DEER POPULATION CHARNCEERISTICS

Population characteristics of a central
Appalachian white-tailed deer herd

Tvler A. Campbell. Benjamin I. Laseter. M. Mark Ford.
and Karl 1. Miller

Abstract Reliable estimates of white-tailed deer (Odocoileus virginianus) population parameters
are needed for effective popuiation management. We used radiotelemetry to compare
survival and cause-specific mortalitv rates between male and female white-tailed deer
and present reproductive data for a high-density deer herd in the centrai Appalachians of
West Virginia during February 1999-mMay 2002. We recorded 343 winter deer captures,
Our capture rate of 78 fawns/ 100 adult females was similar to visuat observations of
known fawns and adult femate deer during winter, In-utero reproductive rates of adults
iz1 year old} was 138 fawns: 100 females, based on a sample of 44 female deer. We
radiomonitored 148 female and 43 male deer during the 3-year study. Yearling male
annual mortatity rates for human-induced and natural mortatity were 0.63 (SD=0.09) and
012 (8D=0.12}, respectively. Conversely, among yearling females. annual mortality rates
for human-induced and natural mortality were 0.09 (SD=0.06) and 0.05 (SD=0.03},
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 mortality were .04 (SD=0.01) and 0.08 (5D =0.02},
respectively, Our observed survival, mortality, capture, and reproductive data are char-
acteristic of a population shaped by moderate fawn recruitment and excessive harvest of
vearling male deer. We recommend a reduction in female deer to promote forest regen-
eration and protect biodiversity in this region. We believe this can best he achieved by
liberalizing antierless harvest regulations, through hunter education and corporate
landowner incentive programs.
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Current annual forest removals in West Virginia
are »12.000,000 m? of sawtimber and pulpwnod
(United States Department of Agriculture Forest
Service 2004), a level which approximtes that of
the large, widespread harvests at the furn of the
twentieth century (Stephenson 19935y Forest
management and wood production are a valuable
mainstay ©f the state’s and region’s cconomy

tSpencer 1997, Adams et al. 20000, Likewise. this

porfion of the central Appalachians, particutarly the
eastern one-third of the state, is regarded as an
important  biodiversiry hotspot  within  the
Appalachians and among all temperate forested
ecosystems (Stephenson 19934, Chaplin er al. 2000,
Roberston and Hull 2003 Ford et al. 2005). From a
natural resource management perspective. the con-
servation of biodiversity and management of cco-
nomicafly valuable and ccologically sustainable
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farests can be complementary activities within the
central  Appalachians (Fredericksen 19981
However, sustaining these outputs either singlyv or
in concert is complicated by forest systeni stressors
such as atmospheric acid deposition (Adams 1999,
exatic insect and discase pathogens (Stipes 1999
souto and Shields 2000, Davidson et al. 2001), and
white-tailed deer (Odocoifens virginianus) her-
bivory (deCalesta 1994, Fredericksen 19498, Horsley
et al, 2003y that are occurring in the cenrral
Appalachians.  For wildlife biologists. white-tailed
deer herbivory impacts (o ecosystem, processes and
forest munagement dctivities  are nt ‘p‘lramount
interest and concern'in this regl()n

After the near extirpation of white-tailed deer
populations from West \«:rg:ma during the carly

19005, populations increased due to buck-only
hunting regulations, increases in favorable habirtat,
and restocking efforts (Allen and Cromer 1977
Throughaout the last half of the owenticth 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 1987,19923. On
corporate forest lands. altered or failed woody
regeneration is common {Tilghman 1989, Horsley
et al. 2003). To promote healthier ecosystems an<d
balanced deer populations, harvest reguludois
have been altered to increase the harvest of femaie
deer. However, in comparison with other south-
eastern states, antlerless harvest in West Virginia s
low (37% of total, Annual Meeting of the Sourheast
Deer Study Group 2003) and likely insufficient to
stabilize deer herds in the near future (. L. Crum,
West Virginia Division of Natural Resources, per-
sanal communication). In West Virginia this is due
partlty 1o decreasing resident and nonresident
hunter recruitment, coupled with a stable to
decreusing human population. No sex-, age-, or
cause-specific estimates of survival and mornadicy
rates exist for white-tailed deer in West Virginia, hin-
dering biologists” efforts.

