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SUMMARY

The effects of immunization against luteinizing hormone releasing hormone (LHRH) and melatonin
were studied during autumn and winter 1989 in yeacling red deer stags initially aged 14 months and
weighing 90-96 kg. Four out of five stags immunized against LHRH and six out of cight slags
immunized against melatonin developed detectable levels of antibody titre. Immunization against
LHRH reduced plasma LH concentration and both delayed and reduceid weight loss associated with
the rut {autumn): however, it had no effect upon carcass weight and dressing-oul percentage was
slightly lowered. showing that non-carcass componenis had been aflecled. Immunization against
melatonin had no cfect either on weight loss during the rut or on the rate of liveweight gain during
winter and spring. Plasma concentrations of LH and lestosterone were not affected by melatonin
immunization: however, plusma prolactin concenlration was consistently, but non-significantly,

higher in immunized than control animals.

INTRODUCTION

Secasonal changes in [ertility in both male and female
red deer are mediated by changes in the secretion of
the gonadotrophic hormones, lulcinizing hormene
(LH) and foflicle-stimulating hormone (FSH), [rom
the anterior pituitary gland. These changes are
themselves regulated through the secretion of luteiniz-
ing hormone releasing hormone (LHRH) from the
hypothalamus. The increase in LHRH pulse lrequency
and amplitude constilutes the *drive” to the repro-
ductive system causing the resurgence ol gonadal
activity. leading to mating and conceplion occurring
during the rut. Factors governing the release of
LHRH [rom the hypothalamus are poorly under-
stood. although there is evidence that the pineal gland
is involved in the photoperiodic control of repro-
duction through its secretion ol melatonin (Lincoln
1985).

In New Zealand., red deer have their rutting season
in the antumn, lasting 65 days from March to May
(Fennessy & Milligan 1987). In temperate deer speeics
the rut marks the change from the growth phase in
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summer to growlh stasis in winter. When LHRH
activity is blocked by active immunization, thus in
effect crealing temporary castrales, there is no
breeding season (Boll 1971 ; Lincoln 1985). Following
caslration there is no seasonal rulling behaviour in
red deer stags (Lincoln 1971). Ryg & Jacobsen (19824}
reported loss of weight in intact male reindeer during
the rulting season, whereas the weight of castrates
was stable during this period.

In red deer, the secretion of melatonin from the
pineal gland during the hours of darkness entrains
seasonal reproductive rhylthms with annual photo-
period. The effect of melatonin is medialed by LHRH
secrelion [rom the hypolhalamus (Lincoln et al
1984). Since melalonin appears lo influence the
secretion of LHRH, active immunizalion against
melatonin may modify the secretion of LHRH and
thus reproductive aclivities.

The effect .OF aclive immunization against LHRH
and melatonin upon the liveweight gain (LWG) of 15-
month-old red deer {Cervus efaphus) stags during the
breeding season and the flollowing winter was in-
vestigaled. Animals of this age normally undergo a
growth stasis for the following 5 months. Active
immunization against LHRH can be regarded as a
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temporary immuno-castralion; immunizalion against
LHRH and melalonin were examined as polential
means of reducing this growth stasis.
MATERIALS AND METHODS
Vaccination, weighing and blood sampling procedures

Two groups of | 3-month-old red deer {(Cervus elaphus)
stags (25 in (otul) were grazed together on perennial
ryegrass/white clover pasture at Massey University,
New Zealand [rom January 1989 onwards. For the
anti-LHRH cxperiment, five of the 13-month-old
stags (96-4+304 kg initial liveweight; LW s}
received a primary subcutaneous injection (1 ml on
either side of the neck) of LHRH unligen conjugated
to ovalbumin in DEAE-dextran adjuvant in oil base
on 17 January. One ml of (he vaccine was composed
of 5mg antigen in &5 ml adjuvant and 0-5 ml
physiological saline. Booster injeclions of the same
volume {2 ml} were given on 28 February. Another
five red dcer stags of the same age (90-9+1-16 kg
initial LW) did not receive any injeclions and served
as a control group.

