ng a 1 0  day peri od (8 Ma rch 

to 1 7  Ma rch )  i n  1 97 9  a nd 1 98 0 .  The cubs  of  1 l i tter exami ned on 

1 7  Ma rc h 1 97 9  we i g hed l . l kg ; c u bs of ano t her l i tter exami ned a wee k  

earl i er ( 1 0  Ma rch 1 97 9 )  we i g hed 1 . 8 kg . Both  sets of  cubs had the i r  

eyes c l o sed . Howe ver , the c u bs exami ned o n  1 0  Ma rch were much more 

mob i l e  i n  the den . Al l o f  t he c u bs o bserved i n  the wi n ter o f  1 980 
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had the i r  eyes o pen ; cu bs exam i ned dur i n g 1 97 9  had th e i r  eyes c l os ed 

( Append i x  E ) . 

One ma l e  c u b  exam i ned d u r i ng the wi nter of 1 98 0  wa s d i s t i nctl y 

marked wi t h  a c hest  bl aze  and  4 wh i te paws ( F i g .  5 ) . The adu l t fema l e 

and  the 2 mal e s i bl i ngs were sol i d  bl ac k .  

On 2 5  Marc h 1 980 , 4 ma l e  yearl i ngs were seda ted i n  the den and  

exami ned . A f i r s t  u pper premo l a r  wa s extracted for compa rat i ve 

purposes i n  a g i ng tooth sec t i o n s .  One year l i ng had a dou b l e ca n i ne ; a 

perma nent can i ne p u s h i ng u p  beh i nd t he dec i duous ca n i n e .  The adu l t 

femal e  and 3 year l i ngs  were recaptured o n  1 1  May 1 98 0 .  Two of  the 

yearl i ng s  had a fu l l set of premol a rs , i nd i cat i ng that  the premo l a rs 

pu l l ed o n  2 5  Ma rch were dec i duous .  

A p re pondera nce o f  ma l e  offspr i ng wa s obse rved i n  l i tters o f  

bac kcoun try femal es exami ned  i n  den s ,  wi th  a sex ra t i o  ( ma l e : fema l e }  

o f  2 . 5 : 1 . Con trol act ions  i n i t i ated dur i ng the summer by the Na t iona l  

Park  Serv i ce o n  pan ha nd l er fema l es  wi th offspri ng produced a sex ra ti o 

for the l i tters o f  1 . 7 : 1 . The overa l l sex ra t io  for bo th o f  the se 

groups  combi ned wa s 2 . 1 : 1  ( Append i x  F ) . 

Cu b Morta l i ty 

Limi ted i n forma t i on wa s ava i l a b l e  on cu b morta l i ty .  I n forma t ion  

wa s col l ec ted fo r 1 0  fema l es known to have had cubs  the  prev i ous  year 

to determi ne  the presence or a bsence of yea rl i ngs ( Ta bl e 1 0 ) .  N i ne 

fema l es were o bserved wi th yearl i ngs i n  dens  or  ea r ly  i n  the spri ng 

before the fami l y  u n i t  broke  up . One fema l e  wa s observed wi th o n l y  1 

yearl i ng i n  the den . One fema l e  wa s observed w i th newborn cubs dur i ng 

2 success i ve wi nters , i nd i ca ti ng  the compl ete l os s  of the fi rst  l i tter .  
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F i g .  5 .  B l ack  bear cub w i th chest b l a ze and 4 whi te paws , 
observed dur i ng  the wi nter of 1 980 i n  the Grea t Smo ky Mo unta i ns 
Na t iona  1 Pa r k .  
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Ta bl e 1 0 .  Sta tu s  o f  l i tters for fema l e  b l ack  bea rs  i n  the Grea t 
Smo ky Mo unta i n s Nat i ona l Par k  a nd Cherokee Na t iona l  
Fores t  wi th 2 s ucce s s i ve year s  of  reprod uct i ve 
i nforma t i o n ,  1 978-80.  

Bea r No . Commen ts 

305 Lac ta t i n g summer 1 978 , w i th yea r l i ng s  i n  wi nter  den , 1 979  

3 08 Lac ta t i n g  summer 1 978 , w i th yea rl i ngs  i n  w i n ter  den , 1 97 9  

320 Wi th cubs  in w i nter  den 1 97 9 ,  w i th yearl i ng s  i n  w i n ter 
den ,  1 98 0  

463 Lac ta ti ng summer 1 97 9 ,  w i th yea rl i n gs i n  w i n ter den , 1 980  

476  Wi th c u bs i n  w i n ter den 1 97 9 ,  w i th c u bs i n  wi nter den , 
1 980* 

549 Observed wi th year l i ng s  before fam i l y  u n i t s p l i t  u p  i n  
spr i ng , 1 97 9  

5 7 7  Lacta t i ng a n d  o bs erved wi t h  4 c u b s  du r i ng 1 97 9 ,  wi th 4 
year l i ng s  i n  wi nter den , 1 980 

A45 W i th c u b s  i n  wi nter  den 1 978 ,  wi th yea rl i ng s  i n  wi nter 
den , 1 97 9  

Bl O W i th 1 year l i ng i n  w i nter den , 1 97 9  

E 7  Wi th c ubs  i n  w i nte r  den , 1 978 ,  w i th  yearl i ng s  i n  wi nter 
den , 1 979  

40  

*Lo ss  of l i t ter i n  1 979  poss i bl y  due  to d i stu rba nce  i n  de n tha t 
wi nter . 
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However , th i s  morta l i ty wa s pos s i bl y  due to  d i sturba nce of the fema l e  

t he fi rst wi nte r , cau s i n g  her  to abandon the den prematu rel y .  No o ther 

adul t fema l es  were o bserved l a cta t i ng du r i ng succe s s i v e years from 

1 973-7 9 .  Avera ge l i t ter s i ze s  (determ i ned from den work } for fema l e s 

w i th c u bs and yearl i ngs  were 2 . 5  and 2 . 0 , respect i ve l y ,  wh i c h  s uggests 

that some cub  morta l i ty occurs . Average  l i tte r s i ze ba sed o n  

observa t i ons of  fema l es wi th year l i ngs  reported by NPS and bear project  

personnel  wa s 2 . 1 0 , wi th a verage l i tter s i ze s  of 2 . 2  and  1 . 9 for pa n­

handl er  and  backcountry fema l e s , respect i ve ly .  

Estrou s Per i od 

S i g n  of e s tru s ( swel l i ng  of the externa l gen i ta l i a )  were 

observed i n  36 fema l es tra pped from 1 972 -7 9 .  Femal es  w i th prom i n ent  

swel l i ng of the gen i tal i a  ( Fi g .  6 )  were o bserved from 21  June to 

3 1  Aug u s t  ( n=2 5 ) .  Fema l es wi t h  l es s  promi nent swel l i n g  were observed 

a s  ea rl y as 5 J une and a s  l a te as 1 2  September ( n=l l } .  Mos t  observa­

t ions  of estru s (76% )  were made be tween 25  June  and  2 1  Ju l y  ( Fi g .  7 ) . 

Determ i nat ion  of Estru s 

Vag i na l  pH wa s recorded fo r 2 1  fema l es  trapped d u r i ng the 

summe r of 1 979 (Append i x  G ) . Read i ng s  of pH averag ed 6 for estrous 

fema l es  and 6 . 2  fo r anestrous fema l e s ,  w i th ra nges of  5 to 8 and 5 to 

7 ,  respect i vel y .  No s i g n i f ica n t  d i fference ex i s ted be tween estrou s  

a nd ane s trou s fema l e s .  

El ectri ca l  res i s tance of t he vag i na l  trac t  wa s recorded for 1 7  

fema l e s  ( Append i x  G ) . Read i ngs for estro u s  fema l es ra nged from 0 . 03 

to 0 . 7  x 1 00 K o hm s ,  wi th an  average of 0 . 22 x 1 00 K o hms . Ane s trous  
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F i g .  6 .  Compa r i son of the extern a l  gen i ta l i a  o f  fema l e  b l a c k  
bea r s  du r i ng anes trus ( above ) and  e s trus , w i th p rono unced vu l va l  
swel l i ng ( bel ow ) , i n  the G rea t Smo ky Mo un ta i ns Na t i ona l Pa r k  and the 
Cherokee Na t i ona l Fores t ,  1 9 78-79 . 
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g .  7 .  O bse rva t i o n  o f  fema l e  bl ac k bea r s  i n  e s tru s i n  t he Grea t Smoky Mounta i n s Na t i ona l  
Pa r k  a nd t h e  Chero kee Na t i ona l F o re s t ,  1 97 3 - 7 9 .  
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fema l es  ranged from 0 . 03 to 0 . 8 x 1 00 K o hms , w i t h  a n  average of  

0 . 25 x 1 00 K o hms . No s i g n i fi cant  d i fference wa s fou nd between the 

2 groups . 
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Va g i na l  smea rs  were ta ken from 54  fema l es ( i nc l ud i ng 6 

recaptu re s )  tra pped duri ng  1 978 and  1 979  ( Appen d i x  G ) . The cel l type s 

o bserved were compa red wi th  the presence or  a bsence of external  s i g n s  

of estru s , a ge and  reproduct i v e  cond i t i o n  o bserved t h e  fo l l ow i ng  yea r  

( Tab l e 1 1 ) .  Twe l ve fema l es d i sp l ayed promi nent s i gns  o f  e s trus 

{ d i st i n c t  swe l l i ng of the externa l gen i ta l ia ) .  Corn i fi ed ce l l s  

( F i g .  8 )  were found  i n  the smea rs  of 6 of these fema l es ,  i nc l ud i ng 3 

adu l ts a nd 3 su b-adu l ts . Two of the adu l t fema l es gave b i rth  the 

fol l owi ng wi n ter . The th i rd wa s k i l l ed l a ter i n  the summer ; exami na­

t i on of  the reproduct i ve tra c t  revea l ed the pre sence of 3 co rpora 

l u tea . One of the sub-adu l ts  from th i s  group wa s k i l l ed dur i ng the 

fa l l bear hunts  on the CNF ;  3 co rpora l utea a nd 3 i mp l a n ta t i o n  s i te s  

were fou nd when the reproduc t i ve tract wa s exami ned . The rema i n i ng 

s u b-adu l ts were wi thou t offspr i ng  when ob served i n  den s . Corn i f i ed 

c e l l s  we re no t detec ted i n  smea rs obta i n ed from 6 fema l e s ( 1  adul t and 

5 su b-ad u l t s )  wi th  pronounced v u l va l  swel l i ng . The a du l t  fema l e  a nd 

s u b-a d u l t gave bi rth  the fo l l owi ng wi nter . The 4 other su b-adu l ts 

were w i t hout  o ffspr i ng i n  the den s .  Two adu l ts and 2 su b-adu l ts 

ex hi b i ted o n l y  s l i g ht swel l i ng of the external gen i ta l i a . Corni fi ed 

ce l l s  were no t present in  the smears ta ken from these fema l es .  One of  

the  adu l ts had  newborn cubs  the  fo l l owi ng wi nte r ;  1 s u b-adu l t wa s 

wi thout offspr i ng . The reproducti ve sta tus  of the two rema i n i ng 

fema l e s  i s  u n known . Corn i fi ed cel l s  were not detected i n  smears 



Tab l e  1 1 . Compari son of externa l s i g n s  of estrus  i n  re l a ti on to age , c hanges  of va g i na l  
epi t he l i um ,  and reprodu c t i v e  cond i ti on o f  fema l e  bl ack  bea rs trapped i n  the Great 
Smo ky Mounta i ns  Na t i onal  Par k  and the Cherokee Na t i onal Fo re st , 1 978-7 9 .  

Cond i t i on of 
Ex terna l Condi t i o n Vag i na l  Ep i thel i um _ __ ____ R�pro duc t i ve  Cond i ti on of  Fema l e s 

1 2  femal e s w i  
prom i n ent  vu l va l  
swel l i n g  

4 fema l es wi th  
s l i g h t  vu l va l  
swel l i ng  

6 femal es wi th 
corni f ied ce 1 1  s 

3 adul t s  2 wi th  cu bs t he fol l owi ng  wi nter 

1 road k i l l , w i t h  corpora l u tea on reproduc t i ve 
tract 

3 i mmature 2 wi t ho u t  c u bs t he fol l owi ng w i n ter 

6 fema l es wi t hou t 1 adu l t  
corni f ied ce l l s  

1 k i l l ed i n  fa l l  hunts , wi th corpora l utea and  
i mpl a ntati o n  s i tes on reprod ucti ve tract  

1 w i th cubs  t he fol l owi ng wi nter 

5 immature 1 w i th  cubs  t he fol l owi ng w i n ter  

4 fema l es wi thout 2 adu l t 
corn i f i ed cel l s  

4 wi thout cubs  the fo l l owi ng  wi nter 

1 wi th cubs  t he fo l l owi ng wi nter 

1 ,  reproducti ve s tatus  unk nown 

2 i mmature 1 w i thout  c u bs t he fol l owi n g  wi n ter 

1 ,  reproducti ve cond i t i on u n known 

38 fema l e s wi thou t 3 fema l es wi t h  3 adu l t 1 wi th cubs the fol l ow i ng  wi nter 
s i g n s  of estru s cor n i f i ed c el l s  

2 ,  reproduct i ve cond i t i o n  unknown .p. 
(Jl 
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F i g .  8 .  Cel l s  observed i n  vag i na l  smears ta ken from b l ac k  
bea rs i n  the Great Smo ky Mounta i ns Na t i ona l Park a nd the  C hero kee 
Na t i o na l  Fo re s t ,  1 9 78- 79 . A predom i na nce  o f  cor n i f i ed ep i thel i um 
( a bove ) i nd i ca tes an  estro u s  co nd i t i o n . Leucocys ts ( be l ow )  
p redomi na te fo r a s hort  t i me fo l l ow i n g  estru s . 
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obta i ned from 3 5  of 38 fema l e s t ha t  exh i b i ted no  externa l  s i g n s  of  

estru s . One o f  the  3 fema l es t ha t  exh i b i ted  co rn i f i ed c e l l s  gave 

bi rth the  fo l l ow i n g  wi nter ; the  reprod uc t i ve s ta tus of t he o ther 2 i s  

u n known . 

One su b-adu l t fema l e ,  tra pped i n i t i a l l y i n  June  a nd recaptured 

i n  l a te Augus t ,  e xh i b i ted prom i nent  s i g n s  of e s tru s on  bo th  occa s i on s .  

Corn i f i ed ce l l s  were not detec ted i n  t he vag i na l  smear ta ken i n  June  

bu t were present  dur i ng Augu s t .  Th i s  fema l e  wa s wi thout  offspri ng when 

observed the fol l owi ng  wi n ter . 

La c ta t i o n  

The major i ty { 31 , 58% ) of  fema l es l a c ta t i ng o r  observed w i th  

c u bs i n  w i nter den s were wi thi n t he m i d -age  c l a ss ( 5- 9  yea rs ) ,  wi th  7 

( 1 3 % )  a nd 1 5  ( 29% )  i n  the young  ( 3 -4 years ) and  o l d ( 1 0  yea rs and  

o l der ) a ge  c l a s ses , re spect i vel y ( Ta bl e 1 2 ) .  However , i n  rel a t i o n  to 

the tota l n umber of fema l es tra pped wi t h i n the respect i ve age c l a s se s ,  

4 0% { 1 5/ 38 ) o f  t he o l d age fema l es were l ac ta t i ng  or o bserved wi th 

c u bs ,  compa red to 3 1 % ( 3 1 / 9 9 )  and 1 4% ( 7/ 50 )  for m i d -age a nd you ng age 

c l asse s ,  re spec ti ve l y .  Twen ty-three percent  ( 22 )  of  the tota l n umbe r 

of  mature bac kc o u n try fema l es trapped from 197 3 - 7 9  were l acta t i n g  

( Ta bl e  1 3 ) .  

The number of l ac ta t i n g  fema l es observed dur i ng the trapp i ng 

season { m i d - Ju ne through  m i d -Sep tembe r )  wa s compared by months  for 

1 972-7 9 .  Panha nd l e r fema l es were no t i nc l uded i n  th i s a na l y s i s  s i nce 

control act i ons  were i n i t i a ted sporad i ca l l y  dur i n g  t he s ummer ; 

tra p p i ng  of the wi l d  segment of the pop u l a t i o n  wa s rel a t i vel y 

cont i nuous  throughout  th i s  per i o d .  C h i square a na l ys i s  i nd i ca ted t ha t  



Tab l e 1 2 . Age d i fferences observed for l ac ta t i n g  fema l e bl ack  bea rs determi ned from t ra pp i n g data 
and den work i n  the Grea t Smoky Mo unta i n s  Na t i ona l Park a nd the Chero kee Na t ional 
Fores t ,  1 972-80 .  

Percent of 
Percent of  Pe rcent of Fema l es Percent of  

No . of  Tota l To tal La cta t i ng  Total Lac ta t i ng  Fema l es 
Age Lac ta t i n g No .  of  Fema 1 e s  wi th i n La c ta ti  nq Wi th i n  Lac ta t i ng 

C l a s s  Age Fema 1 es  Femal e s  Age C l a s s  Fema l es for Age Age C l a s s  for Age 

Young  3 2 3 1  1 3  4 1 4  7 
4 5 1 9  9 2 6  

M i d  5 7 22 58 1 3  3 1  32  
6 9 23 17  39  
7 5 21  9 24 
8 6 20  1 1  3 0  
9 4 1 3  8 3 1  

O l d 1 0  5 1 0  29 9 4 0  5 0  
1 1  2 1 0  4 2 0  
1 2  3 9 6 30 
1 3  3 5 6 6 0  
1 4  - 1 
1 5  2 3 4 67 

To ta 1 s 53 1 87 
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Ta b l e  1 3 .  N umber o f  wi l d  l ac ta t i ng femal e  b l a c k  bears trapped i n  
the Grea t Smo ky Mou n ta i ns  Nati onal  Pa rk and the 
C hero kee Na ti ona l Fores t ,  1 973-79 . 

Year 
Ca tegor i es 1 979 1 9?8 1 977 1 976 , 975 , 974 1 973 

N umber of  
l ac ta t i n g  fema l es 2 4 6 3 3 4 0 

Number o f  
adu l t  fema l e s 8 l l  1 6  1 8  20  1 1  1 4  
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n o  s i g n i f icant  var i a t i o n  ex i s ted between the observed a n d  expec ted 

frequenc ies  at the 0 . 05 l evel ( x2 
= 1 . 1 6 ,  P < 7 .8 1 ) ,  i nd i ca t i ng t ha t  

t he numbe r  o f  fema l e s observed l ac ta t i ng duri n g  Aug u s t  a nd September 

wa s on a c ompa rabl e l eve l wi th J une and Ju l y .  

Mi l k  l e t-down cou l d  no t be i nduced by ma nua l man i pu l a ti on of the 

mamma ry g l a nds fo r 8 fema l e s known to have cubs ( Appendi x  C ) . Fou r of 

these fema l es were observed l a ter  i n  the summer or  in  wi nte r dens w i t h  

offspr i ng . Two of these fema l e s  we re tra pped l a te i n  the fa l l  a nd may 

have a l ready weaned the i r  cu bs . The s ta tu s  of  2 fema l es a nd the i r  

l i tters i s  u nknown . Th ree fema l e s sedated i n  wi nte r  dens wi th newbo rn 

c u bs were a l so  unrespon s i ve to a t tem pts to i n i t i a te m i l k  l et-down . 

Suppress i on of l ac ta t i o n  wa s not o bserved when oxytoc i n  was admi n i s ­

tered to fema l e s known to have cubs . 

M i n i mum Reproduct i ve Age 

Two 3 -year-o l d  fema l es gave b i rth  dur i ng the s tudy , i nd i ca t i ng 

succe ssfu l  breed i ng a t  2 years of age . Both i nstances were observed 

on the CN F .  On l y  7% ( 2/28)  of the fema l es  i n  t h i s age c l a s s gave 

b i rth .  Twenty- n i ne percent ( 5/ 1 7 )  of the 4 -yea r-o l d  fema l e s we re 

l acta t i ng or  had cubs  when trapped or  o bserved i n  wi nter den s 

( Ta bl e 1 2 ) . Compar i sons  of the n umber of  l ac ta ti ng fema l es obs erved 

between age s 4 throug h  9 ( wi th respec t to the tota l number of fema l e s 

trapped wi th i n  these age s ) i n d ic a ted that there wa s no s i gn i f icant  

d i fference i n  the numbe r  of femo l es tha t  gave b i rth  a t  4 through  9 

year s  of  age  ( X2 = 0 . 93 , P ( 0 . 05 )  < 1 1 .  1 ) .  

Mi n i mum re produc ti ve age was determi ned for 1 8  fema l e s ,  ba s ed on 

recaptu re i nformat ion : 2 a t  3 yea rs , 5 a t  4 years , 6 a t  5 yea rs , 
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3 a fter 4 yea r s , a n d  2 after 5 years  o f  a g e  ( Ta bl e  1 4 ) . An extreme 

ma s t  fa i l u re may have been a fac tor i n  del ayi ng m i n i mum reproduc t i ve 

age for 1 fema l e  tha t  gave b i rth for the fi r s t  t i me a t  6 yea rs . 

