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SEASON AND GROWTH STRATEGY IN RED
DEER: EVOLUTIONARY IMPLICATIONS
AND NUTRITIONAL MANAGEMENT
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JOHN M. THOMPSON, Department of Animal Science, University of New England, Armidale, NSW, Australia
JAMES M. SUTTIE, Invermay Agricultural Centre, Mosgiel, New Zealand

Abstract: Red deer (Cervus elaphus), like many other species of deer, have highly seasonal cycles of live weight change even in the
presence of surplus high quality feed. In this paper, we have used analyses of food intake and growth data from red hinds and stags kept
indoors on high quality diets to compare males and fernales. We contrast the two sexes in terms of their anmual pattems of focd intake
and growth, their energy requirements for growth and maintenance and their mature size. We hypothesize that the selection pressure on
an increased mature size in males has led to a relatively greater efficiency of growth in males compared with females but that in contrast
1o the growth-oriented metabolism of the male, the fenale has a fat-biased metabolism. The consequences of seasonality and the
differences in growth strategies between the sexes are examined in the light of possible evolutionary implications. We then draw some
implications for the practical management of red deer.
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Résumé: Le cerf rouge (Cervus elaphus ), comme beaucoup d’antres espéces de cerfs, sont susceptibles aux cycles saisonniers trés
marqués dans leur poids méme dans la présence d'un excés de nourriture de bonne qualité. Dans cette étude nous nous servons des
analyses de la ration alimentaire et de la croissance des biches et des cerfs rouges gardés a l'intérieur au régime de bonne qualité pour
effectuer une comparaison des males et des femelles. Nous contrastons les dewx sexes en termes de lewrs tendances armuelles pour la
ration alimentaire et la croissance, leurs besoins d’énergie pour la croissance et le bien-2tre, et leur taille adulie. Nous formulons
hypothése que la pression sélective pour une plus grande taille adulte chez les miles amena une efficacits relativement supérieure pour
la croissance des miles mais qu’en contraste avec le métabolisme en faveur de la croissance chez les males, le métabolismne des femnelles
est en faveur de la formation du gras. On examine les conséquences de la szisonnalité et des différences de sratégies de la croissance

entre les sexes pour discemer les implications possibles pour I"évolution. Nous en tirons des conséquences pour la gestion pratigue des
cerfs rouges, :

Mots-Clés: cerf rouge, croissance, évolution, nutriton, pression sélective, ration alimentaire, saisonnalité

Temperate and arctic species of deer exhibit highly
seasonal patterns of live weight change (high growth rates in
spring-summer and zero or low growth rates in winter) which
persist even in the presence of excess high quality feed. These
paitems are evident in both growing and matire animals of both
sexes. Adult males exhibit a further cycle with 2 greatly reduced
food intake and considerable loss of body weight during the
annual rut (mating season). The seasonal pattern of fead intake
and growth probably evolved in response to natural selection
resulting from the seasonal nature of food supply. Such seasonal
growth reflects an endogenously controlled system which
prevents the animal from attempting to grow when feed supply
is likely to be limiting and also conserves body reserves. In this

paper, we willreview aspects of seasonality in deer and examine
some of the consequences of this selection pressure on the
growth strategies of the two sexes. We will also compare
information for red deer (Cervus elaphus) with other species and
presentdata on an analysis of feed intake and growth inred deer
with respect (o season and differences between the sexes. We
will then integrate our ideas on the apparent phenomena and
attempt to relate them to the evolution of growth strategies in
red deer. We will then draw some implications for the practical
management of red deer.
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Seasonality

Severa) rpecies of deer show evidence of considerabls
seaconality in live weight change (French &1 a1, 1956; Wood et
al., 1962) which persist even under ad libimm leeding of high
quality diets (McEwen and Whiichesd, 1970; Rendy et al., 1970;
Loudonetal.,, 1988). A seasonal cytle of foed intake with higher
intakes in spring.summer and lower intakes in wimer is evident
in both male and female deer (Rlnxier et al, 1974; Suttie, 1987)
with an sdditional not-associsted depression of food intake also
evident in males (Suitie, 1981; Fennessy, 1982),

