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Abstract: The physiological mechanisms controlling the growth, lactation and reproductve eyveles of cervids,
and the control of allocation of encrgy to different organs are discussed. The growth cyvele may be secondary
to an appetite cvele, regulated by changes in the seeretion of prolactin, gonadal steroids, and possibly unknown
factors. The reproductive cvele is controlled by changes in the release at the hypothalamic hormone GnRH,
and by changes in the feedback effect of gonadal steroids. These cyeles are probably the result of the tming
effects of nutrition and changing photoperiod on an endogenous, circannual rhythm. The effect of photoperiod
is mediated by the pcal hormone melatonin. The physiological mechanisms controlling the partitioning of
substrates berween milk production, fetal growth and the tssues of the mother are poorly understood, bur may

involve changes in the secretion of growth hormone, insulin and tritodothyronine.
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Introduction

In the northern latitudes, where the supply ot
food changes annually, the rate of producton
must necessarily change. However, production
in these anmmals does not passively tollow
changes in food intake, instead the whole
phvsiology of the deer changes seasonally, o be
adapted to the environmental conditions. The
cnergetically most costly processes - growth and
lactation - take place during the period of highest
plant production, whereas fetal growth, which
requires less energy, oceurs during winter. When
vartous productive processes do occur at the
same time, they must compete for energy and
substrates.

This

productive processes of deer are regulared in such

review 1s concerned  with how  the
amanner as to make best use of the annual evele
of plant production, by correct timing, and by

sharing available resources.

Growth
Cervids have a ovelic growth pattern, with
raptd weight cam i summer, followed by a
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1983;. The annual
growth cvele may passively tollow an appetite
rhvtm, although this is not firmlv established.
Nilssen et wl. (1984) reported that basal metabolic

winter growth stasis (Ryvg,

rate does not change throughout the vear.
Maintenance requirements of reindeer, measured
by the amount of tood required to maintain body
weight, do not change from winter o early
summer (Rve and Jacobsen, 19824), and weight
gains per unit of food above maintenance 1s the
same in carlv summer as in winter (M. Rvg,
unpublished data). On the other hand, when
maintenance requirements ot roe deer (Ellen-
berg, 1978) and white-tatled deer (Holter e al.,
1979) was calcluated trom energy balance trials,
a scasonal evele was apparent. It is not clear
whether these ditferences are due to methodo-
logyv or species,

In studies ot scasonal appetite, grain-based
concentrates have commonty been used as feed.
With such diets, the appetite of ruminants is
regulated by metabolic signals. The signiticance
of these studies for natural conditions, in which
roughage intake s limited more by eastromees-

261



tinal factors (Freer, 1981), is unclear. On
roughage diets, seasonal appetite could be
explained by changes in gastrointestinal capacity
(Milne et al., 1978; Mitchell et al., 1976 Staaland
et al., 1974.). However, the seasonal regulation
of that capacity 1s unknown, and there may be
interactions with metabolic factors.

Although the seasonal growth pattern is
entrained by photoperiod (Brown et af., 1979)
the controlling mechanisins are unknown.
Pincalectomy of white-tailed bucks had no effect
on either growth or food intake cvcles (Brown
et al., 1978), but this could be attributed to the
age of the animals, or the limited duration of the
experiment. Pinealectomy of voung animals
affects the seasonal changes in prolactin and
gonadal steroids, both of which have been
implicated in the control of appetite cvcles (Ryg,
1983; Suttie, 1980).

Although cervids may start gaining weight in
spring, fat is mostly deposited in autumn and late
summer (Dauphiné, 1976; Mitchell et al., 1976).
Lipogenic capacity of isolated fat cells parallels
changes in food intake (Larsen, Nilsson and Blix,
1985), but from data presented it appears that for
a given intake, lipogenic capacity of the fat cells
is highest in autumn. This change could be
hormonally mediated, since in spring, levels of
growth hormone (GH) (which is protein
anabolic and lipolytic) are high (Ryg, 1983) and
triiodothyronine (T3) levels increase markedly
with increasing food intake, at least in young
males (Ryg, 1984b; Ryg and Jacobsen, 1982a).
Insulin levels also increase in summer (Larsen,
Lagercrantz, Riemersma and Blix, 1985), possi-
bly the result of an increse in food intake. During
late summer and autumn, GH leves are usually
low in adults, and level of food intake has only
a minor effect on T3 concentrations (Ryg,
1984b). High insulin, and low GH and T5 levels,
in combination with a sustained high food
intake, could promote fat deposition. The high
GH levels occationally found in calves in autumn
might limit lipogenesis. Seasonal changes in T3
levels in adult females are strikinglv ditferent
from those found in voung males (Bahnak et al.,
1981; Nilssen et al., 1984), but whether this is
related to differences in metabolic patterns is not
known.