Fema l es tha t  were known to have g i ven b i rth  a fter 4 years  of age  were 

combi ned wi th  fema l es that  gave b i rth  i n i t i a l l y  a t  5 ,  s i nce on l y  a 

sma l l percentage gave b i rth for the fi r st  t i me after age  5 .  Th i s 

c omb i ned grou p made up the major i ty ( 9/ 1 8 )  of the  tota l samp l e .  

Reprodu ct i ve Cyc l e  

I n forma ti o n  rel a ted  to the reproducti ve s tatus o f  fema l es 

trapped dur i ng  the summer a nd observed i n  wi nter dens wa s comp i l ed by 

age for 1 973-80  ( Ta b l e 1 5 } .  One hundred ( 60% )  of the 1 6 5 fema l es 

tra pped dur i n g  the summer were i n  non - l acta t i n g  anestru s ,  32  ( 1 9% )  

were l acta t i ng a n d  3 3  ( 2 0% } s howed s i g n s  of  e s tru s . I nformat i on was 

c ompi l ed by age for fema l e s  reca ptured over success i v e  years ( Tab l e 

1 6 } .  Ten fema l e s were l ac ta t i ng tha t  had been o bserved i n  e strus the 

prev iou s  year . E i g ht fema l e s were not l ac tat i ng even though  they had 

been i n  estrus the year before . S i x  fema l e s  i n  th i s g roup  were 4 

yea rs or you n ger ;  2 fema l e s were 5 yea r s  or o l der  a nd therefore 

co ns i dered sexua l l y  ma ture . F i fteen fema l es tra pped t he previ ou s  yea r 

i n  non - l a c ta ti ng anestru s we re l actati ng ; 1 2  of these fema l es were 5 

yea rs or ol der . Seven teen fema l e s were no t l ac ta ti ng even thoug h they 

had been in non- l ac tat i ng anestru s the prev i ou s  yea r .  The majori ty 

( 1 0 ) were 5 year s  or o l der . I n  a l l ,  a tota l of 1 3  { 38% ) fema l es 5 

yea rs o r  o l der we re not l ac ta t i ng a fter s howi ng s i g n s  of  estrus or 

non- l ac ta ti ng anestrus the prev i o u s  yea r , i nd i ca ti ng a s k i p  i n  the 

reproduct i ve cycl e .  



Ta bl e 1 4 .  M i n i mum reproduc t i ve age  de term i ned for 1 8  fema l e  b l a c k  
bears from trapp i ng  da ta a nd den work  i n  t h e  Grea t Smo ky 
Mounta i ns Na t i ona l Park and the C hero kee Nat iona l  Fores t ,  
1 97 3-80 .  

A e 
Ca tegor� 3 4 5 6 7 > 4 

No . of fema l es 
g i v i ng b i rth for 
the f i rs t  t i me 2 5 6 1 1 3 

Percent  of tota 1 1 1 % 28% 33% 5 . 5% 5 . 5% 1 7% 
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Ta b l e 1 5 . Reproduct i ve sta tu s  of  femal e bl ack  bea rs determ i ned from 
summer trap p i ng and wi nter den work i n  the Grea t Smoky 
Mo unta i n s Nat i ona l  Pa rk and the Chero kee Nat i ona l  Fore s t ,  
1 973-80 .  

Age 
Ca tego r i e s  2 3 4 5+  Total 

No . of femal es  i n  
e s trus  4 6 4 1 9  33 

No . of fema l e s 
l a c ta ti ng 0 2 4 4 1  47* 

No . of femal es 
in no n- l ac ta t i ng 
a nestrus 1 5  1 9  7 5 9  1 00 

* I ncl udes  wi nter den work , 32  fema l es  l ac ta ti n g  or  observed 
w i th  cubs  du r i ng summer . 

Tab l e  1 6 .  Reproducti ve i nformat ion  fo r fema l e b l a ck bea rs  tra pped 
o ver s ucces s i ve yea rs a nd observed i n  wi nter dens i n  the 
Great Smoky �lo unta i n s Na t i onal  Pa rk  and the Cherokee 
Na t i onal  Forest ,  1 973-80 . 

Age 

5 3  

Ca tegori es 3 4 5 6 +  To ta l  

No . o f  fema l es l a cta t i ng ,  i n  
e strus  prev i o u s  year 1 2 6 1 0  

No . of femal es  not l acta t i n g ,  
i n  estrus  prev i ou s  year 3 3 1 8 

No . of  fema l es l ac ta t i ng ,  
i n  non- l ac ta t i n g  a nestrus  

1 1 2  1 5  the prev i ous  year 0 2 

No . of femal es  no t l ac ta ti ng ,  
i n  non- l ac ta ti ng anes trus  
the p rev i ou s  year 

3 3 1 1 0  1 7  
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Th irty-t hree mature fema l e s were recaptured over a suffi c ient  

peri od of t ime to  p rov i de i n formati on re l a ted to  the reproduct i ve 

cyc l e .  Fourteen { 4 5% )  fema l e s  i n  th i s sampl e d i sp l ayed s k i ps i n  the  

reproducti ve cyc l e .  Ten of these 1 4  fema l es were w i th i n  the mi d-age 

c l a ss , w ith on l y  3 o l d-age fema l es exhi b i ti ng s k i ps i n  the cyc l e .  One 

o l d-age fema l e  d i spl ayed s k i ps i n  the cycl e over 2 s ucces s i ve years . 

A compar i son wa s made be tween est ima te s  of mast  y i e l d ( Fi g .  9 )  

a nd s k i p s i n  the reproducti ve cyc l e  for 1 2  femal es where t he s k i ps 

c ou l d  be p i npoi nted to the exa c t  yea r ( Tabl e 1 7 ) .  S k i p s  were  o bserved 

d ur i ng 1 974 , 1 976 , 1 979  a nd 1 98 0 .  The yea r s  1 974 and 1 97 9  we re pre ­

c eded by yea rs wi th  extremel y  poor mast crops . The a va i l a bi l i ty a nd 

q ua l i ty of ma s t  tha t preceded 1 976  wa s fa i r .  The year 1 98 0  was 

preceded by a med i um mas t  crop ; however ,  the  fema l e  tha t s k i pped duri ng 

t h i s year had a l so sk i pped the yea r before and some other fa c tor may 

be i nvol ved . 

We ight 

Growth curves ba sed on  B rody ' s  model  were u sed to est ima te the 

popu l a t i on pa rameters rel a t i ve to  we i g ht  ga i n  and  ma tur i ty for wi l d  

fema l e  bears ( F i g . 1 0 ) ,  panhand l e r fema l es { Fi g .  1 1 ) ,  w i l d  ma l e s  

( Fi g .  1 2 ) ,  a nd panhand l er ma l e s  ( F i g .  1 3 ) . Di fference s  between mea n 

we i g hts and wei g ht est imates from the g rowth cu rves were compared w i t h  

respect to age . Wi l d  and panhand l er ma l es were su bsta n t i a l l y  heav i er 

tha n the i r  fema l e  cou nterparts . Panhand l er fema l e s  were hea v i er than 

wi l d  fema l es ,  with an est ima ted a sympto t i c  we i g ht of  68 kg and  54 kg , 

respect i vel y ( Fi g . 1 4 ) .  A s im i l a r  pa ttern wa s observed between 

panhand l er and  wi l d  mal e s ,  wi th panha ndl er ma l es ex h i b i t i ng h ig he r  
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Ta bl e 1 7 . Rel a tionsh i p be tween s k i ps i n  the reproduct i ve cyc l e  of  
femal e  b l ack bears i n  the Grea t Smo ky Mou n ta i ns Nat i onal 
Park  a nd the Chero kee Na t i ona l  Forest and the es t imated 
mas t  y i e l d  for the prev i ous  year ,  1 974-80 . 

No . o f  Fema l e s  w i th S k i ps Es t i ma ted Ma s t  
Fema l es Compared to To tal Y i el d fo r P rev i ous  

Year wi th Sk i �s No . of  Fema l es Year { kg/ ha ) 

1 980 l / 1 4  ( 7% }  292  

1 97 9  4 4/ 1 4  ( 29 % )  91 

1 978  0 0/ 9 452 

1 977  0 0/8 237  

1 97 6  5 5/8 { 6 3% ) 2 1 2 

1 975  0 0 /7  364 

1 974  2 2/ 6 ( 33% } 1 60 
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we i ghts ( Fi g .  1 5 ) . However , s i nc e  wei g hts fo r wi l d  ma l es  never l evel 

off , the a sympto te for t ha t  group wa s actua l l y  h i g her . Mea n  we i g hts 

compi l ed by age  refl ec ted s i m i l ar  patterns between t he 4 g roup s .  

The i ns ta ntaneous re l a t i ve growth ra te ( K ) der i ved from t he 

data by Brody ' s  model  was h i g he s t  for pa n ha nd l er fema l es ( -0 . 72 ) , 

fo l l owed by wi l d  fema l es ( - 0 . 47 ) ,  pa n ha nd l er  ma l es ( -0 . 23 )  a nd wi l d  

ma l es ( -0 . 06 ) .  The extremel y  l ow K va l ue for wi l d  ma l es wa s rel a ted 

to the fa ct that  we i g ht for t h i s g roup does not l evel off . 

We i g hts  for panha ndl er  a nd wi l d  fema l es tended to l eve l  off a t  

5 and 6 years of  a ge u s i ng Brody ' s  mode l . Mea n  we i g h t  va l ues  for 

pa n hand l er a nd wi l d  fema l e s  l evel ed off a t  4 years . 

D i fferences i n  we i g hts  were o bserved between l acta t i ng and 

non- l ac ta t i n g  fema l es ( F i g . 1 6 ) .  Fema l e s  wi th  newborn c u bs we i g hed 

s i gn i fi cantl y more dur ing  the w i n ter  than fema l e s t ha t  had g i ven b i rth 

the prev i ou s  year ; we i g ht d i fferences o bserved from J une  through 

September were not s i g ni f i ca n t .  Lactat i ng fema l es were s i g n i f i ca n tl y  

hea vi er duri ng the wi n ter than i n  t he fo l l owi ng September . Non­

l ac ta ti ng fema l es ( that had g i ven  b i rth  t he prev ious  yea r ) we i g hed 

s i g n i fi ca n tl y  l e s s  du r i ng the wi n ter than i n  the fo l l owi n g  Sep tembe r .  

N o  s i g n i f i ca n t  d i fferences  were o b served between September we i g hts o f  

ma ture non - l acta ti ng fema l es a nd w i n ter  we i g hts of l ac ta t i ng fema l es ;  

the same wa s true for September we i ghts of l a cta ti ng fema l es a nd wi n ter 

we i g hts of n on - l acta ti ng fema l e s  t ha t  had g i ven bi rth the prev i ou s  

yea r .  Imma ture fema l es ( 2-3 yea rs ) wei g hed s i gn i f i cant ly  l es s  tha n  

mature fema l es ,  rega rd l e s s  of  reproduc t i ve cond i ti o n . 
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F i g .  1 6 .  Compa r i so n s  o f  s ea sona l we i g h t  c h a n ge s , i n  re l a t i o n 
to reprod u c t i v e  c o nd i t i on , for s u b - adu l t  a nd a d u l t fema l e  b l a c k  bea r s  
tra pped i n  the  Grea t Smo ky 11o u n ta i n s Na t i o na l  Pa r k  a n d  t h e  Che ro kee 
Na t i o na l  Fo re s t ,  1 9 7 3 - 7 9 .  Po i n t s  w i th  the  same l e tter  ( A , B ,  o r  C ) 
i nd i ca te s i g n i f i c a n t  d i fferenc e s  be tween we i g h t s  o f  ma ture  fema l e s .  
Imma ture  fema l e s we i g hed  s i g n i f i ca n t l y  l e s s  t ha n  ma tu re fema l e s a t  
a 1 1  t i mes . 
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CHAPTER V 

D I SCUSS ION 

Denn i ng Chronol ogy 

Fac tors  i n fl uenc i ng den en try . Denn i ng  d ur i ng the w i n ter ha s 

been reported for b l ac k  bea rs trroug hou t the i r ra nge i n  North Amer ica  

( Johnson  a nd Pel ton 1 980 ) . Bears  genera l l y  enter dens  from mi d to 

l a te fa l l .  Howeve r ,  the prox i ma te factors tha t  i n i t i a te den n i ng a re 

not wel l understoo d .  Den entry ha s been a ttri bu ted t o  i nc l ement  

wea ther ( Er i c k son  1 964 , Jonkel  a nd  Cowan 1 97 1 , L i ndzey and  Me s l ow 1 976 , 

Johnson a nd Pe l ton 1 980 ) , p hys i ca l  cond i t i on of  the a n i ma l s  ( Ma tson  

1 94 6 ,  Spencer 1 955 , L i ndzey a nd Me s l ow 1 97 6 )  a nd  the a va i l a b i l i ty o f  

ma s t  d u r i ng the  fa l l  ( Jo hnson a nd Pel ton 1 980 ) . 

Du ri ng  the w i n ters of 1 978- 7 9  and  1 97 9-80 , no s i gn i f i ca nt 

rel a t i on s h i p wa s o bserved between den entry a nd weat her  cond i t i on s .  

John son  a nd Pel ton ( 1 980 ) found  a l i near re l at i o ns h i p  be tween den 

en try and to ta l prec i p i ta t i on , n umber of days wi th prec i p i ta t i on , 

m i n imum and ma x i mum tempera tu re fo r 3 days pri or  to en try ( R2 = 0 . 70 )  

for ma l e  a nd fema l e  b l ac k  bears i n  the GSMNP .  Dur i ng th i s  peri od 

( 1 976- 78 ) ,  den entry occu rred s i gn i fi ca ntly l a ter ( l a st week of 

December a nd fi rst week i n  January )  than wa s o bserved duri ng t he 

pre sent s tudy ( fi rst 3 wee ks o f  December , wi th  t he majori ty of  bears 

denn i n g  duri ng  the fi rst 2 wee ks ) .  It i s  poss i bl e  that bears  den n i ng 

l a ter i n  the fa l l  were i nfl uenced to a grea ter extent by wea t her  
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cond i t ions , wherea s bears tha t denned ea rl i er were more respon s i ve to 

fac tors other tha n weathe r .  

Johnson a n d  Pel ton ( 1 980 )  suggested that food a va i l a bi l i ty 

duri ng  the fa l l  i n fl uenced den en try ,  based on the fac t  that  bears 

denned s i g n i f i ca nt ly  earl i e r  ( f i rs t  2 weeks  of December )  in yea rs 

( 1 972 -74 ) wi th fa i r  to poor mas t  y i el d s  a nd except i o na l l y  mi l d  

wea ther ( Beema n 1 975 ) than i n  years ( 1 976-78 ) wi th med i um ma s t  y i e l d s  

a nd unusua l l y  severe wea the r .  Ma s t  a va i l a b i l i ty seemed to have l i ttl e 

i n fl uence on den entry dur i ng 1 978-79 . Den n i n g  occu rred du r i ng t he 

f i rs t  3 wee k s  of December for both 1 978 and  1 97 9  ( wi th  no s i g n i f i ca n t  

d i fferences o bserved ) even t hough  ma st  yi e l d s  were ra ted a s  poor 

( ma s t  fa i l u re ) i n  1 978 a nd med i um dur i ng 1 979  ( F i g . 9 ,  page 55 ) . I n  

add i t i on ,  fema l es  entered dens  s i g n i f i ca n t l y  ea rl i er i n  1 979  t ha n  i n  

1 976-78 (year s  o f  compa rab l e mast y i e l d ) . The d i fferences o bserved i n  

den entry ( 1 979  compared wi th  1 976-78 ) suggest  tha t  the i n fl uence of  

ma st  ava i l ab i l i ty on when bear s  enter wi n ter  dens  may vary .  Dur i ng 

the fa l l  of 1 978 , g reater amounts  o f  hard ma s t  were observed on 

Sugarl a nd Mou n ta i n  than i n  o ther parts  of the study a rea . A fema l e 

co l l a red i n  thi s area denned a t  a t ime compara bl e to fema l es i n  o ther 

a rea s . 

A sma l l number of fema l es wi th c ubs and su b-adu l t  fema l es ( non­

pregna n t )  en tered wi n ter den s  much l a ter  ( l ate Janua ry to m i d ­

February ) than  other fema l es o f  s i m i l a r reproducti ve cond i ti on .  

Johnson ( 1 978 ) observed s i mi l a r occurrences . Sub-adu l t s  we i g h 

s i gn i f i cantl y l ess  tha n  adu l t fema l es ,  and fema l es wi t h  c u bs from the  

prev i o u s  year we i g h  s i g n i fi cant ly  l es s  duri ng the wi n ter  than  fema l es 
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wi th newborn cubs . The poor cond i t i on of su b-adu l ts a nd fema l e s wi th  

yea rl i ngs  may i n fl uence t hem to  del ay den n i ng  i f  sources  of  food a re 

read i l y ava i l a b l e .  However , other factors  a re c l ea r l y  i n vo l ved s i nce 

d i ffere nce s i n  den entry between t hese 2 groups  a nd pregna nt fema l e s 

were i ns i g n i f i ca nt . I n  add i t i o n ,  the earl i e st reco rd o f  den n i ng i n  the 

GSMNP wa s for a fema l e  wi t h  cubs . 

I t  i s  sugges ted t ha t  a number o f  fac tors  i n fl uence den entry ,  

i nc l ud i ng weat her cond i t i on s , food ava i l a b i l i ty ( or other factors  

rel ated to  hab i ta t  qua l i ty ) ,  a nd cond i ti on of the a n i ma l . The exten t 

o f  i nfl uence exh i b i ted by a ny pa rti cu l a r  fa ctor may va ry from yea r to 

yea r .  The a bs ence of  1 factor may a l l ow a nother t o  ta ke effect . A 

comb i na t i on of  several factors may ca u se a prev i o u s l y  i nfl uenti a l  

factor to become i n s i gn i fi cant . 

Fac tor s i n fl uenc i ng den emergence . Den emerge nce i n  the spri ng 

wa s a s soc i a ted w ith  i ncrea s i ng prec i p i ta t i on and dec rea s i ng m i n i mum 

tempera ture . Peri ods  of adverse weat her  proba bl y cause  cond i t ions  i n  

the den to become u n su i ta bl e .  I f  the an i ma l  i s  p hys i o l og i ca l l y ready 

to emerge ,  t hese cond i t i ons  may st imu l a te i t  to l ea ve . B l a c k  bea rs  i n  

M i nnesota l eft after ground dens  became sa tura ted wi t h  mo i sture from 

me l t i ng snow (Al dou s 1 937 , Rogers 1 97 6 ) . Three fema l es  i n  the GSMNP 

emerged from ground den s fo l l owi ng  peri ods  of heavy ra i n fa l l ( Johnson  

a nd Pel to n 1 980 ) . Johnson a nd Pel ton ( 1 980 ) o bserved a l i near 

re l a ti onsh i p  be tween  emergence from w i n ter  den a nd i ncrea ses  i n  the 

max i mum and a verage da i l y  wi nd ( R2 = 0 . 42 ) .  The h i g h  winds  were 

poss i bl y  a s soc i a ted wi th weat her  fronts mov i ng i nto the a rea . 
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Reproduct i ve cond i t i on wa s a major fac tor re l ated to emergence 

from den s . Fema l es wi t h  newborn cubs  s tayed i n  dens s i g n i f i ca n tl y 

l onger t ha n  fema l es  wi thou t o ffsp r i ng , probab ly  due to the a l tr i c i a l 

na ture of  the c u bs .  Later emergence a l l ows more t i me for the c u bs to 

deve l o p  a nd protects them from the heavy ra i ns a nd l ow temperatu re s  

a s soc i a ted wi t h  ear l y  s pri ng . 

