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ABSTRACT 

From September 1 97 9  through September 1 980 , 288 captures of 1 53 

raccoons were made i n  Cades Cove , Great Smoky Mountai n s  Nati onal Park , 

Tennessee . Fourteen raccoons were equ i pped wi th rad i o-transmi tters to 

mon i tor movements , acti vi ty patterns , and den n i ng behavi or .  Measu re­

ments , b l ood samp l es ,  and ectoparas i tes were taken from a l l an ima l s .  

Popu l ati on densi ty was estimated to be 1 raccoon/ 1 7  ha wi th sex 

and age rati os i nd i cati ng  a stabl e popu l ati on .  Parturi t i on occurred i n  

ear ly June wi th a mean l i tter s i ze of 2 . 8  young . Average l ongev i ty of 

raccoons was 30 months wi th a max imum l ongevi ty of approximate ly  86 

months . There were i nd i cat ions of i ncreased mal e  morta l i ty in the 

ol der age c l asses . 

Tel emetric moni tori ng i nd i cated an acti v i ty peak around 2 1 00 

hours . Seasonal and annual home ranges of mal es were s i gn i fi cantly 

l arger than those of fema l es wi th extens i ve seasonal  home range overl ap 

among both sexes . Extens i ve reuse of day bed s i tes was observed for 

both sexes wi th rock  and tree dens bei ng the favored types .  Day bed 

sel ecti on was not based upon the frequency of part i cul ar  day bed types 

or tree spec ies occurri ng wi th the an ima l s  home range . Vari abi l i ty i n  

seasonal temperatures of d i fferent day bed types i ndi cated that mi cro­

c l imatic  reg imes may contri bute to d i fferent i al seasonal use of day 

beds . Gi ven a cho i ce ,  raccoons appear to sel ect a vari ety of day bed 

types throughout the year .  

P l asma protei n concentrations were s i gn i f icantly l ower i n  young , 

nonreproducti ve raccoons .  Red bl ood cel l counts and hemogl ob i n  
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concen trati ons i n  fema l es , and red bl ood ce l l  counts and eos i noph i l 

l evel s i n  ma l es , were e l evated duri ng the reproducti ve peri od . Of 1 1 7  

raccoons ,  3 had anti body t i ters to can i ne hepat i t i s v i ru s ,  and 2 had 

ti ters to can i ne parvov i ru s .  Of 1 48 raccoons , 73% were pos i ti ve for 

bl ood mi crofi l ari ae wi th a l l but one contai n i ng Tetrapetal onema 

l l ewe l lyn i . Seventy-four percent of 385 t icks col l ected were 

Dermacentor vari abi l i s wi th the rema i nder bei ng I xodes sp . 

The Cades Cove raccoon popu l ati on appeared to be hea l thy and 

stabl e and showed characteri st ics  that  may be i nd i cati ve of a rel ati vely 

natura l , und i stu rbed popu l ati on . 
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CHAPTER I 

INTRODUCT ION 

The raccoon { Procyon l otor )  i s  one of the few mammal s tha t has 

thri ved as a resu l t of human mod i fi cati on of the envi ronment ( Johnson , 

1 970 ) . I t  has expanded i ts natural range i n  the Un i ted States { Sutton , 

1 964 )  and has been transpl anted successful ly  to d i fferent pa rts of the 

worl d { Scheffer , 1 947 ; McKi n l ey ,  1 959 ;  Al iev  and Sanderson , 1 966 ) .  I t  

i s  a n  animal wi th a wide array o f  food habi ts whi c h  does wel l i n  subur­

ban res i dent ia l  commun i ties { Hoffman and Gottschang ,  1 97 7 )  and i n  ru ra l  

and forested area s .  The economi c importance of  raccoons both as fur­

beari ng an ima l s ,  and as potenti a l  pests i s  wel l known ( Johnson , 1 970; 

Urban , 1 970 ;  Fri tzel l ,  1 978a ) .  Furthermore , the i r  rol e  i n  the ep idemi ­

o l ogy of certa i n d i seases such as  rabi es , d i stemper ,  can i ne parvovi rus , 

St. Lou i s  encepha l i ti s ,  and others i s  of cons i derabl e importance both 

to the wi l d l i fe and human commun i ti es .  

For many of the above reasons ,  raccoons have been the subject 

of i ntens i ve eco l og i ca l  research . Techn i ques such as trapp i ng , mark­

recapture , and radi otel emetry have served to document the i r movement  

and  acti v i ty patterns {G i l es ,  1 943 ; Johnson , 1 970 ;  Schnei der et a l . ,  

1 97 1 ; Lehman , 1 977 } ,  reproduction (McKeever , 1 958 ; Sanderson and 

Nal bandov , 1 973 ; Fri tzel l ,  1 978a ) ,  denn i ng habi ts { Sta i ns ,  1 96 1 ; Mech 

et a l . ,  1 966 ; Berner and Gysel, 1 967 ; Sh i rer and Fi tch , 1 970 ) , food 

habi ts ( Gi l es , 1 939 , 1 940 ; Hami l ton , 1 936 , 1 951 ; Baker et a l . ,  1 945 } ,  

soc i a l  organ i zati on { Fri tzel l ,  1 977 , l 978b ) , and other aspects of the i r  
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behav ior  (Sharp and Sharp , 1 95 6 ;  Shel l and R iopel l e ,  1 957 ) .  I n  add i t ion 

they have been the subject of a wi de array of studies on serol ogy 

( Robi nson et al . , 1 957 ; Habermann et al . ,  1 958 ; Kappus et al . ,  1 970 ; 

B ig l e r ,  1 97 1 ; Hoff et a l . ,  1 974 ; Lotze and Fl ei shman , 1 978 ; Nettl es 

et al . ,  1 979 ; Nettl es and Gu stafson , 1 980 ) ,  heavy metal concentrati on s  

( Sanderson and Thomas , 1 961 ; B i g l e r  e t  al . ,  1 975 ) ,  and paras i tol ogy 

(Price , 1 955 , 1 962 ; C l ark and Herman , 1 959 ; Jordan and Haynes, 1 95 9 ;  

Ash and L i ttl e ,  1 964 ; Harkema and M i l l er , 1 962 ; Herman and Pri ce , 1 965 ; 

Schaeffer et a l . ,  1 978 ) .  

Al though these stud ies prov ide cons iderabl e knowl edge of th i s  

animal , there have been no  attempts to analyze many of these di fferent 

aspects over 4 seasons in a s ing l e ,  natural popul ati on . Prev i ous  work 

has done much i n  establ i sh i ng a good data base but there are sti l l  

broad ecol og i ca l  questi ons that need to be addressed . The Cades Cove 

area of the Great Smoky Mounta i n s Nati ona l  Park prov ides an i deal 

sett i ng in whi ch to answer some of the se questi ons . I t  has been pro­

tected from l ega l hunti ng for more than 40 years, yet i ts hab i tat  makes 

i t  much l i ke the rest of the rural southeast .  The fact that fl ora and 

fauna are protected enabl es one to gai n a rare i n s i ght i nto natu ra l  

popu l ati on dynamics , phys ical  and phys i ol og i ca l  parameters , soc i a l 

organ i zati on , and eco l og i ca l  i n terrel ati onshi ps of the spec ies . 

Fu rthermore , compari son of these data wi th stud ies  of trapped , hun ted , 

or otherwi se di stu rbed popul ati ons cou l d g i ve i nd i cati ons of hab i tat  

carrying capac i ty ,  and natu ra l  popu l ati on control mechan i sms . Thi s 

hel ps i n  establ i sh i ng  management cri teria  for both this  spec ies and 



others l i ke i t . Wi th these factors i n  mi nd , the object i ves of thi s 

study were fou rfol d :  

1 .  To exami ne bas i c  phys i ca l  and phys i ol ogi cal  parameters of 

the raccoon i n  a 11 natu ral 11 setti ng . 

2 .  To u ti l i ze trapp i ng and radiotel emetry to i nvesti gate the 

popu l at i on dynami cs of the raccoon i n  Cades Cove , GSMNP . 

3 

3 .  To exami ne vari ou s  aspects of reproducti on and soc i a l  organ­

i zati on i nvol v i ng adu l t fema l es ,  yearl i ngs , and j u ven i l es . 

4 .  To  i nvesti gate the epidemi ol ogy of certa i n key d i seases 

found i n  the raccoon such as rabies ,  d i stemper , can i ne parvov i ru s , 

pseudorabi es , and cani ne hepati ti s .  



CHAPTER I I  

STUDY AREA 

Cades Cove i s  a un i que hi stori cal area l ocated i n  Bl ount County ,  

Tennessee wi th i n  the boundaries of the Great Smoky Mounta i ns Nat i onal  

Park ( F i gure 1 ) . As part of the Cherokee I nd i an Nati on , thi s area 

rema i nea essenti a l ly  undevel oped unti l sett l ed by whi te men i n  1 82 1 . 

After th i s  t ime ,  forested areas were repl aced by cropl and and orchards . 

I n  1 941 Cades Cove was establ i s hed as a pl ace of l i v i ng mounta i n  cu l tu re 

and was ma i nta i ned to " force back the wi l derness for a show of h i story 

and fol k cu l tu re" ( F rome , 1 966 ) . Thus , most of Cades Cove resembl es 

many rural  areas of the southeast but devo id  of human habi tati on . 

At the present ti me ,  Cades Cove i s  mai n ta i ned i n  a pastora l  

setti ng of 977 . 2  ha  of wh i c h  747 . 6  ha  ( 76 . 5 % )  are ma i nta i ned as open 

fiel ds and the remai n i ng 229 . 6  ha ( 2 3 . 5% )  cons i s t  of smal l wooded areas . 

Habi tat management  consi sts of mowi ng , peri od i c  p l owi ng , ferti l i zati on , 

and seed i n g  of the pastured areas . Laurel Creek Road i s  the on ly  paved 

road i nto the cove and connects the Cades Cove Loop Road wi th Route 73 

in  Townsend . The l oop road {17 . 7  km ) enc i rc l es the cove and provides 

v i s i tors wi th easy access .  Two di rt roads , Sparks Lane and Hyatt Lane , 

cross the cove from North to South but recei ve l imi ted usage . Geo l og i ­

cal l y ,  the cove i s  a l ow ly ing  dol omi te· l imestone "wi ndow" wi th i ts 

surround i n g  ri dges composed of ol der metamorph i c  roc k .  E l evati ons  

wi th i n  the cove vary from 522  to 600 meters and i t  i s  rel at i vely 

isol ated by mountai n s  on v i rtua l l y  a l l s i des . 
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Fi gure 1. Transects where raccoons were l i ve t rapped from 1 5  Septem ber 1979 through 30 Septem ber 1980 i n  
Cades Cove. G reat Smoky Mountai ns Nati onal Park. 
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A d i vers i ty of fl ora and fauna are found wi thi n  Cades Cove . The 

open fi el ds con s i s t  primari l y  of fescue ( Fes tuca sp . ) ,  orchard grass 

(Dactyl i s  sp . ) ,  timothy ( Phl eum sp . ) ,  red top g rasses (Ag rostri s sp . ) ,  

and red and l ad i no c l overs (Tri fol i um s p . ) ( National  Park Serv i ce ,  

1 969 ) .  Some of the ol d farmsteads that are bei ng rec l a i med through 

natura l  success i on cons i st of pure stands of whi te p i ne ( P i nu s  strobus ) 

or  short l eaf p i ne (t. ech i nata ) wi th an understory of heml ock (Tsuga 

canaden s i s ) .  The wooded areas of the cove cons i s t  pr imari l y  of mi xed 

hardwoods , i ncl ud i ng several spec ies of oak (Quercus s p . ) ,  map l e  (Acer 

sp . ) ,  h i c kory ( Carya sp . ) ,  and ye l l ow pop l a r  ( L i ri odendron tu l ipi fera ) .  

Some of the more common understory spec ies cons i s t  of serv i ceberry 

(Ame l anch ier  l aevi s ) ,  mounta i n  l au re l  ( Kalmi a l at i fol i a ) , rhododendron 

( Rhododendron sp . ) ,  bl ueberries ( Vacc i n i um sp . ) ,  and huckl eberries  

( Gayl usscc i a  sp . ) .  Fi fty-n i ne mammal i an species  have been found wi th i n  

the park ( L i n zey and Li nzey , 1 97 1 ) .  Those i n  Cades Cove i nc l ude bl ack 

bears ( Ursus ameri canus ) ,  wh i te-ta i l ed deer (Odocoi l eus v i rg i n i anus ) ,  

European wi l d  hogs (Sus scrofa ) ,  bobcats ( Lynx rufu s ) ,  raccoons ,  

stri ped s kun ks (Meph i ti s  mephi t i s ) , spotted s kunks (Spi l og a l e  putori us ) ,  

gray fox (Urocyon c i nereoargenteus ) ,  red foxes ( Vu lpes vu lpes ) ,  

mu skrats (Ondatra z i bethi cus ) ,  mi nk  (Muste l a  v i son ) ,  cottonta i l rabb i ts 

(Syl v i l agus fl oridanus ) ,  oppossums ( D i delph i s  marsupi al i s ) ,  woodchucks 

(Marmota monax ) ,  gray squ i rrel s (Sc i ur i s  caro l i nens i s ) ,  red squ i rrel s 

(Tami asci u rus  hudson i cus ) and many others ( L i n zey and L i nzey , 1 97 1 ) .  

I n  addi ti on to the mamma l i an fauna, a w ide array of snakes , fi s h ,  frogs , 

repti l es ,  and sal amanders i nhab i t  Cades Cove ( Huheey and Stupka , 1 972 ) .  

Seasonal temperatures fl uctuate widely wi th in  Cades Cove. Du ring  
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thi s  study temperatu res ranged from - 1 2°C i n  February to 33°C i n  

August wi th  a mean annual temperature of 1 7°C .  The study area of th i s  

p roject i nc l uded the l ow- lyi ng areas both wi thi n  and outs i de the Cades 

Cove l oop road ( F i gure 1 ) . Thi s area encompassed approxi mately 2000 

ha . 



CHAPTER I I I  

MATER IALS AND METHODS 

I .  Trappi ng and Handl i ng 

From 1 5  September 1 979  to 30 September 1 980 , 36 trapl i nes were 

establ i s hed wi t h i n  and around the per i p hery of the Cades Cove l oop 

road ( F i gure 1 ) . S ince the major object i ve was to trap raccoons over 

the enti re study area , traps were set i n  mos t  of the wooded areas , 

swamps ,  ponds , and creeks . However ,  severa l areas of good raccoon 

hab i tat were not trapped due to heavy v i s i tor traff i c .  An average of 

2 trapl i nes were establ i s hed 2 to 3 t imes per week  for the l ength of 

the study pe r iod . Trapl i nes were usua l ly  ma i n ta i ned for 1 to 2 weeks 

before new l i nes were establ i shed . The number of traps pe r l i ne and 

the l ength of t ime that a trapl i ne was ma i nta i ned depended upon the 

number of new an ima l s bei ng cap tured , human v i s i tati on , and vandal i sm .  

Trapp i ng was suspended duri ng a 2 to 3 week per iod i n  the wi nter when 

radi otel emetry data i nd i cated v i rtual l y  no movement of raccoons .  

Raccoons were captured us i ng 1 2  gauge col l aps i bl e  wi re l i ve­

traps ( Tomahawk L i ve Trap Co . , Tomahawk , WI) ba i ted wi th sardi nes . 

Upon captu re , ani ma l s were i njected wi th 0 . 2  cc/kg Ketami ne 

hydrochl or ide ( Parke , Davi s  & Co . , Detro i t ,  M I )  ( B i g l e r  and Hoff , 

1 97 3; Gregg and Ol son , 1 97 5 )  us i ng a syr i nge on the end of a jab  

sti c k .  S i nce the eyes o f  the drugged an ima l s  rema i ned open and the i r  

pupi l s  d i l ated wi th some nystagmus ,  a n  ophtha l mi c  o i ntment ,  Lacri - l ube 

(Al l ergan Pharmaceut i ca l s I nc . , I rv i ne ,  CA ) was g i ven to prevent 
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corneal i njury .  I n i tia l l y ,  al l raccoons were g i ven 2 numbered ear 

tags ; p l ast ic  tag ( rototag , NASCO , Ft . Atk i nson , W I) arid 1 

metal tag (Mone l ,  No . 4 ,  Nati ona l  Band and Tag Co . , Newport , KY ) .  

After 3 to 4 months , the metal tags were d i scont inued because they 

9 

often resu l ted i n  ear i nfecti on and were eas i ly l os t .  The rototags , 

however ,  made a c l ear ho l e  through the ear and there appeared to be no 

tag l os s .  After tagg ing , an imal s were sexed , we i ghed , measu red , and 

aged . Measurements i ncl uded front and rear foot l engths , ear l engths , 

tai l l ength , and total l ength . Aging was based primar i ly upon tooth 

wear ,  parti cul arly of the mol ars . An ima l s  were then p l aced i nto 1 of 

5 wear c l as ses wh i c h  corresponded to di fferent age ranges . C l ass  

anima l s were approx imately 0-1 4 months , c l ass  2 were 1 5 -38 months , 

c l ass  3 were 39-57 months , cl ass 4 were 58-86 months , and cl ass  5 

were >86 months ol d ( Grau et a l . ,  1 970) .  Preweaned raccoons were more 
• 

prec i se ly aged according  to the presence or absence of dec i d uous or 

permanent teeth (Montgo�y ,  1 964 ) .  Rectal temperatures were taken 

u s i ng  a d i g i ta l  thermometer {_Markson Sc i ent i f i c  Co . , Del f·1ar , CA ) .  

Reproduct i ve cond i ti on ,  genera l body cond i t ion , and col or were noted 

for every an ima l . The presence of any ectoparas i tes were noted and 

samp l es co l l ected . Approximately 2 . 2  cc/ kg of bl ood was drawn from 

the femoral vei n  of each an imal . One cc of thi s bl ood was p l aced i n  

a n  EDTA tube to preven t cl otti ng whi l e  the rema i n i ng bl ood was put 

i nto an untreated bl ood tube . 
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I I .  Radi otel emetry 

Dur ing  thi s study , 14 raccoons , 8 femal es and 6 ma l es ,  of vari ous 

ages were fi tted wi th rad i otransmi tter col l ars operati ng  i n  the 1 50 . 850 

to 151 . 450 MHz range {Wi l d l i fe Mater ia l s I nc . , Canbonda l e ,  I L )  

{Tab l e  1 ) . Each transmi tter had an i nd i v i dual frequency , wei ghed 

approx i mate ly  120 grams , and had an expected l i fe of 370 ± 74 days . 

The transmi tters were attached to nyl on webbi ng whi ch a l l owed for i nd i ­

v i dual adj ustment .  Once a col l ar was properly fi tted around an an ima l's  

nec k ,  hol es were burnt i n to the webbi ng  and bol ts were used to  secu re 

the col l ar i n  p l ace . Proper fi tti ng a l l owed for free movement of the 

col l ar around an an imal's  nec k .  Radi oco l l ared an i ma l s were kept i n  

the traps unti l they fu l ly recovered from the anestheti c .  The rad i o­

recei v i ng equ i pment cons i s ted of a portabl e Fal con-S rece i ver  {Wi l d l i fe 

Materi a l s ,  I nc . ) and a portabl e ,  d i recti ona l , 2-el ement 11W an tennae 

{Tel oni c s , I nc . , Mesa , AZ). 

Duri n g  the i n i ti a l  2 months of the study , 10 raccoons were cap­

tured and rad i ocol l ared wi th i n  the central area of Cades Cove { transects 

1 - 4 )  { Fi gu re 1 ) . Thi s was done to obta i n  an imal s whose home ranges , 

movement patterns ,  and den uti l i zati on overl apped . After 6 months , 

transects 2 and 3 were reopened to recapture and change radi oco l l ars 

on these i n i t ia l  an i mal s .  N i ne of the ori gi nal raccoons were success­

ful l y  recol l ared . 

I n  add i ti on to i nd i v i dual frequenc ies , al l rad i oco l l ars were 

equ i pped wi th a mercury swi tch acti v i ty mon i tor whi c h ,  when acti vated 

by head and nec k  movement , tri ggered a noti ceabl e change i n  the s i gnal  

rate and s i gnal strength . A raccoon was con s i dered acti ve when the 



TABLE 1 .  Background history of al l radiocol l ared raccoons captured in Cades Cove , Great Smoky 
Mountains National Park. 1 979-1 980. 

Sex
a A'J!b 

Weight at No. of Period of Time 
Animal Reeroductive Status caeture {kg} Radio locations Radiotracked 

ROl F 3 Had cubs in 1 979 & 1 980 5 . 2  258 1 9  Sept .  79-26 Sept.  80 

R02 F 3 Had cubs in 1 979 4 . 0  263 1 9  Sept.  79-26 Sept.  80 
No cubs in 1 980 

R04 F 2 Had cubs in 1 980 3.6 263 1 9  Sept. 79-26 Sept. 80 

R06 F 2 No cubs in 1 980 4.0 21 5 20 Sept.  79-26 Sept.  80 

R09 F 2 No cubs in 1 980 5 . 0  24 1 7 Oct.  79-26 Sept.  80 

Rl 5 F 1 Had at least 2 cubs in 4. 0 291 4 Oct .  79-26 Sept. 80 
1 980 

R20 F 1 No cubs in 1 980 4 . 5  291 4 Oct. 79-26 Sept.  80 

R55 F 3 Had cubs in 1 980 4 . 0  1 09 1 0  May 80-26 Sept .  80 

Y54 M 1 -- 2.7 81 27 March 80-1 5 Sept .  80 

Y55 M 3 -- 5 . 4  86 28 Sept . 79-27 March 80c 

Y58 M 3 -- 6 . 3  270 29 Sept. 79-26 Sept . 80 

Y61 M 3 -- 6 .8  266 1 9  Sept .  79-29 Sept .  80 

Y65 M 2 -- 4 . 0  149 22 March 80-26 Sept . 80 

Y66 M 2 - - 5 . 8  24 28 Feb . 80-7 April sod 

a F = f.;emale , M = Male 

b
l = 0-1 4 months; 2 = 1 5-38 months; 3 = 39-57 months; 4 = 58-86 months; 5 = > 86 months . 

cRadioco l l ar was removed from raccoon . 

d
Radiocollar fail ed prematurely. 



si gna l rate changed at l east 4 t imes duri ng a 2-mi nute t ime per iod . 

Thi s  was determi ned through v i sual observati ons of radi ocol l ared an i ­

mal s .  

1 2  

Du ri ng  radiotrack i ng , peaks i n  signal strength were used to 

l ocate d i rect i ona l  az i muths wh i ch were determi ned us i ng e i ther a hand­

hel d compass or a compass board mounted at the base of a mast antenna . 

The l oudest s i gnal method was used i nstead of the nul l average method 

to determi ne az i muths because i t  s howed l ess b i as and error (Spr inger ,  

1 979 } .  Azimuths were tri angu l ated on a 1 : 24000 sca l e  U . S . G . S .  topo­

graph i ca l  map of Cades Cove . T ime of the rad io l ocation and the act i v i ty 

of the raccoon were recorded for each radi o  fi x .  At l east 3 t imes 

weekly� the day beds of a l l radi ocol l ared an ima l s were l ocated dur ing  

dayl i ght hours . Any change i n  act i v i ty pattern due to d i sturbance at 

the day bed s i te was noted so that data regard i n g  movements between 

consecut i ve day beds woul d not be b i ased . Once a month , al l n i ght 

rad i otrack i ng sess i ons were undertaken us ing  9 meter ta l l ,  8-e l ement 

mast antennas that were permanently erected on the north and south  

s i des of  the cove . Data col l ect ion began about 1 hour before sunset 

and conti nued unti l approx imatel y 1 hou r after sun ri se . S imu l taneous 

rad i o l ocat i ons  were recorded hourly to assess movement patterns , rates 

of travel , and for home ran ge ana lys i s .  

I I I .  U se of Day Beds 

Day bed s i tes were c l ass i fied i n to 7 categor ies : Tree dens , 

tree roosts , tree nests , rock  dens , barn dens , ground dens , and mi scel ­

l aneous s i tes . Tree dens cons i sted of tree cav i ti es where raccoons 
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were tota l ly  shel tered from the externa l  envi ronment . Tree nests were 

usual ly  abandoned bi rd or squ i rrel nests whi l e  tree roosti ng was when 

an anima l  was observed lyi ng up i n  the branches or l imb of a tree . Rock 

dens cons i sted e i ther of a cave or rock cav i ty .  Ground dens were aban­

doned woodchuck ho l es and barn dens were burrows dug i nto hay that was 

l ocated wi th i n  a barn . The mi scel l aneous category was for i nfrequently 

used day bed s i tes such as brushp i l e s  and weeds . Throughout thi s report 

the term den i s  used on ly  in reference to barn , tree , rock , and ground 

dens . Upon l ocati on of a day bed s i te ,  a numbered meta l tag was per­

manently affi xed to the s i te .  Th i s  was done i n  order to document day 

bed reuse and use of the same s i te by di fferent radi ocol l ared a n ima l s .  

I f  the 'day bed was a tree , the di ameter and spec i es o f  the tree , as 

wel l  as the hei ght of the day bed were noted . To document day bed 

avai l abi l i ty ,  7 transects were wa l ked wi th i n  the areas of greatest day 

bed concentrati on . The transects were 3 m wi de but the l ength vari ed 

wi th the s i ze of the wooded area . The spec ies  and di ameter of every 

tree greater than 5 m i n  hei ght , as wel l  as the presence of rock , 

ground , and barn dens were recorded . 