The szasona] pattern of growth reflecied in feed demand
reduces energy demand during winter, when the supply of high
quality feed is likely 1o be limited and increases demand in
spring-suammer, when feed is fikely to be abundsnt. Thus the
enimal is self-resiricicd w rapid growth enly during seasons of
sbundant fzed supply. Much of the weight gained by adult sags
over spring and summer ix fat which is depleted during the
breeding sceson (Drew, 1983) when the steg eats liitle or ro
food. The rut inappetence abso enables the stag 10 spend time in
gathering and prolecting his harem of hinds which increases the
chances of mating and thus centributing his genes to the next
generation.

Seasonal thythms of deer, including the rut, wre
synchronised by daylength cues (Suttie et a1, 1984} to a period
ofoneyear. It scems likely that the annual cycle of faed demand
it a funciion of an underlying cycle in melabolic rate which is
under endoerine contrel, although the precise relationship be-
rween the intake and metabolic thythms is speculative, How-
ever seveval metabolic and growth hormones have well-defined
seasonal rhythms in red deer (Surttic et al., 1989; Curlewis 2t al.,
1388; Londen et al., 1589) and further studies are underway st
Invermnay at present. In respect of in underlying metabelic
rhythm, Silver et al. {1969) found that the fasting metabolic rate
of while-tailed deer recorded n & respiration chamber (at 19°C)
exhibited 1.8 foldrenge, with sminimum in winter {December)
and & maximum in summer (July). A similar range has been
reported for fewns of the same species (Thompson et al,, 1973).
Unfortunately, there are apparently no comparable data avail-
able for red deer, although some very limited deta are suppestive
of stch & thythm (Suutie, 1981).

The powndal impact of adverse climatic varebles (eg.
wind, rain, and low temperatures) on body heat loss indicates
that n reduced feed demand alone during winier may not be s
very satisfaclory sirategy, althongh 8 reduced drive 1o eat would
be expected to teduce food scarching and exposure to the
elements. The essential kssociated stratepies are hehavioural
approaches {eg. shelier-seeking) to reduce hent loss. In some
sitvations, it is conceivable thet with feed in short supply andfor
of low quelity, the energetic costs incurred in food searching,
hervesting, anddigesting may scrually be grester thanthe energy
yield to the animal. Thix highlights the importance of an in-
icgreted stralepy. In looking a1 szesonal thythims Moen (1978,
19B5) has developed the concept of an annual metabolic thythm

_expressed in terms of muliiples of base.line metabolism
(MBLM) for white-tailed deer {Odocaileus virginianus). For a
non-pregnant, non-lectating doe, the computed MBLM maxi-
mum and minimum are 2.60 and 1.60 in October and February,
respectively, The importanee of behavioural adapiations 14 en-

vironmenlal stressors &5 indicated by the 2.0 fg)3 difforancs:
Broceis

MBLM for » 40 kg doe £t -30°C bedded down 2 curleg .
posture, compared with that for one standing in the et y
1.8m/sec wind, However, metabolic strelegics mlmh .
involved, in that Moen (1985) reporied that While-taijeg ba
may go further into metabolic depression a3 cald 'md‘:‘:
creases, He found no indication of increaseg Metabolism it
deer exposed to -20°C, in that their heart rare, respiration “h.!
bady temperature and nctivity all decreased, However, in Ihh
respect, there may be species and perhaps Individual differencey;
us Mautz et 2. (1985} reporied that white-tailed desr incressed
metabolic rate during lying by 1.5 fold es temperanye declinest
frem 7°C 1o -20°C, wherens black-tpiled deer (Odocoilers
hemionus columbianusy i d their rate by 1,7 times g
mule deer (0. k. kemionks) by 1.2 imes. The white-tajleg deer
nlsa significandy increased the proportion of time spent lying!

down, v

Thenct benefitof reduced metabolism, reduced foad intale
end behavioural strategies 1o limit energy loss is inereassd
survival in a predictably harsh winter environment, Thenst cose
is an obligatary cessation of growth for several months of wintey
which is generally not reversible even if conditions of food
availability and quality and climate are unusuelly good during
this peried,