L i ndzey a nd Mes l ow ( 1 976 ) reported t ha t  b l a c k  bea rs i n  

Wa sh i ng to n  ex h i b i ted strong f i de l i ty to dens  fol l owi ng en try .  Du r i ng 

th i s  s tudy ,  4 fema l es  ( rang i ng  from 4 to 1 3  yea rs of  a ge ) l eft i n i t i a l  

dens  a nd denned i n  d i fferent  s i tes . One fema l e  denned i n i ti a l l y  i n  a 

tree den . The actua l den s i tes  o f  the rema i n i ng fema l es had not  been  

p i n - po i n ted pr ior  to emergence , but a l l 3 were l oca ted in  a reas where 

s u bs ta n t i a l  u t i l i za t i o n  of tree den s  wa s o bserved ( De fea t R i dge and  

the Par son s B ranch  area ) .  Al l 4 fema l es l eft i n i t i a l  den s  after 

per i ods  of substa n t i a l  ra i nfa l l .  The 2 fema l es observed dur i ng the 

wi n ter of 1 978- 7 9  l eft wi th i n  a few days of each  other . Johnson and  

Pel ton ( 1 98 0 )  reported tha t  2 s u b-ad u l t fema l es moved to d i fferen t 

den s i tes fol l owi ng heavy ra i nfa l l .  I t  appears tha t  wi n ter  l et hargy 

i n  bl a c k  bea rs i s  f l exi bl e enough  to a l l ow the a n i ma l s  to res pond to 

adverse or c hang i ng env i ronmenta l  cond i t io n s .  The exten t o f  re sponse 

seems to vary dur i ng the wi n ter . One fema l e  l oca ted i n  a tree den on  

1 5  December wa s extreme l y  ac ti ve a nd l a ter l eft the  den , probab ly  due  

to  our acti v i ty near the s i te .  Fema l e s l ocated duri ng Ja nuary d i d  no t 

e xh i b i t th i s  type of  respon se . Certa i n  fema l e s  were extreme l y  act i ve 

p r i or to sedati o n  i n  wi n ter  dens , wh i l e  ot hers d i sp l ayed l i t tl e 

react i o n  to our presence . 
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Severa l fema l es rema i n ed i n  the genera l v i c i n i ty of  the  den  fo r 

a short t ime a fter eme rgence . I t  i s  po s s i bl e  tha t  fema l es may l ea ve 

a nd re -enter dens  i nte rmi ttent ly  pr ior to fi na l  emergence . Al dou s  

( 1 937 ) and Mat so n  ( 1 954 ) determi ned from tracks  around a den s i te that  

the  fema l e  and  occa s i ona l l y  the cubs wou l d  l ea ve a nd re -enter the  den 

( s tayi n g  i n  c l ose  prox imi ty )  pri or to f i na l  emergence . Rad i o  

te l emetry data co l l ected i n  the convent i on a l  ma n ner i s  n o t  a ccurate 

enoug h to detect th i s  type of act i v i ty ;  den emergence can be determi ned 

o n l y  a fter the fema l e  ha s moved away from the den s i te .  I t  i s  poss i bl e  

to con t i nua l l y  rec heck t he den s i te s  to determi ne  emergenc e , a l though  

i t  i s  s uggested t hat  the i nc l u s i on of  th i s restr i cted act i v i ty ou ts i de 

t he den a s  part of  t he denn i ng pe ri od i s  not a seri o u s  erro r .  The 

re s tri c ted act i v i ty seems to represen t a tran s i t i on from w i n ter 

do rma ncy to norma l act i v i ty .  Nel son ( pers . comm . ) reported t ha t  bea rs 

conti nue  to ex h i bi t  c haracter i st i c s  of  h i berna t i on for a s hort  t i me 

fo l l owi n g  wi n ter dorma ncy , despi te i ncrea sed a c ti v i ty .  Du ri ng t h i s 

peri od , bea rs a re d i s i nc l i ned to feed and  ur i ne vo l ume i s  extremel y  

l ow .  I t  i s  pro ba bl e tha t some t i me i s  needed before the ga stro­

i n tes ti na l tra ct ca n funct i o n  norma l l y  after 3 to 5 mo nths  of 

i nacti v i ty .  Wi th the i n i t i a t i on of spri ng movements ( movements  away 

from the den ) , bea rs sh i ft i nto a pha se of a ct i v i ty tha t  can  be 

rea d i l y  d i s t i ngu i shed from denn i ng . 

Pred i c t i ve Model for Reproduct i ve Cond i t ion  

The da te of  den  emergence wa s a n  effec t i ve i nd i ca to r  of  

reproducti ve cond i t ion  fo r fema l es wi th cubs  o r  wi thou t offspr i n g . 

T he pro bab i l i ty of error ex h i bi ted by the pred i cti ve  mode l  based on  
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d e n  emergence ra n ged from 0 %  to 1 5% wi t h  95%  confi dence . W i n ter den 

wo rk i s  time consumi ng . The exten s i ve u ti l i za t i on o f  tree dens by 

femal e  bl ack bea rs i n  certa i n  a reas of t he country further compl i c a tes  

t he co l l ec t i on of reproduc t i ve i nforma t i o n dur i ng t he wi nter due  to 

the i naccess i b i l i ty of such  den s i te s .  Lacta t i ng a n d  non-l actati ng 

femal es can be d i fferent i a ted when  tra pped dur i ng the summe r ;  however , 

there i s  no way to de term i ne reproduct i ve cond i t i on ( pregna nt ve rsus  

non-preg na n t )  for non - l acta ti ng fema l e s . Du r i ng  mo s t  of the summer , 

i n format i on re l ated to breed i ng a c ti v i ty i s  not ava i l a bl e .  I n  

add i t i on , some fema l es tha t ex h i bi t  s i g ns o f  e s trus  are  wi thout 

offspri ng the fol l owi ng wi nter , e spec i a l l y  s u b-ad ul t fema l es .  The 

mode l  presented here provi de s  a mea n s  to e s tima te reproduc ti ve cond i ­

t i o n ( wi th newborn cu bs or wi t ho u t  offspr i ng ) o f  fema l es i n  wi nter 

den s based so l e l y  on den emergence da tes . 

Da tes of  den  emergence are rel a t i v e l y  cons i s tent  throughout the 

ra n ge of bl ack  bea rs ( Jo hn son  and Pel to n 1 980 ) . Se vera l  au thors  have 

s pecul a ted that th i s sync hrony i s  due to the wi des pread scarc i ty of 

nutr i t i ous  sou rces o f  food dur i ng  the spr i ng ( Jonkel  and Cowan 1 97 1 , 

Rogers 1 976) . However , yearl y c hanges i n  en v i ronmenta l cond i t ions  

cou l d  cause s h i fts  i n  emergence da tes , even thou g h  the ba s i c  pattern 

( fema l es wi tho u t  offspr i ng  l ea v i ng before fema l e s  wi th  cub s )  wou l d 

rema i n  the same . I f  such  a n  overa l l s h i ft i n  emerg ence wa s obs erved , 

a t ime component cou l d  be i nc l uded i n  the model t ha t  wou l d  compensa te 
A 

fo r the change : Y = - 5 . 4859  + 0 . 04 1  ( X  + t )  where t i s  the overa l l 

s h i ft i n  t ime ( days ) i n  re l a t ion  to den  emergence o bserved duri ng  

1 979-80 . 
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Pred i c ted va l ues ( Y) ba sed on den emerge nce for fema l e s  wi t h  

c u bs tha t denned o n  t h e  ground d i d  not approx ima te 1 . 0 ( i nd i ca t i ng a 

fe�� l e w i th  cubs ) a s  strong l y  a s  the  Y va l ues  for femal es w i th  c ubs  i n  

tree de n s ,  a l thoug h reprodu c t i ve cond i t i on  wa s accuratel y pred i c ted i n  

a l l ca se s . Th i s i s  poss i bl y  due to t he fac t  t ha t  heavy ra i n s  may 

force fema l e s on t he ground to l ea ve earl i er than tho se i n  tree dens . 

For th i s rea son , fema l e s denn i ng on  the g ro und shou l d  be scrut i n i zed 

more c l o se l y ,  s i nce wea t her cond i t ions  a ppear to have more i n fl uence on 

den emerge nce ; the h i g h  proport ion  of fema l e s u ti l i z i ng tree dens i n  

th i s a rea m i n im i ze s  th i s pro bl em . 

Den Uti l i za ti on 

Femal e  b l ack  bea rs preferred tree dens over ground  dens d u r i ng 

th i s study . Jo hnson ( 1 978 ) found  s i m i l a r den n i ng patterns for fema l e  

b l ack bears dur i ng 1 976-78 . I n  a rea s o f  v i rg i n  t imber , where poten t i a l  

tree d e n s  were a bu nda n t ,  a l l fema l e s u ti l i zed tree dens . Jo hn son  

( 1 978 ) found one g round den on Defea t Ri dge and i n  the  Parsons B ranch  

area bu t in  terms of the  overa l l sampl e  from the  2 area s these 

observa t ions  we re i n s i gn i f i ca n t .  Even i n  area s where tree d e n s  were 

l es s  a bundant ,  ut i l i zati on wa s sub stanti a l . The Tremo nt area wa s 

essen t i a l l y  c l ear -cut dur i ng the 1 930 ' s .  Three of the 4 dens l oca ted 

in thi s area were in tree s .  On l y  1 of 1 0  femal es denned on  the ground 

i n  the CNF ;  th i s area i s  under i nten s i ve even-age t imber management 

and the scat tered den trees a re pro ba b l y  trees tha t were too 

d i ff i c u l t to ha rve st  or not econom i ca l l y  v a l uab l e .  The h i g h  u ti l i za -

t i o n o f  tree dens i n  spi te o f  the i r  l ower a bu ndance i n  certa i n  a rea s 

fu rthe r i n d i ca tes  the i r  va l ue  a s  den s i te s . The added sec l u s io n  
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p rov i ded by tree dens  i s  pro babl y a dec i ded advantage to  bl a c k  bears , 

parti c u l arl y i n  area s wi th  grea ter acce ss i b i l i ty and h uma n act i v i ty .  

Ground dens were o bserved i n  area s tha t  had been l ogged 

extens i ve l y  i n  the pa s t .  A l l of  the ground dens  observed i n  the Bote 

Mounta i n-Defeat R i dge area were l oca ted on  Tu rkeypen R i dge a nd the 

northern po rt i o n  of Bote Mounta i n ,  area s tha t had been l ogged . By 

compa r i son , no ground dens were l ocated on Defeat R i dge ; th i s  area 

wa s h i g h-gra ded fo r l umber at l ower e l eva t i on s ,  bu t v i rg i n  ti mber 

rema i n s  a t  h i g h  e l eva ti o n s .  A l though  the samp l e s i ze i s  sma l l ,  a l l of  

the  den s l ocated on  Sugarl and Mou nta i n  were o n  the ground  i n  roc k  

o u tcrops . One den i n  th i s area l ocated by Johnson ( 1 978 ) wa s a l so i n  

a roc k o u tcrop . 

B l a c k  bears  appear to be fami l i a r  wi th avai l a b l e den s i tes  

w i t h i n  a n  area . Dur i ng the wi nter of 1 97 9 ,  a yearl i ng esca ped from 

i ts den be fo re i t  cou l d  be sedated . Tracks  i n  the snow i nd i ca ted that 

the yea rl i ng wen t stra i ght  to a tree den approx imate l y  0 . 8  km away . 

Bears proba b l y  become fami l i ar  wi th den ca v i t i e s wh i l e  forag i ng i n  the 

trees fo r food . I t  i s  pro babl e  tha t  bears  use  these den s i tes  dur i ng 

the yea r for shel ter or  escape  cover . A rad i o -col l a r  removed by a n  

adu l t ma l e  d ur i ng the summer wa s found i n  a po tent i a l  d e n  cav i ty .  

Fami l i a r i ty wi th  potent ia l  dens wo u l d  fac i l i tate l oca ti ng a l terna te 

s i tes  d u r i ng the wi nter i f  cond i t ions  i n  the i n i t i a l  den became 

unsu i tab l e .  

Three i n stances  of den reu se were observed dur i ng  the study .  

Johnson ( 1 97 8 )  observed n o  reu se o f  dens and specu l a ted tha t th i s wa s 

an i nd i ca t i on of the abu nda nce of su i ta b l e den s i te s  wi th i n  the study 
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a rea . Al l 3 i n sta nces  of reu se were o bserved i n  a rea s that  had been 

l ogged exten s i ve l y  and po ss i bl y  refl ect red uced ava i l a b i l i ty of  

su i ta bl e den  s i te s  i n  these area s .  

Effect o f  Ma st  Ava i l a b i l i ty on  L i tter S i ze 

Li tter s i ze de termi ned from den wor k .  Avera ge l i tter s i zes  

determi ned from den work  for 1 97 9  ( ma st fa i l ure dur i ng 1 97 8 )  and 1 980  

( moderate ma st y i e l d duri ng 1 97 9 )  were 2 . 2  and  2 . 8 ,  respec t i vel y .  

Al thoug h these samp l es  are rel a t i ve ly  sma l l and  the d i ffe rences 

d i ffi c u l t to detect ( s i nce l i tter s i ze norma l l y  ra nges from to 3 ) ,  

t hese data suggest  that l i tters were sma l l er i n  1 97 9 .  On l y  1 fema l e 

wa s o bserved wi th  3 cubs  i n  1 97 9 ,  wherea s l i tters of 3 were commo n i n  

1 980 .  I n forma ti o n  for 2 fema l e s that gave  b i rth i n  1 978 (moderate 

ma st yi e l d  i n  1 97 7 ) i nd i cates  tha t  both had 3 c u bs . 

Repro du c t i on wa s affec ted l ess  tha n  expected i n  1 97 9 ,  cons i der­

i ng the sever i ty of t he mast fa i l u re i n  1 978 . Est ima tes  o f  ma st 

yi e l d for th i s  period  were s imi l a r to those o bserved i n  1 97 2 ;  no 

fema l e s were o bserved l ac ta ti ng i n  1 97 3 ,  i nd i ca t i n g  tha t  reproduc t i o n  

wa s severe l y  curta i l ed .  Howeve r ,  a l thoug h  l i tt l e hard m a s t  wa s 

ava i l a bl e i n  1 978 , wi l d  grapes ( Vi ti s spp . ) were u n u sua l l y  a bu nda n t . 

Scats co l l ected duri ng th i s  per i od cons i s ted a l most ent i re l y of grape  

seeds  and  s k i n s . Bears are h i g hl y opportu n i s t i c  feeders a nd the 

a bi l i ty to s h i ft to a l terna te sources of food po ss i bl y  c u s h i oned the 

effect of t he shortage of hard mast . However , nutr i t i ona l  d i fferences  

exi st between hard ma st a nd the soft ma st  ava i l a bl e  du r i ng the fa l l .  

W h i l e  soft mast i s  modera tel y h i g h  i n  prote i n ,  hard ma st  i s  h i g h  i n  
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ca rbo hydrates , a nd i n  some spec i es , h i g h  i n  fa t content ( Eag l e  1 97 9 ) . 

Hard ma st  i s  a concentra ted , h i g hl y  d i gest i bl e energy food ( Eagl e 

1 97 9 ) . Ma st fa i l ures over severa l cont i nuous years  wou l d  proba b ly  

have  a substa n t i a l  effect on reproduc t ion . Jon kel a nd Cowa n ( 1 97 1 ) 

re ported tha t  reproducti o n  dec l i ned s i g n i fi ca ntly duri ng a 3-year 

period when  huck l e berri e s  ( Vacc i n i um spp . ) ,  a major fa l l  ma s t  speci es 

i n  wes tern Mon ta na ,  were unava i l a bl e .  

L i tter s i ze determ i ned from fami l y  group observa t i on s .  

Co rrel a ti o n  a na l ys i s fa i l ed to detec t a ny a s so c i a t i o n  between yearly  

est i mates of hard ma st y ie l d ( for  the preced i ng fa l l )  a nd fami l y  group 

o bservations  reported by bac kpac kers and NPS personnel . However , the 

con s i stency and rel i a bi l i ty of such  observa t i o n s  over the years may 

vary a nd b i a s  the resu l ts .  I n  add i t i o n ,  mo st of  the observa tions  of  

fami l y  u n i ts co n s i st of pa nhand l er fema l es ;  o bservat i ons  of  wi l d  

backcountry femal e s  wi th  cubs  a re uncommo n . L im i ted i n format ion i s  

a va i l a bl e  concern i ng the d i fferences i n  product i v i ty between pa nhand l er 

and wi l d  bac kcountry fema l es .  Pa nhand l er fema l e s we i g h  more ( th i s  

study ) a nd are a bl e to o bta i n  h i g h qua l i ty food duri ng  the summer ; 

th i s may tend to l e ssen the effec t of mast a va i l a bi l i ty duri ng the 

fa l l .  

Cub  Voca l i zat ions  

Ta pe record i n g i n  wi n ter dens  i s  a n  effec t i ve method for 

determ i n i ng t he presence of c u bs a nd est ima t i ng l i tter s i ze .  Th i s  

me thod i s  espec i a l l y  u sefu l  i n  area s where a h i g h percentage of  

fema l e s  uti l i ze tree den s (ma k i ng seda t ion  i n  the den  i mpo s s i bl e )  or  
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when m i n i ma l  d i s turba nc e  i s  des i red fo r fema l es denn i ng on  the grou nd . 

A ta pi ng  se s s i on of  a t  l ea s t  1 hou r i s  adv i sed to ensure that 

voca l i za t i o n s  wi l l  be detected i f  cubs are  pre sen t .  Longer ses s i ons 

someti me s  i mproved e s t i ma te s  of  l i tter s i ze ,  e spec i a l l y  if i n i t i a l  

record i n g s  were made duri ng a l u l l  when voca l i zat ions  cons i sted mai n l y  

o f  spo ra d i c  nu r s i ng and c ry i n g . 

Es t i mates  of  l i tter s i ze ba sed on tape record i ng s  of  c u b  

voca l i zat ions  were cons i dered m i n i mum est ima te s , s i nce there was no 

way to ver i fy i f  a l l the cubs  a c tu a l l y present i n  t he den  had been 

accoun ted for . E st ima tes were ba sed on  combi na t ions  o f  voca l i za ti ons . 

D i ffe rences be tween 1 and 2 c u bs n urs i ng were read i l y  d i s t i ng u i s ha bl e .  

However , i t  wa s d i ff i cu l t to d i fferenti ate between 2 and 3 o r  more 

cubs  n u rs i ng . Est ima te s  of 3 cubs  were ba sed o n  combi na t i o n s  o f  

nurs i ng a n d  cryi ng that ena b l ed t he sounds  of  a t h i rd c u b  to be 

i so l a ted . I n  2 cases , l i tte r s i zes  est i mated a s  a t  l ea st 3 cubs  

ba sed on cub  voca l i zat ions  we re veri fi ed the fol l owi ng  wi nter by 

a ccura te counts  of yearl i ngs . Further  re finements i n  ta p i ng and 

ana l ysi s may imp rove the accu racy of l i tter s i ze e st ima te s  ba sed on 

record i ngs  of vo ca l i zat ion s . 

Mo st cub  voca l i za t i o n s  we re centered between 0 a nd 2 KHz . 

However , d i ffe rences between l i tters were observed . Fl etcher ( 1 953 )  

repo r ted that voca l i zat ion pa tterns c hange  wi th  age . Devel opmen t  of 

the cubs from bi rth to the t i me they l ea ve the den may be s i g n i f i ca n t  

enough  t o  a l ter  voca l i za t i on s  con s i dera bl y .  Record i ngs of  c u b  

voca l i za t i on s  ta ken a t  regul a r  i nterva l s from m i d - Fe brua ry to l ate 

Apr i l  for a fema l e  wi th cubs  may s how ma rked changes over t i me .  
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Cub  C ha racter i s ti c s  

We i gh t  a n d  devel opme n t .  L im i ted i n forma t i o n  i s  ava i l a bl e o n  

cubs  i n  w i nter dens beca use of  the rel a t i ve ly  smal l n umber of  l i tters 

exami ned . D i fferences i n  we i gh t  a nd deve l o pment observed d u r i n g  a 

1 0-day peri o d  ( 8  Ma rc h through  1 7  Marc h )  i nd i cated tha t b i rth da tes 

var i ed between l i tters ; however , no basel i ne i nforma t i o n  i s  a va i l a bl e 

to determ i ne the extent . Cubs i n  the l i tters observed i n  1 980 had 

the i r  eye s open , wh i l e  a l l of the c ubs exami ned in  1 979  had the i r  

eyes c l osed . Schoo nma ker ( 1 938 ) a n d  Matso n ( 1 954 ) e s t i ma ted tha t  cubs  

open the i r  eyes a pprox imate l y  40  days a fter b i rth ( us i ng 1 Februa ry as  

the date  of  parturi t io n ) . Bu tterwo rth ( 1 969 ) reported that  orpha ned 

c ubs  bega n to open the i r  eyes after 28 days . Eye co l or wa s a l i g h t  

b l ue for a l l of  t h e  c ubs obs erved wi th the i r  eyes o pe n .  Th i s  proba b l y  

c hanges soo n a fter d e n  emergen ce s i nc e  n o  c ubs trapped dur i ng the 

s ummer exh i b i ted bl ue eye co l or .  

Sex ra ti o . A prepondera nce of ma l e offs pr i ng wa s obs erved i n  

l i tters o f  femal e bl ack  bears . No d i ff i cu l ty wa s encountered i n  

determi n i ng the s ex o f  the newbo rn cubs . Bu tterworth ( 1 96 9 )  reported 

tha t externa l gen i ta l i a  i n  the b l ack  bear become d i st i ngu i s hab l e at  

a pproxima tel y 2 wee ks of  age . The samp l e used to determi ne  sex ra t i o  

i s  rel a t i vel y sma l l ( 1 7  l i tters fo r pa nhand l er a nd wi l d  fema l e s 

comb i ned ) a nd more i n forma t ion  i s  needed . Assum i ng tha t add i t iona l  

i nforma t ion  s upports c urrent trends , the prepondera nce of  ma l e  

o ffs pri ng may be rel ated to a beha v i ora l  a s pect of  bl ack  bears . 

