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ABSTRACT

Red deer e x h i b i t  seasonal rhythms o f  metabol ism, rep ro d u c t io n  

and pelage which have evo lved  in response to  the v a r i a t i o n  in 

c l i m a t e  and food resources c h a r a c t e r i z i n g  temperate zone h a b i t a t s .  

The aim o f  t h i s  study was to  i n v e s t i g a t e  the i n t e r a c t i o n  between 

herbage a v a i l a b i l i t y  and the endogenous seasonal rhythms c o n t r o l l i n g  

seasonaI i  t y .

Advancing the phase o f  seasonal  rhythms by a d m i n i s t e r i n g  

m ela to n in  between J u ly  and October was a ss o c ia te d  w i t h  a r e d u c t io n  

in the leve l  o f  herbage in ta k e  by n o n - I a c t a t i n g  hinds g r a z in g  a high  

herbage a v a i l a b i l i t y  pa s tu re  in autumn. T h is  is the f i r s t  d i r e c t  

evidence t h a t  the seasonal  a p p e t i t e  c y c le  demonstrated in enhoused 

deer fed an ad l i b i t u m  d i e t ,  can i n f lu e n c e  the food in ta k e  o f  

g r a z in g  dee r .  However, express ion  o f  seasonal and l a c t a t i o n a l  

a p p e t i t e  changes were dependent on a v a i l a b i l i t y  o f  herbage  

resources .  The a b i l i t y  o f  hinds to  compensate f o r  re d u c t io n s  in 

herbage abundance by m o d if y in g  g ra z in g  s t r a t e g i e s  was l i m i t e d .  Th is  

appeared to  be p r i m a r i l y  due to  a c e i l i n g  on the d u r a t io n  o f  d a i l y  

g r a z in g  a c t i v i t y  o f  about  12 hours.

The t im in g  o f  the onset  o f  the b reed ing  season was u n a f f e c t e d  

by low herbage resources or  l a c t a t i o n .  The p r i n c i p a l  i n f lu e n c e  o f  

these f a c t o r s  on rep ro d u c t io n  was to  reduce the p r o p o r t io n  o f  hinds  

e x h i b i t i n g  oes tr ous  c y c l i c i t y .  L a c t a t i o n  o n ly  suppressed oestrous  

cy c les  i f  i t  was a s s o c ia t e d  w i t h  a loss o f  body c o n d i t i o n  and thus  

i t s  impact was r e l a t e d  to  p r e v a i l i n g  herbage a v a i l a b i l i t y .

The t im in g  o f  seasonal  changes in coat  growth were a s s o c ia te d  

w i t h  changes in plasma p r o l a c t i n  c o n c e n t r a t i o n s .  Low herbage  

a v a i l a b i l i t y  and l a c t a t i o n  delayed  the t im in g  o f  w i n t e r  p r im ary  

f i b r e  growth,  and reduced the d e n s i t y  o f  coat  f i b r e s .

Th is  study a ls o  examined the in f lu e n c e  o f  the b reed ing  season 

on the t im in g  o f  seasonal changes in V F I ,  l i v e  w e i g h t ,  coat  growth 

and p r o l a c t i n  s e c r e t i o n .  Only seasonal  changes in p e lage  e x h i b i t e d  a 

s i g n i f i c a n t  phase d e la y  in mature compared to p r e - p u b e r t a l  fem ales .
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CHAPTER I

1 .1 . INTRODUCTION

The temperate c l i m a t i c  zones a re  c h a r a c t e r i s e d  by a p a t t e r n  of  

g e n e r a l l y  p r e d i c t a b l e  seasonal  changes in day le ngth  and tem pera ture .  

These phenomena e x e r t  a s t rong s e l e c t i v e  pressure  both d i r e c t l y  and 

i n d i r e c t l y  v i a  t h e i r  i n f lu e n c e  on p l a n t  p h o to s y n th e s is .  Th is  has 

r e s u l t e d  in the e v o l u t i o n  o f  h i g h l y  seasonal l i f e - c y c l e s  in 

temperate zone an im a ls .

The a d a p t a t io n s  o f  la rge  mammalian h e r b iv o r e s  l i k e  the red  

deer ,  the su b je c t  o f  t h i s  s tudy ,  a re  o f  p a r t i c u l a r  i n t e r e s t .  These 

sp ec ie s  a re  l o n g - l i v e d  and thus r e q u i r e  s t r a t e g i e s  a b le  to  measure 

t ime and synchronise  changes over prolonged p e r io d s .  A ls o ,  w i t h  the  

excep t io n  o f  the North  American ca r ibou  (Rang i f  e r  ta randus '), deer do 

not avo id  adverse environmenta l  c o n d i t io n s  by long d is ta n c e  

m i g r a t i o n ,  and thus r e q u i r e  a d a p t a t io n s  t h a t  p erm i t  s u r v i v a l  

throughout the year  in the same h a b i t a t .

Evidence,  m a in ly  from domestic ungu la tes  suggests endogenous 

rhythms,  e n t r a i n e d  p r i m a r i l y  by d a y le n g th ,  a re  used to  synchronise  

seasonal a d a p ta t io n s  w i t h  a p p r o p r i a t e  changes in food resources and 

c l i m a t e .  These rhythms in f lu e n c e  a v a r i e t y  of  param eters in c lu d in g  

the t im in g  o f  r e p r o d u c t iv e  e ven ts ,  pe lage and metabol ism.  The 

c h a r a c t e r  o f  these has been wel l  documented in a v a r i e t y  o f  sp ec ie s .  

However, c o m p a ra t iv e ly  l i t t l e  is known about the i n t e r a c t i o n  between 

endogenously d r iv e n  changes and exogenous f a c t o r s  l i k e  food 

a v a i l a b i l i t y .  In genera l  the seasonal  rhythms s u c c e s s f u l l y  

synchronise  requ irem ents  w i t h  resources .  However, th e re  can be 

s u b s t a n t i a l  between year v a r i a t i o n ,  e s p e c i a l l y  l o c a l l y ,  in food 

abundance. T h is  is due to  c l i m a t e  and b i o l o g i c a l  f a c t o r s  l i k e  

d e n s i t y  o f  c o m p e t i to r s ,  p red a to rs  or p a r a s i t e s .  These f l u c t u a t i o n s  

in resources a re  b e l i e v e d  to e x e r t  a s u b s t a n t i a l  in f lu e n c e  on 

g r a z in g  behaviour  and r e p ro d u c t iv e  success, but  as ye t  t h e i r  e f f e c t s  

on express ion  of  seasonal  changes remains l a r g e l y  u n q u a n t i f i e d .  The 

o b j e c t i v e  o f  t h i s  study was to i n v e s t i g a t e  two aspects  o f  t h i s  

i n t e r a c t i o n .  F i r s t l y ,  to determine how seasonal m e ta b o l ic  s t a t u s  

i n t e r a c t s  w i t h  c u r r e n t  food a v a i l a b i l i t y  to c o n t r o l  food in take  and

15



g ra z in g  beh av io u r ,  and secondly how food in take  is determined by and 

in f lu e n c e s  re p r o d u c t io n .

The European red deer (.Cervus elaphus elaphus  L . )  is a member 

of a sub-spec ies  complex d i s t r i b u t e d  e x t e n s i v e l y  throughout the  

no r th ern  temperate  zone. P o p u la t io n s  range between l a t i t u d e s  300 -  

650N and d is c o n t in u o u s Iy  from western  Europe, through c e n t r a l  Asia  

to nor th  America ( f o r  d e t a i l s  see: C lu t t o n - B r o c k  e t  a / . ,  1982a; Kay 

and S t a in e s ,  1981; M i t c h e l l  e f  a / . ,  1977 ) .  Typ ica l  o f  temperate zone 

i n h a b i t a n t s ,  t h i s  spec ies  e x h i b i t s  profound s e a s o n a l i t y  (major  

seasonal changes in the female a re  summarised in F ig u re  1 . 1 ) .

Most mat ings in B r i t i s h  p o p u la t io n s  occur du r in g  a b r i e f  

r u t t i n g  p e r io d  in September and October ( F r a s e r  D a r l i n g  1937;  

Zuckerman, 1952 ) .  However, both stags (m ales)  and hinds ( f e m a le s )  

remain f e r t i l e  f o r  severa l  months a f t e r  the normal r u t .  In the  

fo rm er ,  spermatogenesis co nt inues  throughout the p e r io d  o f  'hard  

a n t l e r '  from August u n t i l  the f o l l o w i n g  March ( L i n c o l n ,  1971) .  In  

the h in d ,  w h i l s t  most i n d i v i d u a l s  conce ive a t  t h e i r  f i r s t  oe s t ru s  

(8 4  %: Adam e t  a t . ,  1985) ,  i f  p revented  from m a t in g ,  they e x h i b i t  

repeated  oes trous  c yc les  u n t i l  the f o l l o w i n g  March (Guinness e t  a l . ,  

1971; Loudon et  a l , .  1989; Adam e t  a l . ,  1989a ) .  The average oestrous  

cy c le  length has been re p o r te d  as between 18-21 days ( 1 8 . 3  days:  

Guinness e t  a I . ,  1971; 21 days:  Adam e t  a I . ,  1985: 18 .2  days: K e l l y  

e t  a l . ,  1985) w i t h  oes trous  behaviour l a s t i n g  up to  24 hours.  During  

t h i s  t ime hinds may be mated severa l  t imes by the same or d i f f e r e n t  

sta g s .  A s i n g l e  o f f s p r i n g ,  or occassiona I  Iy twins (Guinness e t  a l . ,  

1971; Adam e t  a l . ,  1985) ,  a re  born d ur in g  l a t e  May or e a r l y  June 

a f t e r  a g e s t a t io n  p e r io d  of  231 -236  days (234:  P r e l l ,  1938; 231:  

Guinness e t  a l . ,  1971; 236:  Adam e t  a I . ,  1985) .

Pelage and metabol ism a ls o  e x h i b i t  d i s t i n c t  s e a s o n a l i t y .  Red 

deer moult  tw ice  each y e a r ,  once d ur in g  l a t e  summer in to  a dense 

w i n t e r  coat  c o n t a i n in g  wool f i b r e s ,  and then in l a t e  s p r in g ,  in to  

the s h o r t e r  redd is h  brown coat  from which the animal ga ined i t s  name

(Ryder and Kay, 1973; Ryder,  1977) .  The d i e t a r y  n iche  of  t h i s

spec ies  is regarded as in t e r m e d ia t e  between g ra z e r s  and browsers

(Hofmann, 1973) showing both local  and seasonal f l e x i b i l i t y  

( C lu t t o n - B r o c k  et  a l . ,  1982a; C o l l i n s  and Urness,  1983; Kay and
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S t a i n e s ,  1981; van de Veen,  1979) .  S tu d ie s  of  animals m a in ta in ed  on 

ad l i b i t u m  d i e t s  (Kay, 1979; Loudon e t  a I . ,  1989) have demonstrated  

t h a t  th e re  is a c l e a r  annual p a t t e r n  o f  a p p e t i t e  which r e f l e c t s  

seasonal  changes in herbage a v a i l a b i l i t y  ( i . e .  food in take  is 

h ig hest  dur in g  summer and lowest  d u r in g  w i n t e r  -  see F ig u re  1 . 1 ) .

Red deer do not  a t t a i n  sexual m a t u r i t y  u n t i l  between 17-40  

months o f  age ( C I u t t o n - B r o c k  e t  a l . ,  1982a; Loudon e t  a l . ,  1989 ) .  

L i f e - e x p e c t a n c y  is however,  long.  C a p t iv e  females l i v e  u n t i l  a t  

l e a s t  15 years  o ld  ( M . L . U . R . I . ,  Annual Repor t ,  1987 ) .  In the w i l d ,  

l i f e  expectancy o f  S c o t t i s h  p o p u la t io n s  is n orm al ly  about  12 years  

f o r  hinds and 9 years f o r  males ( C I u t t o n - B r o c k  e t  a l . ,  1982a ) .  

F e r t i l i t y  ( o f  h inds)  increases w i t h  age u n t i l  about  4 years  o l d ,  but  

t h e r e a f t e r  remains r e l a t i v e l y  co n stan t  throughout l i f e  (Guinness et  

a l . ,  1978 ) .  Age r e l a t e d  d i f f e r e n c e s  a re  a p p a r e n t l y  due to age-  

s p e c i f i c  v a r i a t i o n  in body w e ig h t ,  jaw s i z e  and r e p r o d u c t iv e  h i s t o r y  

(Albon e t  a l . ,  1983) .

The profound s e a s o n a l i t y ,  and e x t e n s iv e  range o f  t h i s  species  

make i t  an ideal  model in which to i n v e s t i g a t e  aspects of  the  

i n t e r a c t i o n  between seasonal  a d a p t a t io n s  and food a v a i l a b i l i t y .

E x p e r im e n t a l l y ,  th e re  a re  p r a c t i c a l  b e n e f i t s  ass o c ia te d  w i t h  

study ing  red deer .  In c a p t i v i t y ,  i n d i v i d u a l s  tame e a s i l y  and are  

r e l a t i v e l y  t o l e r a n t  o f  in t e n s i v e  h a n d l in g .  Also the rece n t  expansion  

of  the B r i t i s h  deer farming in d u s t ry  p rov id es  easy access to c a p t i v e  

stock  as w e l l  as management e x p e r t i s e .  The d e c is io n  to study hinds  

r a t h e r  than stags was due to  the f a c t  t h a t  hand-reared  or  

i n t e n s i v e l y  handled males become dangerous to humans dur ing  the r u t .  

This  p r o h i b i t s  the type o f  i n t e n s iv e  measurements a n t i c i p a t e d  dur ing  

t h i s  study.
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FIGURE 1 .1 :  A summary o f  seasonal  changes in non-pregnant  red deer  
hinds m ain ta in ed  on an ad l i b i t u m  d i e t .  Based on da ta  from Loudon e t  
a i .  ( 1 9 8 9 ) .  Typ ica l  concept ion ( ▼ )  and c a l v i n g  ( v )  dates  have been 
in c lu ded .  The d u r a t io n  o f  the p o t e n t i a l  bre ed in g  season is  
represented  by the p e r io d  o f  c y c l i c a l  changes in plasma 
p r o g e s t e r o n e .
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1. 2 . LITERATURE REVIEW

1 .2 .1 .  THE PHENOMENON OF SEASONALITY

The environments in h a b i te d  by most an imals e x p e r ie n ce  seasonal  

f l u c t u a t i o n s  in a v a r i e t y  o f  p h y s ic a l  parameters ,  such as d a y le n g th ,  

tem perature  and r a i n f a l l .  These changes i n f l u e n c e  p l a n t  

photo s yn th es is  and, c o nsequent ly ,  the  a v a i l a b i l i t y  o f  food.  To 

overcome both adverse  c l i m a t i c  c o n d i t i o n s  and v a r i a t i o n  in 

reso u rce s ,  an imals undergo seasonal  changes in t h e i r  behav iour  and 

p h ys io lo g y .  In g e n e r a l ,  a c t i v i t e s  l i k e  r e p r o d u c t io n  become 

syn chronized  to  the p e r io d  o f  the year  d ur in g  which they a r e  most 

l i k e l y  to  succeed.  In temperate and a r c t i c  h a b i t a t s ,  tem perature  and 

day len g th  r e s t r i c t  rep ro d u c t io n  to  a p r o g r e s s i v e l y  b r i e f e r  p e r io d  in 

s p r in g  or  summer as l a t i t u d e  in c re a s e s .  Th is  is w e l l  i l l u s t r a t e d  by 

changes in the d u r a t i o n  o f  the b reed ing  season o f  deer in the genus 

Odocoi leus  ( rev iew ed  by Bronson,  1985 ) .  B r i e f l y ,  a t  the southern  

extreme o f  t h e i r  range ( c lo s e  to  the e q u a t o r )  not o n ly  does mating  

occur in every  month but  females e x h i b i t  a post -par turn  o es t ru s  and 

thus a re  a b le  to  breed more than once each y e a r .  F u r t h e r  n o r th  in 

the F l o r i d a  Eve rg la d es ,  b reed in g  is  r e s t r i c t e d  to  once a y e a r .  

However, mat ings s t i l l  occur s p o r a d i c a l l y  in almost  every month,  

w i t h  a marked peak in September. Above l a t i t u d e  300N matings o n ly  

occur du r in g  a s h o r t  and in tense  r u t t i n g  p e r io d  in autumn and e a r l y  

wi n t e r .

The development o f  s e a s o n a l i t y  is  com plica ted  by the f a c t  t h a t  

a v a r i e t y  o f  d i f f e r e n t  b i o l o g i c a l  processes a re  s u b je c t  to  s e l e c t i v e  

pressures  f o r  s e a s o n a l i t y .  Some o f  these  a re  r e l a t e d  to  each o th e r  

( e . g .  a n t l e r  growth and increases  in neck g i r t h  r e q u i r e  high food  

i n t a k e )  w h i l s t  o t h e r s  ( e . g .  f a t  d e p o s i t io n  and r u t t i n g  be h av io u r )  

are  m u t u a l ly  in c o m p a t ib le .  T h is  has r e s u l t e d  in complex seasonal  

responses t h a t  a re  not  s imply  the  r e f l e c t i o n  o f  env ironmenta l  

changes.  These presumably re p r e s e n t  compromises t a k i n g  account o f  

the p r i o r i t e s  o f  o th e r  dependent and c o m p e t i t i v e  b i o l o g i c a l  

processes ( e . g .  in m i g r a t i n g  b i r d s  moult  takes  p la c e  a f t e r  

re p ro d u c t io n  to  a vo id  co m p e t i t io n  f o r  food res o u rces ,  but  b e fo re  

m ig r a t i o n :  Gwinner and Dorka,  1976) .
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1 .2 .1 .1 .  Role of u lt im ate  fac to rs  in control o f seasonality

I t  is assumed t h a t  s e a s o n a l i t y  evolved  by n a t u r a l  s e l e c t i o n  

f a v o u r in g  the i n h e r i t a b l e  t r a i t s  o f  those i n d i v i d u a l s  which c a r r i e d  

out p a r t i c u l a r  a c t i v i t i e s  a t  the t ime o f  optimum environmental  

c o n d i t i o n s .  The env ironmenta l  v a r i a b l e s  e x e r t i n g  the s e l e c t i o n  

p ress u re ,  which over the course o f  t ime have led to the  

s y n c h r o n iz a t io n  o f  events  w i t h i n  a p o p u la t i o n ,  a r e  known as 

' u l t i m a t e  causes ' or  ' f a c t o r s '  ( B ak er ,  1938; Thomson, 1950 ) .  These 

f a c t o r s  vary  depending on both sp ec ies  and the b i o l o g i c a l  processes  

they i n f l u e n c e .  In a d d i t i o n ,  s evera l  may i n t e r a c t  to  determ ine  a 

p a r t i c u l a r  seasonal  a c t i v i t y .  In most mammals and b i r d s  the major  

u l t i m a t e  f a c t o r  d e te rm in in g  r e p r o d u c t i v e  events  is food  

a v a i l a b i l i t y .  T y p i c a l l y  the b i r t h  o f  o f f s p r i n g  c o i n c id e s  w i t h  the  

p e r io d  o f  g r e a t e s t  food abundance. T h is  is i l l u s t r a t e d  by the  

d i s t r i b u t i o n  o f  mat ing  (and hence c a l v i n g )  in the genus Odocoi leus  

(desc ibed  abo ve ) .  Th is  becomes p r o g r e s s i v e l y  r e s t r i c t e d  as 

s e a s o n a l i t y  o f  p l a n t  p ro d uct io n  becomes more marked w i t h  in c rea s in g  

l a t i t u d e .  The e x t e n t  to  which sp ec ies  from d i f f e r e n t  lo c a t io n s  have 

adapted to  t h e i r  own p a r t i c u l a r  s e t  o f  envi ronm enta l  v a r i a b l e s ,  is  

demonstrated by the seasonal  p a t t e r n  o f  b i r t h s  in deer m a in ta in ed  a t  

the same l a t i t u d e  ( 5 1 0 3 0 'N :  L i n c o l n ,  1985 ) .  D e s p i te  exposure to  the  

same environmental  c o n d i t i o n s ,  the d i s t r i b u t i o n  o f  b i r t h s  r e f l e c t e d  

the optimum s t r a t e g y  f o r  the h a b i t a t  o f  each sp ec ie s  o r i g i n .  Thus,  

c a lv in g  was most r e s t i c t e d  in deer from arct ic  h a b i t a t s  ( i . e .  

r e i n d e e r )  but  even ly  d i s t r i b u t e d  in those from t r o p i c a l  re g io ns  

( i . e .  hog, a x i s  and sambar d e e r ) .

1 .2 .1 .2 .  Role of proximate factors  in control o f seasonality

Most seasonal processes cannot be i n i t i a t e d  in s ta n ta n e o u s ly  

when the u l t i m a t e  f a c t o r s  reach a c r i t i c a l  s t a t e .  For example,  red  

deer have a g e s t a t i o n  length  o f  234 days ( P r e l l ,  1 938 ) .  Th is  means 

t h a t  mat ing must take  p la ce  dur in g  autumn when food a v a i l a b i l i t y  and 

c l i m a t e  a re  d e t e r i o r a t i n g  f o r  c a l v i n g  to  occur a t  the optimum p e r io d  

in l a t e  s p r i n g .  In s i t u a t i o n s  l i k e  t h i s ,  the c r i t i c a l  s t a t e  o f  the  

u l t i m a t e  f a c t o r  ( t o  which the seasonal  a c t i v i t y  is t im ed)  occurs too
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l a t e  to be s u i t a b l e  f o r  the a cu te  c o n t ro l  o f  s e a s o n a l i t y .  As a 

r e s u l t ,  n a t u r a l  s e l e c t i o n  has favoured  those genes c o n f e r r i n g  the  

a b i l i t y  to a n t i c i p a t e  env ironmenta l  changes. Th is  has led to  the  

e v o lu t io n  o f  seasonal  s t r a t e g i e s  which u t i l i z e  r e l i a b l e  f o re - w a rn in g  

environmental  s i g n a l s  ( t e m p o r a l l y  r e l a t e d  to  the u l t i m a t e  f a c t o r s )  

to t ime seasonal a c t i v i t i e s .  These cues a re  r e f e r r e d  to  as 

1p ro x im a te  causes'  o r  ' f a c t o r s '  (B a k e r ,  1938; Thomson, 1950) .

Environmental  v a r i a b l e s  a r e  t h e r e f o r e  importan t  to  seasonal  

animals in two d i s t i n c t  ways. F i r s t l y  they p ro v id e  the s e l e c t i o n  

pressure  r e s u l t i n g  in the e v o l u t i o n  o f  seasonal s t r a t e g i e s  ( i . e .  as 

u l t i m a t e  f a c t o r s )  and secondly ,  they a re  r e s p o n s ib le  f o r  the  

immediate co n t r o l  o f  the p h y s i o lo g i c a l  processes o f  s e a s o n a l i t y  

( i . e .  as prox im ate  f a c t o r s ) .

In c e r t a i n  s i t u a t i o n s ,  p a r t i c u l a r l y  where seasonal  a c t i v i t i e s  

can be i n i t i a t e d  r e l a t i v e l y  p ro m p t ly ,  the prox imate  f a c t o r s  a re  the  

same as u l t i m a t e  ones. For example,  both the success and t im in g  o f  

swarming behav iour  and colony fo u n da t io n  in t e r m i t e s  is  determined  

by r a i n f a l l  s o f t e n i n g  the s o i l  (Owen, 1961) .  U s u a l l y ,  however,  

b i o l o g i c a l  processes need to  be i n i t i a t e d  long b e f o re  u l t i m a t e  

f a c t o r s  become c r i t i c a l .  Th is  means o th e r  envi ronmental  v a r i a b l e s  

a re  n orm al ly  u t i l i z e d  as prox im ate  f a c t o r s  ( a l th o u g h  they must 

e x h i b i t  a c lo se  temporal r e l a t i o n s h i p  w i t h  the f o r m e r ) .  The most 

c o n s i s t e n t  and r e l i a b l e  envi ronmenta l  v a r i a b l e  in temperate and 

a r c t i c  h a b i t a t s  is photoper io d  (B ak er ,  1938) .  T h is  is  the length  

(h o u rs )  o f  the l i g h t  phase in a l i g h t - d a r k  c y c l e .  I t  has been 

im p l ic a t e d  in the c o n t ro l  o f  s e a s o n a l i t y  in many animal  groups, and 

is regarded as the dominant pro x im ate  f a c t o r  f o r  v e r t e b r a t e  

endotherms l i k e  mammals and b i r d s  (Gwinner ,  1 9 8 1 a , b ) .  The most 

conv in c in g  ev idence  f o r  the r o l e  o f  p hotoper iod  is  p rov id ed  by 

experiments  i n v o lv in g  i t s  m a n ip u l a t i o n .  For example,  the phase o f  

s e a s o n a l i t y  can be a l t e r e d  i f  the p a t t e r n  o f  annual day length  

changes is  a r t i f i c a l l y  s im u la ted  over a p e r io d  d i f f e r i n g  from the  

normal 365 days.  By using  ' a n n u a l 1 cyc les  o f  less than t h i s  

d u r a t i o n ,  i t  has been p o s s ib le  to  compress seasonal changes in 

a n t l e r  growth ( s i k a  deer :  Goss e t  a / . ,  1974; red deer :  Simpson e t  

a / . ,  1983 /4 ;  S u t t i e  and Simpson, 1985) ;  a p p e t i t e  ( r e d  deer :  Kay,

1979, Brown e t  a / . ,  1979; S u t t i e  and Simpson, 1985)  and re p r o d u c t iv e
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s t a t u s  ( r e d  dee r :  Simpson e t  a l . ,  1983 /4 ;  S u t t i e  e t  a l . ,  1989)  in to  

p e r io d s  ranging  from 4 - 6  months. The a n t l e r  c y c le  o f  y e a r l i n g  (b u t  

not a d u l t )  s i k a  s tags  has a ls o  been extended to  24 months (Goss e t  

a l . t 1974) .  F u r t h e r  ev idence  is p ro v ided  by exposing animals to  

sh o r t  ph o tp er io d s  ( i . e .  s i m i l a r  to  those o f  autumn) from e a r l y  

summer r e s u l t i n g  in an advance in the onset  o f  the breed in g  season 

which norm al ly  occcurs in autumn, ( r e d  deer :  Webster  and B a r r e l l r 

1985; sheep: E n g l is h  e t  a l . ,  1 986 ) .

The annual  p a t t e r n  o f  environmen ta l  tem pera ture  changes a l s o  

e x h i b i t s  the p r e d i c t a b l e  o s c i l l a t i o n  necessary  to  a c t  as a prox im ate  

f a c t o r .  There is l i t t l e  ev idence  to  suggest ,  however,  t h a t  these  

changes a r e  im portan t  in c o n t r o l l i n g  s e a s o n a l i t y  in ungu la tes  

(exposed to  n a t u r a l  photoperiod  changes) .  T h is  was i n v e s t i g a t e d  in 

an exper iment  in which Southdown and P ip p in  Merino ewes were  

m a in ta in ed  on a constant  e q u a t o r i a l  photoper io d  but  s u b je c t  to  

reversed  thermal  seasons f o r  2 . 5  years  (Wodzicka-Tomaszewska e t  a I . ,  

1967) .  The r e s u l t i n g  p a t t e r n  o f  r e p r o d u c t i v e  a c t i v i t y  d id  not r e -  

e n t r a i n  to  the m an ip u la ted  thermal season.  In s te ad  i t  resembled t h a t  

o f  ewes m a in ta in e d  under s im u la ted  n a t u r a l  c o n d i t i o n s .  In c o n t r a s t ,  

the b reed ing  season o f  ewes s u b je c t  to  a normal tempera tures  but

revers ed  p h o t o p e r io d ic  seasons d id  r e - e n t r a i n  to  the p r e v a i l i n g  

photoper io ds  (Wodzicka-Tomaszewska e t  a I . ,  1967) .  One c r i t i c i s m  o f

the design o f  t h i s  exper iment  was the use o f  rams normal ly  

m a in ta in e d  under n a t u r a l  c o n d i t io n s  to  d e t e c t  o e s t r u s  in ewes. 

Evidence (d iscussed in s e c t io n  1 . 2 . 1 1 . 2 )  i n d i c a t e s  t h a t  so c ia l  

c o n ta c t  can r e s u l t  in the t ran sm iss io n  o f  p h o t o p e r i o d ic  i n f o r m a t io n .  

T h is  could  e x p l a i n  why r e p r o d u c t i v e  a c t i v i t y  remained in phase w i t h  

n a t u r a l  photoper iod  changes,  r a t h e r  than the reversed  tem pera tures .  

C l e a r l y  though, any i n f l u e n c e  t h a t  tempera ture  may e x e r t  is  

s u b o rd in a te  to  t h a t  o f  p h o to p er io d .

As discussed above,  seasonal  v a r i a t i o n  in food a v a i l a b i l i t y  is  

an impor tant  u l t i m a t e  f a c t o r .  Evidence t h a t  i t  a l s o  a c t s  as a

pro x im ate  f a c t o r  in ungu la tes  is  l i m i t e d .  L i n c o ln  e t  a l .  ( 19 89 )  

blocked p h o t o p e r io d ic  p e r c e p t io n  (by s u p e r io r  c e r v i c a l  

gang I ionec tom y) in rams o f  the sem i-dom est ic a te d  Soay breed ,  and

then m a in ta in ed  them on e i t h e r  an ad  l i b i t u m  co n stan t  q u a l i t y  d i e t  

or under n a t u r a l  g r a z in g  c o n d i t io n s  f o r  4 y e a r s .  A l l  those
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e x p e r ie n c in g  seasonal  changes in n u t r i t i o n  e x h i b i t e d  w e l l  d e f in e d  

annual c y c le s  in t e s t i c u l a r  s i z e ,  plasma p r o l a c t i n  and body weight  

t h a t  were s i m i l a r  to  i n t a c t  c o n t r o l s .  In c o n t r a s t ,  an im als  kept  on a 

constant  maintenance d i e t  f a i l e d  to  show marked c y c l i c i a l  changes in 

t e s t e s  s i z e  or  p r o l a c t i n  (body w e ig ht  not  d e s c r i b e d ) .  T h is  suggests  

seasonal changes in n u t r i t i o n  can a c t  as a prox im ate  f a c t o r .  

However, the  presence o f  a two month phase advance in the

r e p r o d u c t i v e  c y c le  o f  t r e a t e d  rams, i n d ic a t e s  t h a t  under normal 

c o n d i t io n s  i t  is  p hotoper io d  t h a t  p r i m a r i l y  c o n t r o l s  s e a s o n a l i t y .

1 .2 .2 .  PHOTOPER IODIC TIME MEASUREMENT

To u t i l i z e  seasonal  changes in day length  to  t ime b i o l o g i c a l  

processes ,  i t  is  necessary f o r  the animal to  assess d a i l y  changes in 

the d u r a t io n  o f  the l i g h t  an d /o r  dark phases.  T h eo r ies  concerning  

the mechanisms in vo lv ed  f a l l  i n t o  2 d i s t i n c t  c a t e g o r i e s ,  both o f  

which have been demonstrated in c e r t a i n  groups o f  a n im a ls .

1 .2 .2 .1 .  The "hour g lass11 or " In te rva l  timer" model:

In t h i s  p h o t o p e r io d ic  t ime measurement (PTM) is  regarded as 

in v o l v in g  a p ass iv e  process which is  fo rced  to  o s c i l l a t e  by the

l i g h t - d a r k  c y c l e .  B r i e f l y ,  i t  is proposed the model invo lv es  some 

photochemical process which occurs  d u r in g  e i t h e r  the l i g h t  or dark  

phase,  and which is  revers ed  by the  o t h e r  p o r t i o n  o f  the l i g h t - d a r k  

c y c l e .  I f  the d u r a t i o n  o f  d a y l i g h t  ( o r  darkness)  is  s u f f i c i e n t  f o r

the leve l  o f  the h y p o t h e t i c a l  r e a c t i o n  product  to  exceed a c e r t a i n

th r e s h o l d ,  then the a p p r o p r i a t e  seasonal a c t i v i t y  is  i n i t i a t e d .  

Thus, the response depends on the a b s o lu te  len gth  o f  the s t im u lu s  

in each 24 hour p e r i o d .  Al though c o n v in c in g ly  demonstrated in few 

sp e c ie s ,  Beck (1 9 6 8 )  has suggested t h a t  t h i s  t im in g  mechanism may be 

widespread amongst in s e c t s .  For example,  in the aphid  Megoura , the  

t im er  measures n i g h t - l e n g t h  and is  r e - s e t  by every  l i g h t  p e r io d .  The 

c r i t i c a l  th r e s h o ld  photo per iod  is 9 . 5  hours darkness.  With  9 hours 

the whole p o p u la t io n  produces p a r th e n o g e n e t ic  o f f s p r i n g ,  but  w i t h  10 

hours dark ( t y p i c a l  o f  autumn) a l l  a d u l t s  produce sexual  o f f s p r i n g  

(Lees and H a r d ie ,  1981) .  The on ly  v e r t e b r a t e  in which th e re  is  

persu as ive  evidence o f  the  involvement o f  an i n t e r v a l  t im e r  is the
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l i z a r d  A n o t i s  c a r o l i n e n i s  (Underwood, 1 981 ) .  In t h i s ,  the t im er  uses 

the a b s o lu te  d u r a t i o n  o f  the l i g h t  p e r io d  to  determ ine  t e s t i c u l a r  

fu n c t  i o n .

1 .2 .2 .2 .  The circadian models:

Bunning (19 36 )  suggested c i r c a d i a n  rhythms could be invo lved  in 

the d e t e r m in a t io n  o f  p h o t o p e r i o d ic  t ime measurement. A u n iv e rs a l  

c h a r a c t e r i s t i c  o f  e u k a r y o t i c  l i f e ,  these a r e  endogenous o s c i l l a t i o n s  

which ,  in the absence o f  envi ronmenta l  cues, e x h i b i t  a p e r i o d i c i t y  

(known as the ' f r e e  running  p e r i o d 1) s i m i l a r  to  t h a t  o f  the s o l a r  

day ( i . e .  24 h o u r s ) .  For example,  in hamsters m a in ta in e d  in constant  

darkness and a t  a constan t  t e m p e ra tu re ,  the phase o f  t h e i r  d a i l y  

a c t i v i t y  p a t t e r n  becomes t e m p o r a l l y  d i s a s s o c ia t e d  from t h a t  o f  

animals  kept  under a n a t u r a l  l i g h t  regime ( E l l i o t  and Goldman, 

1981) .  The major  r o l e  o f  the envi ronment is not  to  g en era te  the  

rhythm, but  ins tead  to synchronise  ( o r  e n t r a i n )  an in t e r n a l  

pacemaker such t h a t  the p e r io d  and phase o f  the rhythm m a in t a in  a 

c lo se  temporal r e l a t i o n s h i p  w i t h  the envi ronmenta l  p e r i o d i c i t y .  

Environmental  cues used to  e n t r a i n  rhythms a re  known as z e i t g e b e r s  

( P i t t e n d r i g h  and M i n i s ,  196 4 ) .  The endogenous pacemaker f o r  

c i r c a d i a n  rhythms in mammals is  b e l i e v e d  to  be located  in the  

hypothalamus, p ro bably  w i t h i n  the s u pra c h ia s m a t ic  n uc le i  (SCNKRusak  

and Zucker ,  1979) .  T h is  has been demonstrated by le s io n in g  the SCN 

which e l i m i n a t e s  or  d is r u p t s  many observed c i r c a d i a n  rhythms ( e . g .  

the a c t i v i t y  rhythms o f  ground s q u i r r e l s :  Zucker e t  a l . ,  1983) .

Bunn ing's h y p o th e s is ,  r e f i n e d  by P i t t e n d r i g h  and M i n i s ,  ( 19 64 )  

and now r e f e r e d  to  as the ' e x t e r n a l  co inc id ence*  model p o s t u la t e s  

t h a t  l i g h t  has two d i s t i n c t  r o l e s  in PTM. I t s  pr im ary  a c t i o n  is  to  

e n t r a i n  the c i r c a d i a n  rhythms o f  the organism in c lu d in g  a rhythm o f  

p h o t o s e n s i t i v i t y  ( i . e .  d u r in g  p a r t  o f  the c y c le  the animal  is  

responsive  to  l i g h t  but  d u r in g  the remainder i t  is  n o t ) .  L i g h t ' s  

secondary r o l e  is to  a c t  as inducer o f  the  photoper io d ic  response  

when i l l u m i n a t i o n  c o in c id e s  w i t h  the p e r io d  o f  p h o t o s e n s i t i v i t y .  The 

temporal  co inc idence  o f  s e n s i t i v i t y  and l i g h t  depends on how the  

c i r c a d i a n  rhythm has been e n t r a i n e d  to  the l i g h t - d a r k  c y c le  (LD 

c y c l e )  and not  s imply  on the d u r a t i o n  o f  the  p h o to p er io d .
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There is evidence  suppor t in g  t h i s  model in a number o f  mammal 

and b i r d  sp e c ies ,  o b ta in ed  from s t u d i e s  where the LD c y c le  has been 

m an ip u la ted  to revea l  which f e a t u r e  is impor tant  f o r  PTM. The 

exper iments discussed below were c a r r i e d  out  in hamsters.  In these ,  

mating a c t i v i t y  ( u n l i k e  in deer and sheep)  is as s o c ia te d  w i t h  

in c re a s in g  day lengths .

S tu d ie s  have included ' resonance '  e xp er im ents .  During these  

animals  a re  s u b je c t  to a f i x e d  s h o r t  photoperiod  coupled to  

i n t e r v a l s  o f  darkness o f  d i f f e r e n t  d u r a t i o n  ( i . e .  L6:D18,  L6:D24,  

e t c . ) .  As a r e s u l t  the l i g h t  s t im u lu s  f a l l s  a t  d i f f e r e n t  phases o f  

the c i r c a d i a n  day depending on the  resonance c y c le  used. I f ,  as 

proposed by the e x t e r n a l  co in c id e n ce  model i t  is  co in c id ence  o f  

i l l u m i n a t i o n  w i t h  a p h o t o s e n s i t i v e  p e r io d  t h a t  is  important  ( r a t h e r  

than a c r i t i c a l  d u r a t io n  o f  l i g h t  as suggested by the i n t e r v a l  t im er  

m o d e l ) ,  then c e r t a i n  resonance c y c le s  should be i n t e r p r e t e d  as 

s t i m u l a t o r y  photoper iods  but  not  o t h e r s .  Th is  appears to  be the  

case .  In male hamsters r a is e d  on a s t i m u l a t o r y  photo p er io d  (L 14 :D 10)  

exposure to  resonance c yc les  o f  L6:D30 and L6:D54 m a in ta in ed  la rge  

t e s t e s  but  under L6:D18 and L6:D42 regimes t e s t e s  regressed ( E l l i o t  

and Goldman, 1981 ) .  These s t u d i e s  demonstrate t h a t  the p h o to p e r io d ic  

s ig n a l  needs to occur in m u l t i p l e s  o f  24 hours to  be e f f e c t i v e .

