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Abstract The principle cue entraining circannual
environmental rhythms and reproductive function
in red deer is photoperiod, but other factors probably
play important roles in modifying seasonality.
Examination of calving records of untreated, first-
calving hinds over a 10-year period revealed year-
to-year variation in the mean calving date. Most
variation was due to individual hinds, however a
significant (P < 0.05) influence of the mean
minimum temperature during the early rutting
period on calving date was apparent with colder
temperatures associated with slightly earlier mean
calving dates.
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INTRODUCTION

In many farm animals, the major environmental
determinant of reproductive seasonality is probably
photoperiod (see Karsch et al. 1984; Ortavant et al.
1985). However, a number of other variables have
at least the potential to modify or interact in the
control of seasonality, namely food, temperature,
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and social interactions (see Haynes & Howles 1981;
Bronson 1989). Within red deer, for instance,
photoperiod (Webster & Barrell 1985), and social
interactions (McComb 1987; Fisher & Fennessy
1990; Fisher et al. 1995) can determine the timing
of the onset of puberty and seasonal reproduction.
Another environmental variable is ambient
temperature, and its effects on the timing of the
onset of the breeding season has been recorded in
sheep, cattle, and horses (Dutt & Bush 1955; Dale
etal. 1959; Godley et al. 1966; Lees 1971; Robinson
& Karsch 1984; Guerin & Wang 1994). While there
is apocryphal evidence, indeed a belief commonly
held among deer stalkers, that cold nights during
the rut result in intense sexual activity in deer
(Whitehead 1993), an effect of temperature on red
deer reproduction has yet to be documented. In the
present study, retrospective analysis of the yearly
variation in mean calving dates of young hinds
suggests that ambient temperature might also
modify seasonal reproduction in farmed deer.

MATERIALS AND METHODS

The calving dates of several groups of hinds at
Invermay were collated for 1984—85 and 1990-93.
All animals were pasture-farmed yearling (15 to 16-
month-old) red deer (Cervus elaphus scoticus)
hinds, that were mated to adult stags. The animals
comprised the control or untreated hinds in
experiments designed to monitor the onset of, or
induce earlier breeding, and consequently, earlier
calving (see Table 1 for treatments applied to the
hind herd mates of the control animals).

Stags were placed with the hinds in one to four
mating groups or mobs per year (one stag per mob),
at varying times each year (see Table 1), but in all
years were removed in mid to late May. Live
weights of hinds were recorded between 8—18
March each year, and in March (the time of the onset
of the rut on Invermay) air temperature data were
obtained from Invermay records (within 2 km of
the deer farm).



306 New Zealand Journal of Agricultural Research, 2002, Vol. 45

8 <. ~21 Dec
SE =
S2% - =
=90 = I <
oS —
223 o5 — 350 - ¢
T o< =~ 3
B Sz - :
=R &) - - =
o © \oxooooolmvsg* A
S el O | XXX ¢ =5 n
T oz §|222222g 5 5 -
> 2 o S TG L e -
RN Sla=2"d==S=525 =~
k=16) R GGG G R A )
SE %5555 D BIES =
Egf EEEEEEEES S 340
= S SScocoo o= =
S o LIELABALLE LG >
2= £ LELLE DL S < =
=05 3]
IR — -
g = g ;g = =1 Dec
5 g < 2
9] O = P4
a9 i=]
xEE e 3
O g = [~ 8 [ ]
Q
=59 = 3 o 330 = T T T 1
= o < =}
[ he] R=
> 0 Q =2 =
L= 5 = as! S % 6 7 8 9 10
2 g = v 5 3z . :
=5 = = _g % z:é < 'g: Mean mimimum March temperature (°C)
PR=! =9 O g o
o X I O O O PN
=R B~ T e > . ..
=2 o &—0 9} ©] 8 3 P Fig. 1 The effects of the mean minimum temperature
o & S g s E S873 during the early rut (March) on calving date in first-
SRl é T | M~z calving red deer hinds. The calving data are shown as
s 00 go g g=A the mob groups (@), on which the regression line was
=2 ES|868 ST P
2 S SS| 828858 =I5 calculated, and the mean for each year (O).
12 SS|88ZgEE o3z oo
2 !L “E|®2%200 0 2
ZSg | FU85255285¢
322 SEEsZEERS
255 A Z A Z
< . .
8258 Weighted (for the number of observations)
E5¢ £ 183z E282T | regression was used to fit a straight line to the
= o~ A AN SR i 2] . . .
-3 e TS | o=~ — 3 relationship between the date of calving and the
o3 5 S | HHHHHHHHH S - March d b
E-E 0B |NwoCaw—wa T mean minimum March temperature and mean mo
883 5 SRR s o _ag I}Ve we.lght of l'llI.ldS. Since qtl}q variables (hind
2 2 i o live weight at joining, date of joining, mean date of
- - o . . . ..
E=% § o= calving for each mob, and date of first individual
2% S | lving hind i h mob) could potentially affect
SRE) - e o ous |7 calving hind in each mob) could potentially affec
< B eh 5B g < . .
Py o £ |SS pe<Sdsy o the time of calving, they were also added to the
9 0~ == o0 0 =] ;
8 52 858 3Q%§Q~ Qg |2 analysis.
723 [ \O oy
L =T - 1A
= <
S5 20 “ 15
ST g — 2
o Q2 P} RESULTS
o Z = S [NV 0o NO |
g4 -3 | = . . .
Z o'y = Over the period 1984-93 calving in untreated hinds
= =
% = 7‘: 22238883838 % ranged from 19 November to 27 December (mean
< S g .
5 9o afal AalalayayaRalyny calving date, 6 December equivalent to a mean date
> [} q . . . .
ge& e Ql 8| 21‘\ 8| Rl LT 3 \N? gl = of conception of 18 April). There was a significant
=0y Sltzdztrzzz £ (P <0.05) relationship between the mean minimum
< 22 ~ o~0 ©Ooo0oo0o0C|®
S3° 2 2 ZZZZ | <= March temperature (mean 7.7, range 6.3-9.8°C) on
- g @z o~ o L~ . . . .
S8 N A A= |2 calving date (Fig. 1), with colder temperatures being
S8 4 . A . . .
2o% g 5 associated with earlier calving. The date of calving
E2<5 =
>89 on Vo> Voooo|® (days from 1 January) = 317.49 + 3.10 X temper-
HMEE Sug|0200 2000903 s .
;3.5 e k| g fAz A @ g Al ature (°C). None of the other variables were
B |O 2Ty Bv=Eov e significant, though the mean date of calving for the
w5 5 é = mob just failed to attain significance, suggesting a
_—g 22 o 5 § § § g § § é § ‘é” é possible influence of the stag independent of
=S Ex = 222222 | K ambient temperature.