Skeletal growth of reindeer
some degree independent ot the appetite cycle.
After an obligatory growth stasis from October
to January,

1s regulated to

skeletal growth commences and with
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good nutrition, the rate of growth mav be faster
in winter than in summer (Rvg, 1983; Ryg and

Jacobsen, 1982a). Food restriction had less etfect

on skeletal growth in summer than in winter,
suggesting that skeletal size may be determined
more by winter than summer nutrition. This
agrees with the observation of Skogland (1983)
that mandible length of free ranging reindeer
correlated better with winter than
conditions, although his results may also be
interpreted as an effect of maternal winter
nutrition on fetal and carlv postatal growth

(Skogland 1983, 1984).

summer

Gonadal function and reproduction

Seasonal reproductive cycles are regulated by
changes in the secretion of the hypothalamic
gonadotrophin releasing  hormone (GnRH)
(Lincoln and Short, 1980), and by changes in the
sensitivity of the hypophysis to the negative
feed-back action of gonadal steroids (Karsch and
Foster, 1981). Before the rutting season, the
secretion of GnRH increases and the feedback
effect of steroids decreases, resulting in increased
hvpophyseal and gonadal activity. Frequently
there is a peak of gonadotrophin and steroid
secretion in spring (Buhenik er al., 1979; 1982;
Ryg, 1984a; Sempere and Lacroix, 1982),
suggesting a semiannual cycle of reproductive
function. The secondary gonadotrophin peak in
spring is possibly attenuated by the negative
feedback effect of gonadal steroids, since it was
much more pronounced in castrates than in intact
white-tailed bucks (Bubenik et a/., 1982).

High prolactin  (PRL) levels are often
associated with infertility, and it has been
suggested that sexual quiescence in summer is
caused by the seasonal increase in PRL secretion.
However, suppression of PRL secretion with
bromocryptine did not stimulate gonadal func-
tion in the ewe (McNeilly and Land, 1979).
Possibly the inverse relation between PRL and
gonad function is regulated by the hypothala-
mus. Recently, it was found that the precursor
peptide for GnRH contains a peptde that
inhibits PRL secretion (Nikolics et al., 1985).
GnRH and the prolactin-inhibiting peptide are
located in the same hypothalamic nerve terminals
(Phillips et al., 1985) and prcsumablv are released
at the s [ncreased activity
neurons conld simultaneously stimulate gona-
dotrophins and inhibit PRI secretion.

same tme. in these
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The most 1mportant éxternal sumulus to
gonadal development and regression is the
photoperiod; the response is probably mediated
by melatonin from the pincal gland. Melatonin
administered orally or intramuscularly advances
the rutting season of red deer (Cervus elaphus)
(Adam and Atkinson, 1984; Webster and
Barrell, 1985) and white-tailed deer (Odocoilens
virginanus) (Bubenik, 1983). The effects of
pinealectomy on the reproductive cycle are
variable. Tt has little effect on old animals (Brown
et al., 1978). In young animals, the testicular
cycle may be suppressed, although usually
gonadal and hypophyseal cycles persist, but
become irregular and out of phase with intact
animals (Plotka et 4l., 1984; Schulte et al., 1981;
Snyder et al., 1983). This indicates that the
annual cycle 1s timed, but not gencrated by, the
pineal gland. This suggestion is supported by the
classical studies of Goss (1969a, 1969b) which
showed that an endogenous, circannual rhythm
was involved in the control of antler growth in
Sika deer (Cervus nippon).