Th is  has been f u r t h e r  i n v e s t i g a t e d  in so c a l l e d  ' T - c y c l e '  

e xp er im en ts ,  dur in g  which an imals a r e  kept  on LD cy c le s  close  to  24 

hours in d u r a t i o n .  In hamsters e x h i b i t i n g  ' f r e e - r u n n i n g '  a c t i v i t y  

rhythms in cons tant  darkness,  subsequent exposure to  a 24 hour LD 

c y c le  r e s u l t e d  in en t ra in m ent  o f  the  rhythm ( E l l i o t ,  1 976 ) .  However,  

an im als  transferred to LD cy c les  w i t h  a p e r io d  o f  2 3 .3 4  hours and

2 4 .6 7  hours f a i l e d  to  e n t r a i n .  Thus, t h e r e  appears to  be a narrow

range o f  e n t r a in m e n t .

An a d d i t i o n a l  dem onstra t ion  o f  c i r c a d i a n  involvement in PTM has 

been prov ided by an exper iment in which a s i n g l e  ' s k e l e t o n '  

photo p er io d  (2 l i g h t  pu lses used to  s im u la t e  dawn and dusk e f f e c t s  

o f  a longer cont inuous p h o to p e r io d )  has been shown to  be e i t h e r  

p h o t o - i n d u c t i v e  or n o n - i n d u c t i v e  in d i f f e r e n t  i n d i v i d u a l s  ( E l l i o t

and Goldman, 1981) .  Male hamsters were i n i t i a l l y  m a in ta in ed  in t o t a l

darkness p e r m i t t i n g  d a i l y  a c t i v i t y  rhythms to  f r e e - r u n .  They were  

then exposed to  a s k e le to n  photo p er io d  regime c o n s i s t i n g  o f  two 15
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minute l i g h t  pulses separated  by i n t e r v a l s  o f  darkness l a s t i n g  13.5  

hours and 10 hours ( 0 .2 5 L  : 13.5D : 0 .25L  : 10D).  I t  was observed

t h a t  rhythm en t ra in m en t  to t h i s  photoper io d  regime r e s u l t e d  in a 

phase-advance o f  a c t i v i t y  in some i n d i v i d u a l s  but  a d e la y  in o t h e r s .  

A ssoc ia ted  w i t h  t h i s  was gonadal r eg res s io n  in an im als  in which  

a c t i v i t y  occured du r in g  the 13 .5  hour dark p e r io d  but  not the 10 

hour p e r i o d .  As the  d u r a t io n  o f  the f r e e - r u n n i n g  p e r io d  v a r ie d  

between i n d i v i d u a l s  d ur in g  the constant  dark p e r io d  ( 2 3 . 9 5  -  2 4 .1 9  

h o u r ) ,  the phase o f  the c i r c a d i a n  a c t i v i t y  rhythm had become 

d i s s o c i a t e d  between d i f f e r e n t  hamsters.  Thus, l i g h t  pulses co in c id ed  

w i t h  d i f f e r e n t  phases o f  c i r c a d i a n  a c t i v i t y  rhythm (and assumed 

p h o t o s e n s i t i v i t y )  in d i f f e r e n t  an im a ls .  Consequent ly ,  i t  is  

suggested t h a t  each hamster i n t e r p r e t e d  the photoperiod  regime  

d i f f e r e n t l y  depending on when the l i g h t  pulses  f e l l  w i t h  respect  

phase o f  t h e i r  rhythm. Animals e x h i b i t i n g  gonadal re g res s ion  

i n t e r p r e t e d  the s k e le t o n  photoper io d  as n o n - i n d u c t i v e  ( i . e .  a s h o r t -  

day)  whereas in the remainder i t  was i n d u c t i v e ,  m a i n t a i n in g  te s t e s  

s i ze.

More d i r e c t  ev idence  f o r  the involvement o f  c i r c a d i a n  rhythms 

comes from SCN le s ion  e xp er im en ts .  A f t e r  l es io n s  male hamsters  

r e t a i n e d  t e s t i c u l a r  a c t i v i t y  d e s p i t e  exposure to  p h o to p e r io d ic  

regimes ( e . g .  sh o r t  days:  Lehman e t  a l . t 1984) which would normal ly  

r e s u l t  in gonadal re g r e s s io n .

Thus, the LD c y c le  has two d i s t i n c t  r o l e s  w i t h i n  t h i s  model.  

F i r s t l y ,  they e n t r a i n  a c i r c a d i a n  rhythm which would o th erw ise  f r e e -  

run ,  and secondly they s t i m u l a t e  re p ro d u c t io n  ( e t c . )  i f  l i g h t  f a l l s  

a t  the p h o t o s e n s i t i v e  phase.

An a l t e r n a t i v e  model f o r  the  r o l e  o f  c i r c a d i a n  rhythms in PTM 

was proposed by P i t t e n d r i g h  ( 1 9 7 2 )  and is r e f e r e d  to  as the  

' i n t e r n a !  c o in c id e n c e 1 model.  T h is  d e r i v e s  from the concept  t h a t  

organisms possess a v a r i e t y  o f  f u n c t i o n a l l y  as s o c ia te d  o s c i l l a t o r s  

( P i t t e n d r i g h ,  1960) .  I t  proposes t h a t  the r o l e  o f  l i g h t  is  to simply  

e n t r a i n  d i f f e r e n t  endogenous rhythms and t h a t  p h o t o - in d u c t  ion is a 

r e s u l t  o f  the i n t e r n a l  ph as e - re I  a t i o n s h i p s  o f  a t  l e a s t  two o f  these  

( P i t t e n d r i g h ,  1972) .  An advantage o f  t h i s  model is t h a t  f a c t o r s  

o th e r  than l i g h t  ( e . g .  te m p era tu re )  might  e n t r a i n  some o f  these
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i n t e r n a l  rhythms.  M e ie r  (197 6 )  suggested t h a t  in the w h i t e - t h r o a t e d  

sparrow changes in the phase r e l a t i o n s h i p  o f  the c i r c a d i a n  rhythms 

o f  p r o l a c t i n  and c o r t i c o s t e r o n e  a r e  res p o n s ib le  f o r  seasonal  changes 

in t e s t i c u l a r  a c t i v i t y  and m ig r a t o r y  beha v iou r .  However, which of  

the two c i r c a d i a n  models most a c c u r a t e l y  d escr ib es  PTM has ye t  to  be 

determi ned.

The exact  r o l e  o f  c i r c a d i a n  rhythms in d e te rm in in g  PTM has ye t  

to  be e l u c i d a t e d .  However, the b u lk  o f  evidence  in d i c a t e s  t h a t  

rhythms e n t r a in e d  by ph o to p er iod ,  r a t h e r  than an i n t e r v a l  t i m e r ,  a re  

u t i l i s e d  by mammals to synchro nise  seasonal changes w i t h  

envi ronmenta l  p e r i o d i c i t y .  The nex t  s e c t i o n  o f  t h i s  rev iew  w i l l  

cons id er  ev idence  f o r  the mechanism by which the p h o t o p e r io d ic  

s t im u lu s  is t ransform ed  in to  an en docr in e  s i g n a l .

1 .2 .3 .  MELATONIN AS THE PHOTOPER IODIC MESSENGER

In 1964 Czyba e t  a l .  and in 1965 Hoffman and R e i t e r  

demonstrated t h a t  in S y r ia n  hamsters (.Mesocr i c e t u s  aura  tus)  

p inea lectom y prevented  the gonadal re g r e s s io n  n o rm a l ly  i n i t i a t e d  by 

b l i n d i n g  or  s h o r t - d a y  ph o to p er io d s .  Th is  was the f i r s t  d i r e c t  

ev idence  f o r  the involvement o f  t h i s  endocr in e  g land in the 

t ran sm is s io n  of  the p h o t o p e r io d ic  response.  Since then i t  has been 

r e v e a le d  t h a t  the  p in e a l  hormone m e la to n in  ( 5 - m e t h o x y - N - a c e t y I -  

t r y p t a m in e )  i s o l a t e d  by Lerner  e t  a l .  ( 1 9 5 8 )  is  r e s p o n s ib le  f o r  the  

m ed ia t io n  o f  the e f f e c t s  o f  the p i n e a l .  C urren t  evidence ( d e t a i l e d  

below)  suggests t h a t  p h o t o p e r io d ic  in fo rm a t io n  is t ransformed in to  

an endocrine  s igna l  by l i g h t  d e te rm in in g  the c i r c a d i a n  p a t t e r n  o f  

s e c r e t i o n  o f  m e la t o n in .  L ig h t  has two f u n c t i o n s :  f i r s t l y  to  suppress  

the r e l e a s e  o f  m e l a t o n i n ,  and second ly ,  to  e n t r a i n  the c i r c a d i a n  

rhythm gen era to rs  in the SCN which r e g u l a t e  the endogenous m e la to n in  

rhythm. As a r e s u l t  the d a i l y  s e c r e t o r y  p r o f i l e  a l t e r s  in response  

to  changes in the ph o to p er io d ,  thereby  r e l a y i n g  in fo rm a t io n  about  

seasonal changes in day length  (H a s t in g s  e t  a l . ,  1985; K l e i n ,  1985; 

L in c o ln  e t  a I . ,  1985; Underwood and Goldman, 1987; Arendt  et  a l . r 

1988) .
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1 .2 .3 .1 .  Reception of photoperiodic information

In mammals, p h o t o p e r Io d Ic  i n fo r m a t io n  is  re c e iv e d  by the eyes.  

This  has been demonstrated by b l i n d i n g  ewes which had been

m ain ta in ed  under a p h o t o p e r io d ic  regime o f  a l t e r n a t i n g  90 day 

pe r io d s  o f  long or shor t  day le n g th s .  P r i o r  to  b l i n d i n g  long-days  

i n i t i a t e d  anoestrus  and s h o r t -d a y s  oestrous  c y c l i c i t y .  Fo l lowin g  

b i l a t e r a l  o r b i t a l  e n u c l e a t i o n  t h i s  p h o t o p e r io d ic  c o n t r o l  was lost

(Legan and Karsch,  1983) .

The photoper iod  in fo rm a t io n  is then r e l a y e d  by a neural  pathway 

from the r e t i n a  to  the SCN in the a n t e r i o r  hypothalamus (Moore and 

Lenn, 1972) .

1 .2 .3 .2 .  The suprachiasmatic nuclei (SCN)

The SCN a re  the m a jo r ,  i f  not  s o l e ,  c i r c a d i a n  pacemakers in 

mammals (Underwood and Goldman, 198 7 ) .  They a r e  r e s p o n s ib le  f o r  

g e n e r a t i n g  the d a i l y  rhythm c o n t r o l l i n g  p in e a l  s y n th e s is  and r e le a s e  

o f  m e la t o n in .  D e s t r u c t io n  o f  SCN f u n c t i o n  leads to  the  loss o f

c i r c a d i a n  r h y t h m i c i t y  in p in e a l  m e la to n in  r e l e a s e ,  w i t h  l e v e l s  o f  

the hormone remain ing low a t  a l l  t imes  (Rusak and Zucker ,  1979;

K l e i n  e t  a l . ,  1983) .  Al though the c i r c a d i a n  pacemaker in the SCN is  

capable  o f  g e n e ra t in g  rhythms autonomously (m e la to n in  l e v e ls  

co n t in u e  to  o s c i l l a t e  on a 24 hour b a s is  in an im als  kept  in constant  

darkness:  r e i n d e e r :  E l o r a n t a  e t  a l . ,  In p r e s s ; sheep: L in c o ln  e t

a I . , 1985) normal ly  i t  is  s t r o n g l y  in f lu e n c e d  by l i g h t .  Th is  has two 

d i s t i n c t  r o l e s .  F i r s t l y  i t  e n t r a i n s  the SCN p a c em a k er (s ) . Th is  

in v o lve s  syn ch ro n iz in g  the endogenous rhythm to  the l i g h t - d a r k  c y c le  

o f  the environment so t h a t  the m e la to n in  s t i m u l a t o r y  p e r io d  

co in c id e s  w i t h  darkness.  Th is  has been demonstrated e x p e r im e n t a l l y  

in sheep by an abrupt  8 hour advance in the t ime of  l i g h t s - o u t  (a  

sw i tc h  from 16L:8D to 8 L :1 6 D ) .  The r e s u l t  was a gradual  phase-  

advancement in the onset  o f  the d a i l y  m e la to n in  peak lead ing  to a 

co in c id en ce  between t h i s  and the onset  o f  darkness (B it tm an  e t  a l . ,

1983) .  The second f u n c t i o n  o f  l i g h t  is to  t e r m in a t e  neural  

s t i m u l a t i o n  o f  the p in ea l  g land  ( K l e i n  and W e l l e r ,  1972)  r e s u l t i n g  

in a r a p i d  d e c l i n e  in m e la to n in  p r o d u c t io n  (sheep: R o l lag  and
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Niswender,  1976) .  In r e i n d e e r ,  f o r  example,  d ur in g  the a r c t i c  mid

summer ( -  constan t  l i g h t )  m e la to n in  s e c r e t i o n  is comple te ly  

suppressed ( E l o r a n t a  e t  a / . ,  in press' ) .  The r e l a t i v e  s i g n i f i c a n c e  of  

these two fu n c t io n s  in d e te rm in in g  the d a i l y  p a t t e r n  o f  m e la ton in  

s e c r e t io n  remains the s u b je c t  o f  deb a te .  Two models t h a t  have been 

proposed a re  o u t l i n e d  below.

I l l n e r o v a  and Vanecek C1982, 1988)  working on the r a t  p in e a l  N-  

a c e t y I  t r a n s f e r a s e  rhythm (NAT, a key enzyme involved in mela ton in  

s y n t h e s i s )  proposed t h a t  under n a t u r a l  photoper iods  the m e la to n in  

rhythm is determined by the e n t r a i n i n g  e f f e c t  o f  l i g h t  on the  

pacemaker and not i t s  suppressant  e f f e c t .  In r a t s  exposed to  a 1 

minute l i g h t  pu lse b e fo re  m id n ig h t  (and then m a in ta in e d  in constant  

darkness)  the f o l l o w i n g  evening r i s e  in NAT l e v e l s  and the morning  

d e c l i n e  were phase-de layed  by almost  the same e x t e n t .  In c o n t r a s t  i f  

the pulse  was g iven  a f t e r  m id n ig h t  then the f o l l o w i n g  evening r i s e  

in NAT was u n a f f e c t e d  but  the subsequent morning d e c l i n e  was phase-  

advanced. I l l n e r o v a  and Vanecek (1 9 8 2 ,  1988) suggested t h i s  was

c o n s i s t e n t  w i t h  the hypothes is  t h a t  the evening increase  in NAT and 

the morning d e c l i n e  a re  c o n t r o l l e d  by s e p ara te  c i r c a d i a n  

o s c i l l a t o r s .  In t h i s  model the r o l e  o f  l i g h t  is  to e n t r a i n  the phase 

o f  each,  and thus the d u r a t io n  o f  m e la to n in  s e c r e t i o n  is  t h e r e f o r e  

the product  o f  t h e i r  phase r e l a t i o n s h i p .  Dur ing long days,  the  

o s c i l l a t o r  c o n t r o l l i n g  onset  o f  s e c r e t i o n  becomes delayed  w h i l e  t h a t  

c o n t r o l l i n g  t e r m in a t i o n  is advanced, r e s u l t i n g  in a r e l a t i v e l y  b r i e f  

s e c r e t o r y  p e r io d  ( t h e  re vers e  occurring d u r in g  s h o r t  p h o t o p e r io d s ) .  

An advantage o f  t h i s  model is  i t  can e x p l a i n  how the d u r a t io n  o f  

m e la ton in  s e c r e t io n  dur ing  c e r t a i n  s h o r t - d a y  photoper iods can exceed 

t h a t  observed under cons tant  darkness ,  when s e c r e t i o n  is presumed to  

be determined s o l e l y  by the endognous rhythm. For example,  peak 

d u r a t io n  under 8L:16D may reach  16 hours,  but  under constant  

darkness on ly  12-14 hours (sheep:  L in c o ln  e t  a / . ,  1985) .  I f  a d u a l 

o s c i l l a t o r  system e x i s t s ,  i t  is  p r e d i c t e d  t h a t  under p e r s i s t e n t  

darkness the o s c i l l a t o r s  should d r i f t  a p a r t .  Evidence from rams kept  

in constan t  darkness f o r  8 weeks suggests t h i s  may happen as 

m ela to n in  rhythms became p o o r ly  d e f in e d  and v a r i a b l e  ( L i n c o ln  e t  

a l . ,  1985) .
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An a l t e r n a t i v e  model has been proposed by L in c o ln  e t  a l .  

( 1 9 8 5 ) .  They observed t h a t  in sheep a 1 hr l i g h t  pu lse  every 24 

hours a f t e r  a p e r io d  o f  co n stan t  darkness cou ld  e n t r a i n  the  

m e la to n in  rhythm such t h a t  the onset  o f  peak l e v e l s  occurred s h o r t l y  

a f t e r  the l i g h t  p e r i o d .  From t h i s  they concluded t h a t  the l i g h t - d a r k  

c y c l e  e n t r a i n s  the rhythm w i t h  the end o f  the l i g h t  phase p r o v id in g  

the  s ig n a l  f o r  p in e a l  m e la to n in  r e l e a s e .  The t e r m i n a t i o n  o f  p in e a l  

s t i m u l a t i o n  i s ,  however,  c o n t r o l l e d  by l i g h t  a c t i n g  d i r e c t l y  to  

i n h i b i t  m e la to n in  s e c r e t i o n .  Th is  they concluded from the  

o b s e r v a t io n  t h a t  the p e r io d  o f  endogenous m e la to n in  s e c r e t i o n  in 

co n stan t  darkness was 12-14  hours but  under a long-day regime i t  was 

less then 10 hours.

W h i ls t  i t  remains u n c le a r  e x a c t l y  how l i g h t  m o d i f ie s  the  

c i r c a d i a n  rhythm gen era ted  by the SCN, the p h o to -m an ip u la ted  rhythm  

produces a s ig n a l  r e l a y i n g  in fo r m a t io n  about day le n g th .  T h is  is  

t r a n s m i t t e d  from the  SCN to the p in e a l  v i a  the sym p ath et ic  nervous  

system (Moore,  1977) .

1 .2 .3 .3 .  PineaI gIand

The importance o f  the p in e a l  g land  in e xpress ion  o f  the  

p h o t o p e r io d i c  response has been demonstrated by p in e a le c t o m y . 

F o l lo w in g  t h i s  procedure a r t i f i c a l  p h o t o p e r io d ic  c h a l len g e s  lose  

t h e i r  a b i l i t y  to  in f l u e n c e  t e s t i c u l a r  f u n c t i o n ,  o v a r i a n  c y c l i c i t y  

and s t e r o i d  feedback responsiveness  in sheep ( L i n c o l n  and S h o r t ,  

1980; Bi t tman e t  a l . ,  1983) and hamsters ( re v ie w e d  by R e i t e r ,  1980;  

P e v e t ,  1988) .  For example,  in o v a r ie c to m iz e d  ewes implanted w i t h  

o e s t r a d i o l ,  long-days  cease to  suppress LH s e c r e t i o n  and s h o r t -d a y s  

f a i l  to  i n i t i a t e  a r i s e  in LH c o n c e n t r a t i o n s  (B i t tm a n  e t  a l . ,  1983) .  

I t  appears t h a t  the  pr im ary  r o l e  o f  the  p in e a l  is as a 

neuroendocr ine t r a n s d u c e r ,  c o n v e r t in g  the n e u r a l l y  t r a n s m i t t e d  

s ig n a l  f rom the SCN in to  an endocr ine  s i g n a l .  Th is  s ig n a l  is  

conveyed v i a  the r e l e a s e  o f  the p in e a l  hormone, m e la t o n in .  The 

s y n t h e s is  and s e c r e t o r y  p r o f i l e  o f  t h i s  hormone is  c h a r a c t e r i s e d  by 

peak l e v e ls  du r in g  n ig h t  and low, b a r e l y  d e t e c t a b l e  l e v e l s  d ur in g  

the day (sheep;  R o l la g  and Niswender,  1976; B it tm an  and Karsch,

1 984 ) .  P r e d i c t a b l y ,  p inea lectom y r e s u l t s  in the e l i m i n a t i o n  o f  the
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n i g h t - t i m e  r i s e  in m e la t o n in ,  c o n c e n t r a t io n s  remain ing  a t  l e v e l s  

t y p i c a l  o f  d a y - t im e  (Kennaway e t  a / . ,  1983; B it tman  and Karsch,  .

1984) .

C o n f i r m a t io n  t h a t  the loss o f  p h o t o p e r i o d ic  response in 

p in e a Ie c to m ise d  an im als  is  due to  loss o f  the m e la to n in  rhythm, has 

been prov ided  by m e la t o n in  replacement s t u d i e s .  B i t tm an and Karsch  

(1 9 8 4 )  demonstrated t h a t  i n f u s io n  o f  m e la to n in  f o r  a p e r io d

mimicking t h a t  ex per ien ced  d u r ing  sh o r t  days (1 6  hr in fu s io n  -  

8L:16D)  and long days ( 8  hour in f u s io n  = 16L:8D) f o r  70 days s i x  

months a p a r t ,  synchronised  r e p r o d u c t iv e  f u n c t i o n  in ewes w i t h  t h a t  

o f  p i n e a I - i n t a c t  an im a ls  ( th o s e  w i t h o u t  the in f u s io n  remained

asynchronous w i t h  res p e c t  to  each o t h e r  and the p i n e a l - i n t a c t

a n i m a l s ) .  In more e l a b o r a t e  experiments  ( re v ie w e d  by B i t tm a n ,  1985)  

m e la to n in  in fu s io n s  were given to  r e s t o r e  the normal noctu rna l  

p r o f i l e  or to  p r o v id e  p r o f i l e s  t h a t  d i f f e r e d  from those no rm al ly  

p resent  under p r e v a i l i n g  p h o to p er io d s .  The o b j e c t i v e  was to

determine whether r e p r o d u c t iv e  responses (assessed by measuring  

seasonal  changes in LH) r e f l e c t e d  the c h a r a c t e r  o f  the m e la to n in  

s ig n a l  or the ambient  p hotoper io d  reg im e.  In one such s tudy ,  

p in e a Ie c to m iz e d  ewes were s u b jec te d  to  a s h o r t  day photo p er io d  but  

infused w i t h  a long-day  m e la to n in  p r o f i l e  (B i t tm a n  and Karsch,  

1984) .  T h is  r e s u l t e d  in a f a l l  in LH l e v e l s  s i m i l a r  to  t h a t  observed  

in p i n e a I - i n t a c t  ewes kept  on long days.  In another  s tudy ,  

p in e a Ie c to m iz e d  ewes m a in ta in e d  under long days r e c e iv e d  a s h o r t - d a y  

m e la to n in  s ig n a l  ( 1 6  hr i n f u s i o n ) .  D e s p i t e  the ' i n h i b i t o r y '  

p h o to p er io d ,  in fu s io n s  led to  an unambiguous r e p r o d u c t i v e  induct io n  

d u r in g  the anoest rous season ( Y e l I o n  e t  a ! . r 19 85 ) .  These r e s u l t s  

i n d i c a t e  t h a t  m e la to n in  is  a c r i t i c a l  component in the t ransm is s ion  

o f  the p h o t o p e r i o d ic  s i g n a l .  They a l s o  suggest  t h a t  r a t h e r  than  

having  a perm is s iv e  r o l e  ( i . e .  s im ply  p e r m i t t i n g  express ion  o f  

da y length  e f f e c t s  on s e a s o n a l i t y )  m e la to n in  ' d r i v e s '  responses to  

both s t i m u l a t o r y  and i n h i b i t o r y  d ay len g th s  ( B i t t m a n ,  1985 ) .

Evidence from some s t u d ie s  has d is p u te d  the r o l e  o f  the p inea l  

as the transducer  o f  p h o t o p e r io d ic  i n f o r m a t io n .  D i s r u p t i o n  o f  p in e a l  

f u n c t io n  by s u p e r io r  c e r v i c a l  gang I ionectomy (removal  o f  p in e a l  

sympatheic i n n e r v a t i o n )  f a i l e d  to  p re ven t  s tag s  ( L i n c o l n ,  1985)  or  

sheep (Argo,  1986) responding to  p h o t o p e r io d ic  m a n ip u la t io n  as
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p r e d i c t e d .  I t  is s i g n i f i c a n t  t h a t  in both s t u d i e s ,  a b l a t e d  and 

i n t a c t  an imals were m a in ta in ed  in c lo s e  c o n t a c t .  Recent ev idence  

suggests t h a t  s o c i a l  cues have a t imekeepin g  r o l e ,  a t  l e a s t  in the  

absence o f  p h o t o p e r io d ic  s i g n a l s .  Wayne e t  a l .  ( 1 9 8 9 )  observed t h a t  

p in e a Ie c to m iz e d  ewes m a in ta in ed  w i t h  i n t a c t  an im als  under a n a t u r a l  

photoperiod  e x h i b i t e d  a synchronous onset  o f  b reed in g  season 

(de term ined by the seasonal  r i s e  in LH) w i t h  the l a t t e r ,  but  t h a t  

those kept  in i s o l a t i o n  showed a 2 . 5  month d e la y .

As the p e r io d  o f  SCN s t i m u l a t i o n  o f  m e la to n in  r e l e a s e  r e f l e c t s  

the ambient  photoper io d  the r e s u l t i n g  hormone p r o f i l e  p ro v id e s  an 

endocr ine s ig n a l  t h a t  can be used f o r  the s y n c h r o n is a t io n  o f  

p h y s io lo g i c a l  changes w i t h  envi ronmenta l  s e a s o n a l i t y .

1 .2 .3 .4 . C h arac te ris tics  o f the m elatonin signal providing  

photoperiodic inform ation

The bu lk  o f  experim enta l  ev idence  is  c o n s i s t e n t  w i t h  the  

1 d u r a t i o n 1 h y p o th e s is .  Th is  proposes t h a t  the length  o f  m e la to n in  

e l e v a t i o n  during  each 24 hour p e r i o d  is  p r o p o r t i o n a l  to  the length  

o f  n i g h t ,  and seasonal  responses depend on t h i s  i n t e r v a l .  Evidence  

in both hamsters (Goldman, 1983)  and sheep (B i t tm a n  e t  a ! . ,  1983)  

confirms t h a t  the d u r a t io n  o f  the noctu rna l  r i s e  in m e la to n in  

( p i n e a l  content  and plasma l e v e l s  r e s p e c t i v e l y )  is r e l a t e d  to  

n ig h t  length  ( i . e .  s h o r t e r  d u r in g  long days than s h o r t  d a y s ) .  

Experimental  ev idence  t h a t  d u r a t i o n  in f l u e n c e s  p h o t o p e r i o d i c  

response has been prov ided  by r e p l a c i n g  the endogenous m e la to n in  

p r o f i l e  ( a b o l is h e d  by p in e a le c to m y )  w i t h  t imed m e la to n in  i n fu s io n s  

designed to  mimic n igh t im e l e v e l s  o f  d i f f e r e n t  d u r a t i o n .  In  

D ju n g ar ia n  hamsters 12 hour d a i l y  i n f u s i o n s ,  but  not  4 or 6  hour

in fu s io n s  blocked gonadal development o f  j u v e n i l e  an im als  (Goldnan,  

1983) .  The e f f e c t  o f  the 12 hour in fu s io n  was s i m i l a r  to  the

response to  s h o r t  day length s  ( i r r e s p e c t i v e  o f  when in f u s i o n  occurred

r e l a t v e  to  the LD c y c l e )  suggest in g  t h a t  the d u r a t i o n  and not  t im in g  

of  the m e la ton in  s ig n a l  was c r i t i c a l  in r e l a y i n g  p h o t o p e r io d ic  

i nformat io n .

A recen t  m o d i f i c a t i o n  o f  the d u r a t io n  hypothes is  has been

proposed by Maywood e t  a l .  ( 1 9 9 0 ) .  They observed t h a t  the length  o f
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i n t e r v a l  between success ive  f i x e d  d u r a t i o n  m e la to n in  in f u s io n s  was 

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  the  p h o t o p e r io d ic  response o f  S y r ia n  

hamsters,  as assessed by t e s t i c u l a r  re g r e s s io n .  In  t h i s  case the  

longer the in t e r v a l  the g r e a t e r  the degree o f  gonadal i n h i b i t i o n  

( range  10-18 h o u r s ) .  As a r e s u l t  o f  t h i s  and o t h e r  evidence  

( re v iew ed  by Maywood e t  a l . ,  1990)  i t  has been proposed t h a t  the  

S yr ian  hamster uses two components o f  the m e la to n in  s i g n a l .  The 

d u r a t io n  o f  the s ig n a l  ( s i g n i f y i n g  a 'quantum' o f  the p h o t o p e r io d ic  

i n f o r m a t io n )  and the frequency  w i t h  which these s i g n a l s  a r r i v e  ( i . e .  

the i n t e r v a l  f r e e  o f  m e l a t o n i n ) .  I t  is  s i g n i f i c a n t  t h a t  in the  

hamster ,  b lo c k in g  the m e la to n in  f r e e  i n t e r v a l  by im p lan t ing  

m ela to n in  (subcutaneous Iy )  p rev en ts  s h o r t -d a y s  from inducing  gonadal  

r e g re s s io n  ( R e i t e r ,  1980 ) .  As a r e s u l t  gonads remain permanently  

a c t i v e .  Thus, repeated  d a i l y  c y c le s  o f  m e la to n in  a r e  impor tan t  f o r  

normal cueing of  p h y s io l o g ic a l  f u n c t i o n .  The absence o f  response to  

m e la ton in  implants ( i . e .  hamsters behave as i f  on co n stan t  long-days  

and t e s t e s  remain e n la r g e d )  is in marked c o n t r a s t  to  the e f f e c t  o f  

m e la ton in  in ruminants (see  s e c t io n  1 . 2 . 3 . 5 . ) .

Thus, the c i r c a d i a n  system ( o p e r a t i n g  v i a  the SOI in mammals) 

d r iv e s  the p inea l  to  produce i t s  d a i l y  m e la to n in  s i g n a l .  N o rm a l ly ,  

the phase r e l a t i o n s h i p  between c i r c a d i a n  rhythms ( i . e .  a c t i v i t y ,  

body temperature ,  e t c . )  and m e la to n in  is  very  t i g h t  and they  appear  

' p h a s e - Io c k e d ' .  However, the m e la to n in  s ig n a l  which is  read by the  

b r a in  does not need to  a r r i v e  in d i s c r e t e  24 hour p u ls e s .  I t  j u s t  

happens t h a t  i t  does so, because i t  is d r iv e n  by a c i r c a d i a n  

o s c i l l a t o r  ( t h e  SCN).

1 .2 .3 .5 . M anipulation o f photoperiodic response using exogenous 

melatonin

In the s tu d ie s  d e scr ib ed  so f a r ,  exogenous m e la to n in  has been

a d m in is te re d  to r e p la c e  the endogenous s ig n a l  f o l l o w i n g ,  f o r

example,  p inea le c tom y.  An a l t e r n a t i v e  method o f  m a n ip u la t in g  the

m e la ton in  signa l  is  to  extend the  endogenous n o cturna l  p r o f i l e  us ing

an exogenous source .  Th is  procedure has been used in a number o f
IrhvS

s t u d ie s  reviewed l a t e r  i n ^ c h a p t e r ,  as we l l  as in two exper iments
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d u r in g  t h i s  t h e s i s .  These m a n ip u la t io n s  take two b as ic  forms. One 

way is to a d m in is t e r  the hormone p r i o r  to  the onset  o f  the n ig ht im e  

r i s e  and thereby extend the  p e r io d  o f  e l e v a t e d  m e la to n in  

c o n c e n t r a t io n s .  In deer t h i s  is  u s u a l l y  c a r r i e d  out  by i n j e c t i o n  

( e . g .  Webster and B a r r e l l f 198 5 ) ,  o ra l  dosing ( e . g .  M i ln e  e t  a ! . ,  

1990) or a d d i t i o n  to  f o o d s t u f f s  ( e . g .  Adam e t  a / . ,  1986) .  The t ime  

o f  a p p l i c a t i o n  v a r i e s  but  n orm a l ly  occurs d u r in g  l a t e  a f te rn o o n  

( e . g .  16.00 h r ,  Adam e t  a / . ,  1986 ) .  Ex tending the d u r a t i o n  o f

e le v a t e d  m ela to n in  should mimic the hormone p r o f i l e  o f  a s h o r t e r  

day le n g th .  The response o f  deer and sheep to  prolonged d a i l y  

a d m i n i s t r a t i o n  in t h i s  fa s h io n  is g e n e r a l l y  c o n s i s t e n t  w i t h  the  

hypoth es is  t h a t  they i n t e r p r e t  the extended p r o f i l e  as a s h o r t -d a y  

s i g n a l .  For example,  exposure to  a r t i f i c a l  s h o r t - d a y s  or  d a i l y  

m ela to n in  t rea tm ent  from mid-summer, both r e s u l t  in a s i m i l a r  

advance in the t im in g  o f  r e p r o d u c t i v e  a c t i v i t y  in autumn ( d e e r ,  

Webster and B a r re l  I ,  1985; sheep, E n g l is h  e t  a l . ,  1986) .

The a l t e r n a t i v e  method o f  m a n i p u l a t in g  the m e la to n in  s ig n a l  is  

by using cont inuous slow r e l e a s e  implants  ( e . g .  F is h e r  e t  a l  

1 9 8 8 ,1 9 9 0 ) .  Th is  form o f  t re a tm e n t  r e s u l t s  in r a i s e d  l e v e l s  o f  the  

hormone d ur in g  both n ig h t  and day (sheep:  L in c o ln  and E b l i n g ,  1985) .  

Although the p r o f i l e  does not  resemble the p a t t e r n  o f  s e c r e t i o n  

under any n a tu r a l  p ho to p e r io d ,  the e f f e c t  o f  implants  appears to  be 

s i m i l a r  to a s h o r t - d a y  response in sheep and d e e r .  The o n ly  d i r e c t  

comparison found no d i f f e r e n c e  in the  r e p r o d u c t iv e  response o f  ewes 

s u b je c t  to e i t h e r  a r t i f i c a l  s h o r t - d a y s ,  d a i l y  m e la to n in  or slow  

r e l e a s e  implants du r in g  summer ( E n g l i s h  e t  a ! . ,  1986) .  W h i l s t  t h i s  

does not prove t h a t  c o n t in u o u s ly  e l e v a t e d  l e v e l s  a r e  p e rce ive d  as a 

sh o r t  day p h o top e r io d ,  the observed response is  c e r t a i n l y  s i m i l a r .  

I t  is p o s s ib le  t h a t  the animal  i n t e r p r e t s  the s ig n a l  as a ' supei— 

s h o r t '  day ( L in c o l n  and E b l i n g ,  1985)  i f  i t  is  the d u r a t io n  o f  

e l e v a t e d  m e la to n in  t h a t  p ro v id e s  the c r i t i c a l  p h o t o p e r io d ic  

in fo rm at io n  (see p rev io u s  s e c t i o n ) .  However, t h i s  is i n c o n s is t e n t  

w i t h  the a s s e r t i o n  t h a t  a m e l a t o n i n - f r e e  i n t e r v a l  is impor tant  in 

rodents  (Maywood e t  a I . ,  1 990 ) .  In the S yr ian  hamster the responses  

to  s h o r t  photoperiods  and m e la to n in  implants d i f f e r .  Norm al ly  in 

t h i s  spec ies  a sw i tch  from long-  to  s h o r t -d a y s  r e s u l t s  in i n h i b i t i o n  

o f  re p r o d u c t iv e  a c t i v i t y  (see  s e c t io n  1 . 2 . 4 ) .  However, m e la to n in
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imp lan ts a d m in is t e r e d  to an imals  under long-days not on ly  had no 

e f f e c t ,  but prevented  a subsequent response to  s h o r t -d a y s  ( R e i t e r ,  

1980) .  The response is s i m i l a r  to  t h a t  observed f o l lo w in g  

pinea lectom y in t h i s  spec ies  ( i . e .  p h o t o p e r io d ic  response  

a b o l i s h e d ) .  T h is  is s i g n i f i c a n t  to  understanding  the a c t i o n  o f  

imp lan ts in deer and sheep. P o s s ib ly ,  cont inuous r e le a s e  m e la ton in  

ac t s  by b lo c k in g  the i n h i b i t o r y  long-day photoper iod  s i g n a l .  There  

is ev idence  t h a t  t h i s  could have caused the observed advance in 

re p r o d u c t io n  a s s o c ia te d  w i th  m e la to n in  t r e a t m e n t .  Removal o f  the  

photoper i od i c s ig n a l  by p inea lec to my o f  ewes a t  the t ime o f  the  

summer s o l s t i c e  a ls o  r e s u l t s  in an advanced b reed ing  season (Wayne 

e i  a I . ,  1988) .  Thus, the s i m i l a r i t y  between the response to  short

p h o to p er io d s ,  d a i l y  or cont inuous  m e la to n in  t rea tm en ts  and 

p in e a le c to m y ,  d ur in g  seasonal anoest rus  cou ld  have occurred i f  the  

advance o f  the breed in g  season was p r i m a r i l y  due to  removal o f  long-  

day inhib i t ion o f  r e p ro d u c t io n .  Even i f  i n t e r p r e t e d  d i f f e r e n t l y ,  

these  t rea tm en ts  would have r e s u l t e d  in the b lockade o f  t h i s  s i g n a l .  

Whether or not t h i s  is t r u e ,  m e la to n in  implants  pro v id e  ( i n  

ru m in ants )  a convenient  and cheap way o f  m a n ip u la t in g  s e a s o n a l i t y .

1 .2 .4 . PHOTOPERIODIC SIGNALS CONTROLLING SEASONALITY

1 .2 .4 .1 . D irec tio n  o f photoperiodic changes

Under n a t u ra l  env ironmenta l  c o n d i t i o n s  the same day length  

occurs tw ice  a year  ( b e f o r e  and a f t e r  each s o l s t i c e )  ye t  most medium 

and la rge  s i z e d  mammals in temperate  env ironments breed o n ly  once.  

A ls o ,  r e p r o d u c t iv e  events  ( i n  a l l  mammals) a r e  synchronised  so t h a t  

b i r t h  o f  o f f s p r i n g  occurs d ur in g  the same p e r io d  each y e a r .  I f  as 

proposed in the preceding  s e c t i o n s ,  day len g th  is  used to  t ime  

seasonal  changes, then animals  must be a b le  to  d i s t i n g u i s h  between 

the same photoper io d  when i t  occurs  a t  d i f f e r e n t  t imes o f  the y e a r .  

One way in which t h i s  could be ach ieved is i f  the seasonal response  

to  a g iven day length  depends upon p rev io u s  p h o t o p e r i o d i c  e xp e r ie n c e .  