For the unti-melatonin experiment, eight 13-month-
old red deer stags {89:9 +1-58 kg initial LW) that had
previously received subcutaneous injections (1 ml on
cither side of the neck) of a S-methoxy-tryplamine
hemi-succinamide: human serum albumin conjugate
in Freund’s complete/incomplete adjuvant in March,
June and July 1988 were vaccinated on 17 January.
Each ml of vaccine comprised 0-5 mg antigen, 05 ml
Freund’s incomplete adjuvant and 0-5ml physio-
logical saline. Further booster injections of the same
volume (2 ml) were given on 27 January and 25 May,
1989. Another seven stags of the same age
{9494+ 1-99 kg inilial LW}, that had not been pre-
viously immunized, did not receive any injections and
were used as controls.

Every 3 wecks, starling on 28 February 1989 until
slaughter, the stags were injected i.m. with 20-30 mg
xylazine (Rompun; Bayer, NZ) to cause mild sedation,
and were weighed. Jugular blood samples were
collected in 10 ml vacutainers using Na heparin as
anticoagulant and were kept on ice. They were then
centrifuged at 4°C, 1850 ¢ for 20 min to obtain
plasma for measuring anti-LHRH and anti-melatonin
anlibody titres and for hormone assays. Each plasma
sample was stored at —20 °C in five | ml lots.

The anti-LHRH group was sent {or slanghter at the
Feilding Deer Slaughter Premises (DSP) on 13 July
1989 and the anti-melatonin group was slaughtered
on 15 December 1989. At the DSP, the carcass
weights (kg), carcass GR tissue depth (mm) and rump
fat width (mm) were recorded and testes were weighed.
GR was measured as the depth of soft tissue over the
12th rib at a distance of lé6cm from the carcass
midline as un index of carcass fatness (Kirton [989).
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Labaratory analyses

Antibody titre determinaiion

Anti-LHRH antibody titre was measured by the
procedure outlined by Abraham (1974) using
[***T]JLHRH as ligand, which was prepurcd by the
method of Djura & Hoskinson {1986). The antibody
titre is defined us the dilution of antiserum which
bound 50% ol the ["ILHRH available und is
expressed as a reciprocal.

Anti-melalonin antibody titres were delermined as
the dilution of plasma necessary to bind 10 pg of
[*Hlmelatonin/ml when 20 pg of [*H]melatenin/mli
was available. The results were expressed as titres as
reporied by Abraham (1974).

Haormone assays

LH concentrations were determined using a hetero-
logous radioimmunoassay procedure described for
sheep plasma by Scaramuzzi er af. (1970) and validated
for deer plasma (Asher er af. 1986). The intra-assay
coefficients of varialion for multiple determinations,
calculated from determinations of red deer control
plasma samples, was 11-4%. All samples were
included within a single assuy. The smallest detectabte
amount was 348 ng/ml.

Plasma teslosterone concentrations were deter-
mined using an extraction radioimmunoassay similar
to that described by Peterson er af. (1978), bul
omitting the chromatographic slep used 1o separate
androgens. The inter-assay coefficients of variulion,
calculated from determinations of low (mean
concentrations = [-28 ng/ml) and high (9-30 ng/ml)
red deer control plasma samples in each assay {71 = 5)
were 21-7 and 13-1% respectively. The intru-assay
coefficients of variation [or mulliple determinations
of the same control samples were 131 and 8-8%
respectively. The smallest detectable amount was
01 ng/ml.