As with other manmmals, female deer must
reach a critical body weight, or fat content, in
order to conceive (Albon et al., 1983; Ellenberg,
1978; Hamilton and Blaxter, 1980; Lenvik et al.,
1982; Reimers, 1983; Thomas, 1982.) The effect
is most likely on ovulation rates (Leader-Wil-
liams and Rosser, 1983). It is not clear, however,
what the metabolic signal is. The critical body
weight, as a percentage of mature body weight
varles between species and subspecies. Albon et
al., (1983) reported that the critical bodyv size in
red deer hinds increased with increasing
populations density, and Lenvik er af., (1982)
reported that reindeer (Rangifer tarandus) hinds
concetved at a later age when 12 vear old bulls
were used as breeding males, than when older
males were used. So it appears that the metabolic
signal can be modulated by other factors, which
are at present poorly understood. Finallv, it has
been suggested that frequent suckling, associated
with poor nutrition, could delav or suppress
estrus in red deer (Loudon et al., 1983). Whether
this mechanism would applv to reindeer, whaose
«follower» calves normally suck more frequently
than red deer calves, 15 questionable.

Pregnancy
Maintenance of pregnancy depends on the

presence  of secreted by the

Dl'(')‘«_’,C\[CI‘( e,
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white-tailed deer, the corpus luteum of preg-
nancy 1s the most important source of
progesterone. Ovartectomy induces abortion as
late as 156 days of pregnancy (Plotka et al.,
1982). Whether the maintenance of the corpus
luteum of pregnancy depends on luteotropic
hormones from the hypophysis or the placenta
in deer is not known, but a luteotropic and
lactogenic hormone (placental lactogen, PL) ts
apparently secreted by the placenta of fallow deer
(Dama dama) (Forsyth, 1973). Parturition is
probably initiated by a declining luteal function.
It is preceded by a decline in maternal
progestcrone leves (Blom er al, 1983), and
injection of the [uteolytic substance prostaglan-
din F22¢ induces parturition (Langvatn, 1986).
The exact timing of birth is influenced by the
nutritional status of the dam; poor nutrition
delays birth (Reimers er al,, 1983; Skogland,
1984). Since parturition is initiated by factors
related to the degree of maturitv of the fetus
(Nathanielsz, 1978), this effect is probably a
result of slower fetal growth.

The growth of the fetus depends, of course,
on the transfer of substrates across the placenta,
and may be regulated by the substrate supply to
the feto-placental unit, by the size of the
placenta, or by endocrine factors. Inadequate
nutrition affects the growth of the fetus. Under
a wide range of experimental and natural
conditions, the weight of the fetus or newborn
calfis correlated with the body weight of the dam
(Rognmo et al., 1983; Skogland, 1984; Varo and
Varo, 1971), indicating that the energy flow to
the fetus is a more or less constant part of total
metabolic turnover of the dam: The cffects of
severe undernutrition in earlv pregnancy, which
could inhibit placental development, has not
been studied. Fetal growth mav be influenced by
hormones from the fetus itself, or from the
placenta, e.g. placental lactogen (PL), which
affects fetal glucose merabolism (Freemark and
Handwerger, 1984) and somatomedin produc-
tion (Adams et al., 1983 and could act as a tetal
growth hormone. However, no studies on the
cttects of maternal nutrition on plasma levels of
PL. have been conducred.

Lactation

The development of the milk ¢land 1s induced
by the presence oi a conceptus, put hitde s
known about the endocrine regulation m cervids.
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amounts during pregnancy in deer (Blom et al.,
1983; McEwan and Whitehead, 1980; Ringberg
and Aakvaag, 1982) are probably important.
Peptide hormones secreted by the hypophysis
(PRL and GH) or placenta (placental lactogen)
may participate as well.

Milk secretion by the fully developed gland 1s
partly under nutritional and partly endocrine
control. As with other mammals, progesterone
probably inhibits milk secretion in deer. When
birth of red deer fawns was induced prematurely
by prostaglandin injections, the fawns grew
normally (Langvatn, 1986). This suggests that
the milk secretion started as soon as the corpus
luteum, the most important source of progeste-
rone, regressed.

