
Population characteristics of' a ten-trall 
Appalachian whi-te- tailed deer h.erd 

Abstract Reliable estimates o i  white-tailed deer (Odocoileus virginianusi population parameters 
are needed for effective population management. W e  used radiotelemetrv to compare 
survival and cause-specific rnortality rates between male and iemale white-tailed deer 
and present reproductive data for a high-density deer herd i n  the central Appalachians of 
West Virginia during February 1999-May 2002. We recorded 343 winter deer captures. 
Our capture rate of 78 fawns/100 adult females was similar to visual observations of 
known fawns and adult iemale deer during winter. In-utero reproductive rates of adults 
121 year old) was 138 fawns:100 females, based on a sample of 44 female deer. We 
radiomonitored 138 iemale and 43 male deer during the 3-year studv. Yearling male 
annual rnortality rates ior human-induced and natural mortality were 0.63 (SD=0.09) and 
0.12 (SD=0.12), respectivel!,. Conversel); among yearling females, annual mortality rates 
for human- ind~ccd and natural nortality were 0.09 (St? = 0.06) and G.G5 (SD = 9.031, 
respectively. Adult male annual mortality rates for human-induced and natural mortality 
were 0.73 (SD=0.16) and 0.00, respectively, whereas adult female annual mortality rates 
for human-induced and natural rnortality were 0.04 (SD=O.01) and 0.08 (SD=O.O?), 
respectively Our  observcld survival, mortality, rapture! and reproductive data are char- 
acteristic of a population shaped by moderate fawn recruitment and excessive harvest ot 
yearling male deer. We recommend a reduction in female deer to promote torest regen- 
eration and protect biodiversity in this region. We believe this can best he achieved by 
liberalizing antlerless harvest regulations, through hunter education and corporate 
landowner incentive programs. 
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Current annual forest removals in =St Virginia 
are >12;000,000 rnj of sawtimber and pulpwood 
(IJnited States Department of Agriculture Forest 
Service 3004), a level which approximates that of 
the large, widespread harvests at the turn of the 
twentieth century (Stephenson 199317). Forest 
management and wood production are 2 vnluable 
mainsray of the state's and region's cconomy 
(Spencer 19', r\dams et 21. 2000). Likewise. this 

portion of the central Appalachians. particularly the 
eastern one-third of the state, is regarded as an 
important biodiversity hotspot within the 
Appalachians and among all temperate forested 
ecosystems (Stephenson 1993~.  Chaplin et a1.2000. 
Roberston and Hull 3003. Ford er 31.2005). From a 
natural resource management perspective. the con- 
servation of biodiversiw m d  managrment o f  eco- 
nomically valuable and ecologically sustainable 



forests can be complement;~r!. activities within the 
Appalachians (Fredericksen 1998 1. 

1-1c~n7e\-er. sustaining these outputs either singl!- or 
in concerr is complicated b!. forest system stressors 
such as atmospheric acid deposition (Adams 1999j. 
exotic insect and disease pathogens (Stipes 199'). 
Souto and Shields 2000, Davidson et al. 2001). ancl 
white-tailed deer (.Orfocoilezrs oirgininizrrs) her- 
bivury (deCalesta 1994, Fredericksen 1998, Horsle)- 
er al. 200.3) that are occurring in the central 
Appalachirms. For wildlife biologists. whitetailed 
deer herbivory jmpacts to ecosystem,processes and 
forest management activities . are o f  ,paramount 
interest and concern in this region. . - .  . 

After the nea; extirpation .of white-tailed deer 
populations from West Virginia during the early 
1900s, populations increased due to buck-only 
hunting regulations, increases in favorable habitat, 
and restocking efforts (Allen and Cromer 1977). 
Throughout the last half of the twentieth century. 
West Virginia had liberal buck harvests with com- 
paratively conservative doe harvests. Populations 
have increased in some locations to a point where 
forest damage is apparent (Michael 198-, 199 2 ) .  On 
corporate forest lands. altered or failed wood?- 
regeneration is common (Tilghman 1989, Horsley 
et al. 2003). To promote healthier ecosystems and 
balanced deer populations, harvest regulations 
have been altered to  increase the harvest of female 
deer. However, in comparison with other south- 
eastern states, antlerless harvest in West Virginia is 
low (iT% of total, Annual Meeting of the Southeast 
Deer Study Group 2003) and likely insufficient to 
stabilize deer herds in the near future (J. L. Crum. 
West Virginia Division of Natural Resources, per- 
sonal communication). In West Virginia this is due 
partly to decreasing resident and nonresident 
hunter recruitment, coupled with a stable to 
decreasing human population. No sex-. age-, or 
cause-specific estimates of sunrival and mortality 
rates exist for white-tailed deer in West Virginia. hin- 
dering biologists' cfforts. 

