Influences of winter supplemental feeding on the
energy balance of white-tailed deer fawns in New
Hampshire, U.S.A.

Matthew D. Tarr and Peter J. Pekins

Abstract: The purpose of this study was to determine the influence of supplemental feeding on the energy balance of
white-tailed deer @docoileus virginianusin northern New Hampshire, U.S.A., during January—March 1997. We mea
sured the field metabolic rate (FMR) and energy balance of 10 (5 males and 5 females) supplementally fed wild fawns
with doubly labeled water over 19-21 days. We tested whether percent acid detergent fiber (ADF) and percent neutral
detergent fiber in deer fecal samples predicted the proportion of supplemental feed (pelleted concentrate) in the diet of
deer. The mean FMR of fawns was 758.4 kJ%§d™" (range = 535.9-1032.8 kJHy>d™?), or 2 x their basal

metabolic rate (BMR). The mean FMR of male fawns was >30% higher than that of female fawns. Percent body fat
(12.1 + 1.4% (mean + SE)) and mass loss (3.0 + 0.9%) varied among fawns, suggesting that an individual high FMR
was not detrimental to energy balance and was related to availability of feed. We estimated that a high FMR (>2 x
BMR) could be maintained only if fawns consumed about 1 kg of supplemental feed daily. Radiotelemetry data indi
cated that the number and juxtaposition of feeding sites in an area probably influenced home range and activity of
deer. Percent ADF in feces provided the best prediction of percent grain in the diet (% grain = —0.048(%6+ADF)
1.523(% ADF) + 96.467r% = 0.69) and was useful for identifying populations consuming supplemental pelleted
concentrate. Biologists should expect that the influence of winter feeding on energy balance and survival will vary according
to the interrelationships of deer density, food availability, and winter severity at feeding sites.

Résumé: Nous avons tenté de déterminer l'influence que peut avoir un supplément de nourriture sur I'équilibre énergétique
chez le cerf de Virginie @docoileus virginiands dans le nord du New-Hampshire, E.-U., de janvier & mars 1997. Nous
avons mesuré le taux de métabolisme (FMR) et I'équilibre énergétique en nature chez 10 faons (5 males et 5 femelles)
qui ont regu de I'eau doublement marquée pendant une période de 19-21 jours. Nous avons vérifié si le pourcentage
de fibres détergentes acides (ADF) et le pourcentage de fibres détergentes neutres dans les féces des cerfs permettent
de prédire la proportion de nourriture en supplément (boulettes de nourriture concentrée) dans le régime des cerfs. Le
taux de métabolisme FMR moyen des faons s’élevait & 758,4 ®¥%g" (étendue de 535,9 & 1032,8 kI,

soit 2 fois leur taux de métabolisme de base (BMR). Le taux FMR moyen était plus de 30 % plus élevé chez les faons
males que chez les faons femelles. Le pourcentage de graisses corporelles (12,1 + 1,4 % (moyenne * écart type)) et la
perte de masse (3,0 £ 0,9 %) étaient variables, ce qui veut dire qu'un métabolisme FMR élevé chez un individu n'a
pas d'influence négative sur son équilibre énergétique et est relié a la disponibilité de la nourriture. Nous avons estimé
que pour que son métabolisme FMR soit élevé (>2 x BMR), un faon doit consommer au moins 1 kg de nourriture
supplémentaire par jour. Les données radio-télémétriques indiquent que le nombre et la juxtaposition des sites
d’alimentation dans une région influencent probablement le domaine et I'activité des cerfs. Le pourcentage de fibres ADF
dans les féces est le meilleur facteur de prédiction du pourcentage de grain dans le régime (% grain = —0,048(%6 ADF)
1,523(% ADF) + 96,467r2= 0,69) et cette valeur a permis d’identifier les populations qui avaient recu des boulettes

de concentré en supplément. Les biologistes doivent s’attendre a ce que l'influence de I'alimentation d’hiver sur
I'équilibre énergétique et sur la survie varie en fonction des interrelations entre la densité des cerfs, la disponibilité de
la nourriture et la rigueur de I'hiver aux sites d'alimentation.

[Traduit par la Rédaction]

Introduction tures that reduce food availability and increase the energetic
cost of foraging and thermoregulation (Moen 1976). The
Winter feeding low digestibility of winter browse typically reduces forage

White-tailed deer@docoileus virginianusnear the northern intake below the maintenance energy requirement of deer
limit of their geographic range are frequently exposed to(Mautz et al. 1976; Gray and Servello 1995). Deer compen
extreme winter conditions of deep snow and low temperasate for low energy intake by catabolizing fat and protein
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tissue and reducing activity (Ozoga and Verme 1970; Moerprevalent and increasing, few, if any, collect quantitative

1976, 1978), survival being dependent upon balancing erdata regarding the energetic effects of supplemental feeding

ergy derived from tissues and forage with seasonal energgn their resident deer herds. Therefore, our goal was o as

costs. When winter conditions severely limit browse avail sess howsupplemental feeding influences the winter energy

ability, diets such as pelleted concentrates may allow deer tbalance of deer. Specifically, we measured energy expendi

increase their forage and energy intake, which may reductire, energy balance, activity levels, and movement patterns of

winter mortality (Hobbs 1989). Although wildlife professionals free-rangingdeer utilizing supplemental feed.

generally consider winter feeding of deer an unnecessary or

unwise practice (Olsen and Lewis 1994), supplemental highgtudy area

energy, high-protein feed can increase winter survival of

local deer herds (Mautz 1983; Baker and Hobbs 1985; This study was conducted during January—March 1997 in

Hobbs 1989). Coos County, New Hampshire, primarily in the town of
Providing high-quality food supplements to wintering Pittsburg located at 45°N, 71°30W on the Canadian border.

white-tailed deer is a popular practice among private citizend/ost of the forest land was commercially owned and managed,
and sportsmen’s groups in the northeastern United Statedd the mature softwood in the deer wintering areas had
and Canadian provinces. It will likely increase as humang’€en harvested extensively since 1975. Dominant forest types
further reduce the amount of available deer habitat without" this area were saw-timber spruce—fir and northern hardwoods
changing their demand for large deer populations (Hubert gficluding balsam fir Abies balsamea25%), red spruceRicea
al. 1980; Ozoga and Verme 1982). Although the Newrubens 20%), yellow birch Betula aIIegha_mens;SM%), sugar
Hampshire Fish and Game Department does not advocafBa@ple @cer saccharum13%), paper birchRetula papyr
feeding deer in winter, biologists estimate that more tharifera, 6%), red mapleAcer rubrum 5%), andaspen Ropulus
half of the deer in northern New Hampshire use winteringSPP., 4%) (Frieswyk and Malley 1985). February is typically the
areas in close proximity to supplemental feeding sites.  coldest month of the year, averaging —13°Cerage annual
Supplemental winter feeding can directly influence thesnowfall was 414 cm (Qwenby and Ezell 1.992)' .
energetic and nutritional status of free-ranging deer by Deer were captured in Pittsburg at two primary study sites
reducing mass loss (Ozoga and Verme 1982; Carpenter et where supplemental feed (pelleted concentrate, hereinafter