Conti nuous 7�day and 30-day thermograph probes we re i nserted 

i nto one of each of the 4 den types .  Ambi ent tempe rature probes were 

a l so set up i n  wooded areas about 1 . 5 m h i gh ,  away from wi nd and di rect 

sunl i ght . Temperatu re data a l l owed for compari sons between seasonal 

den uti l i zati on , den temperature , and ambient temperatures . 



IV . Bl ood and Paras i te Col l ecti on and Ana lys i s  

B l ood samp l es were taken from the femora l vei ns of most of the 

captured an ima l s .  Part of the bl ood samp le  was col l ected i nto EDTA 

vacutubes and immed i ately p l aced on i ce .  B l ood smears were made from 

the EDTA bl ood wi th i n  several hours after col l ecti on .  The rema i n i ng 

bl ood was a l l owed to cl ot at room temperature for severa l hou rs after 

wh i ch i t  was centri fuged at 1 500 rpm for approxi mate ly  1 5  mi nutes . 
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The cl ot  was then di scarded and the remai n i ng serum was frozen . The 

who l e bl ood sampl es , as wel l as the smears , were brought i nto the 

C l i n i ca l  Pathobi ol ogy Laboratory of The Uni vers i ty of Tennessee 

Veteri nary Hos pi ta l , where they were analyzed for 1 1  hematol ogi cal 

parameters . I n  add i tion , the whol e bl ood was ana lyzed for 

mi crofi l ari a .  Fi l ar i as i s determi nati on was based upon mi croscop i c  

exami nati on o f  the bl ood by the Knotts techn i que (Gubl e r ,  1 966) . 

Morpho l ogy of randomly sel ected mi crofi l ar i a  was exami ned and measure­

ments taken wi th an ocu l ar mi crometer of X20 for l ength and X40 for 

d i ameter .  

The serum samp l es were assayed for anti bod i es to severa l v i ruses 

us i ng the i nd i rect fl uorescent anti body test (Hs iung , 1 973) .  The 

v i ruses of i nterest i nc l uded those for can i ne d i stemper ,  rab ies , pseudo­

rab ies , can i ne parvovi ru s ,  and can i ne hepat i ti s .  

I n  add i ti on to b l ood , 386 ectoparas i tes were col l ected from 7 7  

raccoons i n  Cades Cove . These ectoparas i tes cons i s ted of 385 t i cks and 

1 bot fly l a rvae . Most of the ti cks were removed from the fac i a l  areas 

and ears wi th forceps and p l aced in g l ass  v i a l s  contai n i ng 70% ethanol 

(Braum, 1 978) .  Identi f i cation was determi ned by mi croscopi c  exami nat ion . 
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T i c ks were i dent i fied to genus and when pos s i b l e  to spec i e s .  

V .  Data Ana lys i s  

Mark-recaptu re data was used to obta i n  a popu l at ion estimate 

u s i ng the POPAN-2 computer program (Arnason and Bani uk , 1 980 ) .  Thi s 

program ed i ts and d i spl ays the data , provi des genera l  s tati sti cs­

gatheri ng capabi l i ti es, and prov i des a comprehens i ve set of ana lyses 

based on the Jol ly-Seber model (Jol l y ,  1 965 ; Seber, 1 965 ) , an open 

popu l at ion mode l  tak i ng i nto account l os ses and add i tions to the popu­

l ation . Due to the methods of samp l i ng duri ng the cou rse of the study, 

and the i nherent assumption  of equal catchabi l i ty i n  the model, the 

Cades Cove raccoon popul ati on was treated as several subpopu l ati ons . 

Home range and acti v i ty center cal cul at ions were based upon the 

e l l i pt ica l  or bi var iate home range model (Koeppe l et a l . ,  1 975 ) .  Al l 

rad i otel emetry l ocati ons were i n i ti a l ly  used i n  the ana lys i s .  However , 

based upon val ues for skewness and kurtos i s  and the T val ues gi ven by 

the program, outlyi ng  or unusual  l ocati ons were de l eted for the fi nal 

estimati ons  of home range . Home range va l ues were adj usted unti l they 

approximated acceptabl e T val ues for s kewness and kurtos i s  Ca.= . 05 ) .  

For every anima l, cal cu l ations were made for both seasonal and annual 

home ranges . Seasonal data were based upon c l ass i fy i ng September 

through November as fa l l ,  December through February as wi nter , March 

through t1ay as spr� ng, and June through August as su!Mier. 

I n  add i ti on to the above model s ,  the Stati s t i ca l  Ana lys i s  System 

( SAS ) ( Barr et a l ., 1 976 ) was used for most parametri c stati sti ca l  work 

and the Stat i stical  Package for the Soc i a l  Sc i ences ( SPSS )  ( N i e  et a l ., 
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1 970 ) for d i scrimi nant functi on ana lys i s  and for nonparametric  sta ­

ti st ics . I n  SAS , stati st ica l  tests i ncl uded analys i s  o f  vari ance , 

Duncan ' s  mu l t i p l e  range test ,  T-tests , and bas i c  un i var i ate descr i pt i ve 

stati sti c s . The l atter was used for tests of norma l i ty ,  means , ranges , 

and frequenc i es . I n  SPSS, the Kruska l l -Wal l i s test and Mann-Whi tney 

U-Test were used when deal i n g wi th sma l l samp l e  s i ze s .  Un l ess other­

w i se spec i fied i n  the text , stat i st ica l  s i gn i fi cance was set at 

p � . 05 . 



CHAPTER I V  

RESULTS AND D I SCUSS ION 

I .  Trappi ng 

Duri ng the peri od 1 5  September 1 979  through 30 September 1 980 ,  

858 trap n i ghts i n  Cades Cove resu l ted i n  the capture of 1 53 d i fferent 

raccoons ,  288 t imes . Adj usti ng for traps sprung by animal s othe r than 

raccoons (Nel son and Cl ark , 1 973 ) , a 45% success rate was ca l cu l ated . 

Thi s  compares to the unadj usted f igure of a 33% success rate . Both of 

these fi gures are much h i gher than those reported by Keel er  ( 1 978 ) i n  

Cades Cove , by Woods ( 1 978) on the Chuck Swan Wi l d l i fe Managemen t Area , 

Uni on Co . , Tennessee , or by Lehman ( 1 97 7 ) on a wi l dl i fe study area i n  

I nd i ana . I n  fact ,  the trap success obta i ned i n  th i s  study appears to 

be the h i ghest reported i n  the l i terature to date . Trap success d i d  

not differ apprec i ably duri ng  d i fferent seasons . The h i ghest was 

observed i n  spr i ng (47% ) , fol l owed by wi nter ( 46% ) ,  fa l l  (42% ) , and 

s ummer ( 4 1% ) . 

I I .  Phys i ca l  Pa rameters 

Weights and Measurements 

Tabl e 2 i nd i cates the average we i ghts and measurements for the 

d i fferent  raccoons captu red of each sex .  There were no s i gn i fi cant 

d i fferences (ana lys i s  of vari ance , P > .0 5 )  for ei ther sex i n  terms of 

ear l ength , front foot l ength , ta i l  l ength , and tota l l ength . However ,  

1 7  
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TABLE 2 .  Body we i ghts and measurements of ma l e  and fema l e  raccoons 
from Cades Cove , Great Smoky Mounta i ns Nati ona l  Park , 
1 979-1 980 . 

Va riab l e  N Mean Standard Error Range 

MALES 

We i ght ( kg ) 85 4 . 2  0 . 1 7  1 . 4 - 7 . 7  

Ear l ength (em ) 57 5 . 4  0 . 076  4 . 0  - 7 . 0  

Front foot l ength (em ) 58 6 . 8  0 . 07 7  5 . 3  - 8 . 0  

Rear foot l ength (em ) 58 9 . 9  0 . 083 8 . 0 - 1 1 . 0 

Ta i l l ength ( em ) 57 22 . 8  0 . 47 1 9 . 0 - 27 . 0  

Total l ength (em ) 57 76 .R 1 . 7 64 . 0  - 99 . 0  

FEMALES 

We i ght ( kg ) 1 1 1  3 . 5  0 .  091 0 . 68- 5 . 9  

Ear l ength (em ) 77 5 . 4  0 . 050 4 . 0  - 6 . 4  

Front foot l ength (em ) 78 6 . 7  0 . 066 5 . 0  - 8.3 

Rear foot l ength (em ) 77 9 . 6  0 . 078 6 . 5 - 1 0 . 7  

Ta i l  l ength ( em ) 77  2 3 . 8  0 . 36 1 1 . 0 - 32 . 0  

Total l e ngth (em ) 77 76 . 0  0 . 94 44.0 - 90 . 0  
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mal es were s i gn i fi cantly heav ier  and had s i g n i fi cantly l a rger rear paw 

l engths than femal es {ANOVA , P < . 05 ) .  Mal es averaged 4 . 2  ± . 1 7  kg wi th 

a rea r paw l ength of 9 . 9  ± . 083 em wh i l e  fema l es averaged 3 . 5  ± . 091 kg 

wi th a rear paw l ength of 9 . 6  ± . 078 em. Al l measu rements are s i mi l ar 

to those found prev i ous ly  for raccoons i n  Cades Cove { Kee l e r ,  1 974 ) as 

wel l as  for raccoons in Al abama { Johnson , 1970 ) , and F l ori da { B i gl er 

et a l . ,  1 97 7 ) .  

Add i ti ona l patterns emerge when the data are broken down i n to 

the mean seasonal we i ghts for the d i fferent age c l ass raccoons { Tabl e 

3 ) .  A l though the uneven and sma l l sampl e  s i zes d i d  not a l l ow for 

stat i s t i ca l  ana l ys i s  for a l l age c l asses , i n  a l l  seasons , the c l ass 1 

raccoons of both sexes genera l l y  we i g hed l es s  than a l l othe r age 

c l as ses . Fu rthermore, a l l raccoons of a l l ages except c l as s  1 mal es 

were heav i est dur i n g  the fa l l  and wi nter months . I t  i s  dur ing  th i s  

t ime that raccoons bui l d  up fat reserves for the col d peri ods . We i ght 

di fferences between c l ass  1 and ol der an ima l s may be part ly  attri buted 

to the fact that du ri ng the fa l l ,  most of the food consumed by o l der 

raccoons i s  stored as fa t reserve , wh i l e  j uven i l es must sti l l  use much 

of the i r food for growth { Stuewer ,  1943b ) .  

Compari son of seasonal wei ght changes wi th in  d i fferent raccoon 

popul at i ons i nd i cates a general tendency for both the we i ghts and the 

degree of seasona l fl uctuat ion to i ncrease wi th i ncreas i ng l at i tude 

{Johnson , 1970 ) . In  th i s  study , compari son of the wei ghts of recaptured 

raccoons of both sexes i ndi cated the greatest fl uctuati ons between the 

fal l and w i nter months and the spri ng and s ummer months { Tab l e  4 ) .  

Between the beg i nn i ng of fal l and the end of wi nter there was a 32% and 



TABLE 3 .  Mean seasonal wei ghts ( kg ) for d i fferent age c l as s  raccoons of both sexes from Cades 
Cove , Great Smoky t·1ounta i ns Nat i onal Park , 1 979-1 980. 

Season 
Age Class Winter {nla Spring (n) Surmier -{n} Fall {n} 

Ma l es 

1 2 . 8  + . 1 7  ( 1 1 )  2 . 8  + . 32 ( 5 )  3 . 4  + . 26 ( 7 )  2 . 1  + . 1 0  ( 1 0 )  

2 5 . 0 ( 1 ) 4 . 2  + . 1 4  ( 4 )  3 . 4  + . 43 ( 4 )  5 . 4  + . 30 ( 9 )  

3 6 . 7  + . 2 1  ( 5 )  4 . 7+ . 1 1 ( 5 )  4 . 3  + . 31 ( 8 )  5 . 8  + . 33 ( 5 )  

4 7 . 7  ( 1 ) 5 . 0 ( 1 ) 5 . 3  + . 08 ( 3 )  6 . 8  ( 1 ) 

5 - 4 . 8  ( 2 )  - 7 . 0  ( 2 )  

Femal es 

3 . 3  + . 1 9  ( 6 )  2 .  7 + • 0 9  ( 8 )  2 • 5 + • 34 ( 1 1  ) 3 . 0  + . 26 ( 1 6 )  

2 4 . 0+ . 1 8  ( 7 )  3 . 8  + . 1 8  ( 9 )  3 . 7  + . 23 ( 8 )  4 . 5  + . 2 5  ( 9 )  

3 4 . 4  + . 27 ( 5 )  4 . 1 + . 23 ( 5 )  3 .  5 + • 1 8  ( 6 )  4 . 4  + . 1 6  ( 9 )  

4 4 . 5  ( 1 ) 3 . 6  ( 2 )  

5 4 . 5 ( 2 )  3 . 2  ( 1 ) 3 . 5  ( 2 ) 4 . 5  ( 1 ) 

aNumbers i n  parentheses denote samp l e  s i ze .  N 0 



TABLE 4. Seasonal recapture wei ghts ( kg )  of adu l t  raccoons (> Cl ass 1 )  from Cades Cove , Great Smoky 
Mounta i n s Nati onal Park , 1 979-1 980 . 

Season 
Sex tall {nla --n �-_l(inte_r (n)� -- �-�s�rtflgiitl� -- - _sumerw 

Ma l es Mean 

Std . dev . 

Range 

Fema l es Mean 

Std . dev . 

Range 

6 . 9  ( 7 ) 

0 . 5  

6. 1 - 7 . 7  

4.4 ( 9 )  

0 . 6 

3 . 6  - 5 .4 

4. 7 ( 8 )  

0 .4 

4. 1 - 5 . 0  

3 . 6  ( 5 ) 

0 . 5  

3 . 2  - 4. 5 

aNumbers in  parentheses denote samp l e  s i ze .  

3 . 7  (4) 

2 . 0  

4. 3 - 5 . 2  

2 . 5  (4) 

1 . 6 

3 . 2  - 4. 1 

6 . 1 ( 5 )  

0 . 5 

5 .4 - 6 . 8  

3 . 7  ( 6 )  

1 . 8 

3 . 6  - 5 .4 

N 
_. 
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1 8% wei ght reduction i n  recaptu red mal es and fema l es respecti vely .  

From the begi nni ng of spri ng to the end of summer there was a 65% and 

48% wei ght gai n  i n  recaptured mal es and fema l es respecti vely .  Thi s i s  

s i mi l ar  to what was found i n  Al abama by Johnson ( 1 970 } .  However ,  Mech 

et al . ( 1 968 ) and Stuewer ( 1 943a ) found wei ght l os ses of over 50% to 

be common i n  M innesota and Mi chi gan due to severe wi nters and pro­

l onged wi nter l ethargy . 

Pel age 

Al though  the majori ty of captu red an i ma l s were typi cal l y  gray , 

bl ack and 3 bl ond raccoons were captured . These 3 col ors are a l l 

vari ati ons of the gray raccoon l i ne (Wh i tney and Underwood , 1 952 ) .  

Other co l or phases exi st but they are rare and usual ly seen only when 

raccoons are bred i n  capti v i ty (Wh i tney and Underwood , 1 952 ) .  

I I I .  Popu l at ion Si ze and Structu re 

Dens i ty 

An estimate of 1 1 8 ± 59 raccoons was made for the Cades Cove 

study area . Gi ven a study area of 2000 ha , thi s i nd i cates a popu l at i on 

dens i ty of l / 1 7  ha . Thi s i s  not a h i gh  den s i ty compa red to some other 

raccoon popul ati ons (Tabl e 5 ) .  The h i ghest dens i ti es , such as  those 

observed by Lehman ( 1 977 ) are found i n  swamp and marshy areas and the 

l owest ,  such as  those observed by Fri tze l l  ( 1 977 ) are i n  res i den ti a l  

areas .  The dens i ty i n  thi s study compares favorably  to Keel er • s  ( 1 978 } 

estimate of l / 1 7 . 8  ha i n  Cades Cove and to Wood • s  ( 1 978 ) est imate of 

1 /23 . 1  ha i n  a s i mi l ar habi tat type in East Tennessee .  Furthermore , 

th i s  estimate i nd i cates the res i l i ency of the popu l ati on from a 1 974 



TABLE 5 .  Raccoon den s i t ies  reported from d i fferent reg i ons o f  the 
Un i ted States { on ly  those obta i ned by mark-recapture data ) .  

State Densitl Source 

Alabama 1 /8 . 5  ha Johnson { 1 970 )  

I l l i no i s  1 / 5 . 7  ha Urban { 1 970 )  

Ind i ana 1 /2 . 8- 1 / . 45 ha Lehman { 1 977 ) 

Mi ch i gan l /6 . 6  - 1 / 1 2 . 5  ha Stuewer { 1 943a ) 

N .  Dakota 1 / 1 70 - 1 /85 ha Fri tze 1 1  { 1 978a ) 

Ohi o 1 /2 . 4  ha Wi l l i ams { 1 936 ) 

l / 5 . 7 ha Urban { 1 970 )  

1 / 1 0 . 9 - 1 . 42 . 9  ha Butterfie l d  { 1 954 ) 

2 3  

1 / 1 . 5  ha Hoffman and Gottschang { 1 977 ) 

S .  Caro l i na l /4 . 0 ha Cunn i ngham { 1 962 ) 

Tennes see l /23 . 1  ha Woods { 1 978 ) 

1 / 1 7 . 8  ha Keel er { 1 978 )  

l / 1 7  ha Thi s  study 

V i rg i n i a  1 /5 . 7  ha Sonesh i ne and Wins l ow { 1 972 ) 

Wi scon s i n  1 /44 . 0  ha Dorney { 1 954 ) 
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ep i zooti c of can i ne d i stempe r that reduced the popu l ati on to l /52 . 5 ha 

( Kee l er ,  1 978 ) .  

Al though the fiel ds i n  Cades Cove were uti l i zed by the raccoons 

for travel and forag ing , they were not true l i v i ng space because of a 

l ack of su i tabl e day bed s i te s .  A more accurate representati on of 

dens i ty may be expressed by ecol og i ca l  dens i ty ( Smi th , 1 974 ) .  S i nce 

there are approx imately 1 200 ha of woodl and wi th i n  the study area , the 

eco l og i ca l  dens i ty of raccoons was estimated at l / 1 0  ha . 

Sex Rati o 

Among mamma l s ,  the sex rati o at bi rth i s  often s l i ghtl y i n  favor 

of ma l es ( Smi th , 1 974) . By adu l thood i t  may favor e i ther ma l es or 

fema l es dependi ng upon spec i es , mortal i ty ,  and habi tat ( Smi th , 1 974 ) . 

Al though the sex rati o  at bi rth cou l d  not be determi ned i n  th i s  study ,  

the sex ratio  o f  2 2  pre-weaned juven i l es captured duri ng the summer 

months was 1 :1 . The sex rati o of a l l of the raccoons captured duri ng  

the study peri od was 1 . 3 : 1  fema l es to ma l es ( Fi gure 2 ) .  Th i s  rat i o i s  

s imi l ar to that observed i n  some stud i es ( Stuewer ,  1 942a; Lehman , 1 97 7 ; 

Dew , 1 978 ) but contrasts wi th others that demonstrate a l i ve trap b i a s  

toward ma l es ( Urban , 1 970 ;  Sonershi ne and  Wi ns l ow ,  1 972 ) .  

Exami nati on of the seasonal vari ati on i n  sex rati os of captured 

raccoons i nd i cated no s i gn i f i cant vari ati on between the seasons 

( Kruska l l -Wal l i s Test ,  P > . 05 )  but i nteresti ng monthly va ri ations 

( Fi gure 3 ) .  The atyp i cal 3 : 1  rati os of fema l es to ma l es duri ng the 

month of June may be rel ated to the d i s persa l  of yearl i ng ma l es from 

the study area duri ng thi s  ti me .  Age and sex rati o data must be 

i nterpreted carefu l ly wi th the premi se that observed rat i os may not 
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Fi gure 2. Age pyrami d of raccoons i n  C ades C ove , Great Smoky f•l ountai ns 
Nati ona l  Park , 1 979- 1 980 . Numbers i n  pyram id  represent 
samp l e  si ze .  
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necessari ly  be true rati os { Petri des , ' 1 949) . 

Age RatiOS 

The techn i que used i n  thi s study for age determi nat i ons { Grau 

et al . ,  1 970 )  had l imi ted accuracy but i s  one of the better techn i ques 

avai l ab l e  for use wi th l i ve an imal s .  The l east accuracy was obtai ned 

wi th mi ddl e-aged animal s { age cl asses 2-4 } .  I f  we c l ass i fi ed age 

c l asses 1 and 2 as  young an ima l s ,  and age cl asses 3 ,  4 ,  and 5 as  o l der 

anima l s ,  an age rat i o  of 2 : 1  young to o l der an ima l s was obta i ned . 

Smi th { 1 974 ) states that an age rati o of young to adu l ts i n  a stab le  

popul ati on shou l d  be approximately 2 : 1 . 

Changes i n  seasonal age and sex ratios { Fi gu re 4 )  a l so can be 

used to obta i n addi ti onal i nformati on about a popu l ati on { Pau l i k  and 

Robson , 1 96 9 ;  Tanner , 1 978 ).  However ,  the extent to whi ch these rati os 

can be used to refl ect the dynami cs of a popu l ati on i s  questi onabl e .  

They can often p rovi de ambi guous i nformati on and the i r mi s i nterpre­

tati on can l ead to seri ous management bl unders { Caugh l ey ,  1 974 ) .  

I V .  Popu l at ion Dynami cs 

Breed i ng and Reproducti on 

Several key sexual characteri sti cs were noted on randomly 

sel ected raccoons of both sexes . I n  mal es ,  the absence of testes were 

noted . Of 55 i nd i v i dual ma l es that were exami ned , 56% had descended 

testes . Seasona l l y ,  the h i ghest frequenci es of descended testes were 

observed i n  spri ng { 5/ 7 )  and summer { 9/ 1 3 ) ,  and the l owest duri ng 

wi nter { 6/ 1 3 ) .  I n  a l l but 3 of the i nstances i n  whi ch testes were 

wi thdrawn { N=2 1 ) ,  the anima l s  were j u veni l es .  Due to the l ack of 
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Figure 4. Seasonal age pyramids for raccoons from Cades Cove , Great Smoky l�ountai ns Nati onal Park, 
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addi ti ona l data concern i ng test icu l ar we i ghts and  s i zes , no i nferences 

can be made from these data regard i ng mal e  seasona l cyc l es . Stuewer 

( 1 943b )  reported that the testes of j u veni l es and yea rl i ngs a re abdom­

i na l  wh i l e those of adu l ts rema i n  i n  the coe l om only to descend duri ng 

the breedi ng season . Sanderson and Na l bandov ( 1 97 3 )  however ,  found 

that raccoon testes were nearly a l ways descended , even at  b i rth , and 

Nal bandov ( 1 958 ) c i tes the ma l e  raccoon as a species i n  wh i ch sperma­

togenes i s  i s  conti nuous throughout the year .  

I n  fema l e  raccoons ,  teat l ength and p i gmentat ion we re recorded 

and i nd i v i dua l s  that were obv ious ly  pregnant or l actati ng we re noted . 

Teat l engths were used as i nd i cators of breed i ng cond i t i on and l acta­

t ion ( Stuewe r ,  1 943b ; Sanderson , 1 950 ) . Al though p i gmentat i on of 

n i ppl es were noted , i t  was not used as an i nd i cati on of reproducti ve 

acti v i ty .  Al though thi s character i st i c  has been used by prev i ous 

stud i es to assess reproducti ve cond i ti on (Stuewe r ,  1 943b ) , more recent 

evi dence i nd i cates that pseudopregnant yearl i ng fema l es may devel op 

heav i ly p i gmented n i pp l es , and some parous adu l ts have nonpi gmen ted 

teats ( Sanderson , 1 950) . General l y ,  p i gmentat ion has not been corre­

l ated wi th any phys i o l og ica l  factor ( Sanderson and Nal bandov ,  1973 ) .  

Teat l ength categories of 0- 1 . 0  em and > 1 . 0 em were used to represent 

nonl actat i n g  and l actati ng fema l es respecti vely  ( Stuewer ,  1 943b ) .  Ten 

of 1 1  fema l e  raccoons samp l ed were l actati ng duri ng the summer mon ths 

but on ly  1 1  of 4 1  were l actati ng  du ri ng  the wi nter months . Dur i n g  

s pri ng and fa l l , 1 1  of  24  and 5 of  1 2  fema l es exami ned were l actati n g .  

These data support the hypothes i s  of  s i ng l e  annual l i tters i n  raccoons 

but a l so suggests that earl y or l ate l i tters may occu r ( Stuewer , l 943b ; 

Whi tney and Underwood , 1 952; Lehman , 1 968) . Fema l es that fa i l  to breed 
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dur i ng the i r  fi rst estrus , or who l ose the i r fi rst l i tter shortly after 

bi rth , a re capabl e of hav i ng a second l i tter 2 to 3 months l a ter 

(Stuewer ,  1 943b ; Whi tney and Underwood , 1 952 ; Johnson , 1 97 0 ;  Sanderson 

and Na l bandov , 1 973 ) .  