Prolactin was determined using the method of van
Landeghem & van der Weil (1978) as modified by
S. W. Peterson er af. (pers. comm.) and validated for
red deer plasma (S. N. McCutcheon, pers. comm.).
The first antibody against ovine prolaclin was raised
in rabbits. The antiserum was supplied by the National
Institute of Arthritis, Diabetes and Digestive and
Kidney Diseases, Bethesda, USA, in association with
the National Hormone and Pituitary Programme,
University ol Maryland Schoaol of Medicine, Balti-
more, USA. It was stored lrozen at a 1: 100 dilution
in assay buffer and was lurther diluted o 1:40000 {or
the assay. Rabbit gamma globulin was added 1o the
first antibody mix (o provide | pg per assay tube 1o
facilitate formation of the antibody pellel. The second
antibody was a donkey anti-rabbit precipilating serum
(IDS Gamma-B precipitating antiserum for radio-
immunoassay, Washinglon, Tyne and Wear, UK).
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The dilution range for the ovine reference slandard
was [-1200 ng/ml. The inler-assay coeflicienl of
variation was 14:0% and the intra-assay coefficient of
variation was 9-1%, with the smallest delectable
amounl being 0-2 ng/ml.

Statistical analvses and caleidation of dora

The experimental data were analysed using General
Linear Models (GLM). LWG (g/day) during the rul
season was calculated lor the 65-day period from 22
March to 25 May. Winter LWG (g/day) in the anti-
melatonin experimentl was calculaled for the 85-day
period from 25 May to 18 August and spring LWG us
the 118-day period from 18 August to 14 December.
In all cases, liveweight al the start of the rut (22
March) was used as a covariate. Least squarcs means
were used to test the differences between Lrealmenls.
Carcass weight (kg) was analysed using initial
liveweight (22 March) as a covariale, whilst rump lat
width and carcass GR tissue depth (mm; Kirton
1989) were analysed using carcass weight as a
covariale.

RESULTS
Anti-LHRH cxperiment

Eighty percent ([our out of five} of the stags vaccinaled
with the LHRH anligen gave a significant anu-
LHRH antibody response (> 1:140; designaled
responders). The antibody titres peaked in April at
1:694+23] (mean+5.E.), declined slightly by early
May and remained at an average of 1:5204+52
throughout the remainder of the experiment (Fig. 1).

Mean plasma LH concentrations for immunized
and control stags are shown in Fig. 2a. LH concen-
trations for the immunized group were generally
lower than those for the control group. with the
difference atlaining significance in late May
(P <003). Plasma (testosterone concentralions
(Fig. 2b) declined from March to May, with the
immunized group having lower concenlrations in the
earlier stages. although the differences did not attain
significance (P > 0-05).

Mean liveweighls at the start of the rut (22 March)
were respeclively 98-d kg (sE 343) and 947 kg
(s.e. 1-30) for immunized and control stags. The anti-
LHRH vaccinated group pained weight slightly
(Il g/day) during the rut period (Table 1), whilst the
contrel group lost weight (—55g/day; P < 003).
Both groups continued lo lose weight in the post-rut
period, with weight loss appearing to be greater for
the vaccinated group (P > 0-05). However, overall
weight loss was less for the anti-LHRH vaccinated
stags (P =0-13). Carcass weight was similar lor the
two groups. and similar values for rump lat width,
testes weight and GR were recorded for both groups.
Dressing-out % was slightly lower for the vaccinatled
group than for the control group. Values presented in
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Tables | and 2 refer (o all immunized deer; removing

slags thal had no detectable antibodies did not affect
liveweight change in cither experiment.

Anti-nwelatonin experiment

Seventy-five percent (six oul of eight} of stags
vaccinated with the anti-melatonin antigen showed
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Fig. I. LHRH antibody response in [3-month-old red deer
slags given lhe primary immunization on |7 January 1989
and a booster immunization on 28 February. Mean values
for the four animals giving anti-LHRH titre, oul of five
unimals (reatled. Bars represenl 5.E.
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Fig. 2. Effect of immunization against LIIRI on plasma
concentrations of (a) luleinizing hormone (LH) and (b)
testosterone. Conltrol deer ((3); immunized deer (@). Mean
values for all five deer per proup. Bars represent s.E.
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Fig. 3. Melatonin antibody response in red deer stags given
boosler immunizitions on 27 January 1989, aped 13 months,
and on 25 May [989, aged 17 months. All had previously
received immunizations against melatonin during March,
June and July of 1988. Mean values [or the six animals giving
anti-melatonin titre, out of eight animals treated. Arrows ()
indicate first sand second baoster immunizations. Bars
represent s.E.

detectable untibody tilres. The meuan antibody tlitres
of the responders peaked in Febroary at 1:12724-411
{(mean+s.k) and declined to 1:486+97 in April
(Fig. 3). It rose again to 1:917+£98 in May and
stabilized close to that value for the remainder of the
experiment.