Food Intake and Growth Pattems in
Red Deer

The analysis of food intake and live weight gain deta iz
potentialty of considerable velue in jdentifying seasonal partems
and in comparing males and females, with the overall objective

Table 1, Summary of food intake and waight parameters for
red deor stags and hinds [data from P.F. Fonnessy and J.M.
Thompson, pers. commun.),

Stags  Hinds
Food intake function
Basic pattern
Food intake at maturity, G (MJ MEAwk) 213 144
Appotence pararnater, T * {wk) R 20
Oscillatian
Food intaka escillation, d {MJ MEMwE) 47 25
Propanional oscillation {d/C) 022 018
Phase delay In food intake from
phetoperiadic oscillation (wk) 64 08
Liveweight function
Maturs liveweight, A (kg) 188 124
Masginal efficency of livewsight gain
(AB) (kg livewaight gain'h] ME, scaled} 0025 A.012
Maintenance sfficiancy, To (kg livaweight
maintained/MJ MEAvk) 0.94 DBY




|ﬂ||lhmf" pnderstanding of deer growlh and nutriion. In
: “;:ks (1982} praposed 8 theory of feeding end
“IM in animals which described growth BE & three dimen-

gl function of weight, 2% and food imake, 28 opposed 1o
ll-,l;-:!‘,(g‘;;:.u-u.reﬂ1:'u:u'ml two-dimensional, weight by ageconcepts

%:::vs:‘rmﬂﬂy analysed data sets of weekly feed intske
ot fiveweight forved deer stags and hinds f ed highquality diets
smately 11 MJ MEfg DM} ad tibitum for up 1o 3.3 yr
4 1M, Thompsan, pers. commm.), using the
*ipetions sed by Parks (1982} The data comprised week-
food intake end live weights for 16 stags (6 in Experiment 1
5 10 in Bxperiment 2} individually fed indoors from #p-
A imarcly 610 50 01 12 1o 42 months of age. The hinds were
xoun fed (two pens, each of 6 hinds) from 10 1o 18 months af
ige. The methodolagy s more fully presented in the sppendix,
taa briefly, The rate of weekly food intzke was described by 2
decreasing exponentinl funciion of nge, 0 which nsine funciion
"ns added o account for the seasonal ascillation in intake. The
‘rut period was sdentified by inspeciion of the food intake data
"end these petiods exeluded from the food intake analysis (the
" Byt week of the rul was that in which inake had fallen by 20%
compared withthe previous 2 weeks and the time at which intake
attained B new platcsn was defined as the end of the rut). Live
weight a5 & function of food inteke wes described using the
contralled growih equation proposed by Parks (1982). The
parameters for the food intake and live weight functions wre
presenied in Table 1. -
he mean food intake at mamrity {C) and the sine oscilla-
tion about this mean intake {d} were markedly higher for stags
then hinds, but when the amplinade of the escillaton was ex-
pressed ps 4 proponion of mature food intake (4/C) the dif-
ference between sexes was much reduced, The magnitde of
the seasonal oseillation (which exeludes the rut) in these indoor
fed deer (22 and 18% for stags and hinds, respectively) was
highet than that teported for sheep (6%) (Blaxier et a1, 1982).
Themagnimde of the oscillationin intake may also be expressed
as o 1.56 fold and = 1.42 fold increase in food intake at the
summer peak, relative Lo the winter rough in s1ags and hinds,
respectively, Kay (1979} shawed that with deer and shecp on &
month photoperiodic cyeles, the seasonal amplitudes wes greater
in the deer; ho also showed that the amplitde for the more
primitive Soay shecp was greater than that for Suffolk » Finn-
Dorset sheep.
The phase shift in food intake indicated a delzy of 6.4 and
9.9 wk for osciliations in food intake behind the oscillations in
day length, for siags and hinds respectively. These estimales are
of the same order gs the phase shift of 8 0 wk reported for entler
casting for stags on manipulated day lengths by Suttie et al.
(1984), The apparent difference in phase shiftbetweenthesexes
of 3.5 wk musL be wregted with some caution as the estimate for
the hinds was from only two pens of group-fed hinds, kept for
only 0.75 of an annual cycle in day length, compared with the
stags where the phase shift was estimated in 16individuslly fed
animals kept for 2.5 10 3.7 annuel cycles indaylength. However,
if the sex differences in phase shift are real, then two possible
mecheanisms may be operating. The seasonal rhythms themsel-
ves may differ between the sexes, o alternatively the systems
which align the seasonsl thythms with photopetiod may differ
between the sexes, If one considers the concept that there are
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windows of responsiveness o changes in photoperied it may ba
that the male opens this window earlier when the femele and thus
yesponds earlicr, This is consisient with the male sratcgy of
slempting to gaina selecive sdvantage by allering physiologi-
cal state early to take advamage of changing canditions and is
consistent with a femele strategy of less rapid but more consis-
tent and Jess risky responses o 4 chanping environment.