Rogers { 1 97 7 )  and Gars hel i s  { 1 978 ) reported tha t femal e  offs pri ng  
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e stab l i sh home ranges wi th i n  the  materna l fema l e ' s home ra nge . Ma l e  

offspr i ng d i s perse a nd esta bl i s h home ra nges i n  other area s . Morta l i ty 

i s  proba bl y h i g her for the sub-adu l t ma l es . Fema l e s  tha t produce  a 

grea ter n umber of  ma l e  offspr i ng i nc rease  the chances tha t  some w i l l  

s u rv i ve and become estab l i s hed wi t h i n  the popu l a t i o n . Tr i vers and  

Wi l l ard ( 1 9 73 )  s uggested that  i n  po l ygamous  sys tems a fema l e i n  good 

cond i t i o n  who produces  a son has  a h i g her probab i l i ty of  l eav i ng more 

offs pr i ng tha n a fema l e  tha t produces a da ug h ter . Th i s  wou l d  be 

e s pec i a l l y  true of b l ack  bears . Wh i l e fema l e  b l ack  bears can  produce 

1 l i tter every 2 years , an  e stab l i shed ma l e  can breed w i th s evera l  

fema l e s  every year . I n  add i t i o n , s i nc e  fema l e offs pr i ng e stab l i s h  

home ra nges w i th i n  the mother ' s  home ra nge , i t  i s  poss i b l e  t ha t  a 

fema l e tha t produces many daug h ters wou l d  even tua l l y end u p  competi ng 

w i th her own offs pr i ng for resources . I nc reased compet i ti o n  wou l d  

po s s i bl y  re s u l t i n  d i spers a l  a nd h i g her morta l i ty for fema l e  offspr i ng .  

De nt i t i on . Ra usch ( 1 961 ) reported that b l a c k  bea rs do not 

have a dec i duo u s  f i rst premo l a r .  The fi rst  premol ar  wa s cons i dered 

to be the fi rs t  permanent tooth  to eru p t ,  w i th eru p t i o n  beg i n n i ng l a te 

i n  the th i rd mo nth of l i fe .  However,  i n forma t i o n  o bta i ned from 

yea rl i ngs  seda ted i n  dens dur i ng l a te March a nd reca ptured i n  mi d-May 

i nd i cates  that the i n i ti a l  f i rs t  premo l a r i s  dec iduous  w i th  a 

permanent  f i r s t  premo l ar com i ng i n  be tween Ma rch and  May of the second 

yea r .  The fi r st  prerro l ar  i s  there fore one  of  the l a st  dec i duous  teeth 

to erupt i n s tead o f  the f i rst  perma nent  teeth to come i n .  
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Pel age ma rki ngs . Spec i a l  i ntere s t  was g i ven to the cub wi th  

whi te paws and  a chest  bl a ze . C hest  b l azes  have been o bserved befo re 

i n  the GSMNP a nd CNF , a s  wel l a s  i n  o ther area s of  the country .  

However , the occ u rrence o f  wh i te paws ha s not been prev iou s l y  reported . 

Even  more i n teres t i ng i s  the fac t  that the maternal fema l e  and the 2 

l i tter mates were so l i d  b l a c k .  That o ne of the o ffspr i ng was so 

s tr i k i ngl y d i fferent s uggests tha t bl ack  bea rs may exh i b i t  s uperfecu nda­

t i o n  (fert i l i za t i o n  of eggs  du r i ng estru s by d i fferent  ma l es ) . I t  i s  

a l so pos s i b l e  that th i s s i mp l y  represents a recess i ve heterozygou s  

tra i t  or  a gene t i c  aberra t i o n . 

C ub  Morta l i ty 

Jon ke l  a nd Cowan ( 1 971 ) reported tha t l i m i ted morta l i ty wa s 

exper i enced by bears  between 0 . 5  and  1 . 5  years of age i n  northwestern 

Mo n tana , probab ly  due to ma terna l care a nd the precoc i a l  nature of  the 

cubs afte r l ea v i ng wi nter den s . Mo rta l i ty i ncrea sed s ubsta nti a l l y  

after the o ffspr i ng l eft the fema l e ,  a l though the extent wa s d i ff i cu l t 

to determ i ne s i nce  d i spersal of  the sub-adu l t  ma l e s o u t  of the s tudy 

a rea cou l d i nfl a te th i s  f i g ure . 

L i m i ted i nfo rma t i o n  i s  a va i l abl e rel a ted to c ub  mo rta l i ty 

w i th i n  the GSMNP and CNF . The frequency of  l a cta t i o n  observed i n  the 

GSMN P and CNF  rema i ned rel a t i ve l y  co ns ta n t  throug hout  the  s ummer , 

s uggest i n g  tha t l o s s es of ent i re l i t ters were u ncommo n . On ly  one 

i nc i dent wa s observed of  a femal e g i v i ng b i rth i n  s ucces s i ve yea rs . 

Al t hough  l o sses  of  enti re l i tters appea r to be uncommo n ,  pa rti a l  

l osses may occur . Dur i ng 1 97 9 ,  one fema l e  wa s o bserved i n  the wi n ter 



de n wi th on l y  1 yea rl i ng .  l i tter  s i ze determi ned for 1 4  femal es i n  

wi nter dens wi t h  newborn c u bs wa s never l es s  tha n  2 cubs . 
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Average l i t ter s i zes  fo r femal es wi th cubs  and yea rl i ng s  i n  

de ns  were 2 . 5  and 2 . 0 , respec t i ve l y .  The d i fference betwee n these  2 

g ro ups i nd i cates that some morta l i ty does occur . Average l i tter s i ze 

ba sed o n  observa t ions  of pa nhand l er fami l y  un i ts showed no s i g n i f i ca n t  

d i fference between fema l es wi th cubs and year l i ngs , wh i c h s uggests 

tha t cub  survi vors h i p  i s  rel a t i ve l y  h i g h . To wha t extent t h i s refl ects 

the s i tua ti o n wi th i n  the w i l d  segment o f  the po pu l a t i o n  i s  not known . 

Rogers ( 1 97 6 )  specul a ted tha t fema l e s that feed at garbage dumps have 

h i g her  cub surv i va l . Observa t i on s  of  w i l d  femal es w i t h yea r l i ngs  a re 

uncommo n ,  p ro ba b l y  due to l i m i ted v i s i b i l i ty i n  the ba c kcountry ,  the 

i ncrea s i ng i ndependence of the year l i ngs , and the  s ho rt t ime that 

fema l es a nd yea r l i ng s  stay together . Compa r i sons o f  ba c kcountry 

fema l es w i th cubs a nd yea r l i ng s  i n  w i nter dens o ffer the best  mea ns o f  

est ima ti ng c u b  mo rta l i ty wi th i n  the wi l d  segment of the popu l a t i o n . 

Breed i ng Ac ti v i ty 

Breed i ng act i v i ty ( ba sed o n  swe l l i ng o f  the externa l gen i ta l i a ) 

wa s ob served throug ho ut the summer , wi th t he pea k of  breed i ng duri ng  

the  l a s t  wee k  of June and the  f irst  3 wee ks of Ju l y .  Sca ttered 

observa t ions were made as ea r ly  as the fi rst  wee k of J u ne a nd as l ate 

as m id -September . E r i c kson and Nel l or ( 1 964 ) ,  Jonkel and Cowan 

( 1 97 1 ) and Rogers { 1 97 7 )  obs erved mo st  breed i ng acti v i ty between l ate 

June a nd mid -Ju l y .  Ra usch { 1 961 ) fel t tha t the o ccurrence of  estrus 

fo r the b l ac k  bea r d i d  not d i ffer s i g n i fi cantl y between reg i ons . 
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l i m i ted i nfo rma ti on i s  ava i l a bl e rel a ted to e s trus i n  bl a c k  

bears . Fema l e b l ac k  bears  are thought to be s easona l l y monoes tru s 

( E r i c kson and N e l l er 1 964 ) , wi th  ovu l a ti on i nduced by co i ta l  s timu l a ­

t i o n  ( Wimsatt  1 963 , Er i c kson and  Nel l o r  1 964 ) . Nal bandov { 1 976 ) 

s ta ted tha t estrogen l evel s tend to d ro p  a fter ovu l a t i on , caus i ng 

es trous acti v i ty to  decl i ne .  The l ength of  es trus wou l d therefore 

depend on how soo n a fema l e  wa s bred after becom i ng recept i ve . Roge rs 

( 1 977 ) reported that  home ra nge s  of  adu l t  mal e  b l a c k  bears i n  

M i n nesota i nc l uded terr i to r i es of 7 to 1 5  fema l e s .  I n  add i t i o n , home 

ranges were not defended as terri tori es and  overl apped to the extent 

t ha t  no mal e had excl u s i ve access to any fema l e .  S i nce  ma l es w i t h i n  

an  a rea are mos t  l i ke l y  aware of  estrus w i th i n  the  fema l e  segment of 

the po pu l a t i o n , the dura t i o n  of es tru s i s  p ro bab ly  s ho r t .  E r i c kson 

and Nel l e r { 1 964 ) repo rted t ha t  corpora l utea were obs erved for the 

f i r st  t i me on  20  J u l y  i n  reproduc t i ve tracts ta ken from fema l e  b l a c k  

bea rs i n  M i ch i ga n . Reproduct i ve t racts o f  mo s t  adu l t fema l es exam i ned 

a fter th i s  da te exh i b i ted fu nct i o nal  corpora l utea , i nd i cat i ng tha t 

es trus occurred w i th i n  a s ho rt per iod  of  t i me . A capt i ve femal e b l a c k  

bear i n  Mi c h i ga n  exh i b i ted exten s i v e  breed i ng acti v i ty over a 2 -day 

per i od , fo l l owed by a s hort po st-breed i n g estrus . Cra i g head et a l . 

( 1 969 ) reported that  estrus  term i na ted a bruptl y i n  gr i z z l y  bears 

(Ursus arc tos ) , pro bab ly  due to ovu l a ti o n . Twenty ( 44 % )  of the mature , 

non - l a c ta t i n g  fema l es tra pped dur i ng  the peak of  breed i ng act i v i ty i n  

the GSMNP and CNF  s howed no s i g ns of estrus , s ugges t i ng tha t the 

estrous  per iod  i s  rel a ti vely s hort . However , Ammons  { 1 974 ) repo rted 

that e s tru s for capti ve b l ac k  bears i n  North Caro l i na ranged from 6 to 



1 6  days , w ith  a n  a verage es trous  period  of 9 . 75 days . ( Es trus wa s 

de s i g na ted as  the peri od between the fi rst and  l a st  obs erva t ion  of 

copul a t i o n . ) 
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Cra i ghead et a l . ( 1 969 ) o bserved what  a ppeared to  be 2 estrous  

cyc l es duri ng the  same breed i ng s eason  for gri zz l y bears . I ntens i ve 

breed i n g  acti v i ty wa s fo l l owed by a qu i escent peri o d ,  ra n g i ng from 4 to 

1 8  days , when the fema l e s were u nrecepti ve a nd t he ma l es were not 

a ttrac ted to t he fema l es .  T h i s  wa s fo l l owed by a no ther peri od o f  

breed i ng acti v i ty .  D i ttr i c h  a nd Kronberger ( 1 96 2 )  c i ted by Cra i g head 

et a l . ( 1 969 ) reported a s im i l a r pa ttern for capt i ve  brown bea rs . 

Ammons  ( pers . comm . ) i nd i cated that per i ods of  i nact i v i ty were observed 

between the f irst  and l a st observa t ion  of breed i ng fo r capti ve bl ack  

bears , w h i c h  s ugges ts that  bl a c k  bea rs may exh i b i t 2 es trous  peri ods . 

Jonkel  a nd Cowa n ( 1 97 1 ) d i d  not obs erve a ny i nd i ca t i o n  of b l ack  bears 

com i n g  i n to estrus more tha n once a yea r .  Dur i ng the present study ,  

promi nent s i gns  of  es trus were obs erved for a s u b-adu l t fema l e trapped 

i n  l a te Ju ne and recaptured i n  August . Tha t  th i s fema l e exhi b i ted 

promi nent s i gn on 2 sepa rate occa s i ons  may i nd i ca te that bl ack  bea rs 

exh i b i t  more tha n e strous per iod  duri ng a yea r .  However , s i nce th i s  

fema l e was a s u b-adu l t ,  o t her fac tors may b e  i nvo l ved . Ammons ( pers . 

comm . ) reported that a cap t i ve sub-adul t fema l e exh i b i ted frequent 

breed i ng beha v i or over an  extended per i od of  time . N i s h i kawa ( 1 9 5 9 )  

c i ted by Tyl er  ( 1 972 ) sta ted that a l ong , so - ca l l ed conti nuous  e strus 

i s  rel at i vel y common dur i ng the first es tro us  per iod  of yo ung ma res 

( Egu us spp . ) . Dur i ng th i s  s tud} , 4 of the 6 fema l es observed i n  

e s trus duri ng  August  a nd September were 2 yea rs of age . Pearson 
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{ 1 944 ) found tha t ovu l a t i o n  i n  the sho rt- ta i l ed s h rew B l a r i na 

brev i cauda ) was not i nduced u n l e s s  the fema l e was bred a pprox i matel y  

2 0  t i mes w i th i n  a per i od of  a few days . It  i s  pos s i b l e  that s ub-adu l t 

fema l e bears n eed a g reater amo u nt of co i ta l  s t i mu l a t i o n  to i nduce 

ov u l a t i o n ,  wh i c h  i s  why fema l es i n  th i s  age c l a s s  a re some t i mes  

o bserved in  e s trus  l ate i n  the s ummer . E r i c kson  and  Ne l l or { 1 964 ) 

found tha t tes t i c u l a r  act i v i ty i n  bl a c k  bear ma l es d i d  not s tart to 

d ec l i ne unt i l m i d-September i n  M i c h i g a n . As s um i ng  th i s  pa ttern i s  the 

s ame for bea rs i n  the southea s t ,  succes sful  breed i ng of  es tro u s  

femal es  cou l d occ ur  l ate i n  the summer . 

Breed i ng da ta from 1 973-79  { F i g . 7 ,  page  43 ) produced a b i model  

d i s tr i bu t i o n  o f  femal es i n  e strus , w i th  an i n i t i al pea k d ur i ng the 

l a s t  wee k  of June a nd the f i rs t  wee k o f  J u l y ,  a nd a second pea k d ur i ng 

the th i rd week of  J u l y .  Whether th i s  represents the occurrence of  2 

es trous  per i ods , samp l i ng error from year to yea r ,  o r  yearly  c ha nges  

i n  when estrus occurs is  not  k nown . Jon ke l  a nd Cowan { 1 97 1 ) reported 

tha t the occurrence of estrus var i ed from yea r  to year i n  northwes tern 

Mo ntana . Cra i g head et  a l . ( 1 969 ) observed s i m i l ar sh i fts for gr i zz l y  

bears . However , severe weather co nd i t i ons  i n  western Mon ta na duri ng  

l a te s pr i ng and  ea r ly  s ummer cou l d  affe c t  breed i ng mo re d ra s t i ca l ly 

than  cond i t i o n s  i n  ea stern Tennessee . 

Determi na t i on of  Estrus 

Swel l i ng of the externa l gen i ta l i a .  Determ i nat i o n  o f  breed i ng 

cond i t i on for the Urs i da e  has  u s ua l ly  been ba s ed o n  swel l i ng of  the 

externa l geni ta l i a .  Observa t i o ns of  breed i ng behav i o r  are 
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occa s io na l l y  made , but  u nder mos t  f i el d cond i t i o n s  th i s  type o f  

i nformat i on i s  n o t  read i l y  a va i l a b l e .  However , p rob l ems ex i st i n  

a ttempti ng to dete rm i n e  e strus  based so l el y  on  external chara c ter i s­

t i c s . Vul va l swe l l i ng i n  the Urs i dae  i s  not  a s  d i s t i nct  a s  the 

exte rna l s i g n s  e xh i b i ted by s ome mamma l s .  Subj ect i v i ty and the 

var i ed exper i ences of  the researcher can produce s i gn i f i cant  

d i fferen ces i n  what externa l cond i t i o n s  a re reported a s  s i gn s  of  

e s tru s . I n  add i t i o n ,  swe l l i ng cf  the g en i ta l i a i s  p ro ba b l y  mos t  

pro nounced d u r i ng the p ea k  of  e s trus a nd l es s  d i s ti nc t  pr ior  to a n d  

after th i s  s tage . One fema l e tra pped i n  a s na re d ur i ng the present 

s tu dy wa s observed wi th a l arge mal e . External s i gns  of  es tr u s  were 

e xtreme l y  p ro nounced . On other occa s i o n s , swel l i ng o f  the gen i ta l i a  

was much l es s  o b v i ou s . Once ovu l a t i on occurs , s i gns  of  estrus  a re 

d i ff icu l t to detec t .  S i nce the dura t i o n  o f  es trus i s  proba b l y  s hort , 

the chances o f  o bserv i ng prom i nent  s i g ns of es trus a re redu ced . 

E l ec tr i ca l  res i s ta nce a n d  p H  o f  the  vag i na l  tract . Va g i na l  pH  

a n d  e l ectri ca l  res i s ta nce of the vag i na l  tract  were ta ken to determ i ne 

i f  phys i o l og i ca l  changes cou l d be u sed to ver i fy es trou s condi t i ons . 

Quan ti ta ti ve i n fo rma t ion  cou l d  s upp l ement observa t i o n s  of vu l val  

swel l i ng . Nal ba ndov ( 1 976 )  s ta ted that va g i na l  pH  i s  a l ka l i ne d ur i ng 

d i estrus a nd becomes more a c i d i c  duri ng estrus d ue to changes i n  

estrogen l evel s .  The el ectr ica l  res i s ta nce of the vag i na l  tract ha s 

been s hown to c hange wi th  the onset  of  e s trus i n  some domest i c  

l i vestoc k .  Gart l a nd et a l . ( 1 975 ) and  Foote e t  a l . ( 1 979 )  found  tha t 

e l ec tri cal  res i s ta nc e  dec l i ned rap i dl y  pr ior  t o  estrus i n  da i ry cows . 

Murp hree ( pers . comn . ) reported s i mi l ar re su l ts for domes t i c  p i g s . 
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However ,  Gartl and  et a l . ( 1 97 5 )  s howed that  d i fferences i n  res i s ta nc e  

between m id-cyc l e and  estrus we re on ly  20% for da i ry cows . Th i s  sma l l 

d i fference co upl ed wi th i nd i v i dua l  vari a t i o n  l i mi ted the u s efu l ness  of  

the techn i que  for pred i c ti ng  the cond i t i on  of  i nd i v i dual  fema l es  from 

s i ng l e rea d i ngs . S im i l a r resu l ts were o bta i ned for vag i na l  pH a n d  

el ectri ca l  re s i s ta nc e  recorded f o r  b l a c k  bears dur i ng th i s  s tudy . 

Read ings  for es tro us and anestro us femal e s s howed s ub s ta nt i al over l ap 

and  no s i g n i fi ca n t  d i fferences  were ob served . 

Vag i na l  smears . Vag i na l  smears we re ta ken from fema l e  b l ac k  

bears to determ i n e  i f  c hanges i n  vag i na l  epi thel i um can b e  used to 

detect  the o n s et or  veri fy the occ u rrence of estru s . Changes i n  

vag i na l  ep i thel i um occur duri ng the estro u s  cyc l e  of a l l mamma l s and 

refl ect di fferent s tages o f  the  cycl e (Na l ba ndo v  1 97 6 } . I n  mos t  

mamma l s ,  a s  the fema l e  approaches estrus , i ncreased l eve l s  of es trogen 

causes  rap i d  g rowth and corn i f i cat ion  of vag i na l  ep i thel i um .  H i g h 

concentra t i on s  of  corni fi ed  ce l l s  i nd i c a te a n  estrous  cond i t i o n 

( Nal bandov 1 976 ) . When e s trogen l e vel s d rop  after ovu l a t i o n , 

corn i fi ed cel l s  become l e s s  abundant  and l eucocytes predomi nate 

( Nal bandov 1 97 6 } . The vag i na l  smear techn i que refl ects ovar ian  

c hanges mos t  accura tely i n  spec i es wi t h  s hort estrou s  cyc l e s . I n  

spec i es w ith  l onger cyc l e s ,  vag i na l  c hanges l ag from 1 to s evera l days 

behi nd ova r i a n  changes ( Nal ba ndov 1 97 6 ) . 