Reliable estimates of survival, moroality, and
reproductive rates are requisite to understanding
and managing deer populations (Canghlev 1976,
Eberhardt 1983, Dusek er al. 19891 Radiotelemetry
provides an in-deprh evajuaton of the riming, catis-
csoand degree of mortalitv (Heisev and Fuller 1985,
Nelson and Mech 198607, Hercin, we compared sur-
vival and cuuse-specitic mortality niies between
male  1nd  female white-tailed
and  present
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recruicment dat for a high-densive deer herd that is
in conflicr with land management in the central
Appalachians ol West Virginia.

Study area

Our study was conducted on the MeadWestvaco
Corporation’s Wildlife and Icosysiem Research
Forest (MWWERF) in Randolph Counry, West
Virginia (38°42'N.8093"W), which was established
in 1994 10 assess the influence of industrial silvi-
culture on ecological and ccosystem processes in
the Lcntral Appalachians. The 3.360-ha MWWERF
uccurre't.d. in the Unglaciated A}lcghcny Mountiin
and Plateau Physiographic province within the cen-
tral Appalachians, where precipitation averaged
trom 170-190 cm/vear and elevations ranged from
T40-1,200 m (Smith 1993). Forest cover was pri-
marily an Allegheny hardwood-neorthern hardwood
vpe (Ford and Rodrigue 2001y, Silviculturally, the
WMMERT was intensely managed, with even-aged
regeneration methods domnating. Preharvest
white-tailed deer densities during our study were
estimated as 12-20 deer/km? (Lungdon 20013,
Abomasal parasite counts suggested the deer popu
lation was at nutritional carrving capacity (Fischer
1996}, The MWWERF was open to hunting under
West Virginia Division of Natural Resources harvest
regulations, with access via foot-travel. Recent and
ongoing research have determined that white-tziled
deer were serving as a primarv ecological agent
shaping plant species diversity. abundance, and
structure o the MWWERF (B. Coillins. Savannah
River Ecology Laboratory, personal communication.
Collins 2004). Indirect impacts to biota, such as
ground-nesting  songbirds, have been noted
(Weakland 20000,

Methods

We captared deer from January through April
(1999-2001) using modified Clover raps (Clover
19347 and rocker nets (Hawkins et al. 1968) baited
with corn. We immobilized. ear-tagged. and radio-
collared (Advanced Telemetry Svstems, [santi.
Minn . deer upon capture. We uscd both physical
restraint and chemical (2.2 mg xvlazine hvdrochlo-
ride/kg bady weight) immobilization technigues,
For chemicully immobilized deer, we used 2 intre-
venous and e ointramuscudar injections of vohim-
bine hvdrochloride (0.3 mg/ke hody weighl) as a
reversal ugent. Radiocollars were equipped with -
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Lour mortadity sensors  We aged deer by toorn
eruption. replicement. and wear (Severinghaus
1949 Al capture and handhing procedures were
approved by the  University  of
institational Animal Care and
(Permii No. A2002-10119-0;.

We monitored each deer >3 times/week from its
release, unti! it died, the study terminatect (1 june
2002). or it was censored. We censored deer when
thev dropped their collars or the collar bauery
cxpired. When mortabity signals were detected, we
located the carcass viz homing and conducted a
necropsy to determine cuuse. Predation wus iden-
tified following procedures i1 Wade and Bowns
1984y, We determined starvation from wvisual
inspections of femur marrow (Verme and Ullrey
1984). Disecasc was inferred following Davidson
and Nettles (1997). Collars from harvested animals
commonly were left at the property gates with «
note, tumed in 0 the field station, left with the gut
pile, or taken home with hunters.