1984; Boutin 1990) and increasing fawn survival (Verme and 9r&in”) was provided. The first study site (River Road)
encompassed four supplemental feeding sites (“fed sites”)

Iyvhere grain was provided at least once daily. Additionally,
wee other landowners in this area provided grain periodically

winter (Ozoga and Verme 1982; DelGiudice et al. 1990)troughout winter. All fed sites at River Road were situated
Supplemental winter feeding may also increase productivit%”tg'% 1 knf area n:s:jdeba h|§totr|c de_edr Wmtem}%ﬁ;ﬁ that
of a deer herd, provided feed is consumed by a large portio a gent (rjagm_ten eR %’ p?tlva e resi enc%s t$1 ’ ; g i
of the deer population (Robinette et al. 1973; Carpenter et apccond study site (Route 3) encompassed three fed sites
1984). Fawns fed high-energy diets may reach sexual maturi here grain was provided at Igast once daily. All f_ed sites at
at a younger age (Abler et al. 1976; Ozoga and Verme 198 Route 3 were located on the periphery of a Gkieer wintering
Ozoga 1988), overall fawn production may increase (Ozogérea'

and Verme 1982), and mortality of newborn fawns may be Eight additional fed sites and four traditional wintering areas
reduced (Carpentér et al. 1984) without supplemental feed (“unfed sites”) were used te col

lect comparative data within a 50-Kmarea. Sites were

Although it seems intuitive that deer would benefit from o ,qen on the basis of their traditional use and proximity to
supplemental winter feeding, some deer herds are negative Ye nearest known supplemental feeding site. A complete

impacted or show no change in population dynamics afte - . : : .
the addition of a high-quality food source (Robinette et al_?legsgg)p.mon of all fed and unfed sites is provided in Tarr

1973; Dean 1976; Ozoga and Verme 1982; Lenarz 1991).
Additionally, supplemental feeding may alter movement an .
yarding patterns of wintering deer (Boutin 1990: SchmidtMaterials and methods

and Gossow 1991; Easton 1993), and many emergency feedingye hypothesized that deer consuming supplemental food
programs have failed to reduce deer mortality during severgg 5 significant portion of their diet have different energy
winters (Carhart 1943; Doman and Rasmussen 1944; Deaj),qgets than deer consuming only winter browse. Therefore,
1976; Baker and Hobbs 1985). to determine the influence of winter supplemental feeding on
Deer density at supplemental feeding sites generally increasgger energy balance, we measured the energy expenditure,
as winter progresses, creating a situation in which high-qualityody composition, movement, and home range of deer at fed
feed may become a limiting resource (Schmitz 1990)sites and compared the proportions of supplemental feed
Although fawns are the segment of the deer population thagredicted in the diet of deer at fed and unfed sites. All
presumably benefit most from supplemental feed, they ar@nimal-care and experimental procedures were approved by
generally excluded from feeding sites by larger, dominanthe University of New Hampshire Animal Care and Use
deer (Ozoga 1972; Schwartzkopf 1990; Easton 1993). As @ommittee (No. 960602).
result, fawns may experience increased mass loss when deer
density at feeding sites is high (Ozoga and Verme 1982). Consumption of supplemental feed
Although most wildlife agencies in northeastern North Since typical winter-browse diets have a significantly
America acknowledge that supplemental feeding of deer isiigher fiber content than most commercially manufactured

to replace endogenous protein that has been catabolized duri
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deer concentrates (Short et al. 1974; Mautz et al. 1976; Pekireffects of xylazine. Isotope concentrations in blood plasma
and Mautz 1988), measurement of the percentage of fiber ivere measured by isotope mass spectrometry (Metabolic So
deer fecal pellets may provide a method of identifyinglutions, Inc., Merrimack, N.H.). Total body water was calcu
supplementally fed deer herds. Although the efficacy of usindated as in Worden and Pekins (1995). Estimates of total
fecal fiber to predict deer diet composition had not beerbody water were converted to ingesta-free body-water con
investigated, we hypothesized that deer consuming low-fibetent with the equations of Robbins et al. (1974) and Torbit et
supplemental food would have a substantially lower percentagal. (1985).

of fecal fiber than deer consuming diets consisting only of

high-fiber woody browse. Wild deer
Fecal samples were collected monthly from 8 January to
Captive deer 20 March at each of the eight fed sites, including the four

Captive deer at the University of New Hampshire Wildlife sites where study fawns were captured at River Road and
Research Facility were used to develop predictive equationg8oute 3. Whenever possible, fecal samples were collected
between the percentage of fecal fiber and the dietary proportiofiom deer of known age and sex (i.e., adult male, adult female,
of Supp|ementa| feed (percent grain)_ During February 1997fyawn), and the remainder were collected as “random” Samples
five female fawns were fed diets consisting of known from unknown deer. Fecal samples were also collected at
proportions ofwinter browse (0-100%) and grain to simu €ach of the four unfed sites; they were considered random
late diets of wild deer visiting supplemental-feeding sites.samples because we seldom observed deer at unfed sites.
The winter-browse portion consisted of a mixture of typical Sampling was done within 3 days of the most recent
winter forages relatively high in fiber and low in protein, snowfall=8 cm in order to best approximate fecal deposi
including annual growth of red maple, northern red oaktion date. Fecal samples were stored frozen and were pre
(Quercus rubry acorns, senesced northern red oak leavespared and analyzed as described for captive deer. Mean
and northern white cedaiThuja occidentalis The dietary monthly and mean winter values were calculated for each
proportions were set at 0, 25, 50, 75, and 100% wintesite. These values were used in the predictive equations de-
browse, with the remainder of the diet equal to grain. Theveloped using captive deer to estimate percent grain con-
grain contained 8% crude fiber and was the maintenance ratiostmed by deer aeach site. Analysis of variance and the
of the captive herd (UNH deer feed, Agway, Inc., SyracuseJukey—Kramer honestly significant differences method (SYstat
N.Y.). 7.0, SPSS, Inc., Chicago) were used to test for differences

