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EFFECTS OF & SHORTEMNED DAILY PHOTOPERIOD OR MELATONIN

TREATMENT ON PUBERTAL RED DEER HINDS (CERVUS ELAPHUS)

by

J.R.Webster

The effects of a shortened daily photoperiod or daily,
atternoon injection:s of melatonin on the the onset of the
bresding season and other seasonal changes associated with
the transition from summer to winter were examined in
pubertal red deer hinds. Eleven pubertal hinds and four
non—lactating adult hinds were randomly allocated to three
treatment groups., Control hindg (Group 1) were maintained
under natural photopericdic conditions. From 8 January
until 31 March one group of hinds {Group 2) was sublected to
a daily photoperiodic regime of eight hours Tight to sixteen
hours dark (SLe14DY by Keeping them in a darkened room from
1&00h until 0800h the following day and another group of
hinde {Group 33 was given an intramuscular injection of 2.75
mg melatonin in safflower oil daily» at 1800h.

Both shortened photoperiod and melatonin treatments
advanced the time of moulting of summer pelage and the

avtumnal decline In serum prolactin tevels in comparison



with the control hinde. In addition these treatments
aduanced the onset of puberty (Jjudged by the date of first

agestrus) which was significantly earlier (PL{O.003) for

X

B

a

Groups 2 (n=! nd 3 tn=4) than for Group 1 {(n=2). The

o2

garlier date of +iret oestrus in pubertal hinds subjected to
shortened photopericod and melatonin treatments led to a
significant (PFL0.0012 advancement of calving dates by about

-

30 daye. L[Group 2 tmean 12 MNov+l.487 s.e.mo?, Group 8 (

.

mean 11 Novwt3.24 z.e.m.2 and Group 1| imean 13

Dec+?.90 s.e.m.)1. UGestation length recorded +rom

eleven hinde wase 230.5+1.11 {meants.e.m.?). Serum
progesterone concentrations indicative of Tuteal activity
were recorded prior to the first cestrus in many (8713) of
the hinds and were atiributed to silent ovulations. Earlier
calving of the treated hinds led to the body weight of
female calves from these hinds being § kg heavier than
calves from controal hinds between January and May al though
the difference was nolt significant. Female calves (n=10)

grew at a rate of 2104+8.32 g/day (meants.e.m) until

i

five to six months of age compared with 3I80+20,.83 g day
(meants.e.m.) for male calves (n=31,

These resulte indicate that autumnal events in red deer
hinde such as the onset of puberty, moulting of summer
pelage and decline in prolactin secretion are under
phatoperiodic control and are caused by changes in the daily
rhythm of melatonin secretion from the pineal gland. Daily
administration of melatonin provided an effective method for
simulating the effects ufran artificially shortened

photoperiod on the timing of puberty in red deer hinds and



ag a result this procedure caused earlier calving. Hilent
aovutations seemed to ocour in many of the hinds, but this
atudy did not establish whether the treatments utilised here
had any effects on these gilent cvulations. Earlier calving
may give rige to calwes with a body weight advantage over
thage born later, at least until their first winter. Matling
and calving data from fhe adult hinds was too 1imited to
indicate whether the advancement of these events achieved in

the rearlings could be readily transtated to older animals.

KEYWORDS: red deer hindss Cervus elaphus; puberty;

melatoning photoperiody breeding season; ovulationy cestrus;

ccalving; pelage; projacting progesterone,
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CHAPTER 1

INTRODUCT I ON

Red deer (Cervus slaphus) which svolued in Europe

and Aszsia were Ffirst introduced to N.Z. from GBreat Britain in
the late 1%th Century for sporting purposes. N.Z2. proved to
be an ideal habitat and they multiplied to such an extent
that eventually they were considered pesets and government
control operationsg had to be instigated in 1931 to limit
their pumbers. Recently red deer have beon recognised for
their potential as a farmed animal in MN.Z. and so have
regained some Favour.

In the animal farming indusiry one of the most important
pericds of the wear i& when the birth and subsequent rearing
of young occurs. Rearing the newborn places a Tactational
demand on the mother which meane that her food requirements
are maximised throughout this pericd. In turn the ability
of the mother to provide an adequate supply of milk has an
important influence on her calf’'s survival and rate of
arawih. Where pasture is the main source of nutrients, the
tood supply available to the lactating mother and thus the
survival of »oung are both very dependent on the prevailing
climate. In red deer the time of parturition has evolved so
that it occurs in mid-summer, presumably at a time which in
their original habitat was most favourable for surviuval of
offspring. Suwwmer in M.Z2. generally has warm settled

weather, which is ideal for calf surwival, but it can also



be o time of drought and poor grass growth, especialiy in
drier regions such as Canterbury. Because of this, the
normal time of calwving for red deer may not be compatibie
with the high produciiou and efficiency demands of modern
agricultural systems. I+ the time of calving could be
advanced by one to two months this may synchronise the
period of high feed demand of hinds with peal pasture
production in late spring., Thie would result in more
gfficient utilisation of pasture and could ultimately lead
to increased stocking rates and higher calf weights at
weaning. Higher calf weights in turn could mean increased
veniszon production, and even Jead to the earlier onset of
puberty,

Gegtation period is relatively constant for most species
theretore the time of parturition is governed by the date of
conception, In sheep, mating activity ie initiated by the
reduction in the duration of daylight {or photaperiod
during avtumn, The tength of the photoperiod is converted
into an endocrine signal by the pineal gland which receives
this information about the external lighting from the syes
and responds by changing its pattern of secretion of
melatonin., In shesp It is possible to utilise this
information to advance the onset of seasonal breeding:
either by artiticially recducing the daily photoperiod or by
giving appropriately timed doses of melatonin. The anset of
puberty in Jjuvenile sheep also can be altered by
manipulating the photoperiod because this event appears to
e controlled by the zame mechanisms as the onset of

seasonal breeding in adults.

i



Red deer have a gestational period of around 7.3 months,
s to calve in summer mating must occur during autumn, &t
the same time ae sheep (although their shorter gestation
meane that sheep give birth in springy., It seems reasonabhle
to presume that the onset of the breeding season and puberty
in red deer are controblted by & similar mechanism to that in
sheep and that these eventis can thus be advanced by
decreazing the daily photoperiod or by administration of
melatonin. The present study examined the effects of an
artificially shortened photoperiod o melatonin treatment on
pubertal red deer hinde in order to establish whether the
date of firet calving could be advanced by these treaitments
and to provide bagic information on the mechanisms

controlling seasonality in thig species,

3]



CHAPTER 2

REVIEW OF THE LITERATURE

2.1 SEASONAL BREEDING

2.1.1 INTRODUCTION

Most mammals have evolved so that they give birth at the
optimum time of year for survival of the new-born., Usually
this means parturition at a time of increasing food
availability andsor favourable climatic conditions. A major
influence on food availability and climate ie the annual
éhange in Tength of davlight. Changee in the lTength of
daylight {or photoperiod? are highly predictable from rear
to vear, so it is not surprising that the mechaniam that
mammal & have evolved to time correctly the birth of young
uses photoperiod as the proximate stimulus. This means that
gach animal must respond to the appropriate photoperiod and
commence breeding activity at a time of »ear that will
produce young at the correct time, given the gestation

fength of the species.

2.1.2 PHOTOPERIODIC CONTROL OF SEASONAL BREEDING

An account of photoperiodic contral of seasconal breeding
wae provided by Marshall (1%37) who, from observations on
sheep and red deer which reversed their breeding seasons
after transfer across the equator, suggested that if these
animale react to light it must bhe to its diminution and not

to its increase. Yeates (194%) used artificially reversed



photoperiodse to change the timing of the breeding season of
ewes and showed that decreases in photoperiod stimulate the
onset of breeding, while increasing photoperiods cause the
cessation of oestrous activity. Further experimentation
with ewes showed that the time from a decrease in
photoperiod until the onset of oestrous cyrclicity is reduced
it the decrease in photoperiod is large (Ducker et al.,
1#70) and abrupt (Newton & Bette, 1%72). The response of an
animal to reduced photopericds is also faster the claser a
decrease is to the natural breeding season (MNewton & Bette,
12720, dartificially shortened photoperiods have been used
toy advance the breeding season of ewee (Hatez, 17523 Fraser
& Laing, 1%24%; Ducker & Boyrd, 1774; Walton et al.,

1977 Walton et al., 1%980; Arendt et al.. 1783,

cdecrease woal growth of sheep Morris, 194813 Ryder &
Lincoln, 19742, and stimulate reproductive activity of rams
‘hincoln & Davidson, 1977,

Studies with deer using prerimenta1 manipulations of
the photoperiod have indicated that Tight alse has a role in
timing seasonal events for these species. aArtificial
photoperiods Haue induced a variety of seasonal changes such
as: antler growth of sika deer (Goss, 194%a), coat moulting
of roe deer <(Lincoln & Guinness, 19723, pelage change and
puberty of white-tailed deer (Budde, 1¥83), and coat growth,
moulting (Kay & Ryder, 1978, antler cwyoles, rutting
behaviour (Blaxter et al,, 1974; Pollock, 1975,
testicular size and testosterone levels (Blaxter et
al., 1974 of red deer. Yearly antler growth crcles of

€ika deer persisted under constant long or short daily



photoperiods (Gose & Rosen, 1973 indicating that these deer
" may possess an endogenous circannual rhythm, yet under a
constant twelwve hours light to twelve hours dark (12L:1200
photoperiod, thizs rhyitbhm disappeared (Goss, 194%b). This
latter finding contrasts with sheep which can maintain a
seasonal reproductive rhythm under equatorial lighting
(Radfard, 1%4ib; Wodzicka-TomazewsKa st gl., 17872,

A contributory role of temperature in the control of
breeding seaszons was suggested by Marshall (1937, who
stated that in Scottish red deer "the rut does not occur
proaperly until there has been a sharp frost". Evidence for
the role of temperature includes an advancement of the
breeding season of sheep by exposure to low temperatures
(Dutt & Bush, 19335) and the failure of the breeding season
of ewes to follow a reversed photoperiod caonpietely when the
temperature cy¥cle had not been reversed as well (Thwaites,
1945, 14 temperature does have a role in timing breeding
seasone in sheep it I8 only a minor one, a3 annual cyoles of
temperature could not alter a seasonal reproductive rhythm
in ewes housed under a constant equatorial photoperiod
thlodzicka-Tomaszewska gt _al., 19472,

Severinghaus & Cheatum (175982 suggested that in Morth
fmerica the climate may influence the timing of the breeding
season of white~tailed deer. Peak calving time of
white~tailed deer in Virginia varied by up to sight dars
during a ten year study and it was found that high rainfall
in spring (which by stimulating plant growth could result in
improved body condition of hindg at oestrus) was positively

carrelated with early calving the following year (McGinnes &

&



Downing, 19773, Therefare while the control of seasonal
breeding is undoubtedly under photoperiodic control, other
factors such as temperature and rainfall may cause minor
changes in the timing of the breeding season and perhaps
further enbance survival of offepring.

&l though photoperiod contrels the timing of the bresding
seagon in sheep it does not drive the annual rhythm, as
annual breeding seasons still persist under constant daily
photoperiads {Radford, 1%81la; Wodzicka-Tomazewska gt
als, 19867 Ducker et al., 1%72; HSpeedy & [wen,

19753 Kennaway et al,, 1983). It has been suggested

that such swes remain seacsonal either in response to ather
environmental cuesg or from the expression of an egndogenous
circannual rhythm of reproduction (Bittman gt al,,

1983k, Instead photoperiod acts as an entraining agent,

swnchronising breeding to the appropriate season each year.

Z2.1.3 NEUROENDOCRINE CONTROL OF SEASONAL BREEDING

With photoperiod established as the environmental signal
responsible for the timing of the breeding season in certain
species, a physiological mechaniem must exist which is
capable of switching oestrous cycles on or off in response
to gradual changes in the photoperiod. This mechanisem
appears to involve both steroid dependent and stercid
independent contral of LH secretion (Turek & Campbell,
1979): the absence of a sustained increase in tonic LH
gsgcretion being the endocrine basis of seagonal ancesirus

{Legan & Karsch, 197%). BSeasonal changes in tonic LH

concentrations are caused by changes in the episodic release



af the hormone from the pituitary gland (Lincoln, 1978
Linceln et _al., 1977y Karsch et al., 1¥80;

Lincoln & Short, 12803 McMatty et al., 1981 which
reflect changes in the pulsatile release of gonadotrophin
releasing hormone (UGnRH) from the hypothalamue (Carmel

gt _al., 19763 Lincoln & Short, 1¥800. Supporting this,
pulsatile infusion of either LH {(McMNatty et al.,

1982bs MeMeiltly et _al., 1782 or GnEH (McMWatty gt

al., 1%82a; McMatty et _al., 1%982b; Mclleod

et al., 1%983) wase capabhle of inducing anm ovulation in
seasonally ancestrous ewes. A study by Goodman et al,
(1982 indicated that the inhibitory photoperiod which
Ccauses ancestrus exerts its effect on tonic LH secretion by
reducing LH pulzse frequency.