Severa l methods were used to assess da tes of breed i ng and par­

turi t i o n .  Three radi ocol l ared fema l es were known to have g i ven b i rth 

duri ng the study and partur i ti on was strongly  suspected i n  1 other 

rad i oco l l ared a n imal . S i nce pregnant femal es wi l l  enter a l i tter den 

3 to 7 days before bi rth and rema i n  i n  the den wi th the young for 50 

to 60 days a fter b i rth ( Schne i der et a l . ,  1 97 1 ) ,  conti nuous rad i o­

track i ng data cou l d  be used to l ocate matern i ty dens and est imate bi rth 

dates ( Tab l e  6 ) .  Thi s method i nd i cated a b i rth date of earl y June 

w i th an average of 60 ± 1 4  days spent wi th i n  the l i tter den . A second 

method of establ i sh i ng average b i rth dates i nvol ved the capture of 22 

pre-weaned j u ven i l es duri ng  summer and fa l l .  The presence or absence 

of parti cul a r  deci duous and permanent teeth were used to age these 

an imal s to wi th i n  a few days ( Tabl e 7 )  (Montgomery , 1 974 ) .  These ages 

cou l d  then be extrapol ated back to the b i rth date . U s i ng  th i s  method , 

the earl i est b i rth date was estimated at  1 2  May and the l atest  2 

August ,  w i th a mean bi rth date of 23 June . The dates of capture of 

pregnant and l actat i ng fema l es (Tabl e 8) a l so i nd i cate that partu r i t i on 

usual ly occurs i n  June. I f  an average gestat ion peri od of 63 days i s  

assumed ( Hami l ton , 1 936 ; Stuewer ,  l 943b ; Whi tney and Underwood ,  1 952 ) ,  

breed i ng i n  the Cades Cove raccoon popu l ati on shou l d  have occurred i n  

l ate March o r  early Apr i l .  

In  the northern U n i ted States , raccoons breed from January 

through March , wi th a peak i n  February ( Hami l ton , 1 936 ; Sanders'On , 



TABLE 6 .  Matern i ty den data for raccoons i n  Cades Cove , Great Smoky 
Mounta i ns Nati ona l Park , 1 979-1 980 . 

T ime Den Number of 
Animal  Den Entry-Exi t Dates i n  Den Type Radi o  l ocat i ons 

ROl 4 June 80 - 1 4  Ju ly  80 40 days Tree 20  

Rl S 2 1  May 80 - 31 Ju ly  81  7 1  days Tree 34 

R20 29 May 80 - 28 Ju ly  80 60 days Tree 27  

RSS 21 May 80 - 30 Ju ly  80 70 days Tree 34 

Mean 26 May 80 - 26 Ju ly  80 60 days 

31  
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TABLE 7 .  Ages and  estimated b i rth dates of  captured preweaned raccoons 
i n  Cades Cove , Great Smoky t1ounta i ns Na ti onal Park , 1 979-
1 980. 

An imal Age (dals} Ca�ture Date Estimated B i rth Date 

R03 86 - 97 1 9  Sept 7 9  2 1  June 7 9  

R05 86 - 97 20 Sept 7 9  22  June 7 9  
Rl 2 1 06 - 1 1 2 20 Oct 80 4 Ju ly  80 
R78 86 - 97 1 9  Sept 80 2 1  J une 80 

R82 86 - 97 1 9  Sept 80 21 June 80 

R87 86 - 97 1 9  Sept 80 21 June 80 

R201 7 3  2 1  Aug 80 1 0  June 80 

R203 73 2 1  Aug 80 1 0  June 80 

R202 1 06 - 1 1 2 4 Oct 80 1 8  June 80 

R204 1 06 - 1 1 2 1 2  Oct 80 26 June 80 

R205 1 06 - 1 1 2 1 2  Oct 80 26 June 80 

Y52 86 - 97 4 Oct 80 5 J u ly  80 

Y53 86 - 97 20  Sept 80 22 June 80 

Y54 86 - 97 20  Sept 80 22 J une 80 

Y60 86 - 97 4 Oct 80 5 Ju ly 80 

Y62 86 - 97 29 Sept 80 30 J une 80 

Y67 1 06 - 1 1 2  7 Oct 80 21 J une 80 

Y70 1 06 - 1 1 2  7 Oct 80 21 June 80 

Y71 86 - 97 25 Oct 79 2 Aug 79 

Yl 05 86 - 97 1 9  Sept 80 21 June 80 

Y201 66 1 6  Ju ly  80 1 2  May 80  

Y202 73  1 9  Sept 80 8 Ju ly  80 

N = 22 Mean  b i rth da te - 2 3  June 80 
Ran ge 1 2  May - 2 Aug 



33 

TABLE 8 .  Dates of captu re of pregnant and l actati ng fema l e  raccoons i n  
Cades Cove , Great Smoky Mounta i ns Nati ona l Park , 1 979 - 1 980 . 

Animal Date Ca�tured Re�roducti ve Condi ti on 

ROl 1 0  May 80 Pregnant Stomach d i s tended 

ROB 24 May 80 Pregnan t Stomach d i s tended 
N i ppl es swol l en 

R55 1 8  Hay 80 Pregnant Stomach d i s tended 
N i ppl es swol l en 

R57 24 May 80 Pregnant Stomach d i s tended 

R60 1 8  May 80 Pregnant  Stomach d i s tended 

R61 1 1  May 80 P regnant Stomach d i s tended 

R75 21 J une 80 Lactat ing  Teats swol l en ,  l a rge 

R41 1 8  J u ly  80 Lactati ng Teats swol l en 
Tea t s i ze 1 . 8 em 

R43 1 Aug 80 Lactati ng  Teats swo l l en ,  2 . 0  em 

R46 25  Ju ly  80 Lactati ng Teats swo l l en 

Rl 5 1  18  Sept 80 Lactat ing  Teats swol l en 
Caught wi th 2 cubs 

R 1 5  1 9  Sept 80 Lactat ing  Teats swo l l en 
Caught wi th 2 cubs 
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1 961 ; Stuewer , 1 943a ) and pa rtur it ion in l ate Apr i l  ( Sanderson , 1 96l a ) . 

In the south , the breed i ng peaks i n  March and Apri l (McKeever , 1 958 ; Cunn i ngham , 

1 962 ; Johnson , 1 970 )  wi th partur i t i on i n  i•lay {McKeever , 1 958 ) . I n  

Cades Cove , breed i ng peaked i n  Apr i l  wi th parturi ti on i n  June . These 

per i ods are a bout the same as recorded from A labama (Johnson , 1 970 )  and 

compare wi th the data from the more southern l ati tudes . Variati ons i n  

the breed i ng season are not unusual s i nce breedi ng ages , parturi ti on 

dates , l i tter s i zes , and frequency of l ate l i tters have been s hown to 

vary wi th l ati tude , habi tat , and popu l ation dens i ty ( Fr i tzel l ,  1 978a ) .  

Furthermore , the l ength of the breed i ng season can be affected by d iet  

( B i s sonnette and Csech , 1 938 , 1 939 ) .  Despi te these factors , there does 

appear to be a general trend of earl i er breedi ng and partur i ti on dates 

in more norther ly l ati tudes . Thi s may be rel ated to the harsher  and 

more prol onged wi nter cond i t i ons at  these l ati tudes . S i nce the fema l e­

young  rel at ionshi p i n  raccoons i s  l engthy and energeti ca l ly  expens i ve 

( Schneider et a l . ,  1 971 ) ,  i t  i s  much more crucia l  i n  northern areas 

for the fema l es to undergo parturi tion  and l actati on as earl y a s  

poss i bl e  s o  that they may qu i ck ly  and effi c i ently store needed energy 

reserves for the upcomi ng wi nter months . 

Three rad i ocol l ared an ima l s ,  Rl , R2 , and Rl 5 ,  and 1 tagged 

anima l , R l 5 1 , were observed i n  the fi e l d  wi th 4 ,  4 ,  2 ,  and 1 young 

respect'i vel y .  Thi s sma l l samp l e  i nd i cates a mean l i tter s i ze of 

2 . 8  ± 1 . 5 young whi ch  compares favorably to the fi nd i ngs of Woods 

( 1 978 ) i n  Tennes see but d i ffers from those of other stud i e s  (Tabl e 9 ) .  

There i s  a gene ral trend toward l arger l i tter s i zes i n  more northern 

l ati tudes ( Johnson , 1 970 ) .  Thi s i s  a pos s i bl e  mechan i sm to compensate 



TABLE 9 .  Vari ati on i n  mean l i tter s i ze of raccoons throughout the 
Un i ted States .  

State N Mean L i tter S i ze Source 

North Caro l i na 1 0  1 . 9 L 1 ewe l l yn ( 1 952 ) 

Wash i ngton 7 2 . 0  Scheffer ( 1 950 ) 

Maryl and 1 2  2 . 3  L l ewel lyn ( 1 952 ) 

Al abama 1 01 2 . 5  Johnson ( 1 97 0 )  

South Carol i na 1 3  2 . 8  Cun n i ngham ( 1 962 ) 

Tennessee 20 2 . 8 Woods ( 1 978 ) 
4 2 . 8 Thi s study 

Georg i a , Fl ori da 1 7  3 . 2  Me Keever ( 1 958 ) 

Texas 26 3 . 4  Wood ( 1 955 ) 

I 1 1  i noi  s ? 3 . 5  Sanderson ( 1 960 ) 

Lou i s i ana 6 3 . 8  Cag l e  ( 1 949 ) 

Mi ssouri 22 3 . 8 Sanderson ( 1 950 )  

t·1 i chi  gan 1 1  4 . 0  Stuewer ( 1 943b )  

V i rgi n i a  5 4 . 4  Kel l ner  ( 1 954 )  

Kansas 8 4 . 6  Sta i n s ( 1 956 ) 

North Da kota ? 4 . 8  Fri tze 1 1  ( 1 977 ) 

New York 4 5 . 0  L l ewe l lyn ( 1 952 

MEAN - 3 . 4  

35 
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for h i g her wi n ter morta l i ty at  these l at i tudes (Mech et a l . ,  1 968 ) .  

Of the matern i ty dens that were l ocated , on ly 1 was exami ned .  

Thi s den cons i s ted o f  a 0 . 3 m deep , 32 em d i ameter cav i ty ,  5 . 4  m h i g h  

i n  a whi te o a k  tree . Al though the cav i ty opened from the top , there 

appeared to be exce l l ent  canopy protecti on aga i nst ra i n .  There was no 

i nd i cati on of any nest bui l d i ng wi thi n the den a l though th i s  behav i or  

has been observed i n  other stud ies ( Schnei der et  a l . ,  1 97 1 ; Stuewer , 

1 948 ; Whi tney and  Underwood , 1 952 ) .  

Acti v i ty 

Throughout the study , 5 , 434 acti v i ty read i ngs were obta i ned from 

14 radi ocol l ared raccoons . Acti v i ty was documented whi l e  search i ng  for 

dens duri ng  the dayl i ght hou rs and duri ng the a l l n i ght rad i otrack i ng 

ses s i ons . Any acti v i ty read i ngs cons i dered to be a resu l t of d i stu r­

bance at the day bed were di scoun ted . The use of mot ion sens i ti ve 

transducers to document acti v i ty i n  wi l d l i fe i s  a rel ati vel y new tech­

n i que i n  rad i otel emetry .  Prev i ous studi es to document acti v i ty have 

cons i dered d i s tances between sequent ia l  rad io l ocat i ons  (Al t et a l . ,  

1 976 ; Kammermeyer and March i nton , 1 977 ) and aud i b l e  changes i n  s i gna l 

frequency and strength ( Gi l mer et al . ,  1 971 ; Poe l ker and Hartwel l ,  

1 973 ) .  However , both of these have been shown to be l es s  accurate 

than the use of moti on sen s i ti ve dev ices (Qu i g l ey et a l . ,  1 97 9 ) .  The 

ti p-swi tch moti on sensor , used duri ng thi s study ,  was con s i dered 

s uper i or to the reset mot i on sensor to measure acti v i ty ,  a l though i t  

was l es s  accurate for l ocati ng  an i mal s ( Qui g l ey et a l . ,  1 97 9 ) .  On ly  

2 prev i ous stud ies  ( Hardy , 1 979 ; Tayl or C . I . , 1 979 ) have empl oyed 

ti p-swi tch mon i tors for obta i n i ng acti v i ty i nformati on from raccoons . 
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S i nce a hi gh correl ati on was shown between movement patterns and 

acti v i ty as determi ned by moti on sensi ti ve devi ces i n  b l ack bears 

( Garsh ie l i s  and Pel ton , 1 978 ) , thi s was assumed true for the raccoons 

as  we l l .  The seasonal trends i n  acti v i ty ( Fi gu re 5 )  genera l l y  showed 

a sharp i ncrease i n  acti v i ty from 1 800 to 2 1 00 hou rs , a gradua l dec l i ne 

unti l 0300 hours , fol l owed by sharp dec l i nes unti l sunr i se .  S imi l ar 

acti v i ty patterns were observed by Sharp and Sharp ( 1 956 ) , Hardy { 1 979 ) , 

and Tayl or C . I .  ( 1 979 ) .  The da i ly trans i t ions from i nacti v i ty to 

acti v i ty and back to i nact i v i ty took pl ace most frequen tly at 1 900 

hours and 0700 hou rs respecti vely .  These times cl ose ly corresponded 

to sunset and sunri se . The wi nter acti v i ty pattern s howed the greatest 

di fferences re l ati ve to the other seasons . Duri ng the w i nter mon ths , 

on ly  50% of the raccoons were acti ve during peak acti v i ty hours . 

Furthermore , the l evel i ng off i n  acti v i ty occurred earl i e r  at 1 800 

hours , and the decl i ne after 2400 hours was more rap i d  than duri ng 

other  seasons .  Of a l l the envi ronmental vari ab les  known to i nfl uence 

act i v i ty i n  raccoons ,  ai r tempe ratu re i s  bel ieved to p l ay the greatest 

rol e ,  wi th l ower temperatures caus i ng decreased movement  and acti v i ty 

(Stuewer , 1 943b ; Whi tney and Underwood , 1 952 ) . The p resence of snow 

cover has a l so been shown to i nh i bi t movement (Stuewer , 1 943b ; Sta i n s , 

1 956 ; Caba l ka ,  1 952 ) .  Duri ng the fa l l  months , a greater proporti on of  

an imal s were acti ve over a l l t ime periods than dur ing  any other season . 

Most of the raccoons rema i ned acti ve unti l 0300 hours i nstead of 

s howi ng  the typ i ca l  pattern of decl i ne after 2400 hours . At 0700 

hours , approxi mate ly 40% of the raccoons were sti l l  acti ve . Thi s 

i ncrease i n  acti v i ty over l onger per i ods of time may be expected du ring  
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the fal l .  Duri ng spri ng and summer there are hi gh energy demands on 

fema l es due to p regnancy , partur iti on , and l actat i on , and h i ghe r than 

norma l demands on ma l es due to concepti on and d i spersa l . Fa l l  i s  the 

t ime for the raccoons to repl en i sh needed reserves and beg i n  to bu i l d  

up add i ti ona l  reserves for the wi nter .  

Soc i a l I n teracti ons 

39  

Si nce raccoons cou l d  not be di rectly observed i n  the f ie l d 

soc i a l i nteracti ons coul d be i n ferred from such thi ngs a s  home range 

overl ap , d i s tance between acti v i ty centers , and d i stance between day 

bed s i tes . Convex polygons were used to graphi cal ly  represent seasonal 

home range overl ap among representati ve mal e and fema l e raccoons 

( Fi gures 6-9 ) .  Al though polygon methods have subjecti ve bi ases 

( Sanderson , 1 966 )  and are dependent upon samp l e  s i zes (Madden and 

Marcus ,  1 978 ) , the advantages of the convex polygon i n  exami n i ng 

habi tat u ti l i zati on can outwe i g h  the d i sadvantages ( L i ndzey and Mes l ow ,  

1 97 7 ) .  Seasonal  home ranges i ndi cated extens i ve overl ap among both 

mal e and fema l e  raccoons of al l ages . Fema l e  raccoons appeared to have 

a greater degree of home range overl ap than mal es , wi th both sexes 

s howi n g  the i r l argest home ranges and overl ap duri ng  the spr i n g  months . 

Other s tudies  have a l so s hown extens i ve home range over l ap i n  raccoons  

( Stuewe r ,  1 943a ; Ge i s ,  1 966 ; Hardy , 1 97 9 ;  Tayl or ,  1 979 ) , and the degree 

of overl ap has even been used to assess agon i sti c i n teractions  and 

terri tori a l i ty (Jorgensen , 1 968 ) .  These stud ies  have gene ra l ly  l ed 

to the be l i ef that raccoons are not terri toria l . Howeve r ,  Mech et a l . 

( 1 966 ) postu l ated that raccoons do ma i ntai n  mi n imum spac i n g  d i s tances 

between resti ng s i tes and Tevi s ( 1 94 7 )  and Sharp and Sharp ( 1 95 6 )  
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Fi gure 6 .  Wi nter home range overl ap among various  age mal e  and femal e 
rad i oco l l ared raccoons i n  Cades Cove , Great Smoky Mountai ns  
Nati onal Park , 1 979- 1 980 . Each UTM grid  ti c = 1 km . 
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F i gure 7 .  Spri ng home range overl ap among vari ous age mal e and fema l e 
rad i oco l l ared raccoons i n  Cades Cove , Great Smoky Mountai ns  
Nati onal Park , 1 979- 1 980 . Each UTM gr i d tic  = 1 km.  



Y 65 = Age class 1 male 

Y 61 = Age class 5 male 

R02 = Age class 3 female 

R04 = Age class 2 female 

R20 = Age class 1 female 

F i gure 8 .  Summer home range overl ap among vari ous age mal e and femal e 
rad i ocol l ared raccoons i n  Cades Cove , Great Smoky Mountai ns 
Nat i onal Park , 1 979- 1 980 . Each UTM g ri d t i c  = 1 km . 
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Y 65 = Age class 1 male 

Y 61 = Age class 5 male 

R02 = Age class 3 female 

R04 = Age class 2 female 
R20 = Age class 1 female 

F i gure 9 .  Fal l home range overl ap among vari ous age mal e and femal e 
rad i ocol l ared raccoons i n  Cades Cove , Great Smoky Mountai ns 
Nat i onal Park , 1 979- 1 980 . Each UTM grid  t i c = 1 km .  
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showed that feed i ng areas may be actively defended by adu l t mal es . As 

a resu l t  of a recent study , Fri tzel l { 1 978b) has even specu l ated that 

a form of terri tori a l i ty i s  exhi bi ted by adu l t mal e  raccoons i n  

response to compet i ti on for access to femal es . 

Al though data concern i ng s imu l taneous l ocati ons of adul t mal es 

was not ava i l abl e from thi s study , compari sons of seasonal and annual 

acti v i ty centers can be exami ned {Append i x  1 ) . The 2 o l dest rad i o­

col l ared mal e raccoons from th i s  study , Y58 and Y6 1 , s howed vari abi l i ty 

i n  degree of seasonal  overl ap { Fi gure 1 0 ) .  Duri ng most of the year  

they ma i nta i ned rel at i ve ly c l ose contact wi th acti v i ty cen ters on ly  

0 . 5 km apart dur i n g  fal l ,  0 .4  km apart duri ng spri ng , and 0 . 3  km  apart 

dur i ng  wi n ter .  However ,  dur ing  the month of  Apri l ,  when breedi ng 

occurred , they rema i ned rel ati vel y d i s tant from each other wi th 

acti v i ty centers 1 . 3 km apart. Duri ng the summer months , when young 

were bei ng weaned and fami l y  un i ts began to l eave the i r matern i ty dens 

and trave l  togethe r ,  these 2 ma l es mai nta i ned acti v i ty centers 1 . 5 km 

apart . These data i ndi cate the pos s i bi l i ty that adu l t  mal es may mai n­

tai n  some degree of d i stance from each other duri ng breed i ng and 

parturi ti on , but not at other t imes of the year .  Duri ng  l ate fa l l  

and wi nter both ma l es were known to share the same den on at l east  1 0  

occas i on s .  I t  i s  un l i ke ly  that these 2 raccoons were s i bl imgs s i nce 

mal e  s i bl i ngs usua l ly  separate early in l i fe { Fri tzel l ,  1 97 7 ) .  

Another poss i bl e  expl anati on for exten s i ve home range overl ap , 

parti cu l arly duri ng the wi n ter months , i s  the behavi or i n vo l v i ng 

favored rock den s i tes . Tory Sh ie lds  Cave , the on ly cave wi th i n  the 

study area , was wi th i n  the home ranges of every rad i ocol l a red raccoon 
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except 1 ol der ma l e  ( Y55 ) .  Thi s cave was occup i ed by 7 di fferent rad i o­

col l ared raccoons du ri ng the w inte r ,  1 1 2  t imes . Numerous i nstances of 

communal denn i ng occurred wi th i n  thi s and other favored rock  dens . 

Home Range 

The most general ly  accepted def i n i ti on of home range i s  the 

area that an an imal occup ies dur i ng i ts norma l dai l y  act i v i t ies  ( Burt , 

1 943 ) .  I n  recent years , thi s defi n i ti on has i nc l uded var i ous  proba­

bi l i s t i c  d i stri buti ons of an ima l s wi th i n  the i r  envi ronment .  One such  

model used i n · thi s study i s  that of the bi vari ate home range 

(Mazurk i ewicz , 1 969 ; Jennrich and Turner ,  1 969 ) .  Thi s was used 

i nstead of the more common c i rcul ar home range mode l s { Burge and 

Jorgensen , 1 973 ; Metzgar , 1 973 ) or the nonstat i st i ca l  polygon methods , 

to generate home range s i zes . For c i rcu l ar home range mode l s ,  the 

home range s i ze depends upon c i rcul ar d i stri buti on of l ocati ona l data 

and i s  not appl i cabl e to other home range shapes ( Koeppl  et a l . ,  1 975 ) .  

Al though  i t  has been suggested that stat i st i ca l  methods may yi el d  home 

range estimates that are s i gn i ficantly l a rger and sometimes more 

i naccurate than nonstati sti cal methods ( Wa l dschmi dt , 1 979 ) , the 

bi vari ate home range model was wel l  su i ted for the data i n  thi s study 

because of l arge samp l e  s i ze and the fact that the model i s  a ffected 

by frequency of habi tat use wi th i n  the home range . 

Uti l i z i ng the bi vari ate home range mode l put forth by Koeppl  

et a l . ( 1 975 ) , annual and seasonal home range s i zes (Tab l e  1 0 )  and 

acti v i ty centers {Append i x  1 )  were obta i ned u s i ng 2 , 7 53 rad i o l ocati ons 

from 1 4  an ima l s .  Examinati on o f  the data i nd i cated no s i gn i f icant 

i n teract ion effects of sex and season on home range s i ze (ANOVA , P > . 05 ) . 



TABLE 1 0 .  Annual and sea sonal home range s i zes ( km) 2 for raccoons i n  Cades Cove , G reat Smoky 
Mounta i ns Nati onal Pa rk . 1 97 9-1 980. Range s i ze i s  defi ned as the a rea of the 95 
percent confi dence el l i pse . 

Wi n te r  Spri ng Swrmer fa l l  Annu a l  
Raccoon No. Area {n}1 Area {nl Area {n} Area {n} Area {n} 

Ma l es 

Y 58 3 . 5  ( 95 )  2 1 . 0  ( 62 )  4 . 8  ( 58 )  9 . 2  ( 5 5 )  1 0 . 4  (270)  
Y66 - - - 3 . 1  ( 2 1 ) - - - - - - - - -

Y65 - - - 8 . 2  ( 50 )  2 . 6  ( 70 )  2 . 1  (20) 6 . 0  ( 1 49 )  
Y55 4 . 5  ( 4 6 )  1 1 . 2 ( 1 6 ) - - - 1 2 . 1  ( 2 4 �  7 . 6  ( 8 6 )  
Y61 0. 5 ( 65 )  1 1 . 6 ( 63 )  3 . 7  ( 7 7 )  3 . 5  ( 52 6 . 1 (266) 
Y54 - - - 3 . 0  ( 54 )  0. 7 (20) 

- - -- - - -

subave rage 2 . 8  9 . 7  3 . 0  6 . 7  7 . 5  
s td .  dev i ati on 2 . 1  6 . 7  1 . 7  4 . 7  2 . 0  

Fema l es 

ROl 1 .  2 ( 62 ) 7 . 5  ( 74 �  4 . 8  ( 6 9 )  4 . 9  ( 3 7 ) 5 . 8  ( 258 ) 
R02 1 . 3  ( 71 )  4 . 2  ( 72 0. 6 (46 ) 0 . 9 � 57 ) 3 . 3  �263 ) 
R04 0. 5 ( 7 8 )  1 . 6 (80 ) 0 . 5 (44 ) 0 . 2  4 6 )  1 . 4 2 63 ) 
R06 0 . 1  ( 60 )  5 . 7  ( 64 )  1 .  5 ( 32 )  1 . 1  ( 53 )  3 . 2  ( 2 1 5 )  
R09 1 . 6  ( 75 )  5 . 9  ( 5 4 )  2 . 5  ( 64 ) 2 . 7  (48 ) 3 . 4  (24 1 ) 
Rl 5 0. 6 ( 6 9 )  3 . 8  ( 80 )  1 . 0 ( 7 6 )  2 . 6  ( 59 )  2 . 7  (291 ) 
R20 0 . 2  (80 ) 2 . 4  ( 7 7 ) 1 . 1 ( 68 ) 0 . 9  (60) 1 . 5 (291 ) 
R55 - - - - - - 1 .  7 (65 ) 1 . 3 ( 2 7 )  

-- - - -

subaverage 0. 78 4 . 4  1 . 7 1 . 8 3 . 0  
s t d .  dev i a t i on 0 . 58 2 . 1 1 . 4 1 . 3 1 . 5 

total average 1 . 4 6 . 9  2 . 1  3 . 4  4 . 7  
-

1 The number of rad i o l oc a t i o n s  used i n  the home range ana l ys i s .  
.p. ....... 
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Therefore , cons i deri ng each effect sepa ratel y ,  ma l e  raccoon s had s i g ­

n i fi cantly (ANOVA , P < . 05 )  l a rger home range s i zes both seasona l ly and 

annual ly  than fema l es .  Thi s  was parti cul arly exemp l i fi ed du ri ng  the 

month of Apri l when ma l e  home ranges were al most 5 t imes that 

of fema l es . Home range s i zes of ma l e  raccoons were s i gn i fi cantly 

l a rger (ANOVA , P < . 05 ,  Duncans Mu l ti p l e  Range Test a =  . 05 )  duri ng 

s pri n g  than a l l other seasons wi th no s i gn i fi cant d i fferences between 

fal l , wi nter , and summer ( Duncans Mu l ti p l e  Range Test , a =  . 05 ) .  Home 

ranges of fema l e raccoons were s i gn i fi cantly l argest duri ng spri ng , 

and sma l l est i n  wi nter wi th no s i gn i fi cant di fferences between fa l l  

and summer {ANOVA , P < . 05 ,  Duncans Mu l ti p l e  Range Tes t ,  a = . 05 ) .  