‘The parametet, t*('star) is the age at which animal atains
.63 of its mature food intake snd therefore an animal with
Tigher appetite will have a lower [* value. The sex difference in
1*is of particutar interest in that therats of incrense in food intake
was matkedly grester in females (who anzined 63% of their
mature food intake a1 20 wi in early May during the southern
hemisphere autumn} compared with males, where 1* was 38 wk
of age {ie. in August during early spring). Asi* is e time
varsble, it would be expected o be positively related lo mamre
weipht, with Lhe stags, heving a greater mature weight, having
alarger t* thm the hinds (Ta;},m. 1980). However, cven afier
scaling for mature weight (A%") (Taylor, 1980) a sex diffesence
in t* was still apparent with scnled estimates of 9.} and 5.4
metebolic wk for stags and hinds, respectively. The scaled
astimate for 1* in hinds was very sirnilar (o the values for rams
and ewes obtained by Thompson et &l {1985), whereas the
estimate for slags was considerably higher. The effect of this
ditference in t* on weekly food inteke is such that both yeung
male and fomale deer would be expected to have similer intakes
ut mround 26 wk of age, with the divergence berween the sexes
becoming very evident in the following spring-summer.

The most interesting featurs of the growlh/food intake
analysis is the difference in (AB), (the marginal cTiciency of
conversion of food ME to live weight gein, free of alive weight
maininance component). The post weaning (AT value for
siags at 0.025 was twice s high as that for hinds at 0.012.
Conseguenily, the results suggest thet red stags have similar,
or even slightly greeter feed efficiency than sheep and cattle
{Parks, 1982; Thompson and Rerlow, 1986), while hinds are
clearly less cfficient. By contrast, Thampson et 81, (1983)
reported that in shecp, fernales had & slightly greater (AB) value
than malcs.

The maintcnance efficiency of the animal is described by
the parameter To, which is equivalent 1o the ratio of mature
weight over meure food inteke (A/C). The marked geasonal
oeciliation in food intake would suggest that tither similar
oscillations would be evident in To. o alternatively the ascille-
Lions in mature foad intzke were matched oy similar oscillatens
in marure weight, with the net effect ihat Te, Of mainienance
cfficiency, was constant over the peried of the experiment (up
to 2.5 yr of age). To examine these options, an oscillation for
T, was included in the live weight model, and z2lthough there
was some suggesiion of an oscillation it was veriable in mag-
nirude and failed 1o accoumt for & significent proportian of
variation in sny of the animals, This supponis the contention of
Parks (1982) that Te, or muintenance cfficieney, is constant
throughout life. This is surprising in view of the well-defined
gessonal oscillations in metabolic rate in both sheep fed at
maintenance (149, Rlexter and Boyme, 1981) and white-tailed
deer (Silver et al,, 1969} and suggesis that some other factors
may be overriding an inherent oscilistion in Lhe data. This may
well be the case in that the rate of growth and food inmake are
autocorrelated such that real changes in Tq could be interpreted
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Table 2. Mean livewsight change (kg + S.00) ever the rut
(pre-rut maximum ta rut minimum} lor two graups of red dear
sl2gs.