Reliable estimates of survi.ia1. mortalit!: and 
reproductive rates are requisite to understanding 
: ~ n d  managing deer populations c Caughley 19-0, 
Eberhardt 1985. Dusel; rt al. 1989). Radiotelemetry 
prov~des an in-depth evaluation of tllr timing, caus- 
t.s. and degree of mortalin. (Heisey and Fulier 1985. 
Nelson 2nd Mech 1986). Hercin. we compared sur- 
1.ival m t l  cause-speclf'ic mortality rates between 
male .md female white-tailed $leer using 
iadiutclrmcrry ;ind present reproducrive :md 

recruitment datn for a higll-densit!- clerr herd that i~ 
in conflicr with land rnanapmenr in the centrai 
Appalachians of &est Virginia. 

Study area 
O ~ i r  study was conducted on the ?vleaci\);.estv:lc 

Corporation's Wildlife and Ecosystem Research 
Forest (MWWERF) in Kandolph County, West 
Virginia (ZW-i2'N. 8O0?'iV], n;hich was established 
in 1994 ;to assess the influence of industrial silvi- 
cultuyr on ecological and ecosystem processes in 
the central Appalachians.  lie 3,360-ha ICIVOVERF 
occurrkci -in the Unglaciated Allegheny blountain 
and ~ l & e k  Physipgraphic province within the c&- 
tral ~ ~ ~ a i a c h j a n s ;  where precipitation averaged 
from 170-190 cm/vear and elevations ranged from 
740- 1,200 rn (Smith 1995). Forest cover was pri- 
marily an Allegheny hardwood-northern hardwood 
type (Ford and Rodrigue 2001). Silviculturally, the 
WMhIERF was intensely managed, with even-aged 
regeneration methods dominating. Preharvest 
white-tailed deer densities during our study- were 
estimated as 12-20 clrcr/iin2 iLanpdon 2001). 
Abomasal parasite counts suggested the deer popu- 
lation was at nutritional carrying capacity (Fischer 
1996). The iMWWERF was open to hunting under 
West Virginia Divisicn of Natura! Resources harvest 
regulations. with access via foot-travel. Recent and 
ongoing research have determined that white-tailed 
deer were serving as a primary ecological agent 
shaping plant species diversity abundance, and 
structure on the iMWWERF (B. Collins. Savannah 
River Ecology Laboratory, personal communication, 
Collins 2004). Indirect impacts to biota. such as 
ground-nesting songbirds, have been noted 
(Weakland 2000). 

Methods 
We captured deer from Januan through April 

(1999-2001j using modified Clover traps (Clover 
19i.i) and rocker nets (Hawkins et al. 1968) baited 
with corn. We immobilized. ear-tagged. and radio- 
collared (Advanced Telrmetry Systems. Isanti. 
blinn.) deer upon capture. We used both physical 
restraint and chemical (2.7 mg ~ ~ l a z i n e  liydrochlo- 
ride/kg body weight) immobilization teclmiquea. 
For chemicall?- immobilized deer. we used ' 2  intra- 
venous and ' 2  intramuscular injections of  yohim- 
bine h!-drochloride (0.5 mg/kg body weight) as n 
re~~ersal agenf. Radiocollars wrre equipped w ~ t h  3- 



IIOLI?- nlort:llit\ sensor> \%,k aged clrcr b!. tooth 
eruptio~:. replacemenr. and \vear (brveringhaus 
1949). XI1 capture antl Iia~ictling procedures mere 
approved b! the I - i t  o f  Georgia' 
Instirutiorial Aninlal (Arc and IIsc Coninlittee 
(Permii No. X2002-101 19-0). 