Roche et al, (1974 proposed that an oestrogen may be
the steroid which inhibkite LH secretion during ancesirus and
gvidence for this was provided by Legan et _al., T1977).
These ltatter workers found that the seasonal change in LH
gecretion from low levels during ancestrus to high'leueTa
throughout the breeding season required the presence of
cestradiol, and they proposed an hypothesis whereby the
occurrence of breeding or non-breeding seasons is governed,
at least in part, by the capacity of cestradiol to function
as a negative feedback hormorne. According to this
hypothesis the negative feedback inhibits LH secretion
during ancestrus then diminishes and allows LH levels to
rise at the onset of the breeding season. Subsequent
investigation has shown that these changes in the negative

feedback effect of cestradiol followed artificial changea in



the photoperiod {(Legan & Karsch, 19783 Legan & Karsch,
i#80». aArtificial short day photoperiods were accompanied
by a decrease in this negative feedback whereas artificial
long days were associated with an increase in negative
feedback. This provides a mechanism whereby photoperiod
controle seasonal breeding primarily by altering the
negative feedback of cestradiol on LH secretion. Thise
theory has since been tested experimentally (KHarsch st
al., 19802 and described in review articles (Legan &
Karsch, 197%; Goodman & Karech, 1%81; Legan & Winans, 1%¥812.
Further studies on ewes by Karsch’s group have provided
evidence that during the breeding season cestradiol may
suppresse LH pulse amplitude, while during ancestrus
cestradiol gains the capacity to reduce the frequency of
hy¥pothalamic GnRH discharges, thereby reducing LH pulse
frequency (Goodman et _al., 1¥82). These workers

proposed that seasonal shifts in the negative feedback
effect of cestradiol represent shifis in hypothalamic
responsiveness to this steroid. In the breeding season

cestradiol acts on the pituitary decreasing the response to

B

GnRH while during ancestrus cestradiol acts primarily on the

brain to decrease the frequency of episcdes of GnRH

HiH

secretion (Goodman gt al., 1782),

Oestradiol-sensitive neurons inhibiting the hypothalamic

pulsee generator (which is responsible for GnRH pulses? have

been demonstrated in the ewe (Goodman & Meyer, 1982},
Photoperiodic alteration of serum levels of LH in

castrated rams (Felletier & Ortavant, 1973) and of LH pulse

frequency in ovariectomised ewes {(Karsch gt al.., 1980;

~3
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Goodman gt _&l., 1782 indicate that a stercoid
independent mechanisem also may play a part in regulating
seasonal changes in LH secretion in sheep. In contrast, no
gseasonal changes in tonic LH levels were found in castrated
red deer stage (Lincoln & Kay, 18F%2. Steroid independent
changes in LH secretion in sheep may signify a direct
photoperiodic drive acting on the centree governing tonic LH
tevels {(Karsch gt _al., 1¥80) and therefore seazonal
anoestrus may be caused simply by reduced hypothalamic
activity (McHWatty et al., 1%82a). From a seriss of
experimente on rams, Lincein and Short (1%280) proposed that
the primary effect of long photoperiods is to inhibit GnRH
‘secretion directly and as a consequence any inhibition from
the gonads becomes more effective. During short
photoperiods there is no such central inhibition and
negative feedback from the gonads is less effective. Thus
the variations in the neogative feedback of ocestradiol may be
accounted for by changee in direct photoperiodic drive on
the hypothalamue. The dem@ﬁﬁtrati@n that progesterone as
well as oestradiol become potent in suppressing LH pulse
frequency during anoestrue supports this possibility
(Goodman gt al,, 1982, Work by Robinson et _al.
(1%82), has indicated that there is a tight coupling of both
steroid-dependent and steroid-independent photoperiadic
effects an gonadotrophin secretion in ewes making it

difficult to separate these two mechanisms.

2.1.4 THE ROLE OF THE PINEAL GLAND

In the ewe retinal photoreceptors are required for



phaotoperiodic control of seasonal breeding {(Karsch gt

al., 1981 Legan & Harsch, 1983, From the eyes
information about the external lighting conditions reaches
the non-photoreceptive mammalian pineal gland by a pathway
involwing the accessory optic tracts and the pineal‘s
unusual sympathetic innervation (Wurtman et al., 17443
Wurtman & MoskKowitz, 17772, The mammalian pineal can
therefore be considered as an indirect photosensory organ
(Ariens Kappers, 198%),

Aan early report of the effect of pinealectomy on
ruminant reproduction failed to demonstrate a role for this
organ in swes (Roche et al., 19700, however these
émthaﬁa did not study the effects of imposed changes in
Tighting., Subsequent examination of testosterone and
prolactin secretion with rams (Barrell & Lapwood, 1979 and
LH secretion in swes (Karsch et _al., 1%81) found that
pinealectomy reduced the effects of changing photoperiod on
the secretion of these hormones.

Fineatectomy of white-tailed deer iMazup, 197325 Brown
et sl., 19783 Schulte 2t al., I¥8l; Snyder
gt al., 1983 altered the timing of photoperiod linked
gepasonal crcles such as antler development, testicular size
and testosterone and prolactin concentrations, but did not
abalish these cycles. Thus in sheep and some deer specigs
the pinesal seems to be responsible for synchronising
biological cyecles to the season. This role appears clear
when sheep are exposed to out-of-season photoperiodic
challenges to which they could not respond without a

functional pineal gland (Barrell & Lapwood, 12793 Lincoln,

11



—
Fd

1979 Karsch et _al., 19813 Lincoln & Almeida, 1%¥813).

From experimentse on ewes, Bittman et al, (1%83k)
indicated that the pineal mediates the photoperiodic control
of seasonal breeding, in part via ite influence on the

negative feedback effect of oestradiol on LH secretion.

2.1.5 THE ROLE OF MELATONIN

The pineal responds to light or dark by synthesising and
releasing the indoleamine melatonin as a result of
stimutation from ermpathetic nervese which are inhibited when
light activates retinal photoreceptors (Wurtman & Moskowitz,
1977y Inm the ewe the pineal releases melatonin predominantly
inte the blood {Rolltag et al., 1%78ar producing serum
melatonin levels during darkness which are up to ten times
the levels present during darltight (Rollag & Niswender,
19763, Melatonin levels accurately reflect the light and
darlk pattern to which the animal ie exposed, (Rollag et
al., 1978b) except under cmn;tant Tight when the rhythm
aof melatonin secretion is abolished and under constant dark
when a circadian rhyithm pereiste (Rollag & MNiswender, 17740,
The nocturmal rige in melatonin is also abolished by
pinealectomy (Kennaway et al., 1977 Arendt gt
al., 19803 Bittman et _al., 1%83a; Bittman et
al., 1%83b: Kennaway et al., 1¥82/19283) or
digruption of the pineal s sympathetic innervation (Lincoln
& Almeida, 19813 Lincoln et al., 1%81) confirming the
role of the pineal in melatonin secretion. However, it is
worth noting that the piﬁea1'gland iz not the only source of

melatonin in the body since melatonin could be detected |in
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plasma from ewes up to three months atter pinealectomy
(Kennaway et al.., 1¥77).

Studies by Bittman gt al. (1%7832a) in which melatonin was
infused into pinealectomised, ovariectomicsed ewes implanted
with ocestradiol indicated that melatonin controlled the
capacity of cestradicol to inhibit LH secretion. @an increase
in the duration of melatonin infusion produced a reduction
in the negative feedback effects of cestradial on LH
secretion. This provided a mechanism which would account
foar pineal mediation of seasonal breeding and supported the
hypothesis of Legan et _al. C1%77) that seasonal breeding is
due to the changing potency of oestradicl inhibition of
'gonadatraphin secretion {see Section 2.1.3>.

In termse of the daily melatonin secretion profile the
majar difference between long and short days arises from the
fact that melatonin levels in the blood are elevated during
darknesse (Rollag gt al., 1¥78b). @rendt gt al. (1979
have reported alsc that the pattern of melatonin secretion
differs between long and short dayre. & single peak of
melatonin occurs during short nights and a bimodal pattern
during long nighte, Studies with Djungarian hamsters
(Carter & Goldman, 1983) and ewes (Kennaway et
al., 19833 Bittman & Karsch, 1984} have sugoested that
the duration of elevated melatonin is important in
determining the reproductive receponse to photoperiod, QOther
studies with the various species of hamsters have suqgested
however that it is the precise timing of melatonin release,
refative to an endogenous circadian rhythm which is

important in determining the reproductive response to



14
photoperiod (Elliot et _al., 19723 TamarkKin gt
al., 19743 Tamarkin gt _al., 17793 Watson-Whitmyre
& Steteon, 1¥83). Experimentation with artificial
photoperiods on sheep has indicated that i+ a ltight pulse of
one hour ig given seventeen hours after dawn during a shart
day (8L:1aD) photoperiod, the photopericod is perceived as a
jong day (Ravault & Ortavant, 1¥773 Schanbacher & Crouse,
19813 Thimonier, 1%81). The existence of this light
sensitive periad in sheep indicatee that timing of changes
in melatonin secretion also may be important in this
species.

SZeveral theories have been proposed to explain the
actions of melatonin in sheep. It has been suggested that
duping winter slevated melatonin concentrations overlap a
sensitive portion of an endogencus circadian rhrithm (Hollag
gt al., 1978k, & mechaniem incorporating both the
differing patterns and duration of melatonin secretion
{(degcribed in the previoue paragraph? has been proposed
(trendt gt _al., 198la; fArendt et _al., 198ib).

This hyvpothesis assumes that a single short duration peak of
melatonin is inhibitory to reproductive function, and that
melatonin receptors in the sheep exhibit reduced sensitivity
after exposure to high levele of melatonin {(down regulation?
as has been postultated (Reiter, 1¥80) and tested
experimentally (Chen gt al., (%802 in Syrian hamsters.
During long nights a second peak of melatonin levels in the
blood or simply extended secretion of melatanin may down
regulate ite own receptors, decrease the sengitivity of the

neurcendocrine axis to the anti-gonadotrophic effect of .a



single peak or short duration secretion, and allow

reproductive resurgence.

2.1.46 CONTROL OF SEASONAL BREEDINMG WITH EXOGENOUS

MELATONIN

A% the pineal may exert its effects on reproduction by
secreting melatonin and since one of the major differences
between stimulatory and inhibitory photoperiods is in the
duration of elevated melatonin levels in the blood, then
administration of exogencus melatonin could be used to
avercome the effects of an inhibitory photoperiod on
reproduction.

Adminietration of melatonin either by suboutaneous
injection (dissolved in saline solution or peanut oill) or
aorally tdisscelved in watersethanol and added to feed
pelletsd was examined in sheep and goate by Kennaway and
Sgamark C1%802. They found that injection of melatonin
produced a rapid increase in melatonin concentration in the
Blood, reaching & pealk at fiftesen minutes, although
melatonin levels then declined quickly due to a shaort
half=1ife of about thirty minutes. Qral administration
produced a longer period of elevated melatonin owing to its
glow absorption from the rumen. This latter method of
adminietration was used by édrendt gt al, (1981b) in shesp
under a 18L:8D photoperiod to produce a melatonin pattern
characteristic of short dayve and it caused a reduction in
plasma prolactin levels. Since then daily oral
administration of melatonin has been used to advance the

onget of the breeding season in ewes {(Kennaway gt _al.,



198283 érendt gt al., 1983; Knight, 1983a).

Constant administration of melatonin to sika deer by
uzing subcutanecous beeswax implants replaced weelly (Goss &
Rosen, 1¥73) produced no effect, but daily oral dosing
advanced mineralisation of antlters, shedding of veluet and
change of pelage in white~tailed deer (Bubenik, 1%83) and
advanced the onset of ocesirous crclicity in red deer (MNowak
et _al,, 1983).

Intramuscular injection of sheep with melatonin in
satflower 0fl was found to maintain melatonin levelse in
blood at or above normal night time levele for at least six
houres and this method of administration was used to adwvance
the onset of the breeding season in ewes (Mett & MNiswender,
1982,

In swes melatonin implants have decreased proltactin
gsecretion and thereby apparsently simulated short daily
photoperiods (Rennaway gt al,, 1782b: Eennaway st

Bl., 1982719830,

2.1.7 THE ROLE OF PROLACTIN

Protactin secretion follows a seasonal rhythm, with
highest levels in summer and lowest levels in winter in
cattle {Karg & Schams, 17743 Schams & Reinhardt, 19741,
sheep (Ravault & Drtavant, 1977: Barrell & Lapwood,
19785°7%8 Munro et _al ., 19803 Thimonier, 1981, goats
(Buttle, 1974 and deer Mirarchi et al.. 1977; Kelly

gt al,, 1282, The seasanal variation in prolactin

18

level is closely linkKed with changes iny photopericod (Karg &%

Schams, 19743 Schams & Reinhardt, 1974; Snyder et _al..



