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AB STRACT 

Three  census t e chniques  were us ed from June 19 7 8  to 

Augus t 1 9 7 9  t o  e s t im a te p opul at i on dens i t i e s  of wh i te- t a i l e d  

deer  ( Odoco i l eus  virgin i anus ) in C ades Cove , Gre at Smoky 

Mounta ins Nat ional Park , T enne s s e e . Ro ads ide counts were 

conducted 3 t ime s a week; once at dawn , dus k , and dark . 

Dr ive counts were made every 3 months and a 3-we ek s amp l ing 

interval was u s e d  to  mak e  p e l l e t  count s .  S e as onal dens i ty 

e s t imat e s  r anged from : 0 . 2 9 to  0 . 5 8 deer/ha (dark counts ) ,  

0 . 2 9 to  0 . 7 6 de er/ha (dr ive counts ) ,  and 0 . 1 8 t o  0 . 4 7 dee r /ha 

(p e l l e t  counts ) .  

Adu l t  s ex ratios  ob t a ined from dawn and dark coun t s  

ma de dur ing Augu s t  ( 4 4 . 6  bucks : l O O  do e s )  and November 

( 2 2 . 0  bucks: l O O do e s )  indi cated that  there  were  more does  

than b ucks in  the popu l at ion . The s e  uneven adu l t  sex  

r at ios m ight be  due to the  dispers al  of  bucks out  o f  C ades 

Cove dur in g  rut . 

Fawn : doe r a t io s  mad e dur ing the summe r  and fa l l  

ro ads ide counts were 2 7 . 9  f awns : l O O  do es i n  1 9 7 8  and 8 . 4  

fawns : l O O  do e s  in 19 79.  The d i fference b e tween the s e  

rat i o s  could b e  the r e s u l t  of a d e l ay i n  fawning i n  1 9 7 9  

c omp ared to 1 9 7 8  and not an actual decr e as e in fawn 

re crui tment . The s im i l a r  dens i ty e s t imat e s  ob t a ined for 

th e summer of 1 9 7 8  ( 0 . 4 1 de e r /ha) and 1 9 7 9  ( 0 . 43 dee r/ha)  

appe ared to  indicate  that fawn re crui tment in 1 9 7 8  was 
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equal to mo rtal i ty and emi grat ion amo ng o l der deer in the 

cove . 

Of the 3 census technique s used , roads ide counts  

were  determine d to b e  the b e s t  to e s t imate dens i t ies of  

deer in  the Cove . Dr ive counts had 2 maj or dis advant ages 

comp ared to roads ide counts : ( 1 )  they required la rge 

amounts of  manp owe r ,  and ( 2 )  they generated sma l l  s amp l e  

s izes i n  b o th are as s ampl e d  and deer counted . Pel let 

counts were d i f fi cul t to conduct dur ing pe r i o ds o f  l e a f 

fal l and snow cove r . High rat e s  o f  deterio rat ion and/or 

d i s appearance of p e l l e t  groups  in open fi elds  made pe l l e t 

counts in thos e  areas unre l i ab l e . P e l l e t  counts should 

be  r e s erved for areas whe r e  t echnique s util izing direct 

counts are impract ical . 

The deer popul at i on in C ades C ove has incr eas ed 

v 

s ince a die - o ff in 197 1 . At the p re s ent t ime the population 

mi ght b e  s t abil izing but , at a h i gh dens i ty ,  rang ing from 

0 . 29 d e er/ha to 0 . 5 8 deer/ha . As a result , dis e a s e  and 

cont inued hab i t at degradat ion are prob ab l e . 

Three  al ternatives to the pres ent management 

pract i ces  o f  the Cove were cons idered : ( 1 )  the removal 

of de er, ( 2 )  s topp ing c attle  grazing and hay mowing to 

al low for the re sump t i on of p l ant succ e s s i on , and ( 3 )  

deve loping the educati onal and res earch pote nt i a l s  o f  

the Cove . Ado p t i on o f  the l a tter alternat ive was 

recommended . 
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CHAPTER I 

INTRODUCT ION 

The management o f  ungul ate popu l at ions i s  a wor l dwide 

prob l em .  G o od mana gement requires that the s e  popu l a t i ons b e  

reduced t o  a l eve l that the hab itat c an support i n  good 

h e a l th and wi thout imp a i rment to the s o i l , ve getat ion , or 

to  hab i tat s of o ther an ima ls (L e opo ld et al . 1 9 6 3 ) . Such 

management in Nat i onal Parks may be ideal i s t i c al ly des irab l e 

but pragma t i cal ly d i fficu l t  to  imp l ement . Th is d i fficu l ty 

i s  augment ed when cul tural are as l i ke C ades C ove ( the Cov e )  

i n  the Gre at Smoky Mount ains Nat ional P ark ( the Park) are 

surrounded by natural or wi l dernes s managed are as . 

Al though wh ite - t ai l e d  deer (Odo co i l eus v i rgi nianus ) 

were once common in s ome s e c t i ons o f  the are a now inc luded 

in the Park , by the early 1 9 3 0 ' s  the deer popul at ion was 

great ly reduc ed due to  ove r - hunt ing and pos s ib l y  d i s e a s e  

( Komarek and Komarek 19 3 8 ) . The format i on o f  t h e  Park in 

1 9 3 4 prov i ded a r e fuge fo r deer and the i r  numb ers have 

incr e a s e d  s ince th en (Nati onal Park S ervice 19 6 9 ) . 

The h i s tor ical pre s e rvat ion o f  the C ove creates an 

are a  o f  favo rab l e deer hab i tat w i thin the Park. A s i z ab l e  
� 1 

deer herd has b e en pre s ent in  the C ove s ince the 1 9 5 0 ' s .  -�1 

A concern over the pos s ib l e  overpopul at ion o f  d e e r  was 

fi r s t  vo i c ed in  1 9 6 9  by the d i s t r i c t  r anger in Cades C ove 

1 



(Nat i onal P ark Service 1 9 6 9 ) . Two ye ars l ate r , a 

hemorrhag i c  d i s e a s e  c aus ed � deer d i e - o f f  in the Cove 

(Fox and P e l t on 1 9 7 3 , P re s twood et al . 1 9 7 4 ) . The 

d i e - o f f  cau s e d  an 8 4% decreas e in the numb er of deer  

ut i l i z ing the  C ove' s  fie l d s ; from an  e s t imat e d  2 3 0  deer 

2 

t o  3 6  deer . By the summer o f  19 7 2 , the e s t imated d ens i ty 

o f  deer u t i l i z ing the fi e l ds in the C ove was 0 . 2 5 deer/ha 

( 4 . 0 5 ha/de e r ) , an e s t imate s imil ar to  p re - di e - o f f  dens i ty 

e s t imat e s . T h i s  rap id incre a s e  in the popu l at i on was 

p rob ab ly the re s u l t  of de er moving int o  the C ove from th e 

surround ing are a ( Fox and P e l ton 1 9 7 3 ) . The h i gh de er 

dens i t i e s  and the  close  as s o c i at i on o f  deer w i th dome s t ic 

c a t t l e  ut i l i z ing the C ove pre s ent a c ons tant po tent ial  

for di s e as e prob l ems in b o th the deer  and cattle  

( Severinghaus and Che atum 1 9 5 6 , Tr aine r  and H anson 1 9 6 2 ,  

P r e s twood et al . 19 7 4 , Anon . 19 7 7 ). Hab i tat degradat ion 

is  a l s o  a prob l em as s o c i ated with h i gh deer dens i t i e s. 

We l l  e s t ab l i shed b rows e l ines have b een app arent in the 

C ove s ince 19 7 1  ( F ox and P e l ton 1 9 7 3 ) . I n  order to  

improv e  the man agement o f  the  Cove , b a s e l ine demo g raph ic 

informat ion on the de er  popul at io n  i s  needed . 

Nume rous c ensus technique s have b een dev e l oped and 

tes t e d  fo r us e by wild l i fe b i o l o g i s ts (Over ton 1 9 7 1 , 

Seb er 19 7 3 , T anne r 19 7 8 ) . Ov er ton ( 1 9 7 1 )  des cribed 5 

general  c l as s i fic ations o f  census me thods : ( 1 )  d i rect 

counts , ( 2 )  ind i rect  counts , ( 3 )  marked an imal s ,  
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(4 ) reduc t i on o f  popu l at ion s ize and rate o f  capture and , 

( 5 )  select ive reduct ion or  increas e. At leas t 1 techn ique 

from each o f  these general c l as s i f i c at i ons has �een us ed 

succes s fully t o  ob t ain ei ther popu l a t ion es t imates or 

ind i ces o f  deer. 

There have been s ever al s tud ies on c ompar ing 

var i ous census techniques o f  deer (Dasmann and Taber 1 9 5 5 ,  

Eberh ardt 1 960 , Downing et al. 1 96 5 , Lewis and S af ley 1 9 66 , 

Flynn 1 976 ) .  Das mann and T aber ( 1 9 5 5 ) comp ared 4 census 

techniques : pel let counts , s ample-area count , t o t a l  count 

and Linco ln index. O f  the 4 techniques , only pel let c oun ts 

fai led to y ield s imilar dens i ty es t imates . Eberhardt 

( 1 96 0 )  c ompared 3 techniques: pel let count s , the sex- age­

k i l l  metho d , and a comb ined index o f  f ield s urvey s .  He 

found a h i gh degree of co rrel at i o n  amon g  al l 3 techniques. 

However , he fel t that pel let counts  were too unrel i ab l e  to 

be used as a s tandard by wh i ch to jud ge o ther techn iques . 

Downing et al. ( 196 5 )  c ompared 5 techn iques: pel let 

c ount s , t rack c ounts , drive count s , s t r ip count s , and 

hun ter ob servat i ons. They found that except for pel let 

count s , all of the techniques were "workab le· . "  They 

conc luded that s ample s ize requi rements  and hab i t at 

res tric tions made s t rip counts , track counts , and drive 

counts impr act i c al and recommended the use o f  the hunter 

ob s ervati on index . Five techn iques were compared by 

Lew i s  and Safley ( 1966) : Lincoln index , s ex- age-k i l l  



me tho d ,  pe rcent k i l l ,  minimum s tanding crop , and m inimum 

fawn crop . Al l of the s e  te chniqu e s  ind i c ated s imi l ar 

popu l a t ion t rends and di ffered only in  the magni tude o f  

the i r  es t imate s .  The pe rcent k i l l  and L inc o ln index were 

found to be the mos t re l i ab l e . Th ey conc lud ed that the 

perc ent k i l l  t e chnique was the mos t practical  fo r us e on 

w i l dl i fe management are as in T enne s s e e . Flynn ( 1 9 7 6 )  

found that dens i ty e s t imat e s  derived from pe l l e t  counts 

did no t compare we l l  with e s t ima tes d e r ive d from ni ght­

l i gh t ing counts ( King me tho d) , mark - reob s e rvat i on 

( S chnab e l ' s  me tho d )  and r ad i o act ive ly t a g ged feces  

( L inco ln index ) on 1 s tudy are a .  On a s e cond are a , the 

s ame are a u s e d  by Lew i s  and S afl ey ( 1 9 6 6 ) , F lynn ( 19 7 6 )  

found that b y  reducing h i s  s amp l i ng int erval for pe l le t  

count s t o  4 weeks h e  obt aine d  dens i ty e s t imat e s  that 
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were s imi l ar to  tho s e  ob t aine d by the p e rcent k i l l  me tho d .  

The 1 common d i s c overy made by a l l  o f  the s e  inve s t i gat o r s  

was that c e r ta in te chnique s work we l l  in s ome are as and 

not at al l in other areas . 

O f  the many census te chnique s ,  only a few coul d b e  

us ed in Cades C ove . The me thods o f  reduction o f  p opul ati on 

s i z e  and rate o f  c apture and s e l e c t ive reduc t i on o r  

incre a s e  c anno t b e  u s e d  s inc e th ey a r e  des truct ive s ampl ing 

and involve the r emoval o f· e numb e r  of anima l s  from the 

popul at ion . At the pres ent t ime such me thods would b e  

contr ary to  Park p o l i cy . The me thods invo lving mar ke d  



animals  wou l d  a l s o  b e  d i fficult to imp l ement due to the 

l ar g e numb er o f  an imals  that would have to b e.marke d. 

S t andg aard ( 1 9 6 7 )  e s t imat e d  that at  le as t  6 7% of a roe 

deer popul at ion needed to be marke d  in o rder to ob ta in 

re l i ab l e dens i ty es t imates . Seber ( 19 7 3 )  sug g e s ted that 

ab out 2 0% of a population s hould b e  marked and D own ing 

et a l . ( 1 9 7 7 )  sugg e s t e d  that if b eh av i o r  was acc ounted 

5 

for, fewer than the 6 7% recommended by S t andga ard ( 1 9 6 7 )  

n e ed e d  t o  b e  marked .  Re gard l e s s  o f  whe ther 2 0% o r  6 7% o f  

t h e  popul at i on was t o  b e  marked, the extra e f fort ne ces s ary 

to tr ap and mark deer in the Cove would make such me thods 

impr ac t ical  s ince a l te rn at e , l e s s t ime c onsuming , me thods 

are avai l ab le .  Thus , the 2 remain ing me thods are direct  

count s and indirect  counts . Thr e e  c ensus techn ique s were  

chos en to be  t e s t ed in C ades C ove : 2 d i r e c t  count s ,  

ro ads ide counts and d r ive counts and 1 ind i re c t  count , 

p e l l e t  counts . 

The ob j e c t ives of this s tudy were thre e fo ld : ( 1 )  to  

tes t and eva luate the 3 census t e chniqu e s  in C ades Cove , 

( 2 )  to e s t ab l i s h  b as e l ine demo graph i c  d ata on the deer 

popul at ion in the Cove , and ( 3 )  to  d e t e rmine the me tho d 

b e s t  suited for furthe r  mon i t oring o f  the deer  popu l a t i on 

in the C ove . 



CHAPTER I I  

STUDY AREA 

Gene ral D e s c r ipt ion and Location 

C ades C ove , located in  the northwe s t  c o rne r o f  the 

G re at Smoky Mounta ins Nati onal Park , is in B l ount County , 

T enne s s e e  ( F i g .  1 ) . I t  i s  a 9 7 7 . 2  ha  val l ey o f  which 

7 4 7 . 6  ha ( 7 6 . 5% )  are maintained as open fie l ds and th e 

remaining 2 2 9 . 6  ha ( 2 3 . 5% )  c ons i s t s  o f  sma l l  woo d l o t s  and 

wooded are as . The re are 8 hab i tat  typ e s  in the cove , o f  

whi ch 7 are fie l d  type s. The 8 hab i ta t  typ e s  ar e: ( 1 )  

p as tur es con taining cows , ( 2 )  pas tures c onta ining hors e s , 

( 3 )  hay fi e l d s , ( 4 )  p as ture s pre s ently w i thout any l ive s to ck 

in  them , ( 5 )  " h i s  tori  cal" are as (mowe d gras s around 

h i s t o r i cal and interp re t ive s truc tures) , ( 6 )  o l d  f i e l ds , 

( 7 )  mixed us e ar eas  ( areas us ed for b o th hay and l ive s to c k  

graz ing) and ( 8 )  wooded are as (Append i x , Tab l e  A - 1 ) . 

Laure l Cre ek Ro ad , the only p aved road into the 

C ove , conne c t s  the Cades Cove L oop Ro ad w i th Route 7 3  in 

Towns end . The one -way L o op Ro ad ( 1 7 . 7  km) c ir c l e s  the 

C ove and provides v i s i t o rs in c ars , on b i cyc l e s , and on 

foo t  w i th an e asy acc e s s  to the w i l d l i fe and h i s tori cal 

s i t e s  in  the Cove . Two dirt ro ads , Sp arks L ane and Hyatt 

L ane , cros s the C ove fr om north to  s outh . Two one -way 

d i r t  ro ads l e ad out o f  the P ark from C ades C ove: ( 1 )  Rich 

6 
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Mountain Ro ad go es  from the C ades Cove L o op Road to  Dry 

Val l ey near Towns end and ( 2 ) Par s on ' s  B ranch Road via 

Forge Cree k Ro ad goes  from the C ades C ove Loop Ro ad to 

U . S .  Hi ghway 1 2 9  ne ar Calderwood , Tenne s s e e . Several 

trai l s  al s o  l e ad into and out of the C ove . 

H i s tory and Management 

8 

As p art  o f  the Cherokee I nd ian nation , Cades Cove 

remained undeve l ope d unt i l i t  was s e tt l e d  by wh i te men in 

1 8 2 1 .  Many tre e s  in the C ove we re removed by burning and 

g i rdl ing and then rep l aced w i th crops and o rch ards . C a t t l e  

were kep t i n  the Cove dur ing the winter and w e r e  grazed 

dur ing the summe r on the mounta intop b a lds ad j acent to the 

C ove . The C ove p ione er community re ach ed a p e ak popul a t i on. 

o f  6 8 5  people in 1 8 5 0 .  Extens ive logging occurred in and 

around the Cove after the turn o f  the century ( 1 9 0 8-1 9 3 6 ) . 

The p i one e r  commun i ty and all  l o gg ing ope rat i ons were 

ab and oned wh en the Cove came under the j uris d i c t i o n  of  the 

N a t i onal P ark S e rvice ( P ark Service)  with the forma tion of 

the Great Smoky Mount a ins Net ional P ark in 1 9 3 6  (Shie lds 

19 7 7 ) . 

Cade s Cove is current ly l i s ted in the Nat ional 

Re g is ter of His toric P l ace s . Al though surrounded by 

natural and wi lderne s s  managed are as , the Cove i s  manag ed 

for i ts his tori cal res ources , wh ich are made up of his to r i c  

s i t e s  and s t ruc tures . The s e  his toric s i tes  and s t ructures  
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a r e  us ed to  prov i de P ark v i s itors  w i th an ins i ght int o a 

way - o f - l i fe o f  the p i oneer perio d .  Th e o l d  b u i l d ings and 

th e i r  geo graphic s e t t ing create a rur al atmo sphere and an 

open- air museum that great ly contributes to the hist o r i c a l  

int e rpr etat i on o f  C a d e s  C ove . G r a z ing and hay ing 

ope r a t i ons by Spe c ial  U s e  P e rmit are us ed to maintain open 

fie l ds and vis t as (N ati onal P ark S e rv i c e  1 9 6 9 ) . 

Phy s iog raphy and G eo l ogy 

Cades C ove i s  frequent ly des crib ed as a g ently r o l l ing , 

pas to ral val l ey i s o l ated by high mount ains . E l evations 

w i th in the C ove r ange from 5 2 2  m t o  6 0 0  m .  Th e C ove is  a 

l imes tone "window" under l a in by do lomi te and l ime s tone 

wh i l e  the surround ing r i d ges are compo s e d  of o l der 

me t amorph i c  rock . S ome uni que geo l o g i c  fo rmat i ons such a s  

c aves , out crops , s inkho le s , and s ag ponds are found w i thin 

the C ove . Mo s t  o f  the Cove cons i s t s o f  al luv i al depo s i t s  

from Ab rams C r e e k  and i ts t r ibutari es . 

Ab r ams C reek enters  C ades  C ove as  a fas t - f l owing 

mountain s tre am but , i t s  fl ow rate decre as e s  as it  me ande rs 

throughout the flat areas o f  the C ove . Dur ing the year 

p o r t i ons of Ab r ams C re ek occas i onal ly dry up . There are 

al s o  many sma l l  swampy are as al on g  Abr ams C r e ek and i ts 

t r ibut ar i e s . 
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C l imate 

No comp rehen s ive c l imato l o gy data are avai l ab l e  for 

Cades Cove; howev e r , an ind i cat ion o f  the C ove' s c l imate 

can be gained by l ook ing at c l imat o l ogy data for the P ark . 