The fact that both sexes mai nta i ned rel ati vel y l arge spri ng home ranges 

appeared to be due to movement patterns dur i ng the month of Apr i l .  

Dur i ng  Apri l ,  raccoons were found i n  areas a lmost enti rely  outs ide 

the i r norma l home ranges . Thi s  shi ft greatly affected both spri ng and 

annual home range s i zes , particu l arly in ma l es .  Reproducti ve data 

col l ected duri n g  thi s study i nd i cated that breed i ng took p l ace duri ng 

l ate Ma rch , early Apri l .  Duri ng thi s t ime ma l e  raccoons travel l ed 

w i de ly seek i ng out di fferent femal es wi th whi ch to breed . 

S i nce the reproducti ve success of ma l es depends upon the i r 

abi l i ty to breed wi th many fema l es (Ori ans , 1 969 ) , i t  wou l d  be advan­

tageous for ma l es to be mobi l e  and occupy l arge areas that overl ap the 

ranges of many fema l es .  On the other hand , fema l es cannot i mprove 

the i r reproducti ve success by breedi ng wi th many ma l es so fema l es 

shou l d be l ess  mobi l e  than mal es and occupy areas no l a rger than 

neces sary to assure adequate nutri t ion for sel f-ma i n tenance and 
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devel opment of  young {Amstrup  and Beecham , 1 976 ) .  Thi s mi ght exp l a i n 

the s i gn i fi cantly l arger ma l e  home range s i zes and the degree to wh ich  

they overl ap femal e  home ranges .  

The overal l mean home range s i zes for Cades Cove raccoons are 

di fferent from those obta i ned i n  other popul ati ons . They are con­

si dered l arger than those obtai ned by U rban { 1 970 ) , El l i s { 1 964 ) , 

Lehman { 1 977 ) ,  and Hoffman and Gottschang { 1 977 ) but consi derably 

smal l e r  than that obta i ned by Fri tzel l { 1 978b ) .  Some of these d i ffer-

ences may be attri buted to d i fferent methods of home range cal cul ati on 

or may be rel ated to d i fferent popu l ation dens i t ies  as  suggested by 

E l l i s { 1 964 ) .  Sanderson { 1 966 )  be l i eved that the average home range 

s i ze decreased as the popu l ati on i ncreased but B l a i r  { 1 953 ) d i d  not 

con s i der thi s a val i d  concept .  Othe r factors that cou l d affect home 

range s i zes i nc l ude soc i a l s tructu re of the popu l ati on , seasona l food 

avai l abi l i ty ,  and hab i tat d i fferences wi thi n the study area . Hardy 

{ 1 979 )  found that food ava i l abi l i ty and habi tat di fferences had the 

greatest i nfl uence on raccoon home range s i ze in Eas t Tennes see . 

I n  order to eval uate seasona l sh i fts i n  home range , one can 

exami ne s h i fts i n  acti vi ty centers (Mazurki ewi cz , 1 969 ) .  Act i v i ty 

centers do not necessari ly  have any b io l og i ca l  meani ng apart from 

be i ng an average of poi nts of captu re { Hayne , 1 949 ) .  I n  thi s study , 

however ,  day bed l ocati ons as  wel l as n i ght l ocati ons were used i n  cal ­

cal cu l ati ng acti v i ty centers . Th i s  procedure bi ased the l ocati on of 

the acti vi ty centers due to h i gh day bed reuse patterns . I t  was fel t 

that th i s  b i as made the acti v i ty centers more representati ve of true 

acti v i ty cente rs s i nce they were the a reas of greatest fami l i ari ty .  
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When exami ned by se� mal e  raccoons showed a s i gni fi cant ly l arger sh i ft 

i n  acti v i ty centers than femal es (Mann�Whi tney-Wi l coxen Tes t ,  P < . 05 )  

du ri ng the fal l to wi nter trans i t ion but no s i gni fi cant di fferences 

(Mann-Wh i tney-Wi l coxen Tes t ,  P > . 05 )  between any of the other seasons 

(Tab l e  1 1 ) . Overa l l ,  ma l es averaged sh i fts i n  acti vi ty centers of . 2 1 

km and fema l es ,  of . 1 4 km wi th no s i gn i fi cant di fferences (ANOVA , 

P > . 05 )  between the seasons . However ,  atypi ca l  movement patterns 

occurred duri ng  the spri ng months .  V i rtual ly  al l of  the raccoons estab­

l i shed di fferent home ranges i n  Apri l rel ati ve to those wh i ch were 

ori gi nal ly  establ i shed and whi ch were retu rned to i n  May . Thi s was 

i ndi cated i n  the sh i ft of acti vi ty centers wh i ch was s i gn i fi cantly 

l arger (ANOVA , P < . 05 )  du ri ng spri ng than between any of the seasons . 

Johnson ( 1 970 ) reported that sh i fti ng acti v i ty centers may be re l ated 

to food supp ly .  The l ack of l arge di fferences ei the r i n  seasonal home 

range s i zes or seasonal sh i fts i n  acti vi ty centers i nd i cates that 

changes i n  seasona l food ava i l abi l i ty may not be a cruc i a l  factor i n  

Cades Cove i nfl uenc i ng the dynamics of the raccoon popu l ati on . The 

s i gn i fi cant sh i fts i n  home range s i zes and acti vi ty centers that do 

occur  appear to be wel l corre l ated wi th peak breedi ng acti vi ty i n  the 

popu l ati on . 

Nocturna l Movements 

Locati onal data taken between 2000 and 0500 hours were analyzed 

for rates of travel (Tab le  1 2 ) .  ihere were no s i gn i fi cant seasonal or 

annual di fferences in travel rates (ANOVA , P > . 05 )  between the sexes . 

Mal es , however , showed s i gni fi cantly greater rates of  travel (ANOVA , 

P < . 05 ,  Duncans Mu l ti pl e  Range Test , a =  . 05 )  duri ng spri ng than 



TABLE 1 1 .  �1ean seasona 1 shi fts ( km ) i n  home range acti v i ty centers for raccoons from Cades Cove , 
Great Smoky �lountai ns Nati onal Park , 1 979 - 1 980 . 

Ma l e s 

Mean 

Std . Dev i at i on 

Range 

Fema l es 

Mean 

Std . Dev i ation  

Range 

Fal l ( 79 ) /  1 Wi n ter ( 7 9 ) /  Spri n g ( 80 ) /  Spri ng ( 80 )2 

Winter(79) (n) Spri_ng(&_O) (n} S_urrmer(80) (n) March,May/Apri l  (n) 

0. 23 ( 3 )  

0 . 02 1  

0 . 2 1 - 0 . 25 

0 . 1 0  ( 7 )  

0 . 075 

0.0 - 0 . 22 

0 . 2 1  ( 3 )  

0 . 030 

0. 1 8 - 0. 24 

0 . 1 7  ( 7 )  

0 . 1 3  

0 . 06 - 0 . 42 

0 . 1 9  ( 4 )  

0. 062 

0 . 1 0 - 0 . 1 4  

0 . 1 5  ( 7 )  

0 . 086 

0 . 06 - 0 . 3 1 

0 . 38 ( 4 )  

0 . 1 4  

0 . 2 5  - 0 . 58 

0 . 27 ( 7 )  

0 . 093 

0 . 1 2 - 0 . 40 

1 Number i n  parentheses denotes samp l e  s i ze .  
2Due to atypical movements duri ng Apri l ,  a separate category was made to portray the sh i ft 

i n  acti v i ty centers duri ng th i s  month.  

(J1 
� 



TABLE 1 2 .  Mean nocturnal  travel rates { km/hr ) duri ng 2000 - 0500 hours by raccoons i n  Cades 
Cove , Great Smoky Mounta i ns Nati ona l Park , 1 979- 1 980 .  

Ma l es 

Mean 

Std . Dev i at ion  

Range 

Fema l es 

Mean 

Std .  Dev i at ion  

Range 

w;gter Spr i ng Summer Fal l  
Rates (n)b . Ra.�e_s _{f11__ Rat.f!S _ _  lnl_�--��R.!_tes lnJ� 

0 . 34 { 3 3 )  

0 . 32 

0 . 1 1  - 0 . 87 

0 . 2 1  ( 72 )  

0 . 1 5  

0 . 0  - 0 . 44 

0 . 57 ( 69 )  

0 . 3 1  

0 . 23 - 1 . 0 

0 .  40 ( 1 1 9 ) 

0 . 2 1  

0 . 1 9 - 1 . 1  

0 . 34 ( 58 )  

0 . 1 2  

0 . 20 - 0 . 61 

0 . 28 ( 99 )  

0 . 1 7  

0 . 05 - 0 . 78 

0 . 3 1  ( 28 )  

0 . 1 8  

0 . 08 - 0 . 50 

0 . 36 ( 58 )  

0 . 1 5  

0 . 1 5 - 0 . 64 

aNo data obta i ned duri ng February due to near zero acti vi ty by the raccoons . Thus , wi nter 
fi gures may be overestimated . 

bNumbers i n  parentheses represent samp l e  s i ze .  
cNo data was obtai ned for November .  

(J'1 N 
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dur ing  a l l other seasons . Femal es s howed s i gn i fi cant ly  l ower rates of 

travel (ANOVA , P < . 05 ,  Duncans Mu l ti p l e  Range Tes t ,  a =  . 05 )  du ri ng 

wi n ter but no s i gn i fi cant di fferences (ANOVA , P > . 05 )  between othe r  

season s .  Further breakdown o f  the seasonal data i nto i ts component 

months ( F i gure 1 1 ) i ndi cated that ma l es travel l ed faster  duri ng March 

and Apri l , and s l owest duri ng January .  The unavai l ab i l i ty o f  suffi ci ent 

l ocati onal data duri ng February was due to near zero acti v i ty dur ing  

rad iotrack i ng sess ions . Therefore , it  was poss i bl e  that travel rates 

were even l ower duri ng thi s month than January .  Fema l es appeared to 

travel fas test duri ng Apri l and s l owest duri ng January .  The fast  

travel rates i n  both sexes aga i n  appea red to  be re l ated to breed i ng 

peri ods .  Stuewer ( 1 943a ) reported that duri ng  breed i n g , mal es travel 

extens i ve ly  from one den to anothe r seek i ng femal es .  The s l ow travel 

rates exh i b i ted during  January i s  temperature and snow re l ated ( Stuewer , 

1 943b ;  Wh i tney and Underwood , 1 952 ) .  The overal l mean trave l rate for 

a l l radi ocol l ared Cades Cove raccoons was 0. 38 km/hr .  Thi s i s  over 

twice the rate of 0 . 1 5  km/hr . reported by Urban ( 1 97 0 )  or the 0 . 1 2  

km/hr . reported by E l l i s ( 1 964 ) i n  other popu l ati ons .  These d i ffer­

ences may be due to the comparati vel y l ow popu l at i on dens i ty and l arge 

home ranges found i n  thi s  study compared to that of both E l l i s ( 1 964 ) 

and Urban ( 1 970 ) . Ani ma l s wi th faster travel rates can move over 

l arger d i s tances to obta i n  food , day bed s i tes , and other resources . 

D i spersal 

Di s sol uti on of parent-offspri ng bonds and subsequent d i spersal 

is wel l documented for raccoons (Urban , 1 970 ; Fri tzel l ,  1 97 7 , 1 978 ) .  

Of the 1 4  raccoons rad iocol l ared duri ng  thi s study , 2 c l as s  1 femal es 
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were co l l a red i n  October , 1 979  and 1 c l ass 1 mal e was col l a red i n  Marc h ,  

1 980 . The yearl i ng fema l es never l eft the area i n  whi ch they were 

col l ared , and 1 of them ( Rl 5 ) subsequently had young .  The yearl i ng 

mal e  was l ast  l ocated wi th i n  the study area on 1 9  June 1 980 . Subsequent 

aer ia l  rad i otrack i ng l ocated thi s  raccoon 2 weeks l ater in the v i ci n i ty 

of Laure l  Lake , Townsend , Tennessee , an a i r d i s tance of approximate ly  

9 . 6  km. The l ast rad io l ocation of thi s ma l e  wi thi n the Cades Cove 

study area coi nc i ded wi th estimated fema l e  parturi ti on dates .  I t  i s  

a l so s i mi l ar to the d i spersal date of June 6 found by Fri tze l l ( 1 978b ) 

i n  North Dakota . L i ve trapp ing  data provi ded addi ti onal examp les  of 

d i s persa l . A 3 month ol d mal e  captured on 20 September 1 979  i n  the 

midd l e  of Cades Cove was subsequently recaptured 1 8  June 1 980 on the 

western extremi ty of the study area , a 4 km stra i ght l i ne d i s tance .  I n  

addi ti on , a yearl i ng fema l e fi rst captured 23 May 1 980 a l ong Mi l l  Creek 

i n  Cades Cove was subsequently recaptured 1 6  October 1 980 at the T ipton 

Ol i ver house , a stra i ght l i ne di stance of 3 km. D i spersal d i stances , 

however ,  appear to vary greatly between di fferent raccoon popu l ati ons . 

D i spersal  d i s tances obta i ned by Fri tzel l { 1 978b ) averaged 1 5 . ?  km 

(N  = 3 )  wh i l e  those obta i ned by Urban ( 1 970 ) averaged onl y 2 . 3  km 

{N  = 3 ) .  Occas ional l y ,  unu sua l ly  l arge di spersal d i s tances such as  

263 km ( Lynch , 1 967 ) and 275  km ( Priewert , 1 96 1 ) have been reported for 

raccoons .  Reasons for such  vari ati on i n  d i spersal d i stances are l argely 

unknown but may be rel ated to popu l at i on dens i ties , habi tat type , food 

avai l abi l i ty ,  and d i fferences i n  research methodol ogy . 

Di spersal i n  yearl i ng fema l es appeared to occur much more i nfre­

quent ly  than wi th yearl i ng mal e s .  Al though Stuewer { 1 943a ) reported a 
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fa l l  d i spe rsal of both j uven i l e  mal es and femal es from nata l  areas , 

Fri tzel l ( 1 978b ) fel t that yearl i n g  fema l es do not undergo d i spersa l  

but usual ly  s tay i n  the same general area of bi rth . Add i ti onal  evi ­

dence i n  th i s  study for yearl i ng ma l es d i spers i ng to a greater extent 

than yearl i ng fema l es came from mark-recapture data . Cons i der i n g  only 

those raccoons that were captured and marked in  areas where they cou l d 

have been recaptu red after spri ng and summer 1 980 , 1 6  of 2 1  femal e  

yearl i ngs i n  th i s  category were recaptured wh i l e  on ly  22 of 61 ma l e  

yearl i ngs we re recaptu red .  These data are supported by those of 

Butterfie l d ( 1 944 ) who reported a sex rati o of recaptu red raccoon young 

of  1 4% mal es and 86�� fema l es aga i n  suggesti ng that the mal e  young  l eft 

the area . 

Di spe rsal of ma l e  and fema l e  yearl i ngs i s  a rel ati vel y �Je l l 

s tudied phenomenon among carn i vores . I t  has been documented i n  foxes 

( Erri ngton and Berry ,  1 937 ; Longl ey ,  1 962 ; Abl es , 1 965 ) , coyotes ( Gi er ,  

1 975 ) , mi n k  ( Gerre l l ,  1 967 ) ,  martens ( Hawl ey and Newby , 1 957 ) ,  bobcats 

( Bai l ey ,  1 974 ) ,  and bl ack bears ( L i ndzey , 1 976 ; Rogers , 1 97 7 ) .  However , 

the reasons beh i nd such movements are not tota l ly  understood . I t  i s  

l og ica l  that d i spe rsa l  shou l d be advantageous when the l ocal envi ronment 

i s  deteri orati ng , but Hami l ton and May ( 1 977 } argue that i t  i s  adap ti ve 

for parents to enforce d i s persal of some of the i r  young  even i n  an 

envi ronment that i s  crowded but heal thy . Offspri ng  whi ch do not d i s­

perse compete wi th both s i b l i ngs and the di spers i ve offspri ng of other 

fami l ies . Di spersal of at l east some offspri ng  l owers the probabi l i ty 

of  tota l reproducti ve fa i l u re and i t  g i ves a parent a more even chance 

i n  compet i ti on w i th other parents of d i spers i ve young , for p l acement of 



57  

young in  new vacancies . I n  addi ti on , d i spersal may be a mechan i sm to 

preven t i nbreed i ng ( Rogers , 1 97 7 ) ,  s i nce there i s  no ev i dence to suggest  

that an  an ima l  can s imp ly recogn i ze i ts rel ati ves by the i r  phenotype and 

refrai n from mati ng wi th them ( Smi th , 1 978 ) . I f  these are the reasons 

for d i s persal , a question mi ght ari se as to why raccoons d i spe rse post-

estrus , and pre-parturi ti on whi l e  an ima l s  such as bea rs d i sperse pre­

estru s .  Data from juven i l e  and adu l t mal e  raccoons ( Sanderson and 

Nal bandov , 1 97 3 )  i nd i cate that juven i l es become sexual ly  mature 3 to 4 

months l a ter i n  the year than adu l ts .  I n  fac t ,  j uven i l e  ma l e s  appear 

to l ack any sperm in the i r  ep i d i dymi des duri ng  the peak of the breed i ng 

season but became sexual ly mature after most  of the breed i ng had been 

accompl i shed (Sanderson and Nal bandov , 1 973 ) .  I f  thi s i s  typ i cal i n  

the raccoon , then juven i l e  mal es mi ght not present any threat to the i r  

parent i n  terms o f  fi tness nor are they compet i ng  wi th adul t mal es for 

other fema l es .  

Longev i ty and t1orta l i ty 

Of the 1 35 raccoons that were captured and aged duri ng the s tudy 

peri od , on ly 1 2  an ima l s  were o l der than 58 months , and of these on ly 6 

were ol der than 86 months ( age cl ass  5 ) .  Seven years appeared to be 

near the uppe r extreme for l ongevi ty of raccoons i n  Cades Cove . An ima l s 

whi ch had reached th i s  age were i n  poor phys i ca l  cond i t i on ( Tabl e 1 3 ) .  

The mean age for the enti re sampl e was 2 9  months (age c l ass  2 ) .  

Petrides ( 1 949 ) stated that the re l ati on sh i p  between average l ongev i ty 

( 1 ) of a s tabl e popu l ati on and i ts percentage of grown fi rst year 

1 an ima l s ( j ) i s :  L = J• Us i ng the annual percentage of fi rst year 

an ima l s i n  l a te wi nter ,  the average l ongev i ty for th i s  popu l ati on was 



TABLE  1 3 .  P hys ical  condi ti ons of age c l ass 5 raccoons i n  Cades Cove , Great Smoky Mounta i ns Nati onal 
Park , 1 979-1 980 . 

Animal Sex 

Rl 3 F 

R23 F 

R46 F 

R50 F 

R67 F 

Y50 M 

Y61 M 

Capture Date 

1 8  Jan . 80 

7 Oct. 7 9  

1 2  Dec . 7 9  

2 3  r�ar .  80 

24 Jul y 80 

3 May 80 

1 9  Sept.  79 

Weight (kg) 

3 . 6  

4 . 5  

5 . 4  

2 . 7  

3 . 6  

4 . 5 

6 . 8  

Phys i cal  Cond i ti on Fate 

Cataracts , mi ss i ng teeth , Un known 
mol ars worn to gums . 

Shabby body cond i ti on ,  D ied under 
teeth worn to gums . drug . 

Mol ars worn to gums . Recaptured 
25 Ju ly 80 
at 3 .  4 kg . 

Shabby coat ,  teeth worn Un known 
to gums . 

Covered wi th ti c ks , Unknown 
appeared hea l thy . 

Ears and nose r i pped , Unknown 
appeared heal thy . 

Appeared heal thy .  Ki l l ed by 
ranger ( 2/80) 
due to unusual  
behav ior at 
1 . 4 kg . 

V1 co 
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cal cu l ated by Petrides formu l a  to  be  30 months . Thi s number represents 

the average l ongev i ty on ly  of an imal s that have survi ved to the end of 

the i r fi rst year and is comparable  to the average l ongev i ty of 22 

months i n  Mi s souri  ( Sanderson , 1 95 1 ) and 36 months in Al abama ( Johnson , 

1 970 ) .  The max imum known l ongev i ty i n  the wi l d  i s  1 7  years ( Garrett 

and Goertz , 1 975 ) .  

Throughout the study , on ly  5 raccoons ( 1  age c l ass 3 ,  4 age 

c l as s  1 )  were known to have d i ed of apparent natura l  causes . Thi s 

poi nts to l ow natura l  morta l i ty rates among these raccoons . Hunti ng , 

whi ch i s  the major cause of raccoon morta l i ty ( Sanderson , 1 950 ) , i s  

forbi dden wi th i n  the park and there are not many natura l  predators of 

the raccoon wi th i n  Cades Cove . The major  predators were wi l d  dogs from 

surround i n g  res i dent ia l  areas . Other predators i nc l uded bobcats , red 

foxes , . and owl s ( Whi tney and Underwood , 1 952 ; Sta i ns , 1 956 ) .  Younger 

raccoons are much more prone to such predator pressure than o l der 

an ima l s .  

As shown i n  the age pyrami d  of captu red an ima l s ( F i gures 2 ,  page 

25 , Fi gure 4 ,  page 28 ) after age c l ass 1 ,  the rati o of fema l es to mal es 

appeared to i ncrease .  Thi s cou l d  be rel ated to femal es becomi ng 

i ncrea s i ng ly  trap shy wi th age , but add i t i onal  data suggested the 

poss i bi l i ty of d i fferenti a l  mal e  mortal i ty in the o l der age c l asses . 

Of the 32  captu red ma l es o l der than age c l ass 1 ,  1 3  (40% ) s howed l oss  

of ha i r  and abrasi ons in  the fac ia l  reg i on , particu l arly on the nose 

and ea rs . Of the 52 captu red femal es o l der than age c l ass 1 ,  on ly  8 

( 1 5% )  s howed these same characteri sti cs . Si nce mal es exhi b i ted much 

l arger movements and home ranges than fema l es , they m ight  be more 
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prone to predatory pressu re s .  Furthermore , the i r  extens i ve movements 

wou l d  i ncrease the i r chances of exposure to d i sease and to aggress i ve 

encounters wi th other raccoons .  Agon i st i c  behav ior  among raccoons i s  

wel l documented i n  the l i terature (Wh i tney and Underwood , 1 952 ; Sharp 

and Sharp , 1 956 ; Barash ,  1 974 ; Fri tzel l ,  1 978b ) and may be i n vo l ved i n  

nei ghbor recogn i ti on ( Baras h ,  1 974 ) .  Hosti l e  i n teracti ons among 

carn i vores are not uncommon and have been documen ted in such spec ies  

as Afr i can hunti ng dogs ( van Lawi ck-Gooda l l  and Lawi c k ,  1 97 0 )  and l i ons 

(Scha l l er ,  1 969 ) .  

Day Bed Se l ecti on 

Day beds ha ve 3 ma i n  functi ons for raccoons :  ( 1 ) protect i on 

aga i ns t  adverse weather cond i ti ons , (2 ) prov id i ng a secure envi ronment 

to bear and ra i se young ( Prebl e ,  1 940 ) ,  and ( 3 )  protecti on agai nst  

predators . To assess the rel at i ve importance of these factors , one 

must  l ook at the types of day beds sel ected , seasona l , sexual , and age 

rel ated factors , mi croc l imatic  cond i ti ons of the day beds , prox imi ty to 

food and water , and pos s i bl e  competi ti ve i n teracti ons for the day bed 

s i tes . 