We recorded all visual observations of deer dur-
ing vehicular travel on the MWWERE noting age
(fawn. adult [=1 vear oid], or unknown), sex (male,
femaie, or unknown), group size, and tag numbers
when possible. We calculated monthly ratio of
fawns: 100 adult females for known age and sex
observations only. We determined age-specific in-
urtero reproductive rates (feiuses/doe) from 3 does
necropsied in 2000, 2 dees necropsied in 2001, and
39 does necropsied in 2002, Median and mode
conception dates were both 16 November {range =
4 November-23 December). We acquired and
examined all female reproductive iracts from
January-March.

We derermined survival and cause-specific mor-
talitv rates from telemeury dara for fawns, veariings,
and adults (=2 vears old} with MICROMORT
(Heisey and Fuller 198%). For all analyses we
assumed a 1 June birthday of each cohort. We divid-
ed the vear into 3 seasons: summer (1 june-30
September), autumn (1 October-31 Decembery, and
winter (1 January-31 May), We grouped mortality
sources as either natural (starvation, predation. or
disease) or human-induced (legal harvest. wounding
loss . illegal harvest, or vehicuiar trauma). Our analy-
ses considered the exposure davs of censored decr
throveh the dav of censoring (Vangilder and Sheriff
19903 We did not include deer that died of natural
causes <21 davs after caprure in the analvses, (o
avoid incluston of deer vulnerable to predation Jdue
to capture mvopathv «Beringer ¢t al. 19900,

Georgid's
lis¢ Comnmirttee

W pooled duta from all 3 vears to increase sam:-
ple sizes of mulles. thereby facilitating meaningtul
hetween-sex comparisons {Van Deelen et al. 1997)
T validate peoling of data from the 3 vears. we
nsed 2railed Atests to compare mortaling rates
within females among veurs. Stmilarly, we used 2
Litiled Z-tests w compiare mortality rates among
ages, hetween sexes. and among seasons (Heisev
and Fuller 1983 on pooled datx. To maintairn
experimentwise error rate of ¢=0.05, we com-
pared related tests following Bonferroni correction
(Sokal and Rohlf 19933,

We estimated survivai of fawns from birth 1o cap-
ture (i.e.. recruitment age) using change-in-ratio
(CIR) estimators (Paulik and Robson 1969). W
defined a deer capture as any caprure of an individ-
udf deer not previously captured within the current
trupping year (i.e. recaptures within a trapping
year were not included). Time 1 ratios were esti-
mated [rom caprure data. survival estimartes, and in-
utero repreductive estimates. Specifically, we esti-
mated the total number of fawns born to female
deer by 1) adding the estimated number of deaths
(via vearling and aduit survival rates from

June-December) to the age-specific number cap-

tured (this yielded an estimated number of vearling
and adult females alive at birth), 2) multiplying the
age-specific number of females alive at birth and
esitnuted age-specific in-utero reproductive rates
(this vielded an age-specific estimate of fawns
born), and 3) summing the age-specific estimates of
fawns born across ages. We obtained Time 2 ratios
directly from capture data and validated them with
observational data.

Results

We recorded 343 captures of white-tailed deer
Fawns were the dominant age class. representing
417 (m=143%) of all captures. Females were the
dominant sex class, comprising 73.8% (5s1=200) of
ail captures. Adult male deer were notably scarce,
representing only £.3% (7 =95) of all captures
(Figure 1). The ratio of fawns: 100 adult (>1 veuar
old) females at capture was 8.

Overall in-utero reproductive rates of veuarling
and adult fernales were 138 fawns: 100 temales (51
per 37 vearling und  aduolt femalesy.
Reproductive rates were greater for adults than
veurtings. We observed no evidence of breeding by
femate fawns (r="), and 1 adult had 3 ferses in-
urero.

fawns
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Figure 1.