Plasma concentrations of LH and testosterone
declined during the March to May period (Fig. 4),
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Table 1. Effect of inmumization against LHRH upon

liveweight gain (g/duvy of yearling red deer siags

during the rur (22 March-235 Muoy) and posi-rur (26

May— Julv) seasons 1989, and on carcass camponenis
{13 Jul) in New Zeuland

LHRH
Control  immunized  SE.

MNumber ol stags 5 5 —
LWG (g/day)

Rut —35 11 187

Past-rul -4 —46 19

Overall —35 -11 47
Carcuss dala

Curcass weight (kg) 535 530 o4

Dressing-out (% 573 339 038

Rump fiut cover (mm) 1052 1028 539

Testes weight (g) 78-5 740 312

GR tissuwe depth (mm) 34 30 045

there being no significant effect due to immunization
against melatonin (P > 0-03). Plasma prolactin con-
centralions were consistently higher for immunized
than for control animals (Fig. 3), bul due 10 the
varialion encountered, the difference did not attain
significance.

Mean liveweights at the start of the rut (22 March)
were respectively 93:3 kg (s.E. 1-48) and 979 kg
(s.E. 2-30) for immunized and control animals. There
was no significant difference in Lhe growth rates of
anti-melatonin vaccinated and control groups during
the rut, during winler und during spring (Table 2).
Carcass weight, dressing-out %, lestes weight and
GR for both the immunized and the conirol group
were similar {Table 2; P > 0:05). Rump fal width for
immunized deer was lower (P < 0-05) than lor control
deer.
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Fig. 4. Effect of immunizaticn ugainst melatonin on plasma concentratlions of (¢) tuteinizing hormone (LH) and t#)
teslosterone. Conltrol deer (Q); immunized deer {@). Meun values for ull seven control aunimals and all eight animals

recetving anti-melalonin immunization. Bars represent s.E.
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Fig. 5. Effect of immunization against melatonin on plasmu
concentration of prolactin. Control deer {Q): immunized
deer (@). Mean values for all seven control animals and all
cight animals receiving anti-melatonin immunization. Arrow
(1) indicales second booster immunization. Bars represent
S.E.
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Table 2. Effect of innnnnization against melatonin upon

liveweight gain (g/duy) of vearling red deer stags

during the rue (22 March=25 AMav), during winter (26

May—I8 Awgust) and during spring (19 Augusi—{4

December) 1989, and upon carcass components (15
Decenther} in New Zealand

Melalonin
Control  immunized  S.E

Number of stags 7 b —
LWG (g/day)

Rul season -3 -2 27-8

Winter 57 60 19-0

Spring 141 151 153

Overall 72 76 [0-9
Carcass data

Carcass weight {kg) 6l0 641 1-39

Dressing-out (%) 551 558 031

Rump fat width (mm) [21-3 1141 [-87

Testes weight (g) 99-0 95-1 078

GR tissue depth (mm) 62 66 0-59

DISCUSSION

Anti-LHRH experiment

Antibody titre values were lower (1:173 Lo 1:1349)
than thosc measured on fallow deer in Australia using
a similar antigen ([:2380+452: R. M. Hoskinson,
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pers. comm.). They were also lower than the mean
value of {:10867+7224 recorded for Lhree red deer
slags by Lincoln et af. {1984), which was associated
with a total block of the seasonal reproductive
developmenl induced by (reatment with melatonin
implants. Antibody titre values for individual stags in
the present experimenl were nol correlaled with their
individual rates of body growth.