Duri ng the study ,  330 i nd i v i dual occup i ed day bed s i tes were 

l ocated 1 ,492 t imes . Of these s i tes , 54% were ut i l i zed on a s i ng l e 

occas i on ,  whi l e  46% were used by raccoons more than once . Al though 

on ly  5% of the day bed s i tes were used by an ima l s greater than 1 5  

times , these 1 5  s i tes accounted for 50% of al l day bed use observed 

(Tabl e 1 4 ) .  Al l but 3 of the s i tes i n  thi s  category were used by more 

than 1 rad i oco l l ared animal . The most frequent ly occupied day beds 

were 4 rock dens and 2 barn den s .  These 6 dens were used by 5 to 7 



TABLE 1 4 .  Day beds used most frequen tly by raccoons i n  Cades Cove , Great Smoky Moun ta i ns National  
Park , 1 979-1 980 . 

No.  of T i mes Percen tage of No . of Radi ocol l ared 
Den No. Den Type Used bl Raccoons Total Usage Animals Usi ng Den 

Roc k  Den 1 1 2 7 . 5  7 

23 Tree Den 32 2 . 1  1 *  

509 Tree Den 29 1 . 9  4 

530 Barn Den 42 2 . 8  5 

538 Rock Den 31 2 . 1 6 

560 Tree Den 57 3 . 8  3 

569 Tree Roos t 28 1 . 9 2 

581 Roc k Den 1 1 4  7 . 6  6 

594 Rock Den 24 1 . 6 4 

597 Ground Den 36 2 . 4  2 

623 Tree Roost 22 1 . 5  

64 7 Tree Den 28 1 . 9  1 *  

695 Rock Den 75 5 . 0  7 

800 Barn Den 1 1 6  7 . 8  6 
-

50% 

* 
Matern i ty dens 

(J) 
_. 
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di fferent rad i ocol l ared raccoons throughout the study and accoun ted for 

37% of a l l den usage observed . I t  was not unusual  i n  thi s study for 

raccoons to uti l i ze pa rt i cu l a r  s i tes repeatedly .  Thi s was al so 

observed by Berner and Gysel ( 1 967 ) who found 1 tree cav i ty that 

accounted for 36% of al l den occupancies  and a l so served as a matern i ty 

den . 

Due to seasonal  d i fferences i n  movements and home range s i zes , 

i t  was i mportant to l ook at d i fferent ia l  den usage by season , for mal es 

and fema l es separate ly .  Ma l es showed no  s i gn i fi cant di fference 

( Kruska l l -Wal l i s Test , P > . 20 )  i n  the use of any parti cu l a r  day bed 

type for any season . Thi s  can be at l east part ly  attri buted to sma l l 

samp l e  s i ze and l arge standard errors (Tabl e 1 5 ) .  Fema l e  raccoons , on 

the other hand , s howed s i gni fi cant di fferences ( Kruskal l -Wa l l i s Tes t ,  

P > . 05 )  for fa l l .  Duri ng spri ng and summer ,  tree dens p l ayed a cruc i a l  

rol e  and duri ng the wi nter months , both tree and rock dens were i mpor­

tant (Tabl e 1 6 ) .  Al though other day bed types p l ayed l ess i mportant 

rol es than tree and rock de�s , they showed marked seasonal trends . 

Tree roosts were used most frequently during spri ng whi l e  tree nests 

and ground dens had thei r greatest use duri ng summer .  Barn dens were 

used most  frequently duri ng the wi nter months ( Fi gu re 1 2 ) .  

The extens i ve use of rock and ground dens by raccoons i s  wel l 

documented i n  the l i teratu re ( Gri nnel et al . ,  1 937 ; Gi l es ,  1 940 , 1 942 ; 

Stuewe r ,  1 943a ) .  Gi l es ( 1 940 )  even reported a preference for rock dens 

i n  a hunted area and Shi rer and Fi tch ( 1 970 ) found that more than 50% 

of the den s i tes for a raccoon popu l ati on i n  I owa cons i s ted of rock 

outcrops . Tayl or , C .  I .  ( 1 979 ) found in  East  Tennessee that , a l though 



TABLE 1 5 .  Mean number of l ocat i ons for mal e raccoons found i n  d i fferent day bed types duri ng 
di fferent seasons i n  Cades Cove , Great Smoky Mountai ns Nati onal Park , 1 979- 1 980 

Season 
Den Type Wi nte r  (3 )a Spri ng (6) Sunmer (4) Fal l  (3) 

Tree Den 
Mean 5 . 3 5 . 5 3 . 5  1 . 0 

Std . Error 4 . 8  2 .  1 2 . 2  0 . 6  

Tree Nest  
Mean 0 . 0 1 . 5 5 . 2  0 . 33 

Std . Error - - 1 . 1 2 . 5  0 . 33 

Tree Roost  
Mean 0 . 67 4 . 2  4 . 5  0 . 67 

Std . Error 0 . 67 3 . 0  3 . 9  0 . 67 

Ground Den 
Mean 0 . 0 0 . 5 3 . 2  3 . 0  

Std . Error - - 0 . 22 1 . 2 2 . 1  

Rock  Den 

Mean 24 . 0  4 . 0  5 . 8  8 . 3  
Std . Error 1 3 . 0  2 . 9  5 . 4  5 . 6  

Barn Den 
Mean 8 . 0  2 . 3  5 . 0  6 . 0 

Std .  Error 5 . 7 1 . 1 3 .  1 3 . 8  

aNumbers i n  parentheses denote samp l e  s i ze for each day bed type . 

0'1 
w 



TABLE 1 6 .  Mean number of l ocati ons for fema l e  raccoons found i n  d i fferent day bed types duri ng 
d i fferent seasons in Cades Cove , Great Smoky Mountai ns Nati onal  Park , 1 979- 1 980 . 

Season 
Den Type Winter  (7)a Spri ng (8) Su11111er ( 8 }  Fal l  ( 78 }  

Tree Den 
Mean 1 4 . 4  1 3 . 3  1 6 . 2  4 . 4  

Std . Error 5 . 6  2 .  1 4 . 2  1 . 4 

Tree Nest 
Mean 2 . 0  1 . 8 1 . 4 1 . 8 

Std . Error 0 . 80 1 . 2 0 . 40 0 . 98 

Tree Roost 
Mean 1 . 0 6 . 6  4 . 6  3 . 5  

Std . Error 0 . 60 2 . 2  2 .  1 1 . 2 

Ground Den 
Mean 5. 1 1 . 5 6 .  1 5 . 2  

Std .  Error 3 . 2  0 . 60 1 . 6 1 . 8 

Rock Den 
Mean 1 9 . 7  8 . 6  2 . 9  8 . 2  

Std . Error 7 . 0  3 . 6  2 .  1 4 . 1  

Barn Den 
Mean 5 . 0  0 . 75 2 . 2  2 . 5  

Std . Error 4 . 5  0 . 53 1 . 7 2 . 4  

aNumbers i n  parentheses denote sampl e s i ze for each day bed type . 
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F i gure 1 2 .  Seasonal u se of d i fferent day bed types of m a l e ( N=S ) and 
fema l e ( N=7 ) rad i oc o l l ared raccoons i n  C ades Cove 7 G reat 
Smoky Mountai ns Nat i onal Park 7 1 979- 1 980 .  
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tree dens were the most frequently recorded day bed s i te ,  rock dens were 

the preferred den type when they were avai l abl e ,  part icu l arly duri ng 

mon i tored hunts . However , s i nce most stud ies  have l ocated raccoons i n  

tree dens , i t  has been specul ated that these were the opt ima l  den type 

for raccoons (Stuewer ,  1 943a ; Caba l ka ,  1 95 2 ;  Whi tney and Underwood , 

1 952 ) . I t  has even been specu l ated that l ack of tree dens may l imi t 

raccoon popu l ati ons ( Benn i tt and Nagel , 1 937 ; Stuewer , 1 943a ; l�h i tney 

and Underwood , 1 952 ; Butterfi el d ,  1 954 ) . The use of  other day bed s i tes 

was thought to be a resu l t of the i navai l abi l i ty of adequate trees 

( Stuewe r ,  1 948 ; Sta i n s ,  1 956 ; Dorney , 1 954 ) . However , �1ech et a l . 

( 1 966 ) found ground beds to be hi ghl y uti l i zed day bed s i tes even wi th 

adequate numbers of  hol l ow trees ava i l abl e .  I n  the Cades Cove popu l a ­

ti on , i t  appeared that gi ven a cho i ce of a variety of day bed types , 

raccoons , part i cu l arly  fema l es , wi l l  vary the i r sel ecti on accord i ng to 

seasonal cl imati c trends , and the onset of parturi ti on . Thus , s i nce 

most stud i es d i scuss the overa l l usage of  part icu l ar day bed types ,  the 

i mportant seasonal d i fferences may be obscured . Another i mportant fac­

tor i s  the abi l i ty to l ocate anima l s that are denni ng underground 

through the use of rad iotel emetry .  Duri ng  thi s study , when raccoons 

used rock or ground dens the i r  rad i o- s i gna l s were l ost from most rad io­

track i ng  stati ons . The on ly way to l ocate the an ima l  was to  wa l k  i nto 

the general area where i t  had been l ocated previ ous ly  unti l one was c l ose 

enough to the den to p ick  up a s i gnal . On ly  after each i nd i v i dua l  an i ­

mal and i ts home range became fu l ly known was thi s an effi c ient proce­

du re ;  thi s cou l d  defi n i te ly b i as resu l ts regard i ng frequency of  use of 

ground and rock dens . 
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Data from thi s study suggests the i dea that su i tabl e trees for 

tree dens can be of major i mportance i n  ma i ntai n i n g raccoon popu l ati ons . 

Not only do fema l es appear to prefer tree dens as matern i ty s i tes , but 

trees can be used for nest and roosti ng si tes as wel l .  The sel ecti on 

of l eaf nests as  resti ng s i tes has been wel l documen ted i n  the l i ter­

ature (Twi tche l l and Di l l ,  1 949 ;  Mech et al . ,  1 966 ; Johnson , 1 970 ;  

Shi rer and  Fi tch , 1 970 ;  Schnei der et  a l . ,  1 97 1 ; Hardy , 1 97 9 ;  Tayl or ,  

C .  I .  1 979 ) .  Duri ng  summer ,  these nests are coo l er and  conta i n fewer 

i nsect pests than tree , roc k ,  or ground dens (Madson , 1 964 ) .  There were 

230 d i fferent trees of 1 2  genera used 698 ti mes as day bed s i tes 
. � 

throughout the study ( Tabl e 1 7 ) .  Tree c i rcumference averaged 229 em ��:�(� 
( N  = 83 ) for tree dens , 1 54 em ( N  = 27 ) for tree nests , and 1 95 em 

(N = 94 ) for tree roosts . The majori ty of trees that were sel ected as 

day bed si tes were red oaks (45% ) , fol l owed by heml ocks ( 1 4% ) ,  p i nes 

( 1 3% ) , and yel l ow popl ars ( 1 2% )  (Tabl e 1 7 ) .  I f  we cons i der i nd i v i dua l  

tree bed types , 70% ( N  = 70 ) of tree dens were red oa ks , 89% ( N  = 2 7 )  

o f  tree nests were heml ocks and p i nes , and 48% ( N  = 8 1 ) of tree roosts 

were heml ocks and p i nes , fo l l owed by 2 7% red oa ks and 1 6% yel l ow pop-

l ars . Tree dens were l ocated s i gn i fi cantly ( ANOVA , P  < . 05 ,  Duncans 

Mu l ti p l e  Range Tes t a =  . 05 )  l ower (X = 1 0 . 7  m, N = 5 9 )  than � i the r tree 

roosts (X = 1 3 . 6  m ,  N = 76 )  or tree nests (X = 1 3 . 3  m ,  N = 1 3 ) .  Th i s  i s  

not surpri s i ng con s i deri ng  that the he i ght of a den cav i ty above the� 

ground i s  usua l ly l ess  than 1 2 . 2  m (Stuewer , 1 943a ; Berner ,  1 965 ) .  The 

hei ght of dens i n  Cades Cove compares favorably to those reported by 

Stuewer ( 1 943 ) ,  Hardy ( 1 979 ) , and Tay l or , C .  I .  (1 979 )  but was much 

greater than the 3 . 8  m he i ght reported by Berner ( 1 965 ) .  The i dea that 
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TABLE 1 7 . D i fferenti al usage of tree types as day beds by raccoons i n  
Cades Cove , Great Smoky Mounta i ns Nati ona l Park . 1 979- 1 980 .  

Tree Type 

Quercus spp . ( Red Oak )  

Quercu s al ba (Whi te Oak ) 

Quercus spp. (other oaks ) 

L i r iodend ron tu l ipi fera 
(Tu l i p  Popl ar) 

Tsuga canaden s i s  ( Heml oc k )  

P i nus spp . ( P i ne )  

D i os ros vi rgi n i ana 
Pers immon) 

Robi n i a  app .  ( Locust )  

Acer spp .  (Map l e )  

P l atanus occ i denta l i s  
(Sycamore) 

U lmus spp .  ( E l m )  

Prunus seroti na ( Bl ack  Cherry )  

Carya spp . ( H i c kory )  

Nyssa syl vat ica  (B l ack  Gum ) 

Frequency of Use 
by Raccoon s (%) 

45 . 0  

8 . 3  

4 . 6  

1 2 . 2  

1 3 . 5  

1 2 . 9  

0 . 1 4  

0 . 28 

1 . 3 

0 . 1 4  

0 . 1 4  

0 . 1 4  

0 . 1 4  

0 . 28 

N 

32 1  

58 

32 

85  

94 

90 

2 

9 

1 

1 

2 

698 



tree dens  are sel ected by pregnant fema l es around the t ime of partu ri ­

tion (Schnel l ,  1 97 0 ;  Schneider et a l . ,  1 97 1 ) was supported by thi s 

s tudy .  The exact reason for th i s  i s  un known but may be rel ated to the 

rel ati ve secu ri ty of tree dens from use by conspec i fi cs (Tabl e 1 4 )  or 

other an ima l s .  
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Exami nation of the data made i t  necessary to i n vest i gate whether 

raccoons were sel ecti ng day bed s i tes on the bas i s  of frequency 

encountered , or i f  part icu l ar s i tes and/or tree types were be i ng 

sel ected . I f  the l atter were true , l ocati ons of part i cu l ar day beds 

cou l d  i nfl uence seasona l and annual  home ranges .  To address  thi s 

questi o� , 7 randomly se l ected vegetati on transects were wa l ked i n  the 

areas of greatest day bed usage . The cumu l ati ve area of the transects 

was 7 ,800 m2 ( 0 . 8  ha ) and the resu l ts are reported in Tabl e 1 8 . P i nes , 

heml ocks , and ye l l ow popl ars occurred more frequently than any other 

tree type . Al though these frequencies  c l osely coi nci ded wi th frequency 

of use of these tree types ,  the i r  average c i rcumferences were l es s  than 

those of the trees whi ch were used by raccoons .  The major i ncon s i stency 

was seen wi th red oaks . The use of these trees as tree den s (45%)  was 

very much i n  contrast to the frequency at whi ch i t  occu rred ( 0 . 6% } .  The 

reason for thi s can be rel ated to the fact that red oaks were very sus­

cepti b le  to decay and i nsect attack because of the i r porous heartwood 

( Fowel l s ,  1 965 ) and thus s how faster and more extens i ve decay than other  

trees ( Scheffer et al . ,  1 949 ) .  The hi gh uti l i zation of el m ,  red map l e , 

and beech tree dens by raccoons i n  northern l ati tudes has a l so been 

attri buted to rap i d  cav i ty formation among these spec i e s  ( Baumgartner , . 

1 939 ) .  Furthermore ,  the mean c i rcumference of 270 em for tree dens i n  
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TABLE 1 8 .  Resu l ts o f  7 vegetati on transects i n  Cades Cove , Great 
Smoky Mountai ns  Nati onal Park . 

Tree Type N 

Frax i nus  spp . (As h )  29 

L i ri odendron tu l ipi fera (Tu l i p  
Popla r) 1 74 

Prunus serot i na  ( B l ack Che rry )  6 

Carya spp . ( P i ne )  37 

P i nus spp . ( P i ne )  270 

Tsuga canaden s i s  ( Heml ock ) 1 60 

Cornus spp . ( Dogwood ) 1 03 

Acer spp . (Mapl e )  85 

Nyssa syl vat i ca ( B l ack Gum ) 33  

Oxydendrum arboreum ( Sou rwood ) 1 46 

Sassafras a l bi dum ( Sassafras ) 1 

Betu l a spp . ( B i rc h )  5 

I l ex Qpaca ( Ho l l y )  5 

Fagus grand i fol i a  ( Beech ) 5 

�ugl ans spp .  (Wa l nut ) 1 

P l atanus  occi dental i s  (Sycamore ) 1 4  

Robi n i a  pseudoaca c i a  ( Bl ack Locust )  1 

Quercus a l ba ( Wh i te Oak )  1 38 

Quercus spp . (Red Oak ) 7 

Quercus spp. (Other Oaks ) 6 

TOTAL 1 226 

MEAN 

Mean % of 
Ci rcumference ( em) Tota l 

44 2 . 4 

82 1 4 . 2  

2 7  0 . 5 

47 3 . 0  

81  22 . 0  

46 1 3 . 0  

28 8 . 4  

44 6 . 9  

35 2 . 7  

44 1 1 . 9 

52 0 . 1 

26 0 . 4  

26 0 . 4  

28 0 . 4  

87 0 . 1 

58 1 . 1 

66 0 . 1 

1 1 6 1 1 . 2 

1 28 0 .  6 

66 0. 1 

57 



7 1  

Cades Cove i s  s i mi l ar to  that found by Stuewer ( 1 943a ) and Prebl e ( 1 940 ) .  

Other stud ies i n  East Tennessee , however , poi n t  to the use of s l i ghtly 

smal l er trees as tree den s .  Tayl or , C .  I .  ( 1 97 9 ) measured 50 tree dens 

of 1 2  spec ies  ftnd reported a mean c i rcumference of 1 81 em and Hardy 

( 1 979 ) found a mean c i rcumference of 1 70 em for 30 tree den s .  Appar� 
ently , these tree measu remen ts were more a refl ecti on of the t imber 

stand characteri st i cs and past l ogg i ng  practi ces i n  the study areas 

than the sel ecti v i ty of tree dens by the raccoons (Tayl or ,  C. I . , 1 979 ) . 

Thus , the data from the Cades Cove raccoon popul at ion seems to i nd i cate 

preferent i a l  use of s pec i fi c  tree types and tree s i zes for day bed 

s i tes . Al though other stud ies po int  out that raccoons wi l l  e ssenti a l ly  

occupy any tree contai n i ng a cav i ty of su i tabl e d imens i ons (Stuewer , 

1 943a ; Hardy , 1 979 ; Tayl or , C .  I . ,  1 979 ) , i t  appears that part i cu l ar 

tree spec ies form more su i tabl e cav i ties than others and that even par­

t i cu l a r  tree s i zes may be sel ected when a cho i ce i s  avai l abl e .  Th i s  

phenomenon has al so been observed i n  den s i te sel ecti on by bl ack bears 

i n  the Great Smoky Mounta i n s  Nat i onal  Park , wi th red oaks aga i n  bei ng 

one of the most popul ar tree speci es sel ected (Johnson and Pe l ton , 

1 98 1 ) .  These data coul d have i mportant forest management impl i cati ons 

for agenc ies  concerned wi th ma i nta i n i ng hea l thy wi l d l i fe popu l ati on s .  

S i nce den ava i l abi l i ty for spec i es such a s  raccoons and bears can be 

cruc i a l to the l i fe h i story of the animal , sel ecti ve cutt i ng techn i ques 

coul d be used to ensure ava i l abi l i ty of trees of part i cu l ar spec ies  and 

s i zes . 

Rock dens used by raccoons had an average entrance s i ze of 

1 9  ± 4.8 em x 2 1 . 1  ± 3 .4  em ( N = 6)  and ground dens an average entrance 
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s i ze of 26 . 5  ± 2 . 4  em  x 23 . 5  ± 2 . 3  em ( N  = 1 0 ) .  Al l of the rock dens 

that were sel ected resembl ed deep cave-l i ke structures that were fu l ly 

protected from external  amb ient cond i ti on s .  Duri ng the transects , 1 6  

ground dens , 2 roc k  dens , and 1 barn were encoun tered . Ground dens , 

i n  the form of woodchuck bu rrows , were extremely  numerous i n  Cades Cove 

and were obv i ous ly  not ut i l i zed by the raccoons wi th the frequency they 

were encountered . As wel l as hav i ng to compete wi th foxes , s kunks , and 

oppossums for ground dens , raccoons greatest competi ti on probably came 

from groundhogs themsel ves . In  1 978 there were reported to be 1 . 38 

groundhogs per hectacre i n  Cades Cove ( Tayl or , C .  I . , 1 97 9 ) . Al though  

raccoons have been known to  share dens wi th groundhogs , they are a l so 

known to have aggress i ve encounters wi th each other ( Butterfie l d ,  1 954 ) .  

Both rock and barn dens are rel ati vel y sparse i n  Cades Cove and appeared 

to be used d i s proporti onately to the i r  numbers .  

Once i t  was establ i s hed that raccoons were sel ect i ve i n  choos i ng 

day bed s i tes , i t  was important to exam i ne the pos s i b l e  factors govern­

i ng the sel ecti on process . S i nce temperature appeared to be one of the 

major factors affect i ng raccoon acti v i ty ( Stuewer,  1 943b ; Whi tney and 

Underwood ,  1 952 ) ,  i t  was specu l ated that the mi croc l i mate of a den wou l d  

greatly affect i ts su i tabi l i ty a s  a day bed s i te .  Th i s  i dea was fi rst 

s ubstant iated by Berner and Gysel ( 1 967 ) who found that the most i mpor­

tant characteri st i cs of den s i tes were the amount of p rec i p i tati on and 

wi nd al l owed i n s i de the den cav i ty and the stabi l i ty of i ts temperatu re 

as compared to the externa l  temperatu re . The re l at ion sh i p  between den 

tempe ratures and amb ient temperatu re had prev ious ly  been exami ned wi th 

nest boxes (McComb and Nobl e ,  1 981 ) ,  raccoon tree dens ( Stai ns , 1 961 ; 
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Berner  and  Gyse l , 1 967 ) , and raccoon ground dens ( Berner and Gyse l , 

1 967 ) .  However ,  there had been no reports i n vesti gati ng  temperature 

fl uctuati ons at several den types s imul taneou s ly .  I n  thi s study , temper­

atures were obta i ned duri ng  a l l seasons for rock dens , ground dens , barn 

dens , and tree dens usi ng remote read i ng thermographs . The object i ve 

was to corre l ate seasonal fl uctuations i n  den temperatures ,  amb ient 

temperatu res , and den usage patterns .  S i nce den s i tes were used pri ­

mari l y  duri ng the day l i g ht hours , temperatu re read i ngs that were 

obtai ned at 1 200 hou rs on randoml y sel ected days of a parti cu l ar month 

were used to obta i n  average monthly and seasonal den tempe t·atu res 

( Tabl es 1 9  and 20 ) .  Al though there were no s i gn i fi cant d i fferences 

(ANOVA , P > . 05 )  between mean annual temperatures for any of the den 

types , there were s i gn i fi cant seasonal di fferences (ANOVA , P < . 05 ,  

Duncan s Mul ti p l e Ran ge Test a = . 05 ) .  

Dur ing  spri ng and summer , the re were no s i gn i fi cant d i fferences 

(ANOVA , P > . 05 )  between any of the den temperatu res and amb i ent  temper­

ature .  The h i gh  use of tree dens by fema l es dur ing  these season s was 

probab ly rel ated to a secu re den for parturi t ion and wean i n g .  There were 

a l so no s i gn i fi cant di fferences (ANOVA , P > . 05 )  between any den temper­

ature and ambi ent temperatu re duri ng the fal l months and thi s corresponded 

to no s i gn i fi cant di fferences (ANOVA , P > . 05 )  i n  den type as wel l . How­

ever , rock  dens were s i gni fi cantly warmer (ANOVA , P < . 05 ,  Duncan • s  Mu l ­

t i p l e  Range Test , a =  . 05 )  than al l othe r den types and then amb i ent  

temperatures dur ing  the wi nter months . I t  was a l so duri ng  thi s ti me 

that rock  dens s howed the greatest frequency of use by both mal e and 

femal e raccoons . Fema l e  raccoons a l so used tree dens duri ng  the wi nter 



TABLE 1 9 . Mean monthly temperatures (°C)  for 4 den types and for ambient temperature in 
Cades Cove . Great Smoky Mountains National Park . 1 979-1980 . 