We made 8.497 visual observations of known
fawns and adult female deer Ratios of fawns: 100
adult females were low in June, increased during
winter, and then declined in April and May (Figure
2y, During January-April (.e., during captures). the
ratio of fawns: 100 adulr fernales observed did not
differ from the ratio obtained from capture data
(Figure 2}, thereby supporting use of capture ratios
in CIR analyses.

13

R

Population protile from white-tailed deer captures {Jan-Apr, n=343; on the
mMeadWestvaco Wildlile and Ecosystern Research Forest, West Virginia from 1999-2002.
Slashed areas pius respective shaded areas are the esumated number of fawns born to female
deer captured (from in utera reproductive ratesy assuming a 50:50 sex ratio at binth.

73
ivlales

1) 125 fawns surviving from hirth
to capture as (.57, This
estimate suggested that
fawns cxperienced greater
mortality  from  June-
December than from Janu-
arv-May (0.15 and 0.20 for
female and male fawns.
respectively; Table 1)

We rndiomenitored 148 female and 43 male deer
from 1 June 1999 through 3t Mav 2002
Throughour the study, 16 females (14 adults, 2 vear
lings, 0 fawns)y and [1 males (0 adults, 9 vearlings.
2 fawns) were censored. We observed 66 mortaliry
cvents, 35 within females (23 adults, O yearlings.
6 fawns) and 31 within males (5 adult. 19 veardings,
7 fawns), Predation was the primary mortaliey
source for femules. Covates (Canis latrans) killed
10 femaies, bluck bears

(Ursus americanns) killed
3 females. and unidentified

predators killed 3 females.
Three females died of
unknown natural causes.

2 of starvation, and 2 of

discase.  Human-inducerd

H+—

mortality accounted for 12
female deaths. Within this

bty

¢
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category, 8 deer died from
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sean (ST omonthiv rato of twns 0 adult temales rom visual
14970 on the sMeadWestvacn Wildiife and Zoosvsiem Research Forest, Wiest Yiranua rom

slashed horizomal line o 1he rano a0 capture TH mwns 10U aoult iemaias
mangle mn june s the esimated 1auo o itk romoin uters reprocdective ates. Snuaces are
e estmaled rabio irom soothent counts conducted inoAugos:, CCehen ano bralary crom

harvesied iflegally.
Legal harvest was the pn-
mary source of mortality
within males, accounting
for 22 of 31 deaths. One
male died from wounding
loss.  Nawral mortalicy
events accounted lor H

onseralions =
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coaday =hepr L autumn SO e winicr fan-Apr. and anig-
reiy Boresy, West Virarona Tromy 1999-2002.

Tracking mterval Racke Survival rares . ortalive ratesf
Cinss Seasan Length Ses n e Ceveoretl [herd Rate'" G54, Nawrral  Human
Fawn WWinte 151 3 ol 2,607 L fr .80 075097 SR
Y B 3,400 t 3 .80 0660197 {320
Yearting  Sammer 122 F 45 3,051 i 1 098 (93-1.00 0.0z
M 3 3,036 2 QO 1.00
Aytumn 97 F a1 3,604 [#] -+ [HRH 0.82-1.00 (VY
M MY 1,608 Bl 14 0.7 0.20-0.55 .03 0.63
Winter 151 F 4 5,892 | 1 0ar 0.93-1.00 .03
] i 24 2 2 [ 1468-1.00 0.27
Annual v .86 U.76-0.97 .05 .09
M 0.2, 0.13-0.47 012 0.6}
Aduli Summer 122 F 517 21,524 1 1 .99 0.968-1.068 .01
M 6 732 u n 100
Autumin a2 Foo190 16,298 ¢ T3 0.93% (LBY-0.97 0.03 Gt
i B 344 ( 3 .22 0.08-0.84 c.73
Winter 151 Foo218 28,626 3 9 0.95 0.62-0.98 .05
M 1 151 9] 4] 1.00
Annual F .88 0.84-093 0.08 (.04
% g.oz 0.08-0.85 0.73

3 WNumber of total deer records in the interval with data from 1999-2002 poolec.

bs

¢ Rate determunad by Heisey and Foller (1985, Natural marral

male deaths: 4 males died from covotle predation, 2
from unidentified predators, T from starvation, and
1 from bobcat {Felis rufus) predation. We observed
no vehicular trauma mortaliry.