Th is  was i n v e s t i g a t e d  by Robinson and Karsch (1 9 8 7 )  using  

ovarecto mized  ewes t r e a t e d  w i t h  o e s t r a d i o l  implants (see  s e c t io n

1 . 2 . 5 . 3 . ) .  P i n e a I - i n t a c t  ewes were transferred to  a common 13L:11D
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ph o top e r io d  f o l l o w i n g  p r i o r  exposure to  e i t h e r  16L:8D or  I0L:14D  

p h o to p e r io d s ,  groups thereby  e x p e r i e n c i n g  e i t h e r  a 3 hour increase  

or 3 hour decrease in d a y le n g th .  The r e s u l t i n g  response,  determined  

by changes in serum LH c o n c e n t r a t i o n s ,  was s i g n i f i c a n t l y  r e l a t e d  to  

p rev io u s  t r e a t m e n t .  LH l e v e l s  f e l l  in the groups o f  ewes which  

exper ie nce d  an in crease  in d a y le n g th  and increased in those which  

e xp er ien ce d  a decrease in d a y le n g t h .  S ince  the f i n a l  p h o t o p e r io d ic  

h i s t o r y  was the same (13L:11D )  i t  is  c l e a r  t h a t  p r i o r  p h o t o p e r io d ic  

h i s t o r y  was a major  d e te rm in an t  o f  the response.  T h is  d i f f e r e n t i a l  

r e a c t i o n  to  the d i r e c t i o n  o f  p h o t o p e r io d ic  change could  occur due to  

e i t h e r  an e f f e c t  on the p in e a l  m e la to n in  s ig n a l  o r ,  due to  

d i f f e r e n c e s  in t a r g e t  s e n s i t i v i t y  to  m e la t o n i n .  Measurement o f  the  

m e la to n in  p r o f i l e  d u r in g  the study re v e a le d  t h a t  the l a t t e r  always  

conformed to  p r e v a i l i n g  d a y le n g t h .  A s i m i l a r  o b s e rv a t io n  was 

r e p o r t e d  in ewes m a in ta in e d  on a 12L:12D photo p er io d  (Jackson e t  

a l . ,  199 0 ) .  Al though t h e i r  m e la to n in  p r o f i l e s  were s i m i l a r ,  th e re  

was extreme v a r i a t i o n  in the c h a r a c t e r  o f  t h e i r  response to  t h i s  

photo p er io d  ( i . e .  cont inuous o e s t ro u s  c y c l i c i t y  in some, random 

c y c l i n g  in o th e r s  and in one none a t  a l l ) .  These r e s u l t s  suggest  

t h a t  the mechanism by which d i f f e r e n t  responses a r e  e l i c i t e d  by the  

same p h o to p e r io d ,  must be a t  or below the leve l  o f  p ro cess ing  o f  the  

me Ia ton  in si  g n a I .

Thus, i t  appears t h a t  seasonal  mammals a r e  a b le  to  assess  

c o r r e c t l y  the t ime o f  year  by a combinat ion o f  the  m e la to n in  s i g n a l ,  

which r e l a y s  in fo rm a t io n  about p r e v a i l i n g  d a y le n g th ,  and v a r i a t i o n  

in t a r g e t  s e n s i t i v i t y  to  t h i s  s i g n a l ,  r e s u l t i n g  from prev io us  

exposure to  t h a t  s i g n a l .  The importance o f  changes in t a r g e t  

s e n s i t i v i t y  to  m e la to n in  in d e te rm in in g  the p h o t o p e r io d i c  response  

has been f u r t h e r  i l l u s t r a t e d  by i n v e s t i g a t i o n  o f  which photoperiods  

a re  r e s p o n s ib le  f o r  i n i t i a t i n g  p a r t i c u l a r  seasonal changes.

1 .2 .4 .2 .  Control o f seasonality  in rodents

In s m a l l ,  s h o r t - l i v e d  mammals ( e . g .  r o d e n t s ) ,  w i t h  r e l a t i v e l y  

b r i e f  g e s t a t i o n  p e r io d s  ( 1 5 - 2 5  days: R e i t e r ,  1980) ,  breeding

a c t i v i t y  commences in sp r in g  w h i l s t  exposed to in c r e a s in g  day lengths  

and ends in l a t e  summer when d a y le n g th  d e c l i n e s .  The t e r m i n a t io n  o f
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r e p r o d u c t i v e  a c t i v i t y  appears dependent on exposure to  sh o r t  

p hotoper io ds  ( l e s s  than 12.5 hr o f  l i g h t  r e s u l t s  in gonadal  

r e g r e s s i o n )  as long days m a in t a in  r e p r o d u c t i v e  competence ( R e i t e r ,

1980) .  In c o n t r a s t ,  gonadal regrowth in s p r in g  appears to  be an 

endogenously d r iv e n  ev e n t .  T h is  has been demonstrated by the  

spontaneous r e g e n e r a t i o n  o f  the t e s t e s  observed in hamsters kept  on 

s h o r t  day lengths ( R e i t e r ,  1980) .  The term in t roduced to d esc r ib e  the  

loss o f  responsiveness  to  an i n h i b i t o r y  ( o r  s t i m u l a t o r y )  

p h o t o p e r io d ic  s t im u lu s ,  as a r e s u l t  or p rev io u s  exposure to  i t ,  is  

p h o t o r e f r a c t o r i n e s s  ( R e i t e r ,  1972) .  I n c re a s in g  day lengths  do however 

have an importan t  r o l e .  A f t e r  becoming r e f r a c t o r y  to  s h o r t  days 

hamsters remain in r e p r o d u c t iv e  c o n d i t i o n  i n d e f i n i t e l y  ( R e i t e r ,

1980 ) .  The a b i l i t y  to  e x h i b i t  r e g r e s s io n  o f  the r e p r o d u c t i v e  system 

is dependent on exposure to  a s u f f i c i e n t  p e r io d  o f  long day lengths  

whereupon s h o r t - d a y s  can once ag a in  cause r e g r e s s io n .  The d u r a t io n  

o f  long-days r e q u i r e d  was demonstrated to  be between 10-22 weeks.  

Changes in p h o t o - s e n s i t i v i t y  t h a t  occur d ur in g  r e f r a c t o r i n e s s  maybe 

the r e s u l t  o f  a change in s e n s i t i v i t y  to  the m e la to n in  s ig n a l  r a t h e r  

than a change in the s ig n a l  i t s e l f .  In S y r ia n  hamsters,  rhythms of  

p in e a l  m e la ton in  content  d id  not  a l t e r  as t e s t e s  regressed and 

spontaneously  recrudesced under pro longed s h o r t  days,  un less  

h i b e r n a t i o n  occurred (Vanecek e t  a ! . ,  1984 ) .  In  a d d i t i o n ,  i n j e c t i o n  

o f  m e la to n in  i n t o  hamsters f o l l o w i n g  spontaneous recrudescence cou ld  

not induce a second re g r e s s io n  un less  those an im als  had been exposed 

to  a pro longed p e r io d  o f  long days ( B i t t m a n ,  1984) .  Thus, in the  

hamster (and p robab ly  o th e r  r o d e n t s )  seasonal  changes a r e  d r i v e n  by 

a combinat ion  o f  a s h o r t - d a y  p h o t o p e r io d i c  s ig n a l  t e r m in a t i n g  

r e p r o d u c t i v e  a c t i v i t y  in l a t e  summer and r e f r a c t o r i n e s s  to  t h i s  

s ig n a l  i n i t i a t i n g  i t s  resumption in s p r i n g .  The r o l e  o f  long days 

appears p r i m a r i l y  to  be to  break  the r e f r a c t o r i n e s s  p e r m i t t i n g  

f u t u r e  r e g r e s s io n .  In  the absence o f  a p h o t o p e r io d ic  s ig n a l  ( e . g .  

f o l l o w i n g  p in ea lec to m y)  s e a s o n a l i t y  is l o s t ,  the r e p r o d u c t i v e  system 

r e g en era tes  ( i f  i t  had been re g re s s e d )  and animals  remain in a 

constan t  s t a t e  o f  r e p r o d u c t i v e  competence ( R e i t e r ,  1980) .  

U t i l i z a t i o n  o f  a r e f r a c t o r y  response,  r a t h e r  than d i r e c t  use o f  

d ay le n g th ,  to  t ime seasonal  gonadal regrowth  in s p r in g  may have
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evo lved because h i b e r n a t i n g  mammals l i k e  the hamster  r e c e i v e  l i t t l e  

i f  any p h o t o p e r io d ic  in fo rm a t io n  d u r in g  w i n t e r .

1 .2 .4 .3 . The control o f seasonality  in ungulates

In l a r g e r ,  long l i v e d  mammals l i k e  sheep and d e e r ,  prolonged  

g e s t a t i o n  lengths (150  and 234 days r e s p e c t i v e l y )  ensure t h a t  b i r t h  

o f  o f f s p r i n g  c o in c id e  w i t h  in c r e a s in g  p l a n t  growth in s p r i n g ,  and 

mat ing  must occur d ur ing  autumn. In c o n t r a s t  to  the hamster ,  

daylength  is  d e c l i n i n g  by the onset  o f  the b reed in g  season and 

in c re as in g  a t  i t s  t e r m i n a t i o n .  T h is  suggests t h a t  the p h o t o p e r i o d ic  

s t i m u l i  used by female  sheep and deer to  t ime p a r t i c u l a r  seasonal  

events  d i f f e r  from those use by most ro d e n ts .

The a b i l i t y  o f  photoper iod  to  d r i v e  seasonal  changes in the ewe 

has been demonstrated by s u b j e c t i n g  an im a ls  to  a r t i f i c a l  s h o r t - d a y  

(8 L :16D )  and long-day (1 6L :8D )  pho to p er io d s  which were a l t e r n a t e d  

every  90 days (Legan and Karsch,  19 8 0 ) .  Under these  c o n d i t io n s  ewes 

underwent two bre ed in g  and anoestrous  seasons in one y e a r .  Oestrous  

c y c l i c i t y  was a s s o c ia te d  w i t h  exposure to  s h o r t - d a y  photoper iods  and 

anoestrus  w i t h  long days. S i m i l a r  r e s u l t s  were o b ta in e d  in an im als  

s u b je c t  to 120 day a l t e r n a t i o n s  between d ay len g th s  (e xce p t  t h a t  the  

p e r io d  o f  each c y c le  was g r e a t e r ) .  T h is  im p l ie s  p h o t o p e r i o d i c  

changes can d i r e c t l y  co n t ro l  seasonal  responses in the ewe. However,  

ev idence from a number o f  s t u d i e s  in d i c a t e s  t h a t  t h i s  s p ec ie s  can 

e x h i b i t  p h o t o f r a c t o r i n e s s  to  both  i n i t i a l l y  in d u c t i v e  and 

suppressive  photoper io d  regimes.  The r o l e  o f  p h o t o r e f r a c t o r i n e s s  in 

the c o n t ro l  o f  s e a s o n a l i t y  in the ewe, is  d iscussed  in the f o l l o w i n g  

s e c t io n  w i t h  resp ect  to r e p r o d u c t iv e  a c t i v i t y .

1 .2 .5 . PHOTOPERIODIC CONTROL OF REPRODUCTION

1 .2 .5 .1 . The onset o f reproductive a c t iv i t y

I f  ewes a re  m a in ta in ed  on a summer s o l s t i c e  photo p er io d  from 

t h i s  s o l s t i c e  ( d e p r i v i n g  them o f  exposure to  a d e c l i n i n g  d a y le n g t h )  

then the onset o f  r e p r o d u c t i v e  a c t i v i t y  s t i l l  occurs a t  the  

a p p r o p r ia t e  t ime in autumn (Robinson e t  a l . ,  1985; Worthy e t  a l . ,
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1985; Malpaux e t  a l . f 1989; O'Cal laghan e t  a I . ,  1989 ) .  Th is

i n d i c a t e s  t h a t  a d e c l i n i n g  photoperiod  s t im u lu s  is not r e q u i r e d  to  

t e r m i n a t e  ano es t ru s .  I t  suggests in s tead  t h a t  under n a tu r a l  

day lengths  t h i s  event  is de termined  by an endogenous process  

r e s u l t i n g  in p h o t o r e f r a c t o r i n e s s  to  long-day i n h i b i t i o n  ( t h i s  is  

analogous to  the spontaneous re -g ro w th  o f  the hamster t e s t i s  under  

s h o r t  p h o t o p e r io d s ) .  Normal t im in g  o f  r e p r o d u c t iv e  a c t i v i t y  o n ly  

occurs ,  however,  i f  ewes have been exposed to  in c re a s in g  day lengths  

d u r in g  s p r in g  and summer. For example, when ewes were he ld  on w i n t e r  

s o l s t i c e  ph oto periods  from t h i s  s o l s t i c e ,  then the onset  o f  

r e p r o d u c t i v e  a c t i v i t y  was s u b s t a n t i a l l y  de layed  ( a t  l e a s t  2 months

in 4 / 5  ewes, Malpaux e t  a I . ,  1989; a t  l e a s t  3 months in 7 / 9  ewes

Sunderland e t  a ! . ,  1990; one month, O 'C a l la g h a n  e t  a I . ,  1990 ) .  In  

a d d i t i o n ,  dur in g  photoper io d  c o n t r o l l e d  exper iments  when day length  

in creases  occurred e a r l i e r  or l a t e r  than normal ,  then the  onset  was 

r e s p e c t i v e l y  advanced or delayed  (Malpaux e t  a l . ,  19 89 ) .  F u r t h e r

ev idence o f  the importance o f  spr ing/summer pho to p er io d s  has been

p rov id ed  by in fu s in g  p in e a Ie c to m iz e d  ewes w i t h  m e la to n in  p r o f i l e s

c h a r a c t e r i s t i c  o f  e i t h e r  summer, autumn, w i n t e r  or  s p r i n g ,  a t  the  

a p p r o p r i a t e  t ime o f  year  over se vera l  y e a r s .  T h is  has r e v e a le d  t h a t  

on ly  in fu s io n s  designed to  mimic p r o f i l e s  no rm a l ly  exper ienced  

d u r in g  s p r in g  and summer were capab le  o f  s y n c h ro n iz in g  the  onset  o f  

the breed ing  season w i t h  p i n e a l - i n t a c t  c o n t r o l s  ( W o o d f i l l  e t  a l . ,  

1990) .  In an experiment  in which ewes were m a in ta in e d  on a w i n t e r  

s o l s t i c e  photoperiod  from the s o l s t i c e  O ' C a l l a g h e r  e t  a l .  ( 1 9 9 0 )  

have shown t h a t  as l i t t l e  as 10 days exposure to  long days (18L:6D )  

d u r in g  A p r i l  can syn chro nize re p ro d u c t io n  o f  t r e a t e d  ewes w i t h  

an im als  under a s im u la te d  n a t u ra l  p h o to p e r io d .  Considered t o g e t h e r ,  

t h i s  evidence  in d i c a t e s  t h a t  exposure to  long days is c r i t i c a l  in  

s y n c h ro n iz in g  the long- te rm  endogenous processes which r e s u l t  in the  

t e r m i n a t i o n  o f  long-day p h o t o r e f r a c t o r i n e s s  and hence a normal onset  

to  the breeding  season many months l a t e r .

P r e d i c t a b l y ,  p inea lectomy o f  ewes a t  the s p r in g  equinox leads  

to  a l a t e  and non-synchronous breed ing  season due to  the  loss o f  a 

long-day s ig n a l  (Wayne e t  a I . ,  1988) .  However, when performed a t  the  

summer s o l s t i c e  not  on ly  were ewes synchronous but  i t s  onset  was 

advanced (Wayne e t  a l . ,  1988) .  T h is  im p l ie s  t h a t  exposure to  s p r in g
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photoper io ds  would lead to  an e a r l i e r  b reed in g  season, n e arer  the  

summer s o l s t i c e ,  but  t h a t  n orm al ly  long days a c t i v e l y  suppress  

r e p r o d u c t io n  a t  t h i s  t im e .

1 .2 .5 .2 . The onset o f seasonal anoestrus

Exposure to  a r t i f i c a l  long-days (1 6 L :8 D )  from mid-January  

advances the onset  o f  seasonal  anoestru s  in l a t e  w i n t e r  (Worthy and 

H ares ig n ,  1983 ) .  However, even in the absence o f  in c rea s in g  

d a y len g th  the bre ed ing  season ends a t  about  the normal t ime o f  the  

year (Worthy and H ares ig n ,  1983; Robinson and Karsch,  1984; Malpaux  

e t  e l . ,  1988a ) .  In a d d i t i o n ,  exposure to  abrupt  a r t i f i c a l  r e d u c t io n s  

in day le n g th  or  i n c r e a s i n g l y  shortened p h otoper io ds  a f t e r  the w i n t e r  

s o l s t i c e  extends the d u r a t io n  o f  r e p r o d u c t iv e  a c t i v i t y  but  does not  

prev en t  seasonal  anoestrus  (Malpaux e t  a l . ,  1 9 8 8 a ,b ) .  T h is  im pl ie s  

t h a t  under n a t u r a l  c o n d i t io n s  the i n i t i a t i o n  o f  anoest rus  is  

p r i m a r i l y  determined  by r e f r a c t o r i n e s s  to  an i n d u c t i v e  shor t  

photoper iod s i g n a I .

Karsch e t  a l .  (1 9 8 6 )  c a r r i e d  out  two experiments  to  examine 

whether p h o t o r e f r a c t o r i n e s s  was due to  p r e -  or  p o s t - p i n e a l  

process in g  o f  the m e la ton in  s i g n a l .  In the f i r s t ,  the c i r c a d i a n  

p a t t e r n  o f  m e la to n in  s e c r e t i o n  was moni tored  in p i n e a l - i n t a c t  ewes 

s u b j e c t  to  constant  photoperiods t h a t  had been i n i t i a l l y  in d u c t iv e  

( s h o r t  days)  or i n h i b i t o r y  ( lo n g  d a y s ) .  They observed t h a t  d e s p i t e  

eventua l  loss o f  p h o t o p e r io d ic  response t h e re  were no as s o c ia te d  

changes in the c i r c a d i a n  m e la to n in  p a t t e r n .  In the second 

e xp er im e n t ,  p in e a Ie c to m iz e d  ewes were in fused w i t h  a c i r c a d i a n  

p a t t e r n  o f  m e la to n in  s i m i l a r  to  t h a t  p re sen t  d u r in g  s ho r t  days.  Th is  

i n i t i a l l y  provoked r e p r o d u c t iv e  ind uct io n  (d e te rm in e d  by e le v a t e d  LH 

c o n c e n t r a t i o n s ) ,  but  the response then lessened and LH l e v e l s  f e l l  

over a s i m i l a r  t ime p er io d  as seen in p in e a l  i n t a c t  a n im a ls .  These 

r e s u l t s  a re  c o n s is t e n t  w i t h  the  hypothes is  t h a t  r e f r a c t o r i n e s s  and 

t e r m i n a t i o n  o f  the breeding season is due to  p o s t - p i n e a l  process ing  

o f  the m e la to n in  s ig n a l  ( i . e .  re p r e s e n ts  a loss o f  t a r g e t  

s e n s i t i v i t y  to  t h i s  s i g n a l ) .
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Most ev idence  in the ewe suggests under normal environmental  

c o n d i t i o n s ,  the sequence o f  r e p r o d u c t iv e  events  is  de termined  by the  

development o f  r e f r a c t o r i n e s s  to  ambient  p h o t o p e r i o d i c  s i g n a l s .  The 

onset  o f  the b ree d in g  season r e s u l t s  from r e f r a c t o r i n e s s  to  long-day  

i n h i b i t i o n  and d i r e c t  suppression  o f  reproduct ive a c t i v i t y  around the  

summer s o l s t i c e .  I t s  t e r m in a t i o n  r e s u l t s  from r e f r a c t o r i n e s s  to  

s t i m u l a t o r y  s h o r t - d a y  ph o to p er io d s .

S tu d ie s  on the ewe p rov id e  the  o n ly  c u r r e n t  da ta  in ruminants  

examining the i n t r a c t i o n  o f  the p h o t o p e r i o d i c a l I y  d r iv e n  m e la to n in  

s ig n a l  w i t h  i n t e r n a l  endogenous rhythms.  Whether the ewe p ro v id es  an 

a c c u r a t e  model o f  s e a s o n a l i t y  in the red deer hind remains u n c l e a r .  

However, red deer hinds do e x h i b i t  long-day p h o t o r e f r a c t o r i n e s s .  

T h is  has been shown by s u b j e c t i n g  p r e - p u b e r t a l  hinds to  summer 

s o l s t i c a l  photoper iods  from t h e i r  f i r s t  w i n t e r  s o l s t i c e  (Loudon and 

B r i n k  low, 1990 ) .  These an imals not  on ly  commenced oes t rous  c y c l i c i t y  

the f o l l o w i n g  autumn w h i l s t  s t i l l  exposed to  long days from the  

p rev io u s  w i n t e r  s o l s t i c e ,  but they a l s o  s t a r t e d  c y c l i n g  e a r l i e r  than 

c o n t r o l s .  T h is  r e s u l t  is s i m i l a r  to  the response o f  a d u l t  ewes 

t ransferred to  long-days in m i d - w in t e r  (Malpaux e t  a l . ,  1989) .  The 

major inco n s is te nc y  between o b s e r v a t io n s  in ewes and red deer hinds  

r e l a t e s  to the mechanism c o n t r o l l i n g  the t e r m i n a t io n  o f  the breeding  

season.  When a group o f  hinds were t r e a t e d  d a i l y  f rom February  w i t h  

exogenous m e la to n in  a d m in is te re d  in feed  to mimic s h o r t - d a y  p r o f i l e s  

o f  the  hormone (see  s e c t io n  1 . 2 . 3 . 5 . )  an im als  f a i l e d  to  e x h i b i t  

seasonal anoestrus  u n t i l  t rea tm en t  ceased 16 months l a t e r  (Adam e t  

a ! . ,  1989) .  T h is  c o n t r a s t s  w i t h  a comparable exper iment in ewes

where m e la to n in  t rea tm e n t  on ly  pro longed r e p r o d u c t i v e  a c t i v i t y  by 6 

weeks ( N e t t  and Niswender,  1982) .  In  a d d i t i o n ,  cont inuous r e le a s e  

m e la to n in  implants  ad m in is te re d  to  Pere D a v id 's  deer in m i d - w i n t e r ,  

o n ly  extended the breed ing  season by 12 .3  days,  less in f a c t  than  

the length  o f  a s i n g l e  oestro us  c y c le  ( c .  18 d ay s ) (C .M .  Argo, A . S . I .  

Loudon and B.R.  B r in k lo w ,  unpub l ished  d a t a ) .  The f a i l u r e  o f  red deer  

hinds exposed to  a s h o r t - d a y  m e la to n in  s ig n a l  to  e n t e r  an anoestrous  

s t a t e  suggests t h a t ,  u n l i k e  the ewe and Pere D a v i d ' s  deer h ind ,  t h i s  

s p ec ies  may r e q u i r e  exposure to  in c r e a s in g  d ay len g th s  to  te r m in a t e  

the breed in g  season ( i . e .  a d i r e c t  p h o t o p e r i o d i c  s ig n a l  r a t h e r  than
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a p h o t o r e f r a c t o r /  r es p on s e ) .  R e la te d  to  these o b s e r v a t io n s  m e la to n in  

implants g iven  to p r e - p u b e r t a l  red deer hinds a t  the w i n t e r . so I s t i c e  

s i g n i f i c a n t l y  reduced the  a m p l i tu de  o f  seasonal  changes in p r o l a c t i n  

and v o l u n t a r y  food in t a k e  (see  s e c t i o n  1 . 2 . 9 )  but  d id  not  prevent  

them (Loudon and B r in k lo w ,  1 990 ) .  W h i l s t  photo p er io d  is c l e a r l y  

im p o r tan t ,  the e xac t  r o l e  o f  in c re a s in g  day lengths  d ur in g  sp r in g  in 

the t im in g  o f  seasonal  changes o f  red deer remains to  be c l a r i f i e d .

I t  is  c l e a r  t h a t  c o n s id e r a b le  spec ie s  v a r i a t i o n  may occur in 

seasonal  rum inants ,  w i t h  perhaps a common mechanism c en te re d  around  

long-day p h o t o r e f r a c t o r i n e s s  ( e x h i b i t e d  by a l l  long l i v e d  seasonal  

mammals so f a r  examined) and v a r i a b l e  mechanism f o r  s w i t c h in g  o f f  

b reed ing  seasons on s h o r t  days.

1 .2 .5 .3 .  Endocrine control of seasonality

The f o l l o w i n g  s e c t io n  d e sc r ib es  the mechanism by which the  

photo p er io d  s ig n a l  is  b e l i e v e d  to  c o n t r o l  r e p r o d u c t iv e  s t a t u s  in the  

fem a le .  For a r e v ie w  o f  the p h y s i o l o g i c a l  mechanisms c o n t r o l l i n g  

seasonal  bre ed in g  in the red deer s tag  see L in c o ln  ( 1 9 8 5 ) .

The hypothalamic pulse generator and the oestrous cycle

To understand the mechanism o f  seasonal c o n t r o l  i t  is  f i r s t  

necessary to  b r i e f l y  cons id er  the key endocrine  events t h a t  take  

place  d u r ing  the o es t rou s  c y c l e .  The o u t l i n e  d e s cr ib ed  below is
on

based/^the model developed f o r  the ewe by Goodman and Karsch ( 1 9 8 1 )  

i l l u s t r a t e d  in F ig u r e  1 .2 a .  ( t h e  o e s t ro u s  c y c le  length  in the ewe is 

16 d a y s ) .

The hypothalam ic  pu ls e  g e n e r a to r  ( l o c a t e d  in the median basal  

hypothalamus) produces e p is o d i c  d ischarges  o f  g onadotroph in -  

r e l e a s i n g  hormone (GnRH) which s t i m u l a t e  p u l s a t i l e  re l e a s e  o f  

l u t e i n i z i n g  hormone (LH) from the a n t e r i o r  p i t u i t a r y  gland ( C la r k e  

and Cummins, 19 82 ) .  Th is  hormone a c t s  on the  ovary to  promote 

f o l l i c u l a r  m a t u r a t io n  and s e c r e t i o n  o f  o e s t r a d i o l .  I n c r e a s in g  l e v e ls  

of  t h i s  s t e r o i d  p o s i t i v e l y  feedback onto  the pu lse  g en era to r  

inducing a surge in LH (Karsch e t  a / . ,  1979)  which r e s u l t s  in
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o v u l a t i o n  (o e s t ro u s  behav iour co in c id e s  w i t h  the LH s u r g e ) .  

Fo l low in g  t h i s ,  g ranu lo sa  c e l l s  o f  the ru p tu re d  G r a a f i a n  f o l l i c l e  

begin to l u t e i n i z e  ( i n c r e a s e  in numbers and s i z e )  forming what is  

r e f e r e d  to as the corpus luteum  (C L ) .  C o in c id e n t  w i t h  morp holog ica l  

changes, t h i s  t i s s u e  begins p rogesterone  s y n th e s is  and s e c r e t i o n .

The CL regresses on day 15 due to  the l y t i c  a c t i o n  o f  p r o s t a g l a n d i n s  

formed in the endometrium under the in f l u e n c e  o f  p rogesterone  

( S h o r t ,  1972) .  As a r e s u l t  progesterone  l e v e l s  a b r u p t l y  d e c l i n e .  The 

hormonal changes d u r in g  the o es t ro u s  cy c le  a r e  summarized in F ig u re  

1.2b .

The key element in t h i s  model d e te rm in in g  o v u l a t i o n  is the

pulse  frequency o f  LH (Karsch e t  a l . ,  1984 ) .  High fr equency  pu lses  

a re  r e q u i r e d  to induce the s u s ta in e d  e l e v a t i o n  in LH necessary to  

promote f o l l i c u l a r  m a tu r a t io n  and the p r e o v u la t o r y  o e s t r a d i o l  r i s e .  

The p a t t e r n  o f  LH s e c r e t i o n  is  m o d i f ie d  by the  a c t i o n s  o f  gonadal  

s t e r o i d s .  Pro gesterone a c t i n g  on the pu lse  g e n e r a to r  reduces the  

pulse  frequency o f  GnRH s e c r e t i o n  (Karsch e t  a l . ,  1987)  r e s u l t i n g  in  

low LH r e l e a s e .  In c o n t r a s t ,  o e s t r a d i o l  reduces LH pu lse  a m p l i tu d e

(Goodman and Karsch,  1981) a c t i n g ,  a t  l e a s t  in p a r t ,  upon the

a n t e r i o r  p i t u i t a r y  to  decrease responsiveness  to  GnRH (Goodman and 

Karsch,  1981; Karsch e t  a l . ,  1 9 84 ) .  As a r e s u l t ,  h igh p rogesterone  

l e v e l s  produced by the CL reduce LH pu lse  frequency  below the  

th res h o ld  necessary f o r  p e r i o d i c  increases in o e s t r a d i o l  to  i n i t i a t e  

the p r e - o v u l a t o r y  events  ( t h e  ' l u t e a l  p h a s e ' ) (Hauger e t  a l . ,  19 77 ) .  

When the CL regresses  and c i r c u l a t i n g  p rogesterone  c o n c e n t r a t io n s  

d e c l i n e ,  the pu lse  frequency increases  to i t s  endogenous p e r i o d i c i t y  

i n i t i a t i n g  the sequence o f  the events lead in g  to  o v u l a t i o n  ( t h e  

1f o l l i c u l a r  p h a s e ' ) .  Thus, the  b i - w e e k ly  p a t t e r n  o f  o v u l a t i o n  

r esp o n s ib le  f o r  the oestr ous  c y c le  is  p r i m a r i l y  de te rmined by the  

clamping a c t io n  o f  progesterone  on the pu lse  g e n e r a t o r .

The endocr ine co n t ro l  o f  the oestrous  c y c le  in deer has y e t  to  

be described  in d e t a i l .  The length  o f  the c y c l e  in red deer is  

re p o r te d  as between 18-21 days ( 1 8 . 3 ,  Guinness e t  a l . ,  1971; 1 8 .2 ,  

K e l l y  e t  a I . ,  1985; 21 days,  Adam e t  a I . ,  1985 ) .  In both red  ( K e l l y  

e t  a l . ,  1985) and w h i t e - t a i l e d  ( P l o t k a  e t  a l . ,  1980)  deer the  

p a t t e r n  o f  changes in p ro g e s te ro n e ,  o e s t r a d i o l  and t o n i c  LH d u r in g  

the oes trous c y c le  a re  s i m i l a r  to  those found in the ewe (see  F ig u re
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FIGURE 1 .2 :  ( a )  Model f o r  c o n t ro l  o f  o v u l a t i o n  d u r ing  oes trous  c y c l e  
of  the ewe. ( i )  L u te a l  phase: p r e o v u l a t o r y  sequence (b o t tom ) is
blocked by e l e v a t e d  progestero ne  ( P )  which reduces the  frequency o f  
the GnRH pulse g e n e r a t o r ,  ( i i )  F o l l i c u l a r  phase: f requency  o f  GnRH 
pulse  g en e ra to r  increases  due to  combined e f f e c t  o f  P w ithdrawal  and 
o e s t r a d i o l  (E2 ) s t i m u l a t i o n .  T h is  p e rm i ts  the p r e o v u l a t o r y  sequence.  
M o d i f ie d  from Goodman and Karsch ( 1 9 8 1 ) .
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1 . 2 b ) .  The on ly  in fo rm at io n  about the p u l s a t i l e  p a t t e r n  o f  LH 

s e c r e t i o n  in any spec ies  o f  deer is f rom the Pere D a v id 's  d eer .  In  

t h i s  s pe c ie s ,  pulse frequency is s i g n i f i c a n t l y  h igher  d u r in g  the  

f o l l i c u l a r  than l u t e a l  phase, as observed in the ewe. However, in 

c o n t r a s t  to  the l a t t e r  (Goodman and Karsch,  1981) ,  but  b ro ad ly  

c o n s is t e n t  w i t h  o b s e rv a t io n s  in c a t t l e  (Page e t  a l . ,  1987 ) ,  LH pu lse

am pli tu de  does not increase  d ur in g  the l u t e a l  phase.  D e s p i te

d i f f e r e n c e s ,  the model o u t l i n e d  f o r  the  co n t r o l  o f  the oes trous  

c y c le  in the ewe is regarded as g e n e r a l l y  a p p r o p r i a t e  f o r  female  

d e e r .

Photoperiodic regu la tion  o f LH pulse generator

The a c t i v i t y  o f  the pu lse  g e n e ra to r  is  c r i t i c a l  in d e te rm in in g  

the seasonal  r e p ro d u c t iv e  s t a t e  (Goodman and Karsch,  1981 ) .  Evidence

suggests t h a t  f a i l u r e  to  c y c le  d u r in g  anoestrus  is  not  due to  the

i n a b i l i t y  o f  the ovary to  respond to  LH. O v u la t io n  can be brought  

about by GnRH ( a f t e r  p rogesterone  remova l)  in anoestrous  ewes 

(McLeod e t  a l . ,  1982, 1983; W righ t  e t  a l . ,  1983)  and deer (McLeod e t  

a l . ,  1991) .  Repro duct ive  f a i l u r e  appears to  be a consequence o f  

i n s u f f i c i e n t  LH due to  a r e d u c t io n  in GnRH pu ls e  frequency  (Goodman 

and Karsch,  1981; B i t tm an ,  1985) .

In g e n e r a l ,  photo per iod  is b e l i e v e d  to  a c t  v i a  a s t e r o i d

dependent mechanism. S p e c i f i c a l l y ,  i t  appears t h a t  seasonal  changes 

in the potency o f  o e s t r a d i o l  n e g a t iv e  feedback on LH s e c r e t i o n ,  

under Iy changes in re p r o d u c t i v e  s t a t u s .  Th is  has been demonstrated  

by t r e a t i n g  o v a r ie c to m ize d  ewes w i t h  an implant  p ro v i d in g  a f i x e d  

basal  leve l  o f  o e s t r a d i o l .  Under n a t u r a l  photoper iods  t r e a t e d  ewes 

e x h i b i t e d  suppressed serum LH l e v e l s  d u r in g  the summer anoest rous  

p e r io d  but  e le v a t e d  l e v e l s  d u r in g  the normal breed in g  season o f  

i n t a c t  an im a ls .  M a n ip u la t in g  the photo p er io d  regime by a l t e r n a t i n g

long and s h o r t  ph otoperiods  every  90 days r e s u l t e d  in i n t a c t  ewes

undergoing 2 breed in g  and anoest rous  seasons in a y e a r .  C o in c id en t  

w i t h  re p r o d u c t iv e  t r a n s i t i o n s  in the l a t t e r  were s t r i k i n g

f l u c t u a t i o n s  in serum LH l e v e l s  o f  o e s t r a d i o I - t r e a t e d  c a s t r a t e s  

(Legan and Karsch,  1980) .
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During the breed in g  season o e s t r a d i o l  does not  s i g n i f i c a n t l y  

reduce LH pulse f requency  (see  a b o v e ) .  However, i t s  suppress ive  

e f f e c t s  d ur in g  anoestru s  appear to  r e s u l t  from an i n h i b i t o r y  e f f e c t  

on the hypothalamic  pulse g e n e r a t o r .  Th is  r e s u l t s  in a reduct ion -  in 

the frequency  o f  GnRH (and hence LH) pulses  (Goodman and Karsch,

1981) .  Th is  was demonstrated by comparing the pu lse  f requency  o f  

lo ng- te rm  o v a r ie c to m iz e d  ewes d u r in g  the b reed in g  and anoestrous  

seasons b e fo re  and a f t e r  o e s t r a d i o l  t re a tm en t  (Goodman and Karsch,

1981 ) .  Dur ing the breed ing  season,  o e s t r a d i o l  s imply led to  a 

r e d u c t io n  in LH pu lse  am pl i tude  w i t h  no a f f e c t  on pu lse  fr equency .  

In c o n t r a s t ,  d ur ing  anoestrus  t h e r e  was a s i g n i f i c a n t  d e c l i n e  in 

pu ls e  f requency .  The f a c t  t h a t  ewes remained h i g h l y  responsive  to  a 

smal l  dose o f  exogenous GnRH suggests o e s t r a d i o l ‘ s i n f lu e n c e  was 

a c t i n g  above the leve l  o f  the p i t u i t a r y  (see  Karsch e t  a / . ,  1984) .

There is a ls o  evidence f o r  a d i r e c t ,  s t e r o i d  independent  d r i v e  

on the r e p ro d u c t iv e  a x i s  which has so f a r  o n ly  been i n v e s t i g a t e d  in 

the ewe. F o l lo w in g  c a s t r a t i o n ,  LH l e v e l s  remain e le v a t e d  a t  a l l  

t imes o f  the year ( i . e .  loss o f  o e s t r a d i o l  n e g a t iv e  feedback) (K arsch  

e t  a / . ,  1984) .  Frequent  blood sam pling ,  however,  has re v e a le d  t h a t  

LH pulse f requency undergoes d i s t i n c t  seasonal  changes (Karsch e t  

a i . f 1984) which can be d r i v e n  by p h o t o p e r io d ic  manipulation and 

depend on the presence o f  the p in e a l  gland f o r  express ion  (B i t tm a n  

e t  a t . ,  1985) .  Sh o r t -d ays  produce h igh f req u en cy ,  low a m p l i tu d e  LH 

pulses whereas long-days produce low f requency ,  high am p li tud e  

pulses  s i m i l a r  to the anoest rous p e r i o d .  The p h o t o p e r io d ic  s ig n a l  is 

b e l i e v e d  to  ac t  d i r e c t l y  on the f requency  se t  by the hypothalam ic

pu ls e  g e n e ra t o r ,  a l though  the mechanism remains a mystery (Karsch e t

a I . ,  1984) .

Thus, the p h o to p e r io d ic  s ig n a l  determines  r e p r o d u c t iv e  s t a t u s  

by de te rm in in g  whether LH p u ls e  frequency  is  m a in ta in e d  above (=  

bre ed in g  season) or below (=  anoestrous  p e r io d )  the r a t e  r e q u i r e d  to

e l e v a t e  o e s t r a d i o l  to c o n c e n t r a t i o n s  adequate to t r i g g e r  a

p r e o v u l a t o r y  LH surg e.  This  is  supported by the o b s e rv a t io n  t h a t  

l a t e  f o l l i c u l a r  phase c o n c e n t r a t i o n s  ( i . e .  p r e o v u la t o r y  l e v e l s )  o f  

o e s t r a d i o l  a re  a b le  to  induce unambiguous GnRH and subsequent LH
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surges i r r e s p e c t i v e  o f  the seasonal  r e p r o d u c t i v e  s t a t e  o f  the ewe 

(Moenter  and Karsch,  1990) .  In the o v a r y - i n t a c t  animal pulse  

f requency  is p r i m a r i l y  determined  by seasonal changes in the  

n e g a t iv e  feedback e f f e c t s  o f  o e s t r a d i o l .  The r o l e  o f  the o ther  

o v a r ia n  s t e r o i d  (p r o g e s te r o n e )  is to  determ ine  the sequence of  

events w i t h i n  the oes t rous  c y c le  by red ucing  LH pu ls e  frequency  

d u r in g  the lu t e a l  phase.