Deer were fed individuallyri 4 x 5 mpens and gradually (P < 0.05) between months, fed and unfed sites, and age and
acclimated to browse for 2-3 weeks. Each received 1-2 k§ex classes of deer.
of food daily depending upon their individual consumption
pattern. Daily consumption of browse was increased steadil{Energy expenditure
by reducing available grain. Deer eventually received 100% Energy expenditure, body composition, and home ranges
browse for 7-10 days, followed by fecal collection for 3 of 10 wild fawns (5 males and 5 females) were measured
consecutive days. The amount of grain was then increased tturing January—March 1997. Fawns were captured at two
a progressive manner to produce fecal samples for the prescribgiles at both River Road and Route 3 by darting with
portions. Fecal samples were collected for 3 days after 26.75 mL of 100 mg xylazine + 250 mg Tela2éihL delivered
3 consecutive days of stable intake at each proportionin a 1-cn? Pneu-daft. Fawns were darted over grain piles at
Because deer were sometimes selective in their consumptiafistances of 25-36 m.
patterns, the actual proportions of browse to grain consumed Each deer was sexed, weighed, ear-tagged, radio-collared
were determined through measurement of daily orts. All fecafexpandable MOD-500 radio collars, Telonics, Inc., Mesa,
samples were frozen immediately. Ariz.), and injected intramuscularly with doubly labeled water

Diet and fecal samples were dried and ground in a Wiley(0.19 mL/kg body mass; 99.9% deuteriufi) enrichment,

Mill (1 mm mesh screen). These samples were analyzed f®®0% (80 enrichment). Blood samples (10 mL) were collected
percent neutral detergent fiber (NDF) and percent acid detergeptior to injection of doubly labeled water and after isotopic
fiber (ADF) via standard laboratory procedures at the Coloradequilibration with body water (approximately 4 h). After
State University Range Science Laboratory. Linear andnjection, fawns were placed in a darkened crate to minimize
curvilinear regression analyses were used to examine thdisturbance and excitement upon arousal. Each received
relationships of percent NDF and percent ADF with percen50 mg of xylazine about 30 min before the second blood
grain in the diet. sample was collected, after which each received 0.11 mg

The body composition of the five captive fawns was measuregiohimbine/kg body mass (2 mg/mL) to reverse the effects of
by dilution of deuterium oxide’H,0) in body water (Rumpler the xylazine. Subsequent release took place at the capture
et al. 1987; Worden and Pekins 1995). Each fawn wasite after each stood and became active within the holding
weighed to the nearest kilogram and immobilized with 30—crate. Fawns were recaptured 19-21 days later at fed sites by
50 mg of xylazine hydrochloride (100 mg/mL). A baseline darting with the xylazine—Telazbimixture. Each was weighed,
blood sample (5 mL) was drawn from the lateral saphenou$lood-sampled (10 mL), and subsequently released as described
vein, and eachanimal received 0.15 gH,O/kg body mass for the initial capture.

(99.9% at. excess). After equilibrium (approximately 4 h), a Isotopic concentrations in blood plasma were measured by
second blood sample was collected. Each fawn receivesotope-ratio mass spectrometry (Metabolic Solutions, Inc.,
0.11 mg yohimbine/kghody mass (2 mg/mL) to reverse the Merrimack, N.H.). Total body water and body composition
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were calculated as described previously for captive fawnsTable 1. Mean ADF and percent grain measured in fecal samples
The rate of CQ production was calculated for each fawn by from white-tailed deer@docoileus virginianuscollected at fed

the two-point method: the rate 8f and*0 loss k4 andk,, and unfed sites in northern New Hampshire in January—March 1997.
respectively) was determined as the difference betwee=- -
isotope enrichments in blood samples collected at the tim>"€" : n % ADF % grain
of capture and at recapture. We calculated,@@duction  Fed sites

with the one-pool doubly labeled water equations used bFED1 16 527 +11 42.4 + 38
Fancy et al. (1986) to validate the technique in caribouFED2 13 493 +22 52.2 + 6t&
(Rangifer tarandus grangi Calculations of CQ production  RT31 26 55.1+1.0 33.4 + 3@
were corrected to account for errors associated with RRD1 27 515+ 1.0 46.2 + 3dtd
incorporation into methane (GHand in exchangeable and RT32 12 498 + 1.4 52.0 = 4R
non-exchangeable sites in feces (Midwood et al. 1989, 199:FED3 10 58.1 £ 2.0 21.1 + 78l
1994). A full description of the calculations made for this RRD2 22 54.6 + 0.8 35.8 + 28
study is provided in Tarr (1999). FED4 11 489+ 1.4 55.1 + 5a2d
Total CO, production of deer was converted into total energyCombined 137 41.6 + 117
expenditure by multiplying the volume of Groduced by  ynfed sites
the caloric equivalent (24.41 kJ/L GPof the respiratory yFi 12 56.4 + 0.7 295 + 247
quotient (RQ) 0.83. Gessaman and Nagy (1988) calculateygo 15 573+ 1.0 25.3 + 44k
that using a RQ of 0.83 produces minimal (+3%) error whenyg3 8 574+ 1.6 24.7 + 6ak
the RQ of a herbivore is unknown. UF4 16 605+ 09 12.2 + 3%
Combined 51 22122
Home range

- . Note: Percent grain was estimated using the following equation:
Activity and movement of each deer were monitored ato grain =—0.048(% ADF§ + 1.523(ADF) + 96.467. Values in rows

least twice daily with radiotelemetry. Locations were plottedfollowed by a different letter are significantly differerfe & 0.05).
Immedlately on a U.S. Geologlcal Survey topographlc maF *FED, sites nOt-IOCated at elther River Road or Route 3, RTS, Route 3
after triangulation of two or three radio signals. Because®9SeS: RRD, River Road fed sites.

) : e ) 'Significant difference between combined means of percent grain at fed
most locations of a single individual were autocorrelatedang unfed sitesR < 0.05).
home ranges were constructed with minimum convex polygons
following the recommendation of Swihart and Slade (1985).o.; 04 petween percent grain in the diet and both percent
Minimum convex polygons were constructed using the progral

McPaal, which estimated home ranges to the nearest (1 kmnNDF and percent ADF:
[1] % grain = —3.52(% NDF) + 293.0472 = 0.62,