The P ark' s c l imat e is  character i ze d  by cool  temperatu res 

and h i gh precip i t at ion . P re c ip i t at ion and temp e ratures in 

the P ark v ary greatly wi th e l eva t i on . At l ow e l evati ons , 

prec ip i tation ave rages ab out 1 4 0  ern p e r  ye ar and w e l l  over 

2 2 0  ern may oc cur at the h i gh e s t  e l evat i ons . The summer 

s e a s on has the gre ates t p re c ip i tat ion and the fal l s e as on 

has the l e as t . The average annual t emp e r ature is  1 4° C at 

l owe r e l evat i ons (be low 4 5 0 rn )  and 6° C at h i gher e l evat i ons 

( ab ove 1 9 0 0  rn ) , w i th a t emperature gradient o f  4 . 0 7° C per 

1 0 0 0  rn change in e l evat i on . Monthly t emperatur e  means are 

usua l ly at a h i gh in July and a l ow in F eb ruary ( Sh anks 

1 9 5 4 , Tanne r 1 9 6 3 , C l irn a to graphy of the U . S .  1 9 7 2 ) . 

F lora 

The  open f i e l ds in Cades C ove c ons is t pr imar i ly o f  

fes cue ( F e s tuc a sp . ) ,  o rchard gras s (D actyl i s  sp . ) ,  t imothy 

(Ph l eurn sp . ) , re d top gras s e s  (Ag ro s t r i s  sp . ) ,  red and 

l ad ino c l overs ( T r i fo l i um s p . ) (Nat i onal P ark S e rvi ce 1 9 6 9 ) . 

Some o l d  farms teads and th e i r  as s o c i at e d  fie lds and 

orch ards w i th in the C ove are b e ing r e c l aimed through 

natur al s ucce s s i on . Many o f  the s e  are as cons i s t  o f  almo st 

pure even-a ge s tands o f  whi te p ine  (P inus s t robus ) o r  



s ho r t  l e a f  p ine (P . e ch ina t a ) . The unde rs tory in the s e  

p ine s t ands o ften contain heml ock (Tsuga canadens i s ) . 

The re are a l s o  areas o f  mixed hardwo o ds in the C ove . 
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The s e  are as cons i s t o f  var ious species  o f  o ak (Que rcus 

sp . ) , map l e  (Acer sp . ) , h i ckory ( C a rY a  sp . ) ,  and y e l low 

pop l ar ( L i ri odendron tul ipi fera) . Some common unde rs tory 

spe c i e s  throughout the C ove are s ervice b e rry (Ame l anch i er 

l aevi s ) , mount ain l aurel (K almi a l a t i fo l i a) , rhododendron 

( Rhododendron sp . ) , various species  o f  b l ueb e rr i e s  

(Vaccinium sp . ) ,  and huckleberries  ( Gaylus s ac i a  sp . ) . 

Fauna 

A d ivers i ty of an imals inhab i t  C ades C ove . O f  the 

59 s p e c i e s  of mammals found in the P ark , many ex i s t  wi thin 

the C ove ( L in zey and L in z ey 1 9 7 1 ) . Bes ides wh i t e - t a i l e d  

de e r , o ther l ar g e  mammal s  c ommon to  the C ove inc lude b l ack 

b e ars (U rsus amer i c anus ) and Europe an wi l d  hogs ( Sus 

s cro fa) . Mo re th an 2 0 0  s pe c i es o f  b i rds , 2 3  spe c i e s  o f  

snakes ( including 2 po i s onous ) , over 7 2  spe c i e s  o f  fi s h , 

and a wide arr ay o f  s alamanders inh ab i t  the P ark , and many 

o f  the s e  o c cur in C ades C ove (Nati onal P ark Service 1 9 6 9 ) . 

I n  addi t ion to  the wil dl ife , the re are approximat e ly 4 0 0  

h e ad o f  catt l e  and 4 5  hors es in the Cove . 



CHAPTER I I I  

METBODS 

Ro ads i de Counts  

The ro ads i d e  count te chnique us ed in this  s tudy 

d i ffers from t radi t ional r o ads ide count me thods ( K ing 

metho d , Frye ' s  s trip c ensus , and Hayne ' s  me thod) . Th e 

t e chnique us ed i s  actually a mod i fi c at i on o f  the drive 

count me thod (Overton 1 9 7 1 ) . An imag inary dr ive l ine was 

p r o j e c t ed out pe rpend icul ar t o  the r o ad on b o th s ides . 

As th i s  l ine swe eps  through b o th fie l ds and woo ded are as , 

al l o f  the deer  that p as s through i t were counte d .  The 

l ength of the imag inary drive l ine was v ar i ab l e  and 

depended up on the vis ib i l i ty in the f i e l ds and wooded 

are as . D i s tanc e s  were  cons t antly moni tored during counts 

us i ng known - d i s tance l andmarks in the wo ode d  ar e as and 

f i e l d s . Th i s  me thod avo i ds the maj o r  c r i t i c i s m o f  

trad i t ional r o ads ide count s ; th at the an ima l s  ob s e rved 

b e l ong to  a sub - popu l at i on that occurs along road s i de s  

and th ey are n o t  repre s entat ive o f  the ent ire  p opu l a t i on . 

The roadside  c ounts conduc t e d  in the C ove s amp l e d  

approx imat ely 8 0% o f  the fie l d  are a and 3 3% o f  the 

wooded are a . Th i s  technique has be en succes s ful ly us e d  

in C ad e s  Cove b y  Fox and P e l t on ( 1 9 7 3 ) . 

1 2  
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Roads ide counts are dependent on the ob s e rvab i l i ty 

o f  de er . Ob s e rvab i l i ty i s  r e l ated to deer activ i ty ; the 

more act ive deer  are , the more l i ke ly they are to  be s e en . 

D e e r  t end t o  b e  c repuscu l ar in nature ; th erefo r e , count s 

were conduc t ed at dawn ( 1 / 2  hour b e fo r e  sunr is e) , dusk 

( 1  hour b e fo r e  s uns e t ) , and d ark ( 1 / 2  hour a fter suns e t )  

every we ek . To  prevent d awn counts from ex t ending int o 

d ayl ight hours ( approx imat e ly 1 hour after sunr is e )  and 

dusk counts from overlapping w i th dark count hours , only 

half  of the C ove was surveyed each week . Weekly count s o f  

the no rth h a l f  o f  the C ove ( from the entr�nce t o  the Ab r ams 

F a l ls parking a r e a , are as  1 - 4 7 )  were a l t ernate d w i th week ly 

counts o f  the s outh h a l f  ( from Ab r ams F al l s p arking are a to 

the ex i t , ar e as 4 8 - 8 9 )  ( F i g . 2 ) . The f i e l d s  and wooded 

ar eas  adj ac ent to  the ro ad were g iven a numb er fo r 

id ent i f i ca t i on ( F i g . 2 ) . During e ach count , the fo l l ow ing 

info rmat i on was recorded : date , t yp e  o f  count ( d awn , 

dus k  o r  dark ) , h a l f  surveye d (north or south) , s t art and 

end t imes , and general weathe r condi t i ons. When deer wer e 

s e en ,  the fo l l ow ing info rma t i on was rec orded : the numb er 

of the fi e ld or wooded are a  in wh i ch the deer were s e en ,  

the numb e r  o f  de e r  s een, the i r  age c l a s s  and s ex ( ma l e , 

fema l e , young - of - the-ye ar , uns exed ) , the e s t imated 

d i s t anc e b e twe en the deer c l o s e s t  to  a cow o r  hor s e  i f  l e s s  

than 3 0 0  m ,  and add i t i onal comments such a s  " f awn- a t - he e l ," 

twins , g roup s i z e , unusual phy s ical  abno rmal i t i e s , etc . 
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Northern route 
========== Southern route ND No data 

F is· 2 .  Cades Cove, Great Smoky Mountains Nat ional Park, Tenne s s ee, 
i l lus trat 1ng the rout e trave l ed dur ing ro ads ide counts o f  the north and s outh 
halves and area  ident ificat ion numb ers . 
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Only ant l e red deer were cons idered to b e  ma les  (bucks ) , 

only spotted deer  were cons i dered to b e  young - o f- the-year 

( fawns ) ,  and unantl ered deer were considered to b e  

fema l e s  (does ) only i f  a fawn was at he e l  o r  ant l ered 

deer were pr eva le nt . F awns were no t s exed . At least  a 

por tion o f  a deer's b o dy had to b e  s e en and it had to b e  

pos i t ive ly iden t i fied as a deer.in o rder t o  b e  counted . 

The no rth s i de o f  the Cove that was s amp led dur ing 

roads ide counts c ons is ted of 4 6 . 5  ha  of cow pas tures , 

2 3 . 1  ha o f  hor s e  p as ture s , 1 6 6 . 9  ha  o f  hay fie lds , 1 59 . 0  

ha  o f  fields that we re us ed fo r b o th l ive s t o c k  grazing 

and hay , and 1 . 9 ha o f  "his t o r ical"  areas (App end ix , 

T ab l e  A- 1 ) . The s amp l e  are a on the s outh s i de cons is ted 

of 1 4 3 . 9  ha of cow pas tur es , 5 2 . 4  ha  of  hay fie lds , 6 . 0 
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h a  o f  o ld fie l ds , 1 0 . 4  ha  o f  fie lds used for b o th l ives tock 

grazing and hay , 1 7 . 1  ha o f  fie lds us ed for b o th cattle and 

hors e grazing , and 6 . 7  ha of "his tori cal"  areas (Appendix , 

Tab l e  A- 1 ) . 

Usual ly counts were made us ing 3 peop l e, although 

the numb er ranged from 1 to 5 .  Wh en 3 peop l e  we re av ai l ab l e , 

1 dr ove the p ickup truck and recorded the dat a and 2 s t ood 

in the b a ck as ob s e rvers; 1 s e arched the ri ght s id e  o f  the 

road and the othe r the l e f t s ide . At l e as t 1 p e r s on s to od 

in the b ack o f  the truck whenever pos s ib l e . Dark counts 

were made us ing 2 ,  hand - h e l d spo t l i ghts equipped w i th 

s e al e d  b e am a i rcraft l anding l i ghts ( 2 0 0 , 0 0 0  c andl epower) . 



A s imi l ar spo t l i ght was mounted on the roof o f  the truck 

so that the dr ive r could a l s o  s e arch fo r de e r  when 

nec e s s ary .  D is tanc e s  were e s t imated b y  us ing known­

d i s t ance l andma rks in the fi e l ds and wooded are as . 
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Dens i ty es t imat es were der ive d by dividing the 

total  numb e r  o f  deer s een by the t otal  area s urveyed . 

Adu l t  s ex r a t i o s  were c a l cul ated from coun t s  made during 

Augus t and N ovemb er as was recommended by M i chae l  ( 1 9 7 0 )  

and Down ing e t  al . ( 1 9 7 7 ) . F awn : do e  counts c onducted from 

July to  Octob e r  1 9 7 8  and July and Augus t 1 9 7 9  were us ed as 

an index to  fawn recrui tment . 

Drive C ounts 

The procedure o f  the dr ive counts was s imi l ar to 

that des crib e d  by Ove r t on ( 1 9 7 1 ) .  All  drive areas w e re  

w i thin the pe r ime ter o f  the Loop Road . B o th fi e l ds and 

wooded are as w e re driven fo r deer . The gene r a l  d i re c t ion 

of al l the drives was from the .L oop Road towards the 

int e r i o r  o f  the C ove . Typ i c a l ly , open f i e l d s  b ounded 3 

s ides and the L o op Ro ad fo rmed the fourth s ide  o f  the 

woodl o ts that were dr iven . The s e  wood l o t s  were c ons ide red 

to  b e  r epre s entat ive o f  the wooded are as w i th i n  the s tudy 

a re& . Counters  s tood in the open f i e l ds ar ound the 

woo d l o t s  and counted a l l  o f  the d e e r  that were dr iven out . 

Wh i l e  the c ounters  were b e in g  pos i t i oned , 1 o r  2 ob s e rvers 

s tood a l on g  the road and coun ted any deer that r an out o f  



the woodl o t  b e fo re the d r ive be gan . The driver s , aft e r  

fo rming a l ine al ong the road , walked throu gh the are a 

in a s tr a i ght l ine and frigh t ene d deer  ahe ad o f  them. 

D e e r  that turned b ack throu gh the l ine were counted by 

the drivers. C ounters and d r ive rs only counte d those  
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deer  whi ch p as s e d  b e tween them and the pers on t o  the i r  

imme di at e  r i ght. When pos s ib l e ,  the s ex and a g e  c l as s  o f  

the d e e r  were r e c o rded ; s ex and age c l as s  were d e t e rmine d 

bas ed on the c r i t e r i a  u s e d  dur ing r o ads ide counts . Two -way 

rad i os were us e d  to  help c o o rdinate the drivers and 

count ers during the drive s . F i e ld areas were typ i cal ly 

"driv e n" by v i sual ly s c anning th em from the r o ads i de and 

whi l e  s e t t ing up the counters around the wooded areas ; 

actual driv e  l ines were usual ly not ne c e s s ary .  

Dens i ty e s t imates  for the s tudy a re a  were c a l culated 

by we i ght ing the dens i t i e s  ob t ained fo r the wooded areas 

and the fields acco rding to  the i r  r e l at ive p ropo r t i ons 

w i thin the s tudy area . F i e lds compri s ed 7 6 . 5 %  o f  the s tudy 

are a and the remaining 2 3 . 5% cons i s ted of sma l l  woodl o t s  

and wo oded areas . 

P e l l e t  Counts 

A s t rat i fied r andom s amp l e  o f  C ades C ove was us ed 

to  l o cate 1 2  p e rmanent . tr ans ects for p e l l e t  c ounts. The 

tran s e c ts were 6 1 0  m long and 3 . 0 5  m wide prov iding a 

s amp l e  are a o f  0 . 1 8 6  h a  for e ach t rans e c t ; a total  o f  



2. 2 3 2  ha or 0 . 2 % o f  the C ove . Trans e c t  mid-l ine s were 

de l i neated in the wooded are as by us ing p l a s t ic fl agg ing 

and in the fi e l ds by wooden s t akes . A 1 . 5 2 5  rn l ong stick 

was carried wh i l e  making counts . Th i s  s t ick was us ed to 

det ermine the prec i s e  wi dth of the tran s e c t  by p l acing 

i t  perpendicul ar to  the midl ine of the trans e c t . Each 

transect  was init ial ly c l e are d o f  al l p e l l e t  group s 3 

weeks pri or to  mak ing p e l l e t  counts . 
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P e l l e t  group s that containe d a min imum of  5 p e l lets 

were counted on each tran s e c t  every 3 we eks . The s e  pel l e t  

group s were then des troye d o r  marked . N e ff ( 1 9 6 8 )  

" arb i trari ly" recommended that 3 0  or more p e l l e ts had to 

be pres ent to cons t i tute a p e l l e t  group. For this s tudy , 

the 5 p e l l e t  cri terion was felt to  b e  appropri at e in l i ght 

o f  the po tent i al ly h i gh deteriorati on and / or dis appearance 

rates  of pe l l e t  groups in the Southeas t ( D owning e t  al . 

1 9 6 5 )  and T enne s s e e ( F lynn 197 6 ) . Strewn- out or s c at tere d 

pe l l e t  group s were counted i f  hal f or more o f  the pel l e t s 

were w i thin the transect  ( Rob ine t t e  et al . 19 5 8 , Ne ff 19 6 8 ) . 

Dens i ty e s t imates  were derived by us ing the foll ow ing 

equat ion : 

LY/ (AxDxR) = deer/ha 

where, LY = the numb er o f  p e l l e t  groups found 

A = the area of the s amp l e  in ha 

D = the numb er of days  b e tw e en c ount s 

R = the defec at i on rate ( p e l le t group s / day/ deer) 



I t  was as sume d that a l l  p e l l e t  groups th at were on a 

trans ect were found and that deer defecate approximately 

1 3  t ime s a day (Ne ff 1 9 6 8 ) . 
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A de teriorat ion and / or dis app earance s tudy of  

p e l l e t  group s was  conducted concurrently w i th the pel l e t  

coun t s. When p o s s ib l e , up to  1 0  p e l l e t  group s ( containing 

at l e as t  5 p e l l e ts each) found on a tran s e c t  were marked 

w i th a spray painted c irc l e . A different co lor pai nt was 

us ed every 3 weeks.  The pre s ence or ab s enc e of a marke d 

p e l l e t  group was re corded 3 we eks l at er when the transec t 

was next surveyed . Marked p e l l e t  groups cont ain ing l e s s  

than 5 pel l e t s were cons idered as having deteriorated 

and/or dis app eared. 

D i s trib u t i on 

Temporal and spat�al dis tribut ion of  deer in Cades 

C ove was de t ermined from the data col l e c ted us ing the 

ab ove 3 census me thods. The data from roads ide counts 

were al s o  anal yzed with re spect to deer us age of the 8 

various hab itat typ es in the Cove. D i s tribut i on maps o f  

the ro ads ide count data were ori ginal ly made us ing SYMAP 

( L ab orat ory o f  Computer Graphics  and Sp a t i a l  Ana lys is  

1 9 7 5 )  and then manually reproduced . 

Stat i s t i ca l  Analys is  

Al l data  were analy z�d by us ing th e S t a t i s t i cal  

Analys i s  Sys tem ( S AS ) (B arr et  al . 19 7 9 )  unle s s  o therw i s e  



no t e d . L ine ar mo dels , inc lud ing l ine ar regre s s i on and 

analys i s  o f  v ar i ance CANOVA) were computed us ing the 

proc edure GLM of SAS. Comparis ons o f  2 me ans were made 

us ing the procedure TTE ST of SAS . 

Dens i t i e s  fo r the individual fi e l d  and wooded 

areas for us e by SYMAP were calcul ated by a FORTRAN IV 

program deve l op e d  by A. B e auch ene of The Unive rs i ty of 

Tenne s s e e  C omput ing C ent er . All  confid enc e intervals are 

9 5 %  unl e s s  o therwis e no t ed . 
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CHAPTER IV 

RESULT S AND DI SCUS S I ON 

Ro ads ide  C ount s  

Dens i ty es t imat e s . One hundred and s eventy - nine 

roads i de counts and 3 0 , 0 7 0  ob s erva t i ons of deer were 

conducted b e tw e en 3 Ju ly 1 9 7 8  and 1 Septemb er 1 9 7 9 . Dens i ty 

e s t im at e s  de rived from dark count s  ( 0 . 4 3 ± 0 . 0 4 deer/h a  o r  

2 . 3 3 h a/ de e r )  we re  s i gni ficantly g r e a t e r  (P  < 0 . 0 5 )  th an 

th os e from d awn counts ( 0 . 2 9! 0 . 0 4 dee r/h a  o r  3 . 4 5 h a/ de er ) . 

Dus k counts ( 0 . 3 6! 0 . 0 4 deer/h a  or 2 . 7 8  h a/ d e e r )  wer e  l ower 

th an dark counts  but no t s i gn i fi cant ly (P > 0 . 0 5 ) . Bur s t  

and P e l ton ( 1 9 7 8 ) a l s o  repo rted th at they were ab l e  t o  

count more deer  after suns e t  i n  the C ove th an dawn or dus k  

c oun ts . H a l l o ran ( 1 9 4 3 )  conducted m o rn ing and evening 

counts of deer  in T exas . H i s  even ing counts al s o  t ended 

to be greater th an h i s  m o rning counts. Thus , through out a 

y e ar deer are mos t l ikely t o  b e  ob s e rved at  dus k  and 

�h o r t ly aft e r  suns e t . 

S e as onal dens i ty e s t imates  ( summ e r : June , July , and 

Augus t ;  fal l :  Septemb e r , Octob er , and· Novemb e r ; wint e r : 

D ec emb e r ,  J anuary , and F eb ruary ; spring : March , Apri l ,  and 

May) der ived from a l l  counts were s i gn i f i cant ly d i f ferent 

(P  < 0 . 0 0 1 ) ;  th e h i ghes t dens i ty e s t imates were ob tained 

dur ing th e spring and th e l0we s t  e s t imates in  th e wint er 
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{Tab l e  1 ) .  There was a s i gni fi cant interac t i on ( P  < 0. 0 0 2 ) 

b e tween the t ime o f  the count ( dawn , dus k ,  or dark) and the 

s e a s on when i t  was made ( F i g. 3) . 