We monitorecl each deer 23  times/--cek from its 
release. until it died. the srud!- terminated (1 June 
2002). o r  it was censored. \Vc censored deer when 
the! dropped their collars or the collar batcen 
expired. W i e n  mortal~ty signals were dctecred, we  
located the carcass via homing and conducted a 
necrops). to determine cause. Predation was iden- 
tified following procedures in Wade and Bowns 
(1984). We determined starvation from visual 
inspections of femur marrow (Verrne and Ullre>. 
1984). Disease was inferred following Davidson 
and Nettles (1997). Collars from harvested animals 
commonly were left at the property gates with a 
note, turned in to the field station, left with the gut 
pile, o r  taken home with hunters. 

We recorded all visual observations of deer dur- 
ing vehicular travel on the AMWWEm noting age 
(fawn. adult [21 year old], or unknown). sex (male. 
fernair. o r  unknownj, group size, and tag numbers 
when possible. We calculated monthly ratio of 
hwns:100 adult females for known age and sex 
observations only We determined age-specific in- 
urero reproductive rates (feiuses/dot.) from 3 does 
necropsied in 2000.2 does necropsied in 2001. and 
39 does necropsied in 2002. Median and mode 
conception dates were both 16 November (range= 
4 November-25 December). We acquired and 
examined all female reproductive tracts from 
January-March. 

We determined sunrival and cause-specfic mor- 
tality rates from telemetn data for fawns, yearhgs,  
and adults (22 years old) with lMICROMORT 
(Heisey and Fuller 1985). For all analyses we  
assumed n 1 June birthday of each cohort. We divid- 
ed the vear into 3 seasons: summer (1 June-30 
September). autumn (1 October-3 1 December), and 
winter il January-31 .May). We grouped mortality 
sources as either natural (stanration, predation. o r  
disease) or  human-induced (legal harvest. mounding 
loss. illegal harvest, or vehic~~lar trauma). Our analy- 
ses considered the exposure days of censored deer 
t l i ro~yh the cia!- of censoring Orangilder and Sherlff 
1990'). We did not include deer that died of natural 
causes 131 days ;&er caprure in the analyses. io 
 void inclusion of deer wlnerable to predation due 
to capture rnyopath~ (Beringer et al. 19% ). 

\k poolec! c l : m  from dl .4 >-ears to  increase sanl- 
plc sizes oi' mnies, tllereb! fxcilitating rnc;uningfui 
between-sex comparisons (Lm Ike len  et  al. lqc)-) 
7 0  validatr pooling of data from the 3 years. wc. 
used Ztailed %-tests to compare mortalin- rate5 
u-itl~in females among >wrs .  Sinlilarl!-. wr used 2- 
tailed Z-tests to compnrr mortality rates among 
ages. between sexes. antl among s e a s o n  (Heise!- 
and Fuller 1985) on pooled data. To maintain 
experiment-wise error rate of a = 0 . 0 5 .  wc com- 
pared related tests following Ronkrroni correction 
(Sokal and Rohlf 1995). 
Wt- estimated survival of fawns from birth to cap- 

ture (i.e.. recruitment ape) using change-in-ratio 
(CIR) estimators (Paulik and Kobson 1969). We 
defined a deer capture as any capture of an indivicl- 
ual deer not previously captured within the current 
trapping vear (i.e.. recaptures within a trapping 
year were not included). Time 1 ratios were esti- 
mated from capture data. survival estimates, and in- 
utero reproductive estimates. Specifically. we esti- 
mated the total number of fawns born to female 
deer by 1) adding the estimated number of deaths 
(via yearling and adult survival rates from 
June-December) to the age-specific number cap- 
tured (this yielded an estimated number of yearling 
and adult females alive at birth), 2) multiplying the 
age-specific number of females alive at birth and 
csiimatccl age-specific in-il~ero i cp r~duc t iv t  rates 
(this yielded an age-specific estimate of fawns 
born'). and 3) summing the age-specific estimates of 
fawns born across ages. We obtainedTime 2 ratios 
directly from capture data and validated them with 
observational data. 

Results 
We recorded 3;l-3 captures of white-tailed deer. 

Fawns were the dominant age class. representing 
4 1 . X  ( J Z  = 143) of a11 captures. Females were the 
dominant sex class, comprising '5.8% (72 = 260) of 
ail captures. Adult male deer were notably scarce. 
representing only 1.5% ( 7 7  = 5)  of all captures 
(Figure 1). The ratio of fawns:100 adult (21 year 
old) females at capture was ' 8 .  