1983; Webster & Haresign, 1983), temperature (Schams &
Feinhardt, 1¥74; Peters & Tucker, 19P78: Snxder et _al.,
1983) and level of feeding (Forbes et al., 1975,
Frolactin secretion appears to be mainly under photoperiodic
control because blood levels will respond to artificially
imposed changes in photoperiod in sheep (Pelletier, 1¥73
Ravault & Ortavant, 1977 Lincoln gt al., 1978y
Kenmaway et al., 1#83: Worthy & Haresign, 1983} and
red deer (Brown et al., 19792,

Disruption of pineal function in goatse (Buttle, 19770,
white~tailed deer (Schulte &t al., 17813 Snyvder et
al.y 1983 and sheep (Barrell & Lapwood, 1978/77%b; Munro

et al,, 19803 Kennaway et al., 1981 changes the

normal seasonal rhyihm of prolactin secretion in these
species and prevents prolactin secretion in sheep from
responding to artificial photoperiods (Barrell & Lapwood,

197%; Kennaway et al., 178271983, dAdministration of

melatonin to sheep on ¥Dng‘dai1y photoperiods in order to
mimic the short day pattern of melatonin secretion also
produces the short day pattern of prolactin secretion
(Arendt, 1981by Kennaway gt al., 1982a; Kennaway gt
al., 19837192832 indicating that the pineal, via its
gsecretion of melatonin, is responsible for synchronising the
circannual rhythm of protactin secretion to the annual
pattern of changes in daily photoperiod,

Hyperprolactinasmia associated with lactation can be
tinked to the delay in return to cestrous cyclicity in

gheep. Lamb removal (Restall, 19710 or suppression of



protactin in suckKling swes with the dopamine agonist
bromocriptine (Kann & Martinet, 19732 results in an early
return to croclic ovarian activity., Likewise cunception in
wild Scottish red deer hinds, ie delaved (Mitchell &
Lincoln, 19793 or even prevented by lactation (Mitchell

et al., 197643 Guinness gt al., 1978a), and i+

the calf is lost near to birth the time taken for hinds to
return to oestrus can be markKedly reduced (Guinnese ef
al., 19712, High proltactin levels induced by +frequent
suckling due to poor milk production of the hind have besn
proposed as a cause of delayed conception in red deer
CLoudon g% al., 1982, High proltactin levels may

atfect gonadotrophin secretion either by impairing the
positive (Kann et al., 1976, or by enhancing the
pegative (McMNeilly, 19802 feedbaclk eftects of steroids.
Alternatively the hyperprolactinasmia may act directliy on
the ovary by inhibiting ocegtradiol sscretion (MeMeilly &
Baird, 19832

It hag been postulated that a seasonal elevation in

1&

prolactin level may contribute to the occurrence of seasona)

anoestrus in sheep (Walton et al., 1¥772. In bhoth

sheep and deer the time of lactation coincides with that of
geasonal anosstrus making it difficult to determine the
extent profactin contributes to each. While some gvidence
tdescribed in the previous paragraph? indicates a possible
rale for prolactin in lactational ancestrus, similar
evidence iz lacking for a role in seasonal ancestrus,

&l though suppression of prolactin secretion in swes by

treating them with bromocriptine during ltactational
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angestrous regulted in an early return to ocestrous cyolicity
(Hann & Martinel, 1%73), reducing prolactin secretion by
this method during seasonal anoestrus failed to initiate an
garly return to oestrous crclicity fLand et al., 1980
Schanbacher, 19800 and failed to prevent ewss from returning
to anocestrys aftter an induced cesitrous cycle (Rodway et
al., 19852, Increased prolactin secretion does not
inhibit reproductive activity in sheep (Kennaway gt
a&l,, 1983 and seasonal ancestrus can occcur in the
abeence of high blood prolactin levels (Worthy & Haresign,
1983). A study by Jackson and Davis (1979 concluded that
high serum protactin levels are a symptom of seazonal

anoestrus rather than a cause.

2.2 FPUBERTY

2.2.1  INTRODUCTIOM

Fuberty has been defined as the time at which

i

reproduction firet becomes possible (asdell, 19442, The
process of puberty is complicated in many species by
recurring seasonal ancestrus and though individuale may be
phrsiclogically capable of producing young, they may be
prevented from doing so by zeasonal factors, thus making it
df%%iau]t to determine the initial onset of puberty
(Sadleir, 19&6%2). The role that photoperiod plars in timing
the onset of puberty and other constraints that may exist on
the age at which puberty can ococur are important

considerations i+ puberty is to be advanced.



2.2.2 TRANSITION TO PUBERTY

The firet coutward sign of puberty in the female iz
ceetrus, a sign that she is ready to mate and that
fertilisation is possible. Prior to this event in the lamb
one or two gilent ovulations {ovulations without behavioural
gestrus) can occur (Foote gt al., 1%70; Foster &

Karsch, 1%¥73; Hare & Bryrant, 1¥82). Therefore the
transition to puberty in lambs resembles the transition at
the beginning of each breeding season in adult ewes, as the
firgt ovulation of & new season also is uvsually silent
{Thorburn gt al., 1%¥8%; Robertson, 1277 MWalton gt

alee 19772, Studies with ewes have shown that exposure

to alternate progesterone and oestrogen is a prerequisite
for expresszion of ocestrous behaviour and this pattern of
steroid secretion does not occcur before the first ovulation
of the season (Robinson, 1954).

It has been suggested that the marked increase in
phygical activity of white-tailed deer at ocestrus (Ozoga &
Verme, 1978 i induced by a progressive rise in ocestrogen
that follows a fall in progesterone and since the first
ovulation of the season is not preceded by high progesterong
tevele, oestrus can not cccur at this ovulation (Plotka
et al., 1780, &ilent ovulations at the start of
the bresding season appear to be common in sewveral deer
species such as; white-tailed deer (Flotka gt _al..

1977 Harder & Moorhead, 1%780; Flotka et _al., 19800,
Black tailed deer {(Thomas & W%EGwany 19733 and moose

(Simkin, 19450,
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2.2.3 NEUROENDOCRINE CONTROL OF PUBERTY

Studies with sheep indicate that although the
hvpothalamic pre—ovulatory mechanism does not develop fully
until puberty, it is functional from shortly aftter birth, as
indicated by the finding that exogenous gestradiol could
cause surgese of LH release in immature lambs (Foster &
Karsch, 1975, These pre—ovulatory LH surges do not occur
naturally in pre-pubertal Jambs but appear to be suppressed
until puberty. The onset of puberty ie associated with a
sustained increase in tomnic LH secretion reflecting an
increase in the rate of pulsatile LH discharges and this
sustained increase eventually leade to a pre-ovulatory LH
vsurge {Foster & Ryan, 127%bh), (Ouariectomy of pre-pubertal
lambs resulted in an increase in fregquency of LH pulses
(Foster gt al., 1975} and when the LH pulse rate was
increased artificially iﬁ entire lambs ovulation occurred
(Faster & Ryan, 1???b},,jTr@atmeht of ovariectomised 1ambs
with cestradiol implante inhibited LH secretion until the
normal time of puberty (Foster & Ryan, 1¥7%a) indicating
that puberty ie associated with a marked decrease in
vestradiol inhibition of tonic LH secretion. It has been
proposed therefore that the inhibition of LH secretion in
pre—pubertal lambs is controlled by the same mechanism as
that which inhibits LH secretion during ancestrus in adulte
{i.8., via the negative +feedback effect of oestradiol (see
SGection 2.1.322, and the beginning of both puberty and the
breeding season i associated with a decrease in this
negative feedback (Foster & Ryan, 197%h).  Thie agress with

’the ‘gonadostat’ hyrpothesis of Ramirez and McCann (1%43) wha
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postulated from their studies on rats that part of the
mechanism of puberty was a resetting of hypothalamic

sengitivity to gonadal steroids.

2.2.4 FACTORS GOVERNING THE ONSET OF PUBERTY

Ay

In & review on puberty in sheep Dyvrmundsson {19732
stated that there is neither a fixed age, body weight nor
time of year at which ewe lambe experience their first
cestrus, owing to the complexity of the interaction between
these factors and the time of birth.

Size appears to be more important than age in
influencing the onset of puberty in shesp and cattls
(Rattray, 1977 and a minimum threshold body weight, first
proposed by Hafez {(1%32) or a critical metabolic rate
(Foster & BEran, 15812 below which puberity cannot occur,
needs to be reached. Age at first cestrus seems to be
cantrolied targely by the rate of development during the
firet few monthe of a ltamb’s VTite {Dyvrmundsson & Lees, 19722
and puberty can be delared or advanced by wvarying the pilane
af nutrition during rearing Allen & Lamming, 1581). Lambe
on & high plane of nutrition tend to attain puberty at &
Jower age and higher body weight than those reared on a iow
plane of nutrition (Dyermundsson, 1973,

Sadleir {1947k stated that the attainment of puberty in
deer ie related to the level of nutrition available to them
during their pre~pubertal ltife. This is supported by &
higher incidence of ovulation and puberty reported in
white—-tailed deer raised on high energy diets {Abler gt

aley, 19742 and also appears to be true for red deer (zee
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Time of puberty in seasonal breeders ig complicated by
the constraints that seasonal breeding imposes. Most spring
born ews lambs experience ocestrus in their first avtumn and
winter months (Dyrmundsson, 1973, Lambs bhorn early tend to
attain puberty at a greater age and body weight than those
born later in the season, and lambs born very late may fail
to reach puberty during the first breeding seazon
(Dyrmundsson & Lees, 1972).

I+, ags was proposed by Foster and Ryan (1%7%b) the
mechanisasm contraolling the ongset of puberty is identical to
that proposed to control seasonal breeding in adultis
{degcribed in Section 2.2.3) then it ie probable that
puberty ie under photoperiadic contral, However some
gxperiments in which lambs were reared under artificial
photoperiocds {(Radford, 1%alag S8mith, 1947; Ducker gt
al., 1973y Fitzgerald gt _al., 1%82) have failed to
demonstrate a pronounced effect of photoperiod on pubepty
and it has been suggested %hat inherent rhythms may be more
important. In contrast, evidence that photoperiod is
involved in the contraol of pubsrty comes from studies on
avtumn born lambs which have puberty delaved until the
following avtumn, at the same time as much younger spring
born lambs (Foster, 1%81a). Manipulation of photoperiod to
which these autumn born 1ambs were subjected, so that it was
identical to that which they would have experienced i+ theyr
had been bhorn in spring, advanced both the onset of the
decrease in negative Jfeedback of cestradiol and puberty to a

similar age as those lambs born in spring. This finding led



to the hvpothesis that the delay in onset of ovulation of
lambs born in autumn is due to a photoperiod-induced
pralongation of inhibition of LH secretion by cestradiol.
Two explanations for delayed puberty in auvtumn born 1ambs
have been proposed. Firstly that sexual development in such
lambe is retarded by photoperiodic stimuli and the delaved
anset of aestrous cyclicity reflects late sexual maturity,
and secondly that such dewvelopment i€ not retarded but
photoperiod induces seasonal ancestrus at sexual maturity
and the eventual onset of cyclicity simply reflects the
conset of a breeding seazon. Further experiments by Foster
{1981b> indicated that photoperiod can variously advance,
‘delay or ewen prevent the onset of ovulation in the lamb
depending upon the age at which the photoperiod is reduced,
although at least 11 weeks exposure to long photoperiods is
required before tambe can respond to stimulatory short
photoperiads.

There has been only one report indicating a role for
photaperiod in the control a% puberty in deer species. This
was by Budde (1%83) who advanced the onset of puberty in
white-tailed deer by early reduction of the photoperiod.

The precise role of the‘pineal gland and melatonin in
the contraol of puberty has not been established. Treatment
of lambs with melatonin implants, which mimic the effect of
short days on prolactin secretion in ewess (Kennaway et
al., 1%82b; Hennaway gt al,., 1983), delared

the onset of puberty (Kennaway & Gilmore, 1784).