The mos t accurate dens ity es t imates prob ab ly were 

derived from dark counts b e cause they cons i s tently produc ed 

the h i ghes t counts (4 out of 5 s e as ons ) ( F i g . 3 ) .  Seas onal 

dens ity es t imat e s  derived from counts conducted after suns e t  

ranged from 0 . 29 de er/ha ( 3 . 4 5 ha/de er) t o  0 . 5 8  deer/h a 

( 1. 7 2  ha/deer) (Tab l e  2 ) . The us e o f  e i the r dawn or dus k 

counts  would re s u l t  in an ob vi ous underes t imat ion o f  the 

C ove's deer popul ation . 

Ac t i vity patt erns . Duri ng the winter and spring the 

deer uti l i z ing the Cove change the ir activ i ty pat t erns . 

During the winter and s pring the h i ghe s t  numb ers o f  deer 

were ob s erve d during dus k counts and the few e s t  during 

dawn counts ( F i g. 3 ) . Th is  p att ern is  contrary to  th at 

ob s erved during the summer and the f a l l . Of the 3 counts  

made each week , dus k counts were made at the warme s t  t ime 

o f  the day during the wint er. Independent o f  the roads i de 

counts , l arge numb ers o f  deer were ob s e rved in the middl e 

o f  the day during the wint er; an uncommon s i ght at any 

other time o f  th e ye ar. Thus during the wint er , deer are 

app arently mo s t  act i ve during the warmer perio ds of the day . 

The s e  resul ts support O z o g a  and Verme ( 197 0 ) ; they found 

that b o th the food intake and the ac t ivity o f  de er 
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T ab l e  1 .  S e as onal dens i ty e s t imates der ive d f rom a l l  
ro ads ide counts conducted i n  C ades C ove , 
Gre at Smoky Mountains Nat i onal Park , 
T ennes s e e , July 1 9 7 8 -Augus t 1 9 7 9 . 

S amp l e  Numb e r  of 
S i z e D e e r  

S e ason (n) Are a (ha) Ob s erved Deer/ha (ha/ Deer) 

Summer 1 9 7 8  2 4  6 9 2 0 . 1  2 0 3 5  0 . 2 9 ( 3 . 4 5 )  

F a l l  4 2  1 2 5 9 3 . 8  4 7 2 1 0 . 3 7 ( 2 . 7 0 )  

W inter 33  1 1 2 8 5 . 0  2 6 4 8 0 . 2 3 ( 4 . 3 5 )  

Spr ing 39  1 2 7 3 3 . 9  6 3 9 1  0 . 5 0 ( 2 . 0 0 )  

Summe r 1 9 7 9  4 1  1 2 2 6 0 . 7  4 2 7 5  0 . 3 5 ( 2 . 8 6 )  

Total  1 7 9  5 5 7 9 3 . 5  2 0 0 7 0  0 . 3 6 ( 2 . 7 8 )  
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F i g . 3 .  S e asonal dens i ty e s t imates derived f rom 
dawn , dusk , and d ark c ount s  conduct e d  in C ades Cove , 
G reat Smoky Mount ains National Park , Tennes s e e ,  July 
1 9 7 8 - Augus t 1 9 79 . 
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Tab l e  2 .  Seas onal dens i ty es t ima tes o f  deer a s  der ived 
from dark coun ts c onduc te d in Cad e s  Cov.e ,  
Great Smoky Mount ains Nat ional Park , Tennes see , 
July 1 9 7 8-Au gus t 19 79 . 

S amp l e  Numb er o f  
S i z e  Deer 

S e as on 'n� Area (ha� Ob s erved De er/ha (ha/Deer� 

Summe r 19 7 8  8 2 1 0 4 . 1 9 8 7 0 0 . 4 1:':0 . 1 1 ( 2 . 4 4 )  

Fal l 1 4  4 2 4 3 . 6 5 1 7 6 1  0 . 4 2 !0 . 0 8 ( 2 . 3 8 )  

Winter 1 1  3 4 1 6 . 4 4 9 9 3  0 . 2 9:':0 . 0 9 ( 3. 4 5 )  

Spr ing 1 3  3 8 3 4 . 7 2 2 2 3 2  o . 5 8 !o . o 8 ( 1 . 7 2 ) 

Summer 1 9 7 9  1 4  36 9 8 . 3 8 1 5 8 8 0 . 4 3±0 . 0 8 ( 2 . 3 3 )  

Total  6 0  1 7 2 9 7 . 3 8 7 4 4 4  0 . 4 3!0 . 0 4 ( 2 . 3 3) 



increas ed du ring e arly winter and then again dur ing the 

sp ring . As w inte r progres s ed , deer res tric ted the ir 

activi ties to the warme s t  part of the day .  They al s o  

found that the c e s s ation o f  fe eding w a s  s i gni ficantly 

co rre l ated w i th the t ime o f  suns e t  throughout wint er . 

Such b ehavior  would account for the decl ine in the numb er 

of  deer counted a fter dark dur ing the winte r in  the Cov e 

s ince deer would b e come l e s s act ive and mo re di fficul t 

to ob s e rve after s uns e t . 
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Hab i tat  us e .  A s i gni fi cantly gre at e r  ( P  < 0 . 0 0 1 )  

dens i ty es timate was derived from counts ma de of the no rth 

half ( 0 . 4 2 ! 0 . 0 3 dee r/ha or 2. 3 8  ha/deer)  of the Cove th an 

o f  the south hal f ( 0. 2 6! 0. 0 3  deer/ha o r  3. 8 5  ha/deer) . 

However , when the hab i tat typ e in wh i ch the deer were se en 

was inc luded in a l i near mo del o f  the fo rm : 4 = b o + b 1X1 
A 

+ b 2x2 wh ere , Y = dens ity , X1 = north o r  s outh s i de , and 

X2 = hab i tat  typ e , the s i de vari ab l e no longe r contributed 

s ign i f i cantly (P > 0 . 1 0 )  to the model. The h ab i t at typ e 

var iab le was s i gn i ficant ( P  < 0. 0 0 1 ) . Thu s the di fference 

in deer dens i t i e s  be twe en the north and south halves was 

due to di fferences in the hab i t a t  types on each s i de and 

no t a geo graph i c a l  di fference . 

Th e 4 l arge s t field types (b as ed on to t al area) 

found in the C ove were : ( 1 )  fi elds containing cows , 

( 2 )  fi e l ds cont aining hors e s , ( 3 )  hay fie lds , and ( 4 ) 

pas ture s tempo rar i ly w i thout any l ive s tock in them . 



To evaluate hab i tat  us e by deer , s tandard normal var i ate 

( S NV) t e s t s  for a s ingle  prop o rt ion (Hays 1 9 7 3 ) wer e  made 

us ing the propor t i ons of the areas of the f i e l d  types as 

the expected proport ion of deer  in e ach f ie ld typ e . The 

numb er of deer s e en in f i e l ds cont aining cows was 

s i gnif i c ant ly l e s s (P < 0 . 0 0 1 )  than in  the o ther 3 f ie l d 

type s  (Tab l e  3 ) .  S i gnif i c an t ly f ewer ( P  < 0 . 0 0 1 )  deer 
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were s e en i n  the woo ded are as than i n  f i e lds containing 

cow s . S i gn if ic antly mo re (P  < 0. 0 0 1 )  deer were s e en in 

f i e l ds cont aining hors e s  th an in the o ther f i e l d  types . 

Burs t and P e l ton ( 1 9 7 8 )  a l s o  report ed that deer  us ed cow 

pas ture s l e s s  than hay f i e lds or hors e p as tur es . Th e i r  

t e s t  re sul t s  b e twe en the numb er of deer  s e en in  hay fi e l ds 

and horse  pas tures were conf l i ct ing . Howev e r , they did not 

dis t in gu is h  b e twe en pas tur es that actually had cattle o r  

hor s e s  in them a t  the t ime of the c ount and the s e  that 

did not , as  was done in the pres ent s tu dy . Of thos e 

f i e ld s  that were only us e d  f or c a t t l e  or ho r s e  g r a z ing , 

deer  us age incre as ed s i gn if i cantly (P  < 0. 0 0 1 )  when the 

l iv e s t o ck was not p re s ent in the f i e l d  ( T ab l e  4 ) . 

Re l at ive to the i r  usage of hay f i e l d s , deer in the C ove 

t ended to  avo i d  f i el ds us ed by cat tl e  and were at tracted 

to f i e l ds us e d  by hors e s . O ther res e archers have a l s o  

reported that d e e r  tend t o  avo id c a t tl e  ( Kr ame r 1 9 7 3 , 

Hood and I n g l i s  1 9 7 4 , Suring and Vohs 1 9 7 9 ) . Hood and 

Ingl i s  ( 1 9 7 4 )  b el i eved that deer avo i ded hors e s  even mo re 



T ab l e  3 .  Dens i t ie s  of deer ob s e rved in the 4 ma j o r 
f i e l d  typ es and the woo ded are as dur ing 
ro ads ide counts conduc t ed in C ades C ove , 
G r e at Smoky Mountains· N a t i onal Park , 
T enne s s ee , Jul y 1 9 7 8 - Augus t 1 9 7 9 . 

S amp l e  Numb er of 
S iz e  Deer 

F i e l d  TrE e (n� Are a  (ha� Ob s e rved D eer/ha 

w/ cows 3 5 5  4 5 9  5 .  0 1 1 3 1  0 . 2 5 

w/ ho r s e s  1 3 8  1 8 2 6 . 5  9 3 1 0 . 5 1 

hay 1 9 4 0  2 1 3 4 4 . 7  8 5 3 1 0 . 4 0 

p a s ture 1 7 3 5  2 0 3 2 8 . 6  7 9 7 8  0 . 3 9 

wooded areas 3 0 7 9  5 5 8 0 . 5  8 7 4  0 . 1 6 
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�ha/Deer2 

( 4 . 0 0 )  

( 1 . 9 6 )  

( 2 . 5 0 )  

( 2 . 5 6 )  

( 6 . 2 5 )  



T ab l e  4 .  D ens i ty of d e e r  ob s e rved in f i e l ds used  only 
f o r  ho rs e or cat t l e  graz ing dur ing ro ads ide 
counts conducted in  C ades Cove , G r e at Smoky 
Mount ains N a t i onal Park , Tenne s s e e , July 
1 9 7 8 - August 1 9 7 9. 

Hors e Pas ture s  Onll 
Rorses  

Cow Pas tures Onll 
�ows 

P re s ent A'O s ent P r e s ent Ao s ent 

8 6  3 5 9  S amp l e  s iz e  ( n) 2 7 2  9 7 7  

4 6 7 . 4 3 1 5 2 1.4 0 Are a  (ha)  3 4 2 7. 3 9  1 0 9 5 5. 1 3 

2 7 8 1 1 3 5 Numb er of 5 3 8  3 2 1 4  
deer  ob s e rved 

0 .  59  0 . 7 5 D eer/ha 0 . 1 6 0 . 2 9 
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than cattl e ,  but they were p r obab ly re fe rr ing to hors es  

w i th ri ders and no t hors es graz ing in a pas ture . 

3 0  

Suring and Vohs ( 1 9 7 9 )  s t at e that gra z ing b y  cattle 

can s t imu l ate new vegetat ive growth and as  a resul t , 

enhance the diges t ab i l ity and p a l a t ab i l i ty o f  gras s e s  and 

fo rb s for deer . I n  the Cove , graz ing by cat t l e  is 

r e l a t ive ly inten s e  comp ared to graz ing by hors es . I f  

graz ing by hors es a l s o  s t imul a t e s  new vegetative grow th , 

then perhaps the f o l l owing can expl ain the d i f ferences 

b e twe en deer us a ge o f  hors e and c a t t l e  pas tures in the 

C ove . Cattie gr a z ing in the Cove mi ght b e  s o  intense that 

it  no l onger s t imul ates  vege tative grow th; i t  might 

actual ly s tunt the growth . S inc e graz ing by h o r s e s  in the 

Cove is  l es s intens e ,  the new vege tat ive growth in hors e 

pas tures might attract deer . However , data on the spec i e s  

compo s i t ion o f  the pas tur es  and how deer , cattl e ,  and 

hors e s  util i z e  tho s e  s p e c i e s  is ne eded b e fore any defini t e  

conclus i ons c an b e  made . Regardl e s s  o f  the c au s e  for the 

di fference in the us age by deer o f  the f i e l d  type s ,  the 

appr o ximat ely thre efold di fference b e tw e en cow pas ture s 

( 1 43 . 9  ha on the s outh s i de vs . 4 6 . 5  ha  on the north s ide)  

and h ay fie l ds ( 5 2 . 4  ha  on the  s outh s ide v s . 1 6 6 . 9  ha  on 

the no r th s ide)  prob ab ly accounted for the di ffe rence in 

dens i ty e s t ima t e s  fo r each s ide . 
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Metho d of b ounded counts . Bur s t  and P e l ton ( 1 9 7 8 )  

us e d  the method of bounded counts (Ove rton 1 9 7 1 )  to ob tain 

an e s t imated deer popu l a t i on of 0 . 5 2 deer/ha ( 1 . 9 2  ha/ deer)  

ut i l i z ing the C ove dur ing the summer of 19 7 7 . The ir 

s ummer e s t imate i s  great er th an e ithe r  the 1 9 7 8  o r  1 9 7 9  

s ummer e s t ima tes . They may h ave o ve re s t imat e d  the de er  

popu l at ion by as sum ing that  the i r  s amp l e  are a was 

repres entative of the who l e  Cove . To i l lus trate this 

point , dens i ty es t ima t e s  for the summers of 1 9 7 8  and 1 9 7 9  

were_ re- c a l culated  under the f o l l owing a s s ump t ions : 

( 1 )  us ing e i ther the no rth half or the s outh half as the 

s amp l e  are a , ( 2 )  us ing the me thod of b ounde d counts to 

ob t a in den s i ty e s t imates , an d ( 3 )  expanding the es t ima tes 

f o r  the s amp l e  are as to g e t  a dens i ty e s t imat e  for the 

enti re C ove a s  Bur s t  and P e l t on ( 1 9 7 8 )  did . 

half was the s amp l e  a re a  in  1 9 7 8  then : 
A 
N1 = 3 6 5 deer 

S amp l e  area  = 4 0 %  of the Cove 

o r , 5 2 %  of a l l  the f i e l ds 
A 

thus , Nz = 3 6 5 / 0 . 5 2 = 7 0 2  deer 

o r , 0 . 7 2 deer/ha ( 1 . 3 9 h a/ deer) 

If the no rth 

If the s outh half was the s amp l e  area in  1 9 7 8 th en : 
A 
N 1 = 9 2  deer 

S amp l e  area  = 2 6 %  of the Cove 

o r , 3 4 %  of al l the f ie l ds 
A 

thus , Nz = 9 2 / 0 . 3 4 = 2 7 1  

o r , 0 . 2 8 deer/ha ( 3 . 5 7  ha/ deer) 



Dens i ty estimates derived this way fo r 1 9 7 9  were 
A 

a l s o  co nfl ict ing (us ing the no rth hal f ,  N 2 = 0 . 6 3 deer/ha 

o r  1 . 5 9 ha/deer; us ing the s outh hal f ,  �2 = 0 . 2 8 deer/ha 

or 3. 5 7  ha/deer) . Thus , which s i de was us ed as the 

s amp l e  are a  made mo re than a two fo ld di fference in the 

dens ity es t imat es  for 19 7 8  and 19 7 9 . Th e s e  di ffe rences 
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are und oub t e dly due to the di fferential us e by deer o f  the 

var i ous hab i t at typ es and the une qual dis trib u t i on of thes e 

hab i tat  typ es b e twe en the north and s outh h alves of the 

Cove . The proport ion o f  the vari ous hab i tat types changes  

in the Cove from ye ar to  year; there i s  no  way o f  

determining i f  a s imi l ar inequa l i ty ex is ted b e twe en the 

s tudy ar ea used by Bur st  and P e l ton ( 1 9 7 8 )  and the res t o f  

the Cove. I f  such an inequal i ty did exis t ,  then it woul d 

have c au s e d  an inaccur ate es timation of the deer  popul ation . 

Sex and age rati os. Male deer (bucks ) were ob s e rve d 

dur i ng every month o f  the year excep t Ap ril  and May wh i l e  

conducting roads ide counts (Tab l e  5 ) . Young - o f- the -year 

( fawns ) were  firs t ob s e rved in June and mos t l o s t  the ir 

spots by Novemb er (Tab l e  5 ) . One s e t  o f  twin fawn s was 

ob s e rved in the field numb ered 4 4  on 1 3  January 19 79 . On 

5 Feb ruary , a s ing le fawn was  ob s e rve d in fie ld 4 4 . Of a l l  

ma l e s  (bucks ) and femal es (does) ob s erved , most were 

ob served dur ing dark counts ( 3 7 %  and 3 8 % , respectively) . Of 

al l fawns ob s e rved , mo s t  ( 43 % )  were ob s e rved during dawn counts. 



T ab l e  5 .  The numb er of bucks and f awns ob s e rved dur ing 
ro ads i de counts conduc t e d  in C ades Cove , Great 
Smoky Mountains Nat i on a l  P ark , T ennes s e e ,  July 
1 9 7 8 - Augus t 1 9 7 9 . 

Numb er o f  Numb er of 
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Month Bucks Ob s erved F awns Ob s erved 

Jul 1 9 7 8  1 8 1 5 4  

Aug 2 5 3  1 0  2 

S ep 2 5 7  1 8 1  

O c t  2 4 8  1 6 5  

Nov 2 3 7  1 1  

D e c  1 1 9  1 

Jan 1 9 7 9 5 6  2 

Feb 1 6  1 

Mar 1 3  0 

Ap r 0 0 

May 0 0 

Jun 2 1  7 

Jul 3 1 8  3 3  

Aug 2 4 9  9 6  
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The f ewest numb er s  of b ucks , does , and f awns w e r e  ob s e rved 

dur ing dus k counts ( 2 8 % , 3 0 % ,  and 2 2 % , respect ively) . 

Augus t was recommended by Mich ae l ( 1 9 7 0 )  and Augus t 

and Novemb e r  were recommended by Downing et al . ( 1 9 7 7 )  as 

the b e s t  months f o r  d e t e rmining adul t s ex rat ios  f rom 

counts . The resul t s  of dawn and dark counts ( counts when 

the mo s t  do e s  and buck s were ob s e rved) conduc t ed during 

th e s e  months were used to  c a l cu l a t e  adul t s e x  rat io s 

( T ab l e  6 ) . The count s  conducted during Augus t may have 

b e en the mo s t  re l i ab l e s ince by Novemb er mos t  f awns had l os t 

the i r  spo ts and s ome were prob ab ly mis t akenly iden t if i ed as 

do e s . Howev e r , dur ing 1 9 7 8 , the change in adul t s ex r at i o s  

f rom Augus t  ( 4 5 . 1  bucks : l O O  doe s ) t o  Novemb e r ( 2 2 . 0  bucks : l O O  

does ) coul d h ave b e en the r e s ul t of d i s pers al out of the 

C ove by bucks . D ispers al of b ucks during rut h as b e en 

documented in the Sou th e a s t  ( D own ing et al . 1 9 6 9 , Downing 

and McG innes 1 9 7 5 ,  Kamme rmayer and Mar chinton 1 9 7 5 , 1 9 7 6 , 

March inton and Karnrnermaye r 1 9 8 0 ) . Thi s  di sper s al i s  

b e l ieved t o  b e  i n  res pons e to  s oc i al pres sure dur ing rut ; 

the numb er of b ucks d i s pe rs ing is  d i r e c t ly rel ated to the 

popul at ion dens i ty (Hawk ins et al . 1 9 7 1 , Kammermaye r  and 

March inton 1 9 7 6 , March inton and Karnrne rmayer 1 9 8 0 ) . Bur s t  

and P e l ton ( 1 9 7 8 )  ob s erve d � 9 0 . 9  b ucks : l O O  does adul t s ex 

rat i o  in the C ove dur ing Augus t 1 9 7 7 . Frank S in ge r , a 

r e s e a rch w i l d l if e  b i o l o g i s t  in the P ark , reported a 3 2 . 3  

bucks : l O O  doe s  adu l t  s ex rat i o  duri n g  the f a l l  of 19 7 7  



Tab l e  6 .  Adult  s e x  r a t i o s  as de termine d by dawn and 
dark counts conduc ted dur ing Au gus t 19 7 8  and 
1 9 7 9  and Novemb er 1 9 7 8  in C ades  Cove , Great 
Smoky Mountains Nat i onal Park , Tenne s s e e . 