The energy and substrates needed for milk
production must be taken from increased tood
intake or, especially in early lactation, from the
body reserves of the dam (Sadleir, 1984). Both
the size of the dam at birth (Jacobsen et al., 1981;
Rognmo et al, 1983; Skogland, 1983) and
nutrition during lactation (Loudon et al., 1984)
affects milk yield and calf growth. It has been
pointed out that, since the fertility of the female
is related to her condition, extended suckling
would diminish the chances of conceiving in the
fall. White and Luick (1984) presented some
evidence that the growth of the mother may have
priority over that of the calf; when food was
restricted in mid lacation, milk vield and calf
growth rate declined, whereas the restriction had
little effect on the growth of the dams. The
growth rate of red deer dams was scarcely
affected by range quality after midsummer.
However, up to 40 days of lactation (about mid
July), nutrition strongly affected body weight of
the females (Loudon er al,, 1984), indicating a
shift of priorities about mid summer. Before this
time the body conditton of the dam will decline
when nutrition is poor, in order to maintain mifk
vield as much as possible, whercas n tate
lactation, poor nutrition will cause dimimished
milk vield.

The control of milk secretion 1 cervids s
poorly understood. The dechning milk vield in
late summier might be a result of the seasonal
decline in PRL levels. Although PRL 1s not
considered maintain  established
lactation i domestic ruminants (Forsyvth and
H;xydcn, 1977y Loudon et al, (1983} found a

positive correlation between PRL Jevels and miik

necessary 1o

vield ot red deer hinds throughout lactauion, and
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results from animals selected for high milk yield
may not be applicable to wild ruminants. PRL
may simultanously stimulate food intake (Ryg
and Jacobsen, 1982b), thus ensuring a sufficient
substrate supply, an so, growth and lactation
may have some endocrine control in common.
The question then becomes how the flow of
energy and substrates is partitioned between the
milk gland and the ussues of the mother in early
lactation. White and Luick (1984) suggested that,
since lactose synthesis may be the pace-setter of
milk secretion, the control is exerted via the
glucose metabolism of the dam, and endocrine
control of glucose metabolism may be impor-
tant. Growth hormone, which is necessary for
maintaining lacation in domestic ruminants
(Forsyth and Havden, 1977), and in the lactating
cow shifts nutrient flow from the tissues of the
female to the milk gland (Tyrrell er al., 1982) is
elevated during lactation in white-tailed does
(Bahnak et al., 1981) and reaches maximum levels
later than what is seen in males (Rvg, 1983).

References

Adams, S.0., Nissley, S.P. Handwerger, S. and
Rechler, M.M. 1983, Developmental patterns of
insuling-like growth factor-1 and -1 svnthesis and
regulation in rat fibroblasts. -~ Nature,
302:150-152.

Adam, C.L. and Atkinson, T. 1984, Effect of feeding
melatonin to red deer (Cervus elaphus) on the onset

Reprod. Fertid,

,
London

of the breeding
72:463-466.

Albon, S.D., Mitchell, B. and Staines, B.W. 1983,
Fertility and body weight in tfemale red deer - a
density dependent relationship. —- Jo Anin. ool
352:969-980.

Bahnak, B.R., Holland, J.C., Verme, 1.]J. and
Ozoga, J.J. 1981. Scasonal and nutritional influcen-
ces on growth hormone and thyroid activity in
white-tatled  deer (Odocoidcus
Wildl Man. 45:140-147.

Blom, A.K., Sjaastad ©.V. and Jacobsen, F.

Plasma levels of progesterone and oestradiol - 17

scason. ) — /.

corgntans). -l

1983

in reindeer (Rangiter warandus tarandus; during

pregnaney. — Acta vet. Scand. 24:287-294.
Brown, R.D., Cowan, R.L. and Kavanaugh. J.I".

1978, Ftiect of pincalectomy on seasonal androgen

titers, antler growth and feed meake in white wailed

deer. — [0 Annn. Sci. 47:435-440C.

Brown, W.B., Forbes, .M., Gooddall. E.D.. Kay.
R.N.B. and Simpson, A.M. 1979. [Ltfects of
photoperiod on food intake, sexual condion and

rams. /.

hormone concentrations and

/),’/byw)[’, Lovidon. 58 -

stags

Rangifer, Special Issue Noo 1L 1936
y OF



Bubenik, G.A. 1983. Shift of scasonal cvcle in
white-tailed deer by oral administration of melato-
nin. — J. Exp. Zool. 225:155-156.