In the ewe a v a i l a b l e  evidence suggests the onset  o f  anoestrus  

is c h a r a c t e r i z e d  by a ra p id  drop in LH p u lse  frequency  which  

subsequently remains c o n s i s t e n t l y  low u n t i l  a p p ro x im a te ly  a week 

b e fo re  the b eg in in g  o f  the next  b reed ing  season (Legan e t  a I . ,  1977;

I 'Anson and Legan, 1988 ) .  In  c o n t r a s t ,  in the Pere D a v i d 's  deer a t  

l e a s t ,  anoestrus  is not  a un ifo rm  s t a t e .  Both LH pu ls e  frequency and 

the p i t u i t a r y  response to  exogenous GnRH a re  s i g n i f i c a n t l y  lower 

d u r in g  i t s  e a r l y  stages  g r a d u a l l y  i n c r e a s in g  as the nex t  breed ing  

season approaches (Cur lewis e t  a l . ,  1991 ) .  Th is  suggests t h a t  in 

c o n t r a s t  to the ewe, in the Pere D a v i d ' s  h in d ,  o e s t r a d i o l  n eg a t iv e  

feedback may g r a d u a l l y  d e c l i n e  over a p e r io d  o f  s ev e ra l  months as 

anoestrus  progresses .

P ro lac tin  and seasonal reproduction

Plasma p r o l a c t i n  c o n c e n t r a t io n s  in many mammals in c lu d in g  deer  

and sheep show pronounced seasonal  changes ( r e d  deer :  S u t t i e  and 

Kay, 1985; Loudon e t  a l . ,  1989; w h i t e - t a i l e d  deer :  M i rac h i  e t  a I . ,  

1978; roe deer :  Schams and B a r t h ,  1982; sheep: Walton e t  a l . ,  1977) .  

Comparison o f  the plasma p r o l a c t i n  p r o f i l e s  o f  3 d i f f e r e n t  deer  

spec ies  ( r e d ,  roe ,  and w h i t e - t a i l e d  deer :  reviewed by L i n c o l n ,  1985)  

w i t h  d i f f e r e n t  breed in g  seasons has shown t h a t  t h e r e  is  no f i x e d  

r e l a t i o n s h i p  between t im in g  o f  the plasma p r o l a c t i n  and r e p r o d u c t iv e  

c y c l e s .  A s i m i l a r  lack o f  r e l a t i o n s h i p  has been re p o r te d  between 

sheep o f  d i f f e r e n t  breeds ( C a r r  and Land, 1982; Webster and 

H ares ign ,  1983; L i n c o l n ,  1990 ) .  In  most cases plasma p r o l a c t i n  

c o n c e n t r a t io n s  c l o s e l y  f o l l o w  the seasonal  p a t t e r n  o f  day length  

changes,  w i t h  the h ig h e s t  l e v e l s  in summer and lowest  in m id - w in t e r  

(see  F ig u re  1.1 f o r  red deer p r o l a c t i n  c y c l e ) .  An e x cep t io n  to  t h i s
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is  the Pere D a v id ' s  deer which o r i g i n a t e d  from China.  In t h i s  

sp e c ie s ,  the seasonal  changes in plasma p r o l a c t i n  c o n c e n t r a t io n s  (as  

w el l  as V F I ,  r e p r o d u c t io n ,  coat  growth and T3 ) o f  an imals  m a in ta in ed  

in the U . K . ,  a re  phase advanced by about 2 months compared to  these  

cy c le s  in red deer under the same ambient  p hotoper iod  (Loudon e t  

a I . ,  1989) .  As a r e s u l t  plasma p r o l a c t i n  c o n c e n t r a t io n s  peak e a r l i e r  

in Pere D a v id 's  deer than in any o t h e r  indigenous n o r th ern  temperate  

zone ungu la tes  so f a r  s t u d i e d .

High s u c k l in g  f re q u e n c ie s  by o f f s p r i n g  a re  as s o c ia te d  w i t h  

delayed  concept ion  in red deer hinds  (Loudon e t  a I . ,  1983) ,  humans 

( M c N e i l l y ,  1979)  and lower pregnancy r a t e s  in c a t t l e  (B a s t id a s  e t  

a I . ,  1984) .  The onset  o f  oes t rous  c y c l i c i t y  has a l s o  been re p o r te d  

as commencing l a t e r  in l a c t a t i n g  than e a r l y  weaned hinds (10  days:  

Adam e t  a l . ,  19 85 ) .  As h igh s u c k l in g  f r e q u e n c ie s  a re  a ls o  

a s s o c ia te d  w i t h  e l e v a t e d  plasma p r o l a c t i n  c o n c e n t r a t io n s  (d e e r :  

Loudon e t  a l . ,  1983; humans: M c N e i l l y ,  1979)  i t  has been suggested  

t h a t  s u c k l in g  e f f e c t s  on r e p r o d u c t io n  may be r e l a y e d  v i a  p r o l a c t i n ,  

a l though  an independent i n f l u e n c e  on the LH s e c r e t o r y  mechanism is  

an a l t e r n a t i v e  ( M c N e i l l y ,  19 84 ) .  The f a i l u r e  o f  e i t h e r  suppression  

( w i t h  b ro m o c r ip t in e )  or  s t i m u l a t i o n  (u s in g  domperidone)  o f  p r o l a c t i n  

l e v e l s  d ur in g  summer to  a l t e r  the  t im in g  o f  the bre ed in g  season,  

i m p l ie s ,  however, t h a t  t h i s  hormone is  not  in vo lved  ( M i ln e  e t  a l . ,  

1990) .  The r o l e  o f  p r o l a c t i n  in t im in g  r e p r o d u c t iv e  events is ,  

however, p o t e n t i a l l y  complex s in c e  d e la y i n g  the normal s p r in g  r i s e  

in plasma p r o l a c t i n  c o n c e n t r a t i o n s  using the  dopamine ag o n is t  

b r o m o c r ip t in e  r e s u l t s  in a d e la y  in the onset  o f  anoestrus  (as we l l  

as s p r in g  increases  in VFI  and the moult  o f  w i n t e r  c o a t ) .  Th is  

suggests p r o l a c t i n  c o n c e n t r a t i o n s  may modify r e p r o d u c t iv e  changes a t  

the  end o f  the b reed in g  season (Cur lewis  e t  a I . ,  1988b) .

The s i g n i f i c a n c e  o f  p r o l a c t i n ' s  r o l e  in the co n t r o l  o f  

r e p r o d u c t iv e  a c t i v i t y  remains ambiguous,  however,  i t s  a f f e c t  appears  

to  be to modify  r a t h e r  than d r i v e  seasonal  changes. T h is  issue is  

discussed aga in  in chapter  4 in the l i g h t  o f  data  gathered  in 

exper iment 2 (c h a p t e r  4 ) .
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1 .2 .6 .  LINKAGE OF SEASONAL CYCLES

The temporal p a t t e r n  of  changes in r e p r o d u c t i o n , pelage and

metabol ism a re  i n e v i t a b l y  l in k e d  as they  have evo lved  in response to  

the same seasonal f l u c t u a t i o n s  in tem pera ture  and food a v a i l a b i l i t y .  

Evidence suggests t h a t  l in ka g e  extends beyond common u l t i m a t e  

f a c t o r s  and r e f l e c t s  a dependence on the same envi ronmental  s t i m u l i  

to co n t ro l  s e a s o n a l i t y  ( i . e .  p h o t o p e r io d ) .  M a n i p u la t in g  the  

photoper iod  regime by compressing th e  annual p a t t e r n  o f  day length  

changes in to  6 months,  has f a i l e d  to  s i g n i f i c a n t l y  d i s r u p t  the phase 

r e l a t i o n s h i p  o f  seasonal  changes in a p p e t i t e ,  growth ,  and gonadal 

a c t i v i t y  o f  red deer stags (Simpson e t  a l . ,  1 983 /4 ;  S u t t i e  and

Simpson, 1985) and rams (Simpson e t  a I . ,  1 9 8 3 / 4 ) .  A s i m i l a r  response  

has been re p o r te d  f o l l o w i n g  a d m i n i s t r a t i o n  o f  m e la to n in  during  

summer to induce a s h o r t - d a y  response and thereby  advance the onset  

o f  the breed ing  season ( f o r  e x p l a n a t i o n  o f  t re a tm e n t  see s e c t io n

1 . 2 . 3 . 5 . ) .  Assoc ia ted  w i t h  the advance in r e p r o d u c t iv e  a c t i v i t y  were 

advances in the autumn m ou l t ,  l i v e w e i g h t  n a d i r  ( F i s h e r  e t  a ! . f 1988,  

1990)  and seasonal a p p e t i t e  d e c l i n e  ( M i l n e  e t  a t . ,  1990)  o f  h in ds ,  

and phase of  a n t l e r  growth o f  s tags  ( F i s h e r  e t  a l . ,  1988 ) .  F u r th e r  

ev id en ce ,  i n d i c a t i n g  l in kage  in the c o n t r o l  o f  seasonal  responses,

has been re p o r te d  in a study in which hinds  were t r e a t e d  d u r in g  the

breed in g  season in l a t e  w i n t e r  f o r  8 . 5  months w i t h  a slow r e le a s e  

p r e p a r a t io n  o f  the dopamine a g o n i s t ,  b r o m o c r ip t in e  ( C u r le w is  e t  a ! . ,  

19 88 ) .  Treatment r e s u l t e d  in a d e la y  in the s p r in g  increase  in 

plasma p r o l a c t i n  c o n c e n t r a t i o n s ,  the  onset  o f  a n o e s t r u s ,  the moult  

o f  the w in t e r  coat  and subsequent growth o f  summer p e la g e ,  as w e l l  a 

suppress ion o f  food i n t a k e .

The r e l a t i o n s h i p  between the  d i f f e r e n t  seasonal  responses is 

c o n s is t e n t  w i t h  not on ly  the e x i s t e n c e  o f  a common prox imate  f a c t o r  

c o n t r o l l i n g  s e a s o n a l i t y ,  but  w i t h  a common mechanism d e te rm in in g  the  

response to p a r t i c u l a r  p h o top e r io d  s i g n a l s .  As a r e s u l t ,  the  

f o l l o w i n g  s e c t io n s  re v ie w in g  seasonal  changes in pelage  and 

metabol ism w i l l  o n ly  b r i e f l y  r e f e r  to  the r o l e  o f  p h o to p er io d .  I t  is  

assumed t h a t  the c r i t i c a l  p h o t p e r i o d i c  i n f o r m a t io n  is  the same f o r  

these c yc les  as t h a t  d escr ib ed  f o r  r e p r o d u c t iv e  a c t i v i t y  in s e c t io n

1 . 2 . 5 .
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1.2.7. PHOTOPER IODIC CONTROL OF COAT GROWTH

Mature red deer undergo two changes o f  coat  each y e a r .  Th is  

inc ludes  a ' w i n t e r 1 coat  compr ising guard h a i r s  o f  about  60mm length  

and a f i n e  wool undercoat ,  up to  20mm le n g th .  T h is  u s u a l l y  s t a r t s  

growing in August and is completed by about December. Growth o f  the  

'summer' coat  is n orm al ly  f i r s t  e v id e n t  in May and reaches a

maximum length o f  a pp ro x im a te ly  50mm d u r in g  September.  U n l i k e  the

w i n t e r  coat  t h e r e  is very l i t t l e  or no underwool (Ryder and Kay,  

1973; R y d e r , 1977) .

The r o l e  o f  photoper iod  in the c o n t r o l  o f  coat  growth has been 

demonstrated by s u b je c t i n g  deer to  the annual  day length  cy c le  

compressed in to  pe r io d s  of  less than 12 months.  For example,  when 

red deer stags  were exposed to  s i x  month c y c le s  they e x h i b i t e d  a 

doubled f requency o f  coat  changes (Kay and Ryder,  1978 ) .

Pinea lectomy o f  seasonal w h i t e - t a i l e d  deer leads to  loss o f  

synchrony o f  in d i v i d u a l s  w i t h  env i romenta l  changes,  i n d i c a t i n g  the  

involvement o f  the p in e a l  gland in the t ra n s m is s io n  o f  p h o t o p e r io d i c  

in fo rm a t io n  ( P l o t k a  e t  a / . ,  1982) .  T h is  has been f u r t h e r

demonstrated by d a i l y  or cont inuous r e l e a s e  m e la to n in  t rea tm en t  

d u r in g  summer. The response to  t h i s  is a phase s h i f t  in s e a s o n a l i t y  

s i m i l a r  to  t h a t  observed in r e p r o d u c t iv e  a c t i v i t y ,  w i t h  the autumn 

moult  occur in g  about one month e a r l i e r  than normal ( i m p l a n t s :  F is h e r  

e t  a / . ,  1988; d a i l y  i n j e c t i o n s :  Webster and B a r r e l  I ,  1985; d a i l y

o ra l  dosing:  M i ln e  e t  a / . ,  1990) .

The mechanism by which photo p er io d  c o n t r o l s  the a c t i v i t y  of  

h a i r  f o l l i c l e s  is  not  understood.  The f a c t  t h a t  both pe lage  and 

re p r o d u c t i v e  cy c le s  show s i m i l a r  responses to  p h o t o p e r io d i c  

m a n ip u la t io n  suggests the p o s s i b l i t y  o f  a causal  l i n k ,  in p a r t i c u l a r  

t h a t  re p ro d u c t iv e  changes may co n t ro l  coa t  growth .  T h i s ,  however,  is  

not supported by exper im enta l  ev id en ce .  Duncan and Goldman (1 984 a )  

demonstrated gonadectomy o f  male and female D ju n g a r ia n  hamsters  

( Phodopus sungorous) does not d i s r u p t  the response to  e i t h e r  long or  

s h o r t  day p h otoper io ds .
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M a r t i n e t  e t  a / .  ( 1984 )  re v ie w in g  ev idence  in temperate zone

m u s t e l i d s ,  which l i k e  deer e x h i b i t  seasonal pe lage  c y c l e s ,  suggested  

t h a t  p r o l a c t i n  may be invo lved  in m e d ia t in g  p h o t o p e r i o d i c  e f f e c t s .  

In  mink ( .Musteta v is o n ) f red deer and sheep,  s p r in g  and autumn 

moul ts  a re  c o r r e l a t e d  w i t h  increases and decreases in c i r c u l a t i n g  

p r o l a c t i n  c o n c e n t r a t io n s  r e s p e c t i v e l y  (mink:  M a r t i n e t  and A l l a i n ,

1985; deer:  Loudon e t  a / . ,  1989; sheep: L i n c o l n ,  1 99 0 ) .  In the mink,  

b ro m o c r ip t in e  (a  dopamine a g o n i s t )  a d m in is te r e d  to  an im als  kept  on 

long days ( -  summer) led to a ra p i d  d e c l i n e  in plasma p r o l a c t i n  

c o n c e n t ra t io n s  and an advance in the autumn m o u l t .  T h is  is  a s i m i l a r  

response to t h a t  o b ta in e d  by exposure to  s h o r t  days ( M a r t i n e t  e t  

a / . ,  1984) or using m e la ton in  ( A l l a i n  and Rougeot, 1980 ) .  Comparable 

r e s u l t s  have been ob ta in ed  in the D ju n g a r ian  hamster  f o l l o w i n g  

b ro m o c r ip t in e  t r e a t m e n t ,  in a d d i t i o n  to  a r e v e r s a l  o f  b r o m o c r ip t in e  

e f f e c t s  using exogenous p r o l a c t i n  (Duncan and Goldman, 1984b) .  In  

red dee r ,  b ro m o c r ip t in e  t rea tm en t  suppressed p r o l a c t i n  and d i s r u p t e d  

w i n t e r  coat  growth,  a l though i t  is  unknown whether the t ime o f  moult  

was a f f e c t e d  ( M i l n e  e t  a / . ,  1990) .

Administrat ion o f  exogenous p r o l a c t i n  w h i l s t  in w i n t e r  pe lage  

( i . e .  when endogenous l e v e l s  a r e  n o rm a l ly  low) r e s u l t e d  in an 

advance in the s p r in g  moult  in mink ( M a r t i n e t  e t  a I . ,  1983) and

e a r l y  growth o f  the summer pe lage  in hamsters (Duncan and Goldman, 

1984a) .  C o n s is ten t  w i t h  t h i s ,  d e la y in g  the r i s e  in plasma p r o l a c t i n  

c o n c e n t r a t io n s  in the sp r in g  in red deer (u s in g  b r o m o c r ip t i n e )  was 

as s o c ia te d  w i t h  a d e lay  in the moult  o f  the w i n t e r  coa t  (Cur lewis  e t  

a ! . ,  1988 ) .  I t  is  important  to  n o te ,  however,  t h a t  m a i n t a i n in g

e i t h e r  high or  low plasma p r o l a c t i n  l e v e l s  o n ly  m o d i f ie d  the t im in g  

o f  seasonal  changes in mink and d id  not p re v e n t  m o u l t in g .  T h is  

suggests h a i r  growth can e x h i b i t  r e f r a c t o r i n e s s  to  the p r o l a c t i n  

s ig n a l  ( M a r t i n e t  e t  a / . ,  1984) .

The r e l a t i o n s h i p  between plasma p r o l a c t i n  c o n c e n t r a t i o n s  and 

coat  growth is  f u r t h e r  supported by the two month advance in the  

s p r in g  r i s e  in both these parameters seen in Pere D a v id ' s  deer  

compared to red deer (Loudon e t  a / . ,  19 89 ) .  In domest ic sheep breeds  

( e . g .  M er in o )  which e x h i b i t  cont inuous growth o f  pe lage  throughout  

the year  the plasma p r o l a c t i n  c o n c e n t r a t io n s  d u r in g  w i n t e r  a re

51



r e l a t i v e l y  h igher than in w i l d  sheep and domesic breeds w i t h  

pronounced pelage growth c yc les  ( L i n c o l n , ,  1990) .

To conclude ,  evidence  suggests t h a t  photoper io d  may c o n t ro l  

coat  growth v i a  a m e la to n in  s ig n a l  r e g u l a t i n g  p r o l a c t i n  r e l e a s e .  The 

mechanism by which p r o l a c t i n  in f lu e n c e s  the h a i r  f o l l i c l e  a c t i v i t y  

c y c le  remains to be de te rm in ed.

1 .2 .8 . PHOTOPERIODIC CONTROL OF METABOLISM

The most obvious express ion  o f  seasonal  m e t a b o l i c  changes is  

the a p p e t i t e  c y c l e .  Enhoused red deer m a in ta in ed  on ad l i b i t u m  d i e t s  

show a c l e a r  annual  p a t t e r n  o f  v o lu n t a r y  food in ta k e  ( V F I )  

r e f l e c t i n g  changing a p p e t i t e  ( s t a g s :  M i ln e  e t  a / . ,  1978; Kay, 1979;  

S u t t i e  and Kay, 1985; Fennessy e t  a / . ,  in p ress;  h in ds:  Loudon e t  

a / . ,  1989 ) .  C h a r a c t e r i s t i c a l l y ,  VFI r i s e s  r a p i d l y  in s p r in g  peaking  

in mid-summer and then d e c l in e s  p r o g r e s s i v e l y  rea ch in g  a n a d i r  in 

m id - w i n t e r  (see  F ig u r e  1 . 1 ) .  Stags e x h i b i t  an a d d i t i o n a l  r e d u c t io n  

in a p p e t i t e  dur ing  the r u t  (Fennessy,  Thompson and S u t t i e ,  in p ress )  

A ssoc ia ted  w i t h  t h i s  is  an annual c y c le  in l i v e - w e i g h t  (Loudon e t  

a / . ,  1989) .  The p e r s is t e n c e  o f  these r e l a t e d  c y l e s  in deer fed  to

a p p e t i t e  demonstrates t h a t  they a re  not  s imply the  consequence o f  

food a v a i l a b i l i t y ,  but  re p re s e n t  an important  p h y s i o l o g i c a l  s t r a t e g y  

in the d e e r ' s  r e p e r t o i r e  o f  seasonal  a d a p t a t io n s .  As the p a t t e r n  o f  

a p p e t i t e  changes roughly  corresponds to  the seasonal  v a r i a t i o n  in 

p l a n t  p roduct io n  o f  temperate zone h a b i t a t s ,  i t  suggests t h i s  c y c le  

is an a d a p t a t io n  s yn chron is in g  energy and n u t r i e n t  re qu irem ents  w i t h  

annual f l u c t u a t i o n s  in resource a v a i l a b i l i t y .

P h o to p e r io d 's  r o l e  in the c o n t ro l  o f  the a p p e t i t e  c y c le  is  best  

i l l u s t r a t e d  by compressing the annual p a t t e r n  o f  day length  changes 

i n to  a p e r io d  o f  s i x  months. Under these  c o n d i t i o n s  red deer e x h i b i t  

s i x  month cyc les  o f  VFI ( s ta g s :  P o l l o c k ,  1975; Brown e t  a l . ,  1979;  

Kay, 1979; Simpson e t  a l . ,  1 9 8 3 / 4 ) .  As w i t h  r e p r o d u c t io n  and p e la ge ,  

m ela to n in  t re a tm en t  dur in g  summer advances the phase o f  s e a s o n a l i t y ,  

l ead ing  to  an e a r l y  d e c l in e  in a p p e t i t e  o f  hinds kept  on an ad  

l i b i t u m  d i e t  ( M i ln e  e t  a I . ,  1990) .
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The annual  a p p e t i t e  c y c le  is a s s o c ia te d  w i t h  two o f  the 

p r i n c i p l e  d e te rm ina n ts  o f  metabo l ism. P r i m a r i l y  i t  r e f l e c t s  seasonal  

v a r i a t i o n  in m e t a b o l ic  r a t e  ( i . e .  t o t a l  energy e x p e n d i t u r e )  due to  

the changing energy requirements  f o r  growth,  re p ro d u c t io n  and 

maintenance ( = energy necessary f o r  e s s e n t i a l  m e t a b o l ic  processes  

but not g ro w th ) .  However, even when fed to  a p p e t i t e ,  red deer may 

lose weight  d u r in g  w i n t e r  months ( h in d :  Loudon e t  a l . ,  1989; s tag:  

Fennessy e t  a l . ,  1981; w h i t e - t a i l e d  deer:  Wood e t  a l . ,  1962) .  Losses 

in stags a re  in a d d i t i o n  to  those r e s u l t i n g  from r u t  e f f e c t s  on 

g ra z in g  behav iour (see  b e lo w ) .  T h is  i n d i c a t e s  t h a t  a p p e t i t e  is 

suppressed to  a leve l  t h a t  maybe i n s u f f i c i e n t  to  meet maintenance  

energy re q u i rem e n ts .  As a r e s u l t  s t o re d  f a t  res erv es  a re  u t i l i z e d .  

The use o f  energy re serv es  im p l ie s  t h a t  under n a t u r a l  c o n d i t io n s  

food a v a i l a b i l i t y  d ur in g  w i n t e r  is  i n s u f f i c i e n t  to  meet e n e r g e t i c  

r e q u i rem e n ts .  Th is  does not  e x p l a i n ,  however, why deer a r e  unable to  

extend fe e d in g  a c t i v i t y  to  meet maintenance requirem ents  i f  food is  

p l e n t i f u l .  T h is  cou ld  be r e l a t e d  to  the costs o f  maximising food 

consumption when the l a t t e r  n o rm a l ly  is  in s h o r t  supp ly .  Pro lo ng in g  

g r a z in g  a c t i v i t y  r a i s e s  energy e x p e n d i tu r e  and exposes deer to  wind 

c h i l l ,  p a r t i c u l a r l y  i f  i t  is necessary  to  fo rage  away from s h e l t e r .  

I t  a l s o  r e s u l t s  in a g r e a t e r  p r e d a t i o n  r i s k .  Evidence in w h i t e 

t a i l e d  deer i n d i c a t e s  t h a t  in the w i l d ,  an im als  show a decrease in 

a c t i v i t y  w i t h  an increase  in p r e d i c t e d  heat  loss (Moen, 1976) .  

T r i a l s  have a ls o  demonstrated a s u b s t a n t i a l  d i f f e r e n c e  in 

maintenance requ irem ents  between an im als  in s h e l t e r e d  and exposed 

postures (Moen, 1985) .  Th is  suggests t h a t  suppressed a p p e t i t e  

accompanying a loss o f  fee d in g  opportunism,  and o b l i g a t o r y  use o f  

f a t  r e s e r v e s ,  may have evo lved  due to  the c o ns is tency  o f  w i n t e r  food 

shortage  in seasonal  h a b i t a t s  and the costs o f  f o r a g in g  under such 

c ircumstances ( i . e .  costs  in cu r red  norm al ly  exceeding b e n e f i t s  o f  

a t t e m p t in g  to  increase  food consumption) .

As s t a t e d  above the a p p e t i t e  c y c le  is  r e l a t e d  to  seasonal  

v a r i a t i o n  in energy e x p e n d i t u r e .  By t a r g e t i n g  b i o l o g i c a l  processes  

which have high energy demands ( e . g .  l a c t a t i o n )  w i t h  peak food 

a v a i l a b i l i t y ,  and reduc ing energy needs d u r ing  w i n t e r ,  deer  could
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maximise both s u r v i v a l  and r e p r o d u c t iv e  success.  The major  

components e x h i b i t i n g  seasonal  v a r i a t i o n  a re  as f o l lo w s :

Maintenance requirements

Energy requ irements  f o r  maintenance vary  due to  seasonal  

changes in basal  m e t a b o l i c  r a t e ,  c l i m a t e  and animal  a c t i v i t y .

There is some ev idence  to suggest  the e x is t a n c e  o f  an 

u n d e r ly in g  seasonal c y c le  in basal m e ta b o l ic  r a t e  (which is  

independent o f  food i n t a k e ) .  In  both w h i t e - t a i l e d  deer ( S i l v e r  e t  

a / . ,  1969) and sheep ( B l a x t e r  and Boyne, 1982) ,  s i g n i f i c a n t l y  h igher  

e s t im a te s  f o r  f a s t i n g  m e t a b o l ic  r a t e  (FMR = basal  m e t a b o l ic  r a t e  

plu s  energy expended due to  a c t i v i t y  in the r e s p i r a t i o n  chamber)  

have been r e p o r te d  d u r in g  summer than in w i n t e r .  For example,  

average FMR o f  pre dom in ant ly  male deer v a r i e d  from a peak o f  624  

k J /d a y /k g O • 75 in J u l y ,  to 346 k J / d a y / k g ° • 75 in December ( S i l v e r  e t  

a I . ,  1969) .  A lower basal m e ta b o l ic  r a t e  d ur ing  w i n t e r  cou ld  be

important  in reduc ing  energy ex p e n d i tu r e  when food resources a re  

scarce .  Al though t h e r e  may be a lower defended body tempera ture  

d u r in g  w i n t e r ,  the most l i k e l y  e x p l a n a t io n  o f  d i f f e r e n c e s  in FMR is 

seasonal  v a r i a t i o n  in the i n s u l a t o r y  q u a l i t y  o f  the pe la g e .  The 

w i n t e r  coat  o f  deer  is  longer and c o n ta in s  wool f i b r e s  which a re  

l a r g e l y  absent  in the summer coat  (Ryder and Kay, 1973; Ryder,  

1977) .  Measurements o f  FMR in s t u d ie s  described  above were a l l  made 

a t  r e l a t i v e l y  constan t  environmental  temperatures ( 1 6 - 2 1 . 5  OC: 

S i l v e r  e t  a t . ,  1969; 11-13 OC: B l a x t e r  and Boyne, 1982)  and thus

s e a s o n a l ly  changing pelage could have accounted f o r  the v a r i a t i o n  in 

m e t a b o l ic  r a t e  between summer and w i n t e r .  Seasonal changes in the  

i n s u l a t o r y  q u a l i t y  o f  pelage have important  consequences f o r  

maintenance energy e x p e n d i tu re  in t h e r m o - r e g u l a t io n .  I t  is  p r e d ic t e d  

t h a t  the e f f e c t s  o f  low environmental  temperatures dur in g  w i n t e r  

w i l l  in p a r t  be compensated f o r  by changes in p e la g e .  The e x t e n t  to  

which t h i s  reduces a b s o lu te  energy e xp e n d i tu r e  du r in g  w i n t e r  and may 

c o n t r i b u t e  to  the r e d u c t io n  in a p p e t i t e  is u n c l e a r .  In w h i t e - t a i l e d  

deer fawns,  p r e d i c t e d  maintenance energy requirements  have been 

shown to be lower dur ing  w i n t e r  than summer f o r  enhoused an imals  

kept  a t  ambient  tempera tures  in some (Thomson e t  a t . ,  1973) but  not  

a l l  s t u d ie s  ( H o l t e r  e t  a t . ,  1977) .
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I t  is important  to  note t h a t  not  a l l  s t u d ie s  have demonstrated  

seasonal  changes in basal metabo l ism. Pek in s  e t  a l .  ( 1 9 9 0 )  f a i l e d  to  

demonstrate any seasonal  in crease  in FMR between w i n t e r  and summer 

of  non-pregnant  w h i t e - t a i l e d  d e e r ,  a l th o u g h  t h e r e  was a d i f f e r e n c e  

in pregnant  a n im a ls .  These au th o rs  suggested t h a t  the d i f f e r e n c e  

between t h i s  and e a r l i e r  o b s e r v a t io n s  in t h i s  sp ec ie s  maybe r e l a t e d  

to animal a c t i v i t y  w i t h i n  metabol ism chambers. In  t h i s  study a l l  

animals  had e x t e n s iv e  expe r ien ce  o f  the chambers b e f o r e  use in 

t r i a l s  (200 hours)  and measurements were o n ly  made a f t e r  a lengthy  

p e r io d  o f  i n a c t i v i t y .  As a r e s u l t  o b s e r v a t io n s  should have 

approximated to basal  m e ta b o l ic  r a t e .  E a r l i e r  s t u d i e s  ( e . g .  S i l v e r  

e t  a ! . ,  1969) assumed th e re  were no seasonal a f f e c t s  o f  animal

a c t i v i t y .  P r e l i m i n a r y  f i n d i n g s  o f  a r e c e n t  study  o f  p r e - p u b e r t a l  red  

deer i n d i c a t e  t h a t  leve l  o f  animal  a c t i v i t y  maybe im p o r tan t .  

Seasonal d i f f e r e n c e s  in FMR were observed  w h i l s t  an im a ls  were a c t i v e  

but not when r e s t i n g  (A.M.  S i b b a l d ,  p e r s .  comm.').

The p r o p o r t io n  o f  t ime deer spend f o r a g in g  each day w i l l  a f f e c t  

maintenance energy r e q u i r e m e n t s . The r e d u c t io n  in a c t i v i t y  observed  

in w h i t e - t a i l e d  deer d u r in g  w i n t e r  d iscussed e a r l i e r  may c o n s t i t u t e  

an importan t  e lement o f  the a n i m a l ' s  r e p e r t o i r e  o f  seasonal  

a d a p t a t io n s  (Moen, 1976 ) .

Growth and fa t  deposition

As a l r e a d y  ment ioned,  red deer fed  to  a p p e t i t e  e x h i b i t  

pronounced seasonal changes in l i v e  w e i g h t .  Th is  r e f l e c t s  changes in 

growth and f a t  d e p o s i t i o n .  By su p p ress in g  growth du r in g  w i n t e r  when 

food abundance is low, deer l i m i t  energy e x p e n d i t u r e  and increase  

t h e i r  chances o f  s u r v i v a l .  Suppression o f  growth not  o n ly  occurs  in 

a d u l t s  but a ls o  to  a lesser  e x t e n t  m  c a lv es  (Wood e t  a ! . ,  1962;

M i ln e  e t  a t . ,  1987; Loudon e t  a I . ,  1 9 8 9 ) .

Reproduction

Reproduct ion in f lu e n c e s  m e t a b o l i c  r a t e  and a p p e t i t e  in two 

d i s t i n c t  ways. I t  can modify  energy req u i rem en ts  and suppress  

a p p e t i t e ,  i r r e s p e c t i v e  o f  the energy cn$hs.

In s ta g s ,  a n t l e r  growth,  muscle development and f a t  d e p o s i t i o n  

in p r e p a r a t i o n  f o r  the r u t  a re  a s s o c i a t e d  w i t h  s u b s t a n t i a l  increases
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in VFI and body weig ht  compared to c a s t r a t e  males (Kay,  1979) .  In  

females energy requ irem ents  depend on the stage  o f  the r e p r o d u c t i v e  

cy c le  and whether i n d i v i d u a l s  conce ive or n o t .  Pek ins e t  a l . (19 9 0 )  

observed a 1 .6  f o l d  peak d i f f e r e n c e  in th e  BMR o f  pregnant  compared 

to non-pregnant  w h i t e - t a i l e d  does.  In  red deer hinds the e n e r g e t i c  

cost o f  l a c t a t i o n  is  e s t im ated  a t  2 . 6  t imes the maintenance  

requirements  o f  n o n - I a c t a t i n g  animals  (Arman e t  a l . ,  1974) .  In both  

sexes peak energy requirem ents  a re  synchronised  w i t h  peak seasonal  

food ava i I a b  i I i  ty

A p p e t i t e  su ppress io n ,  i r r e s p e c t i v e  o f  energy e x p e n d i t u r e ,  

occurs in both sexes as a r e s u l t  o f  mat ing b e h a v io r ,  a l th o u g h  i t s  

e f f e c t s  a re  g r e a t e s t  in the male.  Time spent  g r a z in g  by s tag s  drops  

from a p r e - r u t  peak o f  44%, to 5% o f  the day ( C l u t t o n - B r o c k  e t  a ! . ,  

1982a ) .  As a r e s u l t  males can lose about 14-17% o f  t h e i r  carcase  

weight  ( M i t c h e l l  e t  a l . ,  1976) .  The e x t e n t  o f  we ig ht  loss depends on 

length  and i n t e n s i t y  o f  r u t t i n g  a c t i v i t y  which is  i n f lu e n c e d  by 

f a c t o r s  l i k e  dominance s t a t u s  and u l t i m a t e l y  t e s t o s t e r o n e  l e v e l s  

(Fennessy e t  a l . ,  in p r e s s ) .  In h in d s ,  fe e d in g  a c t i v i t y  is  

s i g n i f i c a n t l y  reduced d ur in g  the d u r a t i o n  o f  o e s t ru s  and may be 

a f f e c t e d  by i n t e r f e r e n c e  from the hareem -ho Id ing  male ( C l u t t o n - B r o c k  

e f  a l . ,  1982a ) .  T h i s ,  however,  is  r e l a t i v e l y  i n s i g n i f i c a n t  compared 

to the impact of  r u t t i n g  behav iour on the male.

To summarise, the seasonal a p p e t i t e  c y c le  appears to  r e f l e c t  a 

combinat ion o f  changing m e ta b o l ic  r a t e  (due to  the annual p a t t e r n  o f  

growth,  r e p r o d u c t i o n , pelage  and p o s s i b ly  f o r a g i n g  a c t i v i t y ) ,  and 

the a d d i t i o n a l  e f f e c t  o f  a p p e t i t e  suppress ion d ur in g  m i d - w i n t e r  (and  

a d d i t i o n a l l y  d ur in g  the r u t  in s t a g s ) .

1 .2 .8 .1 . Endocrine control o f metabolism

Stero id  dependent e ffe c ts

In females the low VFI a s s o c ia te d  w i t h  b e h av io ura l  o e s t ru s  is  

a t t r i b u t e d  to  the high l e v e ls  o f  oest rogens d u r in g  t h i s  p e r io d  

(sheep:  Forbes,  1972) .  In males,  c a s t r a t i o n  ( r e d  deer :  Kay, 1979)  or  

auto immunisat ion a g a i n s t  GnRH (sheep:  Argo, 1986)  r e s u l t s  in a

red u c t io n  in c i r c u l a t i n g  t e s t o s t e r o n e  c o n c e n t r a t i o n s  and leads to  a
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s i g n i f i c a n t  r e d u c t io n  in the a m p l i tu d e  o f  the seasonal  c y c le  o f  V F I .  

I f  food in ta ke  is  c o r r e c t e d  f o r  m e t a b o l i c  body weig ht  ( K l e i b e r ,  

1961) d i f f e r e n c e s  between i n t a c t  and c a s t r a t e  males d is ap p ear ,  

i n d i c a t i n g  t h a t  the e f f e c t  o f  s t e r o i d s  on a p p e t i t e  is a consequence 

of t h e i r  i n f lu e n c e  on growth (Argo ,  1986 ) .

Stero id  independent e ffe c ts

The p e r s is t e n c e  o f  a c y c l e  o f  food in ta k e  in c a s t r a t e s  

demonstrates t h a t  the r o l e  o f  s t e r o i d s  is to modi fy  the am pl i tude  

r a t h e r  than g e n era te  the a p p e t i t e  c y c l e .  S i m i l a r  o bs erv a t io n s  have 

been made in p h o t o p e r i o d i c  rodents  ( S y r i a n  hamster:  Bar tness and

Wade, 1984; D ju n g a r ia n  hamster:  Wade and B ar tn ess ,  1984) .  For

example,  ovarectomized  S yr ian  hamsters e x h i b i t e d  changes in body 

weight  and energy metabol ism in response to  a s h o r t - d a y  photoperiod  

t h a t  were 80-90% o f  those in g o n a d a l ly  i n t a c t  an im als  (B ar tness  and 

Wade, 1984) .  T h yro id  hormones may be impor tant  in the express ion  o f  

s t e r o i d  independent changes in metabol ism. However, a l though  

thyro idec to my reduces l i v e w e i g h t  g a in s  in summer, as w i t h  gonadal  

s t e r o i d s  the rhythm p e r s i s t s  in t h e i r  absence (Shi  and B ar re l  I ,  

1990 ) .  As exogenous growth hormone (GH) and p r o l a c t i n  a re  both a b le  

to  i n f lu e n c e  growth (see  Bauman e t  a / . ,  1982) these  hormones may be 

in vo lved  in the c o n t r o l  o f  a p p e t i t e .