Weather . . o P = 0.001,F = 72.07
A weather station was placed proximate to a feeding site

at River Road and at Route 3 to measure ambient temperatuf2] % grain = —0.072(% NDP) + 6.06(% NDF)
(°C) and wind speed (m/s). Ambient temperature and wind — 18.0156:r2 = 0.64,P = 0.001,F = 49.809
speed were measured every 60 s at each station and averaged
every 15, 60, and 1440 min (24 h). Each weather statiof3] % grain = —2.897(% ADF) + 191.6232 = 0.62,
consisted of a CR-10 datalogger (Campbell Scientific Inc., P = 0001LF = 8553
Logan, Utah) that continuously monitored voltage signals ' ' '
from a temperature probe and anemometer positioned at 2 ] % grain = —0.048(% ADR + 1.523(% ADF)
height. Both stations were placed under softwood canopy o _ _
within areas that deer frequented daily. Daily and period +96.467:r2 = 0.69,P = 0.001,F = 59.07
averages were calculated for the study period for each deeThe best relationship (eq. 42 = 0.69) was used to evaluate
Analysis of variance was used to test for differendes:(0.05)  whether differences existed in percent grain in the diet of
in weather experienced by deer between time periods (Januarywild deer at fed and unfed sites, among sites within a feeding
early February, mid-February, late February — March) andategory, and among months. The predicted percent grain in
capture sites (River Road and Route 3). Regression analysiieer diets was higherP(= 0.001) at fed (41.6 + 1.7%
was used to test for a relationship between ambient temperatufmean + SE)) than at unfed (22.1 + 2.2%) sites (Table 1).
and field metabolic rate (FMR). For all fed sites except FED3, mean percent grain in the diet
was =33%; for all unfed sites, mean percent grain was
>30% (Table 1). Mean percent grain in the diet of deer at

Results River Road (39.6 + 3.6%) was similar to that at Route 3 (41.5 +
2.4%) P = 0.65).
Consumption of supplemental feed There were no differences in percent grain in the diet

Thirty fecal samples were obtained from five captive fawnsbetween deer age/sex classifications. However, percent grain
that consumed mixed rations of grain and natural browse; 1% the diet of random deer (39.0 £ 2.1) was lowBr< 0.03)
samples occurred within a dietary range of 22—72% browsethan in that of adult males (54.0 = 4.7). No monthly variation
The range of values for fiber was 50.0-82.9% ADF andexisted P = 0.48) in the amount of grain in diets at fed sites
26.8-64.0% NDF. Significant linear and curvilinear relationshipgrange = 39.7 £ 2.7 to 43.2 £ 2.7%) or unfed sites (range =

© 2002 NRC Canada



10 Can. J. Zool. Vol. 80, 2002

Table 2. Body mass, total body water, and estimated body fat of 10 fawns measured with doubly labeled water during winter 1997,
Pittsburg, N.H.

Mass loss Body fét
Deer ID No. Dates Mass (kg) kg % Body water @) kg %
F1 17 Jan. — 7 Feb. 34.0 1.0 3.0 60.0 5.2 15
M1 17 Jan. — 7 Feb. 40.0 0 0 60.5 5.8 15
M2 17 Jan. — 7 Feb. 335 +1.0 5.0 63.0 4.0 12
M3 27 Jan. — 15 Feb. 37.8 0.5 15 65.9 3.3 9
F2 28 Jan. — 17 Feb. 32.3 2.7 8.0 57.9 5.7 17
M4 7-28 Feb. 40.2 14 3.4 59.9 6.2 15
F3 8-23 Feb. 33.6 0 0 60.0 5.1 15
F4 17 Feb. — 9 Mar. 30.7 0.4 1.3 71.5 0.9 3
M5P 17 Feb. 335 na na 67.6 23 7
F5 18 Feb. — 9 Mar. 40.0 1.8 4.4 62.4 5.1 13
Mean + SE 35.6 + 1.13 07+04 3009 62.9 + 1.3 43+05 121 +1.4

“Based on injesta-free body mass estimated at the beginning of each study period.
®Fawn was not recaptured.

Table 3. Dilution spaces ofH (Ng) and*®0 (N,), fractional turnover rates dH (ky) and*®0 (k,), and Ng:N, ratios
measured in nine supplementally fed fawns during winter 1997, Pittsburg, N.H.

Deer ID No. Mass (kg) Ng (mol) N, (mol) kq (mol/d) k, (mol/d) Ng:No

F1 34.0 1230.60 1226.60 —0.10767908 —0.136257766 1.003
M1 40.0 1478.52 1396.05 —0.08963178 —0.118415553 1.059
M2 33.6 1275.91 1156.73 —0.10777515 —0.154055694 1.103
M3 37.8 1536.89 1418.51 —0.10179645 —0.139588427 1.083
F2 32.3 1194.57 1128.24 —0.09161586 —-0.117618770 1.059
M4 40.2 1465.40 1444.79 -0.12767157 —-0.145187014 1.014
F3 33.6 1226.17 1190.36 —0.09647963 —0.118948940 1.030
F4 30.7 1263.25 1248.12 —0.08220527 —0.105365773 1.076
F5 40.0 1606.25 1437.85 —0.07176759 —-0.109673723 1.117
Mean + SE 1.066 + 0.013

15.2 + 4.7 to 25.9 £ 2.9%). Percent grain predicted fromfield were unsuccessful, and it subsequently dispersed from
fecal samplesn( = 17) from fawns treated with doubly Pittsburg in late March.
labeled water ranged from 42.6 + 8.2 (mean + SE) (fawn Estimated percent body fat at initial capture was highly
M2) to 59.6% (fawn F1). variable (3-17%) (Table 2) but did not differ between males
and females ¥ = 0.77) or between the River Road and
Energy expenditure Route 3 capture site®(= 0.31); however, the value at River
The mean ambient temperatures during measurement periog®ad (14.2 + 0.6) was >1.5 times that at Route 3 (9.7 + 4.3).
for individual deer ranged from —5.0 to —13.6°C. The lowestPercent body fat did not differ among time periods (January,
temperature measured was —29.6°C, with temperature variatioRdd-February, and late Februarf, = 0.10), although the
of 15-20°C within any study period. Wind speed was negligibleaverage value in late February (7.5%) was about half that
in all periods, as average daily wind speed was nevermls) ~ measured in the two earlier periods. This value was similar
Precipitation within a study period was low to moderate,to percent body fat of captive fawns measured in February
ranging from 17.8 to 63.5 cm snow. Snow depth rarely(8.9 £ 1.0%) after consuming natural browse diets for 4—
exceeded 60 cm and deer movements were concentrated Briveeks.
packed trails leading to fed sites. Estimates of FMR were obtained for 8 of the 10 deer
Ten fawns (5 females and 5 males) were captured at fethjected with doubly labeled water; fawn M5 was not
sites on River Road and Route 3 during January and Februargcaptured and the isotope concentrations in M4 at recapture
9 were recaptured 19-21 days later. Initial body mass ofday 21) were too similar to its baseline concentrations,
these deer ranged from 30.7 to 40.2 kg. Male fawns were ndirecluding reliable calculation of FMR. We estimated the
larger than female fawnsP(= 0.22) but, on average, were FMR of each fawn after correcting the calculated ££O
2.9 kg heavier (Table 2). Six fawns lost mass during theproduction for loss ofH isotopes in CH and feces. Isotope-
study (0.5-2.7 kg, 1.5-8% body mass), two (M1 and F3)dilution spaces, isotope-flux rates, and tNgN, ratio for
maintained mass, and one (M2) gained 1.8 kg at River Roaéach fawn are presented in Table 3. Thel, ratio calculated
(Table 2). No fawn died during the study; the single fawnfrom fawns was 1.066 + 0.013 (mean + SE; range = 1.003-1.117)
not recaptured (M5) visited the capture site irregularly after(Table 3).
its initial release. All attempts to recapture this fawn in the We used the mean FMR values estimated from the corrected
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Table 4. Mean FMRs and FMR:BMR ratios of fawns measured with doubly labeled water,
January—Marcti 997, Pittsburg, N.H.