MNatural  (0.07-0.12y and human-induced
{0.05-0.07) mortality rates within females did not
differ among years (all £>0.35), suggesting minimal
wearher or harvest-regulation eftects and validating
our pooling of data. Survival rates peaked during
summer and were minimal during autumn for all

Tatrle 2. Companson of white-tailed deer annual cause-specii-
ic mortaliy caies for sex and age classes on the MeadWestvaco
Wildlite and Ecosvstemn Research Forest. West Virginia irom
1994-2002 . Standard deviations are reported in parentheses.

Class Males Females S Stabishic Povalue?
wearhngs
Humar .63 10,097 0.09i0.06)  5.18 ~4.001
~Natural a2 .07 .05 10,03 g 1285
AcClits
Human A3 Th (L0400 127 <(.GU1
Salurad D00 i L0800 02 3 <000
CTo mamran an eXperiment-wise crrac e o =05,

telated tests were compared with an adiosted o = 0.0123  Soka:
and Rohiy 1995y,

fate adjusted for smait sample size bias (Heisev and Fuller 1985,

v included predation, starvation, and disease.

sex and age classes (Table 1), Yearling femnales had
a 03% greater probability of annual survival than
vearling males (Table 13, Similarly, adult females had
4 60% greater probability of annual survival than
adult males (Table 1), Annual human-induced mor-
taliry was greater for vearling and adult males than
females (Table 2). Anoual natural mortality was
greater in adult females than adult males but did
not differ within vearlings (Tabile 23

During winter mortality rates were similar
berween males and females within both fawns (Z=
.51, P=0.61) and vearlings (Z=148, P=0.14).
However. adult femnules had greater (£=-3.06. P=
0.002) meortality rates in winter than adult males.
Mortality rates during autumn were greater for vear-
ling (Z=5.93 P<0.001) and adult (Z=4.1Y. P<
0.001y males than females. No differences
occurred berween males and females within vear-
ling (Z=-1.01. P=0.51) antd aduit (Z=-1.00, P=
(.32 summer moralny rares,

Female adult und vearling annual cause-specific
mortality did aor differ for human-induced (=
-1.08. £=0.28) or nutural (Z=4{.79. F=0.45 mor-
rality. - similarly, comparisons berween adult and
vearling males vevealed no differences for jiuman-



mduced (£=0.38, #=0.56) and natural (#=-1.88.F
=1).04)) mortaiity.

Wweo o observed no differences in comparisons
hetween summer mortality rates of adult and vear-
ling females (Z=-0.76, P=0.4%). summocr mortality
rates of adult and vearling males (Z=0.04. P=1.003,
autumn mortality rates of adult and yearling
females {£=-0.53, P=0.60), and autumn mortality
rates of adubt and vearling males (Z=0.39, P={.70).
Within females. no differences in mortality rates
occurred during winter berween adults and vear-
lings (2=0.72, P={.47), between adults and fawns
{Z=-1.77,=0.08). or between yearlings and fawns
(Z=-2.02, P=0.04). Within males. we abserved no
differences in mortality rates during winter
berween adults and vearlings (Z=-1.66, P=0.10) or
between vearlings and fawns (£ =037, P=0.71).
However, mule fawns had greater (Z=2.50, P=0.01)
mortality rates than adult males during winter.