Overall in-utero reproductive rates of yearling 
and adult females were 138 fawns: 100 females ( 5 1 
Pawns per 3- yearling and :~clult females). 
Ikproducrive rates wrre greater for adults rhan 
ye;urlings. \Ve obsen~ed no e\-idencc o f  I,reeding b!. 
female fawns ( I Z = - ) ,  m d  1 adult had 5 fetuses in- 
(item. 
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Females Maies 
Indiv idual  captures 

Figure 1. Population protile irom white-tailed deer captures (Jan-Apr, n = 3 4 3 i  on the 
MeadWestvaco Wildlife anc! Ecosystem Research Forest, West Virginia iron1 1999-2002. 
Slashed areas plus respective shaded areas are the estimated nurnher of fawns horn to iernale 
deer captured (from in utero reprocluctive rates, assuming a 50:50 sex ratio st b~r t l i .  

W e  made 8:497 visual observations of known 
fsvns and adu!t female deer Ratios of fmns:100 
adult females were low in June, increased during 
winter. and then declined in April and May (Figure 
2). During January-April (i.e., during captures), the 
ratio of fawns:lOO adult females observed did not 
differ from the ratio obtained from capture data 
(Figure 2 ) .  thereby supporting use of capture ratios 
in CIR analyses. 

From c a p t i n  data .  
age-specific rcproductivc 
rates. and estimates o f  
female survival probabili- 
tie> (see below). xvc esti- 
mated fawns and breeding 
females alive a: Timr 1 as 
17-1 and 199. respectivel!-. 
Fawns and breeding 
females at Time 2 werr 
I ti and 183. respectivel!.. 
From these data. we esti- 
mated the probability of 
fawns surviving from birth 
to capture as 0.57. This 
estimate suggested that 
fawns experienced greater 
mortality from June-  
December than from Janu- 
ar>,-May (0.15 and 0.20 for 
female and male fawns. 
respective1y;Table 1). 

We radiomonitored 148 female and 43 male deer 
from 1 June 15199 through 31 May 3003. 
Throughout the study 16 females (14 adulrs, 2 year- 
lings, 0 fawns) and 11 males (0 adults, ? yearlings. 
3 fawns) were censored. VC;e observed 66 m o r r d l i ~  
events, 35 within females (21 adults, 6 yearlings. 
6 fawns) and 31 within males (5 adult. 19 yearlings, 
7 fawns). Predation was the primary mortality 
source for females. Coyotes (Canis lntmns) killed 

10 femaies, black bears 
(Ursus nmericmzzls) killed 
3 females. and unidentified 
predators killed 3 females. 
Three females died of 
unknown natural causes. 
2 of starvation, and 2 of 
disease. Human-induced 
morralip accounted for 12 
female deaths. Within this 
category, 8 deer died from 
legal harvest. 3 from 
wounding loss, and 1 deer 
was harvested illegally. 
Legal harvest was the prl- 
mar!- source of rnorralin7 
within males, accounting 
for 23 of 31 deaths. One 
male died from wounding 
loss. Natural mortalit!. 
events accounted lor S 
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Cissi Season Lengtn 

raw1 LV~ntei 151 

I Summer 1111 

Winter I i I 

Annual 

Adull  Summer 1 2 1  

Autumn 32 

Winter 1 5 1  

Annual 

Sex i? 

F it; 
,kt 30 

r 3 ;  

A1 3 I 

i 41 

hl 3 0  

f: "4 

h l  8 

F 
M 

F 181 

M 6 
F 190 
hl 6 

F 218 

M 1 

F 
ht 

a h i ~ r n b e r  of total deer records in the interval w ~ t h  data f rom 199%2002 poolecl. 

li Rate adjusted ior smail sample size bias iHeisev and Fuller 1985,. 
Rate determ~ned by Heisey and Fuller (1 9851. Natur-a1 rnortal~ty ~ n c l u d e d  predation, starvation, and disease. 

male deaths; 4 males died from covote predation. 2 
from unidentified predators, 1 from starvation, and 
1 from bobcat (Felis rzlfus) predation. We observed 
no vehicular trauma mortality 

Natural (0.07-0.17) and human-induced 
(0.05-0.07) mortality rates within females did not 
differ among years (all P>O.j5), suggesting minimal 
weather or  harvest-regulation effects and validating 
our pooling of data. Survival rates peaked during 
summer and were minimal during autumn for all 

Table 2.  Compar~son o i  wh~te-tai led deer annual cause-specii- 
ic rnortalirv rates tor sex and age classes on  the MeadWestvaco 
Wildl i te ,ind Ecosvstem Research Forest West \ / i r g ~ n ~ a  Iron1 
1999-2002. Standard deviations are reported in  parentheses. 