Bubenik, G.A., Bubenik, A.B. and Zamecnik, ]J.
1979. The development of circannual rhythm of
estradiol in plasma of white-tailed deer (Odocoileus
virginianus). — Comp. Biochem. Physiol. 62A:869-
&72.

Bubenik, G.A., Morris, ].M., Schams, D. and Claus,
A. 1982. Photoperiodicity and circannual levels of
LH, FSH, and testosterone in normal and castrated
male, white-tailled deer. — Can. J. Physiol. Phar-
macol. 60: 788-793.

Dauphiné jr., T.C. 1976. Biology of the Kaminuriak
population of barren-ground caribou. Part +4:
Growth, reproduction and  energy  reserves. —
Canadian Wildlife Service Report Series No. 38. 71
p.

Ellenberg, H. 1978. Zur Populatonsékologie des
Rehes (Capreolus capreolus L., Cervidae) In
Mitteleuropa. — Spixiana, Zetschrift fiir Zoologie,
suppl. 2, 2117 p.

Forsyth, I.A. and Hayden, T.J. 1977. Comparatve
endocrinology of mammary growth and lactation.
— Symp. zool. Soc. Lond. 41 :135-163.

Forsyth, T.A. 1973. Secrction of a prolacun-like
hormone by the placenta in ruminants. — /n:
Denamur, R. and Netter, A. (eds.): Le corps jaune.
Mason und Cie, Paris. 245-246.

Freer, M. 1981. The control of food intake by grazing
animals. — In: Morley, F.H.W. World
Animal Science. Bl. Grazing Animals. Elsevier
Scientific Publishing Company. Amsterdan, Oxford.
New York. 105-124.

Freemark, M. and Handwerger, S. 198+, Svnergistic
effects of oPL and insuling on glhvcogen metabolisin
in fetal rat hepatocvtes. — Aw. [0 Physiol. 247:
E714-E718.

Goss, R.J. 1969a. Photoperiodic control of antler
cycles in deer. I Phase shift and  frequency
changes. — J. Exp. Zool. 170: 311-324.

Goss, R.J. 1969b. Photoperiedic control of antlers
cveles in deer. [ Alteravons in amplitude. - /.
Lxp. Zool 171: 223-234.

Hamilton, W.J. and Blaxter, K.L. 198C. Reproduc-
tion n farmed red deer. 1. Hind and
fertiliev. — /. Agric. Sei., Camb. 95 261-273.

Holter, J.B. Urban, W.E. and Hayes, H.H. 1979,
Predicting energy and nitrogen retention 1 vounyg

— ] WAldL Man. 43: §80-888.

Bjarghov, R.S.

1981, Supplementary feeding of

fe.d.):

St

white-tailed deer.
Jacobsen, E., Hove, K.,
Skjenneberg, S.

temale reindeer on a lichen dict during the last par

1
and

of pregnancy. — Acta agrie, Scand. 310 81-86.

Rangifer, Special fssue Noo 11986

Karsch, F.J. and Foster, D.L. 1981. Environmental
control of seasonal breeding: a final common
mechanism governing seasonal breeding and sexual
maturation. — In: Gilmore, D. and Cook, B. (eds):
Environmental factors in mammalian reproduction.
Mac-millian, 31-53.

Langvatn, R. 1986. Prostaglandin (PGFay)-induced
parturition tn red deer (Cervus elaphus) — Comp.
Biochem. Physiol. 83C: 19 - 22.

Larsen, T.S., Nilsson, N.O, and Blix, A.S. 1985
Seasonal changes in lipogenesis and lipolysis in
isolated adipocytes from Svalbard and Norwegian
reindeer. — Acta Physiol. Scand. 123: 97-104.

Larsen, T.S., Lagercrantz, H., Riemersma, R.A. and
Blix, A.S. 1985. Seasonal changes in blood lipids,
adrenaline, noradrenaline, glucose and insulin in
Norwegian reindeer. — Acta Physiol. Scand. 124:
53-59.

Leader-Williams, N. and Rosser, A.M. 1983. Ovarian
characteristies and reproductive performance of
reindeer, Rangifer tavandus. — J. Reprod. Fertil. 67:
247-256.

Lenvik, D., Granefjell, O. and Tamnes, J. 1982.
Kalvetap fra en nv svnsvinkel. — Rangifer, suppl.
1/82: 62-72.