Month Den T,lf?! Ambient 

Rock (n)a Barn {n) Tree (nl Ground (n) 
September 1 5. 0  ( 5 )  22 . 2  ( 1 0 ) 20. 6 ( 8 )  26 . 1 ( 5 )  22 . 2  ( 8 )  

October -- 12 . 2  ( 8 )  1 3 . 9  ( 7 )  - - 1 8 . 8  ( 1 3 ) 

November 1 4 . 4  ( 7 )  6 . 7  ( 9 )  4 . 4  ( 1 0 ) 1 1 .  1 ( 4 )  1 9 . 0  ( 1 ) 

December 12 . 8  ( 7 )  5 . 0  ( 10)  3 . 9  ( 6 )  5 . 6  ( 8 )  1 0. 0  ( 1 0 ) 

January 1 1. 7  ( 6 )  4 . 4  ( 5 )  1 . 7  ( 7 )  4 . 4  ( 8 )  8 . 9  ( 8 )  

February 1 2 .8  ( 7 )  5 . 0  ( 1 0 ) 2 . 8  ( 7 )  -2 . 8  ( 6 )  5 . 0  ( 1 0 ) 

Marc h  12 . 2  ( 5 )  -3 . 3  ( 1 0 ) 1. 1 ( 7 ) 8 . 3  ( 9 )  5 . 5  ( 1 0 )  

April 12 .8  ( 3 )  13 . 3  ( 6 )  7 . 2  ( 6 )  1 2 . 2  ( 1 0 ) 1 6 . 7  ( 1 0 )  

May 13 . 3  ( 6 )  2 1. 1 ( 1 2 )  1 6 . 7  ( 6 )  18 . 9  ( 1 1 )  1 7 . 8  ( 1 0 )  

June 1 4 . 4  ( 3 )  23 . 9  (8 ) 1 9 . 4  ( 9 )  21. 7 ( 7 )  22 . 2  ( 9 )  

July 15. 0 ( 5 )  23 . 3  ( 9 )  22 . 2  ( 8 )  23 . 9  (3 ) 27 . 2  ( 1 0 ) 

August 15 . 6  ( 4 )  24 . 4  ( 9 )  2 1  • 7 ( 10 ) 25 . 0 ( 9 )  27 . 8  ( 1 0 ) 

Range 1 2 .2  - -3 . 3  - 1. 7 - -2 . 8  - 5. 0 -
15 . 6  24 . 4  2 2 . 2  2 6 .  1 27 . 8  

aNumbers in parentheses represent samp l e  size . ........ � 



TABLE 20.  Mean seasonal  and annual  temperatu res ( °C )  for 4 den types and for ambi ent 
temperatures i n  Cades Cove , Great Smoky Mountai ns  Nati onal Park , 1 979- 1 980 .  

Season 
Den T�(:!e Winter {n }a Spring (n) Sunmer (n } Fal l {n ) Annua l {n ) 

Rock Den 
1 4 . 7  ( 1 2 )

b 
Mean 1 2 . 4 (20 ) 1 2 . 8  ( 1 4 )  1 5 . 0  ( 1 2 )  1 3 . 7  ( 58 )  

Std . dev . 0 . 63 0. 55 0 . 60 0 . 42 1 . 30 
Range 1 1 . 1 - 1 3 . 0  1 1 . 0- 1 4 . 0  1 4 . 5- 1 6 . 0  1 3 . 0- 1 7 . 0  

Barn Den 
Mean 4 . 8  (25 ) 1 0. 3  ( 28 )  23 . 9  (26 ) 1 3 . 7  ( 27 )  1 3 . 2  ( 1 05 )  

Std . dev. 0 . 35 1 2 . 4  0 . 55 7 . 9  8 . 0  
Range - 1 . 1 - 1 4 . 4  - 1 2 . 0-23 . 0  20 . 0-26 . 7  0 . 0-24 . 4  

Tree Den 
Mean 2 . 8  {1 9 )  8 . 3  ( 1 9 )  2 1 . 1  ( 2 7 )  1 2 . 9  (26 ) 1 1 . 3 ( 90 ) 

Std.  dev . 1 . 1 7 . 9  1 . 5 8 . 1 r. 1 
Range -4 . 4-1 4 . 4  - 1 0 . 0-20 . 0  1 4 . 4-24 . 4  - 1 . 6-23 . 3  

Ground Den 
1 8 . 6  ( 9 )

b Mean 2 . 4  (22 ) 1 3 . 1  (30 ) 23 . 5  ( 1 9 )  1 4 . 4  (80) 
Std . dev . 4 . 5 5 . 4  1 . 7 3 . 5  9 . 1  

Range -4 . 4-6 . 7  6 . 1 -2 1 . 1  20. 0-27 . 8  1 0. 0-26. 7 

Ambi ent TeiJll . 
Mean 8 . 0  (28 ) 1 3 . 3  ( 30 )  25 . 7  ( 29 )  20. 0 (22 ) 1 6 . 8  ( 1 09 )  

Std.  dev . 2 . 6  6 . 8  3 . 1  1 . 9 7 . 7  
Range - 1 . 1 -23 . 3  -2 . 2-25 . 6  1 1 . 1 -33 . 3  . 1 1 . 0-23 . 9  .... 

a
Numbers i n  parentheses denote sample  s ize . 

b
No data avai l abl e for the month of October . "'-.1 

(J"' 
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months even though the mean tempe ratures of  these dens  were rel ati ve ly  

l ow. Thi s was an i nterest i ng phenomenon s i nce tree dens often fol l ow 

s i mi l ar temperature fl uctuati ons as amb i ent temperatures and are often 

cool er than ambient ( Sta i n s , 1 961 ; Berner and Gysel , 1 967 ; McComb and 

Nobl e ,  1 981 ) .  Thi s can be ene rget ica l l y  expens i ve when most  of the 

res i s tance to heat l oss  i n  a tree den i s  i n  the fu r of the raccoon , not 

i n  the a i r  space or the den wa l l  (Thorkel son and Maxwel l , 1 974 ) .  

Duri ng a very col d  period , C .  I . Tayl or ( 1 979 ) found a raccoon dead 

i n  a tree den from exposu re whi l e  another raccoon surv i ved i n  a ground 

bu rrow approx i mate ly  900 m away . Yet , tree dens do serve to create a 

l ag ti me such that temperature fl uctuati ons are beh i nd those of amb ient 

( Sta i ns , 1 961 ) .  However , i t  wou l d  seem l og i ca l  that warmer s i tes such 

as rock or barn dens wou l d  ma ke better wi nter dens . Factors such as  

den ava i l abi l i ty and competi tion may p l ay a rol e at th i s  t ime .  Ener­

get i ca l l y ,  rock dens appear to be the most opti ma l  wi nter  den s i te for 

raccoons . I n  add i tion to the i nherent advantageous mi croc l i mati c con­

d i tions of rock dens , these s i tes al l ow for wi nter communal denn i ng 

(Twi tchel l and Di l l ,  1 949 ; Wh i tney and Underwood , 1 952 ; Mech and 

Turkows k i , 1 966 ; Mech et a l . ,  1 966 ) .  In  thi s study , the most  frequent ly  

occurri ng  i nstances of  communal denn i ng by rad i ocol l ared raccoons 

occurred in rock dens du ri ng the wi nter (Tabl e 2 1 ) .  

The i mportance and su i tabi l i ty of rock dens as  s i tes for raccoon 

day beds make them a potenti al ly  i mportant management too l for raccoons .  

I n  areas where su i tabl e trees may not be ava i l abl e for dens or where 

hunti ng pressures have become too i ntense , s i tes such as  o l d  roc k  

quarries and l i mestone outcrops can take o n  added i mportance . I n  



TABLE  2 1 . Instances of rad i oco l l ared raccoons l ocated wi thi n  the same den i n  Cades Cove , 
Great Smoky Mounta i ns  Nati onal Park , 1 979-1 980 (A = adu l t ,  Y = yearl i ng ) .  

No . of 
Sexual Groueing locations 

A mal e  - A mal e  2 Rock den ( n  = 1 )  November 
Barn den ( n  = l )a --- November 

A ma l e  - Y fema l e  4 Roc k den { n  = 4 )  November 
- - - December 

January 
A ma l e  - Y femal e 6 Barn den �n = 4 )a --- November 

Rock den n = 2 )  --- December 

A ma l e  - A ma l e  - Y femal e  4 Rock den ( n  = 4 )  --- January 

A mal e  - A femal e - Y fema l e 1 Rock den (n = 1 )  --- January 

A ma l e  - A mal e  - A femal e 2 Rock den {n  = 2 )  --- December 

A mal e  - A mal e  - A femal e - Y fema l e  2 Rock den (n = 2 ) --- January 

A fema l e  - A femal e 2 Rock den ( n  = 1 )  --- February 
Tree den ( n  = 1 )  --- October 

aRad i oco l l ared raccoons were l ocated wi thi n  the same barn structu re , not necessari l y  
wi th i n  the same den space . 

""-J 
""-J 
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add i t i on , s i nce raccoons frequently wi l l  den in arti fi ca l  nest boxes 

( Bake r  and Newman , 1 942 ; Stuewer ,  1 943a ;  Berner ,  1 965 ) ,  the cons tructi on 

of arti fi c i a l den s i tes can be a val uab le  management too l . I t  appears , 

however ,  that s i nce day bed se lecti on i s  governed by a variety of 

factors , whi ch vary seasonal ly , a variety of d i fferent day bed types 

shoul d be ava i l ab l e  for a raccoon popul ati on to functi on opt ima l ly .  

Movemen ts Between Day Beds 

There i s  a pauc i ty of i n formati on concern i ng movements of raccoons 

between consecut i ve day beds even though thi s i s  an i ntegral part of 

thei r acti v i ty .  D ue  to  the nature of the i r  nocturna l act i v i ty ,  raccoons 

can spend  over one-hal f of the i r ent i re l i ves i n  day beds . P rev i ou s  

stud ies i nd i cate that day beds are mostly temporary and a re sel dom used 

on consecuti ve days ( Cal ba l ka ,  1 952 ; Mech et a l . ,  1 966 ; Sh i rer and  Fi tch , 

1 970 ) . Thi s was not the general trend observed i n  the presen t study .  

Data obta i ned on  consecut i ve days a l l owed for documentat ion of 

seasonal  and annual  d i stances travel l ed between day bed s i tes ( Tabl e 22 ) .  

Al though the re were no s i gn i fi cant seasonal d i fferences (ANOVA , P > . 05 )  

wi th i n  each sex for di stances trave l l ed between day beds , ma l e  raccoons 

consi stently trave l l ed s i gn i fi cantly further ( T-tests , a =  . 05 )  than 

fema l es , dur ing  a l l seasons .  Al though d i stances travel l ed appeared to 

vary greatly between i nd i v i dual  raccoons and di fferent seasons , the 

figures from thi s study are genera l ly l ower than those reported i n  other 

studi es (Mech et a l . ,  1 966 ; Shi rer and F i tch , 1 97 0 ;  Tayl or .  C .  I . , 1 97 9 ) .  

A major factor affecti ng d i stances moved between day beds was the fre­

quency that raccoons remai ned wi th i n  the same day bed on consecut i ve 

days . Fema l e  raccoons showed hi ghe r day bed reuse patterns than mal es 



TABLE 22. Mean d i stances travel l ed ( km)  between consecu t i ve day beds for ma l e  and fema l e  rad i o­
col l ared raccoons i n  Cades Cove . Great Smoky Moun ta i n s  Na t i onal Park 1 979-1 980 

SUson 
AnfMi No. Winter (n)1 Sprin9(nf--su;r;.-;:(n) Fil l  (n) Annual b (n) 

' 

Ma l es 

Y61 0. 0056 (24 )  0. 58 � 1 9)c 
Y54 --- 0. 1 8  1 3 )  
Y66 -- - 0.33  ( 4t Y65 --- 0. 64 ( 1 5  
Y58 0. 58 ( 30)  1 . 40 ( 1 6 ) 
Y55 0.47 ( 7 )  ---

-- --

Total 
Mean 0.35 (61 ) 0 . 62 ( 67 )  

Std. ctev . 0.43 0. 69 
Range 0. 0 - 1 . 3 0 .0  - 3 . 0  

Fema l es 

ROl 0. 1 0  ( 24 )  0 . 38 { 22 
R02 0. 27 {24 ) 0. 1 9  { 1 9  
R04 0. 061 {26 )  0. 1 0  {20 
R05 0.01 3 { 1 7 )  0 .40 (22 
R09 0. 1 8  (21 ) 0. 30 (20 
Rl 5 0. 093 {26 ) 0. 1 4  (21  
R20 0. 047 (24 )  0. 1 0  (20 c 
R55 --- 0 . 067 {6)  

-- --

Total 
Mean 0. 1 1  { 1 62 )  0 . 20 ( 1 50)  

Std . dev . 0. 23 0 .32 
Range 0. 0 - 1 . 2 0. 0 - 1 . 3 

-
aNumbers in parentheses denote samp l e  s i ze .  

0 . 34 (22 ) 
0. 1 7  ( 6 )

c 

---
0. 77 (20� 
0 . 94 ( 1 9  
---

--

0.48 ( 67 )  
0. 51  
0 .0  - 2 . 0  

0. 22 {24 ) 
0. 1 5  ( 1 7 � 
0 .043 { 1 3  c 

0 . 23 ( 1 7  � 
0. 39 (22 
0 . 09 �22 � 
0 . 1 8  2 1  
0. 076 (24 

--

0. 1 7  ( 1 60)  
0 . 30 
0 .0  - 1 . 5  

0 . 54 ( 1 2 ) 0 . 37 ( 77 )  

0 .40 ( 6 )
c 

0 .83 (7 1 ) 
0. 95 (6 )

c 

--

0 . 63 (24 ) 0 . 60 ( 1 48 )  
0.49 
0.0 - 2 . 2  

0. 59 { 1 1  )� 0 . 3 1  (81 ) 
0 . 28 ( 1 5 )  0 . 22 (75)  
--- 0. 068 (59  
0. 1 0  ( 1 2 )  o .  18 (68 )  
0. 076 ( 1 4� 0. 24 ( 7 7 )  
0 . 25 p 4 o. 1 4  (83)  
0 .38 1 5 )c 0. 18  (79 )  
0 .43 (4 )  0. 1 9  (34 )  

-- --

0 . 30 {85 ) 0 . 1 9  { 557 } 
0 .42 
0 . 0 - 2 . 1  

bAnnual d i s tances were not c a l cul a ted when data from more than 1 sea son were not a va i l abl e .  

c
l ncompl ete sea sonal data . ......., 

\0 
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over a l l seasons (Tabl e 23 ) .  Th i s  was parti cul ar ly true in the spri ng 

and surm1er months . 

Much of raccoon movement data can be exp l a i ned i n  terms of the 

soc i al structure of raccoon popul ations . Du ri ng spri ng ,  parturi ti on 

occurs and fema l es rema i n  i n  matern i ty dens 50 to 60 days after the 

b i rth of the young ( Schnei der et a l . ,  1 97 1 ) .  The young are weaned 

du ri ng  summer ,  so dur i ng the fal l months , the fema l es must repl en i sh 

the i r  energy reserves and store add i ti onal fat for the wi nter . Du ri ng 

the wi n ter months the fema l e  and young mi ght be much more prone to 

remai n i n  the i r  dens for energeti c reasons ,  than ma l e  raccoons who were 

not stres sed by the burden of young .  Ma l e  raccoons desert the fema l es 

s hort ly  after copu l at i on and p l ay no rol e  i n  the fami ly un i t .  

Scat Stati ons  

Scat stati ons were fi rst descri bed by Sta i ns ( 1 956 ) as a p l ace 

where a raccoon l oafs or rests and depos i ts scats regu l arly . He found 

that these scat stati ons were used and ma i nta i ned pr imari ly  from Ju ly  

through  November .  Si nce that report , there have been no addi ti onal 

reports in the l i terature regarding  raccoon scat stati ons . However , a 

behav ior  s imi l ar to that descri bed by Sta i n s was observed i n  thi s 

s tudy .  Whi l e  wa l k i ng i n  o n  raccoon day beds , fresh scats were observed 

on 35 occas i ons at the base or di rectly  i n  front of a day bed .  Most of 

the scats were at the bases of trees but they were a l so found at roc k ,  

ground , and barn dens . Sta i n s ( 1 956 ) does not specul ate on the pos s i bl e  

reasons for th i s  behavior .  Al though much more data are needed , i t  i s  

fe l t  that the presence of these scats may represent a type o f  scent 

mark i ng , not uncommon i n  carn i vores . The depos i ti on of feces as a scent 



TABLE 2 3 .  Percent o f  ti mes that ma l e  and fema l e  rad i ocol l ared raccoons rema i ned i n  the same 
day bed on consecu ti ve days i n  Cades Cove , Great Smoky Mountai ns Nati onal Park , 
1 979 - 1 980 

An i mal Season 
No. Wi nter (n)a Spri ng (n) Sunwner (n) Fal l  (n) Annual (n) 

Ma l es 
Y61 96 ( 24 )  37  ( 1 9 )  59 (22 ) 45 ( 1 2 )  63  ( 7 7 ) 
Y54 - - 36 ( 1 3 )  0 ( 6 )  
Y66 - - 50 ( 4 )  
Y65 - - 0 ( 1 5 )  5 (20 ) 
Y58 27 ( 30 )  0 ( 1 6 )  1 0  ( 1 9 ) 1 4  ( 6 )  1 5  ( 7 1  ) 
Y55 29 ( 7 )  - - - - 0 ( 6 )  

- - -

Mean 5 1  ( 61 ) 2 5  (67 ) 1 8  ( 67 )  20 (24 ) 39  ( 1 48 ) 

Fema l es 
ROl 62 (24)  38 (22 ) 7 5  ( 24 ) 54 ( 1 1 )  59 (81 ) 
R02 67 ( 24 ) 53 ( 1 9 ) 24 ( 1 7 )  1 7  ( 1 5 )  42 ( 75 )  
R04 58 ( 26 )  50  ( 20 )  62 ( 1 3 ) - - 76 ( 5 9 )  
R06 88 ( 1 7 )  4 1  (22 ) 7 1  ( 1 7 )  54 ( 1 2 )  63 ( 68 )  
R09 69 ( 2 1 ) 57 ( 20 )  86 (22 ) 20 ( 1 4 )  62 ( 7 7 ) 
Rl 5 69 ( 26 )  57  ( 2 1 ) 86 (22 ) 20  ( 1 4 )  62 (83 ) 
R20 96 (24 ) 30 ( 20 )  57 ( 2 1  ) 7 ( 1 5 )  53 ( 7 9 )  
R55 -- 67 (6 ) 62 ( 24 ) 0 ( 4 )  61  ( 34 )  

- - - -

Mean 7 3  ( 1 62 )  4 9  ( 1 50 )  6 5  ( 1 60 )  :?5 (85 ) 60 ( 556 ) 

aNumbers i n  paren theses represent samp l e  s i ze .  

(X) 
...... 
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marki ng  dev i ce i s  usua l ly accompan i ed by other types of mark i ng and has 

been observed in bobcats ( Bai l ey ,  1 974 ) , the Afri can pol ecat 

( Poec i l ogal e  a l bi nucha ) (Al exander and Ewer .  1 959 ) , the t i ger ( Panthera 

t igri s ) ( Scha l l e r ,  1 967 ) ,  and the puma ( Fel i s  conco l or ) ( Hornocke r ,  

1 969 ) .  Fecal  mark i n g  may be a form of terri tor i a l  behav i or  a s  l ong  as  

i t  is  s i te dependent ,  consp i cuous , and d i scourages s i mi l ar behavi ng 

i nd i v i dua l s ( Fretwel l ,  1 972 ) .  S i n ce i t  appears that raccoons may be 

mai ntai n i ng certa i n  mi n imum d i stances from one another duri ng  certa i n 

t imes of the yea r ,  the �t of feca l  mark i n g  may a i d  i n  thi s phenomenon . 

S i nce Sta i ns found that scat stati ons were ma i n ta i ned duri ng  the summer 

and fa l l  months i t  i s  al so poss i bl e  that thi s marki n g  may be i n vo l ved 

wi th such thi ngs a s  mati ng , the beari ng  and ra i s i ng of young ,  yearl i ng 

d i s persa l , or s i bl i n g  recogn i ti o n .  I n  most  carn i vores there i s  a great 

i ncrease i n  the frequency of scenti ng behav ior duri ng  the mati ng peri od 

( Ewer , 1 97 7 ) . Thus , such scent ing  behavi or does not automati cal l y  imp ly  

that the species  concerned i s  ei the r  terri tori a l  or  sol i tary .  

The l ack o f  add i tional  data does not a l l ow any conc l u s i ons  to be 

drawn regard i ng scat stati ons . However ,  the observati on s presented here , 

as  we l l  as  that found by Stai ns  ( 1 956 ) , do i ndi cate a need to i n vest i ­

gate thi s phenomenon further i n  raccoons . Very l i ttl e i s  known regard i n g  

the behavi or o f  raccoons i n  the wi l d ,  and these k i nds o f  data cou l d  s i g­

n i fi cantly add to knowl edge regardi ng the an ima l s soc i a l  i n teracti ons and 

organ i zat i on .  
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V .  Phys io l ogy and Hea l th 

Recta l Temperatures 

Rectal temperatures of 88 raccoons averaged 38 . 3° C ( range 3 5 . 2  -

40 . 3°C ) . No s i g n i fi cant d i fferences (T-test , a = . 05 ) were found 

between the sexes . Sampl e s i zes were too sma l l for seasona l analys i s .  

Al thou gh recta l temperatures varied up to 1 . 5°C between recaptu res for 

a part i cu l ar an ima l , the average rectal temperatu re found i n  thi s study 

i s  s imi l ar to the val ue of 38 . 8°C ( range 33 . 8  - 40 . 8°C ) found by Hoff 

et a l . ( 1 974a ) for raccoons i n  F lor ida .  

Hemato l ogi cal  Parameters 

Knowl edge of the hemato l ogy and bl ood chemi stry of wi l d  an imal 

spec ies can prov i de i mportant i n formati on on the phys i o l og i ca l  state of 

a popu l at i on ( LeResche et al . ,  1 974 ; Sea l et a l . ,  1 975 ; Lee et a l . ,  

1 977 ) . I n  order to prope rly i nterpret such data however , one must have 

base l i ne val ues from d i fferent age and sex anima l s  over a l l season s .  

Thus , d uri ng the cou rse o f  thi s study , 1 53 whol e bl ood samp l es were 

co l l ected from 1 22 i ndi v idual raccoons over 4 seasons . The mean 

hematol og i c  val ues obtai ned (Tabl e 24 ) are comparab le  to those by Hoff 

et a l . ( 1 974a ) for raccoons i n  Fl orida , and to those of Kennedy ( 1 935 ) 
and Jacobs ( 1 95 7 ) for raccoons i n  genera l . 

S i nce the re were no s i gn i fi cant d i fferences (T tests , a = . 05 ) 
between the sexes for any of the bl ood parameters , data were poo l ed for 

some analyses . Usi ng di scrimi nant ana lys i s  to eva l uate a l l bl ood 

parameters together , age c l ass i fi cati on was d i v i ded i nto 2 groups : 

young , nonreproducti ve raccoons (age c l as s  1 ) , and ol der , sexua l ly 



TABLE 24 .  Mean bl ood parameters for raccoons i n  Cades Cove , Great Smoky Mounta i ns Nati onal 
Park , 1 979- 1 980 .  

Bl ood Parameter Sampl e Si ze (N )  Mean Std . Deviati on 

Hemogl obi n ( g/dl ) 1 1 8 1 1 . 0 4 . 0  - 1 5 . 0  1 . 7 

Hematocri t ( % )  1 1 8  3 3 . 6 1 3 . 0  - 45 . 0  5 .  1 

Total p l asma prote i n  ( g/dl ) 1 1 8 8 . 6 6 . 0 - 1 1 . 0  0 . 89 

Tota l wh i te bl ood cel l s/mm3 1 1 8  1 2 , 1 1 4  2 ,200 - 2 3 , 500 3 , 957 

Segmented neutroph i l s/mm 1 1 3 8 , 070 840 - 1 7 , 7 7 5  3 , 696 

Non-segmented neutrophi l s/mm 49 284 71 - 2 , 783 399 

Lymphocytes/mm 1 1 3  3 , 1 63 363 - 9 , 555 1 , 636 

Monocytes/mrn 98 405 4 - 2 ' 1 80 405 

Eos i noph i l s/mm 54 397 22 - 2 , 004 420 

Total red bl ood cel l s/mm 1 1 8 7 . 3  X 1 06 3 . 0  - 1 0 . 0  X 1 06 1 .  3 X 1 06 

00 � 
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mature an ima l s (age cl asses 2 - 5 ) .  Us i ng thi s di v i s i on ,  68 . 7% of the 

grouped cases were correctly c l a ss i fied accordi ng to the SPSS program. 

The standard i zed di scrimi nant functi on coeffi c ients (Tabl e 2 5 }  i nd i cated 

that p l asma prote i n  l evel s  accounted for the greatest vari abi l i ty between 

these 2 age groups . There was an i ncrease i n  p l asma prote i n  l eve l s wi th 

i ncreas i ng age (Tabl e 26 ) .  U s i ng thi s same analys i s ,  seasonal data was 

d i v i ded i nto the non-reproduct i ve per iod and the reproducti ve peri od for 

both mal es and fema l es . The non-reproduct i ve per i od was defi ned as 

October through March when young have been weaned and the greatest 

acti v i ty of raccoons concerns food a va i l ab i l i ty and the bu i l d i n g  up of 

fat reserves for wi nter .  The reproducti ve peri od was defi ned a s  Apri l 

through September when ol der mal es were mati ng , younger ma l es were 

d i spers i ng and femal es were undergo i ng ovu l ati on , estrus , mati ng ,  preg­

nancy ,  partu ri t i on ,  and l actati on . Us i ng these group i ngs , 65 . 5% of the 

cases for ma l e  raccoons were correctly cl as s i fied and 7 3 . 0% of the cases 

for fema l e raccoons were correctly  c l ass i fied accord i ng to the SPSS d i s­

crimi nant program. The standardi zed di scri mi nant functi on coeffi c i ents 

(Tabl e 27 ) i ndi cated that for ma l e  raccoons ,  red bl ood cel l l evel s and 

eosi nophi l numbers accounted for the greatest vari abi l i ty between these 

2 time peri ods . Both parameters i ncreased from the non-reproduct i ve to 

the reproducti ve pe riod (Tab l e  28 } .  For the fema l e  raccoons , the 

standardi zed di scrimi nant functi on coeffi cients (Tab le  2 7 )  i nd i cated 

that red bl ood cel l l evel s and hemogl ob i n  concentrati ons accoun ted for 

the greatest vari abi l i ty between these 2 t ime peri ods . Both parameters 

i ncreased from the non-reproduct i ve to the reproducti ve peri od (Tab le  

28 ) .  Exami n i ng the b l ood pa rameters i nd i v i dual l y  for a l l raccoons 



TABLE 25 . Standardi zed d i scrimi nant functi on coeff ic i ents (d i • s ) 
showi ng the rel ati ve contri bution of the vari abl es used 
i n  the analys i s to the d i scri mi nant function for the bl ood 
parameters vs . age anal ys i s  for raccoons of Cades Cove , 
Great Smoky Mounta i ns National  Park . 