Fisher & Johnstone—Temperature and calving in red deer

DISCUSSION

Pubertal red deer hinds on the Invermay farm
routinely calve during the month of December, a
pattern evident over several seasons in the present
study and continuing earlier observations (G. H.
Moore unpubl. data). Even though there is some
variation between years and locations, early summer
calving is apparent in red hinds, whether on farms
(Blaxter et al. 1988; Asher & Fisher 1991), in zoos
(Fletcher 1974) or in the wild (Clutton-Brock et al.
1982), and is retained on those farms where seasonal
nutrient supply would better suit an earlier spring
calving. This suggests that the control of seasonality
is predetermined, or that the animals favour, or are
predisposed to, birth in early summer because of
environmental factors other than pasture nutrient
supply.

Nevertheless, there is evidence in the present
study for minor variation between years, a pattern
also noted by Blaxter et al. (1988). The source of
this variation is unknown, although undoubtedly a
component is due to variation between animals
within years. Although in the present study, we were
unable to control or standardise variables such as
nutritional status, body condition, hind:stag ratios,
stag age (although all were adult) and behaviour,
and possible interactions (behavioural, pheromonal,
auditory, etc.) between treated and untreated
hinds, there was clear evidence suggesting that
some variation could be related to ambient
temperature during the breeding season. The
mean time of calving was altered by 3 days for
every 1°C change in mean minimum air temper-
ature during March.

Ambient temperature might have this effect via
pasture/nutritional conditions, or may merely be an
indicator of some other climatic variable. For
instance Audige (1995) suggested that sunshine
hours and ambient temperature influenced the
timing of conception in hinds partly via an influence
on pasture clover growth. Ambient temperature
might also affect the behaviour of the animals, as
the commonly held belief about cold and the rut
suggests (Whitehead 1993). The presence of the
stag, and even just his roaring, can influence the
timing of onset of the breeding season in hinds
(McComb 1987; Fisher & Fennessy 1990; Fisher
et al. 1995). While there are thus mechanisms by
which seasonality/puberty could be influenced by
an environmental variable like ambient temperature,
further speculation is beyond the information
presented here.

307
ACKNOWLEDGMENTS

The staff of the Invermay deer farm, especially Adam
Whaanga, are thanked for their assistance.

REFERENCES

Asher, G. W.; Fisher, M. W. 1991: Reproductive
physiology of farmed red deer (Cervus elaphus)
and fallow deer (Dama dama). In: Renecker,
L. A.; Hudson, R. J. ed. Wildlife production:
conservation and sustainable development.
Fairbanks, University of Alaska. Pp. 474-484.

Audige, L. J. M. 1995: Deer herd health and production
profiling. Unpublished PhD thesis, Massey
University, Palmerston North, New Zealand.

Blaxter, K.; Kay, R. N. B.; Sharman, G. A. M;
Cunningham, J. M. M.; Eadie, J.; Hamilton, W. J.
1988: Farming the red deer. Edinburgh,
Department of Agriculture and Fisheries for
Scotland.