Numb er o f  Numb er o f  
Month Bucks Ob s e rved D o es Ob s e rved Bucks : l O O  

Aug 1 9 7 8  1 5 2  3 3 7  4 5 . 1  

N ov 1 9 7 8 1 5 8  7 1 8  2 2 . 0  

Aug 19 79 1 7 3 39 2 4 4 . 1 

T o t a l  4 8 3  1 4 4 7  3 3. 4 

3 5  

Does 



(pe rs . comm . ) .  Again , a decre as e in the buck : doe rat io 

dur ing rut was ob s e rve d .  

The rate o f  rep roduc t ion could not b e  ac curately 

determined s inc e fawns are gene rally l e s s  ob s e rvab le than 

doe s  (Downing e t  al . 1 9 7 7 ) . However , fawn : do e  counts c an 

b e  us ed as an index of the reproduc t ive rate . Very low 

fawn : doe rat i o s  were ob ta ined fo r b o th 19 7 8  and 19 79 
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(Tab l e  7 ) . A min imum of 26 s e t s  o f  tw ins and 2 s e ts  of 

t r ip l e t s ( 5 3 % o f  all fawns ob s e rved) were ob s e rve d dur ing 

July and Augus t 19 7 8 . Seven s e t s  of tw ins ( 2 0 %  of all  

fawns ob s erved) were ob s e rve d dur ing July and Augu s t  19 79 . 

The s e  numb e r s  are minimums b e caus e i f  2 fawns were obs erved 

with 2 does , they were counted as s i ng l e s  even though 

they may have b e en tw ins . 

Bur s t  and P e l t on ( 1 9 7 8 )  ob s e rved a ratio  of 49 . 5  

fawns : l O O  doe s in the Cove . This ratio  is h i gher than the 

rat i o s  s e en in e i the r  19 7 8  ( 2 7 . 9  fawns : l O O  do e s )  or 19 7 9  

( 8 . 4  fawns : l O O  doe s ) . The Cove fawn : doe ra t i o s  were al s o  

lower than tho s e  ob s erved i n  Texas by C arro l l  and B rown 

(1 9 7 7 )  ( 2 8 . 9 ,  3 4 . 6 ,  and 4 7 . 7  fawns : l O O  doe s ) ; a popu l a t i on 

that had known s evere fawn mo rtal i ty .  The July fawn : doe  

rat io s  ( 1 2 - 2 2 fawn s : l O O  do e s )  ob s e rved by Downing e t  al . 

( 1 9 7 7 )  in Virginia were the only rat i o s  lowe r than tho s e  

ob s e rved in the Cove . The other V i rg i n i a  rat ios  ranged 

from 3 8 - 4 3  fawns : l O O  do es . The fawn : doe  ratios  ob s e rved 

in the Cove dur ing Ju ly and Augus t 19 7 8  were s l igh t ly 



Tab l e  7 .  F awn : doe  rat i o s  as determined by roads ide 
counts c onducted from July - Oc t ob e r  1 9 7 8  and 
Jul y - Augus t 1 9 7 9 in C ades C ove , Gre at Smoky 
Mount ains National Park , T enne s s e e . 

Numb er o f  Numb er o f  
Month D o e s  Ob s e rved F awns Ob s erved F awns : l O O  

Jul 1 9 7 8  2 6 3  3 3  1 2 . 5  

Aug 3 3 7  7 7  2 2 . 7  

Sep 3 6 1  1 3 6  3 7 . 7  

Oct 4 6 0  1 5 1  3 3 . 3  

Jul 1 9 7 9 4 2 9 1 7  4 . 0  

Aug 3 9 2 5 2  1 3 . 3  

T o t a l  2 2 4 2  4 6 6  2 0 . 8  

3 7  

Do e s  



h i gher than thos e ob t a ined by Downing e t  al . ( 19 7 7 )  in 

Texas ( 8 - 2 9 fawns : l O O  does ) , whe re as the rat i o s  from July 

and Augus t 19 7 9  in the Cove were lowe r than tho s e  from 

T ex as . The se  compar i s ons of fawn : d oe r a t i o s  indicate  

that curren tly f awn re crui tment in  the  Cove is  p o o r . 

Al thou gh the fawn : doe rat ios for the Cove were low ,  the 

numb er of tw ins and t r i p l e t s  ob s e rved in 19 7 8  sugge s t  

mo de r ate t o  h i gh leve l s  o f  rep roduc t i on , espe c i a l ly for a 

pro t e c t ed popul at ion (Burs t and Pe l t on 19 7 8 ) . The few 
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s e t s of twins ob s e rve d in 1 9 7 9  we re accurat e ly re flected by 

a l ow fawn : doe  ra t i o . 

The adult sex  rat i o s  from 1 9 7 8  and 19 79 and the 

change in adu l t  s ex rat i o s  from 19 7 7  to 19 7 8  and 19 7 9  

(more do es than bucks ) sugge s t  an exp anding deer  popul ati on . 

Th e oret i c al ly , a skewed popul at i on in favor o f  fema l e s  in a 

p o lygamous spe c i es should increas e rates o f  popu l a t i on 

growth (Das mann 1 9 6 4 , McCul l ough 19 7 9 )_ . Dens i ty e s t imates 

from the s umme rs of 19 7 1  to 19 79 ( F i g . 4)  indi cate that the 

popul at ion has expanded s ince a d i e - off . However , the 

r e l a t ive ly l ow fawn : doe  counts and the non - s i gni ficantly 

d i fferent ( P  > 0 . 1 0 )  dens ity e s t imates  ob tained for July 

and Augus t  1 9 7 8  and 1 9 7 9  sugges t a s t ab l e  o r  decl ining 

populat i on . The s e  confl i c t ing r e s u l t s  could b e  exp l a ined 

as fo l l ows . The uneven adul t s e x rat i o  could be the result  

of the  d ispers a l  of bucks oct  of the  C ove to areas  of lower 

deer  dens i t ie s  b e c aus e of s o c i a l  pres sures . This  d i spers al 



,60 

.so 

- ,40 
"' 

.c 
.... 

.. 

• 
• 

"0 

- . 30 
> 
.... 
en 
z 
w 
c ,20 

,10 

1 9 71 1 9 72 1 9 73 

YEA R S  

39  

1 978 1 9 79 

Fig . 4 .  Dens i ty es t imates der ived from dark c ount s 
o f  deer ut i l i z ing the fiel ds iri Cades Cove , Great Smoky 
Mount ains Nat i onal P ark , Tennes see ,  fo r the s ummers o f  
1 9 7 1-1 9 79 ( 1 9 7 1 , 1 9 7 2 , and 1 9 7 3  data from Fox and Pel ton 
1 9 7 3 ) . 

aFal l , 1 9 7 1 , dens i ty es t ima te . 
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m i g h t  ini t i a l l y  d e c r e as e the popul at i on , but a s  l o n g  a s  the 

r e c rui tment o f  fawn s into the popu l a t i on dur ing the summe r  

i s  gre ater than t h e  d i s p e r s a l of b u c k s  in the fal l and 

there is l ow mo r t a l i ty , the popul at i on w i l l  cont inue to 

inc re as e .  S in c e  mor t a l ity i n  the C ove i s  r e l a t iv e l y  l ow 

and cons t ant (no hun t ing , no l ar g e p re d at o r s , amp l e  for ag e ) , 

i n  o r der fo r the p opul a t i on to d e c l ine , rep roduc t i on mu s t  

d e c r e as e . However , a s  r ep r o duc t ion d e c r e a s e s  and the 

p opu l a t i on s i z e d e c l ine s , the d i s p e r s al of bucks w i l l  al s o  

d e c r e as e ,  an d the p opu l at ion w i l l  r emain re l at ively s t ab l e . 

Thus , reproduct i o n  mus t b e  reduc ed even mo re b e fore the r e  

w i l l b e  an ob s ervab l e  d i fference i n  t h e  popu l a t i on s i z e . 

Ano ther exp l anat i o n  for the d i f f erenc e s  b e tw e e n  the 

fawn : doe r a t i o s  ob t a i ned fo r 1 9 7 8  and th o s e  ob t a ined for 

1 9 7 9  mi ght be that in 1 9 7 9  fawns were b o rn l at e r  than in 

1 9 7 8 .  I f  s u ch a del ay d id o c cu r  in 1 9 7 9 , mon thly and 

s e a s onal c omp ar i s ons w i t h  1 9 7 8  s houl d b e  o f f s e t  ac cordingly . 

I f ,  for examp l e , there was a 1 month de l ay o f  the ons e t  o f  

fawn ing i n  1 9 7 9 c omp ared t o  1 9 7 8 , then Ju ly 1 9 7 8  should b e  

c ompa r e d  t o  Au gu s t  1 9 7 9 , Augu s t  1 9 7 8  t o  S e p t emb e r 19 7 9 , 

and s o  on . Un fortun a t e ly , n o t  enough dat a w e r e  c o l l e c ted 

dur i n g  the p res ent s tudy t o  t e s t this hypo the s i s . In the 

fu ture , fawn : do e  count s  should b e g in in the summe r  after 

the fir s t  fawns are ob s e rv e d  (usual ly l ate June ) and 

cont inue un t i l  the maj o r i ty o f  the fawns hav e  shed the ir 

spo t t e d  c o a t s  (u s u al ly s ome t ime dur ing Novemb e r ) . 



The results  of the fawn : do e  counts  ob tained dur ing 

this  s tudy and by Bur s t  and Pel ton ( 1 9 7 8 ) emphas i z e  th at 

they are only an index and not an actual me asure of the 

rate of re produc t i on .  As wou ld b e  expected , in 19 7 9  when 

very few tw ins we re ob s e rved , there was a co rre sponding 

incre a s e in the numb er of does  ob s e rved wi thout fawns 
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comp ared to 1 9 7 8 .  Th e dis crepanc i e s  ari s e  when fawn- doe 

counts made in the Cove are compared to thos e made els ewhe re . 

Fawn recrui tment in 1 9 7 7  (Burs t and P e l ton 19 7 3 )  and 19 7 8  in 

the Cove may have b e en r e l a t ively l ow , but it might s t i l l  have 

exce eded o r  e qual led mor t al i ty o r  emigration amo ng older 

deer . As a re sul t , there wou l d  not be a de c l ine in the 

popul at ion . A decl ine or at l e a s t  no change in the deer 

popul ati on would b e  exp e c ted for the summe r o f  1 9 8 0  b as ed 

on the summe r o f  1 9 7 9  fawn : do e  counts , i f  the re was no de l ay 

o f  fawning in 19 7 9 . I f  such a d e l ay d i d  oc cur , no predic t i ons 

can be made b ecaus e not enough i s  known ab out the s i z e of the 

fawn crop in 1 9 7 9 . 

D is e as e .  Dens i ty es t imat e s  ob t a ined by the pres ent 

s tudy can be direct ly compared to tho s e  ob t ained by Fox 

and P e l ton ( 1 9 7 3 )  b e fore and after a deer d i e - off in the 

Cove (Tab l e  8 ) . The pre - d i e - off p e r i o d  was pr i o r  to 

September 1 9 7 1  and the pos t - d i e - o ff recove ry p e r i o d  was 

dur ing 1 9 7 2 .  The deer popul ation in the Cove has 

obviou s ly incre ased s ince the d i e - off in 19 7 1  ( F i g . 4 ) . 
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T ab l e  8 .  C omp ar i s on o f  dens ity e s t imat es (deer/ha) 
derived from dark counts of deer util i z ing the 
fields in C ades C ove , Great Smoky Mountains 
N a ti onal Park , Tennes s e e , 1 9 7 1 - 1 9 7 9 ( 19 7 1 ,  
19 7 2 , and 1 9 7 3  dat a from Fox and P e l ton 1 9 7 3 ) . 

Month 1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 7 a 1 9 7 8  1 9 7 9  

Jan 0 . 0 8 0 . 1 7 

F eb 0 . 9 3 0 . 1 8 0 . 2 5 

Mar 0 . 2 6 0 . 7 2 

Apr 0 . 3 8 0 . 7 6 

May 0 . 36 0 . 0 9 0 . 4 5 

Jun 0 . 2 2 0 . 1 0 0 . 3 4 

Jul 0 . 3 1 0 . 1 7 r 0 .  2 0  
0 .  39 0 . 6 6 

Aug 0 . 3 0 0 . 1 8  0 . 5 1 0 . 4 6 

S ep 0 . 0 9 0 . 2 9 0 . 5 5 

O c t  0 . 0 5 0 . 3 7 

Nov 0 . 0 4 0 . 4 4 

Dec 0 . 0 6 0 . 5 8 

aBur s t  and P e l ton ( 1 9 7 8 )  u s e d  the me thod o f  
b ounded coun ts to derive a dens ity e s t imat e of 0 . 5 2 
deer /ha for th e summer o f  19 7 7 . 
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S ince ep i z o o t i c s are of ten dens i ty - dep endent ( S chwabe e t  al . 

1 9 7 7 )  and a h i gh dens i ty of deer i s  current ly ut i l i z ing the 

Cove , the que s t i on then ar i s e s : wi l l  the re be ano the r 

di e - off ? If the pre - die - off dens i ty es t imates are any 

ind i c a t i on of a threshold  above wh i ch a di e - off i s  l ike ly , 

then anothe r d i e - off i s  prob ab l e . D ens i ty e s t imates in the 

spring of 1 9 7 9  and the s ummers of 1 9 7 8  and 1 9 7 9  were a l l  

greater  than the i r  corresponding dens i ty e s t imat e s  p r i o r  to  

the d i e - off in 1 9 7 1 . No  d i e - off s h ave occurred s ince 1 9 7 1 . 

E l even cattle  d i ed exhib i t ing l e s ions s im i l ar to 

thos e ob s e rved in  the dead d e e r  during the 1 9 7 1  deer  d i e - off 

( Fox and P e l ton 1 9 7 3 ,  Pres twood e t  al . 1 9 7 4 ) .  C a t t l e , a s  

r e s ervo i rs o r  c ar r i e r s  of the dis eas e involved i n  the 

di e - off have b e en susp e cted but no t ver if ie d  (Pres two od 

et al . 1 9 7 4 ) . Perhaps , the reduct ion in the numb er of 

cat t l e  gra z ing in  the C ove f rom approximate ly 1 3 0 0  he ad 

during the summe r of 1 9 7 1  to app roximate ly 4 0 0  head in 

1 9 7 7  made the d iff erence b e tween a d i e - off in 1 9 7 1  and no 

di e - off in 1 9 7 8  or 1 9 7 9 . She ep a l s o g r a z ed in the Cove 

dur ing the summe r of 1 9 7 1  ( s heep have no t g r a z ed there 

s ince then) . The sheep may a l s o  h ave acted as carr iers  

o r  r e s e rvo i rs for  the d i s e as e  ( Bowne 1 9 7 3 ,  Pre s twood e t  al . 

1 9 7 4 ) .  Deer  and d ome s t i c ruminants are sus cept ib l e  to 

many of the s ame d i s e a s e s  and paras i t es . When in  c l os e 

as s o c i a t ion , if e i ther the deer o r  cattle  are at h i gh 

dens i t ies , the d i s eas e s  and p aras i te s  common to  b oth can b e  
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rap idly spread through the ir respe c t ive popul at ions 

( S e rv inghaus and Che atum 1 9 5 6 , Traine r and Han s on 1 9 6 2 , 

Bowne 1 9 7 3 ) . The re fore , de s p i te the changes in the numb er 

of l ives tock gr a z ing in th e Cove , as l ong a s  a h i gh deer 

dens i ty ex i s t s , the threat o f  a di e - o f f  remain s . 

Ef fec t s  o f  weathe r .  S everal l ine ar mo dels we re 

deve loped to inve s t igate the rel ationship b e tween weathe r 

p ar ame t e rs and the dens i ty o f  deer ob s e rved during road s ide 

count s . Pre c ip i tation data were ob tained fo r the ent i r e  

s tudy p e r io d ;  however ,  maximum and min imum tempe r atures 

and r e l a t ive humid i ty were c o l l e c t ed s p o radi c a l ly . None of 

the s e  parame t � rs correlated s i gn i f i cantly ( P  > 0 . 1 0 )  w i th 

the es timates  o f  dens ity in the Cove . 

Ef fect ive s ampl e s i z e s . By us ing the equat ion 

n = ( 2 zo / L ) 2 , the s amp le  s i z e (n)  ne c e s s ary fo r ob t aining 

a mean dens i ty es t imate wi thin a g iven confi dence interval 

( 1 - « ) ,  of a g iven width ( L ) , can be d e t e rmined when the 

popul ation s t andard dev iat i on ( o )  is known (Noe ther 1 9 7 1 ) . 

The cumul at ive 2 - t ai l e d  p rob ab i l i ty o f  1 - «  under a 

s t andard normal  curve equals " z . "  Be cause  o f  the lar g e  

s amp l e  s i z e  ( n  = 1 7 9 ) , a normal d i s t r ibution can b e  

as sume d and the s ample  s t andard dev i at i on o f  the mean 

dens i ty es t imate der ived by road s ide c ount s c an b e  

cons ide red as be ing equal to the populat ion s t andard 

devia t i on ( o ) . The me an s qu are e r ror  (MSE ) ( 0 . 0 3 5 0 )  from 



the l ine ar mo de l : Dens i ty = b o + b 1 T ime + b 2 S e as on + 

b 3 Hab i t at typ e + b 4 T ime x Season + b s  T ime x Hab itat 

typ e + b 6 S e a s o n  x Hab i t at typ e + b 7 S i de x Hab i t at type , 

was us ed to  es t imate cr 2 (� = cr ) . Th is  model was us ed 

b e c aus e  it was the mo de l w i th the greates t r 2 value in 

wh i ch all  o f  the var iab l e s  were s i gnificant ( P  < 0 . 0 1 ) . 
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A s amp le s i z e  o f  n = 3 6  would be  nece s s ary to ob tain a 

s amp le  me an w i thin a 9 5 %  con fi denc e in terval of  ± 0 . 0 5 

deer/ha o f  the true mean . I n  the Cove ( 9 7 7 . 2  ha) , t 0 . 0 5 

de er/ha would equal ab out ! 5 0  de er . I n  the future , the 

s amp l ing intens i ty for roads ide counts should b e  adj us ted 

accord ingly . Thus , if s e a s onal d ens i ty e s t imates for the 

Cove are des ired to be w i th in a 9 5 %  confidence interval 

o f ! 0 . 0 5 deer /ha ( S O  deer) , then roads ide counts should b e  

made 3 6  t imes a s e ason o r  ab out 3 t imes a week . I f  a w i der 

conf idence int erv al i s  ac ceptab le , then few e r  counts would 

be  nec e s s ary . 

Recommendat ions . I f  ro ads i de counts are to b e  us ed 

to mon i tor the deer popul at i on in C ades Cove , they should b e  

conducted a s  fo l l ows : ( 1 )  the me tho do l o gy us ed t o  make the 

coun ts in the future shou l d  be the s ame as used during th i s  

s tudy s o  tha t  d irect comparisons can b e  ma de , ( 2 )  3 peop l e  

( an ab s o lute min imum o f  2 )  should b e  us ed t o  conduc t the · 

count s , ( 3 )  only dark counts need b e  made to  ob t a in dens i ty 

e s t imat e s , adul t s e x  ratios , and fawn : doe  r at i o s , ( 4 )  dawn 
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counts s hould b e  made from ab out June through October to 

ob t a in add i t ional fawn : doe data , and ( 5 ) the in i t i a l 

s amp l ing intens i ty should b e  de t e rmined us ing the popul at ion 

s t andard dev i at i on (cr = 0 . 1 8 7 0 )  ob t a ined in this s tudy . 