Deer ID Body mass Vol. CO, produced FMRP

No. (kg)? (L/d) (kJ-kg®7od™ FMR:BMR®
F1 34.0 393.5 681.2 1.8

M1 40.0 454.5 697.9 1.9

M2 335 591.8 1032.0 2.7

M3 37.8 592.9 1161.4 3.1

F2 32.3 335.3 606.2 1.6

F3 33.6 307.2 535.5 1.4

F4 30.7 329.4 618.4 1.6

F5 40.0 611.0 937.8 2.5

Mean + SE 352+13 451.9 + 45.9 757.8 £ 66.2 21 +£0.2

*Average over the study period.

PEstimated after reducinbj, by 1% to account for the overestimate Nfand after adjusting the rate
of CO, production to account fofH exchange and sequestration in feces and methane.

°BMR = 376.8 kJ-kgf">d™* (Silver et al. 1969; Jensen et al. 1999).

rate of CQ production of fawns to test for differences in monthly differences indicated that deer were present and
FMR between the sexes, among winter periods, and betwearsed supplemental feed extensively throughout the study.
study sites. There was no differend®@ £ 0.12) between the  The variability in the predicted percent grain at unfed sites
mean FMRs of male and female fawns, although the FMR ofvas not expected, although browse quality (i.e., fiber content)
males (893.9 + 100.9 kJ-Ky>d™ (mean + SE)) was >30% varies within deer wintering areas. For example, deer at site
higher than that of females (675.8 + 69.5 kJ%@'d™);  UF3 had continuous access to treetops from a logging operation,
FMR was 757.8 + 66.2 kJ-k§">d™ (Table 4). The FMR of whereas deer at UF4 wintered at high elevation in deep snow
males ranged from 697.9 to 1032.0 kJ*k@:d™" and the ratio  without access to regenerated forest. It is possible that deer
of FMR to basal metabolic rate (BMR) (376.8 kJ*k¢>d™;  at UF1 and UF2 accessed supplemental feed occasionally
Silver et al. 1969; Jensen et al. 1999) ranged from 1.9 to 3.because FED3, where feed was provided sporadically, was
(Table 4). The FMR of females ranged from 535.5 towithin 3 km. The combination of low grain availability and
937.8 kJ-kg’">d™, with the FMR:BMRratio ranging from  high deer numbers may explain why the predicted percent
1.4 to 2.5 (Table 4). There was no difference in FMRong  grain at FED3 was similar to values at the unfed sites
winter periods P = 0.83) or between study siteB € 0.74).  (Table 1).

Regression analysis showed no relationship between ambient pitferences in predicted percent grain at fed sites were

temperature and FMRP(= 0.90). expected because the amount of feed, number of deer, and
visitation rates varied among sites. For example, the highest
Home range predicted percent grain was at FED4 (55.1 + 5.0 (mean + SE)),
There were 38-59 locations recorded per fawn throughowvhere about 45 kg of grain was provided daily; conversely,
the 19- to 21-day periods. All fawns returned to their originalFED3 had feed provided once daily or less. No other site
capture site within 72 h of initial capture, with most returning provided >10 kg grain daily. The estimated number of deer
within 12—48 h. Fawns visited one to four separate fed sitesyisiting any one site ranged from 10 to 45, and multigdgly
all fawns at River Road visited at least two sites. The meanvisits per deer, including certain study deer, were common.
home range of fawns at River Road was only 0.2%kand Although the differences were not significant, the percent
was smaller P = 0.04) than that at Route 3 (3.7 KmThe  grain in the diet of adult males (54.0 + 4.8 (mean + SE)) was
smallest and largest home ranges were 0.7 Kimwvn F1, higher than in the diet of adult females (44.2 + 4.8) and
River Road) and 8.2 ki(fawn M5, Route 3). fawns (40.6 * 5.5), reflecting the expected presence of a
dominance hierarchy (Schwartzkopf 1990) and the general
feeding order observed at fed sites. Fawns were usually

Discussion excluded from feeding unless grain was provided in
numerous, separated piles. The lower percent grain in
Consumption random samples (39.0 £ 2.1) was not surprising, given that

The difference in percent ADF in fecal samples from fedthe observed herd composition at fed sites comprised
and unfed sites indicated that this measurement can identifyredominantly adult does and fawns. The percent grain in
local deer populations that utilize supplemental feed in théandom samples suggests that the diet predicted from such
form of pelleted concentrate. Although eq. 4 did not predictsamples probably represented the typical composition of the
0% grain at unfed sites, the predicted percent grain at fe§ampled herd and that the amount of supplemental food
sites (42.0 + 1.7 (mean + SE)) was nearly twice that at unfe¢onsumed varied among deer.
sites (25.5 + 2.0). Values at fed sites were reasonable, as The relationship between percent ADF in fecal samples
they reflected the general trend in grain availability and deerand percent grain in the diet differentiated between fed and
density at each site; four sites that provided grain at leastinfed sites. However, a small change in ADF above 50%
twice daily had predicted diets with >45% grain. The lack ofyields a relatively large change in the predicted percent grain
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in the diet. The relative sensitivity of the equation, coupledfawns and free-ranging, releasdder, indicating the energy-
with the variance associated with individual deer and ADFconserving potential of white-tailedeer in winter.
measurements, may preclude accurate prediction of differencesCertain factors may have contributed to the elevated FMRs
in grain intake among fed sites. However, it is also possibleof M2, M3, and M5, including diet quality and consumption
that the rate of grain consumption at typical fed sites rarelyate. Hudson and Christopherson (1985) suggested that the
exceeds 40-60% because deer continue to browse regardleastabolism of animals fed highly nutritious diets is higher
of the amount of supplemental feed (Ozoga and Vermehan that of animals consuming less nutritious rations.
1982; Schmitz 1990). Measuring the extent of supplementalensen et al. (1999) found that the resting metabolic rate of
feeding may be limited to identifying relative ranges such afawns fed concentrate diets was 15% higher than that of

0-25, 25-50, and >50% grain in the diet. fawns fed browse diets and up to 48% higher than that of
fasted fawns. Elevated FMRs may also have been related to
Energy expediture the behavioral stress that subordinate fawns endure at feeding