2.3 REPRODUCTION 1IN RED DEER

2.3.1 PUBERTY

The malority of wild red deer hindsg living aon Scottish
khill land reach puberty as btwo-year-olds, calving for the
firet time at the age of three (Lowe, 194%; Mitchell, 1573,
except in areas of unusually low population density where
they become sexually mature ag vearlings (Mitchell etf

al., 1%Bl2. HMitchell (12733 concluded that the age at
which & wild Scottish red deer hind reaches puberty is
clearly affected by ite growth rate, which in turn is
primarily affected by nuirition. Therefore while the
rmaJDPity of hinde on the island 0¥’Ehum Coff the west coast
of Scotland? attain puberty at two vyears of age, pubsriy can
acocur as yearlings if these hinds are hand reared fLincoln
et al., 19703 Youngson, 19703,

Wild red deer hinds in the indigenous Mothofagus and
Fodocarp forests of N.2., whére food is relatively abundant,
have their first ocestrus and are successfully mated as
voearlings of about 14 months of age and calve at about 24
monthe of age (Daniel, 1243, On MN.Z. deer +farms puberty as
¥earlings is expected for hinds (Coop & Lamming, 19773 Kelly
& Moore, 19773 Bray & Kelly, 197%9). Evidence of sexual
mafurity in calves as woung as three to five months has been
reported (Daniel, 1%48). These calves were grazing on high

protein lucerne and white-clover pastures.

2.3.2 THE OESTROUS CYCLE

Red deer hinds are polyoestrous and may have as many as



eight oestrous cy¥cles during the course of & mating season
i+ pregnancy ie prevented {(Guinness et _al., 19713, Each

cestrous crcle lasts about 18 davs (see Table 2.11, although

i3

short croles of zseven to nine davs can ococur at the start of
the breeding season and long cycles of 34 to 3% days have
been reported in wyearlings (Guinnessg et al., 19712, The
pregence of both short and long cestrous cyoles is
congistent with studies on sheep (Land, %71 Hare & Bryant,
1982y, biack—tailed deer (Thomas & McCowan, 1775,
white—tailed deer (Harder & Moorhead, 1780) and reindeer and
caribou (McEwan & Whitehead, 1%72).

- Table 2.1: Length of ovestrous cycle in red deer
hinds.

MEAM LENGTH OF OESTROUS REFERENCE
CYCLE  <DAYS+s.d.)

i8.3+1.7 Guinness gt al., (1971

i7.5¢1 .9 Lincoln et al. (1270)
18.2%1 .6 Kelly & Moore (1977
18.8+1.8 Krzywingki & Jaczewski (1978)

The duration of oestrus in red deer hinds has not been
accurately defined. Clutton-Brock et &al, (198220
mentioned that hinds are in cestrus for a period of 12 to 24
hours although the observations of Guinness gt al.
(19712 indicated that ocestrus can last longer than 24 hours.
The latter authore atso noted that the duration of oestrus
appeared to be extended i¥ the hind was not allowed to be
served by & stag.

Al though silent owultations occur in sheep and some .
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speries of deer (sse Section 2.2.2) it has been stated that
they do not ococur in red deer (Lincoln st al,., 1970;

Guinness gt _al., 19712, »et later studies have reported
that 10% {Lincoin & Guinness, 1%73) and 14.3% (Kelly &
Challies, 1%78) of red deer hinds ovulate at the start of
the breeding season but do not conceive which presumably

could e attributed to the occcurrence of silent ovulations.

2.3.3 CONCEPTION aND CALVING

Red deer hinds conceive during the autumn rutting season
and calve in sarly summer. The breeding seasson ie short
with about 704 of hinds conceiving within two weelke (Lincoin
& Guinness, 1%973; Clutton-Brock et al., 198Z2a).

Consequently the majority of calving oaccurs within a
similarly short period (Guinness et _al., 177Bky Hamilton

& Blaxter, 1¥80) although the calving pattern is skewed with
a greater proportion of hinds calving later than would be
expected from s normal digtfibutian pattern (Hamilton &
Blaxter, 1980; deher et al., 1¥81).

Red deer hinds are generally monotocous. Incidences of
twineg in various populations of red deer have besn reported
as 1.4% (including one set of triplete? in Germany and
ABustria (Kroning & Vorreyer, 19572, 0.1 to 0.2% in Scotland
iﬁitchel1, 194%: Mitochellt, 18732, 0.57% in southern England
CChapman, 1974 and 0.7% in north west England (Mitchell
et al., 17812,

Calving percentages reported for various populations of

red deer are shown in Table 2.2, Reproductive performance



Table 2.2: Calving percentages ofred deer hinds.

The method by which the calving percentages were
calculated are abbreviated as follows:
CS/HA - calves in spring/hinds in previous autumn;

2

CH/HS - calves in spring/hinds;

CB/HIH - calves born/hinds in herd;

CA/HA - calves in autumn/hinds in autumn;

CB/HES - calves born/hinds exposed to stag;

CB/HM - calves born/hinds mated.
Country g:;z;z%age Method Reference
WILD
Scotland 37 CS/HA Mitchell (1969)
Scotland 37.7 CS/HS Lowe (1969)
Scotland 72-92 CB/HIH  Guinness et al. (1978a)
Scotland 40 CB/HIH  Mitchell (1973)
England 65 CA/HA Mitchell et al. (1981)
N.Z.(North Island) 28 CA/HA Riney (1956)
N.Z.(Nelson/ ’

Marlborough) 70 CA/HA Riney (1956)
N.Z.(Canterbury) 39 CA/HA Riney (1956)
N.Z.{Southern Lakes) 47 CA/HA Riney (1956)

N.Z.(South Westland) 35 CA/HA Riney {1956)
FARMED
Scotland 72 CB/HES  Hamilton & Blaxter (1980)
N.Z.(Invermay) 76 CB/HIH  Kelly & Drew (1977)
N.Z.(Invermay) 87.8 CB/HM Asher et al. (1981)
N.Z.(Papamoa) mature 91 CB/HIH  Bray & Kelly (1979)
N.Z.(Papamoa) 2-year

old 74 CB/HIH  Bray & Kelly (1979)
N.Z.{Invermay) mature 85 CB/HIH  Bray & Kelly (1979)

.Z.(Invermay) 2-year

old 70 CB/HIH  Bray & Kelly (1979)
N.Z.(Lincoln College) 90 CB/HM Coop & Lamming (1977)
N.Z.(Invermay) 74 CB/HIH  Kelly & Whateley (1975)
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variese from being poor for wild deer in Scotland (Mitchell,
1972 to good in N.Z2. farming conditions where calving
percentages in excess of P0% can be expected (Kelly & Moors,

L9730 .

2.3.4 GESTATION LENGTH

Gestation lengths reported ftor red deer are listed in
Tabkle 2.2 and it can be seen that a gestation length of
about 233 dare is normal. A shorter gestation length (by
four days) for first pregnancies than for subsequent
preghnancies was reported by Lincoln and Guinness (19732,
While & later study showed no such difference (Guinness

et aley 1778, it did record a shoriser (by five darsl
gestation length in captive hinds than in wild hinds and the
authore concluded that although nutrition may affect
gestation length, variations in gestation length are small
and therefore variations in calving date are most likely to

be due to factors affecting the time of conception.

Table 2.3: Gestation length of red deer hinds.

MEAN GESTATION LENGTH REFERENCE
(DAYSts.d.)

231.0 4.5 Guinness ¢t al. (1%721)
230.2 4.4 1t pregnancy Lincoln and Guinness (19733
234.3 0.99 Lincoln and Guinness (1%73)
231.5 4.4 enclosure Guinness gt al. (19780
2346.6 &.3 study area Guinness ¢t al. (1978b)
2836.1 A4.73 male Clutton-Brock et al. (1%82b>
234.2 5.04 female ' Clutton—-Brock et al. (1982b)
233.1 3.7 Kelly and Moore (19772




2.3.3 MNORMAL DATES OF CONCEPTION AND CALVING

There are warious accounts of mating and calving dates
for red deer in M.Z2. and some of these are listed in Table
2.4, It can be seen that mating gernerally occurs in mid to
Tate April and calving ococurs throughout December.

It was noted by Marshall (1%237) that the seasons of
cestruse and of parturition for red deer Iin M.Z2. are the same
ag those in Europe, and this wag supported by Fletcher
(19742 who found that the calving date differed by precisely
zix months between the Southern and the MNorthern
Hemispheresz. éAdding six months on to the mating and calving
dates reported in British studies gives corresponding M.Z.

dates for peak conceptions of mid to ltate aApril {lLincoln
et al., 1970 Guinness st al., 19713 Lincoln &

Guinness, 1%73; Mitchell & Lincoln, 1%73; Mitchell gt
al.y 1¥812) and Ffor calving of early to mid December
{Guinnees et al., 1%7Bby Hamilton & Blasxter, 1280),

which agree well with the N.2. studies.

2.3.6 FACTORS AFFECTING CONCEPTION AND CALVING

Z2.3.46.1 HMNutrition and lactation

In a study of calving dates of red deer in various
tacations arcund the world, Fletcher (1974} found that red
deer in the Morthern Hemisphere calve at a similar time
irrespective of tatitude, although different populations at
gimilar tatitudes showed variations of up to two weeks

between median calving dates. One such case is hetween the



Table 2.4: Mating and calving dates for red deer hinds in New Zealand.
Dates underlined are calculated by counting back 233 days (see section 2.3.4) from the
reported calving date.

Locality Mating Date Calving Date References

Invermay (1973) 10-April-13 Jul range 29 Nov-1 Feb Kelly & Drew (1977)
Invermay (1975) mature 20 April mean 9 Dec = 7.0 days (sd) Bray & Kelly (1979)
Invermay (1975) 2-year old 26 April mean 15 Dec + 8.1 days (sd) Bray & Kelly (1979)
Invermay (1976) - mature 24 April mean 13 Dec + 8.1 days (sd) Bray & Kelly (1979)
Invermay (1976) 2-year old 6 May mean 25 Dec =11.5 days (sd) Bray & Kelly (1979)
Invermay (4 yrs data) 13 April mean 2 Dec Kelly & Moore (1977)
Lincoln College . Apr-May Dec Coop & Lamming (1977)
Fiordland 20 April median 9 Dec %16.7 days (sd) Caughley (1971)

Northern North Island Mid April early Dec Asher et al. (1981)




isltand of Rhum fwest Scotland) and Glen Feshie Cin central
Scotland? where mean conception date is ssven to ten davs
later tMitchell & Lincoln, 19733, 1t hae been suggested
that the later conception dates of hinds at Glen Feehie are
due to their poorer nutritional status, which is reflected
in their lower body weights and poorer body condition
(Mitchell & Lincaln, 1273). Furthermore it has been
praposed that body condition could account for rear to year
fluctuations in the time of the breeding season within a
popultation, with sartier conception and calving in rears
when hinde are in better body condition (Mitchell & Lincoln,
1973; Guinness gt _al., 1978a).

Studies an Becottish deer populations have indicated that
‘milk” hinds {lactating? conceive and calve up io a weelk
Tater than “yeld’ hinds ‘non-lactating? (Guinnesse el
ale, 1%78by Mitchell & Lincoln, 1273 Clutton-Brock
et al.,, 1983y, Many of these "milk’ hinds fail to
conceive at all, with the result that they breed only svery
other wvear (Mitchell, 19493 Mitchell, 1973y Mitchell &
Brown, 1%7%; Chapman, 1974; Mitchell et al., 1%7&;

Guinness 2t _al., 1978a; Clutton-Brock et al,, 19832,

The delaved conception and lower fertility of “milk’ hinds
has besn attributed to their poorer Jlive weight and body
coﬁditiﬁﬁ (Mitchell, 1%¥72; Mitchell & Lincaln 1273 arising
from the nutritional stresses of pregnancy and ltactation
(Mitchell, 1973: Mitchell gt _al., 12740,

Hinds which rearedra malte calf had lower fertility
(Guinness et al., 1978a) and later szubsequent calving

dates {(Clutton-Brock gt al., 1782c) than those which had
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reared a female calf. This may be due to a high energy cost
of producing and rearing male calves which results in hinds
with poor body condition when they have raised a male caldf
(Clutton-Brock et al., 1PBZc).

The importance of body weight for good hind fertility is
indicated by a higher ﬁa%uing percentage for hinds in
English woodland than on Scottish hill rangey the English
hinds being 34 to 384 heavier than their Scottish
counterparts (Mitchell et _al., 19P81). Body weight at
the time of the rut has an important influence on fertility
(Kelly & Moore, 1777; Hamilton & Blaxter, 1980; Fennessy,
1982 and a body weight of 45 to 70 Kg for yearling hinds is
‘P@quired for them to achieve high calving percentages in
M.Z2. (Relly & Moaore, 19773 Fennessy, 1982).