1 .2 .9  DEVELOPMENT OF THE SEASONAL RESPONSE

I f  t ransferred to  summer s o l s t i c a l  photoper iods  a t  the f i r s t  

w i n t e r  s o l s t i c e  o f  l i f e ,  female red deer e x h i b i t  an advance in the  

t im in g  o f  the subsequent r i s e  o f  plasma p r o l a c t i n  c o n c e n t r a t io n s  and 

food in ta ke  du r in g  s p r in g  (Loudon and B r in k lo w ,  1990) .  Thus, by a t  

l e a s t  s i x  months o f  age red a r e  a b l e  to  respond to photoper iod  

changes. Evidence from o th e r  mammals, however,  suggests photo period  

can i n f lu e n c e  seasonal  changes from much e a r l i e r  in l i f e .  C i rc a d ia n  

m ela to n in  rhythms have been demonstrated  in f o e t a l  lambs ( Y e l l o n  and 

Longo, 1988) .  These respond a p p r o p r i a t e l y  to  p h o to p e r io d ic  

m a n ip u la t io n  and a r e  ab o l is h e d  by materna l  p in e a Ie c t o m y , i m p l i c a t i n g  

a materna l  o r i g i n  ( Y e l l o n  and Longo, 1988) .  Evidence from montane 

vo le s  (M ic ro tu s  montanus) i n d i c a t e s  t h i s  s ig n a l  can in f lu e n c e  the
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p o s t - n a t a l  response to  p h o to p e r io d .  T h is  was demonstrated by 

exposing vo les  to e i t h e r  long (1 6 L : 8 D )  or  sh o r t  <8L:16D) day lengths  

d u r in g  g e s t a t i o n  and then exposing them to the same in t e r m e d ia t e  

p hotoper io d  ( 1 4 L : I 0 D )  d u r in g  l a c t a t i o n .  To co n f i rm  p h o t o p e r io d ic  

in fo r m a t io n  was not  t ransferred d u r in g  t h i s  p e r io d  some vo les  were  

r a i s e d  by f o s t e r  mothers t h a t  had exper ienced a d i f f e r e n t  

p hotoper io d  dur in g  pregnancy ( H o r t o n ,  1985 ) .  Al though t h e r e  were no 

d i f f e r e n c e s  a t  weaning,  r e s u l t i n g  body and t e s t i c u l a r  s i z e  a t  74 

days o ld  were lowest  f o r  an imals g e s t a t e d  under long days (whether  

r a i s e d  by own or f o s t e r  m o th e r ) .  T h is  was c o n s is t e n t  w i t h  p rev io u s  

o b s e rv a t io n s  o f  the e f f e c t  a t r a n s f e r  from a 16L:8D to  14L:10D 

p hotoper io d  on growth and development i n d i c a t i n g  t h a t  g e s t a t i o n a l  

photoper io d  in f lu e n c e s  the responses o f  vo le s  l a t e r  in l i f e .  

G e s t a t i o n a l  photoperiod  s i g n a l s  may be important  in en sur in g  t h a t  

the a n i m a l ' s  development proceeds a p p r o p r i a t e l y  under the  

envi ronmenta l  c o n d i t io n s  a t  and im media te ly  a f t e r  b i r t h .  Th is  cou ld  

be impor tant  as evidence  in sheep suggests m e la to n in  rhythms in 

rum in ants ,  do not  become e s t a b l i s h e d  u n t i l  3 - 4  weeks a f t e r  b i r t h  

(Nowak e t  a / . ,  1990) .  Thus, imply in g  they may be unable to  determ ine  

day len g th  changes dur in g  t h i s  p e r i o d .

1 .2 .10 .  EVIDENCE FOR THE CONTROL OF SEASONALITY

BY CIRCANNUAL RHYTHMS

The evidence  d iscussed in p r e v io u s  s e c t io n s  suggests t h a t  the  

t im in g  o f  seasonal changes in th e  ewe, and p o s s ib ly  female  deer  

h in d ,  a re  p r i m a r i l y  c o n t r o l l e d  by the  loss o f  s e n s i t i v i t y  to  e i t h e r  

i n i t i a l l y  in d u c t iv e  or  i n h i b i t o r y  p h o to p er io d s ,  r e s u l t i n g  from  

p rev io u s  exposure to  the  same or  a s i m i l a r  s t i m u l u s .  Th is  

h y p o th e s is ,  however,  cannot e a s i l y  e x p l a i n  c e r t a i n  o b s e r v a t i o n s .  The 

onset  o f  re p r o d u c t i v e  a c t i v i t y  in ewes he ld  on w i n t e r  s o l s t i c e  

photoper io ds  from t h i s  s o l s t i c e ,  was delayed  by one month the  

f o l l o w i n g  autumn but  not  p revented  ( O 'C a l la g h a n  e t  a l . ,  1990) .  The 

ewes had not exper ienced  long p h o to p e r io d s ,  and t h e r e f o r e  i t  seems 

improbable t h a t  r e f r a c t o r i n e s s  to  an i n h i b i t o r y  long-day s ign a l  

could  have been the s t im u lu s  i n i t i a t i n g  r e p r o d u c t iv e  a c t i v i t y .  A 

s i m i l a r  argument a p p l i e s  f o r  the onset  o f  seasonal  a n o e s t ru s .  I f
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t h i s  is i n i t i a t e d  by r e f r a c t o r i n e s s  to  an '  i n d u c t iv e  short-*day  

photoperiod  (see  s e c t io n  1 . 2 . 5 . 2 . )  b lo c k in g  i n t e r p r e t a t i o n  o f  the  

seasonal d e c l i n e  in day lengths by p inea Ie c tom y a t  the summer 

s o l s t i c e  should p revent  anoestrus  o c c u r in g .  In f a c t  not on ly  does 

anoestrus  s t i l l  occur but the d u r a t io n  o f  the breeding  season is 

s u b s t a n t i a l l y  reduced by such t re a tm en t  (Wayne e t  a l . ,  1988;

O 'C a l la g h e r  e t  a l . ,  1989) .  W hi le  i n c o n s i s t e n t  w i t h  the hypoth&is  

t h a t  s imple p h o t o r e f r a c t o r y  respo^es c o n t r o l  seasonal  changes,  these  

o b se rva t io n s  a r e  co m pat ib le  w i t h  t h r e e  a l t e r n a t i v e s .  P e r s i s t e n t  

c y c l i c i t y  could have r e s u l t e d  from u n c o n t r o l l e d  envi ronmenta l  

v a r i a b l e s  ( e . g .  tem p era tu re )  a c t i n g  as prox imate  f a c t o r s  in the  

absence o f  a p p r o p r i a t e  photoper io d  changes (see  s e c t i o n  1 . 2 . 1 . 2 . ) .  

Secondly,  as the s t u d i e s  descr ib ed  above were f o r  less than a year  

in d u r a t i o n ,  responses could r e f l e c t  a sequence o f  events  i n i t i a t e d  

by a p h o to p e r io d ic  s ig n a l  which co nt inued  f o r  a f u l l  annual c y c le  in 

the absence o f  f u r t h e r  in p u t .  F i n a l l y ,  seasonal  changes may have 

been the consequence o f  an endogenous annual rhythm ( c i r c a n n u a l  

rh yth m ) .  In t h i s  case the r o l e  o f  the p hotoper iod  could be simply to  

e n t r a i n  the rhythm to  envi ronmenta l  p e r i o d i c i t y ,  r a t h e r  than to  

d i r e c t l y  co n t r o l  seasonal  e v e n ts .  In the next  s e c t io n  ev idence  f o r  

the existance o f  c i rca n n u a l  rhythms in u n gu la tes  is  rev iewed.

To c o n v in c in g ly  demonstra te the presence o f  c i rcan n u a l  rhythms 

i t  is  necessary to show p e r s i s t e n c e  o f  r h y t h m i c i t y  f o r  a t  l e a s t  two 

c y c le s  under constant  envi ronmenta l  c o n d i t i o n s .  T h is  in d i c a t e s  t h a t  

annual c yc les  a re  not  s imply  the r e s u l t  o f  a sequence o f  events  

i n i t i a t e d  by an environmenta l  s ig n a l  exper ie nced  by the animal p r i o r  

to exposure to  constan t  c o n d i t i o n s  (Gwinner,  1981b) .

The bes t  evidence o f  c i rc a n n u a l  rh y t |m ic i ty  in a mammal comes 

f rom s tu d ie s  on the Golden-mantled  ground s q u i r r e l  (.Spermophi I us 

l a t e r a l i s ) .  Food i n t a k e ,  body we ig ht  and h i b e r n a t i o n  have been 

demonstrated to p e r s i s t  under co n stan t  ph o to p er io d  and tem pera ture  

f o r  3 - 4  annual cy c le s  w i t h  a f r e e - r u n n i n g  p e r io d  o f  between 229-445  

days (P e n g e l ly  and F i s h e r ,  1957, 1963; P e n g e l le y  and Amundson,

1974 ) .  I t  is  s i g n i f i c a n t  t h a t  the s q u i r r e l ' s  s u b j e c t i v e  year  

d e v ia te d  from an environmenta l  year  ( i . e .  365 days)  and t h a t  the  

p e r io d  v a r i e d  between i n d i v i d u a l s  ( r e s u l t i n g  in loss o f  sychrony
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between a n i m a l s ) .  Th is  suggests t h a t  the observed rhythm was not  the  

consequence o f  u n c o n t r o l l e d  exogenous f a c t o r s .

Evidence t h a t  ungu la tes  e x h i b i t  c i rc an n u a l  rhythms is l i m i t e d .  

T h is  is l a r g e l y  due to the t e c h n i c a l  problems a s s o c ia te d  w i t h  

m a in t a i n i n g  la rg e  mammals under c o n s ta n t  envi ronm enta l  c o n d i t io n s  

f o r  a s u f f i c i e n t  p e r io d  to demonstrate p e r s i s t e n c e  o f  annual c y c le s .  

Most s t u d ie s  have been o f  s h o r t  d u r a t i o n ,  u s u a l l y  o f  less than 2 

years  (e x c e p t io n s :  2 . 5  y r s ,  Ducker e t  a l . ,  1973; 3 y r s ,  Jackson e t  

a l . ,  1990; 4 y r s ,  L in c o ln  e t  a l . ,  1989; 5 y r s ,  Karsch e t  a l . ,  1989) .  

Another short -com in g has been the f a i l u r e  to  c o n t r o l  exogenous 

f a c t o r s  t h a t  could  a c t  as prox im ate  f a c t o r s .  The m a j o r i t y  o f  s t u d ie s  

have c o n cen t ra ted  s o l e l y  on p r o v id i n g  a constan t  photoper iod  and 

ample food.  Under these c o n d i t io n s  p e r s i s t e n t  rhythms have been 

demonstrated in the growth and shedding o f  a n t l e r s  by s ik a  deer  

( Cervus nippon,  Goss, 1969a ,b)  and in r e p r o d u c t i v e  a c t i v i t y  o f  ewes 

(Ducker e t  a l . ,  1973; Karsch e t  a l . ,  1989) .  S i m i l a r  p e r s i s t e n c e  o f  

annual  cyc le s  has been observed in s t u d i e s  where the a n i m a l ' s  

p e r c e p t io n  o f  the p h o t o p e r io d ic  s ig n a l  has been blocked by 

s u r g i c a l l y  removing or d e n e r v a t in g  (by s u p e r io r  c e r v i c a l  

gang I ionectomy)  the p in e a l  gland r e s u l t i n g  in the loss o f  the d a i l y  

plasma m ela to n in  p r o f i l e .  Al though t h i s  has a d i s r u p t i v e  e f f e c t  on 

seasonal  changes ( e . g .  ewes p in e a Ie c to m is e d  in s p r in g  commenced 

oestrous c y c l i n g  2 . 5  months l a t e r  than i n t a c t  a n im a ls ,  Wayne e t  a l . ,

1989) ewes subsequently e x h i b i t e d  c i r c a n n u a l  r h y t h m i c i t y  w i t h  a 

s i m i l a r  p a t t e r n  to  unoperated c o n t r o l s .  Such p e r s i s t e n c e  has been 

demonstrated in a n t l e r  ( r e d  deer :  L i n c o l n ,  1985)  and a ls o  pelage

c y c le s  ( w h i t e - t a i l e d  deer ,  Brown e t  a l . ,  1978; P l o t k a  e t  a l . ,  1982) ,  

food in take  ( d e e r ,  Brown e t  a l . ,  1978; sheep,  S u t t i e  e t  a l . ,  1983 /4 )  

and r e p r o d u c t iv e  s t a t u s  ( d e e r ,  P l o t k a  e t  a l . ,  1982; sheep, Robinson 

and Karsch,  1985; W o o d f i l l  e t a ! . ,  1990 ) .

Al though the above evidence  suggests the e x i s t e n c e  o f  

c i rca n n u a l  r h y t h m i c i t y ,  none o f  the s t u d ie s  l i s t e d  m a in ta ined  

an im a ls  under constant  envi ronmenta l  t em p era tu res .  D e s p i te  the  

l i m i t e d  evidence t h a t  tempera ture  has a r o l e  as a prox im ate  f a c t o r ,  

in the absence o f  p h o t o p e r io d ic  in fo rm a t io n  i t  remains p o s s ib le  t h a t  

deer a re  a b le  to u t i l i s e  temperature  to  co n t r o l  long- te rm  c y c l i c i t y .  

In a d d i t i o n ,  a number o f  the s t u d i e s  f a i l e d  to  i s o l a t e
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p in e a Ie c to m iz e d  i n d i v i d u a l s  from i n t a c t  an im als  ( e . g .  P lo t k a  e t  a l . ,

1982) or used males r e c e i v i n g  n a t u r a l  ph otoperiods  to assess 

r e p r o d u c t i v e  s t a t u s  ( e . g .  Ducker e t  a / . ,  1973) .  Evidence ,  discussed  

l a t e r  in t h i s  re v ie w ,  i n d i c a t e s  t h a t  s o c ia l  con ta c t  can t ran sm i t  

p h o t o p e r io d ic  in f o r m a t io n .  W h i l s t  these f a i l i n g s  r a i s e  doubt over  

c la im s  f o r  c i rc a n n u a l  r h y t h m i c i t y ,  t h e r e  is  i n d i r e c t  evidence

suggest ing  t h a t  the u n c o n t r o l l e d  exogenous f a c t o r s  were not  

im p o r ta n t .  Karsch e t  a l .  ( 1 9 8 9 ) ,  f o r  example,  demonstrated

unambigous annual c y c le s  o f  LH and PRL over 5 years  in ewes kept  on 

a co n stan t  shor t  day ( 8 L : 1 6 D ) .  LH c y c le  p e r i o d i c i t y  not only

d i f f e r e d  from 365 days ( i n  c o n t r a s t  to  c o n t r o l s  under normal 

p h o to p e r io d s )  but  a l s o  showed d e s y n c h ro n is a t io n  between i n d i v i d u a l s  

housed to g e th e r  and w i t h  resp ect  to  the c o n t r o l  ewes. S i m i l a r  cy c le  

d es yn c h ro n isa t io n  between i n d i v i d u a l s  was observed in some 

pinea le c to m y s t u d i e s  ( d e e r ,  P lo t k a  e t  a l . ,  1982; sheep,  W o o d f i l l  e t  

a l . ,  1990 ) .  These o b s e rv a t io n s  imply t h a t  c y c l i c i t y  was not  induced 

by u n c o n t r o l l e d  envi ronmenta l  f a c t o r s ,  but  was the r e s u l t  o f  an 

endogenous rhythm.

F u r t h e r  support  f o r  the e x is t e n c e  o f  c i rc a n n u a l  r h y t h m i c i t y  is  

p ro v ided  by a s u b - t r o p i c a l  deer  s p e c ie s .  Kept in a temperate  zone 

environment (52 °N )  a x i s  deer stags  ( .Axis a x i s ) e x h i b i t e d  a n t l e r  

c y c le s  o f  ap p ro x im a te ly  13 months (Loudon and Cur le w is ,  1 988 ) .  These 

were a s s o c ia t e d  w i t h  c y c le s  o f  t e s t i s  s i z e ,  t e s t o s t e r o n e  s e c r e t i o n ,  

neck g i r t h  and body weight  d i s p l a y i n g  a c o n s is t e n t  phase 

r e l a t i o n s h i p .  S i g n i f i c a n t l y  the c y c le s  o f  i n d iv id u a l  males were not  

synchronized  to one a n o th e r .  In a d d i t i o n ,  m e la to n in  implants  

a d m in is te r e d  d ur ing  summer to  stags  w i t h  growing a n t l e r s ,  f a i l e d  to  

advance a n t l e r  c l e a n in g  or t e s t o s t e r o n e  s e c r e t i o n ,  in marked 

c o n t r a s t  to  red deer t r e a t e d  under s i m i l a r  c ircumstances (L in c o l n  e t  

a l . ,  1984) .  Taken to g e th e r  these o b s e rv a t io n s  suggest t h a t  

photo p er io d  has no s i g n i f i c a n t  r o l e  in the c o n t r o l  o f  r e p ro d u c t io n  

o f  t h i s  s u b - t r o p i c a l  sp e c ie s ,  and t h a t  annual c y c le s  a r e  generated  

by f r e e  running c i rc a n n u a l  rhythms. I t  suggests t h a t  c y c le s  observed  

in seasonal  deer s p ec ie s  may t h e r e f o r e  r e f l e c t  endogenous rhythms 

t h a t  a re  e n t r a i n e d  r a t h e r  than d r iv e n  by p h o to p e r io d .  However, some 

c a u t io n  is necessary when using ev idence  o f  male re p r o d u c t iv e  

rhythms to support  c i rc a n n u a l  r h y t h m i c i t y  in the fem ale .  Males need
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to shed t h e i r  a n t l e r s  p e r i o d i c a l l y  in o rd e r  to  grow a new a n t l e r .  

Since the a n t l e r  c y c l e  is d r iv e n  by t e s t o s t e r o n e ,  endogenous 

r e p r o d u c t i v e  c y c l i c i t y  in male deer may s im ply  r e f l e c t  the need to 

m a in t a in  co n t r o l  over  t h i s  c y c l e .

The s t ro n g e s t  ev idence  a g a in s t  c i rc a n n u a l  r h y t h m i c i t y  has been 

p rov id ed  by Jackson e t  a l .  ( 1 9 9 0 ) .  In  t h i s  study ewes were 

m ain ta in e d  under a constant  e q u a t o r i a l  photo p er io d  ( 1 2 L :1 2 D ) ,  

constan t  tem p e ra tu re ,  and i s o l a t e d  from o th e r  sheep ( i n c l u d i n g  

rams) .  As a r e s u l t  o n ly  2 /1 2  ewes e x h i b i t e d  d i s t i n c t ,  a l t e r n a t i n g  

p e r io d s  o f  anoestrus  and o v a r ia n  c y c l i c i t y .  In the remainder ,  

o est rou s  c y c le s  occurred  throughout the year  a t  v a r i a b l e  i n t e r v a l s ,  

r a t h e r  than in d i s t i n c t  breed ing  seasons.  In a d d i t i o n  th e r e  was no 

ev idence o f  a c o n s i s t e n t  p h o t o r e f r a c t o r y  response between 

i n d i v i d u a l s .  These r e s u l t s  imply t h e r e  is  no endogenous c i rcan n u a l  

o r g a n i s a t i o n  ( a t  l e a s t  in r e p r o d u c t iv e  a c t i v i t y )  and t h a t  seasonal  

changes a re  d r iv e n  d i r e c t l y  by envi ronmenta l  changes. I t  a ls o  

suggests r h y t h m i c i t y  re p o r te d  in p re v io u s  s t u d ie s  may have been due 

to  temperature  changes. These co n c lu s io n s  a r e  supported by evidence  

from rams o f  a v a r i e t y  o f  c ro ss -b ree d s  kept  under constant  s h o r t -d a y  

lengths  and tem pera tures  (L angford  e t  a I . ,  198 7 ) .  Over two years

these  an imals  m a in ta in ed  a high leve l  o f  t e s t i c u l a r  a c t i v i t y  w i t h  no 

i n d i c a t i o n  o f  the spontaneous r e g re s s io n  demonstrated  by Almeida and 

L in c o ln  ( 1 9 8 4 ) ,  f o r  rams kept  on s h o r t - d a y  lengths but  under  

environmental tem p era tu res .

In red d e e r ,  the p r i n c i p a l  ev idence  a g a in s t  the e x i s t e n c e  o f  

c i rc a n n u a l  r h y t h m i c i t y  remains the f a i l u r e  o f  hinds to  e x h i b i t  

seasonal  anoestrus  when t r e a t e d  w i t h  an exogenous s h o r t -d a y  

m e la to n in  s ig n a l  f rom m i d - w in t e r  f o r  16 months (Adam e t  a l . ,  1989) .  

T his  c o n t r a s t s  w i t h  the response o f  ewes ( N e t t  and Niswender,  1982)  

and Pere D a v i d ' s  deer hinds (C.M.  Argo,  unpubl ished  o b s e r v a t i o n s )  in 

which the breed in g  season was on ly  extended by a few weeks by 

m e la to n in  t re a tm en t  (see  s e c t io n  1 . 2 . 5 . 2 . ) .  W h i l s t  the response of  

ewes and Pere D a v i d ' s  deer a re  c o n s i s t e n t  w i t h  the involvement o f  an 

endogenous mechanism, the evidence  in the red deer hind suggests  

d i r e c t  p h o t o p e r io d ic  c o n t r o l .  S i m i l a r l y ,  p r e - p u b e r t a l  red deer hinds  

t r e a t e d  w i t h  m e la to n in  implants  from the w i n t e r  s o l s t i c e  showed 

d is r u p t e d  seasonal changes in p r o l a c t i n  and food in ta k e  (Loudon and
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B r in k  low, 1990) .  However, in the same s tud y ,  c a lv e s  m a in ta in e d  on 

constant  long days from b i r t h  appeared to  e x h i b i t  normal c y c l i c i t y  

of  food in t a k e ,  coat  growth and p r o l a c t i n  (Loudon and B r in k  low, 

1990) .  Th is  d i f f e r e n c e  between the response to  c o n s tan t  long-days or  

m e la to n in  implants ( -  s h o r t - d a y  s i g n a l ? )  suggests express io n  of  

annual c y c l i c i t y  in t h i s  spec ies  can be p ro fo u n d ly  in f lu e n c e d  by 

exposure to  d i f f e r e n t  constan t  ' p h o t o p e r i o d 1 s i g n a l s .  I t  r a i s e s  the  

p o s s i b i l i t y  t h a t  c i rc a n n u a l  o s c i l l a t i o n s  e x i s t ,  but  u n l i k e  c i r c a d i a n  

r h y t h m i c i t y ,  can be r e l a t i v e l y  e a s i l y  d i s r u p t e d  or  masked by 

p a r t i c u l a r  envi ronmenta l  c o n d i t i o n s .  I f  t r u e ,  v a r i a t i o n  between 

s t u d ie s  may be the r e s u l t  o f  d i f f e r e n c e s  in the exp er im e n ta l  regimes  

under which r h y t h m i c i t y  was i n v e s t i g a t e d .  I t  is ap p aren t  f rom a 

number o f  s t u d ie s  t h a t  the response to  d i f f e r e n t  constant  

photoper iods  v a r i e s .  In  the s t u d i e s  o f  s i k a  deer by Goss e t  a l .  

( 1 9 7 4 ) ,  f o r  example,  stags  exposed to  p h o to p er io d s  d e v i a t i n g  by 1 or  

more hours from 12 hours l i g h t / d a y  showed annual  p a t t e r n s  o f  a n t l e r  

growth and shedding,  but  those m a in t a in e d  on 12L:12D f a i l e d  to  shed 

t h e i r  a n t l e r s .  T h is  response is c o n s i s t e n t  w i t h  the d i f f e r e n c e  

observed between the re p r o d u c t iv e  a c t i v i t y  o f  ewes kept  a t  8L:16L  

(Karsch e t  a / . ,  1987 , 1989) and 12L:12D (Jackson e t  a l . ,  1990)

discussed above.  Jackson e t  a l .  ( 1 9 9 0 )  proposed t h a t  t h e r e  could be 

a s e l e c t i v e  advantage f o r  the d i s r u p t i v e  a f f e c t  o f  e q u a t o r i a l  

photoper io ds  on endogenous r h y t h m i c i t y .  T h is  would enab le  ungu la tes  

in such an environment to  breed a t  any t ime o f  year  in response to  

p rox im ate  f a c t o r s  l i k e  food a v a i l a b i l i t y .  How e x a c t l y  such a system 

might have evolved is  not c l e a r .

I f  c i rc an n u a l  rhythms e x i s t ,  i t  i s  l o g ic a l  to  propose t h a t  the  

l in ka ge  between seasonal  c y c le s  rev iewed  p r e v i o u s l y  (s ee  s e c t io n  

1. 2 . 6 . )  may r e f l e c t  a s i n g l e  neura l  o s c i l l a t o r  c o n t r o l l i n g  a l l  

endogenous annual rhythms.  Karsch e t  a l .  ( 1 9 8 9 )  r e p o r t e d  t h a t  in 

ewes m a in ta in ed  under s h or t  ph o top e r io ds  f o r  5 ye ars  plasma LH, but  

not plasma p r o l a c t i n ,  cy c le s  became desynchron ised  between 

i n d i v i d u a l s .  T h is  im p l ie s  t h a t ,  w h i l s t  LH may have r e q u i r e d  

photoper io d  to  e n t r a i n  s e a s o n a l i t y ,  p r o l a c t i n  was synchro nised  by an 

a l t e r n a t i v e  envi ronmenta l  v a r i a b l e  ( p o s s i b l y  t e m p e r a tu re )  suggest ing  

the e x i s t e n c e  o f  s e p a r a te  c i r c a n n u a l  o s c i l l a t o r s .  In  g e n e r a l ,  

however,  the temporal r e l a t i o n s h i p s  o f  plasma p r o l a c t i n  and LH
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cy c le s  remained 180 degress out  o f  phase w i t h  each o th e r  d e s p i t e  the  

f a c t  the  cy c le s  a re  b e l i e v e d  to  be f u n c t i o n a l l y  independent.  Thus, 

using the endocr ine  system as a marker o f  i n t e r n a l  p h y s i o l o g i c a l  

s t a t e  i t  is c l e a r  t h a t  c i r c a n u a l  rhythms may be d r i v e n  by two or 

more l in k e d  o s c i l l a t o r s .

The s e l e c t i v e  advantage o f  endogenous c i r c a n n u a l  r h y t m i c i t y  in 

mammals is u n c lea r  (Gwi n n e r , 1 9 8 1 a , b ) . Gwinner (19 81b )  suggests  

rhythms may improve p r e c i s i o n  o f  t im in g  o f  seasonal  a c t i v i t i e s  by 

p r o v i d in g  i n e r t i a  t h a t  b u f f e r s  a g a in s t  a t y p i c a l  f l u c t u a t i o n s  in the  

phys ic a l  envi ronment .  I t  is p o s s ib l e  c i r c a n n u a l  r h y t h m i c i t y  was 

i n h e r i t e d  from t r o p i c a l  mammals in which had i t  evo lved  as a means 

of  m a i n t a in i n g  the c o r r e c t  phase r e l a t i o n s h i p  between dependent  

b i o l o g i c a l  processes in an envi ronment  p r o v i d in g  r e l a t i v e l y  

u n r e l i a b l e  e x t e r n a l  cues.

1 .2 .11 .  THE ROLE OF OTHER EXOGENOUS FACTORS IN THE

CONTROL OF SEASONALITY

There is c o n s id e ra b le  evidence  t h a t  ph o to p er io d  p ro v id e s  the  

p r i n c i p a l  z e i t g e b e r  ( e n t r a i n i n g  s i g n a l )  r e s p o n s i b le  f o r  

syn ch ro n is ing  s e a s o n a l i t y  w i t h  envi ronmenta l  p e r i o d i c i t y  in deer .  

However, t h e r e  is  ev idence t h a t  o th e r  exogenous f a c t o r s  a r e  invo lved  

in m o d i fy in g  the express ion  o f  seasonal  changes. The p o s s ib le  r o l e  

of  tem p era tu re ,  s o c ia l  f a c t o r s  and n u t r i t i o n  a r e  discussed  below.

1 .2 .1 1 .1 .  TEMPERATURE

F l u c t u a t i o n s  in environmenta l  t em p era tu res  do not  in themselves  

d r i v e  seasonal changes in r e p r o d u c t iv e  a c t i v i t y  (W odzicka -  

Tomaszewska, e t  a ! . ,  1967 -  discussed in s e c t io n  1 . 2 . 1 . 1 . ) .  However,  

th e re  is  evidence  in the ewe t h a t  tem pera ture  may modi fy  the r a t e  o f  

response to a changing p h o to p er io d .  The response i n t e r v a l s  o f  ewes 

to a s h i f t  from an in d u c t iv e  (8 L :1 6 D )  to  an i n h i b i t o r y  (16L :8 D )  

photoregime ( i . e .  d ur in g  t r a n s i t i o n  to  a n o e s t r u s )  e x h i b i t e d  a s t ro n g  

n e g a t iv e  c o r r e l a t i o n  w i t h  e x t e r n a l  te m p e r a t u r e s . There was, however.
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no evidence t h a t  te m pera ture  in f lu e n c e d  the onset  o f  r e p r o d u c t iv e  

a c t i v i t y  (Legan and Karsch ,  1980; Jackson e t  a l . ,  1989) .

In domestic c a t t l e  m a in ta in e d  under n a t u ra l  or 16L:8D 

photoper io ds  high tempera tures  s t i m u l a t e d  and low temperatures  

i n h i b i t e d  the c i r c u l a t i n g  l e v e ls  o f  p r o l a c t i n  ( P e t e r s  and Tucker ,  

1978) .  Evidence t h a t  t h i s  hormone may be impor tant  in the c o n t ro l  o f  

seasonal pe lage  changes (see  s e c t i o n  1 . 2 . 7 . )  suggests t h a t  

envi ronmenta l  tem pera ture  may a f f e c t  coat  growth v i a  p r o l a c t i n .

The most obvious e f f e c t  o f  envi ronmental  tem pera ture  on 

s e a s o n a l i t y  stems from i t s  impact on maintenance energy  

req u i re m en ts .  D e s p i t e  a r e l a t i v e l y  t h i c k  w i n t e r  coat  (Ryder and Kay,  

1973; Ryder,  1977)  the  tem perature  a t  which i t  becomes necessary  f o r  

red deer to  r a i s e  t h e i r  m e t a b o l ic  r a t e  to m a in ta in  core body 

tempera ture  ( t h e  lower c r i t i c a l  t e m p e r a tu r e )  has been r e p o r te d  to  be 

as h igh  as 10<>C (Brockway and M a l o i y ,  1968) .  Th is  is a r e l a t i v e l y  

high va lu e  compared to  envi ronmenta l  te m pera tures  exper ienced  in the  

B r i t i s h  I s l e s ,  i n d i c a t i n g  t h a t  energy  re qu irem ents  f o r  maintenance  

w i l l  be c l o s e l y  r e l a t e d  to  e x t e r n a l  t em p era tu res .  Th is  is  conf irmed  

by evidence  t h a t  maintenance  req u i rem en ts  o f  s tags  kept  o u t -d o o r s  in 

w i n t e r  were 50% g r e a t e r  than those enhoused (Fennessy e t  a I . ,  1981) .  

I t  seems l i k e l y  t h a t  under n a t u r a l  c o n d i t i o n s  seasonal  v a r i a t i o n  in 

temperature  w i l l  p ro fo u n d ly  modify express ion  o f  the seasonal  

m e t a b o l ic  changes demonstrated in enhoused deer and sheep (see  

sect  ion 1 . 2 . 8 ) .

1 .2 .1 1 .2 .  SOCIAL STIMULI

Red deer form loose a s s o c i a t i o n s  w i t h  o th e r  i n d i v i d u a l s  

throughout the y e a r .  Except f o r  the r u t ,  mature males and females  

no rm al ly  remain s eg reg a ted .  Group s i z e s  vary  but  female  herd  

( i n c l u d i n g  c a l v e s )  can exceed 100, e s p e c i a l l y  in open h a b i t a t s  

d ur in g  w i n t e r  ( C l u t t o n - B r o c k  e t  a l . ,  1982a; personnel  o b s e r v a t i o n ) .  

This  prov id es  e x t e n s i v e  o p p o r t u n i t y  f o r  the a c t i o n  o f  s o c ia l  cues.

Exper imental  s t u d i e s  w i t h  sheep have r e v e a le d  t h a t  

p h o t o p e r io d ic  in f o r m a t io n  can be t r a n s m i t t e d  through s o c ia l  c o n t a c t .  

Legan and Karsch (1 9 8 0 )  observed t h a t  changes in the r e p r o d u c t iv e  

a c t i v i t y  o f  s u r g i c a l l y  b l in d e d  ewes remained synchronous w i t h  90 day

65



a l t e r n a t i o n s  o f  p hotoper io d  (16L:8D to  8L:16D)  o n ly  i f  m a in ta in e d  in 

co n tac t  w i t h  a s ig h t e d  ram. Ewes p in e a Ie c to m is e d  a t  the sp r in g  

equinox and m a in ta in ed  in i s o l a t i o n  o f  p i n e a I - i n t a c t  sheep 

e x h i b i t e d  a 2 . 5  month d e la y  in the onset  o f  r e p r o d u c t iv e  a c t i v i t y .  

In c o n t r a s t ,  those kept  in c o n ta c t  w i t h  i n t a c t  an imals ( fe m a le s  and 

males)  d id  not  (Wayne e t  a l . ,  19 8 9 ) .  There is a ls o  ev id ence  of  

i n t r a - s e x  t ran sm iss io n  in males ( L i n c o l n  e t  a l . ,  1989)  and females  

(Sunderland e t  a l . ,  1990) .  Ewes m a in ta in e d  on w i n t e r  s o l s t i c e  

p h otoper io ds ,  from the s o l s t i c e ,  but  in c o n t a c t  w i t h  ewes which  

r e c e iv e d  35 long days during  A p r i l  e x h i b i t e d  a s m a l le r  d e la y  in the  

onset  o f  r e p r o d u c t i v e  a c t i v i t y  and g r e a t e r  w i t h i n  group synchrony  

than a group m a in ta in ed  in i s o l a t i o n  throughout (Sunder land  e t  a / . ,

1990) .  In s p i t e  o f  t h i s  ev iden ce ,  under normal c o n d i t i o n s  i t  seems 

u n l i k e l y  t h a t  s o c ia l  cues would have a s i g n i f i c a n t  r o l e  in r e l a y i n g  

p h o to p e r io d ic  in fo r m a t i o n .  In s te a d  the c l e a r  e f f e c t s  demonst ra ted,  

suggest  s o c ia l  f a c t o r s  may have an im portant  r o l e  in sy n ch ro n is in g  

the phase o f  s e a s o n a l i t y  amongst a s s o c i a t i n g  i n d i v i d u a l s .

I n t r a - s e x  synchrony

Free ranging  red deer hinds a s s o c i a t i n g  du r in g  the r u t  tend to  

show g r e a t e r  synchrony o f  o e s t ru s  (and t h e r e f o r e  c a l v i n g )  than non

a s s o c ia t e s  ( Ia s o n  and Guin^ss,  198 5 ) .  S i m i l a r  o b s e r v a t io n s  have a ls o  

been re p o r t e d  in sheep (Wayne e t  a l . ,  1989; Jackson e t  a l . ,  1990; 

Sunderland e t  a l . ,  1990) .  The e v o l u t i o n a r y  f u n c t io n  o f  t h i s  is  

probably  to  synchronise  c a l v i n g  to  reduce i n d i v i d u a l  p re d a t io n  

r i sks.

I n t e r - s e x  synchrony

The re p r o d u c t iv e  success is  c l e a r l y  dependent on synchrony of  

r e p r o d u c t iv e  s t a t u s  between males and fe m a les .  In seasonal  mammals 

p hoto period  e n t r a i n s  the r e p r o d u c t iv e  rhythm o f  both sexes ensuring  

t h i s  c o in c id e s  w i t h  the a p p r o p r i a t e  season.  T h is  im p l ies  synchrony  

w i l l  occur in the absence o f  s o c ia l  s t i m u l i ,  as a l l  an im als  in the  

p o p u la t io n  re c e i v e  the same p h o t o p e r i o d i c  in f o r m a t io n .  S o c ia l  cues,  

however,  may be importan t  in the ' f i n e  tu n i n g '  o f  synchrony,  

p a r t i c u l a r l y  in overcoming the e f f e c t s  o f  v a r y in g  n u t r i t i o n  and /o r  

l a c t a t i o n a l  s t a t u s  between i n d i v i d u a l s .
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Male v o c a l i s a t i o n  as we l l  as presence o f  males can advance 

o v u l a t i o n  (McComb, 1987; W i lson ,  1990)  and w i n t e r  coat  growth in 

hinds (M.W. F i s h e r ,  unpubl ished  d a t a ) .  In sheep the presence o f  a 

male has a ls o  been shown to extend the d u r a t io n  o f  the breed in g  

season (Sunder land  e t  a I . ,  1990 ) .  Females a re  e q u a l l y  capable of

i n f l u e n c i n g  males .  Red deer hinds g iven  exogenous m e la to n in  to  

advance t ime o f  f i r s t  o e s t ru s  s i g n i f i c a n t l y  advanced r o a r i n g  

a c t i v i t y  o f  n o n - t r e a t e d  males (M.W. F i s h e r ,  unpubl ished d a t a ) .  In 

sheep the in t r o d u c t i o n  o f  ewes can cause an acute  increase  in 

s e c r e t i o n  o f  LH and t e s t o s t e r o n e  in rams ( 11 I i u s  e t  a l . ,  1976) .

Social e f fe c ts  on puberty

There is a l s o  c i r c u m s t a n t i a l  ev idence t h a t  s o c ia l  s t i m u l i  a re  

importan t  in i n f l u e n c i n g  the t im in g  o f  pu b er ty  in red d e e r .  Pre 

p u b e r ta l  hinds m a in ta in e d  on an ad l i b i t u m  d i e t ,  but  i s o l a t e d  from 

stags  or mature fem ale s ,  showed delayed  f i r s t  oe s t ru s  (compared to  

the l a t t e r ) .  They a l s o  e x h i b i t e d  a r e l a t i v e l y  low inc idence  of  

p u b er ty  ( 3 / 7 )  d e s p i t e  high l i v e - w e i g h t s  (Loudon and B r in k lo w ,  1990 

and unpubl ished  o b s e r v a t io n s ) .

In stags a d i f f e r e n t  s o c ia l  e f f e c t  has been r e p o r t e d .  J u v e n i l e  

an im als  m a in ta in ed  on an ad l i b i t u m  d i e t  in i s o l a t i o n  from mature  

stags  d is p la y e d  r u t t i n g  behav iour d u r in g  t h e i r  second autumn. When 

kept  in c o n ta c t  w i t h  a d u l t s ,  however, r u t t i n g  behav iour  was 

suppressed (Fennessey,  Thompson and S u t t i e ,  in p r e s s ) .  T h is  

i n d i c a t e s  mature males may d e lay  e xpress io n  o f  p h y s io l o g i c a l  

m a t u r i t y  in younger and presumably s u b o rd in a te  males.