The mean FMR included data from three fawns (M2, M3,sites (Ozoga 1972; Schwartzkopf 1990) or may simply reflect
and F5) that had FMR:BMR ratios2.5 (Table 4). Initially ~ the variance inherent within the population. Additionally, the
we questioned the validity of the FMR of these three individualghigh isotope-flux rates measured in fawn M4 indirectly suggest
because it would be difficult for fawns to maintain this level that the high FMRs (FMR:BMR > 2.0) were valid because
of energy expenditure without consuming grain as a largglosage rates were based upon the assumption that FMR:BMR
portion of their daily energy intake (see the discussion thatatios would be <2.0.
follows). If we exclude the FMRs from M2, M3, and F5, the  Although certain fawns were always precluded from eating
mean FMR was 628.0 + 28.9 kJ-Rg>d* and the FMR:BMR by aggressive adults, it was clear that some consumed more
ratio was 1.7 + 0.1 (mean * SE) (range = 1.4-1.9). Thisgrain than others and made behavioral changes that increased
mean FMR is within 5% of the metabolizable energy intaketheir access to supplemental food. We observed certain fawns
(MEI) required for maintenance of captive white-tailed deermoving between and feeding efficiently at grain piles to
fawns (640.6 kJ-k§d7>d™%: Holter et al. 1977) and captive avoid dominant adults, and some bedded proximate to feeding
mule deer Qdocoileus hemionus hemiojufawns areas to access grain quickly.

(661.5 kJ-kg®7>dL; Baker et al. 1979). Aside from our  Although the mean FMRs of males and females were not
study, theonly other measurement of the FMR of a free- statistically different, the mean FMR of male fawns was >30%
ranging fawn with doubly labeled water was made by Pekinsigher. Assuming that fawn M4 also had a high FMR, given
(1995; P.J. Pekins, unpublished data) using a nonsupplementaitg isotopic concentrations, three of four males had FMR:BMR
fed individual released into northern New Hampshire duringratios >2.0. Conversely, only one of five females had an
winter; its FMR (676.6 kJ-k§-">d}, FMR:BMR = 1.8) was FMR above the median (690). Because male fawns weigh
similar to that measured in our fawns, although its mass losgore than female fawns, but have higher absolute food
was much higher. requirements and similar body-fat reserves (Table 2), they

Previous measurements of maintenance energy requirememgly be more susceptible to winter mortality (Taber and
and FMR of adult deer also provide insight to the validity of theDasmann 1954).
fawn FMRs (with FMR:BMR < 2.0). The maintenane@ergy It is possible to model the influence or substitutive effect
requirement of captive white-tailed does was 549 k¥:kpd™  of supplemental feed on measured FMRs, percent body fat
(Ullrey et al. 1970), whereas the winter FMR of released,and associated tissue energy, and browse-consumption rates.
nonsupplementally fed does in northern New Hampshire waédditionally, manipulating the amount of grain consumed by
578 kJ-kg®’>d™* (range = 536-620 kJ-R§’>d; Pekins fawns provides insight into the different foraging strategies
1995; P.J. Pekins, unpublished data). The similarity betweethat may have allowed certain fawns (M2, M3, F5) to operate
the FMR and maintenance energy requirements of fawn andt elevated FMR (>2 x BMR). Considering first fawns with
adult deer likely indicates the basic strategy of energy- conFMR:BMR ratios <2.0, the average FMR of these individuals
servation by white-tailed deer during winter (Moen 1976;was 628 kJ-kg*’>d™ (Table 4), average body mass was
Mautz 1978). The higher FMR of fawns reflects their higher34 kg, and average percent body fat was 11% (Table 4). We
BMR and maintenance energy requirements relative t@assumed that winter lasted 90 days, at the end of which
adults. However, the inclusion of M2, M3, and M5 substan fawns had lost all fat (3.7 kg). We modeled three separate
tially elevated the overall mean FMR of our fawns becausescenarios of the availability of daily grain: 0, 0.5, and 1.0 kg.
their FMRs were about 40% higher than those of the othersGrain was worth 9211 kJ-k§ based upon the nutritional
It is important to note that the physical condition of all value of UNH deer feed (Worden and Pekins 1995). The
fawns was reasonably similar, indicating that those with thecaloric value of mass loss was estimated from the equations
highest FMR did not experience a severe decline in bodyf Robbins (1993).
condition. Over a 90-day winter period, the total energy requirement

The mean FMR measured with doubly labeled water infor fawns with an FMR of 628 kJ-k§">d* was 795 827 kJ
black-tailed deer @docoileus hemionus sitkensiwas 648 or 8 842 kJ/d (Fig. 1). When fawns consumed 0.5 kg grain/d,
and 799 kJ-kd">d™ in two consecutive winters in Alaska grain provided 414 493 kJ or 4 605.5 kJ/d. Grain and tissue
(Parker et al. 1999). Robbins (1993) suggested that the FMRnergy represented 52.0 and 8.6% of the daily energy
of wild mammals is generally >2 x BMR, a value similar to requirement, respectively, leaving 3475 kJ (39.4%) required
that measured by Parker et al. (1999) in black-tailed deefrom browse to satisfy FMR (Fig. 1). That proportion is
and our fawns with highest values. However, these valuesquivalent to about 247 kJ¥>d™ or about 845 g of typical
are considerably greater than that measured in our femalsinter browse (assuming 7.5 kJ metabolizable energy-g
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Fig. 1. Estimated contribution of tissue energy, browse, and supplemental food (grain) to the daily energy requirement of white-tailed
deer Qdocoileus virginiangsfawns during a hypothetical 90-day winter in northern New Hampshire. Fawns with a FMR of 628K3&ky

(8 843 kJ/d) had a mean body mass of 34 kg; fawns with a FMR of 976 ®¥d* (14 637 kJ/d) had a mean body mass of 37 kg.

We assumed that all fawns had 11% body fat that was depleted at 90 days. Fawns given 0.5 kg of grain would have difficulty consum
ing sufficient browse to achieve energy balance at FMR = 976 kKJ7Rgr.
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80% metabolizable energy coefficient (Robbins 1993), appliedhabitat and fawns must eat browse as their only source of
to 9.4 kJ digestible energy/g (Gray and Servello 1995)). ThisMEI. When no grain is consumed, fawns with a FMR of
consumption rate is attainable on typical winter browse, a$28 kJ-kg®">d must consume 8081 kJ or about 578 kg

the digestible energy intake (DEI) of captive fawns consum of browse (about 2.0 kg) daily, assuming catabolism of body
ing winter browse exceeded this level (Gray and Servelldat (Fig. 1). This level of browse consumption was beyond
1995), and the estimated MEI of a free-ranging fawn duringintake rates measured by Gray and Servello (1995), indicating
winter in New Hampshire was 439.6 kJ-Rg>d™ (Pekins inevitable mass loss and the improbability of fawns main
1995; P.J. Pekins, unpublished data). However, when fawngaining a high FMR continuously without supplemental feed.
consumed 1.0 kg grain/d, providing 828 986 kJ or 9 211 kJ/dThe high FMRs were probably reflective of constant availability
they realized104% of their daily energy requirement from and use of grain because body mass and body-fat content of
grain alone. most fawns were similar.