Aut Live waight change (kg £ 5.0
Exporiment { Expariment 2
{n =€} (=10}
Yearling 47423 +1.3130
2year 86+ 38 ~17.3£135
Ayear -28.2+10.7 -29.4 +15.7

a3 being & component of feed efficiency.

In muarked contrast to the sitation with feed efficiency, the
parameters for live weight maintained/MJ MEfwk (Ta or ALC)
were marginally higher for stags than for hinds (0.94 and C.87
ke/MI ME/wk, tespectively). Use of the growth corve

apparent both from live weight change over thenet (Table 23 and
from foed intake daie (ep, the lowest weekly food intake
recorded for each stag). The distributions of such intake data
are shown in Fig, 1.

The first {yearling) rut is of special inverest. In Experiment
1, (stags borm in 1977), all 6 stags last weight ever the rut and
following winter while in the following year (Experiment 2,
stags bom in 1578}, the 10 stags housed in the same complex,
on averape grined weight over the nxt and mainiained » positive
live weight gain uniil well into the winter before undergoing a
small lve weight lass {Tablz 3), The reasons for the difference
between years is not abviaus but it may be that the proximity of
the older stags (ic. the 1977 born stags) (o the yearling stags in
Experiment 2 suppressed the rut in the latter group, such that
they maintained reasonable levels of feed intake through the rut
period (the reladvely high food intake is evident in Fig. 1). If
rut suppression is the reason for the difference it raises some
interesting questions. Is the suppression due to pheromanes and
could such a phenomenen be used in the practical management
situarion to minimise weight loss or even obtain 2 weight gain
in yearling staps around the first mt? More controlled studies

paramelers © celculate the ME re%uircrncm by scaling I
food intake by matsre weight {C/A" %) gave a ME requirement
of0.57 end (.55 M] MEﬂcgo'7 fday, walues which were virmually
identical 10 estimates of the feed requirements fer maintenance
derived using short term data sets from the same anirmals {Fen-
nessyetnl, 1981a; Suttic e al,, 1987} and by ather workers (Kay
and Staines, 1981). Thus, once a hind reaches maturity, her feed
requirements for maintemance are as expected (that is with linle
spparent difference between the sexes afier scaling for mature
live weight), end the high enetgetic costs of growth are not
cartied through 10 maturiry. Our conclusion therefore is that
there has been selection pressure an both sexes to limit main-
lenance costs in adulthood.

The estimated mean marure live weight for the sexes
{predicted from Ty, and the mean maturs food intake, C)indicars
& sexual dimorphism rario for marure weight of 1.6 (198/124),
The computed mature live weights of he two sexes differ from
the actual recorded peak live weights at araund 4 years for stags
and hinds of 202 and 113 kg respectively, o retio of 1.8, Nat-
withstmding the possible minor errors in mature Jive weights,
both estimates are substantially higher than themale/femule ratio
published for sheep (Thompson et al., 1985) and canle (Taylor
ctsl, 1985} af 1.4, We belicve that the greater sexual dimor-
phism in deer provides suppon for the concept of different
selection pressures between the sexes in deer, in contrast to the
twa domestic ruminant species where sexual dimorphism is lass.

Variability Through the Rut and
Winter

The verisbility in the magnitude of the rut among groups
of stags is of special interest. This is particularly the case in
terms of the patierns of food intake and live weight change over
the rut and following winter, The intensity of the rut (es reflected
in changes in feed intake and live weight) in red stzgs tends o
increase with age but also varics markedly between stags of the
same age at least up to the 3 year old siage, This is readily

are y to further investigate this apparent phenomenon.
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Fig. 1. Distribution of the minlmum weakly food intake for 16
individually fad stags during the rut avar 9 yaars {Experiment 1,
n = &; Expariment 2, n = 10),
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periods; over the rul, fram pre-rut to the winter minima, and fram pre-rut to he winter maxwma, 97ed door stags during three
n Pra-rut to rut minimum Pra-rut to winter maximum pmm

Waright n Welght n Woeight n
change changa ——change

Exparimant 1 [ 47123 [+} 3032 1 £5+33 0

Expariment 2 0 13430 8 85437 ] 039 °
. ey of the males may be a result of this selection pressure an
EVO]UﬂO"aW ASpems maturs size and hence on growth raze. This i3 not 1o say that

The difference in efficiency betwaen staps and hinds {s an
infriguing observation and suggests that the sclection pressures
on the sxes in red deer may wal] be very different from those
operating on the two sexes in sheep and cattle, However there
is also the possibility thard omestication has brought aboutma jor
changes in the domestic species, but this seems unlikely, Rather
an evelutio nary perspective seems more appropriate.