Dr ive C ount s  

Dens i ty es t imates . Drive counts were conducted every 

3 months from July 1 9 7 8  to  July 1 9 7 9 . Dens i ty e s t imat es 

could be  c al cul ated only for 4 dates (Tab l e 9 ) . The re was 

no s i gni ficant di fference (P > 0 . 1 0 ,  SNV tes t )  b e twe en the 

July 1 9 7 8  and July 1 9 7 9  dens i ty es t imate s fo r b o th the 

wooded are as and the fie lds . The Ap r i l  1 9 7 9  dens i ty e s t imate 

was s i gn i fic antly gre ater ( P  < 0 . 0 2 ,  SNV tes t)  than the o ther 

3 dens i ty e s t imates . S i gn i f i cant ly few e r  ( P  < 0 . 0 2 ,  SNV 

t e s t )  deer were found in the woods dur ing the Apr i l  drive 

count than during the othe r dr ive counts and conve rs ely a 

s i gn i f icant ly greater ( P  < 0 . 0 0 1 , SNV te s t )  numb e r  of  de er 

were found in the fi e l ds during the Apr il  drive count than 

dur ing the other dr ive counts . Mo re deer  were als o found 

in the fields during the January dr ive c ount than dur ing 

e i ther July d r ive counts (P  < 0 . 0 2 , SNV tes t) . Thus , i t  

appears that mo re deer are i n  the fie lds a t  midday (wh en 

the drive counts were made) in January and Ap r i l  than in 

July . The s e  r e s ul ts are in agreement w i th the s e asonal 

changes of act ivi ty ob s e rve d dur ing roads ide counts and by 

O z oga and Verme ( 1 9 7 0 ) . 



T ab l e  9 .  Dens i ty e s t imates d e rived from drive coun t s  conduc ted in C ad e s  C ove , 
G re at Smoky Mountains Na t i onal Park , T enne s s e e , July 1 9 7 8 -Augus t 1 9 7 9 . 

Date  

2 9  Jul  1 9 7 8  

1 4  O c t  

2 7  Jan 1 9 7 9 

7 Ap r 

2 6  Jul 

Total  

Are a  (ha) 
P1 eias Wooaiots 

2 3 . 09 2 6 . 8 3 

0 . 0 0 3 3 . 8 2  

6 3 . 9 7 1 9 . 0 8 

9 3 . 7 7 2 5 . 7 7 

3 2 . 36 4 0 . 1 4 

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

C oun t W e i ghted Dens i ty E s t imat e  
Pieias Wooaiots D eer/ha {ha/ Deer2 a 

2 2 5  0 . 2 9 ( 3 . 4 5 )  

0 4 2  ? 

2 2  2 1  0 . 5 2 ( 1 . 9 2 ) 

7 7  1 4  0 . 7 6 ( 1 . 3 2 )  

1 4 9  0 . 3 1 ( 3 . 2 3 )  

1 0 2  1 5 1 0 . 6 1 ( 1 . 6 4 )  

as e e  t ext for expl anat i on o f  how the dens i ty e s t imates were we ighted . 

� 
-...J 
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Age and s ex rat i o s . Adult s_ex r at i os ob ta ined from 

the July dr ive c ounts were 1 0 0  bucks : l O O  doe s (n = 13 do e s )  

in 19 7 8  and 7 6 . 9  bucks : l O O  does  ( n  = 2 4  does ) in 1 9 7 9 . 

The f awn : do e  r at io was 8 : 1 0 0  does in 19 7 8  and 2 5 : 1 0 0  does 

in 1 9 7 9 . The s amp l e  s i z es  fo r the s e  rat ios  were very smal l 

and i t  i s  doub t ful th at any me anin g fu l  conclu s i ons can b e  

drawn fr om them . 

Recommendat ions . Al though mos t  re s earche rs fe el that 

dr ive counts are accur at e , i t  is  usuall y not a pre ferre d 

technique b e c ause o f  the amount o f  manpower needed for i t s  

appl i c at ion (Downing e t  al . 1 9 6 5 , Jeter 19 6 5 , Jenkins and 

Ma rch inton 1 9 6 9 , Ove rton 19 7 1 ) . In 1 9 7 0 , Minne s o t a ' s  

Department o f  Natural Res ource s b e gan a wildl i fe census 

pro gram us ing dr ive counts (C arter 1 9 7 1 ) . Th ey ob tained 

the bulk of th e i r manpow er by s o l i c i t ing fo r vo lunteers at 

l o cal pub l i c s cho o l s . The i r  results  have b e en very s im i l ar 

to e s t imate s made independently by profe s s iona l s . By 

s imil arly recru i t i ng s tudents from The Uni vers i ty o f  

Te nne s s e e , Knoxv i l l e , ampl e manp owe r was ob tained for the 

pres ent s tudy at l i ttl e exp ens e .  Howeve r ,  coord inat ing 

and mo t ivat ing l arge  groups o f  people  can be di fficult 

(McCu l l ough 1 9 7 9 ) . Ob taining suff i c i ent s amp le  s i z es and 

areas h�ve al s o  b e en trad i t ional probl ems as s o c i ated with 

drive counts (Overton 19 7 1 ) . Ho s l ey ( 1 9 5 6 )  r e co ��ended 

that dr ive s should not b e  ma de on are as smal l e r  th an SO ha . 
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None o f  the individual dr ive ar e a s  i n  the Cove were la rger 

than 25  ha . 

The numb er of people  used to conduct drive counts 

ranged from 13  to 7 0 . For the small ( ab out 5 - 2 0 ha)  

woo d l o t s  that were dr iven approx ima t e ly 2 0 - 2 5  pe ople 

app ea red to b e  op timal . Us ing 2 0 - 2 5  people  a l l owed fo r 

sufficient cover age o f  the drive areas and max imum 

coordination o f  the people involved . Two - way radios  

gre atly helped to coordinate drivers and counters dur ing 

drive counts and they should b e  us e d  whenever dr ive count s  

are made . More than 2 0 - 2 5  people  tended t o  create 

prob l ems in commun icat ion and we re prob ab ly l e s s  

e f fic ient than when fewer p e ople were us e d .  The areas to 

b e  dr iven should have at  l e a s t  3 s ides  bounded by roads o r  

tra i l s , mo st  pre ferab ly b y  open fie lds . Manpowe r can and 

should cons i s t  primar i ly of  vo lunt eers  s o  as to minimi z e  

the expens e o f  conduc ting dr ive counts . 

P e l l e t  Coun t s  

P e l l e t  counts h ave b e en w i dely us ed t o  e s t ima te 

dens i t ies o f  deer w i th vary ing suc c e s s  (Benne tt et al . 

1 9 4 0 , Rob inette  et al . 1 9 5 8 , Neff 1 9 6 8 , Ove rton 19 7 1 ) . 

L i tt l e  emphas is has b e en pl aced on p e l l e t  count s in the 

Southeast b e c aus e o f  rapid deteriorat ion and ins e c t  dama ge  

o f  pellet  groups (Downing et al . 1 9 6 5 ,  Overton 19 7 1 ) . 

Howeve r ,  Jenk ins and March inton ( 1 9 6 9 )  repo rted th at the 



technique was b e ing us ed succe s s full y in the southe rn 

Appal ach i ans and Fl ynn ( 1 9 7 6 )  had succe s s  w i th the 

technique in E a s t  Tenne s s e e when he reduced h i s  s amp l ing 

in terval to 4 we eks . As a cons equence of F lynn ' s  ( 1 9 7 6 )  

work , a 3 -week s amp ling in terval fo r p e l l e t  counts was 

u s e d  in Cades Cove . 

P e l l e t  counts were conduc ted from 2 3  June 19 7 8  to 

2 2  Decemb er 1 9 7 8  and · 8 Apr i l  1 9 7 9  to 24 Au gus t 1 9 7 9 . 

S everal prob lems were encounte red wh i l e  mak ing p e l l e t  

5 0  

count s . P e l l e t  c ount s conducted in f i e l ds were unre l i ab l e 

b e c aus e of  h i gh dete r i o r a t i on and/or dis appe a rance rates 

(Tab l e  1 0 ) . There have b e en no previous ly pub l i shed reports 

of p e l le t counts made in open f i elds in the Southeas t .  

Howeve r ,  pel l e t  count s  have b e en u s e d  succes s ful ly in th e 

No rth and We s t  in c l ear- cuts and/or r ange l and ( Rob ine t t e  

e t  al . 19 5 8 , Neff  1 9 6 8 ) . During t h e  period o f  l e a f fal l ,  

p e l l e t  counts made in the woo ded are as were a l s o  unsucce s s ful . 

Pel l e t  group s coul d not b e  found in e i th er the fie lds o r  

the wooded ar e a s  during periods of  snow cover . Wild ho g 

root ing was known to have de s t roye d at l e as t  1 marked 

pel le t group , but to what exte nt hogs des troyed unmarke d 

pel l e t  group s i s  not known . Several  wild  hogs were 

ob s erved in  1 9 7 8  in the Cove , but none were ob s erved dur ing 

the s umme r of 1 9 7 9  (Append i x , Tab l e  A- 2 ) . Down ing et al . 

( 1 9 6 5 )  rep orted that dung b e e t l e s  readily des troyed pe l l e t  

gr oups  and re sulted i n  fewer pe l l e t  groups b e ing found . 



T ab l e  1 0 . D e t e r io ration and/or dis app earance of marked 
p e l l e t  groups af ter 3 weeks in C ades Cove , 
G r e at Smoky Moun t ains Nati onal P a rk , 
Tenne s s e e , June 1 9 7 8 -Augu s t  1 9 7 9 . 

Wooded Are as Summer Summe r 
and F i e lds 1 9 7 8  Fal l W inter SErin� 1 9 7 9  To tal  

Wooded Are as 

Numb e r  marke d 1 0 8  1 3 0  2 9  5 6  9 3  4 1 6  

Numb e r  found 1 0 4 1 0 6 2 8  5 3  8 3  3 7 4  

% l o s s 3 . 7  1 8 . 5  3 . 4  5 . 4  7 .  5 1 0 . 0  

F i e l ds 

Numb e r  marke d 8 2 3  2 7  2 3 6 3  

Numb e r  found 0 1 6  1 6  0 3 3 5  

% l o s s  1 0 0 3 0 . 4  30 . 4  1 0 0  0 4 4 . 0  

5 1  



Throughout the ent ire s tudy period of the pres ent s tudy , 

dung b e e tle s were only ob s e rved tw ice; the i r  eff e c t  on 

p e l l e t  groups was prob ab ly ne g l i g ib l e. The Cove rece ived 

an ab ove normal amount of rainf a l l  dur ing the summer of 

1 9 7 9. S ome of the pel le� count trans ects  were part i a l ly 

f l ooded during thi s  t ime, and as a resul t ,  s everal p e l l e t  

groups were prob ab ly l o s t .  

5 2  

Los s of pe l l et groups . The resul ts of the d e ter i o r at i on 

and/ o r  dis appe arance s tudy indi cate th at in wooded are as very 

f ew p e l l e t  gr oups were l o s t  over a 3 -w e ek p e r i o d  ( T ab l e  1 0 ) . 

Thes e resu l t s  are maximums b ec aus e the marked p e l l e t  g roups 

were b e tween 0 to 3 weeks o l d  wh en they were o r i g inally 

f ound . Even though s ome marke d p e l � e t  g roups  were not 

f o und 3 weeks af t e r  they were marke d ,  it can only b e  

spe cul ated a s  t o  how many f resh pe l l e t  groups wou l d  actual ly 

have deteriorated and/or dis appe ared af t er 3 we eks. However , 

the r e su l t s  do give s ome ind i ca t i on of pe l l e t  group 

d e t e r i o rat i on and/or dis app earance rates. S im i l ar mon i to r ing 

of p e l l e t  group l o s s sh ould be conducted wh i l e  making future 

p e l l e t  counts. 

Dens i ty e s t imate s . The s e asonal dens i ty e s t imat e s , 

d e r ived f rom pe l l e t  counts c ondu ct e d  in  wo oded are as o nly , 

were var i ab l e  and r anged f rom 0. 1 8  d e e r/ha ( 5 . 5 6 ha/de e r )  

t o  0. 4 7  deer/ha ( 2. 1 3  h a / d e e r )  (Tab l e  1 1 ) . O n l y  the s umme r  

of 1 9 7 9  dens i ty e s t imate was not s i gn if i cantly greater 



T ab l e  1 1 .  S e as onal dens i ty e s t imat e s  d e r ived f rom pe l l e t  counts  c o nduc ted in 
C ad e s  C ove , G reat Smoky Mount ains N a t i onal Park , T enne s s ee , June 1 9 7 8 -
Augus t 1 9 79 . 

Numb e r  of Numb er of 
S e ason Transects Are a  (ha) P e l l e t  GrouEs D eer/ha �ha/D e e r) 

Summe r 1 9 7 8  2 2  3 . 0 4 5  3 9 9  0 . 4 7" !" 0 . 0 9 ( 2 . 1 3 ) 

F a l l  3 2  4 . 5 5 6  2 5 0 0 . 1 8 t 0 . 0 7 ( 5 . 5 6 )  

W inter 8 1 . 1 39 1 2 1  0 . 4 6 ± 0 . 1 5 ( 2 . 1 7 )  

Spring 1 6  2 . 2 7 8  2 3 8  0 . 3 6 ± 0 . 1 0 ( 2 . 7 8 )  

Summer 1 9 7 9  3 2  4 . 4 1 6  2 6 8  0 . 2 4 ± 0 . 0 7 ( 4 . 1 7 )  

To tal  1 1 0  1 5 . 4 3 4  1 2 7 6  0 . 3 8 "! 0 . 0 4 ( 2 . 6 3 ) 

V1 
VI 
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( P  < 0 . 0 5 ) than the fal l e s timat e . Dens ity e s timat es fr om 

the summe r o f  1 9 7 8  and winter were b o th s i gni fi c antly 

greater (P < 0 . 0 1 and P < 0 . 0 5 ,  respect ively) than the 

s umme r of 1 9 7 9  e s t imate . D ens ity e s t imates from the 

individual trans ects  were als o  s i gnificant ly di fferent 

(P  < 0 . 0 0 1 ) . The aspect of the trans ect (on a no rth or 

s outh facing s l ope)  was no t s i gn i f i c antly ( P  > 0 . 1 0 )  

rel ated to the dens ity e s t imat es fo r e ach tran s e c t . 

E ffe c t  o f  rainfa l l . The amount o f  r ainfal l dur ing 

the · 3 -week s amp l e  pe riod did no t rel ate s i gni ficantly 

(P > 0 . 1 0 )  w i th the dens ity e s t imate for each trans ect 

dur ing that period . Th i s  l ack of s i gni fi cance was pr ob ab ly 

b e c aus e the gr e a te s t  amount o f  rainfa l l  ( 1 2 . 8  em) occurred 

dur ing the w inter ( 1 8  Novemb e r  to  11 Decemb er ) , and the 

l e a s t  amount of rainfal l (4 . 0  em) occurred dur ing the fal l . 

Th e s e  results  imply an inve r s e  re l at ionsh ip b e tween the 

amount of rainfall  and the numb er of p e l l e t  group s found . 

But the low dens ity e s t imate in the fa l l  was prob ab ly the 

resul t of l e ave s c overing p e l l e t  groups and not b e c aus e of 

a l ack of r ainfal l .  Al though rainfall  was gre at e s t dur ing 

the winter , none o f  the p e l l e t  count t rans ects were fl o o ded 

as du ring the summer o f  1 9 7 9 . App arently the rainfal l during 

the w inter had l i tt l e  e f fect on pel l e t  gr oup deteriorat i on 

and/ or dis app e a r ance . Dr . P aul Smi th o f  The Univers ity o f  

Tenne s s e e ,  Kno xvi l l e , conducted p e l l e t  coun ts dur ing the 

summer of 1 9 7 9 in the E lkmont reg ion o f  the Park (a more 
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s t e ep l y  s l oped area than the Cove ) .  H i s  count s  d i d  not 

appe ar to b e  advers e ly aff e cted by the ab ove normal amount s  

of r a inf al l  (pers. comm. ) .  Perhaps  the actual f l ooding of 

an are a is ne c e s s ary b ef o re enough p e l l e t  groups are 

aff e c ted to l ower the dens i ty e s t imate f or that ar e a . 

O ther r e s e arch e rs have l o oked at the eff ect of r a inf a l l  

on p e l l e t  groups , b u t  due t o  the complex nature of s uch 

environmental f actors , no def init ive s t atement s have b e en 

made ( Rob ine t t e  et al . 1 9 5 8 , Neff 1 9 6 8 ) . 

Re commendat i ons . P e l l e t  c ounts f or this s tudy were 

conducted fo l l ow ing many of the rec ommendat i ons ma de by 

Rob ine t t e  et al. ( 1 9 5 8 )  and Neff ( 1 9 6 8 ) . In add i t i on to 

the i r  recommendati ons , the f o l lowing sugges t ions should 

a l s o  be cons idered b ef ore conduc t in g  p e l l e t  counts in the 

future : ( 1 )  when pos s ib l e , 2 peop l e  s hould b e  us ed to mak e 

p e l l e t  counts ; ( 2 )  tran s e c t s  s houl d  b e  s urveye d  tw ice , 

once whi l e  go ing out and onc e wh i l e  re turning and the 

c ount e r s  s hould swi tch s ides on the return trip ; ( 3 )  c ount s  

s h o u l d  not b e  made dur ing per i ods of le af f a l l  o r  snow 

cover ; ( 4 )  deter ioration and/ o r  d i s app e arance rates of 

pe l l e t  g roup s shou l d  b e  mon i to re d ; and in the s outhern 

App al ach ians , ( 5 ) a · 3 -week s ampl ing int erval s houl d  b e  

us e d ; and ( 6 )  c ounts s houl d  only b e  made in wooded are as. 



5 6  

D i s t r ibut i on of D e e r  

The s e as onal v ar i at i ons i n  the d i s t r ibut i on of d e e r  

f rom the road s ide count d a t a  ind i cated tha t  deer pref e rre d 

s ome are as mo re than o thers dur ing c e r t a in s e a s ons , but no 

pattern was app arent ( F i gs . S - 9 ) . P e l l e t  groups tended to 

b e  evenly d i s t r ibuted along t r ans e c t  l ines . T emporal ly ,  

d e e r  t end to spend more day l i ght hours in the f i e lds 

dur ing the winter and spring than during the other t ime s 

of the y e ar . Th i s  s h if t  i s  prob ab ly in respons e t o  changes  

in  t empe rature (O z o g a  and Verme 1 9 7 0 ) . 

C ompar i s on of T e chnique s  

The s e as onal dens i ty e s t imate s der ived f rom the 3 

t e chniques used  ( dark count s , drive counts , and p e l l e t  

coun t s )  are v i sual ly s imi l ar ( F i g . 10 ) . B ec aus e of th e 

d iff e rences b y  wh i ch e ach dens i ty e s t imate was derive d ,  

none of the s e a s onal es t imat e s  t o t a l l y  paral l e l  e ach o ther . 

D ens i ty e s t imates us ing dark counts  were s i gn if i cantly 

greater than dens i ty e s t imates us ing p e l l e t  counts dur ing 

the f a l l  (P < 0 . 0 0 3 )  and the summe r of 1 9 7 9 (P  < 0 . 0 1 ) . 

As men t i oned previ ous ly , dur ing the f al l  of 1 9 7 8  and the 

s ummer cf 1 9 7 9 , l e af cover and part i a l  f l ooding of tran s e c t s  

made c ounts of p e l l e t  gr oups dur ing th e s e  s e as ons unre l i ab l e . 

Dens i ty e s t imates us in g drive counts  had such l arge 

variances that s tat i s t ic a l  compar i s on w i th dark count and 

pe l l e t  coun t  e s t imates was me aningles s .  