Bronson, F. H. 1989: Mammalian reproductive biology.
Chicago, University of Chicago Press.

Clutton-Brock, T. H.; Guinness, F. E.; Albon, S. D. 1982:
Red deer: behaviour and ecology of two sexes.
Chicago, University of Chicago Press.

Dale, H. E.; Ragsdale, A. C.; Cheng, C. S. 1959: Effect
of constant environmental temperatures, 50° and
80°F, on appearance of puberty in beef calves.
Journal of Animal Science 18: 1363-1366.

Dutt, R. H.; Bush, L. F. 1955: The effect of low
environmental temperature on initiation of the
breeding season and fertility in sheep. Journal
of Animal Science 14: 885-896.

Fisher, M. W.; Fennessy, P. F. 1990: A note on melatonin-
treated red deer stags advancing the onset of the
calving season in hinds. Animal Production 51:
213-216.

Fisher, M. W.; Meikle, L. M. 1997: Hind-stag interactions
play a role in controlling pubertal development
in red deer hinds. /n: Milne, J. A. ed. Recent
developments in deer biology. Aberdeen,
Macaulay Land Use Research Institute, and
Moredun Research Institute, Edinburgh. P. 163.

Fisher, M. W.; Fennessy, P. F.; Suttie, J. M.; Corson, I. D.;
Pearse, A. J. T.; Davis, G. H.; Johnstone, P. D.
1986: Early induction of ovulation in yearling
red deer hinds. Proceedings of the New Zealand
Society of Animal Production 46: 171-173.

Fisher, M. W.; Fennessy, P. F.; Milne, J. D. 1988: Effects
of melatonin on seasonal physiology of red deer.
Proceedings of the New Zealand Society of
Animal Production 48: 113-116.

Fisher, M. W.; Fennessy, P. F.; Johnstone, P. D. 1990:
The timing of melatonin treatment affects the
seasonal onset of ovarian activity, coat growth
and live weight in young red deer hinds. Animal
Reproduction Science 23: 49-59.



308

Fisher, M. W.; Meikle, L. M.; Fennessy, P. F. 1992:
Duration of melatonin treatment affects the
timing of puberty in young red deer hinds. /n:
Brown, R. D. ed. The biology of deer. New York,
Springer-Verlag. Pp. 306-312.

Fisher, M. W.; Meikle, L. M.; Johnstone, P. D. 1995:
The influence of the stag on pubertal develop-
ment in the red deer hind. Animal Science 60:
503-508.

Fletcher, T. J. 1974: The timing of reproduction in red
deer (Cervus elaphus) in relation to latitude.
Journal of Zoology, London 172: 363-367.

Godley, W. C.; Wilson, R. L.; Hurst, V. 1966: Effect of
controlled environment on the reproductive
performance of ewes. Journal of Animal Science
25:212-216.

Guerin, M. V.; Wang, X. J. 1994: Environmental
temperature has an influence on timing of the
first ovulation of seasonal oestrus in the mare.
Theriogenology 42: 1053—-1060.

Haynes, N. B.; Howles, C. M. 1981: The environment
and reproduction. /n: Clark, J. A. ed. Environ-
mental aspects of housing for animal production.
London, Butterworths. Pp. 63-84.

New Zealand Journal of Agricultural Research, 2002, Vol. 45

Karsch, F. J.; Bittman, E. L.; Foster, D. L.; Goodman, R.
L.; Legan, S. J.; Robinson, J. E. 1984: Neuro-
endocrine basis of seasonal reproduction. Recent
Progress in Hormone Research 40: 185-232.

Lees, J. L. I971: Some aspects of reproductive efficiency
in sheep. The Veterinary Record 88: 86-95.

McComb, K. 1987: Roaring by red deer stags advances
the date of oestrus in hinds. Nature, London 330:
648-649.

Ortavant, R.; Pelletier, J.; Ravault, J. P.; Thimonier, J.;
Volland-Nail, P. 1985: Photoperiod: main
proximal and distal factor of the circannual cycle
of reproduction in farm mammals. Oxford
Reviews of Reproductive Biology 7: 305-345.

Robinson, J. E.; Karsch, F. J. 1984: Refractoriness to
inductive day lengths terminates the breeding
season of the Suffolk ewe. Biology of Repro-
duction 31: 656—-663.

Webster, J. R.; Barrell, G. K. 1985: Advancement of
reproductive activity, seasonal reduction in
prolactin secretion and seasonal pelage changes
in pubertal red deer hinds (Cervus elaphus)
subjected to artificially shortened daily photo-
period or daily melatonin treatments. Journal of
Reproduction and Fertility 73: 255-260.

Whitehead, G. K. 1993: The Whitehead encyclopaedia
of deer. Shrewsbury, Swan-Hill Press.