While body weight was found to be a useful predictor of
fertility in Scottish red deer, a depression of fertility in
‘milk’ hinds which was independent of their body weight was
described by Mitchell and Brown (1973). 1t has been
propogsed that the lower fertility of ‘mitk’ hinds is due to
guckling stimuli and associated raised hiood prolactin
Tewels (see Section 2.1.7.) rather than Jjust to maternal
body condition and that later conception of hinds rearing a
male calf mar be due to the higher suckling frequency of
male calves {(Loudon et _al., 17832,
2:3.6.2 Aqge

Studies on red deer in English woodland (Mitchell et
ala, 1¥817 and under Scottish hill farm conditions
(Hamil ton & Blaxter, 1%¥80) have indicated that yearlings are

mated slightly Ytater in the breeding season than older
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hinds., On Rhum, Mitchell and Lincoln (1%73) reported that
catving occurs earlier as a hind gets older until it reaches
seven »ears of age after which the date of calving gets
later again. Howewer, another study on Rhum failted to show
any difference in calving dates between first calvers and
egxperienced breedsrs (Guinness et al., 1%78b). Research
at Invermay (Otago, M.Z2.2 showed that rising two-year-old
hindzs calved six to tweluve darvs later than mature hinds
(Bray & Kelly 1279, see Tabkle 2.4).

~e well as influencing calving date, the aée of a hind

also may influence ite fertility. Guinness et al.

(1978a) reported an increase in fertility as hind age
vincreased until five vears of agey first calvers having a
22% lower calving percentage thanm mature hinds. From
studies on Invermay and Papamoa (Canterbury, MN.Z2.2 herds, a
19 to 194 lower calving percentage for rearlings than for
mature hinds has been obtained (Bray & Kelly, 1979, see
Table 2.2). Increases in fertility with increasing age may
be due to body weight increasing with age, and under
Scottish hill farm conditions Hamilton and Blaxter (1%80)
found no effect of age on fertility when weight was taken
into account. Thie contraste with & study on wild Scottish
deer {Mitchell & Brown, 1272) in which age was positively
correlated with fertility even when weight was allowed for,

with maximum fertility being reached at seven »earse of age.

2.3.7 STAG FERTILITY

I+ the dates of conception and calving in red deer hinds

are to be advanced then it is clear that stags must be
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capable of mating and achieving fertilisation in hinds at an
earlier date than is usual.

The rut, which is a period of intense sexusl activiity
for both sexes, lasts for six to eight weeks {Lincoln, 1%¥71;
Lincaln & Guinness, 19732 during which time most hinds
conceive (Lincoln & Guinness, 1972, Although the breeding
season of red deer is normally short they are capable of
breeding for a much longer period, the stags being in
complete reproductive quiescence for only three months of
the vear (Lincoln et al., 1970) and hinds may continue
to have ocestrous croles for up to five months {(Guinness
et al., 1971). Spermatogenic activity increases from
tate summer, reaches a maximumnm Jjust pricr to the rut and
tastes for up to five months after the rut (Lincoln, {2712,
The rut starts three fto four weeks prior to the first hind
coming into ogpstrus (Lincoln et al., 19703 Lincoln &
Guinness, 1P73) and is associated with increasing
testosterone levels in the blood dlincoln gt _al., 1%703.,
it has been suggested therefore that stags initiate the rut
and are ready to mate hefore the first hinds come into
pesetrus (Limcoln gt al., 15700, This earlier activity
of the stags may ewven induce cestrus in the hindes and thus
synchronise conceptions (Lincoln & Guinness, 1¥73).

Marshall (1937 reported that hinds imported from N.Z.
to Warnham Park in Britain came on heat in April, which is
the normal time for M.Z2., and wet were mated by Warnham FPark
stags. &lthough no calves resulted from these matings it
indicated that hinds may play & role in initiating the rut.

Lincoln and Guinnese (1973) proposed that stags and hinds

o



are both invoclved in initiating the rut. Supporting this
indication that pheromonal factore may be involued, Bakke
and Figenshou {1983 identified voltatile compounds from the
tail gland of red deer and found that these secretions
differed between malege and females, bhoth in the quantity
praoduced and in their conztituents. These workersz also
demonstrated some esvidence of pheromonal activity for these
secpretions since flehmen behaviour could be induced in a
stag by exposing it to a mixture of the compounds.

To ensure that & stag s both willing and able to
tertitise & hind earlier than the normal time of the rut it
may be necessary to advance reproductive actiwvity in the
stag. Testosterone gecretion and rutting activity in red
deer have been manipulated by subjecting stags to artificial
photoperiodes (Blaxter gt al., 19743, showing this to he

a feasible method for achieving advancement of the rut.

2.4 LONCLUSION

Red deer are seasonal breeders with mating in MH.2Z.
aceurring at the time of decreasing photoperiod during mid
to tate April. Hinds reach puberty at 13 to 14 months of
age and ovulate at 18 day intervals with the majority
conceiving to the first or second cyecles of the breeding
Eéaaan. after a gestation period of about 233 dayrs a single
calt is born in December. There have been many studies on
wWild populations of red deer which indicate that poor
nutrition may» delay pubér%y and impair reproductive
p@b%GPmaﬁce; However on deer farme in N.Z2. it appears that

rutritional stress ig rare and fertility is high, although



there have been few detailed studlies on reproduction in deer
upder these conditions.

While most azpecte of seasonal breeding are well
documented for sheep thie is not the case for deer, although
from the reporte that do exist it seeme that the phyeiology
of seasonal bresding in many deer species is similar to that
of sheep. Therefore the time of the onset of puberiy and
each subszequent breeding sesason in red deer is likely to be
under photoperiodic contriol and to be mediated by the pinesal
gland via ite daily rhythm of melatonin secretion.
fBgadministration of exogenous melatanin to mimic the effect of
a shortened daily photoperiod could thus be expected advance
the onszet of breeding activity in both pubertal and adult
red deer.

Frolactin does not appear to have a major role in
seasonal bresding but its secretion is under photoperiodic
control and therefore may serve asg a usseful phrsiological

mari tor of the seasonal status of an animal.



CHAPTER 3

MATERIALS aND METHODS

3.1 TRIAL OUTLINE

The trial was conducted on the Lincoln College Research
Farm {(latitude 43039355 Tongi tude 1?2°26”E, attitude 11 m2
Canterbury, Mew Zealand, It examined the effects of both an
artifticially shortened photoperiod and of melatonin
treatment on the onset of the breeding season and other
photoperiodically entrained seasonal changes in pubertal red
deer hinds, The trial hegan on 7 January (Day 02 1783 when
’ali hinds wers weighed and had blood samples taken, and
ended when the last hind calived in December of the zame
wear. In addition the growth of calwves born in the trial

wae monitored until May 1984,

3.2 CLIMATE

A tong dey spelil in Canterbury beginning during Movembher
1281 did not end until April 1983, Consequently the +irst
three monthe of 17832 were extremely dry with rainfall only &
third of average. Irrigation was used during this period to
improve pasture growth and guality. In contrast the rest of
thevyaar was weltiter and cooler than normal. &ir temperature
variations during the treatment period are shown in Fig.

o)

3.1,

3.3 ANIMALS

Red deer hindg on the Coltlege Research Farm include
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1
feral animals captured from the Rakaia River catchment in
the Canterbury high country during 1980, and their offspring
horn on the farm.

#t the time treatments were to begin most adult hinds on
the research farm had recently calved and were lactating.

Ta avoid disrupting early growth of calves, yearling hinds
were used in the trial.

Elgwen yearling hinds Chorn December, 1¥81) were
available, These were ranked according to weight and
sequentially allocated to three treatment groups. To bring
the number in each group up to five four non-lactating adult
hinds, two of which were barren and two which had calves
that had died from natural causes shortly atter birth, were
randomly added to each of the three treatment groups.

Two two-vear—ald stags were used in the trial to aid

gestrous detection and to mate the hinds.

3.4 TREATMENTS

Treatmente began soon after the summer solstice on 8
Januvary (Day» 1) and ended on 31 March {(Day 83, see Fig.
.22,

At 1500h each day the hinds were moved from pasture to
vards for the treatments to be appliesd,

| Control hinds (Group 1: were maintained under natural
photoperiodic conditions.

Bhortened photoperiod hinds (Group 2y were placed in &
well ventilated dark@nedAran at 1400k each afterncon and
released at 0800h the next dar. Thie produced & daily

photoperiodic regime of eight hours light to sixteen hours
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darkness (8L31abs.

Melatonin treated hinds (Group 3) were given an
intramuscultar indection in the neck of 3.735 wmg crystalline
melatonin (Sigma, U.5.48.3 in 1 ml safflower oil. The
indection was made up by boiling safflower oil to sterilise
it, adding cryetalline melatonin when it had cooled, then
shaking the mixture. A weel’s supply was made up at a time
and stored at -20°C. Frior to injection the solution was
shaken again to disperse any undissclved melatonin cryetals.
Injections were given by 2 ml disposable plastic svringes
with 186 x 38 mm nesdles.

Hinds in all three groups were indected together in a
dar¥ened roomg the bhinds in Groups 1| and 2 being given an
intramuscular indection of 1 m! safflower oil dailx at the
same time that the melatonin was adminigtered to Group =,

While Group 2 hinds were Kept in the dark, the hinds in
Sroups 1 oand 2 stayved in an adiacent enclosure until 0800h
wher the hinds were reunited into one mob and returned to
pasture for the day. Hinds in all three groups thus had

the same amount of access to pasture each dayv.

3.9 ANIMAaL HUSBANMDRY

Routine animal husbandry practices were carried out and
all the animals were in good health throughout the trial.
During the trial the animals grazed a | hectares field of

predominantly tall fescue (Festuca arundinacea),

rregrass (Lol ium perennae? and white clover

(Trifolium repens) pasture.

Al hinds were weighed at intervals of 2 to 4 wesls
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during the treatment period.

AYthough some compensatory grazing of pasture during the
cday was expected to make up for the time that hinds did not
have accesse to pasture there were losses in body weight
during the first two weeke of the trial. To overcome this
& supplementary ration of 1 kg Deer Muts (&% DM, 11.5
MJIMEA kg DMy MNRM Feeds Ltd., Christchurch? was fed to each
hind daily from 21 January (Day 142 to 31 March (Day 83).
This was equivalent to 530¥ of a hind’s energy requirement at
that time (Fernessy et al., 1981,

The hinds were vaccinated againsgt clostridial diseases
before calving on 21 October (2 ml “Tasvax’ T.0.1. Tasman,

'Upper Huttz.

3.4 BLOOD SAMPLING

Blood was collected weelly fevery Thursday morningy in &
darkened room before the hinds were released to pasture {for
the day»., Hinds were rgatﬁajned manuatly while the blood was
taken from an sxternal Jjugular wveln using a 10 m! evacuated
aglasse test tube and 200 x» 25 mm "VYenoject’ needle (Terumo,
Australiar., The sample was centrifuged and the serum
aspirated off to be stored at -20°C until assay.

In the case of one hind (no. 278, Group 3 blood
sampling caused considerable stress and became progressively
difficult so that after 17 March (Day 4%) no further blood

samples were taken from this hind.

3.7 HORMONE ASSAYS
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3.7.1 PROLACTIN ASSAY

Serum proltactin was determined by the double antibody
radicimmuncassay described by Barrell and Lapwood (1978/°7%a)
except that in this case the serum samples were from deer
and separation of antibody—~bound from free tracer was
carried out with goat adti-rabbit gamma globulin serum
{Calbliochem?. Thie assay utilises a radiciodinated
preparation of highly purified avine prolactin
(MIH-T-SFF-43280C, provided by Dr A.F. Farlow, Harbor General
Hospital, Californial for tracer and rabbit antiserum raised
againsgt ovine prolactin (provided by Dr D.F.M., van de Wiel,
Research Institute Ffor Animal Husbandry ‘Schoonoord’, The
Metherlands) was diluted to 1:30 000, There was nno
detectable cross reactivity with up to 1 ug/ml of ovine GH,
LH, F8H, TE8H or &CTH in the assar system. Hormones or
pxtracts of deer pituitary origin were not available for
teeting, but serial ditutions of serum and plasms samples
from stans or hinds produced inhibition curves which were
parallel to those of the ovine standard (NIH-F-512) in
buffer. Thieg assayr therefore measures a prolactin-like
immunoreactive material in deer serum and the results were
gxpressed as ng of NIH-F-B812 for convenience. Assay
gensitivity was 1 to 2 ngs/ml serum and the within- and
bat@@enmaaﬁﬁy cogfficients of variation were ¥.24 and 13,747
respectively for a serum sample containing 72 ng/mi.
Recovery of oving prolactin added to deer serum (one
occasion? and plasma ithﬁee accasione? was always within the

P97 confidence Timites of 100X,
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3.7.2 PROGESTEROMNE aSS5AY

3.7.2.1 Reagents

Pcetate buffer congisted of 13.481 g zodium acetate
trihydrate and 1.0 g zodium azide digsolved in 1 1 water
(Bolution A) plus glacial acetic acid (5.7 mi) which had
heen diluted to 1 1 with water (Solution B)>., Solution &
(a72 ml) was made up to 1 1 with Solution B and the pH
corrected to 5.0.