Lincoln, G.A. and Short, R.V. 198C.
breeding:  nature’s  contraceptive. — Rec.
Horm. Res. 36: [-43.

Loudon, A.S.IL., Darrock, A.D. and Milne, J.A. 1984,
The lactation performance of red deer on hill and
improved species pastures. — J. Agric. Sci., Camb.
102: 149-158.

Loudon, A.S.I., McNeilly, A.S. and Milne, J.A. 1983.
Nutrition and lactational control of ferdlity in red
deer, — Nature 302: [45-147.

Loudon, A.S.I. and Kay, R.N.B. 1984. Lactational
constraints on a seasonally breeding mammal: the
red deer. — Symp. Zool. Soc. Lond. 51: 233-252.

McEwan, E.H. and Whitchead, P.E. 1980. Plasma
progestrone levels during anestrus, estrus, and

in  reindeer and  caribou  (Rangifer
tarandus). — [n: Reimers, E., Gawre, L. and
Skjenncbherg, S, cedsi: Proc. 2ud Int. Remdeer:
Carrbon Symp.. Roros, Norway 1979, 324-328.

McNeilly, A.S. and Land, R.B. 1979, Ftfect of
suppression of plasma prolactin on ovulation.

Scasonal
Prog.

pregnancy n

plasma gonadotrophiny and corpus luteum function
in LH-RI-treated anoestrous ewes. — /. Reprod.
ferul 56: 601-609.

Milne, J.A.. Macrae, J.C., Spence, A.M. and Wilson,
S. 1978. A comparison of the voluntary intake and
digestion of a range of forages at different tmes of
vear by the sheep and the ved deer. = Br. [0 Nuar
40: 347-357.

Mitchell, B., McCowan, D. and Nicholson, 1.A.
1976. Annual cveles of body weight and conditon
m Scottish red deer. Cortues Zool..

Lond. 180 107127,

claphis, —- ],

265



Nathanielsz, P.W. 1978. Endocrine mechanisms of
parturition. — Ann. Rev. Physiol. 40: 411-445.

Nikolics, K., Mason, A.]., Szényi, E., Ramachan-
dran, J. and Seeburg, P.H. 1985. A prolactn-
inhibiting factor within the precursor for human
gonadotropin-releasing  hormone. — Narure 316:
511-517.

Nilssen, K.]J., Sundsfjord, J.A. and Blix, A.S. 198+4.
Regulation of metabolic rate in Svalbard and
Norweglan reindeer. — Am. J. Physiol. 247: R837-
R&41.

Phillips, H.S., Nikolics, K., Branton, D. and
Seeburg, P.H. 1985. Immunocytochemical locali-
zation in rat brain of a prolactin release-inhibiting
hormone prohormone. — Nature 316: 542-545.

Plotka, E.D., Seal, U.S., Letellier, M.A., Verme, L.].
and Ozoga, J.J. 1984, Early cffects of pincalectomy
on LH and testosterone secretion in white-tailed
deer. — J. Endocrinol. 103: 1-7.

Plotka, E.D., Seal, U.S., Verme, L.]. and Ozoga, ].].
1982. Reproductive steroids in white-tailed deer. 1V.
Origin of progesterone during pregnancy. — Biol.
Reprod. 26: 258-262.

Reimers, E. 1983. Reproduction in wild reindeer in
Norway. — Can. J. Zool. 61: 211-217.

Reimers, E., Klein, D.R. and Serumgard, R. 1983.
Calving time, growth rate, and body size of
Norwegian reindeer on different ranges. — Arctic
Alpine Research 15: 107-118.

Ringberg, T. and Aakvaag, A. 1982. The diagnosis
of early pregnancy and missed abortion in European
and Svalbard reindeer. (Rangifer tarandus tarandus

and Rangifer tarandus platyrbynchus). — Rangifer

2. 26-30.

Rognmo, A., Markussen, K.A., Jacobsen, E., Grav,
H.]., and Blix, A.S. 1983. Effects of improved
nutrition in pregnant reindeer on milk quality, calt
birth weight, growth, and mortalitv. — Rangifer 3.
10-18.

Ryg, M. 1983. Regulation of annual weight cveles in
reindeer and other cervids. — Polar Rescarch, { n.s.:
249-257.