Vag i na l  smears were a n  effecti ve mea ns of ver i fy i ng estru s for 

femal e b l a c k  bears wi th promi nent s ig n s  of estrus . The l ac k  of  

corn i f i ed cel l s  for some of  the  fema l e s d i sp l ay i ng d i s t i nc t  s i gns  o f  

es trus was a ttr i buted t o  t h e  i nexperi ence o f  some o f  the resea rc hers 
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add i t i o n ,  corn i f i ed cel l s  were detected i n  3 fema l es where vul va l 

swel l i ng  wa s not e v i dent . Corn i f i ed cel l s  were not observed i n  

femal es exh i b i t i ng on ly  s l i ght  vu l val swel l i n g ;  the a bsence of  

corn i fied  cel l s  s ugges ts tha t ep i thel i a l  changes l ag beh i nd o va r i a n  

cha nges for o n l y  a s hort per i od of ti me . 

Lacta t i o n  

8 5  

The major i ty o f  l ac ta ti ng fema l es were o bserved wi th i n  the 

m i d-age c l a s s . However,  i n  rel a t i o n  to the number trap ped , a h i g her 

pe rcentage o f  o l d-age femal es were l ac ta ti ng than mi d-age femal es . I t  

i s  poss i b l e  tha t o l d-age fema l es a re i n  bette r  o vera l l cond i t i on a nd 

wel l esta b l i shed wi th i n  a n  a rea , a nd therefore can ma i nta i n  a h i g her 

l evel of  breed i ng than you nger  i nd i v i dua l s .  Ko rdek a nd L i ndzey 

( 1 980 } reported tha t the potent i a l  recru i tment  from fema l es b red for 

the fi rst  t ime was s i gni f i ca ntl y l ess  than from l a ter b reed i ngs . The 

h i g h  breed i ng l evel s of o l d-age fema l es a nd the sma l l er l i tter s i zes 

of fema l es g i v i ng b i rth fo r the fi rst  t ime suggests tha t o l der a ged 

fema l es con tri bute s i gn i f i cant ly  to the producti v i ty of  the po pu l at ion . 

Management  wi th i n  a n  area s ho ul d a ttempt to m i n i mi ze l os ses from th i s  

segment o f  the popu l a ti on . Fema l e  b l ack  bea rs return to denn i ng a reas 

a nd restri c t  acti v i t i es earl i er i n  the fa l l  than ma l es ( Johnso n 1 97 9 } . 

L a ter hu nti ng sea sons wou l d  reduce the n umber of  fema l es ha rvested . 

R i effenberger ( 1 97 6 ) , Col l i ns ( 1 978 ) a nd Raybo urne ( 1 978 ) reported 

that l a ter fa l l  hunti ng s easons  reduced the percentag e  of fema l e b l a c k  

bears harves ted i n  West V i rg i n i a ,  North Carol i na ,  a n d  V i rg i n i a ,  

res pec ti vel y .  The e stabl i shment of  bear reserves wi th i n  area s o pen to 



86 

hunt i ng wou l d pro tec t the fema l e  s egment of  the popu l a t i o n  and  crea te 

centers of pro duct i v i ty .  The e sta bl i s hmen t  o f  reserves wo u l d be 

parti cu l a rly  benef i c i a l  i n  areas w i th heavy hunt i ng pres sure . 

On ly  23% o f  the adu l t fema l es trap ped from 1 973-79  were 

l actat i ng . I t  i s  po s s i b l e that the sma l l  number of l ac ta t i ng fema l es 

tra pped i s  due to the fac t  t ha t  these a n i ma l s a re trave l i ng l es s  

beca use  of  t h e  cubs  and  a r e  l es s  l i ke ly  to come i nto contact  w i th the 

trap l i nes . 

Occas i o na l ly researchers have been u na b l e to detect l a c ta t i o n  

for fema l es k nown to b e  nurs i ng cubs . Na l bandov ( 1 976 ) reported tha t 

s tress or  anesthe s i a  can some times i nh i b i t  m i l k  l et-down . When 

oxytoc i n  wa s i nj ected i n to a fema l e under deep a nesthes i a , m i l k  

eject ion  resumed ( Na l ba ndov 1 976 ) . Oxytoc i n wa s used d ur i ng t he s ummer 

o f  1 97 9 ,  a nd researchers were ab l e to i nduce mi l k  l et-down for a l l 

fema l es known to be l ac tati ng . The ha l f-l i fe i n  the b l ood sys tem i s  

1 to 3 m i n u te s ;  t h i s  m i n i mi zes a ny ad vers e effects tha t m i g h t  occu r 

( Goodma n a nd G i l ma n  1 9 75 ) . 

M i n i mum Reproduc t i ve Age 

There i s  ev i dence tha t fema l e b l ack  bears have the potent i a l  to 

breed at 2 years  of a ge and  g i ve b i rth at age 3 .  Mo st  of these 

observa t ions  have been ma de for capti ve fema l e s  ( Sti c k l ey 1 96 1 , 

Ammons  1 974 ) . However , some have  been observed i n  the wi l d .  Col l i n s  

( 1 974 ) found p l acenta l  scars on  the reproducti ve tract  o f  a 3-yea r-o l d  

fema l e k i l l ed i n  North Caro l i na ,  i nd i cat i ng s uccessful  breed i ng a t  2 

years o f  age . Co l l i ns  a l so reported tha t 1 1  of 1 7  reproducti ve trac ts 
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from 2-year-o l d fema l es k i l l ed i n  Tennes see , North Ca ro l i na a nd 

Georg i a  had co rpora 1 utea , i n d i  cat  i ng substa n t i a l  breed i ng acti v i ty 

wi th i n  th i s age c l a s s . However , reproducti ve tracts  fo r 1 6  of 1 9  

3-year-o l d fema l es had corpo ra l u tea ( Tr i -Sta te Bea r Projec t ,  

u npubl i s hed repo rt ) . The h i g h  i nc i dence o f  3 -yea r-ol d fema l es w i th  

corpo ra l u tea suggest tha t few of  the  fema l es that breed a t  2 years of 

a ge g i ve b i rth a t  3 years . Raybo urne ( 1 976 ) observed a 2-yea r-o l d  

fema l e i n  e s trus a nd 1 3-year-ol d fema l e l actat i ng , but repo rted that 

normal breed i ng age in  Vi rg i n i a  a ppeared to be wel l esta b l i shed at 

3 years of  age . Jon kel  and  Cowa n  ( 1 97 1 ) repo rted e s tru s i n  fema l e  

b l ack  bears  a s  ea rly as  4 years o f  age , w i th 6 years the ea rl i es t  age 

a fema l e  wa s observed w i th  cub s .  Th i rty- e i ght percent  of  the fema l e  

b l ac k  bears i n  Pennsyl van i a  breed a t  2 yea rs of  age ( Ko rdek a nd 

L i ndzey 1 980 ) , w i th 3-yea r-o l d femal es common ly  g i v i ng b i rth (Al t 

pers . comm . ) .  

S i g ns o f  es trus were observed for 2-yea r-o l d  fema l es d ur i ng  

th i s  s tudy .  However , the percentage of  fema l es  tha t gave b i rth at  

3 yea rs of  age  wa s l ow .  I nfo rma t i o n  from tra pp i n g  da ta a nd wi nter den 

wor k  i nd i ca tes that m i n imum reproduc t i ve age ( defi ned  as the fi r st  

year tha t a fema l e g i ves b i rth ) for fema l e  b l a c k  bears i n  the  GSMNP 

a nd CNF is 4 to 5 yea rs ,  wi th mos t  g i v i ng b i rth  at 5 years of  a ge .  

M i n imum breed i ng age has l i mi ted va l ue i n  determi n i ng the reprod ucti ve  

rate  for bl ack  bea rs . The occurrence of sub-adu l t fema l e s  breed i ng 

w i thout  g i v i ng b i rth su gges ts that mi n i mum reproducti ve age i s  i n  

fa ct mo re refl ec ti ve of sexual  matur i ty than the age  a t  wh i c h  breed i ng 

i s  fi rs t o bserved . 
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�t·oduc t i ve Cyc l e  

Fema l e  b l ack  bears have  the potent ia l  to breed a nd g i ve b i rt h  

every 2 years . A l tho ugh mos t  fema l es  i n  the GSMNP a nd CNF  exh i b i ted 

th i s  pattern , a substa n ti a l  number s k i pped a yea r between reproducti ve  

cyc l es a t  some t i me d uri ng  the i r  l i fe . Mos t  s k i p s  between cyc l es 

fo l l owed years w i th l ow ma s t  produc tion . On l y  1 femal e  exh i b i ted a 

s k i p  i n  the cycl e  fo l l owi ng a yea r w i th good mas t  produc t i on . However , 

th i s fema l e  a l s o  s k i pped the p re v i ous  yea r , fo l l owi ng  a fa l l  of  

extreme ly  poor mas t  produ ct i o n  a nd pos s i bl y  wa s i n  s uc h  poo r cond i ti on 

that the next yea r wa s a l so s k i p ped . 

Break s  i n  the reproduc t i v e  pa ttern a re probabl y c a us ed by a 

comb i na ti on o f  poor mast  p roduc t ion  and  the cond i t i on of  the fema l e .  

Fema l es g i ve b i r th i n  rel at i ve l y  good cond i ti on ,  but  l ac ta t i o n  creates 

a s ubstan ti a l  d ra i n  on the femal e ' s  resources . Femal es wi th cubs enter 

dens at we i ghts t hat  a re s i gn i f i ca ntl y l es s  than pregna n t  fema l es . 

After emergence from the den the seco nd wi nter , the fam i l y  u n i t  

brea ks  u p  a n d  the fema l e  ca n a ga i n  come i n to estrus a nd breed . Dur i ng 

the s ummer a nd fa l l ,  body reserves a re rep l eni s hed . Mos t  we i ght ga i n  

occurs dur i ng  the fa l l  i n  the form o f  fa t ,  a s  a res u l t o f  fora g i ng o n  

h i g h  qua l i ty hard mas t .  A mast fa i l ure dur i ng the fa l l probab ly  

prevents the fema l e  from a tta i n i ng a body we i gh t  necessary to s upport a 

l i tter the fo l l owi ng year . Al thou g h  breed i ng ,  ovu l a t i on , a nd  

concept ion  occur  duri ng  the  summer , impl a n ta ti on occurs dur i ng the 

fa l l ( Wi msa tt  1 963 ) . The n u tr i t i ona l  s ta te of the femal� d u r i ng the 

fa l l  may i n fl uence whether the Ll a s tocysts impl a nt .  Rogers ( 1 97 6 )  

found  a s i g n i f i ca nt re l at i ons h i p  between fa l l  wei g hts and  reproduc t i ve 
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s uccess fo r b l ack bears i n  M i n nesota . Fema l e s  wei g h i n g l es s  than 6 7  

k g  were o bserved w i tho ut  cubs . Fema l es greater than 80  k g  p roduced 

c ubs , a n d  femal es between 67  k g  and 80 kg had var i ed reproduct i v e  

succes s .  Rogers ( 1 976 )  a l so repo rted tha t duri ng a 3-yea r per i od 

of  food s ca rc i ty ,  fema l es exhi b i ted i n terva l s o f  as  l ong a s  4 years 

between l i tter s . 

Mos t  of  the s k i ps betwee n  reproduc t i ve cycl e s  occurred dur i ng 

mi d-age ( 5  to 9 yea rs of  age ) , wh i l e  o n l y  3 o l d-age ( 1 0  yea rs or 

o l der ) femal es exh i b i ted s k i p s .  I t  i s  pos s i bl e  tha t o l der fema l es  are  

in  good cond i t i o n  wi th s u i tabl e reserve s , wel l establ i shed w i th i n  an  

a rea and  therefo re l ess s uscept i bl e  to a d verse changes i n  food  a va i l a ­

b i l i ty .  You n ger i nd i v i dua l s may be l es s  ab l e t o  ta ke these changes i n  

s tr i de . For s imi l ar reaso ns , mas t  fai l ure s  duri ng the fa l l  proba b l y  

i nfl uence m i n i mum reprod ucti ve age ,  a l t hough  ev i dence t o  support  th i s  

con tent ion  i s  not a va i l a bl e .  I t  i s  i n teres t i ng to note that  the 2 

i nc i dents of  3-year-ol d fema l e s g i v i ng b i rth occurred after fa l l s  w i th 

good mas t  product i o n . Rogers ( 1 9 76 )  reported tha t dur i ng a 3-yea r 

per iod of  food scarc i ty ,  fema l e s l ess  than 8 years of  age d i d  not 

p roduce l i tters . 

Reproducti ve Synchro ny 

Age data obta i ned from b l ack  bears harves ted i n  New Yor k  

sugges t that reproduction  i s  synchroni zed i n  the fema l e s egment o f  the 

popu l at ion  ( Free and McCaffrey 1 970 ) .  A cons i s tent  pattern of  h i g h  

production  fo l l owed l ow p rod uct ion  dur i ng succe s s i v e  yea rs was 

o bs erved . Synch rony o f  reprodu ct i o n  d u r i ng a l terna te years wi l l  be 

e s tabl i shed i f  f i rs t  s uccessfu l  ma t i ng occurs at a n  odd n umbered year 
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o f  a g e  ( i . e . , 3 or 5 yea rs o f  a ge ) a n d  subsequent breed i ng occurs 

d u r i ng a l terna te yea rs ( Free and McCaffrey 1 970 ) . I n fo rma t i o n  from the 

GSMNP a nd CNF s uggests tha t the femal e  s egment  of  the popu l a ti on i s  not 

exh i b i t i ng reproducti ve  sync hro ny . Substa n t i a l  d i fference s were not 

observed in  the n umber  of l ac ta ti n g  femal es tra pped from yea r to yea r ,  

nor doe s  a g e  data from the a n i ma l s tra pped exhi b i t a d i st i nct ive 

pattern of  h i g h  and  l ow p roduc tio n  duri ng a l terna te years . Fema l e 

bl ack  bears wi th i n  the GSMNP a nd CNF  do not cons i s tent ly  sa ti s fy the 

ba s i c requ i rement  for reproducti ve synchro ny . A substa nt i a l  n umber o f  

femal es g i ve b i rth i n i t i a l l y  a t  5 yea rs of a g e  ( f irst  s ucces sful  

breed i ng at a ge 4 ) . A h i g h  percentage of  fema l es  occas i o na l l y  exh i b i t  

s k i ps i n  the reproducti ve  cycl e .  S k i p s  i n  the reproducti ve cycl e 

wou l d further brea k u p  any pa ttern of  reproducti ve  synchrony that mi g ht 

devel op . I n  1 97 3 ,  no l ac ta t i ng femal es were tra pped i n  the s tudy a rea , 

pro bab ly  due to the se vere ma s t  fa i l ure  tha t occurred d ur i ng the fa l l  

o f  1 972 . I t  i s  poss i bl e  tha t reproduct ion  wou l d tempo ra ri l y  be 

synchroni zed i mmedi a te ly  fol l owi ng s uch a n  even t ,  but wou l d  eventua l l y 

return to an unsync hron i zed pa ttern . 

Weight  

Logi st i c growth c urves . Growth curves ( ba sed on B rody ' s  model ) 
were used to est ima te wei ght-age rel a t i on s h i p s  for 4 catego r i es o f  

b l a c k  bea rs exami ned dur i ng the pres ent s tudy .  Growth curves have 

effecti ve ly  descri bed wei ght-age rel a t i o ns h i p s  for many mamma l i a n  

s pec i es ( Brody 1 964) . I ns pecti o n  of the d i fferences between growth 
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c urve est ima tes and  mea n wei g h ts i nd i ca tes that Brody ' s  mode l  f i t s  the  

we i ght-age rel a ti on sh i p  for b l ack  bears extremel y  wel l . 

Growth curves p rov ide  a n  effecti ve mean s  of  compar i ng g rowth and  

we i g ht d i fferences b etween categor ies  a nd ages  w i th i n  ca tego r i e s .  I n  

add i t i on , i t  i s  suggested t h a t  growth curves pro v i de e s t i ma tes  that 

a re po ss i bl y  more refl ecti ve of wei ght-age parameters than mean wei g h t  

val ues .  G rowth curves have the a dded advan tage o f  we i g ht i ng 

i nformat ion  so that extreme var i a t ion  and sma l l sampl e s i ze s  are not  

overly i nfl uenti a l . Mean  wei g hts compa red wel l wi th g rowth  cu rve 

e s t i ma te s  when samp l e  s i zes we re re l a t i ve l y  l a rge , b ut  were l ess  

comparabl e when  sampl e s i zes were sma l l .  Wei g hts  observed w i th i n  age  

c l a sses vari ed co ns i derab l y .  Thi s var i a t i o n  may b e  due to severa l  

factors : seasonal  changes i n  we i g ht ,  t he reproduct i ve cond i t ion  o f  the  

fema l e , and  i nd i v i dual  d i fferences .  Seasonal d i fferences in  we i gh t  

p ro ba b l y  refl ect t h e  avai l a b i l i ty of  h i gh  qual i ty sources of food 

d ur i ng  d i fferent t imes of the yea r .  Gra sses a nd herbaceous  materi a l  

ma ke u p  most o f  the bears ' d i et d ur i ng the ea r ly  spri ng ( Eag l e  1 979 ) . 

Jo nkel and Cowan ( 1 97 1 ) and Rogers ( 1 976 ) reported tha t b l ack  bears 

l ose  we i g ht o r  ga i n  s l owl y  d u r i n g  s pr i ng  a nd ea rl y s ummer . We i g h ts 

p ro babl y  i nc rea s e  a s  va r ious  types of  soft and hard mas t  become 

a va i l a b l e  dur i ng  the s ummer a nd fa l l .  Wei ghts  d i ffer s i gn i fi cant ly  

for  a du l t femal es i n  rel a t i o n  to reproducti ve cond i t ion . 

Rel a t i o ns h i p  between wi l d  a n d  pan ha ndl er bears . Pa nha nd l er 

fema l es reached mature we i gh t  l evel s ear l i er and wei g hed more overa l l 

t ha n  backcountry fema l es .  Pan hand l er  femal es have acce s s  to h i g h  

qua l i ty sources of  food d ur i ng the summer i n  the form of  garbage and 
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handouts from park v i s i tors . Th i s  add i t i ona l  source  of n u tr i t i on  

pro bab ly  accounts  for the h i g he r  we i gh ts observed . Capt ive  bl ac k bears 

rece i ve n utr i ti ona l  r i ch  d i ets  and  as a resu l t devel o p  more rap i d l y ,  

we i gh more a nd reach  sexua l  ma tu r i ty earl i er than the i r w i l d  counter­

parts ( Rogers 1 97 6 ) . 

Growth i n  fema l e b l ack  bea rs w i th  res pect to we i g h t  i s  char­

acteri zed by a n  i n i t i a l  phase of  ra p i d  g rowth , fo l l owed by a d i s t i nct  

l evel i ng off . Brody ( 1 964 ) s ta ted tha t the  i nfl ec t i o n  po i nt of the 

growth curv e  ( the po i nt where the s l ope sto ps i ncrea s i ng but has not 

s ta rted to decrease )  approx i ma tes  the onset  of puberty .  The i nfl ect ion  

po i nt fo r pa nhand l er  and wi l d  fema l es occu rs between 2 a nd 3 years of  

a ge .  Two-year-o l d  fema l es have been observed i n  estrus  w i th i n  the 

GSMNP a nd CNF . Hafez ( 1 968 ) reported t hat  sexu a l  matur i ty u s ua l ly 

occurs a s  ma ture we i ght  l evel s a re a pproached and  devel o pmen ta l  g rowth 

dec l i nes . We i gh ts for panhand l er a nd wi l d  fema l es  beg a n  to l eve l off 

a ro u nd 4 to 5 years , the age when the majori ty of  fema l es i n  the GSMNP 

and  CNF  gave b i rth  for the fi rst t ime . Suff i c i ent i nformat ion  i s  no t 

a va i l a b l e from thi s study to coffipare mi n i mum re produ c t i v e  age for 

panhand l er and w i l d  females .  Panhandl er femal es  reach mature wei ghts 

ea r l i er than w i l d  fema l es w h i c h  wou l d  i nd i cate that pa n ha nd l er fema l es  

become sexua l l y  ma ture at a yo unger age . Sadl ei r ( 1 969 ) conc l uded 

tha t mo st of  the d i fferences i n  wi l d  a n i ma l s a tta i n i ng puberty wa s 

a ttri butab l e to d i fferences i n  growth rate . Beecham ( 1 980 ) suggested 

that  poorer habi ta t qua l i ty wa s respons i b l e  for s l ower growth rates 

for fema l e b l ack  bears , ca u s i ng t hem to reach  sexua l matur i ty l a ter 

than fema l es i n  area s wi th h i g her qual i ty .  
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Beecham ( 1 980 ) bel i eved tha t the l evel i ng off o f  we i ghts was 

a s soc i a ted wi th p uberty a nd represented the a verage age  at wh i c h  

fema l es become reproduct i vel y  ac t i ve . However , breed i ng act i v i ty by 

s ub-adu l t  fema l es s uggests tha t the l evel i ng o ff of wei ght  i s  more 

refl ec t ive  of t he age  of fi rs t  succes s fu l  b reed i ng .  Sad l e i r  ( 1 96 9 )  

corre l a ted the a tta i nment of  a parti cu l a r  m i n i mum body s i z e to 

s u ccessfu l  b reed i ng .  It  i s  po ss i b l e  that some s u b-adu l ts may be 

sexua l l y  mature ,  b ut  a re una b l e to reproduce beca use of body s i ze  o r  

condi t i on . 