The weight loss shown by control stags during Lhe
rut season was consistent with other reports {Lincoln
1971; Pollock 1975; Sullie & Simpson 1985) and
occurred despite the stags being too young Lo exhibit
adult rutting behaviour (Lincoln & Guinness 1973)
and not being in contact wilth hinds. Immunizalion
resulted in a small gain in liveweight over the rut, in
agreement with the findings of Ryg & Jacobsen
(1982 q) with reindeer, who castrated six yearling male
reindeer in spring and compared the weigh! gain and
food intake wilh Lhose of intacl males. The inlact
reindeer lost weighl during late Seplember and early
October, coinciding with Lhe seasonal testosterone
peaks, whereas the weights of the castrates were
stable. Weight lesses in the post-rul period suggest
that anti-LHRH immunizalion in this experiment
resulted in a delayed rul, with the overall weight loss
being slightly reduced.

The main response to immunization would appear
{0 be in non-carcass components, as the trealment
had no efect upon carcass weight but lowered dressing
out %. Drew er al. {1978) reported that castration at
5 months of age reduced growth and increased latness
in red deer stags slaughtered at 16 and 27 months of
age. However, no effects upon fatness were found
from anti-LHRH immunization, possibly due to the
short term nature of the immunocastration, which
was aimed at the rul period only.

The primary vaccinalion was given on 17 January
{mid-summer), al a time when the seasonal plasma
concentration of LH in red deer stags was highest
{75 ng/ml; Fennessy ¢f al. 1985). Freudenberger
et al. {1991) commenced Lheir vaccinalion sequence in
Seplember (early spring), ¢. 6 months before the onsct
ol the rut, and reported heavier liveweight and carcass
weight in yearling stags immunized apainst LHRH.
Hence, the vaccination scquence may have been
commenced too latc in the present experiment.

Anti-melaronin experiment

Sevenly-five percent of the stags vaccinated with the
melatonin anligen gave an anti-melatonin antibody
response, with antibody titre values ranging between
1:210 and 1:3167. The mean titre value at its peak in
February (1:1272+411: mean +8.E.) was lower than
the peak value of [:3479+ 1200 recorded by
McConnell er al. (1987) in the tammar wallaby
{Macropus eugenii) using a similar antligen. Antibody
titres recorded for individual stags within the
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vaccinated group were nol correlated with growth
rates. The vaccinaled animals did not grow [aster
than the control animals. However, Duckworth &
Barrell (1989} reported that red deer stags immunized
against melatonin were 7-10% heavier than their
controls between 9 and 11 months of, age and al 16
and 20 months of age (ie during late*winter/spring).
Duckworth & Barrell (1989) commenced the vac-
cination sequence al birth, whereas, in the present
trial, the vaceinatlion sequence commenced at weaning
{3 months of age). Elsewhere, il has been shown that
commencing the vaccination sequence at birth in red
deer leads to much higher anti-melatonin titres than
those reported here (Ataja e al. 1992).

Mean plasma prolactin concentrations of the
control group showed typical auwtumn/winler low
levels after a decline from peak concentrations during
mid-summer, as reported by Barrell er af. (1985). The
mean levels in the immunized group tended (o be
higher than those of the control group, although the
difference did not atlain significance. As prolactin
injections during winter have been shown 1o increase
voluntary feed intake (VFI) and LWG in young male
reindeer {Ryg & Jacobsen 19824) and in young male
red deer (Suttie & Corson 1991}, this would have been
expected to increase the VFI and LWG of the
immunized slags. Furlher experimentation is required
in this area.

The anti-melatonin vaceinated and control groups
showed similar growth patterns, losing an average of
33 g/day during the rut season and gaining an average
of 59 and 146 g/day, during winler and spring
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respectively. This slow growth rate results in very
ineflicient venison production. Ataja et af. (1992)
achieved growth rates ol 145 g/day in winter and
225 g/day in spring, which enabled weaner red deer
stags Lo attain the desired liveweight of 92 kg (>
50 kg carcass), so that they could be slaughtered at 12
months of age.