1 .2 .1 1 .3 .  NUTRITIONAL FACTORS

Food a v a i l a b i l i t y  is the major  u l t i m a t e  f a c t o r  r e s p o n s ib le  f o r  

the e v o l u t i o n  o f  s e a s o n a l i t y  in temperate h a b i t a t s .  Thus in th e o ry ,  

i f  the seasonal  responses a re  w e l l  adapted ,  n u t r i t i o n a l  requ irem ents  

and a v a i l a b i l i t y  should c o i n c i d e .  P l a n t  p r o d u c t io n ,  a l though  

e x h i b i t i n g  a marked s e a s o n a l i t y ,  does however show c o n s id e r a b le  

annual and local  v a r i a t i o n .  T h is  is due both to  c l i m a t i c  

f l u c t u a t i o n s  and b i o l o g i c a l  f a c t o r s  l i k e  c o m p e t i t io n .  As a r e s u l t  

food a v a i l a b i l i t y  may e x e r t  a d i r e c t  e f f e c t  on express ion  of
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s e a s o n a l i t y  and r e p r o d u c t i v e  success,  e s p e c i a l l y  in o v e r -p o p u la te d  

or marg ina l  h a b i t a t s  ( e . g .  t y p i c a l  o f  S c o t t i s h  red deer p o p u la t io n s  

in the 1 9 8 0 ' s ) .  The most obvious impact of  l i m i t e d  food resources  

w i l l  be on express ion  o f  the a p p e t i t e  c y c le  and on growth.  Stag  

c a lv e s  he ld  on a r e s t r i c t e d  p la ne  o f  n u t r i t i o n  d u r in g  w i n t e r  showed 

compensatory growth d u r in g  the f o l l o w i n g  summer as s o c ia te d  w i t h  a 

s i g n f i c a n t  e l e v a t i o n  o f  food in t a k e  ( S u t t i e  e t  a t . ,  1 983 ) .  Even w i t h  

access to ad l i b i t u m  food,  however,  the w i n t e r -  r e s t r i c t e d  stags  

f a i l e d  to ach ie ve  the mature l i v e  w e ig h ts  o f  u n r e s t r i c t e d  a n im a ls .  

I t  suggests t h a t  under n a t u r a l  c o n d i t i o n s  f l u c t u a t i o n s  in food 

abundance can have major  long term e f f e c t s  on body s i z e .  Th is  may 

e x p l a i n  the r e l a t i v e l y  small  s i z e  o f  w i l d  S c o t t i s h  red deer compared 

to E n g l ish  and European c o u n t e r p a r t s  (Kay and S t a i n e s ,  1981; S u t t i e  

e t  a t . ,  1983) .  D e t a i l s  o f  the e f f e c t s  o f  food abundance on in take  

and g r a z in g  s t r a t e g i e s  a re  rev iewed  in s e c t i o n  ( 1 . 2 . 1 2 ) .

There is a ls o  ev idence  t h a t  r e p r o d u c t i v e  a c t i v i t y  in red deer  

is  in f lu e n c e d  by the e f f e c t s  o f  food abundance. Hind f e r t i l i t y  is 

s t r o n g l y  c o r r e l a t e d  to  l i v e  w e ight  (H am i l ton  and B l a x t e r ,  1980;  

Albon e t  a l . ,  1983, 198 6 ) .  For example,  Hamil ton  and B l a x t e r  (198 0 )  

r e p o r t e d  t h a t  farmed red deer in e a s t e r n  S cot la nd  f a i l  to  c a lv e  i f  

t h e i r  l i v e  we ig ht  is  less than 52 kg, but  a t  60 and 80 kg the

p r o b a b i l i t y  o f  c a l v i n g  increased to  0 . 4 9  and 0 .91  r e s p e c t i v e l y .  In

ewes, r e s t r i c t e d  food in ta k e  and low body c o n d i t io n  were a sso c ia te d  

w i t h  a de lay  in the  onset  o f  the b reed in g  season (Gunn and Doney,

1975)  and reduced o v u l a t i o n  r a t e  (Gunn and Doney, 1975; Doney e t  

a I . ,  1981; Rhind and M c N e i l l y ,  198 6 ) .  Delays  in concept ion can have 

a profound a f f e c t  on h ind r e p r o d u c t iv e  success.  For every  day a f t e r  

the median b i r t h  d a te  a c a l f  is  born th e re  is  a IX increase  in 

m o r t a l i t y  ( C I u t t o n - B r o c k  e t  a l . ,  1987)  and a IX re d u c t io n  in the  

f e m a le ' s  p r o b a b i l i t y  o f  being f e r t i l e  the next  year  (C I u t t o n - B r o c k  

e t  a l . ,  1983) .

The mechanism by which n u t r i t i o n  in f lu e n c e s  f e r t i l i t y  is s t i l l  

u n c l e a r .  Assoc ia ted  w i t h  poor n u t r i t i o n a l  s t a t u s  is ev idence o f  a 

reduced LH pulse f requency  (Rhind e t  a / . ,  1989; Thomas e t  a l . ,  1989)

and lower mean plasma le v e l s  o f  t h i s  and FSH (Thomas e t  a I . ,  1989;

Tatman e t  a l . ,  199 0 ) .  Tatman e t  a l .  ( 19 90 )  a l s o  observed h igher
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c o n c e n t r a t io n s  of  GnRH in the median s t a l k  eminence o f  p o o r ly  

nourished ewes. From t h i s  they concluded t h a t  GnRH r e l e a s e  may have 

been reduced in these an im a ls ,  which cou ld  e x p la in  the lower LH 

pulse  f requency and mean plasma l e v e l s .  A s u f f i c i e n t  r e d u c t io n  in LH 

pulse  frequency could  r e s u l t  in de layed  or  suppressed r e p r o d u c t iv e  

a c t i v i t y .  The r e l a t i o n  between l i v e  w e ig ht  and f e r t i l i t y ,  and the  

f a c t  t h a t  body f a t  comprises the major  component o f  w e ig ht  loss,  

suggests n u t r i t i o n  cou ld  i n f l u e n c e  the LH s e c r e t o r y  process v i a  i t s  

e f f e c t  on f a t  r e s e rv e s .  In both ewes (Tatman e t  a l . ,  1990) and 

humans ( F r i s c h ,  1988)  t h e r e  appears to  be a th r e s h o ld  amount or  

c o n c e n t ra t io n  o f  f a t  r e q u i r e d  f o r  r e p r o d u c t io n  to  occur.

The n u t r i t i o n a l  requ irem ents  o f  l a c t a t i n g  hinds fed  to  a p p e t i t e  

have been e s t im ate d  to  be as much as 2 . 6  t imes t h a t  o f  n o n - l a c t a t i n g  

animals (Arman e t  a l . ,  1974 ) .  C o n s id e r in g  the r e l a t i o n  between body 

c o n d i t io n  and f e r t i l i t y  d iscussed  above,  i t  is not  s u p r i s i n g  t h a t  in 

marginal  h a b i t a t s  the f e r t i l i t y  o f  l a c t a t i n g  hinds is lower than  

t h a t  o f  n o n - l a c t a t i n g  females (Guinness  e t  a l . ,  1978) .  There is  a ls o  

ev idence  t h a t  the d u r a t i o n  o f  seasonal  an o est ru s  is  extended in 

l a c t a t i n g  hinds (10 days,  Adam e t  a l . ,  198 5 ) .  Increased e n e r g e t i c  

requirements  might e f f e c t  r e p r o d u c t io n  by red ucing  f a t  re s e r v e s .  

There is ,  however,  ev idence  to  suggest  in l a c t a t i n g  an imals  

n u t r i t i o n a l  e f f e c t s  may in p a r t  be r e l a y e d  v i a  the o f f s p r i n g .  Loudon 

e t  a l .  (19 8 3 )  observed t h a t  s u c k l in g  f requency  was h ig h e s t  in red  

deer ca lves  whose mothers grazed  an impoverished p a s tu r e  and 

produced r e l a t i v e l y  l i t t l e  m i l k .  In creased  s u c k l in g  a c t i v i t y  appears  

to  be the r e s u l t  o f  an a t tem p t  by these c a lv e s  to  o b t a in  an adequate  

m i l k  in tak e  to  m a in t a in  growth a t  i t s  maximum p o t e n t i a l  (Loudon e t  

a / . ,  1983) .  A ssoc ia ted  w i t h  t h i s  was a 6 . 2  day d e la y  in the t im in g  

of  c o ncept io n .  The mechanisms by which s u c k l in g  a c t i v i t y  might  

in f lu e n c e  r e p r o d u c t iv e  a c t i v i t y  a r e  d iscussed  in s e c t i o n  1 . 2 . 5 . 3  

' p r o l a c t i n  and r e p r o d u c t i o n ' ) .

N u t r i t i o n  a l s o  has a r o l e  in d e t e r m in in g  the t im in g  o f  p u b e r ty .  

The r e l a t i v e l y  l i m i t e d  food abundance o f  many S c o t t i s h  h a b i t a t s  is  

b e l i e v e d  to  e x p l a i n  why w i l d  red deer hinds o f t e n  conce ive f o r  the  

f i r s t  t ime 1 or 2 years  l a t e r  than in c a p t i v e  and e a s te r n  European 

p o p u la t io n s  (Kay and S t a i n e s ,  1981; C lu t t o n - B r o c k  e t  a l . ,  1982a;
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Loudon e t  a l . ,  1989) .  N u t r i t i o n  is  b e l i e v e d  to  e x e r t  i t s  i n f lu e n c e  

p r i m a r i l y  by a f f e c t i n g  growth r a t e s  and body s i z e .  Evidence in the  

ewe suggests growth r e l a t e d  cues a re  used to r e g u l a t e  the a c t i v i t y  

o f  the GnRH pulse  g e n e r a t o r .  Only when these  a r e  a p p r o p r i a t e  does 

i t s  s e n s i t i v i t y  to  the i n h i b i t o r y  feedback a c t i o n  o f  o e s t r a d i o l  

decrease .  Th is  r e s u l t s  in an increase  in LH p u ls e  freq u en c y ,  o v a r ia n  

development and subsequent o v u l a t i o n  ( F o s t e r  and Ryan, 1981; Foster  

e t  a / . ,  1985) .  Al though n u t r i t i o n  i n f lu e n c e s  t im in g  o f  p u b e r t y ,  the  

l a t t e r  can on ly  occur during  the  a p p r o p r i a t e  season.  T h is  is  

determined by the endogenous r e p r o d u c t i v e  rhythm and the e n t r a i n i n g  

e f f e c t s  o f  p hotoper io d  ( F o s t e r  e t  a t . ,  19 85 ) .  Evidence in d i c a t e s  

t h a t  poor n u t r i t i o n  cannot p re ven t  ewe lambs accumula t in g  

p h o t o p e r io d ic  i n f o r m a t io n .  For example,  when undernourished  ewes 

p r e v i o u s ly  exposed to  e i t h e r  long-  or s h o r t - d a y  photoper io ds  were  

p la ced  on in d u c t iv e  shor t  days ( w i t h  ad l i b i t u m  food)  o n ly  those  

e x p e r ie n c i n g  a d e c l i n e  in day le ngth  e x h i b i t e d  subsequent  

r e p r o d u c t i v e  a c t i v i t y  ( F o s te r  and Y e l l o n ,  198 5 ) .  T h is  i n d i c a t e s  t h a t  

g r o w t h - r e t a r d e d  lambs were a b le  to  d i f f e r e n t i a t e  between  

ph o to p er io d s .  The major e f f e c t  o f  n u t r i t i o n  on p u b er ty  i s ,  

t h e r e f o r e ,  to determ ine  whether or  not  an im a ls  a r e  in a s u f f i c i e n t l y  

developed s t a t e  to a t t a i n  sexual  m a t u r i t y  in a p a r t i c u l a r  b reed ing  

season.

1 .2 .12 .  CONTROL OF FOOD INTAKE AND GRAZING BEHAVIOUR

The d i e t a r y  n iche o f  red deer has been d esc r ib ed  as 

in t e r m e d ia t e  between g raz e rs  and browsers (Hofmann, 1973)  w i t h  

c o n s id e r a b le  f l e x i b i l i t y  in d i e t  cho ice  ( f o r  r e v ie w  see:  M i t c h e l l  e t  

a l . ,  1977; Kay and S t a i n e s ,  1981; Cl u t t o n - B r o c k  e t  a l . ,  1982a ) .  In 

common w i t h  o th e r  h e r b iv o r e s  l i v i n g  in tem pera te  h a b i t a t s ,  red deer  

e xp er ien ce  pronounced seasonal changes in the q u a l i t y  and 

a v a i l a b i l i t y  o f  food as w e l l  as in t h e i r  own n u t r i t i o n a l  

r eq u i re m e n ts .  Th is  r a i s e s  the q u es t io n  as to  the e x t e n t  to  which the  

g r a z in g  ecology o f  these an imals  is determ in ed  by p r e v a i l i n g  food 

a v a i l a b i l i t y  ( e x t r i n s i c  f a c t o r )  or endogenous seasonal  a p p e t i t e  

s t a t e  ( i n t r i n s i c  f a c t o r ) .  T h is  p a r t  o f  the r e v ie w  w i l l  o u t l i n e  

c u r r e n t  evidence  f o r  the r o l e  o f  each and conclude w i t h  a d iscuss io n
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of  t h e i r  r e l a t i v e  importance in d e te rm in in g  the g ra z in g  ecology of  

red deer .  There have been few d e t a i l e d  i n v e s t i g a t i o n s  o f  the e f f e c t  

of  herbage a v a i l a b i l i t y  on g r a z in g  behav io ur  in d e e r ,  and thus where 

necessary evidence from domestic sheep w i l l  be rev ie wed .  Most of  

these s t u d ie s  have used a g r i c u l t u r a l  p a s tu re s  which a re  c o n s id e ra b ly  

more un if o rm  than the p l a n t  communities grazed by w i l d  u n g u la tes .  

The advantage o f  these simple g r a z in g  systems is t h a t  i t  is e a s ie r  

to q u a n t i f y  the e f f e c t s  o f  herbage c h a r a c t e r s i t i c s  on b eh a v io u r .  The 

in fo rm at io n  ob ta in ed  can then be used to  a s s i s t  i n t e r p r e t a t i o n  o f  

g ra z in g  s t r a t e g i e s  in w i l d  an im a ls .

1 .2 .1 2 .1 .  ROLE OF PREVAILING FOOD AVAILABILITY

The main components o f  food a v a i l a b i l i t y :  herbage mass;

n u t r i e n t  co n te n t ;  d i g e s t i b i l i t y ;  w a te r  co n te n t ;  presence of  

m e t a b o l i t e s  t h a t  depress in t a k e ;  b o t a n ic a l  compos it ion;  

p a l a t a b i I i t y ;  p l a n t  spac ing,  and p l a n t  h e ig h t  and a c c e s s V b i I i t y  

( A l l d e n  and W h i t t a k e r ,  1970) va ry  not  o n ly  between communities but  

a ls o  wi th season.

I f  p r e v a i l i n g  food abundance de te rm ines  food in ta k e  and g r a z in g  

b eh av io ur ,  i t  is p r e d ic t e d  t h a t  le v e l  o f  in ta k e  should in general  

terms,  r e f l e c t  the annual p a t t e r n  o f  p ro d u c t io n .  In  a d d i t i o n ,  

g r a z in g  s t r a t e g i e s  should be c l o s e l y  a s s o c ia t e d  w i t h  the r e l a t i v e  

abundance, n u t r i t i o n a l  va lu e  and p h y s ic a l  c h a r a c t e r i s t i c s  o f  the  

food s p e c ie s .  The ev idence  f o r  t h i s  is  discussed in r e l a t i o n  to  

d i f f e r e n t  aspects  o f  g ra z in g  b e h a v io u r .

Rate of intake (mass o f herbage consumed/min).

T h is  can be regarded as a f u n c t i o n  o f  b i t e  s i z e  and b i t e  r a t e .  

L i t t l e  d e t a i l e d  work has been under taken  on the e f f e c t  o f  food 

a v a i l a b i l i t y  on in ta k e  r a t e s  in red deer or any o t h e r  c e rv id s  

regarded as in t e r m e d ia t e  f e e d e r s .  Most workers have r e l i e d  on 

i n d i r e c t  e s t i m a t i o n  from the e f f e c t  o f  p a s tu re  c h a r a c t e r i s t i c s  on 

g r a z in g  t imes ( C l u t t o n - B r o c k  e t  a I . ,  1982a) or  based conc lus io ns  on 

the e x t e n s iv e  l i t e r a t u r e  f o r  domestic sheep ( C l u t t o n - B r o c k  e t  a / . ,  

1982a; Loudon e t  a / . ,  1984) .
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The work o f  T r u d e l l  and W hi te  ( 19 81 )  on re i n d e e r  ( Rang i f e r  

tarandus')  is an e x c e p t io n .  These au th o rs  demonstrated t h a t  the r a t e  

o f  in ta k e  (mass ingested per m i n . )  increased w i t h  p l a n t  biomass f o r  

a l l  types o f  herbage (except  fo rb s  which had a h igh in ta k e  r a t e  even 

when s c a r c e ) .  Th is  o b se rva t io n  is  in general  agreement w i t h  o th e r  

s t u d ie s  o f  r e in d e e r  (Skogland,  1984) ,  w a p i t i  iC e rv u s  elaphus  

n e l s o n i i .  Co i l  ins e t  a l . ,  1978)  and sheep ( A l l d e n  and W h i t t a k e r ,  

1970; B lack and Kenney, 1984; Forbes and Hodgson, 1985 ) .  No 

c o r r e l a t i o n  was observed between b i t e  mass and e i t h e r  t o t a l  or  

s e l e c t e d  p l a n t  biomass. Th is  c o n t r a s t s  w i t h  evidence in sheep, where 

b i t e  mass appears to  be the pr im ary  d e te rm in a n t  o f  in ta k e  r a t e  

(Hodgson and M i l n e ,  1978; Jamieson and Hodgson, 1979 ) .  The 

d i f f e r e n c e  may r e f l e c t  the d i e t a r y  p r e fe re n c e s  o f  r e in d e e r  and 

d i f f e r e n c e s  in the p l a n t  d i v e r s i t y  o f  p a s tu re s  s t u d i e d .  I f  a 

r e i n d e e r  grazes  s e l e c t i v e l y  on a d i v e r s e  p a s t u r e ,  then as biomass of  

p r e f e r e d  fo rage  in creases ,  i t  is  p o s s ib le  t h a t  search  t ime between  

b i t e s  w i l l  d e c l i n e  and b i t e  r a t e  in c re a s e .  Thus, r a t e  o f  in t a k e  may 

more c l o s e l y  r e f l e c t  b i t e  r a t e  r a t h e r  than b i t e  mass. T h is  is  

supported  by evidence  o f  p o s i t i v e  c o r r e l a t i o n  between b i t e  r a t e  and 

both increases in biomass o f  s e l e c t e d  p l a n t  p a r t s  and t h e i r  i n t a k e .  

In c o n t r a s t ,  in sheep g ra z in g  a r e l a t i v e l y  low d i v e r s i t y  and 

s t r u c t u r a l l y  un ifo rm  sown p a s tu re  the i n f l u e n c e  o f  p l a n t  s e l e c t i o n  

on b i t e  r a t e  w i l l  be c o m p a ra t iv e ly  s m a l l .  In f a c t  evidence  i n d ic a t e s  

t h a t  on these pas tures  b i t e  r a t e  d e c l in e s  as biomass increases  

( A l l d e n  and W h i t t a k e r ,  1970; Jamieson and Hodgson, 1979; B lack and 

Kenny, 1984) due to  in c re a s in g  b i t e  mass (see  b e lo w ) .  Thus, the  

p o s i t i v e  c o r r e l a t i o n  between in t a k e  r a t e  and p l a n t  biomass p r i m a r i l y  

r e f l e c t s  changes in b i t e  mass. On h i g h l y  d iv e r s e  h i l l  p as tu res  sheep 

a l s o  graze s e l e c t i v e l y  (M i ln e  e t  a l . ,  1979)  f u r t h e r  su ggest ing  t h a t  

the d i f f e r e n c e s  observed in g r a z i n g  behaviour between sheep and 

r e i n d e e r  a t  l e a s t  p a r t l y  r e f l e c t  p a s tu re  d i f f e r e n c e s .

T r u d e l l  and White (1981 )  a l s o  demonstrated t h a t  the b o t a n ic a l  

composit ion o f  s e l e c t e d  p l a n t  communit ies can in f lu e n c e  prehension  

p a t t e r n s  and consequently in t a k e  r a t e .  A s i g n i f i c a n t  d i f f e r e n c e  was 

observed in b i t e  r a t e  and b i t e  mass between v a s c u la r  p l a n t s  and 

l i c h e n s  (177  vs 205 b i t e s / m i n .  and 21 vs 32 m g / b i t e  r e s p e c t i v e l y ) .1»«ah
I t  is  t h e r e f o r e  l i k e l y Athe r e l a t i v e  p r o p o r t io n  o f  t ime spent  g ra z in g
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d i f f e r e n t  communit ies has a s i g n i f i c a n t  e f f e c t  on t o t a l  in ta k e  r a t e .  

T his  was a l s o  suggested as a p o s s ib le  e x p l a n a t i o n  o f  b i t e  r a t e  

d i f f e r e n c e s  observed between red deer g r a z in g  indigenous h i l l  and 

sown pas tu res  (33 vs 56 b i t e s / m i n :  Loudon e t  a / . ,  1984) ,  and f o r  the 

longer g r a z in g  t imes o f  red deer s e l e c t i n g  s h o r t  grass r a t h e r  than 

h ig h er  biomass communities (C l u t t o n - B r o c k  e t  a / . ,  1982a ) .

As a l r e a d y  ment ioned,  g ra z in g  s t u d ie s  on sheep have 

demonstrated a p o s i t i v e  c o r r e l a t i o n  between r a t e  o f  in ta k e  and 

herbage a v a i l a b i l i t y  ( A l ld e n  and W h i t t a k e r ,  1970; Hodgson and M i ln e ,  

1978; Jamieson and Hodgson, 1979; Black and Kenney, 1984; Forbes and 

Hodgson, 19 85 ) .  Th is  r e l a t i o n s h i p  is summarised in F ig u re  1 .2 a .  

I n i t i a l l y  u n a f f e c t e d  by a d e c l in e  in a v a i l a b i l i t y ,  a stage is  

reached when the r a t e  o f  in take  becomes p r o g r e s s i v e l y  r e s t r i c t e d .  

A l l d e n  and W h i t t a k e r ' s  (19 7 0 )  study concluded t h a t  the most 

impor tant  component o f  a v a i l a b i l i t y  was sward h e i g h t ,  t h e r e  being  

l i t t l e  r e l a t i o n s h i p  between in ta ke  and herbage mass o f  dry  m at te r  

per u n i t  a r e a .  T h is  they demonstrated by m a n ip u la t in g  the s p a t i a l  

r e l a t i o n s h i p s  o f  the sward w i t h  the purpose o f  d i s r u p t i n g  the s t ro ng  

c o r r e l a t i o n  no rm al ly  observed between herbage mass per u n i t  a re a  and 

p l a n t  h e i g h t .  The a s s o c ia t io n  between the l a t t e r ,  and b i t e  r a t e  and 

b i t e  mass is i l l u s t r a t e d  in F ig u re  1.3b .  B r i e f l y ,  the mass o f  a b i t e  

increased almost  l i n e a r l y  w i t h  changing sward h e i g h t ,  where as 

f o l l o w i n g  a small  increase  the b i t e  r a t e  decreased .  At lower sward 

h e ig h ts  the sheep were unable to  compensate f o r  reduced b i t e  mass 

l ead ing  to  a r e d u c t io n  in in take  r a t e .

S ince  t h i s  s tu d y ,  more re cent  work has demonstrated a 

s i g n i f i c a n t  r e l a t i o n s h i p  between in take  r a t e  and herbage mass per  

u n i t  a rea  (Hodgson and M i l n e ,  1978; B lack  and Kenney, 1984 ) .  With  

the e x cep t io n  o f  B lack  and Kenney ( 1 9 8 4 ) ,  however,  few have 

at tem pted  the d i f f i c u l t  task o f  s e p a r a t in g  the in f lu e n c e s  o f  p l a n t  

h e ig h t  and d e n s i t y .  These auth ors  concluded t h a t  the bes t  p r e d i c t i o n  

of  in ta k e  r a t e  was herbage mass per u n i t  a rea  covered by one b i t e .  

Since  the r a t e  o f  in tak e  was r e l a t e d  to  sward h e ig h t  o n ly  when 

d e n s i t y  was constant  and to herbage mass on ly  a t  s i m i l a r  sward 

h e ig h ts  (see F ig u re  1 . 3 c ) .  B i t e  mass, which d e c l in e d  w i t h  a 

r e d u c t io n  in both sward he ig h t  and d e n s i t y ,  was a ls o  best  described  

in t h i s  fa s h io n .
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G raz in g  t ime

C o ns id erab ly  more is known about the r o l e  o f  food a v a i l a b i l i t y  

in de te rm in in g  d a i l y  g raz in g  budgets in dee r .  G e n e r a l l y ,  as food  

resources d im in is h  and r a t e  o f  in t a k e  d e c l i n e s ,  h e r b iv o r e s  a t tem pt  

to compensate by g ra z in g  longer ( r e d  deer :  C I u t t o n - B r o c k  e t  a / . ,

1982a; Loudon e t  a / . ,  1984; r e i n d e e r :  T r u d e l l  and W h i te ,  1981;

Skogland,  1984; sheep: A l ld e n  and W h i t t a k e r ,  1970; Hodgson and

M i l n e ,  1978 and Jamieson and Hodgson, 1979; Forbes and Hodgson, 

1985) .

The long- term  study o f  red deer on the S c o t t i s h  I s l e  o f  Rhum 

( C l u t t o n - B r o c k  e t  a l . ,  1982a) re v e a le d  g r a z in g  t imes f o r  mature  

stags  o f  10 .40 h /day in summer compared to  12 .88 h/day  in w i n t e r .  

T his  was a t t r i b u t e d  to  v a r i a t i o n  in s e l e c t e d  p l a n t  biomass. Th is  

suggest ion is in c o n c lu s iv e  as d i f f e r e n c e s  could  have r e s u l t e d  from 

a p p e t i t e  changes. There is some support  f o r  such an e x p la n a t io n  from 

ev idence t h a t  g r a z in g  t imes were a l s o  s i g n i f i c a n t l y  longer on 

shor t  grass p a s tu re s ,  w i t h  a low biomass,  than o th e r  p l a n t

communit ies.  More c o n t r o l l e d  s t u d i e s  w i t h  sheep have conf irmed t h a t  

a v a i l a b l e  p l a n t  biomass s t r o n g l y  in f lu e n c e s  g r a z in g  t im es .  A l ld e n  

and W h i t t a k e r  ( 1 9 7 0 )  showed t h a t  g r a z in g  t imes ranged between 6 - 1 3  

h/day  depending on food a v a i l a b l e  (see  F ig u r e  1 . 2 a ) .

Spec ies composi t ion  o f  swards has a l s o  been shown to  in f lu e n c e  

g r a z in g  t im e .  L a c t a t i n g  red deer g r a z in g  an indigenous p a s tu re  w i t h  

high p l a n t  d i v e r s i t y  grazed an averag e o f  11 .7 h /d ay  whereas s i m i l a r  

hinds on a sown p a s tu re  spent  o n ly  6 . 0  h /day  g r a z in g  (Loudon e t  a I . ,  

1984) .  Th is  d i f f e r e n c e  is p robably  the consequence o f  s e l e c t i o n  f o r  

p r e f e r r e d  p l a n t  p a r t s  in c re a s in g  search t ime per b i t e ,  a n d /o r  more 

lengthy m a n i p u la t i v e  jaw movements when t a c k l i n g  the non-uni form  

sward s t r u c t u r e  o f  indigenous p a s t u r e s .  Prehension p a t t e r n s  have 

a ls o  been found to  d i f f e r  g r e a t l y  between p l a n t  types in r e in d e e r  

(T rude I  I and W h i te ,  1981) .

Another aspect  o f  the r e l a t i o n s h i p  between a v a i l a b i l i t y  and 

g r a z in g  t ime has been re p o r te d  in sheep s t u d ie s  (where a c c u ra te  

e s t im a te s  o f  food in ta k e  were p o s s i b l e ) .  I t  appears t h a t  increases  

in g r a z in g  t ime can on ly  compensate f o r  a reduced in take  r a t e  (as  

a v a i l a b i l i t y  d e c l i n e s )  up to a c e r t a i n  p o i n t ,  and t h a t  beyond t h i s
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FIGURE 1.3:
( a )  R e l a t i o n  o f  r a t e  o f  in ta k e  o f  both  dry  and green herbage ( A )  

and o f  g r a z in g  t ime C O )  to  herbage mass. -  from A I I d e n  
and W h i t t a k e r ,  1970.
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( b )  R e l a t i o n  o f  r a t e  o f  herbage i n t a k e ,  r a t e  o f  b i t i n g ,  and s i z e  of  
b i t e  to  length o f  t i l l e r .  ~ f rom A M  den and W h i t t a k e r ,  1970.

70

V
3 60c

t  50

J5 40 

"3
J 30

i ,

10

0-10

R a te  o i in ta k e0-35

0-30

3  0-25 u 
15
>3 0-20
UN

^  0 1 5

0 1 0

0-05

15 20 25

Length of tiller (cm)

4 £

1 *

( c )  R e l a t i o n  o f  r a t e  o f  in take  and herbage mass per a re a  e f f e c t i v e l y  
covered by one b i t e .  -  from B la c k  and Kenney, 1984.
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d a i l y  in take  f a l l s  ( A l l d e n  and W h i t t a k e r ,  1970; A rn o ld ,  1975;  

Hodgson and M i l n e ,  1978; Jamieson and Hodgson, 1979) .  Whether t h i s  

is a ls o  the case in deer has ye t  to  be e s t a b l i s h e d  as no a c c u ra te  

est im ates  o f  in tak e  in g ra z in g  deer e x i s t .

A c r i t i c a l  f a c t o r  p r e v e n t i n g  f u l l  compensat ion is an apparent  

c e i l i n g  l i m i t  to d a i l y  g ra z in g  t ime imposed by the need to  ru m in a te .  

Evidence suggests t h i s  l i m i t  is  a p p r o x im a te ly  12 h /d a y .  Maximum 

observed g ra z in g  t imes in c lu d e ,  f o r  red deer :  s tags  12 .8 8  h /d ay ,  

hinds 11 .76  h /day ( C I u t t o n - B r o c k  e t  a / . ,  1982a ) ,  11.70 h /d ay  (Loudon 

e t  a / . ,  1984 ) ;  f o r  sheep: 11 .2  h /day ( A rn o ld  and D u d z in s k i ,  1967) ,

13 h/day ( A l ld e n  and W h i t t a k e r ,  1970) ;  f o r  w i l d  r e i n d e e r :  12 h/day  

(Skogland ,  1984)  and tame r e i n d e e r :  12 .72 h/day  ( T r u d e l I  and W hi te ,  

1981) .

Overall intake

Herbage in ta k e  is  the product  o f  in t a k e  r a t e  and d a i l y  g ra z in g  

t im e .  These a re  both in f lu e n c e d  by herbage a v a i l a b i l i t y  and as a 

r e s u l t  th e re  a re  s i g n i f i c a n t  d i f f e r e n c e s  in in ta k e  f o r  h e r b iv o r e s  

(sheep)  g ra z in g  e i t h e r  s i m i l a r  p a s tu res  w i t h  d i f f e r e n t  mass/sward  

h e ig h t  (A rn o ld ,  1975 ) ,  or d i f f e r e n t  s p ec ie s  composit ion (Doney e t  

a / . ,  1981) .  There a r e ,  however, no a c c u r a t e  e s t im a t e s  o f  in t a k e  in 

f r e e  ranging deer to  demonstrate  whether in t a k e  f o l l o w s  the seasonal  

p a t t e r n  o f  p l a n t  p r o d u c t io n ,  p r e d i c t e d  i f  food resources  dete rm in e  

g ra z in g  a c t i v i t y .  I n d i r e c t  ev id ence  ( e . g .  body w e ig h t :  B l a x t e r  e t  

a / . ,  1974; M i t c h e l l  e t  a ! . ,  1976)  suggest  t h i s  is  the case but  do 

not r u l e  out  the p o s s i b i l i t y  t h a t  an a p p e t i t e  c y c l e  is im p o r ta n t .

Diet selection

D i e t s  a re  s e le c t e d  as the r e s u l t  o f  the i n t e r a c t i o n  between:

( a )  Energy and n u t r i t i o n a l  requ irem ents  o f  the an im a l .

(b )  Animal l i m i t a t i o n s  (due to the p reh e n s ive  and d i g e s t i v e  

c a p a b i l i t i e s :  Gordon and I I I i  u s , 1988; Gordon, 1989) .

( c )  A v a i l a b i l i t y  o f  food p l a n t s .

(m o d i f ie d  from Kossak, 1976 and Grant  e t  a l . ,  1985 ) .

In h e rb iv o re s  the p r e f e r r e d  d i e t  is  u s u a l l y  t h a t  w i t h  the
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h ig h es t  n i t r o g e n  and c a rb o h yd ra te ,  and le a s t  f i b r e ,  c o n s i s t e n t  w i t h  

m in era l  requ iremen ts ( r e d  deer :  Kay and S t a i n e s ,  1981; C I u t t o n - B r o c k  

e t  a / .  1982a; r e i n d e e r :  Skogland,  1984; moose: Be lovsky ,  1978) .  D i e t  

cho ice should t h e r e f o r e  be s t r o n g l y  in f lu e n c e d  by seasonal  v a r i a t i o n  

in herbage a v a i l a b i l i t y .  Th is  p r e d i c t i o n  has been conf i rm ed by 

va r io u s  s tu d ie s  and,  as a genera l  r u l e ,  the range o f  food types  

eaten (both  spec ies  and p l a n t  p a r t s )  is i n v e r s e ly  r e l a t e d  to  the  

a v a i l a b i l i t y  o f  preferred fo r a g e .

Belovsky ( 1 9 8 1 )  found i t  was p o s s i b le  to  p r e d i c t  w i t h  

reasonable  accuracy the d i e t  composi t ion  o f  moose ( .AIces s i c e s ) .  

This  was based on n u t r i e n t  co n ten t  o f  p l a n t s ,  the s i z e  o f  food  

i tems,  and t h e i r  r e l a t i v e  abundance.  D e n s i ty  and q u a l i t y  were a ls o  

found the best  c r i t e r i a  to p r e d i c t  d i e t s  in w i l d  r e i n d e e r  (Skogland,  

1984) .  S i m i l a r  r e l a t i o n s h i p s  between p l a n t  a v a i l a b i l i t y  and 

s e l e c t i o n  have been observed in red  deer (van de Veen, 1979 ) .  Kay 

and S ta in e s  ( 19 81 )  s t a t e d  t h a t  the "seasonal  sequence o f  g r a z i n g  on 

h i l l  pas tures  (by red d e e r )  g e n e r a l l y  r e l a t e s  to  p l a n t  d i g e s t i b i l i t y  

which in tu rn  depends on the t imes a p a r t i c u l a r  spec ies  s t a r t s  to  

grow, mature,  e t c . "  For example,  M o ! i n i s  c a e r u l e a ,  no rm a l ly  r e j e c t e d  

may be eaten d ur ing  i t s  ra p id  growth phase in sp r in g  and e a r l y  

summer by deer on Rhum (Cl u t t o n - B ro c k  e t  a l . ,  1982a ) .  S i m i l a r l y  

u t i l i s a t i o n  o f  A g r o s t i s / F e s t u c a  swards ( h i g h e s t  p r o p o r t io n  o f  

d i g e s t i b l e  dry m a t t e r  and a v a i l a b l e  p r o t e i n  in a l l  months)  depended 

on t h e i r  biomass.  When t h i s  f e l l  an in c r e a s in g  p r o p o r t i o n  o f  t ime  

was spent g ra z in g  o th e r  communit ies ( e . g .  Ca 11una-dominated)  which  

a lthough  o f  lower n u t r i t i o n a l  q u a l i t y  were p resent  in g r e a t e r  

abundance.

Experimenta l  s t u d i e s  i n v e s t i g a t i n g  sheep fo rage  s e l e c t i o n  

support  these o b s e r v a t io n s .  M i ln e  and c o l le g u e s  ( 1 9 7 9 )  demonstrated  

t h a t  sheep g ra z in g  heather s e l e c t e d  a p r o g r e s s i v e l y  poorer  q u a l i t y  

d i e t  as the s e v e r i t y  o f  d e f o l i a t i o n  in crease d.  I n i t i a l l y  g r a z in g  

shoot t i p s  ( h ig h e s t  n i t r o g e n  and l e a s t  c e l l  w a l l  c o n t e n t )  and then  

r e g r a z in g ,  in g e s t in g  a higher p r o p o r t i o n  o f  less  n u t r i t i o u s  woody 

shoots.  Black  and Kenney (1 9 8 4 )  i n v e s t i g a t e d  the e f f e c t  of  

a v a i l a b i l i t y ,  in terms o f  s p a t i a l  d i s t r i b u t i o n  and sward h e i g h t ,  on 

s e l e c t i o n .  They found t h a t  d i e t  p r e f e r e n c e  was s t r o n g l y  in f lu e n c e d  

by the r a t e  a t  which fo rage  can be eaten  ( i . e .  when o f f e r e d  a choice
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of two p as tu res  w i t h  d i f f e r e n t  sward c h a r a c t e r i s t i c s  they g e n e r a l l y  

preferred the one they could ea t  f a s t e r ) .  They a ls o  noted t h a t  sheept 

a t  l e a s t ,  d i s c r i m i n a t e d  less when o f f e r e d  choices o f  fo rages  w i t h  

high in tak e  r a t e s  than those w i t h  low r a t e s .

1 .2 .1 2 .2 .  ROLE OF SEASONAL APPETITE STATE

As discussed in e a r l i e r  s e c t i o n s  red deer e x h i b i t  pronounced 

s e a s o n a l i t y  in re p r o d u c t io n ,  pe lage  changes and numerous m e ta b o l ic  

p aram eters .  These seasonal s t r a t e g i e s  a re  a d a p t a t io n s  to  the 

v a r i a t i o n  in c l i m a t e  and food a v a i l a b i l i t y  experienced in temperate  

h a b i t a t s  and one o f  t h e i r  f u n c t io n s  is  to  synchronise energy and 

n u t r i e n t  requ irements  w i t h  a v a i l a b i l i t y  (Kay ,  1979; Kay and S t a i n e s ,  

1981; Cl u t to n -B ro c k  e t  a / . ,  1982a; S u t t i e  e t  a / . ,  1983; Loudon and 

Kay, 1984) .  C l e a r l y  w i t h  such seasonal  v a r i a t i o n  in requ ir em ents  i t  

would be s u p r i s in g  i f  th e re  was not  a s i g n i f i c a n t  in f lu e n c e  of  

a p p e t i t e  s t a t e  on g r a z in g  behav iour and in ta k e  ( C l u t t o n - B r o c k  e t  

a / . ,  1982a ) .