Fhaosphate buffer was a sclution of 13,41 g potassium
orthophosphate, 1.0 g bovine gamma globulin (BGG, Cohn
fraction 11 and 0.1 g thiomersal, made up to 1000 ml with
0.9 saline; pH was adjusted to 7.0,

Dextran coated charcoal solution consisted of 108 Qwiu)
dextran T?0 (Pharmacia, Sweden) and 0.5 (wSv) activated
nevtraliszed charcoal (Sigma, U.5.4.) in phosphate buffer.

The solution was C

i

netantly stirred while in use.

Toluene basged scintillant consisted of 150 "Omnifiuor”’
(98n 2,8~diphenyloxazole and 2¥ p-bigs-o-methylstyryibenzene,
Mew England Muclear, U.5.4.2 and 2.789 1 toluene (J.T.Baker,
P I S T I

3.7.2.2 Radicimmunoassay procedure

(a) Preparation of progesterone antiserum
Antiserum (provided by Mr K.HoJ. Yeo, Stercids Unit,
Christchuch Public Hospital) was raised in rabbits by
immunigeing them to progesterone-Z-carboxymethyloxime—-bovine
serum albumin (2408 Steraloids, U.5.4.0.
(b) Extraction of progesterone from serum
Frozen deer serum was thawed at room temperatures and 200

Hl of each sample was pipetted into 20 ml glass tubes.



aé
Beven hundred gl of acetate bwffer was then added to sach
tube, followed by 4 m! of rediztilled hexane. The tubes
were then rotated for 10 minutes. Extraction efficiency,
Judged by extracting samples which had a small amount of
tritiated progesterone added, was 10064,
{Cc) Assay procedure

Standard solutions of progesterone (K. Light, Englandd
were prepared in 100 pl phosphate buffer to provide a
standard curve corresponding to a range of serum
concentrations from 0 to &3.7 nmoldl.

Duplicate 1 ml aliquote of the hexane extract of sach
sampie were placed into small glass tubes and deied down
under air in & waterbath at 45°C, then redissclved in 100 pl
of phosphate buffer. One hundred Pl of antiserum at a
ditution of 172500 in phosphate buffer was added to each
tube followsd by 100 gl tritiated progesterane tracer,
L1,2,&7~3H]-progesterane (The Radiochemical Centre,
Amersham) containing 21 000 dpm. The tubes were then mixed
by wortexing and incubated at 4°C overnight.

{d) Beparation of antibodyv—bound and ¥ree tracer

Free steroid was precipitated by the addition of 300 uli
of dextran—coated charcoal solution to each tube which was
then centrifuged (17206G) at 4°C for 20 minutes. Fiuve
huﬁdred Mt aliguots of supernatant were then added to glass
gcintillation viale containing 2300 pt1 G.1 M HZY. Foellowing
the addition of 10 ml toluene based scintillation fluid, and
folding for 4 hours at 4°G, the radioactivity of the bound
progesterone was counted on a Packard TriCarh Ligquid

Scintillation Specitromster, Modsel 3375,



Calculation of the progesterconeg present in the sample
was performed by computer (program courtesy Dr W.A. Sadler,
Dept. of Nuclear Medicine, Christchurch Pubklic Hospital)
using a four paramester logistic funcition, first proposed by
Healy (1972). |

3.7.2.23 Validation of progesterone radioimmunoassay

Fessay sensitivity, defined as the szmallest amount of
unlabelled hormone which can be distinguished from no
hormone (Midgely et al., 1770} averaged 0.99 nmalsl.

Mean within-assay coeficient of variation (C.0,) was
4,054 and the hetween—assay C.V. was 17,44 and 1%.84 for
gamples with means of 17.487 nmolsl and 1071 mmol sl
prespectively, ouer nins assaYs.

Major crose reactivities {(compared with
progesterone=] 004y at an antibody titre of 1 in 500 were
produced by S ~pregnandione, (1174)s pregrnenolane, (4130
pregrandiol, (1889 deoxyoorticosterone, (5.1K); 17 o

~OH-progesterone, (1823 te

t

tosterone, (0.3 and aldosterone
0,27y, Cross-reactivities from cortizol, ocestradiol,
androstenediol , aldosterone and dexamethasone were all less
than 0.24,

Studies of the non-pregnant ewe (Haird st al., 1771}
have shown that with the exception of progesterone and 20 %
“dfhydrogrageﬁferane the amount of steroids secreted by the
avarys and the adrenal glands into the peripheral plasma ie
extremely low in this specigg,. On thise basie it was assumed
that the steroids listed above which had sianificant lewels
of cross reaction in the presgsent assay were unlikely to

interfere with progesterone determination in deer serum.
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3.8 PELAGE CHANGE

O % March (Day &1 each hind’'s pelage was examined
visually and assessed as to whether it had a full summer, a

partially moulted summer or a full winter coat.

3.9 STAG FERTILITY

To ensure that the stags would be capable of
successfully mating a hind that came into ocestrus before the
natural breeding szeason they were subjected to the same
shortened photoperiod as Group 2 hinds but in & separate
room.  On 11 March (Day &322, shortly before the predicted
éarly onget of ocestrous cyoclicity, the stags’ semen was
examined for the presence of spermatozoa. To do this, two
factating adult hinds were given two weslks’ pre—treatment
with progeseterone, using an intravaginal controlied
internal drug releaser (C.I1.D.E., &lex Harvey Industries,
Flastics Moulding Co., Hamiltond impregnated with
progesteraone 0.5 g per device, Uplichn, Mew Zealand)
implanted while the hinds were lightly sedated (2 ml &4
<ylazine HCl, “Rompun’, Bayer, Germany? on 24 February. Un
1 March (Day &2 the C.I1.D.R. devices were removed and the
hinds injected intramuscularly with cestradiol benzoate in
oIl C0.05 to 0.1 mby 3 mgsmi, Intervet, The Metherlands).
The next day the two hinds aroused mating behaviour in the
gtags but would not allow them to mount. Each hind was
given 1 ml of ‘Rompun which caused them to stand quietly,
One of the stags successefully mated a hind and microscopic

examination of cervical mucus showed it to be rich in
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spermatozoa although motility was poor. As a result it was
decided that the stags were probably capable of fertilizing
a hind by this date and shortened photopericd treatments for

the stags ended on 11 March (Day &3).

3.10 QOESTROUS DETECTION

At the bReginming of the trial hkinds and etags were
tagether during the day and from 17 February (Day 410 were
observed using a spotting telescope (Bushnell, 40 mm x 203,
from an obhservation position in & small building at the
corner of the field. Animals had numbered sar tags
{'Allflex’, Delta Plastice Lid., Palmerston Morth?) and were
also sprared with coloured stock markKer  S5prax Line”,

Stafia Lid., inuercargilIk to help identity individuais. Un

58

11 March (Day &3), ase the predicted mating season

{

approached, stag contact with the hinds was 1imited to
approximately half an hour esach morning and evening to
increase the chance of observing all mating activity.
During the mating season visual examination of the vulwa and
a ram harness with crayon (Mannings, duckland) fitted to a
stag were also used to help in detecting oestrus. From 21
Agpril (Day 104y, after the peak of mating, a harnessed stag
was run with the hinds constantly and the hinds were checked
daily and any crayon marks recorded. This continued until
the lTast hind was mated in lTate Mar.

The date of first ocestrus was taken as the first date at
which a hind showed behavioural or physical signs of cestrus
(Guinness et _al., 19712, @Actual mating was usually

chzerved (F out of 12 timese? on these dates. Mating was
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defined as when & stag ejaculated into the vagina of a hind.

&an upward bodily thrust by the mounting stag characterise

1

gjaculation in this species (Clutton-Brock et al.,
1982dy».  Where neither mating nor oestrus was ocbserved the
date of first cestrus was calculated by subtracting a

-

tation pericd of 232 dare ¢

i
1]

Qe ee section 2.3.4) from the
calving date 2 hinds). QOne hind tho. %71, Group 2 showed
no signeg of cestrus at all and did not calve {zee
Diecuesiany.

Changee in serum progesterone during the trial were used
also to detect Tuteal activity and confirm that cestrus and
pregrnancy had occurred. Studies on red deer hinds have
rghown that progesterone levels greater than #.5 nmols1 are

indicative of tuteal actiwvity (Guinness 2%t al., 1¥712

I

and preanancy Kelly st al., 1%¥82). Tevel of 2 nmolsl

was talen as evidence that a hind was croling (Nowak et
al., 1%83)., In this study ‘tand for this asszay) no such
critical valug was adopted but instead the progesterone
profile of each hind was examined subjectively and the date,
gize and duration of elevations in progesterone above
baseline were taken into account when determining ewvidence

forr luteal activity,

3.11 CALVING DATES

The approximate time of Ffirst calving wase calculated as
the first mating date plus a gestation period of 233 dave,
and from this date the field where the hinds calved was

checked for new-bharn calves twice daily. lhen a calf was

born it was left for at least twelve hours then tagged,.
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weighed and the mother s identity unequivocably established.
The identity of a calf e mother wae determined by combining
evidence from mating date and obhservation of behaviour
patterns. These included separation of a hind from the herd
Just before calving, Toss in abdomen size after calving,

response of the mother to her calf s squeal when ear tagged

and the mother ticking her cal+f’s anus.

3.12 GESTATION LENGTH

Gestation length was calculated by subtracting the date
when oestrous activity was aobserved and which resulted in a

maintained conception, from the calving date.

3.13 CALF GROWTH

O0f the Fourteen calwves born, ten were female and four
were male. A1l the calwves were weighed at birth and then
at one to two month intervals until May, 1984 when they had
reached five to six months of age. The body weight of the
female calves born from control (Group 1) hinds (n=d) was
compared with that of the female calves from shortened
photoperiod (Group 2% and melatonin (Group 30 treated hinds
(n=dal. Male calves were npot included in thie comparison
(see Discussiond. Growth rates of the calves were
calculated by dividing the difference betwesn final weiaght
and birth weight by the time interval. The mean growth rate
of calves from control hinde was compared with that of
calves from treated hinds and the mean growth rates for all
female n=10) and male <n=3, one male calf diedd) calves were

calculated.



3.14 STATISTICAL aNALYSIS

The effects of shortened photoperiod and melatonin
treatment on hind body weight and on serum prolactin results
were analyvsed using data from all fifteen hinds.
Reproductive parameters (time of first cestrus and calving?
were analysed both for pubertal hinds {(n=10, one puberial
hind which showed no sign of osstrus and did not calve was
omitted from this part of the analysis? and for all fifteen
hinds. For serum prolactin and animal body weight data,
one-way analysis of variance was performed for gach sampling
atcasion. Mating and calving dates were also analwvsed by
'Qn@«way analysis of variance. Following a significant F
ratio treatment means (weighted for unequal animal numbers)
were compared using the following o thogonal contrasts
{Steel & Torrie, %4003 Groups 2 and & vs Group 1 {treated
wae contrely and Group 2 ve Group 2 {shortened photoperiod vs

melatonind.
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CHAPTER 4

RESULTS

4.1 HIND BODY WEIGHT

Changes in body weight of the bhinds during the study are
shown in Fig. 4.1. @A lose of around 6.5 Ko body weight per
animal ocourred during the first two weelks of the trial. as
a result two hinds went below the target mating weight of &5
kg which has been recommended for optimum fertility in
vearling hindse (Kelly & Moore, 1977 Fennessy, 1982). Body
weights increased after supplementary feeding with deer nuts
Bad commenced and all hinds were abowve 485 kg by 10 February.
From Yate Januéﬁy to late April there was an average weight
gaitn of around 10 Kg per animal .

Moo significant difference in mean body weight between
treatments was detected at any of the weighing dates during

the trial.

4.2 PELAGE CHANGE

Both shortened photoperiod and melatonin treatments
advanced the time of moulting the redsbrown summer coat to
reveal the new greysbrown winter coat. On 2 March (Day &12
a?lvﬁhmup 2 hinds and three of the Group 2 hinds had fully
moutted their summer coabs whilte the remaining two hinds in
Group & had partially moulted their summer coats. Three of
the Group | hinds still had full summer coats and two had

partially moul ted coats.
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Mean body weights of hinds in control (Group 1, n = 5),
shortened photoperiod (Group 2, n = 5) and melatonin
(Group 3, n = 5) treatment groups recorded from January
until May 1983. The horizontal bar represents the period
during which a supplementary ration of deer nuts was fed
to all hinds. The average s.e.m. was calculated from the

s.e.m. for each point.