Discussion

Ricca et al. (2002) compared annual survival
rates amonyg white-tailed deer populations through-
out North America. Within hunted populations,
adult 1 vear old) male survival rates were greatest
in southern Texas (0.65-0.74, DeYoung [989) and
ieast in northern Michigan (0.22-0.2%, Van Declen
et al, 1997, Our cbserved adult male annual sur-
vival rates (1).22-0.23) represent the lowest range
amoeng those reported. Adult (=1 vear old) female
swrvival rates within hunted populations were
greatest in northeastern Minnesota ¢0.79-0.80,
Nelson and Mech 1986G) and northern Michigan
(0.77-0.89, Van Declen et al. 1997) and least in
Montana (0.43-0.83, Dusek et 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 (Ricea et al. 2002).

Estimates of neonate and voung fawn survival are
scarce. particularly within the eastern United States.
Recently, however, Vreeland (2002) reported that
fawn survival from birth 1o recruitment age (post-
hunting season) in Pennsylvania ranged from
0.28-0.59 depending on the study area and vear.
Cur estimarte of fawn survival from birth 1o capture
(0,57 was consistent with Vreeland (2002) und. sim-
ilarly, we suspect that covotes. black bears. und bob-
cars preved upon neonate and voung fawns during
the summer months because these predators also
killed older deer durmg the months that followed.
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The primary human-induced mormaling factor
influencing white-tailed deer population ecology in
north-central West Virginda 15 the differental harvest
berween sexes (Tabie 1), This tinding is not unique
to this region (Van Deelen et all 1997) Langdon
(2001) reported pre-hunting scason adult =1 vear
oldy sex ratios (male:female) for spotlight and cam-
ol survevs on the MWWERD as 7:100 and 26:104),
respectively.  Others have attributed skewed sex
ratios directly to male-bigsed hunting (Nelson and
Mech 1981, Dusek et al. 1989, Nixon et al. 1991

Though infrequently observed. natural mortaliry
was primarily from predation. Covotes accounied
for 61% (14 of 23y of all known natural mortality
events and 78% (14 of 18) of all known predation
events, including 7 adults. As in New Brunswick
(Whitlaw et al. 1998). covores 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 cov-
otes regulariy participate in group hunts, specifical-
Iy for deer when alternate prev is not availabie
(Lingle 2000). OQur observations from mortality
sites suggest thar multiple covotes participated in
deer kills. Black bear predation occurred in sum-
mer or early autumn and was not limited 1o fawns.

Summer mortality was notablv low for each ape
and sex class but simifar to summer mortality for
adul:r deer in New Brunswick (Whitlaw et al. 1998).
In agricultural regions of Illinois, Nixon et al. (1991)
found the highest summer mortality rares within
vearling females ¢(0).15); however, all summer mor-
talities within their study were humaninduced. Van
Deeten et al. (1997) reported the highest summer
mortality rates within vearling males (.16}, with
half of the mortalities from starvation and half from
unknown causes. We observed only 2 summer mor-
taiities, both from natural causes and within females
(Table 1). Tow natural mortality rates within veur-
Hings and adults during summer suggest adequate
autrition for maintenance. enhanced hiding cover,
and the possibility that predarors were using alier-
nate prey (Lingle 2000). Qur estimate of fawn sur-
vival from June-December suggests these alternace
prev likely included neonate and voung fawns.
Autumn mertality of both vearlings and aduls
refiect selection by hunters for mule deer. The
grearest seasonal mortality rates for all age and sex
classes were observed for aduit males during
autumn, which is a finding not unique 1o our study
ared (Nixon et al. 199D, Winter mortality within



fawns was less than observed in northern Michigan
(Vanr Deeclen et al, 1997 and northeastern
Minnesota (Nelson and Mech 1986). bul greater
than east-centra) lhinois (Nixon et al, 1991). Vun
Deeten er al. (1997) observed winter mortality riates
of 0.20 and 0.00 for adult and vearling nades.
respectively. This relationship was reversed in our
study However only 1 adult male survived inte the
winter. thus limiting meaningful comparisons, Our
observed winter mortadite rate for yearting males
(0.27y wus less than reported from east-central
[iinois (Nixon et al. 1991). However, 2 of 3 report-
ed winter mortalities within vearling males from
Nixon et al (1991 were human-induced, whereas
all of ours were from namaral causes. High natural
winter mortality within vearling males may suggest
nutridonal deficits and corresponding increase in
vulnerability to predators (Nelson and Mech 1986).