Our hypothesis, akinto thatof Clution-Brock et al, (19820},
is that the selection pressure operating on red deer males |5 the
altainment of & large body sire at maturity 1o improve s stag's
chance of access 1o hinds. The esull of this pressure i an
increase in absolute growth rate and a greater adult body sizz,
Adult body weight and early growih rate ars highly correlated
in red deer (P.F. Fennassy, pers, commun,) as with domestic
ruminant species. The chjeclive for the stag is [o altain n farge
skeleta! size prior to closure of the cpiphyses associated with
puberty. Under such Pressure, the drive is to grow in size and
stattre; the sceumulation of £t reserves i simply incidental 1a
e increase in size, Interestingly, some results from both Scot-
tish and New Zealand work suggest that there may be negative
selection pressure on extremely high early prowth, through the
penalty associated with precocious puberty (as assesced by the
date of pedicle initiation), which if it oecurs in the auhemn may
vhimately lead (o Permanent stuniing and a reduced mature body
size (Suttie, 1981; P.F, Fenressy and I.M., Sutrie, pers. com-
mufL). Tn contrast, the selection pressune on a femnale is to
teproduce suceessfilly over o lifetime; that is to amain her
pubertal target weight and to start breeding at the first oppor-
tunity a3 8 yearling, and 10 successfilly rear a calf 1o inde-
pendence as frequently as possible, in order to maximise her
Lifetime repro ductive rate,

In these respects, the Rhum studies of Clutton-Brock et al.
(1982a) are of considerable intterest, in that male calves were
heavier at birth and sueked more frequently than females, both
factors which support the conceptof the genctic impens towares
& high growth rate 10 achieve & high mature weight in males,
The relatively [ow far reserves of the male calf alsa mean that
there are benefits of a larger body size, such that the greater the
b“d}' size, the greater the chance of the calf surviving the
*Nvironmental siresses of the first winter (Clurton-Brack et al.,
1982a), Therzfore we hypothesize that the higher foed efficien.

there are no advantages of larger size in fermales; there are (g

- daminance and aceess 1o food, Clytion-Brock et al., 1984) but

the scale within females is very much less than the sepfe of
difference between males and females. In other species soch as
reindeer and caribon (Rangifer tarandus), or perhapseven North
American waplti {Cervis elaphus spp.), it is coneeivable that
there may be selective pressare on leg length o cope with snow
andfor the necessity 1o migrete (K.L. Parker, pers, commun.), It
is the grester variance in reproductivesuccess among males than
femalessoelegantly shown by Clutton-Brock andhis coworkers
{Clutton-Brock et al., 1982n; Clutton-Brock, 1988) thatimposes
the {ar greater selaction pressure on mature size in males, In
contrast, the seleclion pressure an females {5 simply to reproduce
successfully, a strotepy which puts little pressure on growth rate
beyond the need 1o ensure that live weights end far reserves are
sufficienty high principally cope with the rdverse conditions
of winter. In fact, in mn environment where periodic food
shortages occur, it could be ergued that the salection yressure on
females is tawards the smallest size compatible with successfy)
rearing of a calf, In this situation, fat reserves would assume &
far greater importance end in this respeot it is significant that
Albon et al, (1985} have shown that female fenility in o Free-
ranging red deer population in Scotlind was positively and
independently sefated 1o bath bady weight and kidney far
weight. Overall therefore, we describs the female as heving e
fat-biased metabolism, in tonbrast o the growth-oriented mety.
bolism of the male, Tt is not that males do not make good use of
their fat reserves; they do, bug the importent point {x that tha
primazy drive in malcs is towards the anainment of large size in
<ontrast to the tituation with females.