4.3 SERUM PROLACTIN

Mean serum protactin concentrations for all treatment
groups were high but variable during January befare
declining to lower levels and finally approaching the lower
detection limit of the assay by April (see Fig 4.2, [M.B.
In Group 2 there werse no bloocd samples from one hind {no.
2580 atter Day &% (see Materials and Methods, Section 3.4).1
The decrease in proltactin levels was more rapid in hinds of
the shortensd photoperiod and melatonin treated groups
(Groups 2 and 3 which had basal lewels of serum proltactin
around 235 daye earlier than hinds in the control group

(Group 12. Thi is supported by significantly 1ower

(PL0.08) means for Groups 2 and 2 on most (578) of the

sampling dates during February and early March (Day 20 ta

4.4 DATE OF FIRST OESTRUS

The date of firet oesirus for each hind was gained frome
chserved matings % hinds), behavioural or phyreical changes
associated with oerstrus €2 hinds) and by subtracting a

gestation period of 233 daye from calving date (2 hinds).

il

Ope hind in Group 2 (no,., %71 showed no sign of ocestrus and
did not calve and so was amitted from mating and calving
results {(see Discussicon),

Mean date of first oestrus in pubertal hinds (see Table
4.1 was earlier (F{0.005) in both shortened photoperiod and
metatonin treated hinds than in control hinds (32.0 and 24.5
dare earlier for Groups 2 and 3 respectively than for Group

Ly,
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Fig. 4.2: Mean (% s.e.m.) serum prolactin (ovine, NIH-P-S12)

concentrations of hinds in control (Group 1, n = 5),
shortened photoperiod (Group 2, n = 5) and melatonin
(Group 3, n = 5 until Day 69 after which n = 4)
treatment groups recorded weekly from January until
April 1983. Significant differences (P < 0.05)

between treatments are indicated by asterisks.
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Table 4.1: Mean Day of first oestrus and subsequent calving
of yearling hinds in control (Group 1), shortened
photoperiod (Group 2) and melatonin {Group 3)
treatment groups.

Number Mean Day of Mean Day of
Treatment of first oestrus calving + s.e.m.
hinds £ s.e.m,
Control 3 107.3 £ 7.90 340.3 = 7.90
Shortened
photoperiod 3 75.3 + 2.33 308,.7 £ 1.67
Melatonin 4 80.8 + 3.38 308.0 + 3.24

Table 4.2: Mean Day of first oestrus and subsequent calving of
hinds in control (Group 1}, shortened photoperiod
(Group 2) and melatonin (Group 3) treatment groups.

Number Mean Day of Mean Day of
Treatment of first oestrus calving = s.e.m.
hinds  + s.e.m.
Control 5 99.6 + 6.6 336.2 + 7.3
Shortened
photoperiod 4 75.0 = 1.7 314.2 £ 5.7

I+

Melatonin 5 84.6 £ 4,7 313.4 = 6.0
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With the four adult hinds included in the analreis itses
Table 4.2y the advancement of mating in shortened
photoperiocd and meltatonin treated groups was less pronounced

(PFL0.01), being 24.4 and 15,0 dave earlier for Group 2 and 3

respectively, than for Group 1.

4.5 DATE OF CALVING

The advancement of the date of first cestrus which had
ccocurred in shortened photoperiod and melatonin treated
groups resulted in garlier (FLO,001) mean calving dates for
the wearling hinds in these two treatment groups (see Table
4,13, Mean calwing dates were 21.4 and 32.3 dayvs earlier
for Groups 2 and 3 respectively, than +or Group 1.

With the #aur adult hinds included in the analysis (see
Tabhle 4.2 advancement of calwving was earlier (PL0O.025) in

shortened photopericod and melatonin treated hinds al though

the size of the advancement was legs pronounced than for the

]

yearling hinds alone. Mean caluwing dates were 22.0 and

w0

i

113
&,

I

darse earlier (PLO.025) for Groups 2 and 2 respectively, than

for Group 1.

4.6 SERUM PROGESTERONE

Serum progesterone profiles for all five hinds in Groups
1 and 2 and for four hinds in Group 3 are shown in Figs.
d.2, 4.4 and 4.3 respectively. In Group 3 the progesterone
profile of hind no. 278 was not obhtained {(see Materiale and
Methods, Section Z.4).

Oestrus and mating were generally followed by an

increase in serum progestercone leuels. Serum progesterone
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Serum progesterone concentrations of control (Group 1) hinds
recorded weekly from January until May 1983 (Green labels
indicate adult hinds). For each hind the day of first oestrus
and any subsequent mating activity is indicated by an arrow.

The letter above each arrow denotes the method by which mating
date was determined: (M) = observed mating, (E) = estimated from
calving date and (C) = crayon mark. The profiles which were
considered to show evidence of luteal function prior to the first
oestrus are indicated by an asterisk.
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Fig. 4.4: Serum progesterone concentrations of shortened photoperiod
(Group 2) hinds recorded weekly from January until May 1983
(Green labels indicate adult hinds). For each hind the day
of first oestrus and any subsequent mating activity is
indicated by an arrow. The letter above each arrow denotes
the method by which mating date was determined: (M) = observed
mating, (P) = physical state of vulva, and (C) = crayon mark.
The profiles which were considered to show evidence of luteal
function prior to the first oestrus are indicated by an asterisk.
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tevels remained high confirming pregrnancy in all hinds
except hind nmo. #71 (Fig 4.4 which did not calve.
Etevated serum progesterone levels, indicative of lutea

=

activity (zee Materiale and Methods, Section Z.10) were
recorded prior to the day of first cestrus in eight of the
hindeg {four hinds in Group 1 and two hinde each in Groups 2

and 3. The data were too few to determine whether there

3
W

WA any effect of the treatments on the dates of these

elevations in progesterone.

4,7 GESTATION LENGTH

The mean gestation length of eleven hinds for which the

day of mating or ocestrus was cbserved was Z30.5+1.11

3

(8.6.m. ) dars. destation ltength wase not significantly

i

attected hy the treatments.

4.8 CALF GROWTH

b

& 21,

i

Al

The mean birth date of female caluves w cay
garlier (PL0.05) from shortened photoperiod and melatonin
treated hinde (n=4) than from control hinds (n=4). HMean
birth weight of female calves from the treated hinds
CEOH0,.24 Kg 2.e.ma) was not significantty ditferent to

that of female calves from control hinds {7.37+0.352 ko

e

S.eam.d. @t oall subeequent weighing dates the mean body
weight of female calves from the treated hinds was higher
than that of female calves from control hinds {see Fig 4.47
although the differences were not significant. Growth rate
for female calves (n=102) from birth until the final samplin

date at five to six monthe of age was 310+8.33 g’day

]

Q



o
(]

4S5

40

35

3e

25

20

BODY WEIGHT (kilograms)

15

i@

/ © TREATED
o CONTROL

'] 1 1 1 1 ] 1 L i 1 1 i 3 1 1 ] 2 1

tanelen s bpennboyngbaaoadoroatoyoelonrstonnalonreloraatlogaslogs

o Illl]llll|lllIlrIll[IIﬁr]1IlllIlr|llIl|lIrl[Illl|llIl[llll|lll

Fig. 4.6:

20 40 [=1-] 82 100 120 142 160 i8e
DAYS FROM 1 NOVEMBER
NOVv DEC JAN FEB MAR APR MAY

Mean (+ s.e.m.) body weights of female calves born from
treated hinds (Groups 2 and 3, n = 6) and from control
hinds (Group 1, n = 4) recorded from birth until

May 1984.



(meants.e.m.? whils

n=3) over the same period was 38020,

the growth rate for
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CHAPTER 3

DISCUSEI 0N

The present study was designed to determine whether the
onset of oestrous croles and mating could be advanced in
pubertal red deer hinds by treating them with shortened
daily photoperiods or daily melatonin administration during
tate ancestrus. Earlier calving would estabklish that such
prematurely induced cestrous crocles are fertile. Effects o
these two treatments on other seasonally tinked events such

s moul ting of summer pelage and decline in prolactin

seoretion durfng avtumn also were examined. It was assumsd
that any response influenced by melatonin treatment would
constitute evideonce For o role of the pineal gland in
sgasonal ity of red deer.

Lose of body weight which occurred in the hinds at the
start of the trial was probably due to the decrease in
grazing time combined with stress on the hinds arising +from
additional handling. However, supplemeniary feeding was
insgtituted which allowed the hinds to regain weight and so
removed any possibility of nutritional restrictions on
fertility.

Advancement of the calwing date to spring by use of
artificially reduced daily photoperiocds could be of major
bepnefit in the Farming situation becauss 1t would allow mor
gfficient matching of pasture growth to the nutritional

demands of the hinds. Shortening of the daily photoperiod

& 5

£

&
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can be achieved by shutting hinds in a darkened room but
they then require supplementary feeding. This could defeat
any advantage that the earlier calving would have on pasture
utiligsation., In comntrast melatonin administration need not
intertere with grazing nor create any need for supplementary
feeding.

This study has shown that the time of auvtumnal moulting
of pelage in red deer hinds can be advanced by an
artificially shortened photoperiod confirming simitar
findings of Kay and Ryrder (1%78). The ability of melatonin
adminietration to mimic the effects of a shortened
photoperiod on moulting of the summer coat indicates that in

‘this species the photoperiodic control of pelage change |

i

mediated by thé pineal gltand. This is consistent with the
gimitar shift in timing of pelage moulting in male
white-tailed deer which was achieved by Bubenil 1283 using
daily oral dosing with melatonin,

The autumnal decline in mean serum prolactin levels
recorded from all hinde in this trial iz simitar to that
also recorded from red deer hinde in M.Z2. by Kelly et _al.

1982y, Variable prolactin Jevels such as were recorded

i

during the Ffirst few weelks of thi

]

trial were possibly due
to the streseful nature of the initial blood sampling
sessions. Stresze such as that cavsed by venepunciture has
been shown to raise blood prolactin levels in cattle CRaud
gt al., %71y and goats (Hart, 12733, 1%t was noted

during the courszse of the situdy that the hinds soon b

T
]

afme
more tolerant of blood sampling but it iz probably unwise to

attempt to interpret the variable prolactin results obtained



hefore the animals had become accustomed to handling

stre:

&

i
il
]

The early decline in serum prolactin levels of hinds
exposed to a shortened photoperiod in this study confirms
the work of Brown et al, (199%) showing that the secretion
of thie hormone in red deer is under photopericodic control.
That daily meltatonin administration was as effective as &
shortened photoperiod for decreasing serum prolactin levels
strongly sugoests that photoperiodic control of prolactin
secretion in red deer is mediated by the pineal gland. This
iz also consistent with studies on sheep in which melatonin
administration lowered blood prolactin concentrations

A{Arendt et al,, 1981by Kennmaway gt _al., 1982a;

Kennaway et al., 18271983

The present study has shown that the onset of the
breeding season in red deer hinds s associated with Tow

serum pralactin tevels i

i
jedd

I
31

the case with sheep (Walton
et al,, 127%),. However, studies with swes have
eatahblished that arti%icia1iy decreased protactin levels
during anocestrous do not alter the onset of osstrous

crolicity (Land et _al, 1%80;

RN

chanbacher, %80, This
could also ke the case for red deer, but experimental
suppression of prolactin secretion in red deer hinds, such

as by treatment with bromocriptine during ancestrous, would

o

@

1

i

C

m
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ry to determine whether the early reduction in

‘}j

profactin levele recorded from hinde in the shortened

photoperiod and melatonin treated groups was a cadsal |

ot}
e
-
0
=

in their earlier onset of mating activity.

One hind (%51 which was exposed to a shortened
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photoperiod showed no sign of cestrus and did not calvue.
Thise might have been due to her being trapped, possibly for
some dave, in a narrow gap between a shed and a fence priar

to the trial. @Although she had regained much conditiaon by

2

the time treatments began the trauma and associated loss of

o

weight may have been sufficient to upset her reproductive
g¥etem. Consequently no significance can bhe atitributed to
her failure to produce a cald during this study.

While the age at puberty has been influenced by
artificial photoperiode in sheep {(Foster, 1%8la; Foster,

dies in which

| 2eg

1#81bY and white-tailed deer (Budde, 1%23), st
metatonin treatment was used fo advance the breeding season
ot sheep (Rennaway et al., 1¥82a; drendt gt al.,

1985 Knight, 1¥83a) and red deer (Mowalk 2t al., 1¥83)
have been confined to adult animale. The advancement of the
date of firet cestrus in pubertal red deer hinds in this
study achisved hy using shortened photoperiod and melatonin
treatmente suggests that the onset of puberty in this
species ie under phatQpEﬁiaﬁic contraol, mediated by the
pineal gland. Aleo, together with the findings of MNowalk

et al. (1983 it could mean that the onset of breeding

in red deer at puberty and the onset of the breeding zeason
in adults are both controlled by a similar mechanism.