Deer/ha 
o o.oo 
I' I > 0.00 to 0.12 
D > 0.12 to 0.25 
• > 0.25 to 0.33 
• > 0.33 to 0.50 
• > 0.50 to 2.1 7 

NO No data 

F i g . 5 .  D i s tribution o f  deer during the summe r o f  1 9 7 8  as determined 
by roads i de counts conduc ted i n  C ades Cove , Great Smoky Mountains National 
Park , Tenne s s e e .  
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Deer/ha 
o o.oo 
� >0 00 to 0 12 1!22] • • 

D > 0.12 to 0.25 
- > 0.25 to 0.33 
- > 0.33 to 0.50 
• > 0.50 to 2.17 
NO No data 

F i g . 6. Dis tribution of deer dur ing the f al l  of 1 9 7 8  as determined 
by ro ads ide counts conducted in Cades Cove , Great Smoky Mountains National 
P ark , Tennes s ee . 
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Deer/ ha 
o o.oo 
D > 0.00 to 0.12 
D > 0.12 to 0.25 
Fill > 0.25 to 0.33 
• > 0.33 to 0.50 
• > 0.50 to 2.17 

NO No data 

F i g . 7 .  Dis t ribut ion o f  deer during the wint e r  o f  1 9 7 8 - 1 9 7 9 as 
determined by roads ide counts conducted in C ades Cove , Great Smoky Mount ains 
Na t i onal Park , Tennessee . 
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Deer/ ha 
o o.oo 
F+l > 0.00 to 0.12 
D >0.12 to 0.25 
• > 0.25 to 0.33 
• > 0.33 to 0.50 
• > 0.50 to 2.17 

ND No data 

F i g . 8 .  D i s t ribut ion o f  de er  during the spring o f  1 9 7 9 as determined 
by r oads ide counts conducted in Cades C ove , Great Smoky Mountains Nat ional 
P ark , Tennes s ee .  
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Deer/ ha 
o o.oo 
H I > o.oo to 0.12 
D > 0.12 to 0.25 
- > 0.25 to 0.33 
• > 0.33 to 0.50 
• > 0.50 to 2.17 

ND No data 

F i g . 9 .  Dis tribut ion o f  deer dur ing the summe r  o f  1 9 7 9 as determ ined 
by ro ads ide counts conduc t ed in Cades C ove , Great Smoky Mountains National 
P ark , Tenne s s e e . 
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Su m me r  
2 

F i g . 1 0 . C omp ar i s on o f  the 3 c ensus t e chniques 
used  to  ob t a in d ens i ty e s t imates in Cades C ove , Great 
Smoky Moun t a ins  Nat ional Park , T enne s s e e , Ju ly 1 9 7 8 -
Augu s t  1 9 7 9 . 
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Micha e l  ( 1 9 7 0 )  sugge s t e d  that d i re c t  counts  are 

b e s t  when conducted dur ing Apri l .  D r i ve counts and dark 

counts made in th e Cove dur ing Apr i l  resul ted in dens i ty 

e s t imates o f  0 . 7 6 and 0 . 6 7 deer/h a ( 1 . 3 2  and 1 . 4 9  ha/de e r ) , 

re s p e c t ive ly .  I f  only the f i e l ds were counted during dark 

count s , bo th t e chnique s woul d resul t  in the s ame e s t imate 

( 0 . 7 6 deer/ha or 1 . 3 2 ha/ de e r ) . The s e  e s t imates , if they 

are inde ed a mo re accurate re fle ct i on of the actual 

popu l a t i on , indic ate that a l arger popul at ion o f  deer  

ut i l i z e  the C ove than ind ic ated by the  s e asonal  dens i ty 

e s t imate s .  

Al l 3 census te chn i ques u s ed in the C ove produced 

dens i ty e s t imates that are among the h i ghes t ever reported 

for wh i t e - t a i l e d  deer . Mos t h i gh dens i t ies o f  deer  in the 

Southe as t r ange b e tween 0 . 2 0 and 0 . 3 0 deer/h a ( 5 . 0 0 - 3 . 3 3 

ha/de e r )  (March inton 19 6 8 , F lynn 1 9 7 6 , Marshal l and 

Whi t t ington 1 9 7 8 , Osborne e t  al . 1 9 7 9 ) . · chuck Swan Wildl i fe 

Management Are a , T enne s s e e  reportedly had dens i t ie s  o f  d e e r  

as h i gh a s  0 . 5 0 deer/ha ( 2 . 0 0 ha/deer)  dur ing the 1 9 5 0 ' s  

but pres ent dens it ies are ab out 0 . 2 5 deer/ha ( 4 . 0 5 ha/de e r )  

(Lew i s  and S afley 19 6 6 ) . A d e e r  enclo sure i n  V i r g in i a  

atta ined dens i t ie s  o f  0 . 5 1 to 0 . 5 7 de er/ha ( 1 . 9 6 - 1 . 7 5 

ha/de e r )  ( D owning and McG inne s 1 9 7 5 ) . Kamme rmay e r  and 

March inton ( 1 9 7 6 )  repo rted that the Berry C o l l e g e  Re fuge 

in G e o rg i a  had dens i t ie s  as h i gh as 0 . 7 8 deer/ha ( 1 . 2 8 

ha/de e r ) ,  but the c ited re ference for that e s t imat e reported 



the dens ity as  b e ing much l owe r ; b e twe en 0 . 2 3 and 0 . 4 5 

de e r /ha (4 . 3 5 - 2 . 2 2 ha/ d e e r) (Kamme rmayer and Marchinton 

1 9 7 5 ) . A dens i ty o f  0 . 7 5 deer/ha ( 1 . 3 4 ha/deer)  in a 

re fuge in Ok l ahoma was reported by · Logan ( 1 9 7 2 ) . A 

typ ic a l  de s cr ip t ion o f  the s e  h i gh dens i ty he rds was that 

the i r  h i ghe s t  dens i t ie s  were not sus t a ined . D i s e as e , 

hab i t a t  de gradat ion , predat i on , or hunt ing pe r i o d i c a l ly 

reduced the herds to more  moderate lev e l s . I t  should b e  

noted that the h i ghe s t  dens i t ies  were usual ly found in 

prote cted ar e a s . 
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T e chnique s that emp l oy direct counts have b e en 

genera l ly cons i dered more r e l i ab l e  and accurate th an 

te chn iques that depend on ind i re c t  counts (Ove r t on 1 9 7 1 ) . 

However , th e pe l l e t  counts conducted in C ades C ove sugges t 

that except during l e a f  fa l l  and p e r i o ds o f  s now cover , 

dens i t y  e s t imat es der ived by them are s im i l a r  to  tho s e  

e s t imat e s  ob tained from d i re c t  count s .  P e l l e t  counts have an 

advantage over other ind i re ct counts such as coun t i ng s crapes , 

rub s , o r  t racks in that p e l l e t  g roup s are depo s i ted every day , 

r e g ard l e s s  o f  weathe r , s e as on , o r  the s ex o f  the deer . A l s o , 

pe l l e t  groups do not need to have s u i  t ab l e  sub s trata to  b e  pres ent . 

H i s t o r i c a l ly , ob t a ining an e s t imate o f  an imal 

abundance in an ar e a  o f  l ow p opu l at ion dens i ty has b e en a 

di ffi cul t  t as k  b ec ause o f  insuff i c i ent s amp le  s i z e s . Wi th 

pe l l e t  counts , the potent i al s amp l e  s i z e  is incr eas ed by 

ab out 1 3  t ime s /day fo r each deer . The re fore , dur ing 



certain t imes o f  the ye ar , p e l l e t  counts might b e  us e ful 

in a re as of l ow p opu l a t i on d ens i t ie s . 
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The ave r age man - hours needed t o  ob tain a dens i ty 

e s t imate may det ermine wh ich t e chnique c an o r  shoul d b e  

us e d . For this s tudy , the numb e r  o f  man- hours us ed to 

ob t a in the dens i ty e s t imat e s  var ied cons iderab ly .  Des p i te 

the l arge numb e r  o f  p e op l e  neces s ary to  conduct drive 

counts (x = 3 1 . 3  peopl e ) , they were only conducted once a 

s e as on and th ere fore requi red only an ave rage o f  1 2 . 5  

man - hours p e r  we ek . The oppo s it e  is  true o f  roads ide 

count s ; the s amp l ing intens i ty was so gre at that they 

ave raged the mo s t  man - hours per week ( 1 3 . 5 ) .  However , 

s ince on ly dark counts were u s e d  to ob tain the final 

dens i ty es t imate s ,  the ave rage man - hours per week was only 

4 . 5 .  Pe l l e t  counts requ ired 1 0 . 6  man- hours p e r  week . 

Bas e d  on th e r e s u l t s  o f  this s tudy , ro ads ide counts 

are prob ab ly the b e s t  t e chn ique for ob t a ining e s t imat es of 

deer dens i t i e s  in Cad e s  C ove and areas s imi l ar to  the C ove . 

Ro ads ide counts o ffer many advant ages over the other 2 

t e chniques us e d :  the deer herd i s  more cons t an t ly 

mon i tored , a min imum amount o f  e ffo r t  and t ra ining i s  

ne ces s ary t o  conduct the counts , and incidental informat i on 

can be gathered such as adu l t  s ex r a t i o s , fawn : doe  count s , 

b ehavi o r , an d phys ical  cond i t i on o f  the deer . Dr ive counts 

have 2 maj o r  d i s advantages  comp ared to roads ide counts : 

( 1 )  they requ i re a re lat ive ly l arge numb er o f  peop l e  and 



( 2 )  they tend to have sma l l  s amp l e  s i z e s  b e c ause  o f  the 

l im i ted numb er of sui t ab l e  areas for condu c t ing d r ive 

coun ts . P e l l e t  counts are b e s t s u i ted for are as whe re 

technique s ut i l i z ing d i r e c t  c ounts are imprac t i c a l ; 
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pe l l e t  count s are us eful only dur ing part i cul ar t imes o f  

the ye ar and in wooded are as o f  the southern Appalach i ans . 



CHAPTER V 

CONCLU S I ONS 

The dens ity of the de e r  popul at ion ut il i z ing the 

Cove has incre a s e d  to a range of  about 0 . 2 9 deer/ha ( 3 . 4 5 

ha/de er) to 0 . 5 8 deer/ha ( 1 . 7 2  ha/de e r )  from a l ow of  

ab out 0 . 0 4 deer/ha ( 2 5 . 0 0 ha/deer)  during a die - o ff in 

19 7 1 . The s e  high dens i t ies  are pos s ib le b e c aus e o f  a 

comb inat ion o f  factors inc luding the pro t e c t i on o f  deer 

from hunt ing and the favo rab le deer hab itat created by the 

l and management o f  the C ove . Dens ity e s tima tes  and fawn : doe 

r at ios  from the summe rs o f  19 7 8  and 1 9 7 9  ind icate that the 

popul ati on might b e  s t ab i l i z ing at a re l a t ive ly high dens ity . 

At high dens i t i e s , deer are vu lne r ab le  to ep i z o o t ics . This  

vulne r ab i l i ty mi ght b e  enhanced by the  c l o s e as s o c i a t i on of  

deer w ith dome s t ic ruminants ( S e rvinghaus and Ch e atum 1 9 5 6 , 

Tra ine r and Hanson 19 6 2 ,  B owne 19 7 3 ) . High dens i t i e s  o f  

dee r  a l s o  cre at e a po s s ib i l ity o f  b rows e damage to plants ; 

b row s e  l ine s alre ady ex i s t  in the Cove ( Fox and Pel ton 

- 1 9 7 3 ,  Brat t on 1 9 7 9 ) . 

I nte rna l  s e l f - regul at ing me chanisms have never b e en 

documented for wh i t e - t a i l ed deer . D i spersal  o f  buck s out 

of the Cove wil l not regul ate the p opulat ion s i z e 

(Marchinton and Kamrne rmayer 1 9 8 0 )  . The degr a dat ion o f  the 

fore s t  hab i t at in and around the Cove b e c ause o f  
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ove rb rows ing by d e e r  wou ld p rob ab ly fai l to re duce the 

de e r  herd ; the open fields  apparently p rovide sufficient 

amount s  of fo rage t o  the deer to p revent th em from 

s t arving . Therefo re , i t  i s  doub t ful that the popul ation 

in the Cove w i l l  decreas e sub s tant ial ly by i t s e l f .  
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The r e duc t i on o f  ungulate popul at ions in National 

Parks migh t  be achieved in s everal ways : ( 1 )  by natural 

predat ion , ( 2 )  trapp ing and tran s p l ant ing , ( 3 )  s hoo t ing 

ex ces s an ima l s  that mi grate outs ide of parks , and ( 4 )  

shooting an ima l s  w i thin parks (Leopo l d  e t  al . 1 9 6 3 ) . O f  

the natural pr edators o f  deer that we re once in the Park , 

wolves ( Can i s  lupus ) , mounta in l ions ( Fe l i s  c onco l or) and 

b ob c a t s  (Lynx ru fus ) , only the b ob c at  remains ( L in z ey and 

L i n z ey 1 9 7 1 ) . At th e p res ent time , i t  is obv ious that 

preda t i on i s  not regul at ing the d e e r  p opul at ion in the 

Cove . D e e r  in the South do not mi grate l ike d e e r  in the 

North or Wes t  ( S ervinghaus and Cheatum 1 9 5 6 , Downing et al . 

1 9 6 9 , March inton 1 9 6 8 ) . S ome bucks might d i s p e r s e  out o f  

the C ove and eventual ly the P ark . As a res ul t ,  they might 

get k i l led by hunt ers , but  this would not  regulate the 

popul at ion fo r the same r e as on s  that s impl e  d i s p e r s a l  does 

no t .  The re cent pub l i c  p ro t e s t  agains t the sho o t ing o f  

exo t i c  s p e c i e s  i n  Nat ional Parks (wi l d  hog s i n  the Park 

and bur ro s [ Equus as inus ] in G rand Canyon Na t ional Park) 

sug g e s t s  that any attemp t  to shoot nat ive spe c i e s  woul d 

fac e even greater pub l i c oppo s i t ion . Recent ly the Park 
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S e rvice  h as b e en t e s t ing oral ant i - fert i l i ty agents on 

deer but wi thout s ucces s (Mats chke 1 9 7 7 ) . Thus o f  the 

above opti ons propo s e d  by L e opo ld et al . ( 1 9 6 3 ) , only the 

trapp ing and t ransp l ant ing o f  de er  appe ars to b e  app l i c ab l e 

to  reducing the numb er o f  deer in C ades Cove . 

Bur s t  and Pelton ( 1 9 7 8 ) p ropo s ed that 2 5 %  ( 1 2 5  

deer)  o f  the herd in the C ove should b e  transp l anted in 

o rder to  maintain a s t ab l e  p opul at i on of about 0 . 5 0 deer/h a . 

They a l s o  recommended that the s ex r a t i o  o f  the deer 

remove d be approximately equal t o  the ob s erved adu l t  s ex 

rat io .  Howeve r ,  fawn recrui tment prob ab ly would incre a s e  

w i th a reduc t i on i n  the herd as l ong as the re w a s  a 

pre p onderance o f  does in the popu l at i on (McCu l l ough 19 7 9 ) . 

Thus , this i s  a t empo rary s o lution at b e s t ; more deer w i l l  

prob ab ly h ave to  b e  remove d e ach y e ar i n  order t o  maint ain 

a s t ab l e popu l at i on l eve l . I f  the sex  r a t i o  was shifted 

to f avor mal e s , decre as es in popul at i on s i z e  would res ul t 

in a more r ap id de cre as e in fawn recru i tment . Therefo r e , 

i f  deer  are removed from the C ove , i t  s hould res ul t in an 

adu l t  s ex rat i o  that favors mal e s . Thi s type o f  management 

wou ld not b e  preferred for a hunted deer popul at i on b e caus e 

i t  would prob ab ly result  in fawn recrui tment b e in g  l ower 

than the maximum sus tained y i e l d  (MSY) . In  the Cove , 

howeve r ,  MSY i s  not a concern ; the maj o r  concern i s  

prevent ing the deer herd from excee ding the carrying 

capac i ty (K  o f  the l o g is t i c  equ a t i on) . 
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Ano ther pos s ib l e  way to  reduce the numb e r  o f  deer 

in the Cove wou l d  b e  to a l t e r  the hab i tat  in such a way 

to make it l e s s  favorabl e  fo r deer . Th is goal  could b e  

accomp l i s hed b y  s topp ing mo s t  o r  al l l ives tock graz ing 

and hay mowing , the reby al l owing natural succ es s ion to 

proce e d  in the open f i e lds . Eventu a l l y , the f i e l ds woul d 

b ecome re - fores t e d ; the C ove woul d  b e come s im i l ar to the 

surrounding are a except for smal l c l e ar ings around the 

his to rical  p l ac e s  and s t ruc tures ( i f  they are to b e  

pres erved) . Wi th the e l iminat ion o f  the open fi e l ds , 

hope ful ly , deer  would no longer concentrate in the Cove . 

A final con s i de ra t i on wou l d  b e  to  make the b es t  o f  

the "b ad" s i tuat i on cre ated i n  the C ove . The Cove has a 

h i ghly vis ib l e , fre e - rang ing , unmanaged deer popu l ation . 

The favorab l e  deer hab i t at in  the Cove a l l ows for re l at ive ly 

h igh dens i t i e s  o f  deer to ex i s t  . . The maj o r  imp acts o f  the 

concentration of deer app e ar to b e  l imited to  the C ove ; 

intens ive imp ac t s  o f  deer on vegetat ion apparent ly do es no t 

extend mo re than 1 km from the C ove (B rat ton 1 9 7 9 )  and 

during the d i e - o f f  in 1 9 7 1 , only 2 ( o f  5 2 )  dead deer  were 

found outs i de of the C ove , and they were w i th in 3 km o f  

the C ove ( Fox and P e l t on 1 9 7 3 ) . The s e  condi t i ons make 

the C ove an i de al are a in wh i ch to inve s t i gate the comp l e x  

and s ub t le  re l at i onships b e tween d e e r  and d i s e as e ; deer , 

di s e as e and l ive s tock ; the effects o f  re lat ive ly h i gh 

dens i t ie s  o f  de e r  on vegetat ion ; and the popul ation 



dynami c s  o f  an unmanaged deer herd . Th i s  info rmat ion i s  

e s s en t i a l  fo r a b e t ter under s t anding o f  whi t e - tai l ed 

deer  ecol o gy .  
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O f  the 3 a l t ernat ives t o  the pres ent management , 

i t  i s  re commended that the r e s earch p o t e nt i a l s o f  the 

Cove be deve l oped . The other 2 a l t ernat ive s invo lve 

rad i c a l  ch an ge s in the management p o l i cy of the C ove and 

the i r  prob ab i l i ty of succ e s s  i s  unknown . S c ient i fic  

res earch i s  one  o f  the purpo s e s  o f  Nat i onal P ark s 

(Leopo l d  et al . 1 9 6 3 ,  Co l e  1 9 7 1 , Hous ton 1 9 7 1 ) . Without 

res e arch , the Nat i onal P ark S e rv i c e  woul d b e  unab l e  to  

ach i eve its  p r imary purpos e in admin i s t e ring natural  

are as : to maint ain an ar e a ' s  ecosys t em in as ne arly 

a pris tine cond i t i on as pos s ib l e  (Hous ton 1 9 7 1 ) . The 

unique re s earch that coul d be conducted in the Cove woul d 

ul t imately b e ne f i t  b o th Park and non - P ark re s ourc e  

managers in  the i r  unde rs tanding o f  d e er eco l o gy . 

I n  o rder to ob t a in the max imum b enefi t from such 

res earch in the Cove , i t  mus t not b e  conducted in a 

haph a z ard manner .  The events imme d i at e ly p r i o r  to  th e 

d i e - o f f  in 1 9 7 1  were recorded only by chance . I f  Fox and 

P e l t on ( 1 9 7 3 )  h ad not b een conduc t ing their counts o f  

de er i n  the C ove prior to  the di e - o f f , valuab l e  informat ion 

would have b een l os t .  N ine y e ars have gone by s ince the 

di e - o f f  in 1 9 7 1 ; i f  and when ano ther di e - off w i l l  occur 

is no t known . Thus , long t e rm res e arch i s  ne c es s ary to 

s tudy such comp l e x  and s ub t l e  ph enomena . 
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The educ at i ona l aspects  o f  the C ove cou ld a l s o  b e  

expande d .  The I nt e rp re t ive D ivis ion cou l d  e as i ly deve l op 

programs on deer  b e cause  o f  the i r  h i gh vi s ib i l i ty in the 

Cove . Th es e programs cou l d  include d i s cus s ions on the 

e ffe cts of d e e r  b rows ing on vege t a t i on , s e x  rat i o s , 

d i s e as e , and reproduc t ion . As add i t ional re s e arch is  

conducted , the i r  results cou l d  a l s o  be inco rporated into 

th e s e  pro g r ams . 