Ryg, M. 1984a. Lftects of nutrition on scasonal
changes in testosterone levels in voung male reindeer
(Rangifer tarandns tavandus). — Comp. Biochem.
Physiol. 774: 619-621.

Ryg. M. 1984h. Scasonal changes in the relanonship
between food mtake and serum wriiodothvronine
reindeer. - Comp. Biochen. Physiol. 78:A: 427-429.

Ryg. M. and Jacobsen, E. 19824, Scasonal changes in
growth, fred intake, growth hormone and thyroid

male  reindeer i Rangifor
farandus tarandis . Coun. [ Zool 600 i5-25.

Ryg, M. and Jacobsen. E. 1982b. Effects of thyrond

hormones and prolactin on food intake and weght

h()l'anHCS i voung

changes 1 vouny male reindeer (Raneider tariondies

Coan. o Zoni 600 1567

fovaidis

Thi

Sadleir, R.MLE.S. 1982, Energy consumption and
subsequent partitioning in lactating black-tailed
deer. — Can. J. Zool. 60: 382-386.

Schulte, B.A., Seal, U.S., Plotka, E.D., Letellier,
M.A., Verme, L.]., Ozoga, J.J. and Parsons, J.A.
1981. The effect of pincalectomy on seasonal
changes i prolactin secrction in the white-tailed
deer (Odocotleus vivgimianus bovealis). — Endocri-
nology 108: 173-178.

Sempéré, A.J. and Lacroix, A. 1982. Temporal and
scasonal refationships between LH, testosterone and
antlers in fawn and adult male roe-deer (Capreolus
capreolus L.) - a longitudinal study from birth to 4
vears of age. — Acta Endocrinol. 99: 295-301.

Skogland, T. 1983. The cffects of density dependent
resource limitation on size of wild reindeer. —
Occologia (Berlin) 60: 156-168.

Skogland, T. 1984. The cffects of food and maternal
conditions on fetal growth and size in wild
reindeer. — Rangifcr 4. 39-46.

Snyder, D.L., Cowan, R.L., Hagen, D.R. and
Schanbacher, B.D. 1983. Effcect of pinealectomy on
scasonal changes in antler growth and concentrati-
ons of testosterone and prolactn in white-tailed
deer. — Biol. Reprod. 29: 63-71.

Staaland, H., Jacobsen, E. and White, R.G. 1979.
Comparison of the digestive tract in Svalbard and
Norwegian reindeer. Arctic Alp. Res. [1: 457-466.

Suttie, J.M. 1980. Influcnce of nutrition on growth
and sexual maturation of captive red deer stag-
s. — In: Retmers, L., Gaare, E. and Skjenncberg, S.
(eds.) Proceedings 2nd International Reindecr/
Cartbou Symposium, Roros, Norway 1979. Dirck-
toratet for vilt og ferskvannsfisk, 341-349.

Thomas, D.C. 1982. The relationship berween
fertility and fat reserves of Peary caribou. — Can.
J. Zool. 60: 597-602.

Tyrrell, H.F., Brown, A.C.G., Revnolds, P.].,
Haaland, G.L., Peel, C.J., Bauman, D.F. and
Steinhour, W.C. 1982, Eficct of growth hormone
on utilization of encrgy
cows., — In: Ekern, A.

by lactating  Holstein
and Sundstol, F. reds.):
Energy metabolism of farm animals. EAAP Publ.
No. 29 Agrie. University of Novway. 46-49.
Varo, M. and Varo, H. 1971, The nilk production
ot reindeer calves and the share of milk in the growth
JoSer Agries Soco Filand 43¢

of remdeer calves.
j-10

Webster, J.R. and Barrell, G.K. 1985, Advancement
of reproductive actvity, scasonal reduction in
prolacun sceretion and scasonal pelage changes m
pubertal red deer hinds. (Corves elaphuss subjected
wo artitenadly shorwened daly photoperiod o daiis
melatonme weanment. |/ g
255200

White, R.G. and Luick, JLR. 1954, Phivriciey o

constramts o the factarional srrareov of reing

Keprodd. Forn I

aribon Nyowp zoed Newe fana o S PN

Rangiker. ~ o0 ooy e 1