Panhand l er mal es wei ghed s ubsta nt i a l l y  more tha n the i r  wi l d  

cou n te rparts . Wei ght  d i fferences were l ess  wi th i n  the o l der age 

c l a sses , where panhandl er we i gh ts began to l evel  off wh i l e  wei ghts o f  

w i l d  ma l es conti nued to i ncrease . I t  i s  poss i bl e  t ha t  pa n ha ndl er 

mal es a re begi n n i n g  to exh i b i t  l im its  on fat accumu l a t i o n  and  g i ven 

t i me ,  wi l d  ma l es wou l d  encounter s i mi l a r l i mi ta t i ons . 

Rel a t i ons h i p  between ma l es a n d  fema l es .  Ma l e  b l ack  bea rs 

we i ghed substa n ti a l ly mo re tha n fema l e s .  S i mi l ar re l a t i o n s h i ps  have 

been obs erved i n  other area s (Jonkel  a nd Cowa n 1 97 1 , Rogers 1 977 , 

Beecham 1 980 ) . We i ghts for ma l e s d i d  not l evel off a s  obs erved for 

femal e  b l ack  bears . Th i s  cont i nual  i ncrea se  i n  we i g h t  i s  a ttr i b u ted 

to accumu l a ti on o f  fa t by the ma l e s .  Al though  devel o pmenta l growth 

s tops  a t  some po i n t,  i t  i s  d i ff icu l t to detec t .  A more rea l i st i c  

est imate of  cond i t i on  a n d  actual  g rowth wou l d be obta i ned i f  some 

e s t i ma te of fa t accumu l a ti on wa s u ti l i zed . 



CHAPTER V I  

SUMMARY AND CONCLUS IONS 

1 .  Fema l e  bl ack  bea rs entered dens du r i ng t he f i rs t 3 weeks of 

December and emerged between the f i rs t  a nd l a s t  week o f  Apri l . The 

denn i ng peri od l a sted a n  average of  1 1 4 days . No re l a t i o ns h i p  was 

o bserved betwee n  den  entry and  wea ther co nd i t i o n s  or  mas t  ava i l a b i l i ty .  

Den  emergence  wa s s trong ly  correl a ted wi th i ncreas i ng prec i p i tat ion  a nd 

l ow m i n i mum tempera tures , i nd i ca t i ng that adverse wea ther may i nfl uence 

emergence i f  bea rs a re phys i o l og i ca l l y ready to l eave the dens . 

2 .  Fema l es w i th cubs denned s i g n i f i ca ntl y l o nger and eme rged 

s i gn i f i cantly l a ter tha n fema l es wi thou t  offs pr i ng ,  pos s i b l y  due to the 

a l tri c i a l  na ture of the newborn cubs . A pred i c t i ve model , us i ng the 

da te tha t fema l es emerged from den s ,  wa s effec t i ve i n  pred i c ti ng 

reproducti ve co nd i t i o n . The model co u l d ma x im i ze the amount  of 

i nforma t ion  o bta i ned from den n i ng  observa t ions  by prov i d i ng an est imate 

of re producti ve cond i t i o n  based so l e l y  o n  den emergence . 

3 .  I so l a ted cases were observed o f  adu l t fema l e s  l ea v i ng i n i t i a l  

den s i tes and denn i ng i n  d i fferent areas . Thi s acti v i ty wa s a s soc i ated 

w i th  peri ods of heavy ra i nfa l l a nd sugges ts tha t w i nter  dormancy i n  

bl ack bea rs i s  f l ex i b l e  enough to a l l ow the a n i ma l s to respo nd to 

adverse or chang i ng envi ro nmenta l  co nd i t i o n s . Thi s a b i l i ty to respond 

wa s further demonstra ted by the act i v i ty of  some fema l es when seda ted 

i n  dens . 
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4 .  Fema l e b l a c k  bears ex h i b i ted a s i g n i f i ca nt preference fo r 

tree dens . Ut i l i za t i o n  of tree dens wa s substa n t i a l  even i n  area s that  

had  been l og ged exten s i vely , where tree dens were l es s  a bunda n t .  

Ground dens were l oca ted i n  area s  that had been l ogged exten s i vel y .  

Tree dens prov i de added secl u s i o n ,  wh i c h  i s  pro babl y a dec i ded 

advantage to b l a c k  bears , pa rti c u l ar ly  i n  areas w i th greater 

access i b i l i ty and  human acti v i ty .  Timber management  t ha t  spec i fi e s  

tha t some l arge c u l l trees be l eft i n  area s that are l og ged wou l d be 

benefi c i a l  to b l ack  bears . 

5 .  Scattered i nc i dents o f  den reuse  were ob served i n  a reas 

tha t had been l og ged extens i ve l y ,  poss i bl y  refl ec t i ng red uced 

a va i l a b i l i ty of s u i tabl e den s i te s . 

6 .  Mos t  breed i ng act i v i ty wa s obs erved duri ng the l a s t  week of 

June and fi rst 3 wee ks of J u l y ;  howeve r , fema l e s were re ported i n  

estrus a s  ea rl y a s  5 June a nd as l a te a s  1 2  September .  Mos t  o f  t he 

fema l es o bserved i n  e str us l a te i n  the summer were su b-ad ul ts .  One 

2-year-ol d fema l e  was observed i n  estrus on  25 June a n d  3 1  Aug u s t  1 978 ; 

th i s  s uggests that t h i s age c l ass may exhi bi t pro l o nged o r  reoccurr i ng 

estr u s .  

7 . Vag i na l  smears  were an  effec ti ve mea ns for ve r i fy i ng e s trus  

i n  bl ack bears . I n  severa l  cases , an estrous cond i t i on was detected 

based on epi thel i a l c haracte r i s t i c s  of  the vagi na even  thoug h externa l  

s i gns  of es trus were not p ronounced . The  use o f  vag i na l  smears does 

not substant i a l l y  pro l ong the t i me that es trus can be detected , s i nce 

corn i fi ed ce l l s  do no t appear to pers i s t  i n  the vag i na l  trac ts l o n g  

after ovu l a ti o n .  
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8 .  Re l a ti vely l i ttl e i n forma t i o n  i s  a va i l a b l e re l a ted to the 

breed i ng b io l ogy of b l a c k  bears . F i e l d s tud i es ca n determ i ne the 

general pea k  of breed i ng ,  but  l i ttl e add i t i onal  i n forma t i o n  un l ess  

fema l es are observed o n  a regu l ar bas i s .  Extens i ve o bservati ons  and  

con tro l l ed experiments wi th ca p t i ve fema l e  cou l d a nswer many ques t i on s  

rel ated to breed i ng i n  bl ack  bears . 

9 .  Mi n i mum reproducti ve age ( the age  a fema l e fi r st  g i ves  

b i rth ) fo r fema l e  bl ack bears in  the GSMNP a nd CNF  wa s 4 to  5 years , 

wi th mos t  g i v i ng b i rth a t  5 yea rs of  age . M i n i mum rep roduct i ve age  i n  

th i s area i s  compara bl e to b l ac k  bears i n  M i c h i gan  ( Er i c kson a nd Nel l or 

1 964 ) ,  somewha t  earl i er than bears i n  Mi nnesota ( Rogers 1 977 ) and  

Mon ta na (Jonke l  a nd Cowa n 1 97 1 ) and  s l i gh tl y  l a ter than  bea rs i n  

Pennsyl va n i a  ( Ko rdek  and L i ndzey 1 980 ) . The d i fference  i n  m i n i mum 

reprodu cti ve  a ge between these ages s uggests tha t changes  i n  l ati tude 

have l imi ted , if a ny ,  effect on age of  matu ri ty .  N u tr i t iona l  co n d i ­

t i o n s  probab ly  p l ay a grea ter ro l e i n  determi n i ng when fema l es f i rst 

g i ve b i rth . 

1 0 .  I t  i s  s ugges ted tha t m i n imum reproducti ve age  for b l a c k  

bea rs i s  more re fl ecti ve o f  sexua l ma tu r i ty t ha n  the a g e  a t  wh i c h  

breed i ng i s  f i rst  observed , s i nce  sub-adu l t  fema l es observed i n  e s tru s 

were frequentl y wi thou t offspr i ng the fo l l ow i ng w i nter . 

1 1 .  Fema l e bl ack bea rs have the po ten t i a l  to g i ve b i rth every 2 

years a nd mo st  fema l es exh i b i ted th i s  pa ttern . However , a s u bstan t i a l  

n umber of  adu l t fema l es exh i b i ted s k i ps betwee n reproduct i ve cyc l es 

fo l l ow i ng yea rs of poor hard ma s t  ava i l ab i l i ty .  Mo st  o f  the s k i ps 

occurred dur i ng m i d-age ( 5-9  yea rs ) , s ug ges ti ng  tha t  o l der a n i ma l s  may 



9 7  

be i n  better  cond i ti on and l es s  s u scept i b l e  to adverse change i n  food 

ava i l a bi l i ty .  

1 2 .  L i tter  s i ze determ i ned from den wo rk for the 2 yea rs o f  

the s tudy wa s 2 . 5  cubs , wi th  l i t ter  s i zes of 2 . 2  a n d  2 . 7  dur i ng 1 9 79  

a nd 1 980 , respect i vel y .  The  poor mast y i el d  dur i ng the fa l l of  1 9 78 

may have attr i bu ted to the sma l l er l i tters o b served i n  1 97 9 .  

Con s i der i ng t he sever i ty o f  the ma s t  fa i l ure i n  1 978 , l i tter  s i ze wa s 

no t a ffec ted a s  mu ch  a s  had been expected . The unusua l abunda nce of  

al ternate food sources that  fa l l  may have  l es sened the e ffec t .  I t  i s  

suggested that succes s i v e  yea rs of  hard ma s t  fa i l u re wou l d  affec t 

reprod uc t ion  more drama t i ca l l y .  

1 3 .  Ta pe record i ng i n  tree dens i s  a n  effect ive  me thod o f  

determ i n i ng the presence o f  c u bs a nd e s timat i ng l i tter s i ze .  Th i s  

me thod i s  espec i a l l y  usefu l i n  a rea s where a h i g h  percentage of fema l es 

ut i l i ze  tree dens o r  when mi n i ma l  d i sturbance i s  des i red for fema l es 

denni ng on the ground . Ta p i ng sess ions  s houl d be a m i n i mum of 1 hou r  

i n  l ength . Further refi nements  i n  tap i ng and a na l ys i s  may i mprove the 

accuracy of l i tter s i ze estimates . 

1 4 .  A p reponderance o f  ma l e  offs pr i n g wa s observed i n  l i t ters , 

po s s i b ly  an ada pti ve res po nse to g rea ter morta l i ty of ma l e  offspr i ng  

du r i n g  d i spersa l after the fami l y  u n i t breaks  u p . Lo sses of en ti re 

l i tters dur i ng the f i rs t  year appear to be uncommon , a l thoug h  evi dence 

of pa rt i a l  morta l i ty wi th i n  l i tters wa s observed . 

1 5 .  Ol der aged fema l es appear to have added i mpo rta nce to the 

popu l a tion  i n  terms of  produc t i v i ty and shou l d be pro tected in areas 

wi th  hea vy hunti ng press ure . H unti ng seasons s c hed u l ed l a te i n  the 

fa l l ,  when fema l es are l es s  a ct i ve or have s ta rted to den , woul d 
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m i n imi ze the number of fema l es ha rvested . Bea r  rese rves or  area s wi th 

l imi ted access  estab l i shed w i th i n  areas open to hun t i ng wo u l d a s s i s t 

i n  protecti ng the fema l e  segment of  the popu l a ti on a nd c rea te centers 

of  producti v i ty .  

1 6 .  Add i t i ona l  research o n  reprodu ct ion  i n  b l ack  bears i s  

needed wi t h i n  the GSMNP a nd C N F ,  espec i a l l y  i n  re ference to cub  

morta l i ty a nd the effect of  env i ronmental fac tors , such  a s  ma st 

a va i l ab i l i ty ,  o n  mi n i mum reproductive  age , l i tter s i ze and  the 

reproducti v e  cyc l e .  
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APPEND I X  A 

SYSTEM FOR CL IMB I NG TREE DENS 

The i na cces s i b i l i ty of tree dens , i n  terms of  he i gh t  of  the 

den en tra nce ,  necess i tated the deve l opment of a sys tem fo r c l imb i ng to 

the cav i ty entra nce to co l l ect  reproducti ve i nformat i o n . Dur i n g  the 

w i nter of 1 97 9 ,  a l umi n um l adders ( tha t co u l d be jo i ned together)  were 

u sed to c l i mb den tree s .  However , the d i s ta nce of mo st  d e n  s i tes 

from road s o r  es tab l i s hed tra i l s made th i s  me thod  d i ff i cu l t and t ime­

co n s umi ng . 

A sys tem was deve l oped du ri ng the wi nter of 1 980 ba sed o n  

mounta i n  c l imbi ng  tec h n i q ues . An arrow , wi th a l i ght-we i g h t  nyl on 

l i ne a ttached , wa s s hot  over a s turdy l i mb l ocated above or near the  

cav i ty e ntrance . The nyl on  l i ne wa s a tta ched to the end of a 

mo unta i neer i ng ro pe a nd pu l l ed ba ck  over  the l i mb . Once the c l i mb i ng 

ro pe wa s i n  pl ace and  sec ured to a sta t i o na ry objec t ,  c l o g as cenders 

were us ed to c l imb to the cav i ty entra nce (May 1 973 ) . 

1 07 



APPEND I X  B 

Tabl e 1 8 .  Den entry a nd emergence da te s , den  type a nd reprodu c t i v e  cond i t i o n  o f  fema l e  b l a c k  bears  
i n  the Great Smo ky Mou nta i ns Na t i onal  Park  a nd the C herokee Na t i o na l  Fore s t ,  1 978-80 . 

Bear Den Reproduct i ve 
Cond i t i o n  No . Age Den �ntry Emergence Den _ _Type Area 

A44 1 2  

A4 5 1 0  

2 Dec 78-
4 Dec 78 
2 Dec 78- 29 Dec 78-
5 Dec 78 3 Jan 79 
5 Jan 79-

Ground  den , c av i ty u nder 
fa l l en t imber . 

Wi th n ewborn cubs  

Tree aen-:-- Redenned- 1ngrounif-- Wlth y-earn ngs 
den . 

Bote Mt . 
GSMNP 
Bote M t .  
GSMNP 

� 9 Jan  79  
00 B1 0 8 1 Dec 78- 11 Apr 79- Grou nd den , u nder up- turned Wi th yea rl i ngs  Tremont  a rea 

E7 8 

Hl 1 4  

7 Dec 78 1 4  Apr 79  stump . Aba ndoned den afte r  GSMNP 

1 7  Nov 
2 1  Nov 
1 3  Dec 
1 7  Dec 

78-
78 
78-
78 

29 Apr 79-
1 May 7 9  
5 Jan  7 9 -
9 J a n  79  

9 Jan  79- 1 0  Apr 79-
1 2  Jan  79 20 Apr 79  

wi nter  s edat i o n ,  redenned i n  
tree den a ppro x . 0 . 9  km from 
o r i g i na l  den  s i te .  
T ree den . W i th  yea rl i ng s  

Tree aen-.- - Redenned-ap_p_ro£.--- n Wi th-Yearl i ng s  
0 . 5 km from i n i t i a l  den n i ng 
area . 

Parso n s  B ra nc h  
GSMNP 
Defeat Ridge 
GSMNP 

305 7 - 7 Dec 78- l 8 Apr 79- Tree den . - W i th yearl i ng s  C i t i co Area 
9 Dec 78 . 21 Apr 7 9  CNF  

306  4 -· 1 3  Dec 78- 21 A-pr 79- den . W i thou offspri ng C i t i co Area 
1 4  Dec 78 1 May 7 9  CNF  

307 T- - ,-roecnr=--· 12-Apr-79--=- T-ree·-aen�---- Wi thou t offspring- Citico  Area 
1 4  Dec 78 1 7  Apr 7 9  C N F  



Ta bl e 1 8  ( Conti nued ) 

Bear Den 
No . Age Den Entry Emergence Den Type 

Re producti ve  
Cond i t i o n  Area 

308 4 1 0  Dec 78- - Ground den , ca v i ty under  Wi th  yea rl i ngs  C i t i co Area 
1 2  Dec 78 roo t  sys tem of fa l l en tree . CNF  

31 6 3 1 2  Dec 78- 1 3  Apr  79- Tree den . W i thout offspr i ng C i ti co Area 
1 3  Dec 78 1 8  Apr 79  CNF  

J20--B--22Nov-7B=- -T May 79=--Tree den .  Wi th newborn c ubs Citi co Area 
7 Dec 78 8 May 79  CNF  

321 4 30 Dec 78- 26 Mar 79- Tree den .  - ----- - - -- Wlthout o ffspri ng Parsons- Branc h 
4 Jan 79 31 Mar 79  GSMNP 

403 4 27  Nov 78- 31 Mar 7 9- Tree den . W i thout offspri ng  Parso ns  Bra nc h  
2 Dec 78 3 Apr 79  GSMNP 

4T4 4 1 3-Dec 78--29-Apr/9-:-Tree den . W 1 th newborn  cuEs-Parso n s  Bra n c h  
1 5  Dec 78 5 May 79  GSMNP 

454 1 0  1 3  Dec 78- 30 Ma r 79- Tree den . Wi thout offspri ng  Defea t R i dge 
1 7  Dec 78 7 Apr 7 9  GSMNP 

4 55 - After 1 5  Apr  7 9- Tree den . --- -- -- - NoT -determi ned __ _ _  Tremont  Area 
1 2  Dec 78 20 Apr 79 GSMNP 

Lr59 - -2-- - - - - -TO  Apr 79=- - Tree den .  Without offspri ng  Defea t Ridge 
20 Apr 79  GSMNP 

473  4 After 1 7  Apr 79- Tree den . No t determ i ned Defea t R i dge 
1 2  Dec 78 GSMNP 

�T6 6 - BeTore ___ - Before- --- --Gro u nade n ,  cav-ity u nder roo t Wi th newborn cubs Bote Mt . 
1 7  Dec 78 30 Mar 79  sys tem of fal l en tree . GSMNP 

F5 1 0  Before - Gro u nd den , cavft_i in-rocT W i tn-newbo-rn cubs S ugarl a na M t .  
5 Dec 78 outc ro p .  Abandoned den a fter GSMNP 

wi n ter seda ti on , redenned 
wi th cubs  i n  den i n  roc k  
crev ice  a pprox . 4 0  m from 
o ri g i na l  den s i te .  _, 

0 1.0 



Ta bl e 1 8  ( Conti nued ) 

Bear Den Reproducti ve 
Cond i t i o n  No . Age Den En try Emer�enc� Den Type Area 

F21 5 - 1 4  Apr 80- Gro u nd den , cav i ty i n  roc k W i th newborn c ubs Sugarl a nd Mt . 
1 8  Apr 80_ o utcrop . GSMNP 

m�· l S - 1 2  Dec/9--- - lT Apr 80--rreeaeri·-:--OensTte l ocated W�newborn cubs Defea t Ridge 
1 5  Dec 79 2 1  Apr 80 1 5  Dec . Aer i a l  l o ca t ion  on GSMNP 

1 8  Dec i nd i ca ted fema l e o u t  
of den .  Fema l e  i n  i n i ti a l  
den s i te when l oca ted i n  Jan . 

306 5 - 20 Apr 80- Tree den . W i th newborn cubs  C i ti co Area 
21 Apr 80 CNF  

31 6 4 - 20  Apr 80- Tre-e den . Wfth- neWbor_n_cubs- - C i ti co Area 
21  Apr 80 CNF 

32Ir ---9 - - 21 Jan 80-=- IT Apr-Bb- Tree den . With yearl i ng s  Citi co Area 
23 Jan 80 1 5  Apr 80 CNF  

32 1  5 1 1  Dec 79- 4 Jan 80- Tree den , redenned approx . W i th  newborn cubs Parsons  Bra nch  

343 3 

403 5 

4 14  5 

423  3 

20 Dec 79 8 Jan 80 2 . 2  km from i n i ti a l  den n i ng  GSMNP 

After 
8 Jan 80 

30 Nov 79-
2 Dec 79 
2 Dec 79-
7 Dec 79 

25 Apr 80-
30 Apr 80 

a rea . 

21Apr BO- Tree den . With newborn cubs C iti co Area 
22 Apr 80 CNF  
25 Apr  80- Tree den . W i th newbo rn c ubs Parsons  Branch  
30  AQr 80 GSMNP 
25 Jan- 80� Tree de�reaenned approx . Wi th yearl i ngs  Parsons Branch 
28 Jan 80 1 . 9 km from i n i ti a l  denn i ng GSMNP 

area . 
25 Jan 80- Before 
28 Jan 80 1 9  Mar 80 

Had not denned as of 
20 Feb 1 980 . 