Rate of intake (mass o f herbage consumed/min)

V i r t u a l l y  noth ing  is known about the e f f e c t  o f  a p p e t i t e  s t a t e  

on r a t e  o f  in t a k e .  Arno ld  (1 9 7 5 )  s tu d y in g  g r a z in g  behav iour  o f  four  

breeds o f  sheep in d i f f e r e n t  r e p r o d u c t iv e  s t a t e s  observed h ig her  

r a t e s  o f  in tak e  in pregnant  and l a c t a t i n g  ewes than n o n - 1 a c t a t  ing 

an im als  on the same p a s t u r e .  S i m i l a r  d i f f e r e n c e s  between l a c t a t i n g  

and n o n - I a c t a t i n g  ewes were o b ta in ed  in an e a r l i e r  study (A rn o ld  and 

D u d z in s k i ,  1967) .  Skogland (1 9 8 4 )  noted s i m i l a r  but  n o n - s i g n i f i c a n t  

d i f f e r e n c e s  in r e i n d e e r .

None o f  these s t u d ie s  however i n v e s t i g a t e d  whether d i f f e r e n c e s  

were due^changes in the b i t e  mass a n d /o r  b i t e  r a t e .

Grazing time

More convincing  evidence o f  the in f l u e n c e  o f  a p p e t i t e  comes 

from o b s erva t io n s  o f  red deer hinds on the I s l e  o f  Rhum ( C l u t t o n -  

Brock e t  a ! . ,  1 9 8 2 a ,b ) .  Dur ing summer, l a c t a t i n g  hinds grazed
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s i g n i f i c a n t l y  longer than n o n - I a c t a t i n g  fe m a les ,  ex te nd in g  both 

t h e i r  day and n i g h t - t i m e  a c t i v i t y  budgets .  O v e r a l l  d a i l y  g r a z in g  

t imes were 11 .8 and 9 . 8  h/day  r e s p e c t i v e l y .  T h is  d i f f e r e n c e  was 

a t t r i b u t e d  to the g r e a t e r  n u t r i t i o n a l  re qu i re m e n ts  o f  l a c t a t i n g  

hinds .  This has been demonstrated in enhoused s t u d i e s  as being 2 . 6  

t imes the maintenance requ irem ents  o f  n o n - I a c t a t i n g  an im als  (Arman 

e t  a / . , 1 9 7 4 ) .  By l a t e  w i n t e r  d i f f e r e n c e s  in g r a z in g  t imes had 

disappeared (average  f o r  both ,  11 h / d a y ) .

A s i m i l a r  r e l a t i o n s h i p  has been observed in sheep ( A rn o ld  and 

D u d z in s k i ,  1967; A rn o ld ,  1974) .  G ra z in g  t im es  o f  11 .2  and 9 . 9  h/day  

were observed f o r  l a c t a t i n g  and n o n - I a c t a t i n g  ewes r e s p e c t i v e l y  

(A rn o ld  and D u d z in s k i ,  1967) .

In stags  r e p r o d u c t iv e  s t a t u s  has a profound  impact on g r a z in g  

t ime during  the r u t  ( C Iu t t o n - B r o c k  e t  a / . , 1 9 8 2 a ) .  Hareem h o ld in g  

males reduce the p r o p o r t io n  o f  day t ime g r a z in g  a c t i v i t y  from the  

summer average o f  44X to j u s t  5%. T h is  is in sharp c o n t r a s t  to  

j u v e n i l e s  and non-hareem h o lders  who show o n ly  a marg ina l  r e d u c t i o n .  

Th is  in f lu e n c e  p e r s i s t s  as long as a s tag  a c t i v e l y  pursues h inds .  

W it h i n  24 hours o f  r e l i n q u i s h i n g  h i s  hareem, g ra z i n g  a c t i v i t y  has 

r e tu r n e d  to  p r e - r u t  l e v e l s .

OveralI intake

S tu d ie s  o f  enhoused deer fed  ad  l i b i t u m  have demonstrated  a 

c l e a r  seasonal p a t t e r n  o f  a p p e t i t e  (see  F i g u r e  1 . 1 . ) .  The magnitude  

of  changes, a t  l e a s t ,  under these c o n d i t i o n s  is  pro fo und.  Fed a d i e t  

o f  A g r o s t i s / F e s t u c a  and heather  c a s t r a t e  males showed a 70X in crease  

in VFI between January and A p r i l  ( M i l n e  e t  a / . ,  197 6 ) .  Evidence t h a t  

a p p e t i t e  changes in f lu e n c e  food in t a k e  in g r a z i n g  an im a ls ,  however,  

is sparse .  P a r t l y  because o f  the d i f f i c u l t i e s  o f  m a i n t a i n i n g  a 

constant  q u a l i t y  and q u a n t i t y  o f  herbage over s u f f i c i e n t  p e r io d s  to  

show a p p e t i t e  changes.  Adam e t  a l .  ( 1 9 8 6 )  a t t r i b u t e d  a r e d u c t i o n  in 

l i v e  weight  o f  m e l a t o n i n - t r e a t e d  h in d s ,  compared to  n o n - t r e a t e d  

a n im a ls ,  dur in g  September to an e a r l y  seasonal d e c l i n e  in a p p e t i t e  

f o l l o w i n g  a phase s h i f t  in the c y c l e .  More c o n v in c in g  ev idence  comes 

from comparing animals in d i f f e r e n t  r e p r o d u c t i v e  s t a t e s .  In sheep,  

l a c t a t i n g  ewes have been shown to  have up to  30X h ig h er  in ta k e s  than
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n o n - I a c t a t i n g  i n d i v i d u a l s  (A rno ld  and D u d z in s k i ,  1967; A rn o ld ,  1975; 

Doney e t  a / . ,  1985 ) .  The e f f e c t  o f  pregnancy is  less c l e a r ,  and in 

only  one study was in ta k e  h ig h e r .

In stags  the r u t  has a profound i n f l u e n c e  on food i n t a k e .  Even 

in the absence o f  females and abundant food t h e r e  is a s i g n i f i c a n t  

r e d u c t io n  in in ta ke  o f  enhoused an im a ls  (Kay,  1979; S u t t i e  e t  a / , .

1983 ) .  Graz ing  behav iour (Cl u t to n -B r o c k  e t  a / . ,  1982a) , .  body weight  

and c o n d i t io n  losses ( M i t c h e l l  e t  a / . ,  1976)  i n d i r e c t l y  suggest  f r e e  

rang in g  s tags  a ls o  exper ie nce  a r e d u c t io n  in in ta k e  a t  t h i s  t im e ,  

r e g a r d le s s  o f  food a v a i l a b i l i t y .

D iet se lection

The best  ev idence  o f  a p p e t i t e  s t a t e  i n f l u e n c i n g  d i e t  s e l e c t i o n  

is p rov id ed  by o b s e rv a t io n s  o f  g r a z in g  behaviour o f  red deer on the  

I s l e  o f  Rhum (C lu t t o n - B r o c k  e t  a t . ,  1 9 8 2 a ,b ) .  During both  summer and 

w i n t e r  l a c t a t i n g  hinds spent  a g r e a t e r  p r o p o r t io n  o f  t h e i r  d a i l y  

g r a z in g  budget ,  compared to n o n - I a c t a t i n g  a n im a ls ,  g r a z i n g  the most 

s t r o n g l y  s e le c t e d  p l a n t  communities ( i . e .  s h o r t  and herb r i c h  

g r e e n s ) .  The herbage masses o f  these a r e  low, but  n u t r i t i o n a l  

q u a l i t y ,  in terms o f  n i t r o g e n ,  c a rbo h y dra te  and f i b r e  c o n t e n t ,  is  

h ig h .  Two reasons a re  proposed to  e x p l a i n  t h i s  b eh a v io u r .  F i r s t l y ,  

the behav iour of  l a c t a t i n g  females may be a s s o c ia t e d  w i t h  the 

requ irem ents  o f  c a lv es  f o r  a h igh n i t r o g e n / e n e r g y  d i e t  f rom herbage,  

a n d /o r  r e l a t e d  to the demands o f  l a c t a t i o n  on the h in d .  Non-  

l a c t a t i n g  hinds in c o n t r a s t ,  may b e n e f i t  from g r e a t e r  u t i l i s a t i o n  o f  

h eather  because o f  i t s  l a rg e r  s tan d in g  crop (and a s s o c ia t e d  h ig her  

in t a k e  r a t e )  reducing  g r a z in g  t im e ,  even i f  d i e t  q u a l i t y  is less .

Hinds were a ls o  observed making more use o f  h ig h e r  q u a l i t y

mesotroph ic  communities than stags  d u r in g  w i n t e r  (Gordon, 1989) .

1 .2 .1 2 .3 .  DISCUSSION

The g r a z in g  ecology o f  red deer is determ in ed by the

i n t e r a c t i o n  o f  a v a r i e t y  o f  f a c t o r s ,  not j u s t  food a v a i l a b i l i t y  and 

a p p e t i t e  s t a t u s .  Also im p l ic a te d  a r e :  the a n i m a l ' s  phys ic a l

l i m i t a t i o n s  ( e . g .  d i g e s t i v e  and p re h e n s iv e :  F re e la n d  and Janzen,
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1974; Gordon and I I I  i u s , 1988 ) ;  c l i m a t e  ( M i t c h e l l  e t  a ! . ,  1976;

C l u t t o n - B r o c k  e t  a ! . ,  1982a);  d is t u r b a n c e  ( M i t c h e l l  e t  a / . ,  1976;

Gordon, 1989) ;  s o c ia l  behaviour ( M i t c h e l l  e t  a / . ,  1976) and age and 

sex ( C lu t t o n - B r o c k  e t  a / . ,  1982a ) .  C u r r e n t  ev idence  r e l a t i n g  to the  

r e l a t i v e  importance o f  two of the  f a c t o r s  reviewed here is  

in c o n c lu s iv e .  Herbage a v a i l a b i l i t y  c l e a r l y  m o d i f i e s  d i e t  s e l e c t i o n  

and g r a z in g  t im e ,  w i t h  i n d i r e c t  e v id ence  from sheep suggest ing  i t  

a l s o  in f lu e n c e s  r a t e  and o v e r a l l  i n t a k e .  E q u a l ly  t h e r e  is  evidence  

i n d i c a t i n g  a s i g n i f i c a n t  r o l e  f o r  a p p e t i t e  s t a t u s ,  a t  l e a s t  during  

c e r t a i n  p e r io d s  o f  the  y e a r .  In the s t a g ,  f o r  example,  the e x t e n t  o f  

r u t  inappetance p rec lu d es  any s i g n f i c a n t  e f f e c t  o f  herbage abundance 

on g ra z in g  b e h av io u r .  There have,  however,  been few comparat ive  

s t u d i e s  i n v e s t i g a t i n g  the i n t e r a c t i o n  o f  these f a c t o r s  in g ra z in g  

rumi n a n t s .

The l i m i t e d  da ta  a v a i l a b l e  suggests  the  in f l u e n c e  o f  a p p e t i t e  

on g r a z in g  behav iour  i s ,  a t  l e a s t  in c e r t a i n  ci rcumstances ,  

dependent on food a v a i l a b i l i t y .

The d a i l y  g r a z in g  a c t i v i t y  o f  l a c t a t i n g  red deer g r a z in g  a high

q u a l i t y  rye  g r a s s / w h i t e  c l o v e r  sward d e c l i n e d  as l a c t a t i o n

progressed ( 8 . 5  h /day  a t  day 44 and 5 . 6  h /d ay  a t  day 100) :  Loudon e t  

a / . ,  1984 ) .  Herbage a v a i l a b i l i t y  was m a in t a in e d  a t  a p p ro x im a te ly  the  

same leve l  throughout the study  and t h e r e f o r e  t h i s  change probab ly  

r e f l e c t s  changing energy r e q u i r e m e n t s . In c o n t r a s t ,  hinds on an 

indigenous h i l l  p a s tu re  not o n ly  g razed  s u b s t a n t i a l l y  longer ( 1 1 . 7  

h /d a y )  but  d id  so a t  a p p ro x im a te ly  the same leve l  throughout the  

summer. The d i f f e r e n c e  in g r a z in g  beh av io u r  between hinds m a in ta ined  

on the the two p as tu res  r e f l e c t e d  d i f f e r e n c e s  in herbage

a v a i l a b i l i t y .  The long g r a z in g  t imes  o f  hinds on the indigenous

p a s tu re  a re  s i m i l a r  to the maximum lengths  recorded  f o r  red deer and 

o t h e r  un g u la tes  (see  e a r l i e r  s e c t i o n ) .  T h is  suggests t h a t  these  

hinds grazed a t  or near t h e i r  maximum p o t e n t i a l .  Taking account a ls o

of  the lower b i t e  r a t e s ,  d i e t  d i g e s t i b i l i t i e s  and poorer  l a c t a t i o n a l

per formance o f  hinds on the ind igenous p a s tu r e  i t  seems l i k e l y  they  

were unable to s a t i s f y  t h e i r  n u t r i t i o n a l  requ irem ents  a t  any t ime

d u r in g  the s tu d y .  On the rye  g r a s s / w h i t e  c lo v e r  sward,  food

a v a i l a b i l i t y  was a p p a r e n t l y  s u f f i c i e n t  to  enable  hinds to  ach ieve
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in tak e  req u i rem en ts .  Consequently as these f e l l  a corresponding  

r e d u c t io n  in g r a z in g  t ime was observed .

A s i m i l a r  o b s e r v a t io n  has been made in sheep (Doney e t  a ! . ,  

1981) .  F o l lo w in g  d e l i b e r a t e  ex p er im e n ta l  depress ion  o f  body 

c o n d i t i o n  in e a r l y  s p r i n g ,  the t ime taken f o r  a d i f f e r e n c e  in food  

in ta k e  to  be expressed between l a c t a t i n g  and n o n - I a c t a t i n g  ewes was 

c l o s e l y  r e l a t e d  to the leve l  o f  herbage a v a i l a b i l i t y .  A f t e r  3 weeks 

g r a z in g  improved reseeded p as tu res  n o n - I a c t a t i n g  an im als  e x h i b i t e d  

s i g n i f i c a n t l y  lower in takes  than l a c t a t i n g  ewes. When g r a z in g  an 

indigenous (p o o r )  p a s t u r e ,  however,  i t  took 8 weeks f o r  a d i f f e r e n c e  

to appear .

These s t u d i e s  suggest the in f lu e n c e  o f  a p p e t i t e  on g r a z in g  

behav iour is m o d i f ie d  by food a v a i l a b i l i t y .  Perhaps,  where t h i s  is  

s u f f i c i e n t l y  l i m i t i n g ,  an imals  g raze  to t h e i r  maximum a b i l i t i e s  

i n s p i t e  o f  t h e i r  p o t e n t i a l  a p p e t i t e .  In such s i t u a t i o n s  herbage  

a v a i l a b i l i t y  p r i m a r i l y  determines  g r a z i n g  b e h a v io u r .  Where food  

resources a re  more abundant then a g r e a t e r ,  but  as y e t  undetermined ,  

r o l e  f o r  a p p e t i t e  is  p r e d i c t e d .
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1 . 2 . 1 3 . SUMMARY

This  re v ie w  has considered  the c o n t ro l  o f  s e a s o n a l i t y  in a the  

red deer h ind .  Evidence suggests t h a t  a h ie r a r c h y  e x i s t s  w i t h i n  the  

o r g a n i z a t i o n  o f  i t s  seasonal responses .  D i r e c t i n g  the sequence of  

changes in r e p r o d u c t i v e  a c t i v i t y ,  metabo l ism, e t c .  a re  endogenous

c i rca n n u a l  rhythms.  Q u i te  p o s s ib ly  these a re  genera ted  by a s i n g l e  

i n t e r n a l  ' c l o c k ' .  Rhythms are  e n t r a i n e d  to  envi ronmenta l  p e r i o d i c i t y  

p r i m a r i l y  by seasonal photo period  changes. These ensure  t h a t

b i o l o g i c a l  processes a r e  synchronised w i t h  the a p p r o p r i a t e  e x t e r n a l

c o n d i t io n s  to  maximise r e p r o d u c t iv e  success and s u r v i v a l .  In 

a d d i t i o n ,  t h e r e  appears to be a s u b o r d in a te  r o l e —f o r  o t h e r  exogenous 

f a c t o r s  ( e . g .  t em p era tu re ,  food resources  and s o c ia l  f a c t o r s )  which  

modify express ion  o f  seasonal changes.

1.3. EXPERIMENTAL AIMS

Although w i l d  red deer a re  exposed to  s u b s t a n t i a l  v a r i a t i o n  in 

herbage a v a i l a b i l i t y ,  the i n f l u e n c e  t h a t  t h i s  e x e r t s  on the  

express ion  o f  seasonal  changes is p o o r ly  unders tood .  I t  was the  

purpose o f  t h i s  study to  examine the i n t e r a c t i o n  between herbage  

abundance and the endogenous processes c o n t r o l l i n g  s e a s o n a l i t y .  In 

a d d i t i o n ,  the study a ls o  i n v e s t i g a t e d  how rep r o d u c t io n  in f lu e n c e s  

seasonal changes by m odi fy in g  exp ress ion  o f  an u n d e r l y in g  seasonal  

r h y t h m ( s ) .  These were i n v e s t i g a t e d  in t h r e e  exp er im en ts ;  the  

s p e c i f i c  o b j e c t i v e s  o f  which a re  o u t l i n e d  below.

Experiment 1 (chapter 3)

The o b j e c t i v e  o f  t h i s  exper iment was to  examine how herbage  

a v a i l a b i l i t y  and seasonal  a p p e t i t e  changes i n t e r a c t  to  determ ine  

herbage in ta ke  and f o ra g in g  behav io ur  d u r in g  autumn. T h is  was 

i n v e s t i g a t e d  by comparing hinds  in d i f f e r e n t  seasonal  a p p e t i t e  

s t a t e s  g r a z in g  pas tu re s  p r o v i d i n g  e i t h e r  abundant or l i m i t e d  herbage  

resources .  A p p e t i t e  s t a t e  was m an ip u la ted  by a d m i n i s t e r i n g  exogenous 

m ela to n in  between Ju ly  and October to  advance the seasonal  d e c l i n e  

i n appet i t e .
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Experiment 2 (chapter 4)

The f i r s t  experiment examined the i n t e r a c t i o n  between herbage  

a v a i l a b i l i t y  and endogenous seasonal s t a t e  over s hor t  p e r io d s ,  and 

in an imals w i t h  r e l a t i v e l y  low n u t r i t i o n a l  r e q u i r e m e n t s . In t h i s  

exper im ent ,  the i n t e r a c t i o n  was in v e s t i g a t e d  dur in g  the p e r io d  

between mid-summer and autumn, to  determ in e  the consequences o f  low 

herbage a v a i l a b i l i t y  f o r  hinds  w i t h  e le v a t e d  n u t r i t i o n a l  

r e q u i r e m e n t s . Th is  was t a c k l e d  in two ways. F i r s t l y ,  by 

m a n ip u la t in g  the food supply o f  g ra z in g  hinds and, second ly ,  by 

examining how d i f f e r e n c e s  in n u t r i t i o n a l  requ irements  due to 

l a c t a t i o n  and m a n ip u la t io n  o f  the phase o f  the seasonal c y c l e  by 

m e la t o n in ,  i n f l u e n c e  the h i n d ' s  response to l i m i t e d  food reso u rc es .

Experiment 3 (chapter 5)

I t  was the o b j e c t i v e  of  t h i s  study to  determine i f  o v a r ia n

s t e r o i d s  s e c re te d  d ur ing  the bre ed in g  season i n f lu e n c e  the t im in g  of  

seasonal changes in V F I , l i v e  w e ig h t ,  coat  growth and plasma 

p r o l a c t i n  c o n c e n t r a t io n s  dur in g  s p r in g .

T h is  was i n v e s t i g a t e d  in two ways, ( i )  by suppressing the  

breeding  season in a group o f  mature fem ales ,  to s im u la t e  the  

s t e r o i d  hormone environment o f  p r e - p u b e r t a l  fem ales ,  and ( i i )  by 

s i m u la t in g  the s t e r o i d  p r o f i l e s  o f  c y c l i n g  hinds  in p r e - p u b e r t a l  

an im a Is .
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CHAPTER 2 

MATERIALS and METHODS

2 .1 .  NUTRITIONAL PARAMETERS

2 .1 .1 .  ESTIMATION OF VOLUNTARY FOOD INTAKE, DIGESTIBILITY AND DIET 

COMPOSITION.

Two techniques  were used to  e s t i m a t e  v o l u n t a r y  food i n t a k e ,  the  

food r e f u s a l  method f o r  enhoused a n im a ls ,  and the n - a l k a n e  method 

f o r  g r a z in g  an im a ls .

2 .1 .1 .1 .  THE FOOD REFUSAL TECHNIQUE

Dry m a t te r  in tak es  o f  in d i v i d u a l  an im als  were measured by 

o f f e r i n g  each animal  a known w e ight  o f  feed  each day and a t  the same 

t ime on the f o l l o w i n g  day we ighing r e s id u e s .  Animals were o f f e r e d  

ap p ro x im a te ly  15X more than they consumed the p rev io u s  day. The feed  

o f f e r e d  and re s id u e s  were measured to  an accuracy o f  5 g.  The 

in tak es  d e r iv e d  were c o r r e c t e d  f o r  dry m a t te r  conte nt  o f  food 

o f f e r e d  and re s id u e .

The d i e t  used was a r a t i o n  o f  p e l l e t e d  lucerne (Deng ie  L td ,  

U . K . )  w i t h  a d a i l y  m in era l  supplement.  Using p e l l e t s  manufactured in 

the same batch  from the same source  i t  was p o s s ib le  to  ensure  

c o n s is ten cy  o f  the d i e t  throughout an e xper im ent .

2 .1 .1 .2 .  THE n-ALKANE TECHNIQUE

T h is  technique was developed by Dr .R .W. Mayes and co l le a g u e s  a t  

Macaulay Land Use Research I n s t i t u t e  (Pent  I andf  i e I d , R o s l i n ,  

M i d l o t h i a n ,  U . K . ) .  I t s  p r i n c i p l e  is  to  u t i l i z e  a combinat ion of  

d i f f e r e n t  dosed and n a t u r a l l y  occurring long-cha in  n -a lk a n e s  in 

herbage as markers to  e s t im a te  i n t a k e ,  d i g e s t i b i l i t y  and d i e t  

composit ion  o f  g ra z i n g  u n g u la te s .  The technique r e q u i r e s  the  

measurement o f  the c o n c e n t r a t io n s  o f  n -a lk a n e s  in food and fae ces .  

The s u i t a b i l i t y  o f  n -a lk a n e s  as markers  was f i r s t  descr ib ed  by Mayes 

and Lamb (19 8 4 )  and in more d e t a i l  by Mayes, Lamb and Colgrove  

( 1 9 8 6 ) .  V a l i d a t i o n  o f  the technique was c a r r i e d  out  in sheep (Mayes
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e t  a l . ,  1986) and goats (Duncan, 1986) .  Since then i t  has a ls o  been 

a p p l i e d  s u c c e s s f u l l y  in c a t t l e .  T h is  was the f i r s t  major use o f  the  

technique in red deer .

Alkanes have a number of  use fu l  p r o p e r t i e s  r e le v a n t  to t h e i r  

use as markers .  F i r s t l y ,  they a re  simple  s a t u r a t e d  and r e l a t i v e l y  

i n e r t  hydrocarbons (CnH2n+2) t h a t  can be r e l a t i v e l y  e a s i l y  analysed  

and manufactu red .  They a re  a ls o  r e l a t i v e l y  i n d i g e s t i b l e ,  w i t h  faeca l  

r e c o v e r ie s  in c re a s in g  w i t h  ch a in  length (C35 = 96-98% r e c o v e r e d ) .  

Alkanes a re  a l s o  p resent  u n i v e r s a l l y  in the c u t i c u l a r  waxes of  

p l a n t s .  They a r e  p resent  as d i s c r e t e  compounds making i t  p o s s i b le  to  

use the same techniques  to ana lys e  c o n c e n t r a t io n s  in herbage and

f a e c e s .  F i n a l l y ,  n -a lk a n e s  found in p l a n t s  have predom in ant ly  odd

carbon c h a i n - I e n g t h s  in the range C25-C35 (ap p r o x im a te ly  96% o f  the 

t o t a l ) .  Th is  makes i t  p o s s ib le  by using  n -a lkan es  w i t h  an even

carbon chain  length to d i s t i n g u i s h  dosed and n a t u r a l l y  occur ing

a lkan es  in the fa e c e s ,  ye t  makes i t  l i k e l y  t h a t  both markers w i l l  be 

processed s i m i l a r i t y  by the a n i m a l ' s  d i g e s t i v e  system.

HERBAGE INTAKE ESTIMATION

Food in tak e  = Faecal  output  /  p r o p o r t i o n  o f  food a p p a r e n t ly

und i gested

The p r o p o r t  i on o f  food u n d ig e s te d  is determined by measuring  

the d i f f e r e n c e  in c o n c e n t r a t i o n  (mg/kg DM) o f  a s p e c i f i c  odd-cha in  

herbage a lkan e  between samples o f  ingested  herbage and o f  faeces .  

The c o n c e n t r a t io n  o f  t h i s  n - a l k a n e  in herbage and faeca l  dry m at te r  

(DM) a re  rep rese n ted  by [Herbage a lk a n e ]  and [Faecal  a lk a n e ]  

re s p e c t  i v e I y .

[Herbage a lka n e ]

P ro p o r t io n  o f  a p p a r e n t l y  und ig ested  DM = ------------------------------------

[Faeca l  a lka n e ]

The use o f  such a p l a n t  component i f  und iges ted as a marker has 

the advantage t h a t  d i g e s t i b i l i t y  is measured d i r e c t l y  in v ivo .
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Choosing the a p p r o p r ia t e  herbage n - a lk a n e  is c r i t i c a l  f o r  the 

successful  a p p l i c a t i o n  of  t h i s  te c h n iq u e .  I d e a l l y  i t  should be 

com ple te ly  i n d i g e s t i b l e  and p resent  as a s i g n i f i c a n t  p ro p o r t io n  of  

the a lk ane  component of  the d i e t .  The faeca l  recovery  of  

p e n t a t r i a c o n t a n e  (C35)  is almost q u a n t i t i v e  ( 0 . 9 6 :  R.W.Mayes, pers .  

comm.).  However, i t s  r e l a t i v e l y  low c o n c e n t r a t i o n  in common p la n t  

spec ies  ( e . g .  12-15 mg/kg DM in p e r e n n ia l  ryeg rass :  Mayes e t  a l . ,

1986 and t h i s  t h e s i s )  l i m i t s  i t s  p o t e n t i a l  fo r  the a ccu ra te  

e s t i m a t i o n  o f  herbage in tak e  and d i g e s t i b i l i t y .  In c o n t r a s t ,  

nonacosane (C 2 9 ) ,  h e n t r ia c o n t a n e  (C31)  and t r i a t r i a c o n t a n e  (C 33 ) ,  

a re  p resent  in c o n c e n t ra t io n s  5 - 9  t imes g r e a t e r  than t h a t  o f  C35.  

However, these have lower fae c a l  r e c o v e r ie s  r e s u l t i n g  in 

u nderes t im ates  o f  d i g e s t i b i l i t y  and in t a k e .  Thus, to  be used as 

a c c u r a te  markers ,  fae c a l  r e c o v e r i e s  o f  the a lkanes  must be known and 

u n i v e r s a l l y  c o n s i s t e n t .  Th is  p e rm i ts  c o r r e c t i o n  f o r  gut loss as 

f o I  Iows:

Recovery o f  n -a lk a n e  

P r o p o r t io n  a p p a r e n t ly  [Herbage a l k a n e ]  x in faeces

undigested  DM = -------------------------------------------------------------------------------

[Faeca l  a lk a n e ]

f o r  the s p e c i f i c  odd-chain a lk a n e .

T h e r e f o r e ,  f o l l o w i n g  s u b s t i t u t i o n  and re a r r a n g e m e n t :

( [F a e c a l  a lk a n e ]  /  [Herbage a l k a n e ] )  x Faecal  output

Food in ta k e  = ----------------------------------------------------------------------------------------------------------

( F I )  Recovery o f  n - a lk a n e  in faeces

Faeca l  output  o f  DM is determined  from the d i l u t i o n  o f  a known 

amount o f  dosed even-cha in  a lka n e  (mg/day)  to i t s  c o n c e n t r a t io n  

(mg/kg DM) in the fa eces .  The t r a c e  amounts o f  t h i s  n -a lk a n e  present  

in herbage and i t s  apparent  p a r t i a l  disappearance  in the gut  are  

taken in to  account:
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(Dosed a lk an e  + [Herbage a lk a n e ]  x F I )

Faecal  ou tput  =--- ---------------------------------------------------------------------------------------------

(FO) [Faecal  a lk a n e ]  /  Recovery o f  a lk a ne  in faeces

f o r  the s p e c i f i c  even-cha in  a l k a n e .

P a r t i a l  d isappearance o f  dosed n -a lk a n e  r e s u l t s  in an ovei— 

e s t i m a t i o n  o f  in t a k e .  C l e a r l y ,  i f  fa e c a l  r e c o v e r ie s  a re  the same fo r  

both a lkanes  then the e r r o r s  w i l l  cancel  each o th e r  o u t .  Mayes e t  

a l .  ( 1 986 )  demonstrated t h i s  to  be t r u e  i f  p a i r s  o f  a lkanes  w i t h  a 

d i f f e r e n c e  in a s i n g l e  carbon atom a re  s e l e c t e d .  V a l i d a t i o n  t r i a l s  

in sheep re v e a le d  the a lk an e  p a i r  C32/C33 gave in ta ke  e s t im a tes  

i d e n t i c a l  to  ac tu a l  in take  measured d i r e c t l y .  T o ta l  f aeca l  

r e c o v e r ie s  were 0 . 8 8 9  and 0.891 f o r  C32 and C33 r e s p e c t i v e l y .  On the  

b as is  of  t h i s  study and subsequent experiments  in sheep, c a t t l e  and 

goats (Duncan, 1986; R.Mayes,  unpubl ished d a t a )  t h i s  p a i r  was chosen 

f o r  the e s t im a t io n  o f  in take  in t h i s  s tudy .

The f a e c a l  recovery  o f  C32 is  descr ib ed  as f o l l o w s ,  where [F32]  

and [F33]  a re  the c o n c e n t r a t io n s  o f  fae c a l  C32 and C33 r e s p e c t i v e l y ,  

and [H32] and [H33]  a re  the c o n c e n t r a t io n s  o f  herbage C32 and C33:

FO x [F32]

Faecal  recovery  o f  C32 = ---------------------------------------------

Dosed C32 + [H32]  x FI

Assuming the recovery  o f  C32 = the fa e c a l  recovery  o f  C33, by

s u b s t i t u t i n g  the above:

( [F33]  /  [ H 3 3 ] ) x FO

Food in ta ke  = -------------------------------------------------------------------------------

(FO x [ F 3 2 ] ) /  Dosed C32 + ( [ H32] x F I )

Th is  can be rear ran g ed  as f o l l o w s :

[F33 ]  x (Dosed C32 + [H32]  x F I )

( a )  FI  = -----------------------------------------------------------------

[F32]  x [H33]
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(b )  FI x [F321 x EH331 = CF331 x (Dosed C32 + CH32] x F I )

( c )  FI  x t F 3 2 ] x IH331 

--------------------------------------  = Dosed C32 + [H321 x FI

CF33]

(d )  FI x I F 3 2 ] x CH331

--------------------------------------  -  CH32] x FI  = Dosed C32

CF333

( e )  D i v i d i n g  through by F I :

C F32 3 x t H33 3 Dosed C32

--------------------------  -  H32 = -

[F333 FI

Dosed C32 /  IF323

( f )  Food in ta k e  = -------------------------------------------------------------

( IH331 /  t F 3 3 3 -  IH321 /  IF323)

DIGESTIBIL ITY OF THE DIET

The p r o p o r t io n  o f  food a p p a r e n t l y  d ig e s te d  by the animal ( t h e  

d i g e s t i b i l i t y  o f  the d i e t )  can be c a l c u l a t e d  using  e i t h e r  n a t u r a l l y  

occurring herbage or dosed a lkanes  w i t h  almost  complete faeca l

r e c o v e r i e s .  The most s u i t a b l e  a re  a lk a n e s ,  C35 and C36, which have

r e c o v e r i e s  o f  about 0 . 9 6  (R.Mayes p e r s .  comm.).  These a re  f a i r l y  

c o n s i s t e n t  p e r m i t t i n g  c o r r e c t i o n  f o r  p a r t i a l  d isappearance .  A 

l i m i t a t i o n  is t h a t  i t  is not p o s s ib le  to  e s t im a te  d i g e s t i b i l i t i e s

f o r  i n d iv i d u a l  d i e t  components.

E s t im a t io n  o f  d i e t  d i g e s t i b i l i t y  using dosed C36

Method used in experiment I .

D i g e s t i b i l i t y  o f  the t o t a l  d i e t  was c a l c u l a t e d  from the r a t i o  

of  fa eca l  ou tput  to  food in take  as f o l l o w s :
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Faecal  ou tput  o f  DM

D i g e s t i b i l i t y  o f  DM = 1 -  -----------------------------------------

Food in ta k e  o f  DM

Food in take  (g DM/day) was c a l c u l a t e d  from the r a t i o  o f  C32:C33 

(as descr ibed  above)  and fae ca l  ou tput  (g DM/day) from the d i l u t i o n  

of  a known amount (mg/day)  of  dosed C36 as f o l lo w s :

0 . 9 6  x Amount o f  dosed C36

Faecal  output  = -----------------------------------------------------

(F361

The c o n c e n t r a t io n  o f  C36 in the faeces  ( [ F 3 6 ] )  was c o r r e c t e d  to  

account f o r  the 4% apparent  disappearance in the g u t .

E s t im a t io n  o f  d i e t  d i g e s t i b i l i t y  us ing  C35

Method used in Ex p er i men t  2 .

D i g e s t i b i l i t y  was e s t i m a t e d  f r om t he  r a t i o  o f  t he  c o n c e n t r a t i o n  

o f  C35 in her bage  DM C [ H3 5 1) t o  C35 in f a e c a l  DM ( t F 3 5 1 ) ,  as  

f o I  I o ws :

0 . 9 6  x [H35]

D i g e s t i b i l i t y  = 1 -  ------------------------------

I F353

As b e fo re  the fae ca l  a lk a n e  e s t im a t e  is c o r r e c t e d  to account f o r  

apparen t  disappearance in the g u t .

A problem w i t h  the use o f  C35 is i t s  r e l a t i v e l y  low 

c o n c e n t r a t io n  in most herbage.  T h is  is t y p i c a l l y  between 12-15  

mg/kgDM in p e re n n ia l  ryegrass  ( t h e  major  grass species  o f  swards 

used) .  To t e s t  the accuracy o f  using  the C35 method, a comparison 

was made between es t im a te s  of  the d i g e s t i b i l i t y  o f  the d i e t  using  

the l a t t e r  method w i t h  t h a t  o f  the C36 method. A n a ly s is  o f  va r ian ce  

conf irmed t h a t  th e re  was no s t a t i s t i c a l  d i f f e r e n c e  between the two 

methods. The use o f  C35 was t h e r e f o r e  deemed s a t i s f a c t o r y  fo r  the  

e s t im a t io n  o f  d i g e s t i b i l i t y  in experiment 2.
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COMPOSITION OF THE DIET

P la n t  spec ies  d i f f e r  w i d e l y  in the r e l a t i v e  p r o p o r t io n s  of  

i n d iv i d u a l  n -a lk a n e s  present  in t h e i r  waxes. Th is  has been e x p l o i t e d  

to develop a technique using these n -a lk a n e s  to e s t a b l i s h  the 

p r o p o r t io n  o f  d i f f e r e n t  p l a n t  spec ie s  ingested by g ra z in g  

herb i v o r e s .

The technique is based on the f o l l o w i n g  p r i n c i p l e s :

( i )  P ro p o r t io n s  o f  d i e t  components a re  es t im ated  from the p a t t e r n s  

of  c o n c e n t ra t io n s  o f  n -a lk an e s  found in the faeces  r e l a t i v e  to the  

p a t t e r n s  of  c o n c e n t r a t io n s  of  n -a lk a n e s  in the p l a n t  spec ies  in the 

d i e t .

( i i )  The v a r i a b l e  recovery  o f  herbage n -a lk a n e s  o f  d i f f e r e n t  chain  

length is overcome by dosing an im als  w i t h  a range o f  even-cha in  

a lkanes  ( o f  s i m i l a r  length to a c t  as i n t e r n a l  s ta n d ard s )  to  enable  

p r e d i c t i o n  o f  herbage a lk ane  recovery  and c o r r e c t i o n  o f  faeca l  

c o n cen t ra t  i o ns .

To u t i l i z e  t h i s  technique d i f f e r e n t  p l a n t  spec ies  in the d i e t  

r e q u i r e  c o n t r a s t i n g  n -a lk a n e  p r o f i l e s .  In p r a c t i c e  most p la n t s  

d i f f e r  l i t t l e  in the range o f  Io n g -ch a in  n -a lk a n e s  they possess. In 

a d d i t i o n ,  a lka ne s  p resent  in low c o n c e n t r a t io n s  and those w i t h  

s h o r t e r  chain  lengths a re  d i f f i c u l t  to  ana ly se  a c c u r a t e l y .  Thus, the 

number o f  s u i t a b l e  a lkanes  is r e l a t i v e l y  low, g e n e r a l l y  between 3 -5  

in the range C25 to C35.

Although the technique is being f u r t h e r  r e f i n e d ,  i t  is 

c u r r e n t l y  capab le  of  d e te rm in in g  the r a t i o  o f  2 or 3 major  p la n t  

spec ies  in the d i e t .  In t h i s  study i t  was used to measure the  

p r o p o r t io n s  o f  heather and a c i d - g r a s s  spec ies  in the d i e t  o f  hinds  

by comparing the c o n c e n t r a t io n s  o f  n -a lk a n e s  C29, C31, C33 and C35 

in the herbage and faeces .

The p ro p o r t io n s  o f  heather  and grass in the d i e t  a re  d e f in e d  as 

those va lu es  which most a c c u r a t e l y  p r e d i c t  the p r o p o r t io n  o f  each 

a lk ane  found in the faeces from the l e v e l s  p resent  in the herbage.  A 

m in im is in g  computer r o u t i n e  (NAG r o u t i n e  E04JAF: G i l l  and Murray,  

1976) was used to  c a l c u l a t e  t h i s  p ro p o r t i o n  by m in im iz in g  the
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f o l l o w i n g  exp re ss ion ,  and s e l e c t i n g  those g iv i n g  the leas t  

d i f f e r e n c e  between p r e d ic t e d  and a c tu a l  c o n c e n t r a t io n s  in the 

f a e c e s .