ILis also interesting thar calculations from artificial resring
data (Feancssy et al., {981h) indicate that the {AR) for hoth
males and female ealves §s similar on a milk diet (0.039 and
0.034 for males and females, respectively). Thersfore there is
evidence that the lower encrgetic eficiency of females s0 evi.
dent post weaning mey not aperate in the praweaning environ.
ment and thug the young female is not penalised by a lower
efficiency factor preweaning. Since female calves grow at only
elightly lower rates than males prewenning it means that they
have reached & much higher propartion of their manuz weight
by weaning than have their male counterparts. The Jogical
extension to thiz hypothesis is that selection pressure on the
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female is 1owards » metabalism which will support the ac.
cumulation of fax reserves, (afat-binsed metabolism), ratherthan
owards absoluie fize, although o date we are unawars of any
complete bady composition dara on females to Support or refute
such & concept, However [imited dala relating to particular fat
depots do suppart thiy concept (Cluttan-Brock et al,, 1982b; J.A,
Stevenson and K R, Drew, pers. commun.),

" Scasonal feed svailability places w constraing on the
sinategy of rapid growth of the male in that growth is restricied
1o the times of feed ibundance, Rather than allawing feed
supply per 22 1o derermine growth, a seasonal growth thythm

growth, this is much below Lhat recarded in spring), Whether
the ontogeny of this rhythm is aciually seasonal or whether it is
implicit in 2} deer grownh and has been merely entrained with
- A major consequence of this
Thythm is that a siap ean conecivably gain an adventage aver ity
pecrs in terms of growth if it is 1o increase Its foad intake and
hence growth rate earlier in (he spring. The penaity for this js
that the stag which increases growth emly in the year with the
lat= spring iz more Jikel y W die with the Increase in feed demand
(consequent on the Increase in metabolic rate) which is not
satisfied by the available forg Supply; consequently the siag will
in fact lose weight rather than gain, end place jiself o risk.
Although the femalz 100 has o growth thythm which i
inevitably constrained by the scasona! thythm of feed 1bun-
dance, thi¢ rhythm is of far less Consequence in terms of evoly-
tionary significance s the femule stratepy of rapid gein while
sucking {which results jn females attaining 8 much higher
Praportion of Lheir mature Jive weight while sucking) followed
by a stzady gain o adulthood s in no conflict with season. Fat

Implications for the Farm ing of Deer

In the practica] sinrtion in New Zealand, where deer are
run outdoors in winter, the environmental Factars (low tempera-
twre, wind and 12in) necessiiate an increased food intake o
comy far the increased body heat Joss, This is particularly
critical in adult stags with their low fatreserves following the
nut (Drew, 1985), It has been esti d that this § energy
requirernents of adult stags outdoors dur in g winter by about 50%
compared with siags indaors (Fennessy et al,, 1981), Provision
of shelrer reduces the energy fequirement and con
Common practice among Mew Zealand deer firmers, Tt is also
interesting thatobservations of red staps in New Zealand sugpest
that they will eantinue food searching in edverse weather con.

ditions, rather than reduce fcuviry and seek shelter 1o conserve

that even with ad Jibitem feeding of high quality diets over
winter, stags will on ly mainiainbody weight; this simation halds
even with indoor feeding of high quatity diets. The management
of aduit staps during the rot may also have an impact on fat
reserves atthe stantof the winie, For example in breading stags,
there is evidence that single-sire mating results in 2 lawer body
weight loss over the rut than multiple-sire mating systems,
presumably through reduction in condlicr and harem-pratecting
activities, Incentrastto the sitvation with stags, hinds with their
Breater fatreserves entering the winter, are in a much less critical
state, Praciice] recommendations on winier management of
hinds recognize this andg recommend nutritional practices
designed 1o ke weight off hinds over winter (Fennessy and
Milligan, 1987). Overall, an appreciation of seasonality, the
marral growth patterns, and the impact of the environmentat
kitualion on emergy requirements will greatly assist in the
development of practical and cost-effective management 3ys-
terns for deer,
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