The pres ent s tudy has e s t ab l i s he d  s ome b as e l ine 

demo g raphi c  informat ion on the deer  u t i l i z ing C ad e s  Cove , 

and the te chnique s by wh i ch such informat ion cou l d  b e  

ob t a ined . T h e  r e s u l t s  o f  the pres ent s tudy have prob ab ly 

gene rated more que s t i ons than th ey have answe red . The 

answers  to the s e  que s t i ons c an only b e  found through 

cont inue d res earch . 



L ITERATURE C I TED 



L ITERATURE C I TED 

Anonymous . 1 9 7 7 . Ne cropsy report from the Southe astern 
Coope rative Wi ldl ife  D is e as e Uni t to  the G r e at Smoky 
Moun tains Nati onal P ark . 2 pp . (mime o . ) . 

Barr , A .  J . , J .  H .  Goodni ght , J .  P .  S a l l , W .  H .  B l a i r ,  and 
D .  M .  C h i lko . 1 9 7 9 . Stat i s t i cal  Ana lys i s  Sys t em 
(C ompu t e r  Prog rams ) . SAS I ns t i tute , I nc . Ral e i gh , 
North C aro l ina . 

Benne t t , L .  J . , P .  E .  Engl i s h , and R .  McCain . 1 9 4 0 . A 
s tudy o f  deer  popu l at ions by us e o f  pe l le t - g roup 
counts . J .  W i l d l . Manage . 4 : 3 9 8 - 4 0 3 .  

Bown e , J .  G .  1 9 7 3 . I s  b lue tongue an important d i s e as e  in 
c att l e ?  J .  Am . Vet . Med . As s oc . 1 6 3 : 9 1 1 - 9 1 4 . 

Bratton , S .  P .  1 9 7 9 . Imp acts o f  whi te - t a i l e d  deer  on the 
veg e tation of C ades C ove , Gre at Smoky Mount ains 
N at ional P ark . Proc . Ann . C on£ . S .  E .  As s oc . F i sh 
and Wi l d! . Agenc i e s . 3 3 : ( in pre s s ) . 

Burs t ,  T .  L . ,  and M .  R .  Pel ton . 1 9 7 8 . S ome popul ation 
par ame t e r s  o f  the Cades C ove deer  herd , Great Smoky 
Mountains N at ional P ark . Proc . Ann . C on £ . S .  E .  
As s o c . F i s h  and W i l d l . Agenc i es . 3 2 : 3 3 9 - 3 4 7 . 

C ar ro l l , B .  K . , and D .  L .  Brown . 1 9 7 7 . Fac t o rs affe c t ing 
neonatal fawn s urvival in south - c entral Texas . 
J .  W i l d ! . Manage . 4 1 : 6 3 - 6 9 . 

C arter , J .  19 7 1 . 
pp . 5 8 - 6 3 . 
Minne s o t a . 
St . Pau l . 

The pub l i c ' s  ro l e . I n  M .  M .  Ne l s on , ed . , 
Pro c .  Sympos ium : Wh 1 te - t ai l e d deer in  
Minn . D ep t . o f  Natural Res ource s , 

C l ima t ography o f  the United S tates . 1 9 7 2 . U . S .  D ept . o f  
Comme r c e  Nat . Ocean i c  and Atmos . Adm in . Env i r . Data  
S e rv . and Nat . Park S e rv .  No . 2 0 - 4 0 . 

C o l e , G .  F .  1 9 7 1 . An e c o l o g ical  rat ionale fo r the natural 
o r  art i fi c i al r e gu l a t ion of nat ive ungulates  in 
parks . T r ans . N .  Am. Wild! . Nat . Res our . C on £ . 
3 6 : 4 1 7 - 4 2 5 .  

Dasmann , R .  F .  1 9 6 4 . W i l dl i fe B i o l o gy .  John W i l ey and 
Sons , Inc . New York . 2 3 1  pp . 

7 4  



Dasmann , R .  F . , and R .  D .  Tab er .  
four deer census methods . 
4 1 : 2 2 5 - 2 2 8 . 

1 9 5 5 . A compari s on o f  
Cal i f .  F i s h  and G ame . 

Down ing , R .  L . , and B .  S .  McG inne s .  1 9 7 5 . Moveme nt 
p at t e rns o f  wh i t e - t a i l ed deer  in  a Virginia  
encl os ure . Proc . Southeas t .  As s o c . G ame and Fish 
C ornrn .  2 9 : 4 5 4 - 4 5 9 . 

7 5  

, W .  H .  Moore , and J .  Ki ght . 1 9 6 5 .  C ompari son --------o�f-d e e r  c ensus t e chn iques app l i e d  to  a known 
popu l at i on in a G e o r g i a  enc l o sure . Proc . S outhe as t .  
Assoc . G ame and F i s h  Comm . 1 9 : 2 6 - 3 0 . 

, B .  S .  McG innes , R .  L .  Petcher , and J .  L .  S andt . 
------�1�96�9 . S e a s onal changes  in  movements o f  wh i te - t a i l e d  

deer . I n  L .  K .  Hal l s , ed . ,  pp . 1 9 - 2 4 . Proc . 
Sympos ium :  Whi te - t ai l e d  d e er in  the s outhern fo re s t  
hab i tat . Naco gdoch e s , T exas . 

, E .  D .  Michae l , and R .  J .  Poux , Jr . 1 9 7 7 . 
------�x�c-cur acy o f  s ex and age rat io  counts o f  wh i t e - t a i l e d  

d eer . J .  Wi ldl . Manage . 4 1 : 7 0 9 - 7 1 4 . 

Eb erh ardt , L .  1 9 6 0 . E s t imat ion o f  v i t a l  charac t e r i s t ics  
of Mi ch i gan dee r  herds . Mi ch . Dept . C ons e rvat ion , 
G ame D iv . Report 2 2 8 2 , L ans ing , Mich . , 1 9 2 pp . 

Flynn , D .  C .  1 9 7 6 . Dens i ty and d i s tr ibut i on o f  wh i t e ­
tai l ed d e e r  (Odoc o i l eus v i rgin ianus ) o n  the Ene r gy 
Res e arch and Developme nt Adminis t rat i on ' s  Oak Ridge , 
T enne s s e e Re s e rvat ion . M . S .  Thes i s , The Univ . o f  
T enn . , Knoxv i l l e . 1 0 8  pp . 

Fox , J .  R . , and M .  R .  P e l ton . 1 9 7 3 .  Ob s ervat i ons of a 
wh i te - t a i l e d  deer  d i e - o ff in the Great Smoky 
Mountains Nati onal P ark . Proc . S outheas t .  As s o c . 
G ame and F i s h  Comm .  2 7 : 2 9 7 - 3 0 1 .  

Hal l o r an ,  A .  A .  1 9 4 3 . Management o f  d e e r  and c at t l e  on 
the Arans as Nat ional Wildl i fe Refuge , T ex a s . 
J .  W i ld l . Manage . 7 : 2 0 3 - 2 1 6 . 

Hawk ins , R .  E . , W .  D .  Kl ims t r a , and D .  C .  Aut ry . 1 9 7 1 .  
D isper s al o f  deer from C r ab Orchard Nati onal 
Wi l dl i fe Re fuge . J .  Wildl . Manage . 3 5 : 2 1 6 - 2 2 0 .  

Hays , W .  L .  1 9 7 3 . 
2nd e d i t io n .  
9 5 4 pp . 

S t a t i s t i cs fo r the s oc i al s c iences . 
Ho l t ,  Rinehart and Wins ton , New Yo rk . 



7 6  

Hood , R .  E . , and J .  M .  Ingl i s . 1 9 7 4 . B ehav i o r  res pons e s  
o f  wh i t e - t a i l ed d e e r  t o  intens ive ranch ing 
ope rati ons . J .  W i l d l . Manage . 3 8 : 4 8 8 - 4 9 8 . 

H o s l ey , N .  W .  1 9 5 6 . Management o f  wh i te - t a i l ed deer in 
i t s  envi ronment .  In W .  p ;  Tayl o r , e d . , pp . 1 8 7 - 2 5 9 . 
The deer o f  No rth Ame r i c a . The S tackpo l e  Co . ,  
Harri sburg , Pa . and the Wildl . Manage .  I ns t . , 
Washington , D .  C .  6 6 8  pp . 

Hous ton , D .  B .  1 9 7 1 . E co sys tems o f  nat ional parks . 
Sc i enc e 1 7 2 : 6 4 8 - 6 5 1 . 

Jenkins , J .  H . , and R .  L .  Marchinton . 1 9 6 9 . Prob l ems in 
c ensus ing the whi t e - t a i l ed deer . In L .  K .  Hal l s , 
e d . , pp . 1 1 5 - 1 1 8 . Proc . Sympos ium:- Wh it e - t a i l e d  
d e e r  in the southern fo re s t  h ab i tat . N aco gdoch e s , 
Texas . 

Jeter , L .  K .  1 9 6 5 .  C ensus metho ds � I n  R .  
F .  K .  Jone s , Jr . ,  eds . , pp . 1 8 67!9 2 .  
deer in F l o r i da . T e ch . Bul l . No . 9 ,  
Fre s hwat e r  F i s h  C ommi s s ion . 24 0 pp . 

F .  Har l ow and 
The whi te - t a i l e d  

F l a .  G ame and 

Kamme rmayer , K .  E . , and R .  L .  March inton . 1 9 7 5 .  The 
dynamic aspe cts o f  d e e r  u t i l i z ing a r e fuge . Proc . 
S outheas t .  As s o c . G ame and F i s h  Comm .  2 9 : 4 6 6 - 4 7 5 .  

, and 1 9 7 6 . No t e s  on d i s p e r s a l  o f  
-------m--a�le wh i t e - ta1led de e r . J .  Mamma l .  5 7 : 7 7 6 - 7 7 8 . 

Komarek , E .  V . , and R .  Komarek . 1 9 3 8 . Mammal s  o f  the Gre at  
Smoky Mount a ins . Bul l . Chicago Ac ademy o f  S c ience s . 
5 : 1 3 7 - 1 6 5 . 

Kramer , A .  1 9 7 3 . I n t e rspe c i fic b ehav i o r  and dispers i on o f  
two sympatric  deer sp e c i e s . J .  Wildl . Manag e .  3 7 : 
2 8 8 - 3 0 0 . 

L ab o r at o ry for C omput e r  G raph ics and Spatial  Analys is . 
1 9 7 5 .  SYMAP Vers i on 5 (C omputer Pro g r ams ) .  Harvard 
Univers i ty , C amb r id g e , Mas s achus e t t s . 

L eo po l d , A .  S . , S .  A .  C a in ,  C .  M .  C ot t am ,  I .  N .  G ab r i e l s on , 
and T .  L .  K imb al l . 1 9 6 3 . W i l dl i fe management in the 
Nati onal P arks . Trans . No rth Am .  Wi l dl . C on f .  
2 8 : 2 8 - 4 5 .  

L ewi s , J .  C . , and L .  E .  S a fl ey . 1 9 6 6 . A comp a r i s on o! 
some deer  c ensus me tho ds in T enne s s e e . Pro c . 
S outh e as t .  As s oc . G ame and F i s h  Comm .  2 0 : 5 6 - 6 3 .  



7 7  

L in zey , A .  V . , and D .  W .  L i n z ey . 1 9 7 1 . Mammal s  o f  the 
Great Smo ky Mount ains Nat i onal P ark . The Univ . o f  
Tenn . Pres s ,  Knoxvi l l e . 1 1 4  pp . 

Lo gan , T .  1 9 7 2 . S tudy o f  wh i te - t a i l e d  deer fawn mort a l i ty 
on C o oks on Hi l l s  deer  re fuge eas tern Okl ahoma . . 
Proc . Southe as t .  As s o c . G ame and F i s h  Comrn . 2 6 : 2 7 - 39 . . 

March inton , R .  L .  19 6 8 . T e l eme tric  s tudy o f  wh i t e - t a i l e d  
d e e r  movement - - e co l o gy and e th o l o gy in the South e as t .  
Ph . D .  Thes i s , Aub urn Univ . , Auburn , Al a .  1 5 3  pp . 

, and K .  E .  Kamrne rmaye r .  1 9 8 0 . Imp l i c a t ions o f  
------�a�is�pe r s al o n  s ex r at i o s  and herd re cons truct ion . 

P ro c . 3rd  Annu . Meet . S outh e as t Deer S tudy Group , 
Texas P arks and Wild! . D ep t . ,  Aus tin , T ex as . p .  2 .  

Marshal , A .  D . , and R .  W .  Whi t t ington . 1 9 6 8 . A t e l eme t r i c  
s tudy o f  de er  home ranges and b ehav i o r  o f  deer 
dur ing managed hunts . Proc . S outheas t .  As s oc . G ame 
and F i sh Comm . 2 2 : 3 0 - 4 6 . 

Mats chke , G .  H .  1 9 7 7 .  Mi croencapsul ated die thyl s t i lb e s tro l 
as an oral  contracept ive in wh i te - t a i l e d  deer . J .  
Wil d ! . Manage . 4 1 : 8 7 - 9 1 .  

McC o l lough , D .  R .  19 7 9 . The George Re s erve deer  herd : 
popu l at i on eco l o gy o f  a K - s e le c ted s p e c ie s . Th e 
Univ . o f  M ich i gan Pre s s , Ann Arb o r . 2 7 1  pp . 

Mi chae l , E .  D .  " 19 7 0 .  Sex r at i o  and g roup compos i t ion in 
whi t e - t a i l e d  deer . P roc . Southe ast . As s oc . G ame 
and F is h  Comrn . 2 4 : 5 1 - 5 6 . 

Nati onal P ark S e rv i c e . 1 9 6 9 . Res our ce management p l an for 
the Gre at Smoky Mount ains N at i onal P ark . G atl inbur g , 
Tenne s s e e . 1 8 6  pp . 

Ne f f ,  J .  D .  1 9 6 8 .  The p e l l e t - group count technique for 
b i g g ame t rend cens us and d i s t ribut i on : a review . 
J .  W i l d ! . Manage . 3 2 : 49 7 - 6 1 4 . 

Noethe r ,  G .  E .  1 9 7 1 . I nt ro duct i o n  to s ta t i s t i c s , a fr e s h  
appro ach . Houghton Mi ffl in C o . New Yo rk . 2 5 3 pp . 

Osb orne , J .  S . , A .  S .  Johns on , R .  L .  Marchinton , P .  E .  Hal e , 
· and W .  R .  D avids on .  1 9 7 9 . Re l a t i onship o f  abomas al  

paras i t e  counts to  d e er d ens i ty , ki dney fat  and 
d i e t  on B l ackb e ard I s l and , G e o rg i a .  Pro c . 3rd Annu . 
Me e t . S outhe as t .  Deer S tudy G roup , D ept . Wild! . and 
F i s h .  M is s .  S t at e Uni v . , Mi s s . S tate . pgs . 3 - 4 . 
(Ab s tr . )  



7 8  

Overton , W .  S .  1 9 7 1 .  E s t imat ing the numb ers  o f  anima l s  in 
wi l d l i fe popul at ions . In R .  H .  G i l e s , Jr . ,  ed . ,  pp . 
4 0 3 - 4 5 5 . Wi ld l i fe management t e chnique s , 3 rd ed . 
The W i l d l . So c . , Washington , D .  C .  6 3 3  pp . 

O z o g a , J .  J . , and L .  J .  Verme . 1 9 7 0 . Winter  feeding 
patt e rns of penned wh i te - t a i l e d  deer . J .  Wildl . 
Manage . 3 4 : 4 3 1 - 4 3 9 . 

Pre s two o d , A .  K . , T .  P .  Kis tner , F .  E .  Ke l l o g g , and F .  H .  
Haye s . 1 9 7 4 . The 1 9 7 1  outbre ak o f  hemo rrhagic  
d i s e as e among whi te - t a i l e d  deer  o f  the S ou theas t ern 
Uni ted S t ates . J .  Wi l d l . D i s . 1 0 : 2 1 7 - 2 2 4 . 

Rob ine tt e , W .  L . , R .  B .  Fergus on , and J .  S .  G as hwi l e r . 
1 9 5 8 .  P rob l ems involve d in the use o f  deer pel l e t  
g roup c ounts . T r ans . N .  Am . W i ld l . Con£ . 2 3 : 4 1 1 - 4 2 5 . 

Schwab e , C .  W . , H . . P .  Ri emann , and C .  E .  Frant i .  1 9 7 7 . 
Epidemio l o gy in veterinary prac tice . L e a  and 
F eb i g e r , Ph i la . 3 0 3  pp . 

S eb er , G . A . F .  1 9 7 3 . The es t ima te o f  an imal abundance and 
rel at e d  p arame ters . Char l e s  G r i ffin and C o . , 
L ondon . 5 0 6  pp . 

S e rvi nghaus , C .  W . , and E .  L .  Che atum . 1 9 5 6 . L i fe and 
t imes o f  the whi te - t ai l ed deer . I n  W .  P .  T ay l o r , ed . ,  
pp . 5 7 - 1 8 6 . The deer o f  North Ameri ca . The 
S t ackp o l e  C o . , Harris burg , P ennsylvan i a  and The 
Wi l d l . Manage . I ns t .  Was hington , D .  C .  6 6 8  pp . 

Shanks , R .  E .  1 9 5 4 . C l imat e s  o f  the G re at Smoky 
Moun t a ins . E co l o gy . 3 5 : 3 5 4 - 3 6 1 . 

Sh i e l ds , A .  R .  1 9 7 7 . The C ades C ov e  s t ory . Gre at Smoky 
Mount ains N atur al His tory As s o c . , G at l inbur g , 
Tenne s s e e . 1 1 6  pp . 

S t andgaard , H .  1 9 6 7 . Re l i ab i l i ty o f  the P e t e rs on me thod 
t e s ted on a roe deer popul at i on . J .  Wi l dl . Manage . 
3 1 : 6 4 3 - 6 5 1 . 

Suring , L .  H . , and P .  A .  Vohs , Jr . 1 9 7 9 . Hab i t at u s e  
by Co lumb i an wh i te - t a i l ed deer . J .  W i l dl . Manage . 
4 3 : 6 1 0 - 6 1 9 . 

Tanne r ,  J .  T .  1 9 6 3 . Mountain t emper atur es in the 
s outh e as t ern an d the s outhwe s tern Uni ted S t at e s  
dur ing l ate sp ring and e arly summe r .  J .  App l i ed 
Met eo r . 2 : 4 7 3 � 4 8 3 . 



T anner , J .  T .  1 9 7 8 .  
popul at ions . 
1 8 6  pp . 

7 9  

Guide to the s tudy o f  an ima l 
The Univ . o f  Tenn . Pre s s , Knoxv i l l e . 

T r ainer , D .  0 . , and R .  P .  Han s on . 1 9 6 2 .  The a s s o c i a t i on 
o f  wh i t e - t a i led deer  and cattle  in Wis cons in . 
C orne l l  Vet . 5 2 : 4 3 1 - 4 3 8 . 



APPENDI X  



APPENDI X  

HAB I TAT TYPES AND WILDL I FE S I GHT INGS 

Tab l e  A- 1 .  Hab i tat type des i gnat ions of are as surveyed 
dur ing roa ds ide coun ts  in C ades Cove , Great 
Smoky Mountains N a t i onal Park , Tenne s s ee , 
June 1 9 7 8 - 1  Septemb er 19 7 9 . 