W i thou t offspri ng  Parson s  Bra nc h  
GSMNP 0 



Tab l e  1 8  ( Con ti nued )  

Bear Den 
No . Age Den E ntry _ _  - �mergg_nce_ _ __ -�-- _Q�_Q _ __T_,yQe 

Reproducti ve 
Condi t i on Area 

4 26 3 After 9 Apr 80- Tree den . W i t ho u t  offs pr i ng Parsons  Branch 
1 2  Dec 79 1 6  Apr 80 GSMNP 

427 4 After Before Tree den : Wi t ho utor-fSpring �Pa-r-sons- Bra nc 
9 Dec 79  9 Apr 80 GSMNP 

454- --1l 1 4  Dec 79- 2 Apr 80- Tree den . Withou t  offspring  Defea t RToge 
1 5  Dec 79  9 Apr 80 GSMNP 

459  3 After Before ___ -� - Tree -den-:- -� ---- -------�- --- Wi thoul--offspri ng Defeat R i dge 
27 Dec 7 9  2 Apr 80 GSMNP 

4o-3-·rr - Before- - -Treeae n .  WTfl12y�earli ngs-- Oefeat-RTag e 
1 4  Dec 79  GSMNP 

471  4 27 Dec 79- Before Tree den . Without  offspri ng Bo te Mt .  
3 Jan  80  2 Apr 80 GSMNP 

470- - 5 Dec 7 9.::--- g�Apr 80- Gro und- den , C:avity under W i t h  3 newborn Bote Mt . 
1 0  Dec 79 1 6  Apr 80 fa l l en t i mbe r .  cubs GSMNP 

486 4 27  Dec 79-- -2- Apr 80- Tree den-. - Wrtnou-t�orfsf)rrrig Defeal Rldge  
9 Jan  80 7 Apr 80 GSMNP 

483 3 - 1 1  Apr 80- Tree den .  Wi thout offspr i n g  Bo te Mt . 
21  Apr 80 GSMNP 

487 15 _ __ __ · - 1 8  Apr -8o=---T-reeaen-:---- --�------- ----- ---wnn- newborn  cubs Tre-mon t  Area 
21 Apr 80 GSMN P 

4 98 3 Before 9 Apr 80- Tree den . Withou t  o ffspr i ng Bo te Mt . 
4 Dec 79 1 1  Apr 80 GSMNP 

_... 
_... 
...... 
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APPEND I X  C 

Tabl e 1 9 .  Nata l i ty data 1 972-June 1 980 ,  Great Smo ky Moun ta i n s  Na t i onal  Park and  the C herokee 
Nati ona l  Forest . 

Da te Bear No . UT# Reca� 

21  J u ne 80 408 1 82 X 
2 1  Jun  80 403 243 X 
1 6  J u n  80 321  201 X 

7 J u n  80 61 4 205 X 
1 1  May 80 577  297  X 

2 Apr 80 343 638 + 

Ma r 80 483 + 

26  Mar 80 306 625 + 

2 5  Ma r 80 454 250 + 

2 5  Mar 80 459 242 + 

23  Mar 80 577/ 576 297 X 
22  Mar 80 H l  1 00 + 

1 9  Mar 80 321  201  + 

1 8  Mar 80 487 1 1 1  + 

1 4  Ma r 80 3 1 6 631 + 

Area Age 

Parso ns Br . 9 
Pa rson s  Br . 5 
Parso ns  Br . 5 
H i g hway 441  1 0  
Smo kemont  1 3  
c i t  i co 3 

Bote Mt .  2 

C i ti co 5 

Defeat R i dge  1 1  

Defeat R i dg e  4 

Smo kemont  1 3  
Defea t Ri dge 1 5  

Parso n s  Br . 5 

Tremont  1 5  

C i t i co 4 

Wt 

1 1 5  
1 1 0  
1 00 

90 
1 75 

Reproduc ti ve Cond i t i on  

Lac ta ti ng , w i th 3 c ubs  
Lac ta ti ng  
Lac ta t i n g  
Lacta t i n g ,  wi th 2 cubs  
4 year l i ngs  observed 
Wi th at l ea s t  2 c ubs 

recorded i n  den 
No cubs or  yearl i ng s  

detec ted i n  den 
Wi th  at  l ea s t  3 cubs  

reco rded i n  den 
No cubs  or yea rl i ngs  

detected in  den 
No  cubs  o r  yea rl i ng s  

detected i n  den 
Wi th 4 yea rl i ng s  i n  den 
W i th at l east  3 cubs 

reco rded i n  den 
Wi th at l ea s t  2 cubs 

recorded i n  den 
Wi th at  l east  3 cubs  

recorded i n  den 
Wi th a t  l ea s t  3 c ubs 

recorded i n  den 

RC 

X 
X 
X 

X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 



Ta bl e 1 9  ( Conti nued )  

Da te Bear No . UT# RecaQ Area Age Wt  ReQroducti ve Cond i t i o n  RC 

1 4  Mar 80 3 20 61 9 + C i t i co 9 Wi th at  l ea s t  1 yea rl i ng X 
i n  den 

1 1  Mar 80  498 304 + Bote Mt . 3 No c u bs or  yearl i ng s  X 
detected i n  den 

1 0  Mar 80 F21 1 80 X Sugar l a nd M t .  6 Wi th  3 c ubs  i n  den X 
8 Mar 80  476  266  X Bote Mt . 7 1 90 W i th 3 cubs i n  den X 
7 Mar 80 47 1  265 + Bote Mt .  4 No cubs  o r  yearl i ngs X 

detec ted i n  den 
6 Mar 80 463 040 X Bote Mt . 1 3  W i th 2 yearl i ng s  i n  den X 
3 Mar 80 486 288 + Defeat R i dge 4 No  c ubs o r  yea rl i ng s  X 

detected i n  den 
29 Feb 80 403  243 + Parson s Br .  5 W i th a t  l ea s t  2 cubs X 

recorded i n  den 
22 Feb 80 423  303 + Parsons Br . 3 Had not denned as  of  2 2  Feb X 

i nd i ca ti ng  no offspri n g  
2 2  Oc t 7 9  590 321 Ga tl i nburg 6 1 22 Wi th 2 cubs , not  l ac ta t i n g  
2 2  Oct 7 9  - 322 Ga tl i nburg cub  1 7  Cub  of  fen� 1 e  #590 
2 2  Oct 7 9  - 323 Ga tl i nburg c u b  1 5  Cub  of fema l e  #590 
1 2  Sep 79  47 1  265  X Bote Mt . 3 7 5  X 
1 1  Sep 79  463  040 X Bo te Mt . 1 2  - Lactat i ng X 
4 Sep 79 576 297 X Smo kemon t  1 2  205 Lac tat i ng , wi t h  4 cubs X 

23  Aug  79 471 / 470  265  X Bote Mt . 3 80 
1 4  Aug 79  427  31 2 Parsons B r .  3 70  X 
1 3  Aug 7 9  426 3 1 0  Parsons  Br . 2 7 0  X 
1 0  Aug  79  424 309 Parsons B r .  7 9 5  Lac ta ti n g  X 
8 Aug 7 9  549 290 X Ch im neys P . G .  1 2  
2 Aug 79 498 304 X Bote Mt . 2 7 5  X 

3 1  J u 1  79  620 308 Smo kemon t 1 2  1 70 
31  J u 1  7 9  609 1 86 X H i g hway 441 4 1 40 Wi th  2 c ubs 

...... 
...... 
w 



Ta b l e 1 9  ( Cont i nued ) 

Da te Bear No . UT# Rec ap 

27 J u l  79 498 304 X 
2 6  J u l  79  498 304 
22 Ju l  79 423 303 
20  Jul  79 32 1  20 1  X 
1 8  Ju l  79 338 639 
1 8  J ul 79  F2 1 1 80 X 
1 3  J u l  7 9  494 299 
1 3  J u l  79 305 624 X 
1 2  Ju 1  79  458 - X 
1 2  J u l  79 343 638 

7 Ju l  79  307 626 X 
30 Jun  79 6 1 4/PS 205 X 
30  J u n  7 9  6 1 6 298 
27 J un 7 9  576 297 
26 Jun 79 575/453  240 X 
2 2  J un 79 32 1  201 X 
1 5  Jun  79 336 634 
1 1  J un 79  549 290 
1 1  J un  7 9  306 625  X 

8 J un  7 9  3 1 6 631  X 
7 J un  79 326 
6 J u n  79 403 243 
6 J u n  79  487/ 63 1 1 1 X 
5 Jun  79 486 288 
4 J un 79  609/ P3 1 86 X 
4 J un 79  - 287 

28 May 79 606 203 X 
31  Mar  79 4 1 4  269 + 

Area Age 

Bo te Mt . 2 
Bote Mt . 2 
Parsons  B r .  2 
Parsons  B r .  4 
C i t i co 3 
Sugarl and Mt . 5 
Suga r l a nd Mt . 6 
C i t i co 7 
Sugar l and M t .  2 
C i t i co 2 
C i t i co 3 
H i g hway 441 9 
Roc ky Ho 1 1  ow 3 
Smokemon t  1 2  
Smo kemont  6 
Parsons  B r . 4 
C i t ico  3 
C h i mneys P . G .  1 2  
C i t i co 4 
C i t i co 3 
C i ti  co 1 
Parsons Br . 4 
Bote Mt . 1 4  
Bo te Mt . 3 
H i ghway 44 1 4 
H i g hway 441  cub 
H i g hway 441 8 
Parsons B r .  4 

Wt  

75 

50 
1 05 

90 
85 
65 

1 1 0  
5 5  
8 0  
90  

1 40 
70 
-

1 60 
1 1 2  
1 00 
1 50 

90 
90 
30 
95 

1 1 0  
7 5  

1 50 
1 3  

1 20 

Reproduct i ve Condi t ion  

In  e s trus � vu l va swol l en 
Vu l v a  s l i g h tl y  swo l l en 
I n  e s trus , vu l va swol l en 
Vu l va s l i g h t l y  swo l l en 

I n  estrus , v u l va swo l l en 
I n  estrus , vu l va swo l l en 

Lacta t i n g �  wi th 4 cubs 
Lactat i ng ,  wi th 2 cubs 

W i th 3 yearl i ngs  

Vu l va s l i g ht l y swol l en 

Vul va s l i gh tl y  swo l l en 
Wi th 3 c u bs 
Cub  of fema l e  #609 

W i th at l ea s t  2 cubs  
recorded in  den 

RC 

X 

X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
..... 
..... ..,.... 



Tabl e 1 9  (Conti nued ) 

Date Bear No . UT# Recap Area Age Wt ReErod uc ti ve Co nd i t i on RC 

31 Ma r 79 403 243 + Parso ns  Br . 4 No cubs or  yea rl i ng s  X 
detected i n  den 

3 1  Ma r 79  32 1  201 + Parsons Br . 4 Ea r ly  den emergence X 
i nd i cat i ng  no offs pri ng  

Ma r 7 9  454 250 + Defeat  R i dge  1 0  No cubs  or  year l i ng s  X 
detected i n  den 

Ma r 79  459 242 + Defeat Ri dge 3 No cubs  or  yea rl i ngs  X 
dete cted i n  den 

Ma r 79  E7  060 + Parsons Br . 8 Wi th  at  l east  2 yea rl i ng s  X 
observed i n  den 

1 7  Ma r 79 476 266 X Bote Mt . 6 1 20 Wi t h  2 cubs  i n  den X 
1 6  Mar 7 9  31 6 631 + C i ti co 3 No cubs  or  yea rl i ng s  X 

detected i n  den 
1 5  Mar 79 320 61 9 + C i t i co 8 W i th  a t  l east  2 cubs X 

recorded i n  den 
1 5  Ma r 79  305 624 + C i t  i co 7 W i th 2 year l i ngs  X 

observed i n  d en 
1 4  Ma r 7 9  306 625 + C i t i co 4 No cubs  or yea rl i ngs X 

detected i n  den 
1 4  Ma r 79 307 626 + c i t i  co 3 No cubs  o r  yea rl i ng s  X 

detected i n  den 
1 0  Mar 79  F5  097 X S ugar l and  Mt . 1 0  Wi th  2 cubs  i n  den X 

3 Mar 79  308 628 X C i t i co 4 90 Wi th 2 year l i ngs i n  den X 
1 9  Feb 79  480 039 X Bote Mt . 1 2  1 55 W i th  3 c ubs i n  den X 
1 3  Feb 79 485/ B l  0 1 87 X Tremont  8 9 3  Wi th 1 yea rl i n g  i n  den X 
31 Jan  79  A45 092 X Bote Mt . 1 0  95 W i th 3 yea rl i ng s  i n  den X 
23  Oc t 78 P6  203 X H i g hway 441  7 220 X 
28 Sep  78 320 61 9 X C i t i co 7 1 82 X 
1 0  Sep  78 482 272 Bote Mt . 3 1 05 ...... ...... 

t.n 



Tab l e 1 9  (Cont i nued ) 

Da te Bea r No . UT# Recap Area 

9 Sep 78 48l /A3 069 X Bote M t .  
7 Sep 78 480/A44 039 X Bo te Mt . 
5 Sep 78 4 1 4  269 Parsons B r .  
4 S e p  78 476 266 Bote Mt . 
4 Sep 78 473  267 Bote M t .  
4 S e p  7 8  4 7 2  268 Bo te M t .  
3 Sep 78 470 265 Bote M t .  

3 1  Aug 78 307 626 X C i t i co 
24 Aug 78 3 1 6 63 1 C i t i co 
24 Aug 78 305 624 X C i ti co 
1 7  Aug 78 4 08/ E60 1 82 X Parsons  B r .  
1 6  Aug 78 308 628 X C i t  i co 

1 3  Aug 78 E7 060 X Parsons Br . 

1 3  Aug 78 3 06 625 X C i t i co 
1 2  Aug 78 307 626 X C i t i co 

9 Aug 78 456 253 S uga r l and  Mt .  
9 Aug  78  F5 097 X Sugarl and  Mt . 
7 Aug 78 31 3 633 C i ti co 

31  J u l  78 455  251 Tremont  
28  J u l  78 4 54 250 Tremo n t  
1 7  Ju l  78 356 248 C h i mneys P . G .  

1 4  Ju l  78 - 246 H i ghway 441  
9 Jul  78 463/A28 040 Crossover 

9 Ju l  78 308 628 C i t i co 
3 J u 1  78 354 245 rJa 1 nut Bottoms 

Age Wt 

8 1 30 
1 1  

3 1 00 
5 1 25 
3 80  
3 6 5  
2 50 
2 9 5  
2 1 05 
6 1 05 
7 1 1 5  
3 85 

7 1 2 5 

3 80  
2 80 
1 4 5  
9 1 40 
2 75  

70 
9 85 
8 1 50 

1 / 2  1 8  
1 1  1 30 

3 9 5  
1 00 

Reproduct i ve Cond i t i on 

I n  estrus , vu l va swo l l en 
I n  estru s , vu l va swol l en 
Lacta t i ng 

No t l ac ta t i ng ,  w i th year l i ng 
i n  den (Wi nter 1 978-79 ) 

Not l a cta t i ng , s i g hted wi th 
3 yea rl i ng s  i n  Fa l l  1 978 

Vu l va s l i gh t l y  swol l en 

I n  estrus , observed 
copul a t i ng 

C ub hi t by car  
I n  e s tru s , vu l va  swol l en ,  

o bs erved wi th ma l e  
Lacta ti ng 

RC 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 
X 

X 

X 
X 

X 
_... 
_. 
m 



Ta b l e 1 9  ( Conti nued ) 

Date 

29 Jun 78 
2 9  Jun  78 
29 Jun  78 
28 Jun  78 
25 Jun 78 
25  Jun  78 
24 J un 78 
21 J u n  78 

6 Jun  78 
22  Mar 78 

Mar 78 
Feb 78 

1 9  Oct  77 
20 Sep 77 
5 Sep  77 
5 Sep 77  
5 Sep 77 
4 Sep  7 7  
4 S e p  7 7  
3 S e p  7 7  

3 1  Aug 7 7  
2 3  Aug 7 7  
23 A u g  7 7  
1 8  Aug 7 7  
1 0  A u g  77  

9 Aug 77  
7 Aug  77  
7 Aug  77  

Bear  No . 

403 
404 
32l / E31 
4 59 
307 
306 
305 
4 53 

-

Bl 8 
E 7  
H l  
P 5  
A9 
A46 
H2/ 1 7  
H3/ 48 
A45/ 37 
Hl /47 
A44/ 59 
A41 
P l O  
P8 
P6 
E 3 1  
E 32 
E33  
E34 

UT# 

24 3 
244 
201  
242 
626 
625  
624 
240 
622 
1 70 
060 
1 00 
220 
1 36 
2 1 3 
042 
1 01 
092 
1 00 
039 
063 
207 
205 
203 
201 
200 
1 99 
1 98 

Reca� Area Age 

Parsons Br . 3 
Parsons Br . 3 

X Parsons Br . 3 
Defea t Ri dge 2 
C i t i co 2 
C i t i co 3 
C i t i co 6 
Smo kemont  5 
C i t i co 5 

X Tremont  2 
X Parsons B r .  7 
+ De fea t R i dg e  1 3  
X C h i mney P . G .  3 
X Bo te Mt . 3 

Bote M t .  3 
X Defea t R i dge 1 3  
X Cro ssover 8 
X Bote Mt . 8 
X C ro s sover 1 2  
X Bote M t .  1 0  
X Bote Mt .  1 1  

Col l i ns  Cr . 5 
H i ghway 44 1 7 
Hi ghway 441  6 
Parsons Br . 2 
Parsons  Br . l 
Parso ns Br . 2 

Pa rsons Br . 7 

Wt 

84 
1 05 

9 5  
60 
84  
92  

1 23 
1 48 
1 1 7 

2 5  

1 30 
1 1 5  
80 

1 22 
1 05 
1 20 
1 30 
1 25 

90 
2 1 5 
1 20 
1 1 5 

75  
50 
70 

1 20 

Reproduct i ve Cond i t i o n 

I n  estrus , vu l va swo l l en 
I n  es trus , vu l va swol l en 
I n  estrus , vu l va swol l en 

I n  estrus , v u l va swo l l en 

Lac ta ti ng ,  1 cub  observed 

1 cub  obs erved 
No c u bs or  year l i ngs  i n  den 
W i th 3 cubs i n  den 
Cub  voca l i za t i ons  heard from 

o u ts i de the den 

Lactat i ng 
Lac ta ti ng 

Lacta t i ng 
Lac ta t i n g ,  2 cubs  observed 

Lacta t i n g , 1 c ub observed 
Lacta t i ng , 1 cub observed 

RC 

X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

X 
X 
X 

__, 
__, 

......., 



Ta bl e 1 9  ( Conti nued ) 

Da te Bea r No . UT# Recap Area Age Wt Reproduc t i ve Cond i t i on RC 

3 Aug 7 7  P5 220 C h i mneys P . G .  3 1 1 5  
3 Aug 77 B 1 8  1 70 X Tremon t 1 28 X 

28  J u l  77  B l 7 1 95 Tremon t 6 9 5  
2 8  J u l  7 7  C 22 1 94 Ra bb i t C r .  6 1 1 5  
22 J u l  77 B l 4  1 9 1 Tremon t  7 90 
1 8  Ju1  77 Bl O 1 87 Tremon t 6 90 X 
1 1  J u 1  77  P 3  1 86 X H i g hway 441  2 80  

3 J u 1  77  F 1 3 1 84 Sugarl and Mt . 1 1  1 05 
2 J u 1  7 7  E60 1 82 Pa rson s  B r .  6 1 00 Lac ta t i ng 

3 1  J u 1  7 7  F21  1 80 Sugar1 and M t .  3 62 
29  Jun 77 F5  097 X Sugarl  and Mt . 8 1 1 0 2 cubs observed X 
29 Jun  7 7  E7  060 X Parsons Br . 6 1 1 0  I n  e s tru s ,  vul va swol l en X 
21  J u n  7 7  0 1 6 1 76 Bent Arm 8 1 47 I n  estrus , vul va swol l en X 
1 4  Jun  77  - 620 C i ti co 3 86 
1 8  Mar 7 7  B l 8  1 70 Tremont  1 26 Wi th adul t fema l e #89 i n  den 
1 1  Sep 76  A9  1 36 X Cros sover 2 79  X 

9 Sep 76 F6 1 66 Suga r l  a nd Mt . 1 60 
8 Sep 76 F5/44 097 X Sugar l and Mt . 7 1 40 X 
8 Sep 76  A29 1 65 Bo te M t .  1 55  
4 Sep  76 A28/ l 8  040 X Crossover 1 0  9 5  X 

2 2  Aug 7 6  C 1 3/81 1 24 X H i g hway 441 7 1 7 5* 
1 8  Aug 76  C 7/ 74 1 1 8  X Rabb i t C r .  6 1 20 
1 8  Aug 7 6  C 8  1 58 Rab bi t C r .  1 1 0  
1 1  Aug 76  E5  1 54 Parsons Br . 8 1 25 X 

5 Aug 76 El  1 51 Pa rsons B r .  5 1 1 8  I n  es trus 
28  J u l  76 06 1 50 Bent Arm 5 8 5  Lac ta ti  n g  
26 J u l  7 6  03  1 46 Bent Arm 7 80 
26  Ju l  76 C3 1 45 Bo ri n g  R i dge 1 35 
24 Ju l  76  02/43  045 X Ben t  Arm 9 1 00 I n  es tru s ,  vu l va swol l en X ..... 