The lack of effect of the anti-melatonin treatment
on dressing-oul % and GR may be explained by ils
failure to change LWG in the present study. However,
as the vaccinated stags had lower rump [lat widih
(P < 0-05) than the control group and had heavier
testes weighl in another study (Ataja er af. 1992), it
may be that immunization had aliered the paulern of
seasonal cycles. This should be investigated in luture
sludies.

Milne er of. (1990) showed that oral melitonin
administration advanced peak VFI in non-laclaling
red deer hinds by 14 days, but the seasonal patterr
remained the same as lor control animals. Thus it is
possible that the VFI and bodyweight rhythms are
endogenous in red deer, although they may be
modified by immunizations of the type used by
Duckworth & Barrell (1989).

We wish lo acknowledge the technical assistance
provided by the staff ol the Nutrition and Physiology
Laboratories of the Department of Animal Science,
Massey University. G. Asher of MAF, Ruakura,
New Zealand performed the radioimmunoassay of
LH and testosterone. H. Varela-Alvarez gave stat-
istical advice.

REFERENCES

ApranaM, G, E. (1974). Radicimmunoassay of steroids in
biological  materials.  Acta  Endocrinologica 183
(Supplement), 7-42.

AsHER, G. W., BarreLL, G. K. & PeTerson, A.J. (1986).
Hormonal changes around oestrus of farmed lallow deer,
Dama dmma. Journal of Reproduction and Fertifity 78,
487496.

ATala, A, M., WiLson, P. R., Barry, T. N, HobGson, I,
Hoskinson, R M., Parker, W.J. & PURCHas, R. W,
(1992). Eurly venison production from red deer {(Cervies
elaphus}as aflected by grazing perennial or annual ryegrass
pastures, pasture surface heighi and immunization against
melatonin, Journal of Agricutiural Science, Cambridge
118, 353--369.

Barrerr, G. K., Mur, P.D. & Svkes, A. R. (1983).
Seasonal profiles ol plasma testosterone, prolactin, and
growlh hormone in red deer stags. In Biology of Decr
Production {Eds P.F.Fennessy & K. R. Drew},
pp. 185-190. The Royul Socicty of New Zealund Bulletin
22

BoLt, D.J. (I97l). Changes in the concentration of
luicinizing hormene in plasma of rams following ad-
menistrzlion of oestradiol, progesterone or testosterone.
Journal of Reproduction and Fertiliry 24, 435-438.

Diura, P. & Hoskinson, R. M. (1986). Radioiodination of

somatostatin analogues employing Sep-Pak rapid sample
purification and label assessment by high-performance
liguid chromatography. Jourrnal of Chromatography 363,
424437

Drew, K. R., FENNESsY, P. F. & GREER, G. J. (1978). The
growth and carcass characteristics of entire and castrate
red slags. Procecdings of the New Zealand Sociery of
Animal Production 38, 142-144,

DuckworTH, J. A. & Barrerr, G. K. (1989). Effect of
melatonin immunisation on the liveweight pain ol red
deer. Procecdings of the New Zealand Socieiy of Animal
Production 49, 20-34.

Fennessy, P F. & MiLLigas, K. E. (1987). Grazing man-
agement of red deer. In Livestock Feeding on Pasaire (Ed.
A. M. Nicol), pp. 111-1E8. Occasional Publication 10.
Ruikura Research Centre, Hamilton, New Zeuland: The
New Zealund Society of Animal Production.

Fennessy, POF., Surtie, ). M. & Fisner, M. W. (1983),
Reproductive physiclopy of male red deer. In Procvedings
of « Deer Course for Vererinarians, pp. 101-106.

FREUDENBERGER, D). O., Wison, P. R., Barry, T.N. &
PurcHas, R. W.{1991). The effects of temporary immuno-
logical castration upon yearling red deer stags. Proceedings
of the New Zealand Society aof Animad Produciion 5,
63-66.