Class ~Llales Females 7 Stat~stlc P-valurJ 

sex and age classes ( T ~ b l e  1). >-exling females had 
a 6i'% greater probabilih of annual survival than 
yearling males (Table 1). Similarly, adult females had 
a 66'!<, greater probability of annual survival than 
adult males (Table 1). Annual human-induced mor- 
tality was greater for yearling and adult males than 
females (Table 2). Annual natural mortality was 
greater in adult females than adult males but did 
not differ w i t h  yearlings (Table 2). 

During winter mortality rates were similar 
between males and females within both fawns (Z= 
0.51. P=O.61) and yearlings (Z=l . i8 ,  P=0.13). 
However. adult females had greater (Z=-?.O(>. P= 
0.003) mortality rates in winter than adult males. 
Morrality rates during autumn were greater for year- 
ling i Z = i . 9 7 .  P<O.001) and :idult (Z=t. l9.  P< 
0.001j males than females. N o  differences 
occurred between males and females within year- 
ling tZ= - 1 . 0 1 .  P=O.il) and adult (Z=-1.00. P= 
0.33)  summer mortality m e s .  

Female adult and yearling :mnual cause-speclfic 
mortality did nor differ for human-induced tZ= 
- 1.08. P= 0.38) or riamnl (Z=0.'9. P= 0.45) mor- 
tality Similarly comparisons between iidult and 
:.r:~rling males i.evcalet1 no clifferences ior human- 
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inciuced (%=O.58. IJ=0.56) and natural (%= -1.88.1' 
= 0.06)  mortalic-. 

We observed no differences in con~parisons 
between summer mortality rates of adult and year- 
lil~g female> (Z= -0.7(3, I-'= 0.45) .  sunlnler mortalin- 
rates of adult and yearling males (Z=0.00. P= 1.00), 
autumn nlortality rates of a d u l ~  and !-earling 
females (%= -0.53. ~ = 0 . 6 0 ) .  and autumn mortalin 
rates of adult and yearling males (Z=0.30, P=0.70). 
Within females. no differences in mortality rates 
occurred during winter between adults and year- 
lings (%=().-2, P=O.-i7j. between adults and Pawns 
(%= -1.77,P=0.08). or between yearlings and fawns 
(Z=-2.01, P=O.OLij. Within males. we observed no 
differences in mortality rates during winter 
between adults and yearlings (Z=  - 1.66, P=0.10) or 
between yearlings and fawns (Z= 0.37, P= 0.71). 
However, male fawns had greater (Z= 2.50, P= 0.0 1) 
mortality rates than adult males during winter. 

Discussion 
Ricca et al. (3002) compared annual survival 

rates among white-railed deer populations through- 
out North America. Within hunted populations, 
adult e l  vear old) male survival rates were greatest 
in southern Texas (0.65-0.74, DeYoung 1989) and 
irast ia northern Michigali (G.22-0.35,'v'an Deelci; 
et al. 1997). Our observed adult male annual sur- 
vival rates (0.32-0.23) represent the lowest range 
among those reported. Adult 0-1 year old) female 
survival rates within hunted populations were 
greatest in northeastern Minnesota (0.79-0.80. 
Nelson and Mech 1986) and northern Michigan 
(0 .7 -0 .89 ,  Van Deelen et  al. 199-1 and least in 
Montana (0.43-0.83. Dusek e t  al. 1989). Similarly, 
our observed adult female annual survival rates 
(0.86-0.88) represent the highest range among 
those reported and were similar to or exceeded 
unhunted populations m c c a  et  al. 1002). 

Estimates of neonate and young fawn survival are 
scarce. particularly within the eastern United States. 
Recent15 however, Vreeland (3002) reported that 
fawn sun7iral from birth to recruitment age cpost- 
hunting season) in Pennsylvania ranged from 
0.28-0.59. depending on the study area and year. 
Our estimate o f  fan711 sun~iral  from birth to capture 
10.5') was consistent with Vreeland (3002) and. sim- 
ilarly we suspect that coyotes. black bears. and boh- 
cats preved upon neonate and young fan7ns during 
the summer months because these predators 21lso 
killed older deer during the months that tbllowed. 