..... 

co 



Tabl e 1 9  (Conti nued ) 

Da te Bear No . UT# Recap Area Age Wt ReEroduc t i v e  Cond i t i o n  RC 

21 J u l  76 Dl  1 43 H i g hway 441 6 1 32 Vul va s l i gh t l y  swo l l en 
20  J u l  76 - 61 5 C i t i co 4 1 00* Lac tat i ng , 2 cubs obs erved 

7 J u l  76 A 1 5/ 1 4  037 X Cro s sover 5 97 I n  es tru s , v u l va swo l l en 
7 J u l  76 48 1 01 X Defea t R i dge 7 1 1 5  I n  estrus , vu l va swo l l en 
7 J u l  76 A l 4 1 40 De fea t R i dge 8 90 In e s tru s ,  v u l va swo l l en 
1 J u l  76 A l O 1 37 Defea t Ri dge 5 75  

30 J u n  76 320 61 9 C i t i co 5 1 25 X 
2 3  J u n  76 A9 1 36 Bo te Mt . 2 65 
22  Jun 76 A8 1 35 Bo te Mt . 1 0  1 2 7 Lacta t i ng 
1 7  J u n  76 A3/ 08 069 X Bote Mt . 6 1 05 
1 2  Sep 75  89  1 31 Green Camp Gap 1 2  1 65 X 

5 Sep 75  87 1 29 Green Camp Gap 8 1 20 Lacta t i ng 
22 Aug 75  81  1 24 H i g hway 44 1 6 80 Lacta t i ng , 2 cubs observed 
21  Aug 7 5  8 0  1 23 H i g hway 441  2 80 
1 5  Aug 75 77  1 20 E ka neet l ee Ga p 9 1 45 
1 5  Aug 75  76  1 1 9 Eka neetl ee Ga p 5 1 35 

1 Aug 7 5  - 61 3 C i t i co 4 1 35* In  es trus , v u l va swo l l en 
25 J u l  75  74 1 1 8 Ra bbi t Cr . 5 1 5 5* 
24 J u l  7 5  1 8  040 X Bo te Mt . 9 1 20 
2 1  J u l  75  7 1  1 1 5  Ra bb i t C r .  5 95 Lacta t i ng 
1 9  J u l  75 64 1 1 2  Bote Mt .  1 5  90 X 
1 9  J u l  75  63 1 1 1  Bote Mt . 1 0  1 30 X 

8 J u l  7 5  5 3  1 05 Roug h C r .  8 85 I n  estrus 
7 Jul  75  59/01 039 X Bote Mt . 8 1 05 Lac ta t i ng 
5 J u l  7 5  58/03 062 X Bo te Mt . 6 85 In e s tru s , vu l va swo l l en 
5 J u l  7 5  5 7  1 08 Bo te Mt . 4 70 

28 Jul 75 44  097 S ugarl  and Mt . 6 1 1 5  
22 J un 7 5  4 8  1 01 Defeat R i dge 6 80 
1 7  J u n  75 47 1 00 De fea t R i dge 1 0  1 25 1 yea rl i ng observed 1.0 



Tabl e 1 9  ( Conti nued ) 

Date Bea r No . UT# Rec a p  

1 7  J u n  7 5  43  045 X 

1 7  Jun  75  41  095 
27  May 75  - 61 0 
1 3  Sep 74 37 092 
1 3  Sep 74 09 01 3 X 

5 Sep 74 - 090 X 

27  Aug 74 - 089 
20 Aug 74  33 047 X 

1 9  Aug 74 32 088 
1 8  Aug 74 3 1  087 

1 Aug 74 2 1  082 
25 J u l  74 29 07 9 
25 J u l  74 28 078 
24 J u l  74 26 076 
1 0  J u l  74 1 8  040 X 

5 Ju l  74 1 7  042 X 

26 J u n  74 1 4  037 X 

2 1  J un 74 09/ 99 0 1 3 X 

1 9  J u n  74 08 069 
1 5  Jun  74 03 062 X 

1 4  J u n  74 01 039 X 

2 5  Sep 7 3  01 039 X 

1 2  Sep  73 1 4  037 X 

7 Sep 7 3  A4 1 063 
6 Sep 7 3  - 026 X 
4 Sep 7 3  03 062 

23 Aug 73 E7 060 
9 Aug 7 3  - 057 
8 Aug 7 3  - 055 

Area Age 

Bent Arm 8 
Bent Arm 9 
C i t i co 5 
Bote Mt . 5 
S pence Fi el d 3 
H i g hway 441  
H i g hway 441  
Mi ry R i dge 8 
M i ry Ri dge 
Mi ry Ri dg e 2 
Rough  Cr . 9 
Ra bb i t Cr . 4 
Ra bb i t  C r .  1 2  
Rabb i t C r .  5 
Cros  saver 8 
Cro s sover 1 0  
Bote M t .  3 
Bo te Mt . 3 
Bo te Mt . 4 
Bo te Mt . 5 
Bote Mt . 7 
Bo te Mt . 6 
Bote M t .  2 
S pence F i el d 7 
Bo te Mt .  7 
Bote Mt . 4 
Parson s  Br . 2 
Rabbi t C r .  4 
Ra bb i t  C r .  1 2  

Wt 

1 00 
90 

1 48 
6 5  
60 

200 
1 7 5 

95  
1 30 
1 1 0 
1 05 
1 20 
1 40 
1 05 
8 5  

1 1 5* 
90  
70* 

1 30 
75  

1 00 
1 00 

95  
1 20* 
1 73 

7 5* 
8 5  

1 20 
1 1 9  

Reproduct i ve Co nd i ti o n  

3 cubs  observed 

Lac ta ti ng , 2 c ubs obs erved 

Lac ta ti ng , 1 cub observed 
Lac tati ng 

Vu l va  s l i ght ly  swol l en 

RC 

X 
X 

X 
X 
X 
X 

X 

..... 
N 
0 



Ta bl e 1 9  (Conti nued ) 

Da te Bear No . UT# Recap Area 

27 Ju l  7 3  77 009 X Spence Fi e l d 
21  Ju l  73 - 049 Ja kes Gap 
1 9  J u l  73  - 048 Jakes Gap 
1 8  J u l  73 3 3  04 7 Mi ry Ri dge 
1 8  J u l  73  - 046 Mi ry R i dge 
1 7  Ju l  73 4 3  045 Bent  Arm 

5 Ju l  7 3  - 04 3 Crossover 
5 Ju 1  7 3  1 7  04 2 C ro s sover 
4 J u l  73 - 041 C ro ssover 
4 Jul 7 3  1 8  040 Crossover 
3 J u1 73 0 1  039 Bo te Mt . 

1 9  J u n  7 3  1 4  037 Cros sover 
1 7  Jun  73 52 036 Bote M t .  
1 4  Nov 7 2  - 034 H i g hway 441 

7 Nov 72 - 032 Suga rl ands  V . C .  

6 S ep 72 - 027 Tremont  
28 Aug  72 - 026 X Spence F i el d 
2 5  Aug 72  - 026 Spence F i el d 
28 J u l  72 - 01 9 H i g hway 441 
27 Jul 72 7 0 1 6 S i l ers  Ba l d  
1 2  J u l  7 2  99 0 1 3 Spence F i el d 
6 J u l  72  7 7  009 Spence F i e l d 

1 3  Sep 70 - 090 Col l i ns Gap 

*E st imate . 
+V i s ua l  observation  or record i ng i n  den . 

RC = Radio-col l ared . 

Age Wt 

5 1 40 
8 1 20 
3 4 0* 
7 6 5* 

1 1 0* 
6 7 0* 
6 1 00* 
9 1 DO* 
3 3 5* 
7 1 00* 
6 7 1  
2 72  
7 1 1 5  

1 / 2 1 6  
5 1 02 

1 / 2  1 2  
6 1 50 
6 1 50 
8 1 42 

1 50 
1 20  
4 1 20 

1 85 

Reprodu c t i ve Cond i t i o n  

I n  es trus , vu l va swo l l en 

V u l va s l i g h tl y  swo l l en 
I n  es tru s , vul va swo l l en 
Vu l va s l i g ht l y swo l l en 

Vu l va s l i ght ly  swol l en 

Vu l v a  s l i g ht l y  swol l en 

Not l ac tati ng , 1 cub  
o bserved 

La cta t i n g ,  1 cub observed 
Lac ta ti ng ,  1 cub  o bs erved 

La c ta t i ng ,  3 c ubs  observed 

I n  estru s , vul va swo l l en 

RC 

X 

X 
X 
X 

X 
X 

X 

_.. 

N 
_.. 



APPEND I X  D 

Tabl e 20 . Observat i o ns of  pa nhand l er fema l e  bl ack  bea rs  wi t h  
yearl i ng s  i n  the fro n t  country a nd backcountry o f  
t h e  Great Smoky Mou nta i ns Na t i o na l  Pa r k ,  1 978-80 . 

No . of  
Yearl i ngs  

Date wi th  Fema l e S ta tus 

5 May 78 3 Fro n t  country 

24 May 78 2 Fro n t  country 

7 Jun  78 1 Backcoun try 

26 Apr 7 9  2 Bac kcountry 

8 May 7 9  4 Fro n t  country 

1 1  J u n  7 9  3 Fro n t  country 

22  Jun  79 1 Backco u n try 

8 May 80 2 Bac kcountry 

1 1  May 80 4 Fro n t  country 

1 3  May 80 2 Bac kcou n try 

23 May 80 Front  country 

30 May 80 Ba ckcoun try 

30 May 80 3 Ba c kcountry 

3 1  May 80 2 Bac kco untry 

1 22 



APPE ND IX  E 

Tab l e  21 . Wei g h ts of  bl ac k bear offspr i ng  exam i ned i n  w i nter dens  
in  the Grea t Smoky Moun ta i n s Nat i ona l Pa r k  a n d  t he 
Chero kee Na ti ona l  Fores t ,  1 978-80 . 

Date 

1 7  Ma r 78 

31  Jan  79 

1 9  Feb 79 

3 Mar 79 

1 0  Ma r 79  

1 7  Mar 7 9  

8 Mar 80 

1 0  �1ar 80 

23 Mar 80  

Bear No . 
of 

Ma tern a 1 
Fema l e  

E7  

A4 5 

A44 

308 

F5 

476 

476  

F2 1 

577  

L i tter 
S i ze 

3 cubs  

We i gh t  
( kg) Commen ts 

2 mal es : 1 . 8 { 2 )  Cubs  between 46 
and 49 days  
o l d ,  eyes  open  

3 yea r l i ngs  1 ma l e :  9 . 1  One yea rl i ng l e ft 
den before i t  
cou l d be 
seda ted 

3 cubs 

1 f ema 1 e : 9 . 1 

2 ma l e s :  0 . 5 ,  0 . 6  Eyes c l osed , not  
1 femal e :  0 . 5  wel l devel oped 

2 yea rl i ng s  2 ma l es :  7 . 7 ,  1 3 . 6 

2 cubs  

2 cubs  

3 cubs 

3 cubs  

2 ma l es :  1 . 8 ( 2 )  

2 ma l e s :  1 . 1 

Eyes c l osed 

Eyes c l o sed  

1 ma l e :  2 . 0  Eyes c l o sed  
2 fema l es :  2 . 0  ( 2 )  

3 ma l es : 1 . 8 ( 2 ) Eyes open 
1 . 6 

4 yearl i ngs 4 ma l es : 1 3 . 6 ,  
20 . 4 ,  23 . 6 ,  
6 1 . 9  

Panhandl er 
fam i l y  un i t  

1 23 



APPEN D I X  F 

Ta bl e 2 2 . Sex rat i o  for l i tters of  femal e  bl ack  bears trapped by the Nati onal  Park  Serv i c e  a s  part 
of s ummer control act i ons  o r  seda ted i n  w i n ter dens by bear projec t  personnel i n  the 
Great Smoky Mounta i ns Nat i ona l Park and the Chero kee Nati onal  Fores t ,  1 978-79 . 

Bear No . 
of  Materna l Sex Ra t i o  

Date Fema l e  L i tter S i ze {Mal e : Fema 1 el Comme nts 

1 7  Mar 78 E7 3 cubs  2 :  1 Exami ned i n  wi nter den 
Ju l  78 606 1 cub 1 : 0  Summer contro l  act ion  

3 1  Jan  79  A45 3 yearl i ngs 1 : 1 Exami ned i n  w i n ter  den , 1 yearl i ng escaped from 
den before i t  cou l d  be s eda ted 

� 1 3  Feb 79 Bl O 1 year l i ng - Femal e and yearl i ng l eft den after fema l e  wa s 
sedated 

1 9  Feb 79 A44 3 cubs 2 :  1 Exami ned i n  wi nter den 
3 Mar 79 308 2 yearl i ng s  2 : 0  Exami ned  i n  w i n ter  den 

1 0  Mar 79  F5  2 cubs 2 : 0  Exami ned i n  w i n ter den 
1 7  Ma r 79 476 2 cubs 2 : 0  Exami ned i n  wi n ter  den 
1 1  Jun 79  549 3 yearl i ngs 2 : 0  Summer control act i on ,  l yearl i ng not ca p tu red 
1 8  J u l  79 575  2 cubs 2 : 0 S ummer contro l  acti on  
3 1  Ju l  79  609  3 cubs  1 : 1 S ummer con trol acti on , 1 c u b  not captured 
22  Oc t 79 590 2 cubs  0 : 2 Summer contro l  acti on  

6 Ma r 80 463 2 yearl i ngs  0 :  1 Exami ned i n  wi n ter den 
8 Mar 80 476  3 cubs 1 :  2 Exami ned i n  wi n ter  den 

1 0  Mar 80 F21  3 cubs  3 : 0  Exami ned i n  wi nter den 
2 3  Mar 80 577 4 year l i ngs 4 : 0  Exami ned i n  wi n ter  den , panhandl e r  fami l y  un i t 

7 J un 80 61 4 2 cubs 0 : 2  S urrmer con trol act ion 
9 J un 80 - 1 year l i ng 0 : 1  S ummer control ac t i on 



APPEND I X  G 

Ta bl e 23 . Vag i na l  res i sta nce , pH and  type o f  ep i the l i um observed for femal e  b l ack bears trapped 
duri ng the summe r i n  the Grea t Smo ky Mounta i ns Nat i onal Park and the Chero kee Na ti onal  
Fores t ,  1 978- 79 .  

Da te Bear No . 

2 1  J un  78 453 

24 Jun  78 305 
2 5  J un  78 306 

;::; 25 J un  78 307 
U'l 28 Jun  78 459 

2 9  J un 78 321 
2 9  J u n  78 403 
29 Jun 79 404 
3 J ul 78 354 

9 J u l  78 308 
9 J u l  78 463 

1 7  Jul 78 356 

28 J u l  78 454 
1 3  Jul 78 455  
1 7  Aug 78 31 3 

9 Aug 78 F5 
9 Aug 78 456 

1 3  Aug 78 306 
1 3  Aug 78 E7  
1 7  Aug  78 408 

Vag i na l  
Age Res i stance Vagi na l pH 

5 

6 
3 
2 
2 
3 
3 
3 
-

3 
1 1  
8 

9 

2 
9 
1 
3 
7 
7 

Vag i nal  Smea r  

Nucl eated and  
corni fi ed cel l s  

Corn i f i ed cel l s  

Leucocytes a nd 
mucus  s trands 

Corn i fi ed cel l s  
Co rn i f i ed cel l s  

Corn i f i ed c el l s  

Reproducti ve Cond i t i on 

Lacta t i ng 

I n  e s trus , vu l va swo l l en 

I n  es tru s ,  vu l va swol l en 
I n  e s tru s , vu l va swo l l en 
I n  estru s ,  vu l va swo l l en 

lacta t i ng 
I n  es trus , vul va swol l en 
I n  e s tru s ,  observed 

copu l a t i ng 



Ta bl e 23 (Con t i n ued ) 

Da te Bear No . Age 

24  Aug 78 305 6 
24 Aug 78 31 6 2 
3 1  Aug 78 307 2 

3 Sep 78 470 2 
4 Sep 78 472 2 

28 May 79  606 8 
5 J un 79  486 3 
6 J u n  79 487 1 4  
6 J u n  79 403 4 
8 J un 79  31 6 3 

l l  Jun  79  306 4 
l l  J u n  79  549 1 2  
1 5  J u n  79  336 3 
22  Jun  79 321 4 
26 J u n  79 575  6 
2 7  J u n  79  576  1 2  
30 J un 79  61 6 3 
30 J u n  79  61 4 9 
7 Ju l  79 307 3 

1 2  J u l  79  343 2 
1 2  J u l  79 458 2 
1 3  J u l  79 305 7 
1 3  J u l  79  494 6 
1 8  J u l  7 9  F21  5 
1 8  J u l  79  338 3 
20 J u l  79 321 4 
22  J u l  79 423 2 

Vag i nal  
Res i s tance Vagi na l �H 

5-6 
0 . 8  X 1 00 K 6-7  

6 
7 
6 

0 . 5- 0 . 6  X 1 00 K 7 

6 

0 . 03 X 1 00 K 6 
0 . 48 X 1 00 K 7 

6 
0 . 1 x 1 00 K 7 
0 . 28 X 1 00 K 6-8 
0 . 01 X 1 00 K 5 
0 . 5 -0 . 9  x 1 00 K 5 -6  
1 . 1 4 - 1 . 22 x 1 0  K 
0 . 03-0 . 04 X 1 00 K 

Vagi na l  Smear 

Corn i fi ed ce l l s  

Corni f i e d  cel l s  

Corn i fied  cel l s  

Re�roduct i ve Cond i ti o n  

Lacta t i n g  
I n  e s tru s ,  vu l va swo l l en 
I n  estrus , vul va swol l en 

Vu l va s l i g h t l y  swol l en 

Vu l va s l i g h tl y  swo l l en 

Wi th  3 yearl i ngs  

Lac ta ti n g  
Lacta t i ng 

I n  e s trus , vu l va swo l l en 
I n  e s trus , vu l va swo l l en 

Vul va s l i g ht ly  swo l l en 
I n  estru s , vu l va swo l l en 
Vu l va s l i g htl y swo l l en 
I n  estru s , vu l va swo l l en 

__, 
N 0'1 



Ta bl e 23  (Con ti nued ) 

Da te Bea r No . Age 

26 J u l  79 498 2 
31 J u l  79 609 4 
3 1  J u l  79 620 1 2  

2 Aug 79  498 2 
8 Aug 7 9  549 1 2  

1 0  Aug 79  424 7 
1 3  Aug 79 426 2 
1 4  Aug 79 427 3 

23 Aug 79  47 1  3 

1 1  Sep 79  463 1 2  
1 2  Sep 79 471  3 

Vag i na l  
Res i s ta nce 

0 . 03-0 . 04 X 1 00 K 

0 . 74 X 1 0  K 
0 .  72  X 1 0  K 
0 . 03 X 1 00 K 

0 . 1 3 x l O K  
0 . 84 X 1 0  K 
0 . 04 X 1 00 K 
1 .  04 X 1 0  K 
0 . 03 X 1 00 K 

l . O x l O K  
0 . 1 5  X 1 00 K 

Vag i na l  pH 

6 
6 

6-7  
7 

5 
5 

6 

Vagi na l  Smea r Reprod ucti ve Cond i t i on 

Wi t h  2 cubs 

Lac ta ti n g  

La c ta ti ng 

__, 
N 
'J 



V I TA 

John Hei nri c h  Ei l er ,  son  of  Rev .  a nd Mrs .  He i n r i c h  E i l er ,  wa s 

born i n  Youngstown , Oh i o  on November 26 , 1 953 . He a t tended Whea ton 

North H i g h  School i n  Whea to n ,  I l l i no i s ,  gradua t i ng i n  1 97 2 . In 1 97 6 ,  

he gradua ted from the Un i vers i ty o f  Monta na , Mi s so u l a ,  Mon ta na wi t h  a 

Bac he l or o f  Sc i ence i n  W i l dl i fe B i ol ogy . He wa s accepted by the 

gradua te program i n  Forestry ,  Wi l d l i fe a nd Fi s heri e s , The Uni vers i ty 

of  Ten nessee , Knoxv i l l e ,  Tennes see i n  1 977 . He rece i ved h i s Ma s ter ' s  

degree i n  W i l d l i fe a nd F i s her ies  Sc i ence i n  June  1 98 1 . 

Jo hn i s  marri ed to t he former Na ncy Ann Val ac h of  M i s sou l a ,  

Mon tana . 
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