86  

Variabl esa D iscrimi nant Funct i on Coeffi c ients 

P l asma p rote i n  

Hemogl obi n 

Lymphocytes 

Nonsegmented neutrophi l s  

Eos i noph i l s  

0 . 8 1 360 

0 . 2 2 1 49 

-0 . 2 6084 

-0 . 38864 

-0 . 27276 

aAl l other bl ood parameters were determi ned to be non s i g n i fi can t 
by the SPSS program and were dropped from the ana lys i s .  



TABLE 26 .  Untransformed means of bl ood parameters for young non-reproduc ti ve (c l ass 1 ) and 
ol der sexual ly mature raccoons (c l asses 2 - 5 ) of Cades Cove , Great Smoky Mounta i n s  
National  Park , 1 97 9- 1 980 ( N  = 1 1 5 ) . 

You�1 Non-reEroducti ve Raccoons 
an Std . dev iat ion 

Ol der2 Sexual lX Mature Raccoons  
Blood Variable 

Hemogl ob in  ( g/dl ) 1 o .  5 1  1 . 98 

Pl asma protei n ( g/dl ) 8 . 07 0 . 89 

Whi te bl ood cel l s  (per  mm3 ) 1 1 3 . 53 37 . 52 

Segmen ted neutrophi l s  (pe r  mm )  6926 . 5 1  3849 . 1 6  

Non-segmented neutrophi l s  ( pe r  mm) 1 74 . 67 439 . 1 7  

Lymphocytes ( per mm ) 3 1 1 5 . 1 1  1 665 . 1 8  

Monocytes (per mm ) 294. 53 2 55 . 25 

Eos i nophi l s  (per mm) 1 1 8 . 22 1 97 . 28 

Basophi l s  ( pe r  mm)  40 . 87 1 02 . 78 

Red bl ood cel l s  x 1 06 (pe r  mm )  7 . 04 1 . 41  

Mean 

1 1 . 50 

8 . 87 

1 26 . 08 

8250. 3 1 

8 1 . 97 

2962 . 56 

422 . 2 3  

1 99 . 86 

53 . 74 

7 . 48 

Std . deviat ion 

1 . 46 

0 . 76 

40 . 40 

4054 . 1 9  

1 29 . 2 1 

1 770 . 04 

580 . 95 

355 .  1 8  

1 1 9 . 40 

1 . 1 5 

co '-J 
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TABLE 2 7 .  Standard i zed d i scri mi nant functi on coeffi c i ents (d i ' s )  
showing  the rel ati ve contri but i on of the var i abl es used i n  
the analys i s  to the d i scrimi nant function for the bl ood 
parameters vs . seasona l analys i s  for both ma l e  and fema l e  
raccoons of Cades Cove ,  Great Smoky Mounta i ns Nati onal Park . 

Variablesa 

Mal es 

Lymphocytes 

Monocytes 

Eosi nophi l s  

Basophi l s 

Red b 1 ood ce 1 1  s 

Femal es 

Hemogl obi n 

Whi te b l ood cel l s  

Non-segmented neutroph i l s  

Monocytes 

Basoph i l s 

Red bl ood cel l s  

D iscriminant Functi on Coeffic ients 

-0 . 4729 1  

-0 . 45439 

o. 7 9624 

0 . 5 1 502 

0. 75463 

-0 . 89043 

0 . 401 1 0  

-0 . 37663 

-0 . 507 7 9  

0. 39803 

1 . 46689 

aAl l other b l ood parameters were determi ned to be nons i gn i fi cant 
by the SPSS p rogram and were dropped from the analys i s .  



TABLE 28 . Untransformed means of bl ood parameters for mal e and fema l e  raccoons of Cades Cove , 
Great Smoky �1ounta i ns Nati ona l  Park , duri ng  reproducti ve and non- reproducti ve 
peri ods (N = 89 ) . 

Bl ood Vari abl e 

Hemog l obi n ( g/dl ) 

P l a sma p rotei n ( g/dl ) 

Whi te bl ood cel l s  ( per  mm3 ) 

Segmented neutrophi l s  (pe r  mm )  

Non-segmented neutrophi l s  ( per  mm ) ' 

Lymphocytes ( per mm)  

Monocytes ( per  mm )  

Eos i noph i l s  ( per mm )  

Basoph i l s  (per mm ) 

Red bl ood cel l s  x 1 06 (per  nun ) 

ma l es 
fema l es 

ma l es 
fema l es 

ma l es 
fema l es 

ma l es 
fema l es 

ma l es 
fema l es 

ma l es 
fema les  

ma l es 
fema l es 

ma l es 
fema l es 

ma l es 
fema l es 

ma l es 
fema l es 

ReEroducti ve Peri od 
Mean Std . deviation 

1 1 . 4 9  1 . 64 
1 1 . 1 6  1 . 40 
8 . 56 0 . 7 9 
8 . 58 1 .  03 

1 24 . 33 3 5 . 48 
1 25 . 26 4 1 . 70 

7627 . 85 427 9 . 46 
781 9 . 98 431 8 . 98 

1 6 1 . 05 455 . 92 
91 . 28 1 50 . 7 5  

2868 . 79 1 738 . 5 1 
3 1 1 2 . 88 1 939 . 89 
370 . 5 1 641 . 57 
351 . 64 393 . 0 1 
2 1 7 . 25 482 . 75 
209. 1 4  320 . 72 
60 . 85 1 37 . 67 
72 . 02 1 03 .  1 6  
7 . 67 1 . 06 
7 . 56 1 .  01  

Non-reEroducti ve Peri od 
Mean Std . dev iat ion 

1 1 . 1 2 2 . 45 
9 . 82 3 . 28 
8 . 36 0. 57 
7 . 97 2 . 59 

1 34 . 68 1 64 . 43 
1 07 . 72 46 . 1 9  

6651 . 44 2536 . 68 
6744 . 69 4050 . 00 
1 2 1 . 40 1 72 . 68 
1 27 . 5 1 1 76 . 2 1 

2955 . 52 1 364 . 47 
2735 . 49 1 8 1 9 . 96 
370 . 5 1  641 . 1 7  
385 . 59 378 . 99 
95 . 20 1 44 . 86 

1 62 . 97 2 34 . 59 
1 0 . 1 6  36 . 67 
20 . 67 95 . 97 

7 . 00 1 .  6 1  
6 . 1 0  2 . 2 1  

(X) 1.0 
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{ Tabl e 2 9 ) , p l a sma protei n showed s i gn i fi cantly {ANOVA, P < . OS ,  Duncans 

Mu l ti p l e  Range Test  a = . OS )  l owe r l evel s  in fal l  than duri ng  any othe r 

season . Hemogl obi n l evel s were s i gn i fi cantly l owest i n  fal l  and wi nter 

(ANOVA , P < . OS ,  Duncans Mu l ti p l e  Range Test a = . OS )  and hi ghest i n  

spri ng .  Red bl ood cel l numbers were s i gn i fi cantly {ANOVA P < . OS ,  

Duncan ' s  Mu l ti p l e  Range Test  a =  . OS )  l ower i n  wi nter and hi ghest i n  

spri ng and summer .  Segmented neutroph i l s  were s i gn i fi cant ly (ANOVA , 

P < . OS ,  Duncans Mu l ti p l e Range Test  a =  . 05 )  hi ghest i n  s ummer and 

l owest i n  w i nter and fal l ,  and hematocri t l evel s were s i gn i fi cantly 

{ANOVA , P < . 05 ,  Duncans Mul t i p l e  Range Test a = . 05 )  hi ghest in spri ng  

than duri n g  any other season . 

There are numerous factors that can affect d i fferent  bl ood 

parameters i n  wi l d l i fe .  I n  the raccoon , one o f  the more i mportant 

factors may be d i e t ,  partic u l arly the prote i n  and energy content of the 

food . Sea l  et a l . { 1 978a ) showed that there are pos i ti ve corre l ati ons 

between red bl ood cel l counts and crude protei n i ntake and an i n verse 

corre l ati on between hemog l ob i n  l evel s and crude protei n i n ta ke i n  deer 

fawns .  Bahnak et a l . { 1 97 9 )  fu rther showed seasonal  trends i n  hemato­

cri ts and serum protei n l evel s ,  wi th hematocri ts bei ng hi ghest i n  wi nter 

and l owest  i n  summer , and serum protei n l evel s dropp ing  s i gni fi cantly i n  

deer fawns on l ow protei n diets duri ng l actati on . S imi l ar trends can 

be detected i n  the Cades Cove raccoon popul ati on .  I n  most areas of the 

Great Smoky Mounta i ns Nati onal Park , the crude protei n content of food 

i tems for bl ack bears i s  h i ghest i n  the early spri ng , l owest  i n  l ate 

fa l l  and wi nter ,  and i ntermedi ate i n  l ate spri ng , early fa l l ,  and summer 

{ Eagl e ,  1 979 ) .  Si nce the food of bl ack bears i s  very s i mi l ar  to that 



TABLE 29 . Mean seasonal val ues of bl ood parameters of raccoons  from Cades Cove , Great Smoky 
Mountai ns Nati onal  Park t 1 979-1 980 .  

Season 
Variable Wi n�r {37}4 S(!ri ng (49) Sumner ,48) Fal l  '36l 

Hemogl obi n ( g/dl ) 1 0 . 5  0 . 5  1 1 . 1 0 . 4  1 1 . 2 0 . 2 9 . 7  0 . 4  

P l asma protei n ( g/dl ) 8 . 4  1 . 1  8 . 4  0 . 3  8 . 6  o .  1 7 . 7  0 . 3  

Whi te bl ood cel l s;mm3 1 27 . 6  22 . 6  1 07 . 2  6 . 2  1 30 . 6  5 . 0  1 1 0 . 6  7 . 4  

Segmen ted neutrophi l s/mm 6594 . 9  573 . 7 6991 . 5  536 . 5  803 1 . 4  6 76 . 8  6757 . 5  5 74 . 8  

Non·segmented neutrophi l s/mm 1 07 . 9  30 . 3  22 1 . 7  5 9 . 4  78 . 5  2 1 . 3  92 . 3  24 . 8  

Lymphocytes/mm 3028 . 9  292 . 2  2441 . 6  1 89 . 8  2962 . 0  307 . 8  3325 . 9  261 . 7  

Monocytes/mm 396 . 1  67 . 6  3 54 . 7  40 . 8  299 . 0  53 . 4  285 . 6  37 . 1  

Eos i noph i l s/mm 1 26 . 2  30 . 9  2 1 3 . 1  47 . 6  1 1 3 . 9  3 1 . 0  281 . 1  81 . 0  

Basophi l s/mm 5 . 4  3 . 8  64 . 0  1 6 . 7  73 . 5  1 8 . 9 34 . 2  1 4 . 8  

Red bl ood cel l s  x 1 06 /mm 6 . 2  0 . 3 7 . 3  0 . 3 7 . 6 0 . 1 6 . 8  0 . 3 

aNumbers i n  parentheses represent samp l e  s i zes . 

\D 
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of raccoons in the Smokies , these data apply to raccoons as we l l .  Red 

bl ood cel l counts , hemogl ob i n  l eve l s  and p l asma prote i n  l evel s were 

l owest  i n  fa l l  and wi nter , seasons when the crude prote i n  contents of 

the avai l ab le  foods were l owest.  Converse ly ,  red b l ood cel l l evel s were 

h i ghes t i n  spri ng when crude protei n l evel s were h i ghes t .  There can 

a l so be di fferences i n  the di etary i ntake of younger and ol der a n ima l s 

whi ch may contri bute to di fferences i n  bl ood parameters . Nurs i ng j uve­

n i l e  raccoons have d i ets very l ow i n  protei n  s i nce raccoons • mi l k  i s  88% 

water and only 4% protei n ( BenShau l , 1 962 ) .  Furthermore , b l ood param­

eters such as red bl ood cel l counts can be affected by phys i o l og i ca l  

changes caused by muscul ar acti vi ty ( Smi th and Kumpf , 1 932 ) ,  fear or 

exci tement ( Wi ntrobe , 1 933 ) , or dehydration (Wi ntrobe , 1 949 ) .  A l l of 

these changes are assoc iated wi th an i ncrease in  red b l ood cel l counts , 

wh i ch may further expl ai n seasonal trends , particu l arly that seen between 

reproducti ve and nonreproducti ve peri ods . Changes i n  eos i noph i l  counts 

may be caused by hormonal changes rel ated to exc i tement or  i ncreased 

contact wi th other raccoons . Spe i rs ( 1 955 ) has demonstrated a rel a­

t i onsh i p  between eos i nopen i a  and i ncreased pi tu i tary-adrenocorti ca l  

acti v i ty .  Thi s re l at i onshi p has even been suggested a s  a means of 

mon i tori ng popul at ion dens i ty ( Chri sti an ,  1 963 ) .  

Wi l d l i fe Di seases 

One hundred and seventeen bl ood sampl es were tested for the 

p resence of anti bod i es to 5 pathogens .  These agents i nc l uded rab ies 

v i rus , pseudorabi es v i rus , can i ne hepati ti s v i rus , can i ne d i s temper 

v i rus , and parvovi ru s .  Of these samp l es , 49 were obta i ned from ma l es 

of various ages ( 2 1 --c l ass 1 ,  1 0--c l ass 2 ,  1 2--c l ass 3 ,  3--c l ass 4 ,  and 
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3--cl ass 5 ) . Al l samp les were negati ve for rabi es , pseudorabies , and 

can i ne d i s temper .  F i ve raccoons showed questi onabl e ti ters ( 1 : 1 0 ) and 5 

an imal s showed defi n i te ti ters ( 1 : 20 - 1 : 40 ) for both can i ne hepati ti s 

v i rus , and parvovi rus (Tabl e 30 ) . The an ima l  wi th the greatest parvo- . 

v i rus ti ter ( Y55 ) was rad iocol l ared and tracked from 28 September 1 979  

through 27 March 1 980 , but s howed no  abnorma l movement patterns . 

The 5 di seases that were exami ned i n  th i s  study a l l have spec i a l 

re l evance to raccoons .  Can i ne d i s temper has been we l l  documented i n  

raccoon popu l at i ons ( Goss , 1 948 ; Robi nson et a l . ,  1 957 ; Habermann et a l . ,  

1 958 ) and has been known to reach epi zoot i c  proporti ons ( Hoff et a l . ,  

1 974b ) . Keel er ( 1 978 ) documented such an epi zooti c  i n  Cades Cove . The 

p resence of can i ne d i stemper i n  natura l  popul ati ons has become so wi de­

spread that i t  i s  regarded as a s i gn i fi cant factor i n  contro l l i ng 

carni vore popul ati ons (Gorham , 1 966 ) . Ana lys i s  for rabi es was con­

s i dered i mportant because raccoons are becoming an i ncreas i ng ly  i mpor­

tant reservoi r  and source of rabies i n  Fl ori da , Georg i a ,  and Lou i s iana 

( Kappus et a l . ,  1 970 ;  Kapl an , 1 977 ) . However , i t  i s  not surpri s i ng 

that no evi dence of rabies was found i n  Cades Cove raccoons s i nce the 

d i sease i s  spread pri mari l y  by trans l ocated a n ima l s (Nett l es et al • •  

1 979 ) . Parvov i rus was tested because i t  has become an i mportant source 

of morta l i ty i n  dogs and i t  has recently been i sol ated i n  raccoons 

( Nett l es and Gustafson , 1 980 ) . Raccoons have a l so been suggested as 

pos s i bl e vectors of pseudorabies ( Kan i tz et a l . ,  1 974 ) . Recent trans­

mi ssi on experiments wi th raccoons and swi ne i ndi cated that pseudorabies  

was not transmi tted between raccoons , but  was transmi tted rec i p roca l ly  

between raccoons and  swi ne by contact , and when ei ther  consumed i nfected 



TABLE 30. Raccoons showi ng  pos i ti ve ti ters for parvovi rus or can i ne hepati ti s in Cades Cove , 
Great Smoky Moun ta i ns Nati onal Park , 1 97 9- 1 980 . 

Anima l  Sex 1 

Rl l F 

Y55 M 

Y l l l  M 

R49 F 

R57 F 

Age Anti body 
Cl ass2 Di sease T i ter Physical  Condi ti on 

3 Parvovi  ru s 

3 Parvovi rus 

2 Cani ne hepati tus 

3 Can i ne hepat i ti s  

4 Cani ne hepati ti s 

1 : 20 

1 : 40 

1 : 20 

1 : 20 

1 : 20 

Loss of fac i a l  ha i r  
broken cani nes 
Extremely worn mol ars 

Appeared heal thy 
Extremely cal m i n  
trap 

Raw wound on nose 
Ears torn 
Loss of hai r on both 
forearms 

Cal m  i n  trap 

Appeared hea l thy 
Extremely cal m  i n  
trap 

Extreme l oss of hai r 
on head reg i on 

1 M = Mal e ,  F = Fema l e  

Fate 

Found dead 48 
days after 
capture 

Recaptured 7 
t imes over 1 2  
months 

Unknown 

Unknown 

Unknown 

2 1 = 0- 1 4  months , 2 = 1 5- 38 months , 3 = 39-57 months , 4 = 58-86 months , 5 = > 86 months 

1.0 � 
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carrion of the other ( Ki rkpatr ick  et a l . ,  1 980 ) . La stly ,  can i ne hepa-

t i tus was i nvesti gated because v i rus su rveys i n  wi l d  mammal s i nd i cated 

h i gh  proporti ons of raccoons have been exposed to i nfecti ous  hepati ti s 

v i rus ( Parker et al . ,  1 961 ; Jami son et al . ,  1 97 3 ) .  

There are othe r di seases that were not exami ned i n  thi s study 

whi ch occur i n  raccoon s .  These i nc l ude fel i ne l aryng i ti s ,  fel i ne  

gastroenteri ti s ,  purul ent fi bri nous p l euri ti s and pe ri card i ti s ,  and 

tubercul os i s (Whi tney and Underwood , 1 952 ; Stai n s ,  1 956 ) .  

Overa l l ,  the Cades Cove raccoon popu l ation appeared to be free 

of the 5 major di seases that were i nvesti gated . Fu rthermore , the l ack  

of any s i gn i ficant number of raccoons wi th anti body ti ters a l l ows one 

to specul ate that raccoons may not p l ay a cruc i a l  rol e  as carri ers of 

these d i seases . 

Bl ood Mi crofi l ar i ae 

Stud ies  have reveal ed the presence of mic rofi l ariae and the i r 

adul t forms i n  numerou s species  of wi l d l i fe ;  transmi s s i on from wi l d l i fe 

to humans may occur ( Hawk i ng , 1 961 ) .  Due to the i r potent ia l  importance 

concern i ng publ i c  hea l th ,  a knowl edge of thei r presence and d i stri buti on 

i n  di fferent hosts and vectors can be i mportant .  

Mi c rofi l aria  are adapted to l i ve i n  ti ssue fl u i d  or bl ood where 

they may spend severa l months .  Producti on of these m icrofi l ariae by the 

adul t forms can l ast  up to 7 years {Anderson , 1 957 ; Hawk i ng ,  1 961 ; 

Ol sen , 1 974 ) .  Prev i ous  stud ies concern ing  raccoons have reported the 

p resence of 5 spec i es of mi crofi l ari ae from the bl ood (Chandl er , 1 942 ; 

Pri ce ,  1 955 , 1 959 , 1 962 ; Ash and L i ttl e ,  1 964 ; Herman and Pri ce ,  1 965 ; 

Smi th ,  1 980 ) .  
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Throughout the study peri od , 1 48 whol e b l ood samp l es were 

exami ned for mi crofi l aria  us i n g  the Knotts test .  One hundred and e i ght 

of these sampl es ( 73% ) were pos i ti ve for mi crofi l ar i ae .  Al l but 1 of 

the sampl es contai ned on ly  Tetrapeta l onema l l ewl lyn i descri bed by Pr ice · 

( 1 955 , 1 959 , 1 962 ) .  The remai n i ng samp l e conta i ned 1 Dipeta l onema 

procyon i s  as wel l  as l· l l ewel lyn i . The l· l l ewel lyn i averaged 250 -

300 microns i n  l ength and 2 . 5  microns i n  d i ameter .  The s i ngl e �· 
procyoni s was 220 - 230 mi crons by 5 mi cron s .  Promi nent morphol og i ca l  

c haracteri sti cs observed in  a l l the microfi l ar i ae i ncl uded a bl un t ,  

bul bous head s hape , n o  sheath , and a curved button hook ta i l .  Any 

d i screpanc i es regard i ng measu rements and morphol ogy may have been the 

resu l t  of the way i n  whi ch bl ood spec imens were hand l ed ,  techni ques 

used for prepar i ng specimens , age d i fferences of the mi crofi l ari a , or 

the drug used for anesthes i a .  D ipetal onema sp .  i n  bl ood stored for 4 

to 6 hou rs at room temperatu re i ncreases i n  wi dth and l ength over those 

obtai ned from fresh samp l es (Sawye r ,  1 963 ) .  Standard i zed cond i ti ons 

were not a l ways poss i bl e  in the fi e l d .  

Femal e raccoons had a greater i nc i dence of mi crofi l ari a ( 78% ) 

than ma l e  raccoons ( 67%) . For a l l raccoons , there was a much  l ower 

i nc i dence of mi crofi l ari a i n  age c l ass 1 raccoons than i n  a l l other age 

c l asses ( F i gure 1 3 ) .  Seasonal l y ,  spr i ng and summer showed the greatest 

numbers of raccoons pos i t i ve for mi crofi l ari a ( Fi gure 1 4 ) .  

The transmi s s i on of mi crofi l ar ia  depends on both the vector and 

the host .  Al though  there are a number of potent ia l  vectors such as 

mosqu i toes , fl eas , t i c ks , bl ack fl ies , and deer fl ies , othe r factors 

such as host behavior , host morpho l ogy , vector dens i ty ,  and successfu l  
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F i gure 1 3 . Frequency of raccoons pos i t i ve for b l ood mi c rofi l ari ae ,  by 
age c l ass , i n  Cades Cove , Great Smoky Mountai ns  Nat i onal 
Park , 1 979- 1 980 . Numbers i n  parentheses i nd i cate samp l e  
si ze . 
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F i gure 1 4 .  Frequency of raccoons posi t i ve for b l ood mi c rofi l ar i ae ,  by 
season , i n  C ades Cove , Great Smoky 14ountai ns Nat i ona l  Par k ,  
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mouthpart penetrati on i nto host cap i l l ar ies a l so p l ay major rol e s  i n  

deve l op i ng host-vector rel at ionshi ps (Magnare l l i ,  1 979 ) .  Furthermore , 

correct env i ronmental cond i ti ons must  prevai l for a vector to surv i ve 

and for the fi l ar i a  to devel op ( Hawki ng , 1 96 1 ) .  There can a l so be a 

marked per iod i c i ty of mi crofi l ar i ae i n  the per iphera l  b l ood ( O l sen , 

1 974 ) , whi ch has been l i n ked to both phototrop i c  behav i or and acti v i ty 

of  the i ntermedi ate host (Anderson , 1 957 ) .  I n  some spec i es , the peak  

n umber of mi crofi l ari a i n  the peri pheral bl ood occu rs dur ing  the max imum 

bi ti ng acti v i ty of the vector ( Hawk i ng , 1 961 ; Gubl er , 1 966 ) .  Physi o­

l og ica l  defens i ve mechan i sms aga i nst  some mi crofi l ari a can i nc l ude 

numerous neutroph i l s  ( Beaver , 1 965 ) , and eos i nophi l i a ( Jung , 1 967 ; 

Pachero , 1 968 ) .  

Desp i te the hi gh percentage of mi crofi l ari a i n  the raccoons  of 

Cades Cove , the study indi cated a hea l thy , thri v i ng , raccoon popu l ati on . 

I t  may be specu l ated that the I· l l ewel lyn i have devel oped a symbiot i c  

rel at ionsh i p wi th the raccoons that i s  not detrimen ta l  to the i r  hea l th .  

Th i s  i s  not su rpri s i ng s i nce the successful propagati on o f  a pa ra s i te 

depends on i ts abi l i ty to cause no serious i nj ury to i ts host 

( La·vai p i erre , 1 958 ) .  