Thc primar!- hitman-induced mortalin frlctoi- 
influencing white-tailed deer population ecolog!- in 
north-central West Virginia is thr clifferential harvesi 
betxeen sexes (Table 1). This fincling is not unique 
to this region (Van Deelen ei a!. 199'). Langclon 
(2001) reported pre-hunting season adult ( L l  year 
old) sex ratios (ma1e:female) for spotlight and cam- 
er:) surveys on tht. RI\XW/ERf as -: 100 and 26:100, 
respectively Others have attributed skewed sex 
ratios directly to male-biased hunting (Nelson and 
Mech 1981. Dusek et al. 1989, Nixon et al. 1991 ). 

Though infrequentlj- observecl. natural mortalin. 
was primarily from predation. Coyotes accounted 
for 6190 (14 of 23) of all known natural mortality 
events and 78% (14 of 18) of all k~lown predation 
events, including 7 adults. As in New Brunswick 
(Whitlaw et al. 1998). coyotes were the primary 
predator of adult deer. Traditionally, coyotes have 
been considered opportunistic predators (Bekoff 
1977, Van Vuren and Thompson 1982). However. 
recent work in southern Alberta suggests that coy- 
otes regularly participate in group hunts, specifical- 
ly for deer when alternate prey is not available 
(Lingle 3000,. Our observations from mortaiiy 
sites suggest that multiple coyotes participated in 
deer kills. Black bear predation occurred in sum- 
mer or early autumn and was not limited to fawns. 

Summer n ; ~ r t f , a k ~  i'was notably low f ~ r  each r ) ~ * p  -mL 

and sex class but similar to summer mortality for 
adult deer in New Brunswick (Wl~itlaw et al. 1998). 
In agricultural regions of Illinois. Nixon et al. ( 1  991) 
found the highest summer mortality rates within 
vearling females (0.15); however. all summer mor- 
talities within their study were human-induced. Van 
Deelen et al. (1997) reported the highest summer 
mortality rates within yearling males (0.16), with 
half of the mortalities from stanration and half from 
unknown causes. W observed onl~7 2 summer mor- 
talities. both from natural causes and within females 
(Table 1). Low natural mortality rates within vear- 
lings and adults during summer suggest adequate 
nutrition for maintenance. mhanced hiding cover. 
and the possibility that predators were using alter- 
nate prey (Lingle 2000). Our estimate of fawn sur- 
vival from June-December suggests these alternate 
prey likely included neonate ;ind young fawns. 
L4utumn mortality ot both ?-earlings and adults 
reflect selection by hunters for male ciecr. The 
greatest seasonal mortality rates for 311 age and sex 
classes were observed for adult males during 
autumn. which is a finding not unique to our stud!- 
area (Nixon et al. 1991). Winter ~nortalitv within 



km-ns was less than observed in northern hlichiyan 
p a n  I>cele~i er a1. 199') and nort11e:tstern 
Mnnesot:~ (Nelson and Mech 1986). but grealer 
than e:~s~-central Illinoi5 (Nixon er al. 1991). \-an 
Ikelen ct 31. (199') obsenFecl winter mortalit!. rate? 
of 0.20 and 0.00 for adult and ).earling males. 
respecti\.el!.. This relationship was reversed in our 
stud! Hoa-rver. onl\- 1 adult male survived into the 
xvintrr. thus limiting meaningful comparisons. Our 
observed winter mortality ratc for yearling males 
( 0 . 2 7  was less than reported from east-central 
Illinois (Nixon et al. 1991). However. 7 of 3 report- 
ed winter mortalities within yearling males from 
Nixon et al. (1991) were human-induced, whereas 
all of ours were from natural causes. High natural 
winter mortality within yearling males may suggest 
nutritional deficits and corresponding increase in 
vulnerability to predators (Nelson and Mech 1986). 

Our data illustrate the limitations of in-utero 
reproductive measures (counts of corpora lutea 
early in sgestation or  fetuses later in gestation) as 
indicators of population health. ~McCullough 
(19'9) demonstrated that n-hile both reprodrictiv~ 
and recruitment rates are density dependent, the)- 
follow differing curves. Therefore, it ma!- be inap- 
propriate to manage deer populations for maxi- 
liiulli reprodactive ou:put because t k  associated 
increases in fawn mortality may result in decreases 
in net recruitment rates. Because winter is the 
most nutritionally stressful season for deer in the 
central Appalachians and reproductive rates :Ire 
indicators of health prior to the breeding season 
pentwor th  et al. 1990, Gee et al. 1994, Kroll and 
Jacobson 1995). we do not recommend in-utero 
reproductive measurements as the sole indicator of 
population health in this region. Without estimates 
of recruitment (a function of reproductive and sur- 
vival rates) and other population measures, repro- 
ductive rates do not provide reliable management 
information. 