Fawns with FMR >2 x BMR had a mean FMR of  Browse consumption by fawns is influenced by browse
976 kJ-kg®">d?, an average body mass of 37 kg, and 11%availability, home range, and snow depth. Typical overbrowsing
body fat. Over a 90-day winter period, their energy require of habitat proximate to fed sites (Ozoga and Verme 1982;
ment was 1 317 335 kJ or 14 637 kJ/d (Fig. 1). If they-con Schmitz 1990) may compromise consumption of sufficient
sumed 0.5 kg grain/d, grain and tissue energy representdmtowse to balance energy needs. There were more feeding
31.0 and 5.8% of the daily energy requirement, respectivelysites and less natural browse at River Road than at Route 3,
leaving 9186 kJ (63.2%) required from browse to satisfy FMRyet River Road fawns had smaller home ranges and higher
(Fig. 1). That proportion is equivalent to 611 kJ-Rg>d>or  percent body fat than Route 3 fawns. Fawns at River Road
about 2.2 kg browse, an amount exceeding the DEI of capprobably had greater access to supplemental feed than fawns
tive fawns consuming high-energy browse diets (Gray andt Route 3, and their relative nutritional status was not impacted
Servello 1995). When fawns consumed 1.0 kg grain/d, graiby browse availability. It is possible that fawns at Route 3
and tissue energy provided 63.0 and 5.8% of the dailyhad larger home ranges because supplemental food was less
requirement, respectively, leaving 4580 kJ (31.2%) or abouavailable and their consumption of browse was necessarily
306 kJ-kg®">d™* required from browse to satisfy FMR greater; predicted percent grain in the diet was generally
(Fig. 1). This energy can be obtained through consumptiomigher at River Road sites than at Route 3 sites (Table 1).
of winter browse (Gray and Servello 1995; Pekins 1995).  The potential influence of supplemental feeding on the

The influence of supplemental feed on the energy expenditurenergy balance of deer is primarily dependent upon the
of fawns becomes evident when grain is removed from thenteraction of deer density and food availability relative to
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winter severity. Furthermore, deer density at feeding site€arpenter, L.H., Gill, R.B., Baker, D.L., and Hobbs, N.T. 1984.
generally increases throughout winter, as well as annually Colorado's big game supplemental winter feeding program.
(Sage and Gustafson 1988). Thus, the associated increase inColorado Division of Wildlife, Fort Collins.

nutritional requirements of a larger, local deer populationP€an, R.E. 1976. Deer and elk nutrition and winter feediimg.
may reduce the relative influence of supplemental feeding, Proceedings of thes6th Annual Conference of the Western
particularly if the cost of pelleted grain limits food availability. ~ Association of State Game and Fish Commissioners, Sun Valley,
The moderate winter severity during this study probably 'daho. pp. 319-327.

prevented the occurrence of severe malnutrition; howeve€/Giudice, G.D., Mech, L.D., and Seal, U.S. 1990. Effects of
the differences measured at River Road and Route 3 point to "V/Nter undemutrition on body composition and physiological
the probability that the nutritional influence of supplemental  Profiles of white-tailed deer. J. Wildl. Manag4: 539-550.

X . - i . A Doman, E.R., and Rasmussen, D.I. 1944. Supplemental winter feeding
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and lower energy requirements than fawns, supplemental of Agriculture Forest Service, Broomall, Pa.

feeding should have less influence on their nutritional statusessaman, J.A., and Nagy, K.A. 1988. Energy metabolism: errors
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feeding sites depending upon local deer density, sex and age white-tailed deer on winter browse diets. J. Wildl. Manag:

ratios, feeding practices, and winter severity. 147-152.

Hobbs, N.T. 1989. Linking energy balance to survival in mule deer:
development and test of a simulation model. Wildl. Monogr.
No. 101.

Holter, J.B., Urban, W.E., Jr., and Hayes, H.H. 1977. Nutrition of
We thank S. Weber, W. Staats, and M. Garabedian for as- northern white-tailed deer throughout the year. J. Anim. &&i.

sistance with sampling and capture efforts. N. Poore, T. Tarr, 365-376. _

and J. Zimmer provided assistance with data collectiofiubert, G.F., Jr., Woolf, A., and Post, G. 1980. Food habits of a

and analysis. Special thanks are extended to G. Russell for Supplementally-fed captive herd of white-tailed deer. J. Wildl.

technical field assistance and to P. Jensen for coordinating Manag.44: 740-746. _ _
and collecting data from captive deer. The University of ”S]S%?(’)':r']i'r’gaer:idcscgg'i?lzhﬁresr%?\’/ol::'egﬁizz' tl:g/??lnsen:lr}gzomne;itzjollsm.

le\zlf(fac\;\;t%?rrt]r?eshlIJrlfi\yglllsdi':geo?ilseﬁrag;ggwi?/eISDZp(;Cr)torgg;l?tI(\)/fe R.G. White. CRC Press, Inc., Boca Raton, Fla. pp. 121-142.

; ! Jensen, P.G., Pekins, P.J., and Holter, J.B. 1999. Compensatory
Natural Resources, and the New Hampshire Fish and Game effect of heat increment of feeding on thermoregulation costs of

Department. Primary funding for this study was provided by \hite_tailed deer fawns in winter. Can. J. Zool: 1474-1485.
the New Hampshire Fish and Game Department through thegenar; M.S. 1991. Simulation of the effects of emergency supple
use of Pittman—Robertson funds. This study was also funded mental winter feeding of white-tailed deer. Wildl. Soc. Bul:
by Mcintire—Stennis funds for forestry research and is 171-176.
Scientific Contribution No. 2114 from the New Hampshire mautz, W.w. 1978. Sledding on a bushy hillside: the fat cycle in
Agriculture Experiment Station. deer. Wildl. Soc. Bull.6: 88-90.
Mautz, W.W. 1983. Nutrition and carrying capaciby.Big game of
North America. Edited by J.L. Schmidt and D.L. Gilbert.
References Stackpole Books, Harrisburg, Pa. pp. 321-348.
Mautz, W.W., Silver, H., Holter, J.B., Hayes, H.H., and Urban,
Abler, W.A., Buckland, D.E., Kirkpatrick, R.L., and Scanlon, P.F.  W.E. 1976. Digestibility and related nutritional data for seven
1976. Plasma progestins and puberty in fawns as influenced by northern browse species. J. Wildl. Manag: 630-638.
energy and protein. J. Wildl. Manag0: 442-446. Midwood, A.J., Haggarty, P., McGaw, B.A., and Robinson, J.P.
Baker, D.L., and Hobbs, N.T. 1985. Emergency feeding of mule 1989. Methane production in ruminants: its effect on the doubly
deer during winter: tests of a supplemental ration. J. Wildl. labeled water method. Am. J. Physi@57 R1488-R1495.
Manag.49: 934-942. Midwood, A.J., Haggarty, P., and McGaw, B.A. 1993. The doubly
Baker, D.L., Johnston, D.E., Carpenter, L.H., Wallmo, O.C., and labeled water method: errors due to deuterium exchange and
Gill, R.B. 1979. Energy requirements of mule deer fawns in sequestration in ruminants. Am. J. Physi®t4 R561-R567.