Our datz illustrate the limitations of inwtero
reproductive measures (counts of corpora lutea
earlv in gestation or fetuses later in gestation) as
indicutors of population health.  McCullough
{1979 demonstrated that while both reproductive
and recruitment rates are density dependent, they
follow differing curves. Therefore, it may be inap-
propriate to manage deer populations for maxi-
mum reproductive output because the 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 are
indicators of health prior to the breeding seuson
(Wentworth et al. 1990, Gee et al. 1994, Kroll and
Jacobson 199%), 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
spotlight count datu) to generate estimates of
recruitment or the “fawn crop” (Gee et al, 1994,
Kroll and Jacobson 1995) withour considering bias-
es associated with the remporal detectabiliny or
behavior of deer (MceCullough et al. 1994). Using
spottight counts. McCullough  1982) tound biases
in the fawnadult female ratio in every month
cxeept April, with the ratio being underestimated
from June-March., Simalarly, Langdon (20017 tound
4 murkedly smaller ratio of fawns:adult females n
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Ocrober than in January, despite the Jow incidence
of harvested adult females. Consequently, the tradi-
tonal uming of spotlight counts (.c.. prehunting
seus0n) mav not generate refiable  estimates of
recruitment. Our data and fangdon (20015 suggest
that in the central Appalachians of West Virginia
recruitment rates may be most reliabiv estimated
from observational or spotlight count data collect-
ed from February-April, the menths when our cap-
Lure tatios were similar to the other estimates or
cxtrapolations.

Population status and Leaith 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 (% fawns:100 aduit females born that
reached recruitment age). Changes in crude fawn
survival rares can guide managemeni recommenda-
tions independent of density esumates boecause
bouth reproductive and recruitneni raies dare func-
tions of density relative to carrving 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-
stve harvest of vearling male deer. We recommend
a reduction in female deer to promote forest regen-
eration in harvested stands and to protect and con-
serve marnure forest community components, such
as vernal woodland. herbaceous flori. or understo-
rv vegetative cover necessary for ground-nesting
neotropical migratory songbirds.  Failure to
respond to white-tailed deer overubundance on the
MWWERF and throughout the central Appalachians
of West Virginia may produce alternative steady-
state forest conditions of low economic utiliny and
reduced wildlife and biodiversity values (deCalesta
and Stout 1997, Stromaver and Warren 1997 Waller
and Alverson 1997 Pedersen and Wallis 200473, Van
Deeclen et al. (1997) noted rhat in northern
Michigan. differenuial mortality rares berween sexes
were the product of male-biased hunrting regula-
tions and recommended increasing antierless per-
mits o reheve  hunting males.
Likewise. we recommend thar state wildlife agen-
cies within this region contimue 1o fiberalize ander-

praessure on



less deer seasons  Because many hunters in the
central Appalachizns are not willing to harvest
antlerless deer, being comtfortable with the tradi-
tional deer management paradigm ol buck-only
huating, we recommend that educational programs
(vin state wildlife agencies, extension services, and
private organizations) continue to he directed at
hunters wiho are reluctant to harvest antlerless deer
(e.g..see Al 2003). These programs shoukd clearly
outline the ecological and hiolegical need and ben-
efits of harvesting female deer (e.g.. see Hamilton et
al. 1995). Furthermore, we recommend thar corpo-
rate landowners pursuc Cooperative agreements
with hienters, implementing incentive (e.g.. earn-a-
buck) programs to encourage hunters to harvest
female deer.
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