In this study the use of meliatonin and the method used
ta administer this compound were based on two assumpiions.
Ore assumpticon was that deer have a diurnal szecretion
pattern of melatonin similar to that of sheep (Rollag &
Niswender, 19774 and catile (Hedlund gt al., 12772, 1.2,

with low blood levels during the day and elevated levels
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during the night. The other assumption was that the
afternoon injections of melatonin Cintramuscularly in
satfiower oil) would result in slevated melatonin levels in
bBlood, similar to those normally present during darkness,
and this elevation would persist from shortly after the time
of adminietration until the rise in endogenous melatonin
secretion occurred at dusky thue sxtending the daily
cduration of glevated melatonin levels in the blood and
thereby mimicking the effects of & shortened daily
photoperiod. In sheep this same procedurs has mainitained
bBload melatonin lewvels at or above normal night time levels
for at least six hours (MNett & Niswender, 1982). Based on
the firet assumption, placing binds in a darkened room for
sixtesn hours also would gxtend the daily duration of
elevated melatonin levels, although in these hinds this
would be achieved by stimulating endogenous secretion,
Aodvancement of the breeding season in deer achieved by both
of these treatments provided eome confirmation that the
assumptions made above were Justified and is congistent with

ed ewes in which an

n

resulits from a study with pingalectomi

£

increase in the daily duration of elevated melatonin levele
in blood dproduced by infusiony led to the onset of
reproductive activity (Bittman & Karsch, 1784). These

authors proposed that the duration of the night time

Ll

melatonin rise normally determines the reproductive respons
af the ewe, i.e. long duration stimulating reproductive
activity and short duration inhibiting reproductive
activity, and i the basis of the mechanism by which

different daily photoperiods alter other physiclogical



v
euents. The resulte of the present study indicate that this
may well be true for pubertal red deer hinds.

In the pubertal hinds the early onset of cestrus induced
by shortensed photoperiod or melatonin treatments led to
early calving., This confirmed that the early cestrous
crioles were fertile which s in agresment with studies where
adult sheep exposed to shortened photoperiods (Fraser &
Laing, 1%¥4%; Mewtorn & Bettse, 1¥72) or treated with melatonin
(Knight, 1%83a) had normal fertility at the induced
vestruges,

The degree of advancement of the onset of osstrus and
calwving achieved by the two treatments used in this study
‘was more marked when comparisons were made between puberital
hinde only, This is because two of the hindg in the control
group were adulte and had earlier dates of First oestrus

tmean 5 Aapr, Day 88+5.0 s.e.m.) than the three wearlin
P x g

Lt

hinds dmean 24 Apr, Dar 107,.2+47.% s.e.m.? in this group.
This result would be sxpected as the tendency for yearling
hinds to mate later than adulis has been described in the
Titerature (Mitchell gt al., 1981 Hamilton & Blaxter,
{#80y. Howewer the adult hinds in the control group also
had an earlier date of first osstrus than that calculated

(from calving dates) Ffor the main herd of adult hinds on the

Callege Research Farm (mean 18 apr, Day 100.9+3,40

Eil]

w@aMa 2 While this may sugoest some stimulation, possibly
pheromonal , of control adult hinds by the stags or the
treated hinds in the study, it ie unlikely because the
pubertal hindes in the control group did not calve any

earlier than would be expected for yearlings. [The control



vearlings valved on average seven dayse later than adults in
the main College herd, a resuli which is consistent with the
catving date difference {twelve dave) beiween yearling and
adult hinds reported by Bray and Helly (1¥F95.1 & more
TikKely explanation for the earlier date of first cestrus for
acdult hinds in the control group than adults in the main
herd is that the resumption of oestroug crclicity in the
case of hinds in the main herd was delaved by lactation.
Earlier conception and calving in non-lactating hinds
compared with lactating hinds has been reported previousiy
(Mitchell et al., 1973; Guinness et _al,, 1978b;
Mitochell & Lincoln, %733 Clutton-Brock gt al,.., 1282,
Mon=lactating adult hinds were included in this study mainly
to make up numbers. Since there was only one acult hind in
each of the two treated groups, it is impossible to make any
valid statement regarding the effect of these treatments on
the date of first cestrus in the adult animals,

it is conceded that the advancement of mating and
calving in pubertal hinds acgi@v@d here may not be directly
applicable to adults. Adult hinds usually would be
factating at the time of the treatment periocd in this trial
and Tactation mar impair fertility of red deer hindz (Loudon
et al,, 19832, aAlso melatonin treatment of acdult hinds
(Modealk gt al.., 1783 Failed to advance the cnset of
ovarian cvocles in the case of lactating animals.  #Although
the adult hinds in this trial were not lactating, they were
not ideal animais to incltude in the trial because they had
failed to rear a cald the previous year thus mabing them

dubious subjects for a reproductive study. Another factor
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is involution of the uterus following parturition, a process
which muet be completed bhefore concepiion is possible in
ewes tHafez, 1982, and which likewise may provide a finite
timit to advancement of the breeding season in adult red

deer hinds, However, the fact that calving can be advanced

153

in pubertal hinds means that i+ the interwval between
parturition and mating as adults the following year is of
normal Yength, there ig time for the effects of lactation fo
diminish hefore the onset of induced ocestrous crolicity.

Thise may eliminate lactation as an inhibitory factor to

advancement of the breeding season in adult hinds although

it

fur-ther studies would be required to establiseh thise point,

Frevwious studiee have reported a low incidence (Lincoln

o

% Guinness, 1¥73; Kelly & Challies, 1778 or even tended to
rulte cut (Limcoln et _al., 1%70; Guinness et al.,

1921 the occurrence of silent ovulations in red deer hinds

qs
-+
~

he start of the bresding season. However, serum
progestercne Tevels recorded during this trial prowvide
evidence of Juteal ftunction éhiuw to the first ocestrus in
many of the hinds (875133 not out of 15 because one hind

showed no signs of cestrus and one hind did not have blood

i

amples taken during the mating pericod) which must be
attributed to silent cvulation. In thie trial progesterone

was measured to detect i+ am ovulation had occurred and

5]

weekKly sampl ing was considered to be sufficient for this
purpogse . Further research is required to determine the
precise effects of shortened photoperiod and melatonin
treatment on the pattern of ovarian activity and occurrence

of siltent ovulations at the start of the breeding season.
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This would mean more animale for statistical reasons and
would require tame, #.9. hand reared, hinds to enable
frequent blood sampling to be carried out without stressing

the animals or interfering with mating activity, It i

11

i
5

possible that rees may interfere with determination of
Tuteal progesterone secretion since studies on white-tailed
deer have indicated that the adrenal gland may be a
significant source of progesterone (Wesson et _al., 1¥77;

Flo

b

ka gt al., 19832, In this trial high serum levels

of pragesterone occurred in some animals during January when
no luteal actiwvity would be expected and, as there was a
tong period of near baseline progesterone levels follawing

the at the startit of

s
-
il
-
=2
b
it}
Y]

HH

e peaks, it seems possible tha

the trial may ha ve been the cause of these early peaks.
This would indicate that caution should be takken when
interpreting luteal activity from blood progesterone levels
and that adoption of a critical progesterone value ae the

zole indicator of Tuteal aﬁtjuity te.g. enmolsSl, as used by
Flowalk et al., 1982) may lead to erroneous conclusions,

Im general serum progesterone levels recorded during the
present trial which were associated with lTuteal activity and
pregnancy were zimilar to values reported by other workers
CGuinness et al., 19713 Kelly et al., 1¥82). [During
pregrancy serum progesterone concentrati ﬁna Were more
variabtlte and higher in some animals than in others, as was
atso recorded by Kelly et al. ¢1%82) who sugoested that this
was due toa the wvariable number of corpora lutea present.,

The gestation lengith for red deer hinds of

220,541 .11 days reported in this study ie consistent

i



with earlier reports (Guinpess et al., 19713 Lincoln &
Guinness, 1%¥73; Guinness et al., 1978by Clution-Brock

et al., 1%82b; Kelly & Moore, 19772 and was not affected

by the treatments used here. In addition this confirme that
the mating detes recarded here actually correspond to
conception dates.

Due to the Tow number of male calves born (r=d) and the
higher birth weight and growth rate of male calves campared
with females (Blaxter & Hamilton, 19800, only the weights of
female calwves born in this study were used to compare the
effects of early caluving on the subsequent weight of calves.
Earlier calving gave the calwves from treated hinds about 22
‘dares of extra growth before calves from control hinds were
born. This transtated into a higher mean body weight

{although not significant?) of around 8 Kg above the calue

it

i

from control hinde, and this difference was maintained until

the end of the zampling period due to identical growth rates

in both groups of calves, Growth rates recorded between

L

233

birth and Five to six monthe of age (310 g day for female

L
i

b

calves and 380 gsday for male calveg) are slightly higher
than those reported by Eelly and Drew (19772 (287 osday and
218 grlday Ffor female and male calves respectively).

The tendency for earlier calving to lead to heavier
calves at weaning suggests that advancement of the breeding
season of red deer hinds may be of importance to the deer

farming industry, although further work is needed in this

i
3

o

aresa. Heavier stag calwes may mean increased Jvenison
production and in female calves heavier bady weights could

mean that puberty may he sufficiently advanced to occur in



sk

their first autumn. Puberty in red deer hinds in N.Z2,, at
abhout sixteen months of age, is earlier than in Scotland
where It occurs at two years of age (lLowe, 178%3 Mitchell,
1972 and this is mainly a result of the betier nuirition of
deer in M.Z2.. However, svidence of puberity occurring at
three to five months of age in calves grazing on high
proatein Tucerns and white—-clover pastures {(Daniel, 19430
sugoests that there may be scope for heavy calves to reach
puberty sven earlier than in the present experiment.
#lthough this study has shown that melatonin treatment
may have poterntial for advancing the calwing date of red
deer hinde, several other methods for achieving early
calving should be considered. Technigues which induce
reproductive activity in anocssirous ewes may be applicable
to red deer hinds. These methods include introduction of a
ram to ewss during late anoestrus (the z2o-called
"ram-gffect” which has been reviewed by Knight, 1%83b;
Martin, 1%842, administration of & progeetagen followed by
pregnant mare’s serum gonadotrophin (PMSGEY or other FBH-1Ike
material (reviewed by Thimonier, 1¥7%: Thimonier, 1¥81) and
trestment with LH tMchMeilly ¢t al., 12807 or
gonadoirophin-releasing hormone (GRRHY {(Haresign & Lamming,
1978 MeMatty et al., 1781 McocMatty et al., 19823
Mﬁﬂatiy gt axl., 1¥8B¢b; McCleod ef_al., 1%983; Wright
et al., 1983, Treatment with a progestagen Fallowed by

&

i1

3=

i

FHEG has been used in red deer hindes although its suc
foar advancement of mating ie difficult to azcertain because
few early calves have resulted from its use. Reports of

resyltes obtained o far (L. Adam, personal communication,

tn



reported alsoc in Rowett Research Institute Annual Report,

i

3

gy Moore, 1984) have not been published in the scientific
Titerature. Other methods for advancing breeding activity,
such as sarly introduction of the stag or administration of
either a gonadotrophin or GrRH, have noat been reported for
red deer but deszerve consideration,

Crogse—bresding with other species of deer which have
sarlier or less pronounced seaszonial breeding patterns may
provide an alternative means for achisving garly calving in

red deer. Fere David s deer (Elaphurus davidianus?

which mate considerably garlier than red deer have been

imported into M.2., reputedly with thiz aim in mind (Yereux,
'1?84}, Hybridisation bheltween these species I8 possible and
the resulting offepring apparently are Jertile {(Gray, 1%72).
However , al though Pere David's deer oo experience sarly

mating this trait may not necessarily Tead to early calving
in hybrid offspring i+ the 280 day gestation pericd of thie

species (Chaplin, 1977y {2 aleo inhsrited. Tropical specie

i

of deer which are closely related to red deer, +or sxample

sambar (Cervus unicalord or rusa (Cepuus

timorensisr, alsoc may e used in crass-—bresding
programmes to produce offspring capable of calwing at
different times of the wear. {This paossibility has been
discussed by Short, 1984.) In addition it should be noted
that these two species alsn are present in M.Z2..

The present study has indicated that melatonin
administration may prgvidé a practical method for adeancing
the calving date of red deer hinds and has highlighted the

need For further resesarch to investigate methods of



=
i

administration of melatonin and other techniques +for
modifving reproduction in red deer. Further experimentation

al

Hi

o is necessgary to determine whether the advancemsnt of
calwing date by about 30 daye achieved in this study
represgants the limit that can be attained in puberital red
deer hinds and whether this advancement can be achieved by

adult hinds.
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