Many wildlife managers use visual observations 
collected incidentally or methodically (e.g.. from 
apotlight count data) to generate estimates o f  
recruitment or the "fawn crop" (Gee ct al. 1994. 
Qoll and Jacobson 1995) without considering bias- 
es .~ssociated with the temporal detectability or 
behavior of deer t McCullough ct al. I99it). Using 
spotlight counts. .McC~~llough (1982) found biases 
in the fan7n:adult female ratio in every month 
cxcept April. with the ratio being underestimated 
rroni June-March. Sirnllarly Langdon ( 200 1 ) louncl 
.I marketll!- smaller ratio of fawns::ldult females 11 

October than in 1:inuarj: despitc the lom- incidence 
of harvested adult females. Consequentl!; the tradt- 
tionnl tirninl;: of spotlight count5 ii.e.. pxhunting 
se:ison) ma!. not generatc reliable estimates of 
recruitment. Our d;lt:~ m d  Langdon (2001) suggest 
that in the centrrtl Appa1achi:tnr of' \Vest Virgini:~ 
recruitment rates ma!. be mosr reliahl!- estim;~tecl 
from observational or  spotlight count dat:t collect- 
ed from Februar!.-April. the months nlheii our cap- 
ture ratios werr  similar to the other estimates or 
extrapolations. 

Population status and health should be indexed 
through direct comparisons of reproductive and 
recruitment rates. Comparisons of reproductive 
data (as a measure of prior nutritional condition 
and an estimate of fawn production) and recruit- 
ment data (collected during winter months with 
minimal bias) could be expressed as a crude fawn 
survival rate (?;I fawns:100 adult females born that 
reached recruitment age). Changes in crude fawn 
survival rates can guide mamgement recommenda- 
tions independent of density estimates because 
both reproductive and recruitment rates arc func- 
tions of density relative to carrying capacity 
(McCullough 1979). 

Management implications 
Our observed survival. mortality. capture, and 

reproductive data are characteristic of a population 
shaped by moderate fawn recruitment and exces- 
sive harvest of yearling male deer. We recommend 
a reduction in female deer to promote forest regen- 
eration in harvested stands and to protect and con- 
serve mature forest community components, such 
as vernal woodland, herbaceous flora, or understo- 
ry vegetative cover necessary for ground-nesting 
neotropical migratory songbirds. Failure to  
respond to white-tailed deer overabundance on the 
MWWERF and throughout the central Appalachians 
of West Virginia may produce alternative steady- 
state forest conditions of low economic utility and 
reduced wildlife and biodiversity values (deCalesta 
and Stout 199'. Stromayer and Warren 199-.Wller 
and Alverson 19T.  Pedersen and Wallis 2004). Van 
Deelen et al. (199') noted that in northern 
Michigan. differential mortalin. rates hetween sexes 
were the product of male-biased hunting regula- 
tions and recommended increasing antlerless per- 
mits ro relieve hunting pressure [In males. 
Likmise. we recommend [hat t a t r  wildlife agen- 
cies wlthin this region continue ro iibcr;llize :mrler- 
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It-s.\ deer season Hecmsc nnny hunters in the 
central Appal~~chians are nor willing to harvrs~ 
antlerless deer. being comfortnblc with tlie trxli- 
tionai deer management paradigm of' buck-onl! 
Ilunting. n7c-e recoinmend that educational programs 
(via start. wildlifc agencies, extension service.s. and 
private orpnizations) continue to bc directed at 
hunters ~ l ~ o  arc reluctant to harvest a~itlerless deer 
(e.g.. see Alt ZOO?). These programs shoulcl clearl!. 
outline the ecological and biological need and ben- 
efits of harvesting female deer (c.g.. see Hamilton e t  
al. 1995). F~~rtherniore. we reconlmend that corpo- 
rate landowners pursue cooperative agreements 
with hunters, implementing incentive (e.g.. earn-:i- 
buck) programs to encourage hunters to harvest 
female deer. 
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