Are a Area 
Numb er Hab i t at Tr:ee Numb er Hab i t a t Tr:ee 

No r th Hal f 
1 h i s torical 3 2  hay/ cow p a s ture 
2 h is tor ical 3 3  woods 
3 ho r s e  pas ture 3 4  hay/hor s e  p a s ture 
4 wo ods 3 5  hay/hor se  pas ture 
5 ho rse p a s ture 36 hay f i e ld 
6 hors e  p as ture 3 7  woods 
7 hay field 3 8  hay field 
8 no data 3 9  hay field  
9 woods 4 0  woods 

1 0  ho r s e  pas ture 4 1  hay field  
1 1  wo ods 4 2  woods 
l la woods 4 3  hay fi e l d  
1 2  hor s e  p a s ture 4 4  h ay field 
1 3  hay field 4 5  woods 
1 4 h ay field  4 6  woods 
1 5  h ay fie l d  4 7  hay fie ld 
1 6  hay/cow pas ture South Hal f 
1 7  wo ods 48 hay field  
18  hay fie l d  4 9  hay fie l d  
1 9  wo ods s o  wo ods 
2 0  hay - old field a 5 1  hay field 
2 1  woods 5 2  hay fi eld 
2 2  woods 5 3  woods 
2 3  h i s t orical 5 4  o l d  f i e l d  
2 4  cow p a s ture 5 5  o ld fie l d  
2 5  cow p a s ture 5 6  woods 
2 6  wo ods 5 7  woods 
2 7  woods 5 8  h is tori  cal 
2 8  hay/ijors e p a s ture 5 9  wo ods 
2 8 a  hay field 6 0  cow pas tur e 
2 9  cow pas ture 6 1  cow pa s ture 
3 0  woods 6 2  woods 
31 hay/ho r s e  p as ture 63  woods 
3 1 a  cow p as ture 6 4  cow pas ture 

8 1  
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T ab l e  A- 1 ( Continued) 

Are a  Are a 
Numb er Hab i t at Tr:ee Numb e r  Hab i t at Tr:ee 

6 5  his torical 7 8  woods 
6 6  cow pas ture 7 9  woods 
6 6a cow pas ture 8 0  woods 
6 7  woods 8 1  cow p as ture 
6 8  hay f i e l d  8 2  cow p as ture 
6 9  his torical 8 3  hay- - o ld f i e l da 
7 0  woods 84 m ixed us e 
7 1  woods 8 5  cow/ho rs e pas ture 
7 2  cow pas ture 8 6  cow pas ture 
7 3  cow pas ture 8 7  woods 
7 4  woods 8 8  woods 
7 5  woods 8 9  wo ods 
7 6  wood s 
7 7  cow pas ture 

aHay f i e ld : s ummer ,  1 9 7 8  to winter , o l d  f i e l d : spring , 
19 7 9  to  summe r ,  1 9  7 9 . 



Tab l e  A- 2 .  I nc idental s i ght ings o f  vari ous s p e c i e s  o f  
w i l dl ife i n  Cades Cove , G re at Smoky 
Mountains Nati onal  P ark , Tenne s s e e , June 
1 9 7 S - l  S ep t emb e r  1 9 7 9 . 

D at e  An ima l ( s) Are a No , a 

1 9 7 S  
'f9'Jun p i g l e t  S Ow roads ide 
2 2  Jun w i l d  h o g  ND - 1  

p i gl e t  S Ow roads ide 
2 3  Jun p i g l e t  S Ow ro ads ide 
2 S  Jun r acc oon 2 4  

w i l d  ho g 6 S  
gray fox 7 lw 
gray fox 7 6 w  

2 9  Jun g ray fox Fo rge C re ek Rd . 
r acco on Loop Rd . 

5 Jul turkeys ( 3  adul ts , 1 6  pou l t s ) S Ow 
7 Jul g ray fox 31  

1 0  Jul gray fox S Ow 
b e ars (1  femal e ,  2 cub s )  2 0  

1 4  Jul green heron (ne s t  & immatur e)  S 7w 
1 6  Jul gray fox S 6  

gray fox S Sw 
1 7  Jul w i l d  h o g  39  
19  Jul turkeys ( 1  fema l e , 2 poul t s )  3 S  
2 1  Jul raccoon 5 9w 

red fox S9w 
gray fox 16 
red fox 2 9  

2 6  Jul hogs  ( 2  adul ts , 1 p i g l e t )  S 6  
2 S  Jul gray fox S Ow 

hogs  (1  femal e ,  4 p i g l e ts )  4 1  
r accoon 7 Sw 
gray fox 9w 

29 Jul turkeys ( 3 )  Z lw 
b e ar 7 8w 

2 Aug turk eys ( 2  male s )  4 8  
4 Aug r accoon 4 4  

w i l d  ho g 7 2  
S 9w 

S 3  

p i g l e t  
w i l d  ho g L aure l Cre ek Rd . 
gray fox 3 0w 
r accoons ( 2 ) Z lw 

7 Aug ho gs  ( 2  adul ts , 1 p i g l e t )  S Ow 
9 Aug ho gs ( 2  adul ts , 1 p i gl e t )  s s  

1 0  Aug r accoon S Ow 
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Tab l e  A- 2 ( C ont inued) 

Date Animal (s ) Are a No . a 

1 8  Aug w i l d  hog 4 7  
red fox 2 8  

2 1  Aug fox S Ow 
turkey 54  

2 3  Aug w i l d  hogs (5 adul ts ) 6 5  
raccoon 48 

2 5  Au g gray fox 7 2  
31  Aug red fox 2 6w 

1 Sep gray fox 4 2w 
fo x 2 0  

5 Sep red s quirre l s  ( 2 )  69  
8 Sep great b l ue heron ND - 1  
9 S ep gray fo x 7 3  

1 5  Sep turkeys ( 8 )  7 
hogs (1  femal e ,  2 p i g le t s )  ND - 3  
be ars ( 2  cub s )  Rich Mtn . 

1 6  Sep opo s s um S Ow 
w i l d  ho gs  ( 2 )  7 2  

2 3  Sep raccoon 64  
r ac co on 4 8  ( C ab l e  M i l l )  
turkey 7 3  
turkeys ( 2  ma l e s )  6 4  

2 5  Sep fox 2 8  
2 7  S ep turkeys ( 4 )  7 

w i ld ho g 4 8  
2 9  S ep turkeys ( 4 )  6 4  
3 0  Sep r ac coon 6 5  

raccoon 3 0w 
racco ons ( 4 )  7 2  

4 Oct  racco ons ( 4 )  8 2  
turkey s ( 3 )  6 6 a  
turkeys ( 2 )  7 7  
turkey 6 1  
turkeys ( 5 )  3 l a  
raccoon L aure l Cree k Rd . 

8 Oct  r accoon 74w 
gray fox 7 6w 
fox 7 6w 
racc o on 7 7  
r accoon 5 3w 
w i l d  ho gs ( 2 )  L aur e l  Creek Rd . 

1 4  Oct  b l ack cat  3 1  
raccoons ( 2 )  3 2  
gray fox 1 7w 
tur keys ( 6 )  6 2w 
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Tab l e  A- 2 ( C ont inued) 

Date Animal �s� Area No . a 

1 6  Oct turkey s ( 2 )  6 1  
gray fox L aur e l  Creek Rd . 
b e ar (w/me tal ear t a g )  Laure l  C r e ek Rd . 

19  Oct red s qu i r re l s  ( 2 ) 8 9w 
turkeys ( 3 )  64 

2 1  O c t  gray fox 7 3  
r acco on 7 2  
r accoons ( 3 )  4 8  
r accoon 5 1  ( in creek) 

2 3  Oct do gs ( 2 )  7 
2 5  Oct re d fo x 2 8  

turkeys ( 5 )  64 
turkeys ( 3 )  6 6 a  

2 8  O c t  racco on 4 7  
raccoon 3 5  
racco on 3 1 a  
gray fox 19w 
raccoon 2 5  

1 Nov turkey 64  
turkey s ( 4 )  6 1  
turk eys  ( 8 )  4 8  

3 Nov red fox 8 5  
red fox 8 6  
r accoon 7 2  

4 Nov turkeys ( 8 )  64  
turkeys ( 7 )  6 1  
turkeys ( 9 )  49 
red  fox 8 2  

1 0  Nov b arred owl 4 4  
w i l d  h o g  6 4  
b arred ow l 3 1  
gray fox 2 4  
raccoons ( 2 ) 2 5  
r accoon 2 2w 

1 1  Nov turk eys ( 2 1 )  6 1  
turkeys (4 mal e s )  6 4  
turkeys ( 9 )  2 8  
t urkey 34 
turkeys ( 2 1 )  3 5  
w i l d  ho gs ( 2 )  7 

1 2  Nov turkeys ( 1 1 )  24  
1 3  Nov r ac co on 7 2  
1 5  Nov rac coons ( 3 )  7 7  

w i l d  ho g 8 5  
gray fox e s  ( 2 )  7 2  
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Tab l e  A - 2 (Cont inued)  

Date An imal (s) Are a  No . a 

1 5  Nov racco on 7 2  
r accoon 7 3  

1 8  Nov turkeys ( 6 )  8 1  
turkeys ( 3 )  6 4  

2 2  Nov turkeys ( 3 )  2 4  
2 4  Nov red fox 31 

red fox 39 
gray fox 1 9w 
raccoon 1 7w 
raccoon 1 0  

2 6  Nov turkeys ( 7 ) 4 1  
turkeys ( 1 6 )  2 4  
turkey 1 4  

2 7  Nov barred owl S Ow 
turkey s ( 1 8 ) 6 4  
hawk 5 5  
red  fox 34 

3 0  Nov gray fox es ( 2 )  8 8w 
r accoons ( 2 )  7 7  
raccoon 8 5  
gray fox 7 2  
gray fox 7 3  

2 Dec  turkeys ( 3 )  6 4  
5 Dec turkeys ( 4 )  2 4  

turkeys ( 5 )  29  
turkey. 2 5  

8 Dec red fox 4 3  
w i l d  hogs ( 3 )  Rich Mtn . 

1 0  Dec re d s e q irrel 4 5  
turkey s ( 4 )  2 0  

1 1  Dec turkeys ( 1 2 )  81  
turkeys ( 3 )  6 4  

1 3  Dec w i l d  ho gs  ( 3 )  5 8  
racco ons ( 2 )  6 6 a  
raccoon 72  

1 5  Dec turkeys ( 7 )  ND - 2  
1 7  Dec turkeys ( 1 2 )  6 0  
1 8  Dec turkeys ( 4 )  2 4  
1 9  Dec  b arred owl 4 4  

gray fox 44 
red fox 3 2  
raccoons ( 2 )  3 1 a  

2 1  Dec wild hog 41 
turkeys ( 2 7 )  24  
raccoon 24 
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Tab l e  A- 2 ( C ont inued) 

Date An imal ( s )  Are a  No . a 

1 9 7 9  
�an raccoon 79 

6 Jan turkeys ( 2 6 )  7 3  
turkeys ( 1 4 )  8 6  
turkeys ( 2 )  6 5  
turkeys ( 2 ) 2 9  

9 J an turkeys ( 2 ) 29  
1 0  Jan w i l d  ho gs  ( 3 )  1 7w 
1 3  Jan turkeys ( 9 )  4 5w 

turkeys ( 8 )  3 l a  
turkeys ( 9 )  1 4  
turkey 2 9  

1 5  J an red- t a il e d  h awk 5 4  
w i l d  ho gs ( 4 )  5 5  

1 7  J an s c re ech owl 6 7w 
2 1  J an turkeys ( 2 6 )  7 3  

turkeys ( 5 )  1 2  
turkey 6 6  
turkey 6 5  . 

2 3  J an turkeys ( 2 4 )  2 9  
turkey s ( 6 )  1 6  

2 5  J an red fox 3 l a  
2 7  J an turkey 6 2w 
3 0  J an hawk 5 5  

w i l d  ho g ( in trap)  5 4  
3 F eb r e d  fox ( carry ing g rous e)  4 8  

turkeys ( 2 7 )  ND - 2  
5 F eb turkeys ( 3 )  2 8  
7 F eb red fox 4 2w 

1 2  F eb red fox 4 8  
1 3  Feb opo s s um 7 3  
1 5  F eb r accoon 6 4  

s c r e e ch owl 8 9w 
opo s sum 7 1  
opo s s um 8 8w 

1 7  F eb ducks 6 6 a  ( in pond) 
red squ i rrel 6 8  

1 9  Feb turkeys ( 1 2 ) 3 4  
red - t a i l e d  hawk 2 8  
raccoon (w/ red ear tag)  28  
wi l d  ho g 3 1  
turkeys ( 2 2 )  31  

2 1  F eb w i l d  hog (w/ r ad i o  co l l ar )  5 
24  Feb b ob cat  Loop Rd . 
2 8  Feb b arred owl 1 2  

r ac coon 
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Tab l e  A - 2 ( C ont inued) 

Date Animal ( s )  Are a No . a 

2 8  F eb opos sum 8 7w 
raccoons ( 2 )  6 6 a  
raccoon 6 1  

1 Mar turkeys ( 5 )  6 6 a  
turkeys ( 2 1 )  7 3  
hawk 5 5  
turkeys ( 7 )  3 l a  

5 Mar turkeys ( 4 )  8 6  
turkeys ( 7 )  ND - 2  
turkeys ( 8 )  6 4  

9 Mar turkeys ( 3 )  3 5  
turkeys ( 8 ) 3 l a  
turkeys ( 7 )  34  
hawk 1 6  

1 1  Mar turkeys ( 5 )  3 l a  
g rous e 2 2w 
turkey 1 6  

1 2  Mar w i l d  ho g L aurel C re ek Rd . 
1 3  Mar turkeys ( 3) 7 3  

turkeys ( 2 1 )  ND - 2  
turkeys ( 2 ) 49  

19  Mar turkeys ( 2 0 )  8 1  
turkeys ( 6 )  8 3  
turkey 4 8  
turkey 7 2  

2 0  Mar turkeys ( 1 0 )  3 l a  
turkeys ( 9 )  3 5  
turkeys ( 3 )  2 9  
turkeys ( 6 )  ND - 3  

2 2  Mar gray fo x 4 8  
r e d  fo x 4 4  

2 5  Mar red fox 2 8  
2 7  Mar turkeys ( 2 0 )  6 0  

turkeys ( 2 )  5 4  
2 9  Mar gray fox 7 5w 

r accoon 7 5w 
r accoons ( 2 )  7 7  
opo s sum 6 6 a  
gray fo x 4 9  
gray foxes ( 2  t o g e ther) 4 9  

1 Ap r turkey 8 6  
turkey 7 7  
turkeys ( 2 )  5 5  

4 Apr turkey s ( 2 )  4 8  
turkeys ( 2 1  femal e s , 5 mal e s )  6 1  
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Tab l e  A- 2 ( C ont inued) 

Date Animal �s� Are a No . a 

4 Apr turkey ( 1  mal e )  6 0  
turkey ( 1  mal e )  7 3  
turkey ( 6 femal e s  , 5 mal e s )  8 6  
turkey ( fly ing) 3 7w 
turkey 4 4  
turkeys ( 2 2 )  3 l a  
turkeys ( 2 )  2 0  

5 Apr ruf fed g rous e 1 7w 
turkeys ( 7 )  29  
turkeys ( 2 )  1 6  

7 Apr r ac co on ( red)  47  
turkey s ( 2 0 )  3 l a  
turkeys ( 1 2 ) 7 7  
red fox 3 9  
r accoon 3 4  
red fox 2 5  
gray fox 2 0  

1 2  Apr turkey ND - 2  
1 4  Ap r gray foxes ( 2 ) 8 9w 

gray fox 8 6  
red fox 8 4  
g ray fox 7 7  
r accoon 77  
opo s sum 6 4  
raccoon 5 7w 

1 7  Apr turkeys ( 4 )  3 l a  
turkeys ( 2 2 )  3 2  
turkey ( 1  mal e )  2 4  

1 8  Apr g r ay fox 7 2  
gray fox 7 3  
gray fox 7 7  

1 9  Apr turkeys ( 6 )  4 8  
turkeys (1 femal e ,  1 mal e )  59w 
turkeys ( 3 )  8 6  
turkey 24 

21 Ap r raccoon 4 7  
r e d  fox 2 8  
red foxes (3 pup s , 1 ? )  3 0w 
raccoon 3 0w 

2 4  Ap r turkeys ( 2  femal es , 1 mal e )  7 7  
turkey 7 2  

2 6  Apr turkey ( 1  femal e )  L aure l  C r e ek Rd . 
ruffed g rous e  L aur e l  C r e ek Rd . 
turkeys ( 8 )  6 6 a  
turkey 7 7  
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T ab l e  A- 2 ( Con t i nued) 

Date Animal ( s )  Are a  No . a 

2 6  Apr turkeys ( 2  mal e s )  5 8  
turkey 6 0  
turkeys ( 3 )  6 4  
r e d  foxe s  ( 3  pups ) 3 0w 

2 8  Apr fox 8 6  
gray fox 7 3  
raccoon 6 6 a  
red fox 6 0  

1 May turkeys ( 6 )  4 8  
turkey ( 1  mal e )  4 3  
r e d  foxes ( 3  pups ) 30w 

2 May turkey 2 5  
turkeys ( 2 )  4 3  
turkey ( 1  mal e )  7 3  
turkeys ( 1  fema l e , 1 mal e )  7 7  

3 May turkey 2 9  
r acco on 6 7w 
s c reech owl Loop Rd . 

5 May r accoon 30w 
r e d  fox ( pup) 3 1  
re d fox 1 8  
gray fox 7 
turkeys ( 4 )  34  

8 May turkeys ( 2 )  4 8  
turkey ( 1  ma l e )  6 4  

1 0  May turkey ( 1  mal e )  7 3  
1 2  May red fox 6 6 a  

bobcat Sparks L ane · 
1 5  May turkey 2 4  

turkeys ( 5 ) 7 
1 7  May turkeys ( 1  ma l e , 1 fema l e )  2 4  

turkey ( 1  mal e)  4 3  
turkey 6 4  
turkey 6 6 a  

1 9  May racc oon L aur e l  C re ek Rd . 
r e d  fox 3 1  

2 2  May turkey ( 1  mal e )  7 7  
2 6  May snapp ing tur t l e s  ( 3 )  4 8  

b ob c at 19w 
r accoon 7 2  
turkeys ( 6 )  ND - 2  

2 9  May r e d  foxes ( 2  pups ) 30w 
1 0  Jun b obwh i tes ( 2 )  Sparks L ane 

raccoon 6 3w 
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T ab l e  A- 2 (Cont inued) 

Date Animal ( s) Are a No . a 

1 5  Jun b road-winged hawk L aurel Creek Rd . 
fox L aur el C r e ek Rd . 
turkey (1  femal e )  14 
red fox 19w 
r ac co on 3 0w 
b ear 4 8  
r ac co on (b l ond ) 8 8w 

19 Jun raccoon 7 7  
r accoon 89w 

2 3  Jun turkeys ( 3 )  ND- 2 
2 4  Jun turkey 6 
2 6  Jun red fox 3 1  
2 8  Jun red fox ( 2 )  3 1  

red fox 3 5  
r accoon 34 

3 0  Jun turkey s ( 4 )  7 2  
1 Jul turkeys ( 4 )  64  
2 Jul b ear 5 5  
8 Jul turkeys ( 5 )  7 2  

box turtle  L aure l Creek Rd . 
1 0  Jul b e ar 1 6  

bobwh i t e  3 2  
fox 4 1  

1 2  Jul red fox 49  
gray fox 9w 
raccoon 1 7w 
red fox 3 1  
red fox 3 0w 
racc oon 3 3w 
red fox 36 
red fox 39 

1 6  Ju l gray fox Laur e l  Creek Rd . 
1 8  Jul turkey s ( 3  adul t s , 5 poul t s )  6 1  
2 2  Jul red fox (pup )  7 3  
2 3  Ju l gray fox L aurel C reek Rd . 

red fox 4 3  
2 5  Jul turkeys ( 6 )  7 2  
2 7  Jul raccoon 6 3w 

opos sum 89w 
2 8  Jul turkey 61 

tu rkeys ( 2 )  7 7  
2 Aug gray fox 8 7w 
3 . Aug turkeys ( 3 )  7 3  
6 Aug turkeys ( 6 )  7 3  

r e d  fox 7 7  
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Tab l e  A- 2 ( Cont inued) 

Date An imal (s) Are a No . a 

8 Aug sparrow hawk 3 0w 
b ear Hy at t L ane 

1 2  Au g red fox 7 5w 
red fox 39  

2 2  Aug turk eys ( 3 )  6 6 a  
2 5  Aug r accoon 2 6w 

red fox 4 3  
2 8  Aug turkey 4 8  

b ear 8 6  
3 0  Aug turkeys ( 4 )  7 7  

aThe suffix "w" ind i c a tes wooded are a .  
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