Inmunization in deer

KIRToON. A. | ¢1989). Principles ol ¢lassification and grading.
In Mear Production and Processing (Eds R. W. Purchas,
B. W. Butler-Hogg & A.S. Davies), pp. [43-153.
Qccasionil Publication 11. Ruakura Research Centre,
Hamilton, New Zealand : New Zealand Society of Animal
Production.

Likcoun. G. A. (I971). The seasonal reproductive changes
in the red deer slag (Cervus elaphus). Jowrnal of Zoology
163, 105--123.

LincoLs, G. A, (1985). Seasonal hreeding in deer. In Biology
of Deer Producrion (Eds P. F. Fennessy & K. R. Drew),
pp. 165-179. The Royal Society of New Zealand Bulletin
)

Lincows. G. A, & Guiskess, F. (1973). The sexuul
significance of the rut in red deer. Journaf of Reproduction
and Ferrifity: 19 (Supplement). 475--389.

Lincoun, G. A.. FrRaserR. H. M. & FLetcuer. T. ). (1984},
Induction of early rulting in ale red deer {(Cervus
elaphus) by melalonin and its dependence on LHRH.
Janrnal af Reproduction wmad Feriiling 72, 339-343.

McConnELL, S.J.. Newwman, R. E. Hoskinson, R. M.,
Corcan, L. & Romiwson. E. (198T). Effect of aclive
immunization against melatonin on seasonal reproduction
in the tammar (Macropus cugenii). Proceedings of the
Austrafian Svciety for Reproductive Binlogr 19, 71,

Miuse. )L AL Louvpon, AL S. L. S1sBaLD, A, M., CURLEWIS,
1. D. & McNEILLY. A. S. {1990). Effects of melatonin and
a dopamine agonist and antagonist on seasonal changes in
voluntary intake. rteproductive aclivity and plasma
concenirations of prolactin and tri-iedethyronine in red
deer hinds. Journal of Endocrinelogy 125, 241-249.

PeETERSON, AL T, Faircrovan. R.J. & Swate. L F. (1973).

w

Radicimmunoassay ol androstenedione and testosierane
in cow plasma al Lhe Lime of luteolysis and ocestrus.
Journal ef Roproduction and Fertility 52, 127-129.

PoLLock, A. M. (1975). Seasonal changes in appetite and
sexual condition in red decr slags maintained on a six-
month pholoperiod. Journal of Physiology (Lodon) 244,
95-96P.

RyG, M. & Iacousen, E. (1982a). Eflect of castralion on
growth and food intake cycles in young male reindeer
( Rongifer taramdus tarandus). Canadign Journal of Zoology
60, 942-945,

Ry, M. & Jacossen, E. (19828). Elfects of thyroid
hormenes and pralactin on food intake and weight changes
in young male reindeer (Rangifer larandus tarandus).
Cunadian Journal of Zoology 60, 1362-1567.

Scaramuzzn, R. 1, CALDWELL, B. V. & Moor, R, M. (1970).
Radisimmunocassay of LH and estropen during the estrous
cycle of the ewe. Biology of Reproduction 3, 110-119.

Surnec, J. M. & Corsown, I Db (1991). Decr growth and
productian. In  Proceedings of a Deer Conrse for
Veterinarians, No. § (Ed. P. R. Wilson), pp. 53-67. New
Zenland Veterinary Association Deer Branch; Massey
University, New Zealand.

Surmnie, J. M. & SiMrson, A. M. (1985). Photoperiodic
conltrol of appetile, growth. antlers, and endecrine slatus
of red deer. In Bislogy of Decr Production (Eds
P. F. Fennessy & K. R. Drew), pp. 429-432. The Royal
Society of New Zealand Bulletin 22.

vAN LANDEGHEM, A. A. J. & van DER WEIL. D. F. M. {1978).
Radivimmuneassay [or porcine prolactin: Plasma levels
during lactation, suckling and weaning. and after TRH
administration. Aecta Emdocrinelogica 88, 653-667.