Acknowledgements

winter. J. Wildl. Manag43: 162—-169. Midwood, A.J., Haggarty, P., McGaw, B.A., Mollison, G.S., Milne,
Boutin, S. 1990. Food supplementation experiments with terrestrial E., and Duncan, G.J. 1994. Validation in sheep of the doubly
vertebrates: patterns, problems, and the future. Can. J. B8ol. labeled water method for estimating @@roduction. Am. J.
203-220. Physiol.266: R169—-R179.
Carhart, A.H. 1943. Fallacies in winter feeding of deer. Trans.Moen, A.N. 1976. Energy conservation by white-tailed deer in the
North Am. Wildl. Conf. 8: 333-338. winter. Ecology,57: 192-198.

© 2002 NRC Canada



Tarr and Pekins 15

Moen, A.N. 1978. Seasonal changes in heart rates, activity, metabolism, deer in winter. Let's understand what we are doing. College of
and forage intake of white-tailed deer. J. Wildl. Manatf: Environmental Science and Forestry, State University of New
715-738. York, Syracuse.

Olsen, R., and Lewis, A.M. 1994. Winter big game feeding: an un Schmidt, K., and Gossow, H. 1991. Winter ecology of alpine red
desirable management practice. Department of Range Management,deer with and without supplemental feeding: management
Coop-Extension Service, University of Wyoming, Laramie. implications. In Transactions of the 20th Congress of the

Owenby, J.R., and Ezell, D.S. 1992. Monthly station normals of International Union of Game Biologists, Goedoelloe, Hungary,
temperature, precipitation, and heating and cooling degree days 21-26 AugustEdited byS. Csanyi and J. Ernhaft. University of
1961-90: New Hampshire. National Oceanic and Atmospheric Agricultural Sciences, Goedoelloe. pp. 180-185.
Administration, U.S. Department of Commerce, Ashville, N.C. Schmitz, O.J. 1990. Management implications of foraging theory:

Ozoga, J.J. 1972. Aggressive behavior of white-tailed deer at winter evaluating deer supplemental feeding. J. Wildl. Mars&ig522-532.
cuttings. J. Wildl. Manag36: 861-868. Schwartzkopf, K.S. 1990. Behaviour, social organization and feeding

0Ozoga, J.J. 1988. Incidence of “infant” antlers among supplementally- patterns of white-tailed dee©¢locoileus virginianusin Saskatch
fed white-tailed deer. J. Mammad9: 393-395. ewan as related to climate and supplemental feeding. M.S. thesis,

Ozoga, J.J., and Verme, L.J. 1970. Winter feeding patterns of penned University of Regina, Regina, Sask.
white-tailed deer. J. Wildl. Mana@4: 431-439. Short, H.L., Blair, R.M., and Segelquist, C.A. 1974. Fiber composition

Ozoga, J.J., and Verme, L.J. 1982. Physical and reproductive and forage digestibility by small ruminants. J. Wildl. Man&§:
characteristics of a supplementally-fed white-tailed deer herd. 197-209.

J. Wildl. Manag.46: 281-301. Silver, H., Colovos, N.F., Holter, J.B., and Hayes, H.H. 1969.

Parker, K.L., Gillingham, M.P., Hanley, T.A., and Robbins, C.T. Fasting metabolism of white-tailed deer. J. Wildl. Man&@:
1999. Energy and protein balance of free-ranging black-tailed 490-498.
deer in a natural forest environment. Wildl. Monogr. No. 143. Swihart, R.K., and Slade, N.A. 1985. Influence of sampling interval

Pekins, P.J. 1995. Winter energy and activity budgets of free-ranging on estimates of home range. J. Wildl. Mana@: 309-315.
deer in northern New Hampshire. Final report, Pittman—Robertsodaber, R.D., and Dasmann, R.F. 1954. A sex difference in mortality
Grant W-12-R, New Hampshire Fish and Game Department, in Columbian black-tailed deer. J. Wildl. Manag8: 309-315.

Concord. Tarr, M.D. 1999. The impact of winter feeding on the energy balance
Pekins, P.J., and Mautz, W.W. 1988. Digestibility and nutritional of white-tailed deer in northern New Hampshire. M.S. thesis,
value of autumn diets of deer. J. Wildl. Mandg2: 328-332. University of New Hampshire, Durham.
Robbins, C.T. 1993. Wildlife feeding and nutrition. 2nd ed. AcademicTorbit, S.C., Carpenter, L.H., Swift, D.M., and Alldredge, A.W.
Press, New York. 1985. Differential loss of fat and protein by mule deer during
Robbins, C.T., Moen, A.N., and Reid, J.T. 1974. Body composition winter. J. Wildl. Manag49: 80-85.
of white-tailed deer. J. Anim. ScB8: 871-876. Ullrey, D.E., Youatt, W.G., Johnson, H.E., Fay, L.D., Schoepke,

Robinette, W.L., Baer, C.H., Pillmore, R.E., and Knittle, C.E. 1973. B.L., and Magee, W.T. 1970. Digestible and metabolizable energy
Effects of nutritional change on captive mule deer. J. Wildl. requirements for maintenance of Michigan white-tailed does.
Manag.37: 312—-326. J. Wildl. Manag.34: 863—869.

Rumpler, W.V., Allen, M.E., Ullrey, D.E., Earle, R.D., Schmitt, Verme, L.J., and Ozoga, J.J. 1980. Effects of diet on growth and
S.M., and Cooley, T.M. 1987. Body composition of white-tailed  lipogenesis in deer fawns. J. Wildl. Managg: 315-324.
deer estimated by deuterium oxide dilution. Can. J. Z&&t. Worden, K.A., and Pekins, P.J. 1995. Seasonal change in feed intake,
204-208. body composition, and metabolic rate of white-tailed deer. Can.

Sage, R.W., Jr., and Gustafson, K.A. 1988. Feeding Adirondack J. Zool.73: 452-457.

© 2002 NRC Canada