Ectoparas i tes 

L i ttl e is  known of the ecol ogy of tick  vectors of d i sease 

( Sonenshi ne , 1 975 ) , especi al ly  i n  raccoons .  Yet th i s  knowl edge i s  

v i tal for mean i ngfu l  pred ict ions or contro l  programs of future trends 

i n  t i c k  borne d i seases . The contri buti on of an ectoparas i te study to 

the research reported he re was that i t  caul d be corre 1 a ted wi th other  

data concerni ng the ecol ogy of  the raccoon popu l at i on .  
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From 1 7  November 1 979  to 28 September 1 980 , the presence and 

numbers of ectoparas i tes were noted on captu red raccoons .  Duri ng  thi s 

t ime ,  386 ectoparas i tes were col l ected from the fac i a l  areas of 77  

raccoons ( 38 fema l e ,  39  mal es ) . When ectoparas i tes were extreme ly  

numerous , they were not al l  removed from the raccoon . Al l the ecto­

paras i tes were t i c ks except for 1 bot fly l arva . Two hundred and 

s i xty-ei ght of the ti cks were i dent i fied as Dermacentor vari abi l i s ,  the 

American dog t i ck .  The remai n i ng 1 03 were i denti f ied as I xodes sp ; 34 

were i denti fi ed as 1_. texanus , 1 2  as I .  cooke i . Al l i den t i fi cati on was 

based upon cri teri a l i sted by Ko ( 1 973 ) , Lev i ne ( 1 978 ) , Sonensh i ne 

( 1 979 )  and USDHEW ( 1 967 ) .  These 3 t i ck spec ies have been previ ou s ly  

reported i n  raccoons (Sonens h i ne and Stout ,  1 97 1 ; Good , 1 972 ; Cooney 

and Burgdorfer , 1 974 ) .  Dermacentor vari abi l i s has recei ved w ide atten­

t i on due to i ts poten t ia l  as a vector for rocky mounta i n  spotted fever 

and tu l aremi a .  I n  1 974 , serol ogi c  stud ies carried out i n  the Tennessee 

Val l ey Reg i on (Burgdorfer et al . ,  1 974 ;  Cooney and Burgdorfer , 1 974 ) 

i ndicated a very l ow i nc i dence of R i c ketts i a  r i c ketts i anti bod i e s  

( 8% ,  N = 666 ) but a rel ati vely h i gh i nc i dence of  Franc i se l l a  tu l arems i s  

anti bod ies ( 1 9% ,  N = 620 ) . The raccoon s howed the hi ghest preva l ence 

of the tu l aremi a ant i bod ies (45% , N = 1 6 1 )  of 22 mamma l spec ies  that 

were exami ned . Thi s i s  not surpri s i ng because D. variabi l i s i s  the 

on ly  t i c k  from whi ch these agents have been i sol ated , and the raccoon 

i s  one of the most i mportant mamma l i an hosts for thi s t i c k  (Sonensh i ne 

and Stout , 1 97 1 ; Sonenshi ne , 1 97 5 ) . I xodes s p .  are al so commonly  found 

on raccoons but have not been i mp l i cated i n  the transmi ss i on of many 

d i seases . However ,  1_. cooke i i s  a vector of Powassan v i rus , a cause of 



human encephal i ti s  i n  northern Ontari o (Mclean et al . ,  1 964 ) . 

To obtai n a cl ear p i cture of seasonal d i fferences , each t i c k  

genus was con s i dered separate ly .  Both I xodes spec ies  were con s i dered 

together because the spec ies of al l the spec imens coul d not be i den­

t i fied . The adu l t  stages of Q. var iabi l i s  were preva l ent i n  spri ng 

1 01 

and part i cu l arly  i n  summer ( F i gure 1 5 ) .  Members of thi s spec ies  were 

not found dur ing  wi nter  and fal l .  Very few nymphs and l arvae were 

found . The majori ty of nymphs were col l ected du ri ng the summer mon ths . 

The sma l l samp l e  s i zes for nymphs and l a rvae were due i n  part to samp l i ng 

methods , but ma i n ly to the fact that l arvae and nymphs of Q. vari abi l i s 

do not usual l y  feed on medi um s i zed mammal s (Sonenshi ne and Stout , 

1 971 ) .  The trend observed i n  these data compare favorab ly  wi th the 

l i fe cyc l e  of D .  vari abi l i s .  Adu l t  t ick  act i v i ty i s  supposed to extend 

from Apr i l through mi d-August and peak i n  May or June , wh i l e  nymphal 

acti v i ty extends from f1ay through August wi th a peak in June ( Garvh 

et al . ,  1 978 ) .  Very di fferent patterns were observed wi th Ixodes sp . 

i n  thi s study ( F i gure 1 6 ) .  I xodes was col l ected throughout a l l 4 

seasons wi th much l arger numbers of nymphs and l arvae obta i ned compared 

to D. var iabi l i s .  Thi s i s  because the raccoon i s  an i mportant host of 

the immatu re stages of Ixodes ( Sonenshi ne and Stout , 1 97 1 ) ,  and i t  i s  

the preferred host  of l· texanus . ( B i s hopp and Trembl ey ,  1 945 ) .  The 

adul t forms of I xodes were preval ent  in Cades Cove duri ng the spri ng  

months whi l e  the majori ty of  nymphs and l arvae were col l ected duri ng  

the wi nter months . Thi s cl ose ly  fo l l ows the i r  l i fe cyc l e .  I xodes 

cookei i s  found most months of the year ,  part i cu l arly i n  October and 

November (Tugwel l and Lancaster , 1 963 ) . I xodes texanus  adu l ts and 
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nymphs are mostly preval ent i n  May whi l e  l arvae occur more frequently 

in the co l der months (Sonenshi ne and Stout ,  1 97 1 ) .  Of course , t he maj or 

bias in a l l these data was the fact that not al l ectoparas i tes were 

col l ected , particu l a rly the nymph and l arval stages . 



CHAPTER V 

CONCLUS I ONS 

I .  Popul ation S i ze  and Structu re 

Mark-recapture data on the raccoons of Cades Cove suggested 

overal l sex and age ratios that were i nd i cati ve of a stabl e ,  hea l thy 

popul ati on . Al though the rel ati ve dens i ty of 1 raccoon per 1 7  ha was 

average compared to other studies , the eco l og ica l  dens i ty was 1 raccoon 

per 1 0  ha . Thi s d i screpancy i nd i cates the need i n  con s i deri ng  d i ffer­

ent ia l  habi tat u ti l i zati on when study i ng or manag i ng  for anima l s such 

as  raccoons .  I n  Cades Cove , nocturnal movement patterns i nd i cated that 

open f ie l ds were important foragi ng  and travel areas , but the forests 

were the areas of day bed s i te s .  

I I .  Popu l ation Dynami cs 

Seasonal trends in acti v i ty ,  movement patterns ,  home range 

s i zes , and day bed sel ecti on i ndi cated that raccoons show chang i ng 

patterns of soc i a l organ i zat ion .  Al though they do not appear to show 

strict terri tori al i ty as defi ned by Burt ( 1 943 ) ,  there are i nd i cati ons 

of avoi dance , scent mark i ng ,  and agon i sti c behavior  duri ng  certa i n  

t imes o f  the yea r ,  parti cu l arly  by adu l t mal e s .  Si nce they a re capabl e 

of nei ghbor recogni ti on ( Barash , 1 974 ) , these behavi ors may be rel ated 

to home range defense aga i nst nonres i dent ma l es ,  as observed i n  the red 

fox ( Preston , 1 975 ) .  The abrupt seasonal  changes i n  raccoon movements 

and soc i a l structu re appear to be cl ose ly t ied to breedi ng and 
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reproducti on .  Dur i ng spri ng , parti cul arly the month o f  Apri l ,  the 

1 �  

raccoons i n  Cades Cove show the i r  l argest home range s i zes , the l argest 

s h i ft i n  acti v i ty centers , and the i r h i ghest nocturna l travel rates . 

Acti v i ty centers of adu l t  mal es a l so are the furthest apart duri ng 

s pri n g .  These patterns o f  behavi or are probably l i n ked to the search 

for mates by mal es and the need for femal es to seek out opt ima l  mater­

n i ty dens . Furthermore , i t  appears l i kely that the d i s so l uti on of 

s i b l i ng bonds beg i ns at th i s  ti me ( Fri tzel l ,  1 977 ) .  By the t ime of 

parturi t ion i n  June , yearl i ngs are be i ng forced to di sperse from thei r 

nata l areas . Thi s phenomenon was of greater i mportance i n  yearl i ng 

mal es whi l e  yearl i ng fema l es often remai ned i n  the i r natal areas . 

Duri ng  other t imes of the year ,  the raccoons s howed much l ess 

movement and greater tol erance for each other.  Th i s  was exempl i fi ed 

dur i ng  the wi nter months when they had the i r  sma l l est home ranges and 

were l east acti ve . Adul t mal es had the i r  acti v i ty centers cl osest to 

each other duri ng  th i s  t ime and both sexes showed i nstances of communal 

denni n g .  There appeared to be no  true w i nter l ethargy and acti vi ty 

conti nued , a l be i t  at a decreased l evel , throughout the wi nter .  

Some of the seasonal changes i n  home range s i zes and  acti v i ty 

centers may have been rel ated to the use of favored den s i tes . Al though 

tree dens were the most i mportant matern i ty s i tes , rock dens p l ayed a 

key rol e duri ng the wi nter months . Th i s  was part i cu l arly true of Tory 

Sh ie l ds Cave wh i ch was used by 7 di fferent radi ocol l ared a n i ma l s 1 1 2  

t imes . The frequent use of rock dens duri ng wi nter may be re l ated to 

the i r stabl e temperature reg ime as compared to amb i ent temperatures . 

Thus , rock  dens wou l d requ i re mi n ima l  energy expendi tu re for temperature 
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regul ati on by the raccoon compared to the use of other day bed types .  

The tree spec ies wh i ch was used most  frequently a s  day beds was red 

oaks . Thi s was probably rel ated to the greater l i ke l i hood of cav i ty 

formation i n  red oaks compared to other tree types . The fact that 7 

d i fferent categori es of day beds were used by the raccoons ,  and that 

favored s i tes were not used i n  the frequency that they were encountered 

has important management i mpl i cati ons . S i nce day beds a re cruc i a l  for 

w i nter  denni ng , escape from predators , and partur i t i on , the l ack of 

both good day bed s i tes or a sel ect i on between d i fferent day bed types 

cou l d  severely l imi t a popu l at ion . Thi s  s hou l d  be consi dered when 

habi tats are a l tered or raccoons are bei ng managed . 

The mean l i tter s i ze of 2 . 8  young per femal e  that was found i n  

thi s study i s  s imi l ar to other l i tter s i zes i n  southern l ati tudes . 

There appeared to be very l i ttl e j u ven i l e  morta l i ty due to natura l  

causes . The rel ati vely  l ow average l ongevi ty of  3 0  months found i n  

th i s  study resu l ted i n  apparent popu l ati on stabi l i ty i n  Cades Cove . 

There a l so appeared to be di fferent ia l  mal e  morta l i ty i n  o l der age 

c l asses as  i ndi cated by changes i n  the sex rati os . Th i s  cou l d  be 

rel ated to i ncreased ma le  i nteracti ons and agon i sti c behav ior  i nvol ved 

wi th breedi ng and home range defense ; th i s  i s  substant iated by the 

wounds and scarri ng  found on ol der mal es . 

I I I .  Phys i o l ogy and Hea l th 

Compari son of hemato l ogi ca l  parameters wi th other stud ies , as  

wel l  as the rari ty of an ima l s wi th anti body ti ters to 5 i mportant wi l d­

l i fe di seases , supports the concl u s i on that the Cades Cove popu l ati on 
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i s  hea l thy . The dens i ty est imation , as wel l as  the l ack of d i s temper 

v i rus anti bod ies i n  the bl ood, further i ndi cates res i l i ency to d i sease 

s uch as  can i ne di stemper that devastated the popul ati on i n  1 973 ( Kee l e r ,  

1 978 ) .  I n  addi t i on , the raccoons appear to have deve l oped a symbi oti c 

rel at ionsh i p  wi th m icrofi l ar iae and ti cks that uti l i ze the raccoons as  

hosts . Yet , the fact that raccoons are suscepti bl e to a wi de array of 

i mportant di seases and are host to a number of paras i te spec i es , make 

them a potent ia l ly  i mportant i ndi cator spec ies to mon i tor zoonoses 

(Trai ner , 1 970 ) . 

Changes i n  certai n  key bl ood parameters can a l so be used to 

mon i tor  seasona l changes i n  d iet , habi tat uti l i zati on , and reproducti ve 

condi t i on . I n  th i s  study ,  p l asma protei n l evel s di ffered between 

young , nonreproducti ve raccoons and ol der, sexua l ly  mature raccoons . 

Red bl ood cel l counts and hemogl obi n l evel s  i n  fema l es and red b l ood 

cel l counts and eos i noph i l  counts i n  mal es di ffered between nonrepro­

ducti ve and reproducti ve peri ods of the year.  



CHAPTER V I  

SUMt'IARY 

1 .  A study concerni ng the ecol ogy and phys i o l ogy of a natu ra l  

popu l ati on of raccoons was conducted from 15  September 1 97 9  through 30  

September 1 980 i n  the Cades Cove area of the Great Smoky Moun ta i ns  

Nati onal Park . 

2 .  L i ve trapp i ng ,  ear tagg i ng , radi otel emetry , and bl ood 

analys i s  were used to exami ne phys i ca l  parameters and the s i ze ,  

s tructu re ,  dynami cs , phys i ol ogy , and hea l th of the popu l at ion .  

3 .  Duri ng 858 ni ghts of  trapp i ng ,  1 53 raccoons were captu red 

a tota l of 288 t imes , for an adjusted trap success of 45%.  There were 

no seasonal  di fferences i n  trap success . 

4 .  The on ly  s i gn i fi cant (T-tests , a =  . 05 )  morpho l og i ca l  d i f­

ferences found between the sexes were that ma l e  raccoons were heavi er 

and had l a rge r rear paw l engths . The majori ty of raccoons showed the 

typ ica l  gray and b l ack pel age characteri sti cs . 

5 .  The Cades Cove study area conta i ned a n  estimated 1 1 8 ± 59 

raccoons for a dens i ty of 1 / 1 7  ha , or an eco l og i cal  den s i ty of l / 1 0  ha . 

Sex rati os were approximately 1 : 1 for a l l raccoons but were bi ased 

towa rds fema l es i n  the ol der age c l asses . Age rati os formed a bottom 

heavy pyrami d wi th a 2 : 1  ratio  of young to o l der an ima l s .  

6 .  Of 55 i nd i vi dual  ma l e  raccoons exami ned , 56% had descended 

testes wi th the h i ghest frequency of descended testes observed i n  

spri ng and summer and the l owest duri ng wi nter.  
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7 .  Parturi ti on was estimated to be i n  earl y June wi th a n  average 

of 60 days spent i n  the l i tter den . These data were obta i ned us i ng 

radi otel emetry on 4 p regnant fema l e  raccoons and furthe r substanti ated 

by the capture and age esti mati on of 22 pre-weaned j u veni l es .  

8 .  Assum ing  a gestati on pe riod o f  6 3  days , concept i on occurred 

i n  l ate March to ear ly  Apri l .  Based upon the observati on of 4 fami ly  

uni ts i n  the fi el d ,  a mean l i tter s i ze of 2 . 8  young/fema l e  was esti mated . 

9 .  The genera l  trends i n  acti v i ty for 1 4  rad i ocol l ared raccoons 

i ndi cated a s ha rp i ncrease i n  acti v i ty from 1 800 to 2 1 00 hours , a grad­

ual dec l i ne unti l 0300 hours , fo l l owed by a s harp dec l i ne unti l sunri se . 

Speci fi c seasonal trends i nd i cated that l arger numbers of raccoons were 

acti ve over l onger peri ods of t ime duri ng the fal l months , and fewer 

an ima l s were acti ve duri ng peak  hou rs du ri ng the wi nter months . 

1 0 .  U s i ng an el l i pti cal home range mode l , ma l e  raccoons had 

annual home range s i zes of 7 . 5  km2 , and fema l es had s i gn i fi cantly 

smal l e r  home range s i zes (ANOVA , P < . 05 )  of 3 . 0  km2 • Seasona l l y  both 

sexes had s i gn i fi cantly l arger {ANOVA , P < . 05 )  home ranges duri ng 

spri ng than any other ti me of year .  Thi s was primari l y  due to movements 

observed duri ng the month of Apri l . 

1 1 .  Shi fts i n  acti vi ty centers averaged 0 . 2 1 km for ma l es and 

0 . 1 4  km for fema l es wi th no s i gn i fi cant d i fferences (ANOVA , P > . 05 )  

between the seasons . However ,  duri ng spri ng , parti cul arl y i n  Apri l , 

there was a s i gn i fi cantly (ANOVA , P < . 05 )  l arger sh i ft than there was 

between othe r seasons . 

1 2 .  There was extens i ve home range overl ap by a l l age raccoons 

of both sexes .  D i stances between seasonal acti v i ty cen ters i ndi cated 



that the 2 ol dest ma l es ma i nta i ned the i r greatest d i stance from one 

another duri ng Apri l ,  and the l east d i stance duri ng wi nter .  

1 1 1  

1 3 .  There were no s i gn i f icant di fferences (ANOVA , P > . 05 )  i n  

noctu rnal travel rates between ma l e  and femal e raccoons . However , ma l es 

showed s i gn i fi cantly (ANOVA , P < . 05 )  faster rates of travel duri ng 

spri ng ( . 5 7  km/hr ) than al l other seasons , and fema l e s  showed s i gn i fi ­

cantly (ANOVA , P < . 05 )  s l ower rates of travel duri ng wi nter ( . 2 1  km/ h r )  

wi th n o  s i gn i fi cant (ANOVA , P > . 05 )  d i fferences between othe r seasons . 

1 4 . The l imi ted d i spersa l data obtai ned i n  thi s study i nd i cated 

a d i spersal date of early June at approximately the same t ime that 

partur i ti on occurred . Al though the re was evi dence of some d i spe rsa l by 

year l i ng fema l es , cumu l at i ve recaptu re data i nd i cated that yearl i ng 

fema l es d i spersed more i n frequently than yearl i ng mal es . 

1 5 .  The average l ongev i ty o f  raccoons i n  Cades Cove was est imated 

at 29 to 30 months wi th the upper observed age l imi t approx i mately 86 

months . Age c l ass data as wel l as the phys i ca l  cond i ti on of o l der rac­

coons i nd i cated that there may be i ncreased ma l e  morta l i ty i n  the o l der 

age categori es . 

1 6 . Throughout the study 330 day beds of raccoons were l ocated 

us i ng rad i otel emetry .  These day beds were used by raccoons on 1 ,4 92 

occas i ons . These data i ndi cated that raccoons of both sexes may use 

favored day bed s i tes repeated ly .  

1 7 .  Genera l l y ,  rock and  tree dens were preferred to  othe r day· 

bed s i te s .  The use of rock dens was parti cu l arly preva l ent dur ing  

wi nter for both sexes . 

1 8 . The resu l ts of 7 vegetation transects i nd i cated that the 
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spec ies and s i zes of trees that were used as day bed s i tes were not 

chosen wi th the frequency that they were encountered . C i rcumferences 

of trees that were used by raccoons averaged 229 em for tree dens , 1 54 

em for tree nests , and 1 95 em for tree roosts . The p referred spec i es 

sel ected as day bed s i tes were red oaks ( 45% ) fol l owed by heml ocks 

( 1 3 . 5% ) , p i nes ( 1 3% ) , and ye l l ow pop l ar ( 1 2% ) . Seventy percent of tree 

dens were red oaks , 89% of tree nests were heml ocks and p i nes , and 75% 

of tree roosts were heml ocks and red oaks . Tree dens were l ocated 

s i gn i fi cantly l ower (ArWVA , P < . 05 )  on trees than e i the r tree roosts 

or tree nests . 

1 9 . Resul ts of the transects a l so i nd i cated that barn , rock , 

and ground dens were not used wi th the frequency that they v1ere 

encountered .  Rock and  barn dens were used to a much greater extent 

than the i r  ava i l a bi l i ty wou l d  suggest , whi l e  ground dens were used to 

a much l esser degree . 

20 .  Compari sons of temperatures of  the d i fferent den types wi th 

ambient temperatures i ndi cated that seasonal use of d i fferent day bed 

types may , i n  part , be rel ated to thei r mi crocl i mates . 

2 1 . Communal denn ing  was observed on 23 occas i ons : 1 7  cases 

occurred wi thi n rock dens , 5 cases wi thi n barn dens , and 1 case wi th i n  

a tree den . 

22 . Ma l e  raccoons moved s i gn i fi cantly greater d i s tances between 

consecut i ve day beds (0 . 6 km ) than femal es ( 0 . 2 km ) . Both sexes 

exhi bi ted the l argest  movements duri ng spri ng and fa l l .  Fema l e  raccoons 

showed a greater tendency to rema i n  i n  the same day bed on consecuti ve 

occasi ons than ma l es duri ng a l l seasons . 



2 3 .  O n  numerous occas ions raccoon scats were found at o r  near  
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day bed s i tes . Thi s  may represent a type of scent mark i ng whi ch i s  more 

i mportant duri ng ce rta i n t imes of the year than others . 

0 38 . 3  c .  

24 .  Recta l tempe ratures of raccoons of both sexes averaged 

2 5 .  D i scri mi nant function analys i s  i nd i cated that the bl ood 

parameter accounti ng for the greatest d i fference between nonreproducti ve 

animal s ( age cl ass 1 )  and sexual l y  matu re an i mal s (age c l asses 2 - 5 )  

was p l asma protei n .  Younger an ima l s  had l ower l eve l s  o f  p l asma prote i n  

than ol der raccoons .  The bl ood parameters accounti ng  for the greatest 

d i fference between the reproducti ve peri od (Apri l - September ) and the 

nonreproducti ve per i od ( October - March ) were red bl ood cel l counts and 

hemogl obi n concentrati ons i n  fema l es , and red bl ood cel l and eosi noph i l  

counts i n  ma les . I n  both ma l es and fema l es , the bl ood parameters 

accounti ng for the greatest vari abi l i ty i ncreased from the nonrepro-

ducti ve peri od to the reproducti ve pe ri od . 

26 .  Exami n i ng the bl ood parameters i nd i v i dua l l y ,  p l asma prote i n  

s howed s i gn i fi cantly l ower l e vel s (ANOVA , P < . 05 )  i n  fa l l  than duri ng 

any other sea son . Hemog l ob i n  l e ve l s we re s i gn i fi can t l y  l owes t  i n  fa l l  

and wi n ter (ANOVA , P < . 05 ) .  Red bl ood cel l numbers we re s i gn i fi cantly 

l owest in  wi nter  and hi ghest in  spri ng  and summer (ANOVA , P < . 05 ) .  

Segmented neutrophi l s  were s i gn i fi cantly (ANOVA , P < . 05 )  hi ghest  i n  

summer and l owest  i n  wi nter and fal l ,  and hematocri t l evel s were s i g­

n i fi cantly h i ghest  i n  spri ng than duri ng any othe r season (ANOVA , 

p < . 05 ) .  

27 . Of 1 1 7  serum samp l es tested for ant i bodi es to 5 d i sease 
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agents , on ly  5 sampl es had ti ters . Three raccoons had anti body t i ters 

( 1 : 2 0 )  for can i ne hepati ti s v i ru s  and 2 raccoons had anti body ti ters 

( 1 : 20 - 1 : 40 ) for can i ne parvovi rus .  

28 . Seventy-three percent of 1 48 who l e  bl ood sampl es exami ned 

for mi crofi l ari ae were pos i ti ve .  Al l but 1 of the pos i ti ve sampl es 

contai ned only Tetrapetal onema l l ewl lyn i . The rema i n i ng samp l e  con­

ta i ned both D ipetal onema procyon i s  and l· l l ewel lyn i . Raccoons of al l 

ages had mi crofi l ar iae but a sma l l er proporti on of younger (age c l ass 

1 )  raccoons were i n fected . Spri ng and s ummer had the greatest percen­

tage of an ima l s wi th bl ood mi crofi l ar iae .  

29 .  Al l but  1 of the 386 ectoparas i tes col l ected from 77  rac­

coons were t i c ks . The except ion was a bot fly l arva . Two hundred and 

ei ghty-s i x  of the t i c ks were Dermacentor vari abi l i s ,  the Ameri can dog 

t i c k ,  and the rema i n i ng 1 03 were I xodes s p .  The majori ty of adu l t  �· 

variabi l i s were col l ected duri ng spri ng and summer but very few nymphs 

or l arvae were found throughout the year .  I xodes was found duri ng  a l l 

t imes of the year but the majori ty of adu l ts were col l ected i n  spri ng 

and summer and the majori ty of nymphs and l arvae in wi nter .  
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APPEND I X  



TABLE 31 . Seasona l  and annual home range acti vi ty centers for radi oco l l ared raccoons i n  Cades 
Cove , GSMN P ,  1 979-1 980 . Numbers represent UTM gr id  coord i nates . 

Animal No . Wi nter Spri ng (Apri l ) Sumner Fa l l  Annual* 

Y54 - 448431 450434 445427 
Y55 445448 442445 - - 440445 443447 
Y58 454430 448429 453424 448436 448432 450432 
Y65 - 453426 459430 449421 449420 451 423 
Y61 456433 456428 466431 452426 453429 454429 
Y66 - 452431 
ROl 456434 466437 462437 460432 460433 460434 
R02 451 432 452430 458432 447430 44943 1  450430 
R04 448430 447431 449434 446428 448430 447430 
R06 455433 458428 46043 1 457426 454430 456430 __. R09 456436 460434 462438 461 433 460434 459434 w 

N Rl 5 454433 456433 462436 453433 452432 454433 
R20 446431 448430 452433 446431 446430 447430 
R55 - - - 448430 448428 

* 
Annual acti v i ty cen ters were not cal cu l ated when data from more than 1 season was 

m i s si ng .  
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