Min im ise

p r e d i c t e d  

p r o p o r t io n  of  

a lkane  in faeces

a c t u a /

p r o p o r t io n  of  

a lkan e  in faeces

2

a Ikane

x . . . x+n

The p r e d i c t e d  p r o p o r t io n  o f  a lk a n e  o f  chain length ' x '  is  es t im ated

f o r  each s e l e c t e d  p r o p o r t io n  o f  hea ther  ( a )  and grass ( 3 )  as 

fo I  Iows:

where Hx and Gx are the c o n c e n t r a t io n s  o f  a lk ane  ' x '  in the heather  

and grass r e s p e c t i v e l y ,  and Hi and Gi a r e  the t o t a l  c o n c e n t r a t io n s  

of  a l l  a lkanes  under c o n s id e r a t io n  ( i n  t h i s  case:  C29, C31, C33 and 

C35) in heather  and grass .

The a c t u a l  p r o p o r t io n  o f  a lk ane  ' x '  in the faeces  is c a l c u l a t e d  as 

fo I  Iows:

The c o n c e n t r a t io n  o f  each a lkan e  r e q u i r e s  c o r r e c t i o n  due to  

apparent  disappearance in t h e g u t ,  which increases w i t h  red u c t io n  in 

carbon c h a i n - I e n g t h . Faecal recovery  va lues  c a l c u l a t e d  during  

pre v iou s  t r i a l s  (Duncan, 1986) were used. The va lu es  used were:  C29 

= 0 .7 4 5 ;  C31 = 0 .8 5 ;  C33 = 0 .8 9 5 ;  C35 = 0 . 9 4 .

The procedures f o r  using the n - a lk a n e  technique to es t im ate  

food i n t a k e ,  d i g e s t i b i l i t y  and composit ion  o f  the d i e t  a re  s i m i l a r .

a . H x + 3-Gx

P r e d i c t e d  p r o p o r t io n

a . H i  + 3*Gi

C o nc en t ra t io n  o f  ' x '  in faeces

Ac t u a l  p ro p o r t io n

Tota l  a lk an e  c o n c e n t r a t i o n  in faeces
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The general  p r i n c i p l e  is to d o se .an im a ls  w i t h  even-cha in  n - a l k a n e ( s )  

f o r  a s u f f i c i e n t  p e r io d  to a l l o w  t h e i r  c o n c e n t r a t io n  in the faeces  

to become constan t  and, w h i l e  c o n t in u in g  to a d m in is t e r  the 

a l k a n e ( s ) ,  to c o l l e c t  samples o f  faeces and a ls o  herbage  

r e p r e s e n t a t i v e  o f  t h a t  in ges ted .  Faecal and herbage samples are  

analysed to  determine  the c o n c e n t r a t i o n  o f  n a t u r a l l y  o c c u r i n g -  and 

dosed-  n - a lk a n e s .  With a knowledge o f  the amount dosed these can be 

used to e s t im a t e  food in t a k e ,  d i g e s t a b i I  i t y  and composit ion of  the  

d i e t .

Method o f  a d m i n i s t e r i n g  e v en -ch a in  n - a l k a n e ( s )

Even-cha in  n - a l k a n e ( s )  was a d m in is t e r e d  o r a l l y  in p e l l e t  form.  

Each p e l l e t  con ta in ed  170 mg ( f o r  a d u l t s )  or 100 mg ( f o r  c a lv e s )  of  

each n - a lk a n e  used. T h is  choice  was based on exper ie nce  w i t h  sheep 

and c a t t l e  g r a z in g  comparable p a s t u r e s .  I t  was designed to  ach ieve  

s i m i l a r  c o n c e n t r a t i o n s  o f  dosed e v en -c h a in  and n a t u r a l l y  occurring 

odd-cha in  a lk an e s  in the faeces ( f o r  ease o f  a n a l y s i s ) .

To p rep are  330 -340  170 mg C32 n - a lk a n e  p e l l e t s  the f o l l o w i n g  

procedure was used ( t h e  same q u a n t i t i e s  w i l l  produce 560 100 mg C32 

peI I e t s ) :

( i )  20 sheets  o f  Whatman no.1 f i l t e r  paper were p laced  in an 

aluminium t r a y  o f  the same dimensions as the f i l t e r  and heated in an 

oven a t  800C f o r  ten minutes .

( i i )  5 7 . 5  g o f  C32 was d is s o lv e d  in n -heptane  ( t o t a l  s o l u t i o n  volume 

= 900 m l ) .  The heated s o l u t i o n  was then poured even ly  over the hot  

t r a y  e nsur in g  a l l  sheets  soaked up the l i q u i d .  The sheets were then  

hung up to  dry in a we I I - v e n t i I a t e d  room.

( i i i )  Dry ing  was completed by d r y in g  each sheet  f o r  3 - 4  minutes  in 

an oven a t  800C.  T h is  a l low ed  the paper to  absorb the amount o f  n-  

a I k a n e .

( i v )  When cool the paper was cut  in to  15 x 2 . 5  cm s t r i p e s  w i t h  a 

g u i l l o t i n e  b e f o r e  shredding to produce 2 . 5  x 2 . 5  cm s t r i p s .

( v )  Each p e l l e t  f o r  dosing hinds and c a lv e s  was made from 1.70  g and 

1 .0  g o f  t h i s  paper r e s p e c t i v e l y  as f o l l o w s :  The paper was weighed 

out and compacted i n t o  a p e l l e t  by squeez ing  through a tube o f  1 .2
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cm i n t e r n a l  d ia m e t e r .  Th is  was then wrapped in a 7 x 5 cm sheet  of  

t i s s u e  paper and g lued  to g e th e r  using s t a r c h  p a s te .

Only p e l l e t s  made from a s i n g l e  batch o f  paper were used du ring  

a measurement p e r io d .

Length o f  dosing p e r i o d  p r i o r  to  fa e c a l  sampling

In sheep and goats i t  has been e s t a b l i s h e d  t h a t  a t  l e a s t  6 days 

are  r e q u i r e d  to  e lap se  f o r  the dosed n - a lk a n e  to  ach ie ve  a steady  

s t a t e  c o n c e n t r a t io n  in the faeces  (Duncan, 1986; Mayes e t  a l . ,  

1986) .  In red deer however,  the r e t e n t i o n  t ime o f  d i g e s t a  in the gut  

is s i g n i f i c a n t l y  s h o r t e r  than f o r  sheep f o r  a v a r i e t y  o f  d i e t s  (see  

Kay and G o o d a l l ,  1976; M i ln e  e t  a / . ,  19 76 ) .  Th is  suggests t h a t  the  

length  o f  t h i s  p re -sam p l in g  p e r io d  could be shortened.  To 

i n v e s t i g a t e  t h i s  p o s s i b l i t y  a t r i a l  was c a r r i e d  out  d u r in g  which 

fae ca l  samples were c o l l e c t e d  on each day C32 a lkane  was 

a d m in i s t e r e d .  C o n c e n t ra t io n s  o f  C32 and C33 in the faeces  were 

measured to determ in e  the t ime taken f o r  r a t i o  o f  these n -a lka n es  to  

ach ie ve  a constant  s t a t e .

The r e s u l t s  o f  t h i s  t r i a l  a re  i l l u s t r a t e d  in F ig u re  2 . 1 .  Hinds 

achieved  a constan t  r a t i o  o f  n - a lk a n e s  C33 to  C32 w i t h i n  2 - 3  days of  

the s t a r t  of  dosing .  Th is  suggests a s h o r t e r  p re -sa m p l in g  p e r io d  is 

p o s s i b l e .  However, the length was kept  to  a minimum of  6 days f o r  

a l l  t r i a l s  to  a l l o w  an im als  to  a d j u s t  to  the exper im enta l  reg ime.

C o l l e c t i o n  o f  herbage

As a l r e a d y  mentioned samples o f  p l a n t  m a t e r i a l  were c o l l e c t e d  

to  enable  c h a r a c t e r i z a t i o n  o f  the n - a lk a n e  c o n c e n t r a t io n s  of  

ingested herbage.  These needed to be r e p r e s e n t a t i v e  f o r  r e l i a b l e  

in ta k e  and d i e t  composit ion e s t im a t e s  to  be made. In domesticated  

a n im a ls ,  samples a r e  commonly o b ta in e d  using o e s o p h a g e a I - f i s t u I a t e d  

i n d i v i d u a l s  g ra z i n g  a lo n g -s id e  the e xp er im enta l  an im a ls .  An 

a l t e r n a t i v e  approach,  u t i l i z e d  in these s t u d i e s ,  was to c l i p  samples 

of herbage from where animals were seen t a k in g  b i t e s .  Th is  procedure  

was re p ea ted  w i t h  a v a r i e t y  of  i n d i v i d u a l s  u n t i l  a p p ro x im a te ly  200 g 

wet m a t t e r  had been c o l l e c t e d .  For measurements o f  d i e t  composit ion

94



t r i a l s  t h i s  was c a r r i e d  out  f o r  each p l a n t  community g razed .  Samples 

were then f ro zen  and s to re d  a t  -200C u n t i l  f r e e z e  d r i e d  and m i l l e d  

through a 1mm screen p r i o r  to a n a l y s i s .

Th is  technique is not cons idered  s i g n i f i c a n t l y  i n f e r i o r  to the 

use o f  oesophageal f i s t u l a t e d  an im als  on un iform  grass swards 

s i m i l a r  to those used in a l l  but  one comparison of  experiment 1 (R.

Mayes, per s .  comm.').

Experimenta l  procedure

( i )  Hinds were a l l o c a t e d  to the a p p r o p r i a t e  p as tu res  1-2 weeks p r i o r  

to the onset  o f  each measurement p e r io d  to  p e rm i t  a c c l i m a t i z a t i o n  to 

p astures  and the exper im enta l  reg ime.

( i i )  For 14 consequt ive  days in exper iment  1, and 12 days in 

experiment  2,  the animals were g a th ered  in t o  han d l in g  yards a d ja c e n t  

to the experim enta l  paddock a t  a p p r o x im a te ly  0 8 .3 0  h r .

( i i i )  On a l l  but the l a s t  day each animal was o r a l l y  dosed w i t h  a 

p e l l e t  c o n t a in in g  even-cha in  n - a l k a n e ( s )  using a p lu n g e r - t y p e  c a t t l e  

dosing ' g u n ' .  From day 8 to 14 in experiment 1 and day 7 to  12 in 

experiment 2 a faeca l  sample (ap p ro x .  20g wet m a t t e r )  was c o l l e c t e d .  

This was ob ta in ed  by e i t h e r  g rab -sam p l in g  (see s e c t io n  2 . 7 . ,  Methods 

of r e s t r a i n t )  or i f  a hind was seen to d e f e c a t e ,  by c o l l e c t i n g  the 

faeces  in the f i e l d ,  ( a p p ro x im a t e ly  50 X o f  samples were o b ta in e d  in 

t h i s  f a s h i o n ) .  Evidence from p re v io u s  s t u d ie s  (Mayes e t  a ! . ,  1986)  

suggests t h a t  th e re  is no d a i l y  change in the  p a t t e r n  in a lkane  

e x c r e t i o n ,  so t h a t  c o l l e c t i o n  o f  fae c^a I  samples a t  d i f f e r e n t  t imes  

in the day should not lead to b ia s  in in t a k e  e s t i m a t i o n .

( i v )  Herbage samples were c o l l e c t e d  d u r in g  the p e r io d  o f  days faeces  

were co I I e c t e d .

( v )  A l l  samples were f ro zen  and s t o r e d  a t  -2 0 ° C  u n t i l  f r e e z e  d r i e d ,  

bulked f o r  each animal  over the t r i a l  p e r io d  and ground in t o  a f i n e  

powder using a domestic Moul inex  c o f f e e  g r i n d e r  ( f a e c e s )  or  a heavy
J

duty i n d u s t r i a l  g r in d e r  (h e r b a g e ) .
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FIGURE 2 . 1 :  Changes in r a t i o  o f  herbage C33 n - a lk a n e  c o n c e n t r a t io n  
to dosed C32 n -a lk a n e  c o n c e n t r a t io n  w i t h  t ime (days )  a f t e r  onset  of  
dos i ng .
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A n a l y s i s  o f  n -a lk a n e s  by d i r e c t  s a p o n i f i c a t i o n  

FaecaI samp Ies

A n a ly s is  o f  samples was c a r r i e d  out  in d u p l i c a t e  as f o l l o w s :

( i )  0 .5 g  of  the bulked faeces  was weighed out  ( t o  4 decimal p la c e s )  

in to  a 20 x 100 mm t h i c k w a l l e d  screw- topped  Pyrex t e s t  tube (S o v i r e l  

tube)  w i t h  a PTFE l in e d  cap ( t o  p rev en t  s o lv e n ts  e s c a p in g ) .  These 

had been washed out  w i t h  n -heptane fo l lo w e d  by acetone to ensure  

t h a t  they were contam in a t io n  f r e e .

( i i )  Added to t h i s  was a weighed amount o f  a s o lu t i o n  

t e t r a t r i a c o n t a n e  (C34)  as an i n t e r n a l  s tandard  (a p p ro x ia m te Iy  0 . 4  g 

of s o l u t i o n  p ro v id in g  about 0 . 2  g o f  i n t e r n a l  s t a n d a r d ) .

( i i i )  In the s a p o n i f i c a t i o n  s ta g e ,  7 ml o f  a 1M potassium hydrox ide  

s o l u t i o n  ( i n  e t h a n o l )  was added. The stoppered  tube was l e f t  f o r  30 

minutes to a l l o w  the s o l u t i o n  to  soak the sample. The tube was then 

heated in a dry block  h ea te r  a t  900C f o r  a t  l e a s t  3 hours,  or 

o v e r n i g h t .

( i v )  A f t e r  p a r t i a l  c o o l in g  7 ml n-hexane and 2 ml d i s t i l l e d  water  

were added and tubes shaken v ig o u r o u s ly  ( f o r  30 s e c . )  to e x t r a c t  the 

a lk a n e s .  G en t le  a g i t a t i o n  w i t h  an o r b i t a l  mixer  ( ' W h i r I i m i x e r ' )  

a s s is t e d  the fo rm a t io n  o f  a non-aqueous hexane lay e r  c o n t a in in g  the 

a lk an es  above the a l c o h o l i c  potass ium hydro x ide  s o l u t i o n .  The top 

la ye r  was removed using a Pas teur p i p e t t e  and r e t a i n e d .  The above 

procedure was repea ted  w i t h  a f u r t h e r  7 ml hexane.  The c o l l e c t e d  

s o lv e n t  ( c o n t a i n i n g  the a lk a n e s )  was evaporated  to dryness to  remove 

any remain ing a l c o h o l .

( v )  The re s id u e  was then re d is s o lv e d  in 2 ml hexane and warmed a t  

600C f o r  10 minutes w h i l e  remain ing capped.  The s o l u t i o n  was then 

a p p l i e d  to the top of  a small  d is p o s a b le  p l a s t i c  column (Supelco  

I n c . , Be I I a f o n t e , P . A . ,  U . S . A . )  c o n t a i n i n g  s i l i c a  gel (K ie s e l  gel 60,  

70 -230  mesh, Merck,  Darmstadt ,  F . G . R . ) .  w i t h  a bed volume o f  5 ml.  

The hydrocarbons were e lu t e d  w i t h  10 ml hexane.

( v i )  The hexane was evaporated o f f  and the hydrocarbons re d is s o lv e d  

in 300 p I o f  heptane ( a s s i s t e d  by h e a t in g  very b r i e f l y  on a hot  

p l a t e )  and the s o l u t i o n  t r a n s f e r e d  to  a GLC v i a l  and capped.

( v i i )  The c o n c e n t ra t io n s  o f  n -a lk a n e s  were measured as f o l l o w s .  Ipl  

of sample was in j e c t e d  onto a 1.6m x 4mm g las s  column c o n t a in in g  3%
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5E-30  on 100-120 mesh Supelcoport  (S u pe lc op o r t  I n c . ,  P . A . ,  U . S . A . )  

in a Model 104 gas chromatograph f i t t e d  w i t h  a f lame i o n i s a t i o n  

d e t e c t o r  (Pye Unican L t d . ,  Cambridge, U . K . ) .  The chromatograph oven 

was m a in ta in ed  a t  275°C and the c a r r i e r  gas N2 had a f lo w  r a t e  of  

3 0m l /m in .  The peak areas of  n - a lk a n e s  were determined using a Pye 

Unican CDP1 computing i n t e g r a t o r .  The carbon ch a in  lengths o f  the n-  

a Ik an e s  p resent  in samples were deduced by t h e i r  r e t e n t i o n  t imes  

r e l a t i v e  to known a lk a n e s ,  (p r e s e n t  in s tandard s  analysed a t  the  

same t i m e ) .  C o n cen t ra t io n s  of  n - a l k a n e  were recorded as percentages  

o f  the i n t e r n a l  standard  C34 (which had been added to each of  the 

samp I e s ) .

Herbage samples

A n a ly s is  o f  samples was c a r r i e d  out  in q u a d r u p l i c a t e  by the 

same procedure as descr ibed  above f o r  faeces  except :

( i )  1.5g sample was weighed in to  22 x 200 mm Pyrex screw-topped t e s t  

tu b e s .

( i i )  S a p o n i f i c a t i o n  was c a r r i e d  out  using 14 ml o f  a l c o h o l i c  

potassium hydrox ide  and e x t r a c t e d  w i t h  2 ml o f  d i s t i l l e d  wate r  and 2 

x 14 ml n-hexane .

The c o n c e n t r a t io n  o f  n -a lk a n e  in herbage and faeces  (mg/kgDM) was 

c a l c u l a t e d  from the measurements made by the gas chromatograph as 

f o I  Iows:

Ax x IW x IC

C o n c e n t ra t io n  o f  a lka n e  ' x '  = 10 x --------------------------

SW x DM x DRF

where Ax re p re s e n ts  the amount o f  a lk a n e  ' x '  in the herbage or  

faeces  as a percen tage o f  the I n t e r n a l  Standard (C 34 ) ;  IW r ep rese n ts  

the weight  o f  I n t e r n a l  Standard s o l u t i o n  used ( g ) ;  IC re p re sen ts  the 

c o n c e n t r a t i o n  o f  the I n t e r n a l  S tandard in the s o l u t i o n  (m g/m l ) ;  SW 

r e p r e s e n t s  the sample weight  ( g ) ;  DM the p r o p o r t i o n  of  dry m a t te r  in 

the f r e e z e  d r i e d  sample (see  'O th er  a n a l y s e s ' ) ,  and DRF the d e t e c t o r  

response f a c t o r .
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The d e t e c t o r  response f a c t o r  is  a c o r r e c t i o n  to  take account of  

the d i f f e r e n c e s  between the known amount o f  n -a lk a n e  in the  

chromatograph standard s  and t h a t  e s t im a te d  by the gas chromatograph.  

I t  is c a l c u l a t e d  as f o l l o w s :

observed a lk a n e  a

D e t e c t o r  response f a c t o r  = ---------------------------------------

expected a lk a n e  a

Dosed a lk a n e  p e l l e t s

The n - a lk a n e  conten t  o f  5 p e l l e t s  (randomly s e l e c t e d )  from each 

batch  was ana lysed  as f o l l o w s :

( i )  Each p e l l e t  was chopped in t o  fragments and put  in to  an 

e x t r a c t i o n  f l a s k .  To t h i s  were added a p p r o x im a te ly  150 mg o f  C34 

i n t e r n a l  s tandard  ( ro u g h ly  e q u i v a l e n t  to the amount o f  even-chained  

n - a lk a n e  in each p e l l e t ) ,  70 g o f  pe t ro leu m  s p i r i t  (B .P .  6 0 - 8 0 0 )  and 

some ant i -bump g r a n u le s .  Th is  was r e f l u x e d  f o r  2 hours.

( i i )  The s o l u t i o n  was a l lowed to  cool to  ap p ro x im a te ly  300C (any  

lower and the a lka n e  c r y s t a l l i s e d )  and 200 pi o f  the e x t r a c t  was 

added to a GLC v i a l .  The s o l u t i o n  was evap orated  to  remove the  

pet ro leu m  s p i r i t  and the re s id u e  r e d i s s o lv e d  in 300 pi o f  n -heptane .

( i i i )  The e x t r a c t e d  n -a lk an e s  were then analysed  using the gas 

chromatograph as de scr ib ed  f o r  the fa e c a l  samples above.

The amount o f  each dosed a lka n e  in a p e l l e t  (mg) was c a l c u l a t e d  

from the measurements made by the gas chromatograph as f o l l o w s :

(Ax /  100) x IS

Weight  o f  a lk an e  in p e l l e t  = 1000 x -------------------------------------------------

D e t e c t o r  response f a c t o r

where Ax re p re s e n ts  the amount o f  a lk a n e  ' x '  in the p e l l e t  as a 

percentage  of  the In t e r n a l  S ta rd a r d  (C 3 4 ) ;  IS re p r e s e n ts  the weight  

o f  I n t e r n a l  Standard  added ( g ) ,  and the d e t e c t o r  response f a c t o r  is 

c a l c u l a t e d  as d e scr ib ed  above.
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( i v )  R es u l ts  f o r  the 5 p e l l e t s  ana lysed  were averaged to p ro v id e  a 

mean a lk an e  conte nt  f o r  the p e l l e t s  o f  t h a t  ba tch .

Other  an a lyses

( i )  Dry m a t t e r  content  o f  the f r e e z e  d r i e d  herbage and faeca l  

samples were determined  by oven d r y in g  1 g o f  sample a t  105°C 

o v e r n i g h t .  Th is  was necessary as the  process o f  f r e e z e  d r y in g  only  

removed about 92% o f  the water  c o n t e n t .

( i i )  To enab le  the c a l c u l a t i o n  o f  o r g a n i c  m a t t e r  in takes  from dry  

m a t t e r  i n t a k e s ,  the p r o p o r t io n  o f  o r g a n i c  m a t t e r  in the herbage  

samples was de te rm ined .  To e s t im a t e  t h i s  1 g ( i n  t r i p l i c a t e )  o f  oven 

d r ie d  herbage sample from each p a s tu r e  was ashed o v e r n i g h t  in a 

m u f f l e  fu rnace  a t  5500C. From the we ig h t  o f  ash ( -  in organ ic  

m a t e r i a l )  rem ain ing  the p r o p o r t io n  o f  o rg a n ic  m a t e r i a l  in the d r ie d  

herbage was c a l c u l a t e d .

C a l c u l a t i o n s

Herbage i n t a k e ,  d i g e s t i b i l i t y  and composi t ion  o f  d i e t  were 

c a l c u l a t e d  using computer programmes based on the eq uat ions  

d escr ibed  above w r i t t e n  by Mrs Angela S ib b a l d  (Macaulay Land Use 

Research I n s t i t u t e ,  Pent I a n d f i e I d , R o s I i n , M i d l o t h i a n ,  U . K . ) .

2 . 1 . 2  MEASUREMENT OF LIVE WEIGHT

L iv e  weig ht  o f  hinds was measured to  an accuracy o f  ± 0 . 5  kg.  

L iv e  weight  o f  c a lve s  was measured to  an accuracy o f  ± 0 . 2 5  kg in 

exper iment  2,  and in exper iment 3 to  ± 0.1  kg u n t i l  groups reached  

mean weight  o f  c .  50 kg when i t  was measured to  an accuracy o f  ± 0 .5  

kg.

2 . 1 . 3  BODY CONDITION SCORING 

I n t r o d u c t  ion

The o b j e c t i v e  of  c o n d i t io n  s c o r in g  is to  o b t a in  a s im ple  and 

r e l i a b l e  index o f  the leve l  o f  body f a t  r e s e rv e s  in a l i v e  a n im a l .
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The technique used in t h i s  study was a m o d i f i c a t i o n  o f  t h a t  

developed a t  the East  Sco t lan d  C o l le g e  o f  A g r i c u l t u r e  f o r  the 

c o n d i t io n  of  sc o r ing  c a t t l e  (Lowman, S c o t t  and S om m erv i l le ,  1976) .

The technique was used in exper iment 2 to supplement in fo rm a t io n  

from l i v e - w e i g h t  measurements as the l a t t e r  can can be s u b s t a n t i a l l y  

a f f e c t e d  by g u t - f i l l .  In a d d i t i o n ,  an im als  w i t h  s i m i l a r  l i v e  weights  

may have markedly d i f f e r e n t  r e l a t i v e  body c om p os i t io n .  Drawbacks of  

the technique inc lude  i t s  s u b j e c t i v i t y  ( t h e  same person c a r r i e d  out  

a l l  mesurements to min imize s u b j e c t i v e  d i f f e r e n c e s )  and the

d i f f i c u l t i e s  o f  i d e n t i f y i n g  smal l changes or  d i f f e r e n c e s  in body 

c o n d i t i o n .  I t  i s ,  t h e r e f o r e ,  most u s e f u l l y  a p p l i e d  where a wide  

range o f  c o n d i t i o n  e x i s t s ,  in which case i t  p ro v id e s  v a lu a b le  

a d d i t i o n a l  in fo rm a t io n  to l i v e - w e i g h t  and a id s  the i n t e r p r e t a t i o n  of  

t rea tm en t  e f f e c t s .

Procedure

This  in vo lved  assess ing the le ve l  o f  f a t  cover on 2 a reas  of  

the a n i m a l ' s  body. These a re :

( i )  The spinous processes of  the lumbar v e r t e b r a e  ( a r e a  between the  

hip  bone and the l a s t  r i b ;  see F i g .  2 . 2 ) .  T h is  was the major  

assessment reg io n  f o r  an imals  in poor to  average  c o n d i t i o n .  The 

degree o f  prominence o f  the process was judged by p l a c i n g  the

f i n g e r s  f i r m l y  on the neural spines o f  the 4 - 5 t h lumbar v e r t e b r a e  

and the thumb on the t ra n s vers e  processes .

( i i )  The sacra l  v e r t e b r a e ,  between the h ips  and t a i l  head (c ru p  

r e g i o n ) .  The degree o f  prominence o f  the spinous processes o f  these  

v e r t e b r a e  a re  judged by a p p ly in g  p ressu re  w i t h  the f i n g e r s .  The

genera l  appearance o f  the t a i l  head in r e l a t i o n  to  the f a t  cover  

around i t  was a l s o  noted .

The on ly  s i g n i f i c a n t  m o d i f i c a t i o n  o f  the techn ique  from t h a t  

de scr ib ed  by Lowman e t  a l .  ( 1 9 7 6 )  f o r  use in c a t t l e ,  was the

emphasis on assessment o f  f a t  cover over the s a c r a l  v e r t e b r a e  r a t h e r  

than t a i l  head.  Th is  was necessary because a p p l y in g  pressure  to  the  

t a i l  head r e s u l t e d  in an a g gress ive  response from most h in d s .
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FIGURE 2 . 2 :  Regions used f o r  body c o n d i t i o n  sco r in g  and w i n t e r  coat  
measurement in red deer .

KEY

1 -  spinous processes of umbar v e r t e b r a e

2 -  crup reg io n

3 -  ta  i 1 head

4 -  approximate reg ion  o f coat  measurement
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C o n d i t io n  scores

Animals were g iven  a score  based on the f o l l o w i n g  c r i t e r i a  

between 1 and 5 w i t h  increments 0 . 5  i f  they f e l l  between c a t e g o r i e s :  

Score 1: In d i v i d u a l  spinous processes a re  sharp to  touch and e a s i l y  

d i s t i n g u i s h e d  in both r e g io n s .

Score 2: Spinous processes can be i d e n t i f i e d  when touched but  f e e l

rounded r a t h e r  than sharp .

Score 3: The spinous processes can be f e l t  w i t h  very  f i r m  pressure

in the lumber reg io n  but  can s t i l l  be f e l t  w i th  moderate  

pressure  in the crup r e g io n .

Score 4 :  Lumbar spinous processes cannot be f e l t .  Fat  cover on the

crup reg io n  is s u b s t a n t i a l  and n o t i c a b l e  f a t  depos ited  

about the t a i l  r e g io n .

Score 5:  The bone s t r u c t u r e  o f  the animal  is i n d i s t i n g u i s h a b l e  and

the t a i l  head almost c o m p le te ly  b u r i e d .  Spinous processes  

in e i t h e r  reg io n  cannot be f e l t .  The deer has a rounded 

ap p earan ce .

2 . 2  HERBAGE MEASUREMENTS

Sward h e ig h t

T h is  was e s t im a te d  weekly  from the mean o f  ap p ro x im ate ly  50 

h e ig h t  measures per  h e c ta r e  (minimum of  50/pad dock)  using the H i l l  

Farming Research O r g a n i z a t io n  sward s t i c k  (B ar thram , 1986) measuring  

to an accuracy o f  0 . 5  cm. To ensure r e p r e s e n t a t i v e  sampling the 

f i e l d  was paced in a z i g - z a g  p a t t e r n  w i t h  measurements taken  

ap p ro x im ate Iy  every  ten paces.

Herbage mass

This  was e s t im ated  a t  two-weekly i n t e r v a l s  by c l i p p i n g  to  

ground leve l  a p p ro x im a te ly  4 - 5  quadrats  ( 1 4 5 . 5  x 13.5 cm) per  

h e c ta re  in each paddock.  Th is  was c a r r i e d  out  using commercial sheep 

sh earers  powered by a p o r t a b l e  e l e c t r i c  g e n e r a t o r .  Samples c o l l e c t e d  

were d r i e d  in an oven a t  800C f o r  24 hours and then weighed to  

p ro v id e  e s t im a te s  o f  mean herbage mass o f  DM per h e c t a r e .
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2 . 3 BEHAVIOURAL TECHNIQUES

2 . 3 . 1  OESTROUS BEHAVIOUR

In c o n ju n c t io n  w i t h  endocr ine m o n i to r in g  o f  r e p ro d u c t iv e  s t a t u s  

inc idence  of  o es t ro u s  behaviour was recorded.  Oestrus was de tec ted  

by observ in g  hinds f o r  s p e c i f i c  behavioural p a t t e r n s .  The more common 

of  these a re  c i t e d  below,  w i t h  i l l u s t r a t i o n s  o f  some in P l a t e  1.

( i )  Mounting o f  hind in o es t ru s  by another female in a po sture  

s i m i l a r  to t h a t  adopted during c o p u l a t i o n  by the male.  Note was a ls o  

taken o f  the mounting h ind ,  or any animal t h a t  showed p a r t c u l a r  

i n t e r e s t  in the oes trous  h ind ,  as these were o f t e n  approaching  

o e s t r u s  themselves .

( i i )  a s i g n i f i c a n t  r e d u c t io n  in g r a z in g  and an increase  in a c t i v i t y  

o f t e n  as s o c ia te d  w i t h  pacing a lo ng f i e l d  boundar ies ,  p a r t i c u l a r l y  

i f  a d ja c e n t  f i e l d  co n ta in ed  males.

( i i i )  d i s t i n c t  tempei^nent changes sometimes r e s u l t i n g  in st ro ng  

a t t r a c t i o n  to humans and g e n e r a l l y  a much reduced tendency to  f l e e  

a t  t h e i r  approach.  Hinds o f t e n  become d i f f i c u l t  to move and would 

stand r i g i d  i f  p ressu re  was a p p l i e d  to  e i t h e r  t h e i r  back or  rump. In 

such s i t u a t i o n s  hinds would u s u a l l y  l i f t  t h e i r  t a i l s  which is  

c h a r a c t e r i s t i c  o f  mat ing posture  and a s ign a l  o f  w i l l i n g n e s s  to  mate 

( t h e  L ordos is  response)  -  see P l a t e  1, and

( i v )  rubbing head and neck a g a in s t  p o s ts ,  o th e r  deer ,  humans and 

even t h e i r  own back.

2 . 3 . 2  GRAZING BEHAVIOUR

O bserva t io ns  o f  g raz ing  beh av iour  were c a r r i e d  out  in 

experiments  1 and 2 a t  the end o f  each in tak e  comparison.  The 

purpose of  these was to  observe the e f f e c t s  o f  t re a tm en t  on g ra z in g  

b e h a v io u r ,  p a r t i c u I a r i I y  to r e l a t e  d i f f e r e n c e s  in herbage in tak e  to 

v a r i a t i o n  in b eh av io u r .

B i t e  r a t e

B i t e  r a t e  wa e s t im ate d  by re c o rd in g  the length  o f  t ime r e q u i r e d  

by a hind to take 20 b i t e s  (Loudon e t  a ! . ,  1984) .  Th is  was repeated  

a minimum o f  10 t imes f o r  each animal throughout the o b s e r v a t io n
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PLATE 1: E x a m p l e s  o f  b e h a v i o u r a l  a c t i v i t y  c h a r a c t e r i s t i c  o f  r e d  d e e r  
h i n d s  i n  o e s t r u s .
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per io d  in order  to  d e r i v e  an e s t im a te  f o r  the mean number o f  b i t e s

taken per minute w h i l e  g r a z i n g .

A c t i v i t y  budget

Day long o b s e rv a t io n s  examining the a c t i v i t y  budget of  

in d iv i d u a l  hinds were c a r r i e d  o ut .  A l l  animals  were observed

s im u l ta n e o u s ly  to overcome the p o t e n t i a l  problems c re a te d  by d a i l y

d i f f e r e n c e s  in weather and d is t u r b a n c e .

The o b s e r v a t io n  p e r io d  c o ns is ted  o f  a s i n g l e  unbroken p e r io d  

the length  o f  which depended on day length  ( i . e .  a v a i l a b l e  l i g h t )  and 

on the a v a i l a b i l i t y  o f  n ig h t  v iewing  equipment.  In exper iment 1 

o b s e r v a t io n s  were l i m i t e d  to  the p e r io d  between dawn and dusk.  In 

exper iment 2 an image i n t e n s i f i e r  was used to  extend o b s e rv a t io n s  to  

an average o f  19 .7  hr per  day.

Throughout each p e r io d  o f  o b s e r v a t io n  measurements o f  behaviour  

were made a t  5 - 1 5  minute i n t e r v a l s .  The i n t e r v a l  length  d i f f e r e d  

between comparisons due to the lo c a t io n  and topography o f  paddocks 

and w i t h i n  comparisons due to changes in d a y - l i g h t .  To a s s i s t  

i n d iv i d u a l  i d e n t i f i c a t i o n  hinds wore co lour  and bar -coded c o l l a r s .

Hind behav iour was c a t e g o r is e d  as f o l lo w s :

( i )  GRAZING: d e f in e d  as head down and t a k in g  b i t e s .

( i i )  ACTIVE NON-GRAZING: e i t h e r  w a lk in g  or  s tan d in g .

( i i i )  NON-ACTIVE: de f in ed  as the hind s i t t i n g  down, not g r a z i n g .

( i v )  SUCKLING: su ck l in g  bouts  occurring a t  the t ime o f  measurement 

were recorded .

I t  was impossible to  d i s t i n g u i s h  ru m in a t io n  c o n s i s t e n t l y  enough 

to c a t e g o r i z e  i t  s e p a r a t e l y .  Most occuired dur ing  the  p e r io d  

c l a s s i f i e d  as ' n o n - a c t i v e 1.

To e s t im a t e  the length  o f  t ime i n d i v i d u a l s  spent pursu ing each 

a c t i v i t y  i t  was assumed t h a t  hind behav iour remained the same 

throughout the in t e r v a l  between measurements. The t o t a l  d a i l y  

d u r a t io n  in each a c t i v i t y  was determined  from the sum of  measurement  

i n t e r v a l  lengths when hinds were observed pursu ing  t h a t  a c t i v i t y .

Note was a ls o  taken o f  any hinds in behav io ura l  o e s t r u s ,  

d is tu r b a n c e  to  grazing  and p r e v a i l i n g  weather c o n d i t io n s .

106



2 .4 PELAGE MEASUREMENTS

Coat growth was monitored  in exper iments  2 and 3.  Th is  was 

c a r r i e d  out  by d i r e c t  measurement of  the h a i r  in s i t u .  Al though  

s u b j e c t i v e .  T h is  method is c o n s id e ra b ly  q u icker  than o ther  methods 

and perm it s  r e g u l a r  measurements from the same s i t e .  To reduce e r r o r  

the same person carried out  a l l  measurements in each s tu dy .  The 

f o l l o w i n g  parameters were measured:

( i )  Pr imary f i b r e  (summer an d /o r  w i n t e r )  length was e s t im ated  from a 

sample o f  a t  l e a s t  a dozen h a i r s  measured in s i t u  using a s t e e l  r u l e  

from the same s i t e  in the c e n t r e  o f  the back,  app ro x im ate ly  10cm 

from the spine (see  F i g .  2 . 2 ) .

( i i )  The p r o p o r t i o n  o f  w in t e r  and summer f i b r e s  in the coat was 

est im ated  on a s c a le  o f  1-5 as f o l l o w s :

Score 1: f u l l  summer coat  

Score 2: t r a c e  o f  w i n t e r  coat  

Score 3: in t e r m e d ia t e  

Score 4: t r a c e  o f  summer coat  

Score 5: f u l l  w i n t e r  coat

2 . 5  METHODS OF RESTRAINT

A number o f  the exper im enta l  techniques n e c e s s i t a te d  

r e s t r a i n i n g  d eer .  The methods adopted v a r i e d  w i t h  f a c i l i t i e s  

a v a i l a b l e .  The f o l l o w i n g  c r i t e r i a  were used such t h a t  the

techn i que:

( i )  P e r m i t te d  measurements and samples to taken s a f e l y  and 

cons i s t e n t  I y .

( i i )  avoided d i s t r e s s  or i n j u r y  to  the d e e r ,  and

( i i i )  aimed to reduce d i s r u p t i o n  to  a c o n s i s t e n t  minimum t ime.

Experiment 1

Two or t h r e e  hinds were gathered  in to  a h ig h - s id e d  ho ld in g  pen,  

app rox im ate ly  1.5 x 2 m in f l o o r  a r e a .  Handl ing severa l  an imals  a t  

once reduced t h e i r  a b i l i t y  to  move suddenly and had a calming  

e f f e c t .  One hind would be s i n g l e d  out  and he ld  by two members of
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s t a f f .  The f i r s t  would hold the head using  h i s / h e r  body to brace the 

fo r e - e n d  o f  the animal  a g a in s t  the s id e  of  the ho ld ing  pen, w h i le  

the second, p ress in g  one leg between the l a s t  r i b  and hip to 

r e s t r a i n  the hinds h in d q u a te rs .  Once he ld  f i r m l y  a t h i r d  person 

could take  the necssary measurements. For the dosing o f  n -a lk anes  

and c o l l e c t i o n  of  fae c a l  grab samples i t  was u s u a l l y  p o s s ib le  fo r  

t h i s  to be ach ieved  using two s t a f f .  C r i t i c a l  to  the success o f  t h i s  

techn ique  was f a m i l i a r i t y  of  hinds w i t h  the  hand l ing  procedure .

Experiment 2

Two means o f  r e s t r a i n t  were a v a i l a b l e .  The f i r s t  fo l lo w e d  the  

same method as descr ibed  above ( c a r r i e d  out  by two peo p le )  and was 

used f o r  a l l  experim enta l  procedures except  c o l l e c t i o n  o f  blood  

samples and coat  measurements. For these ,  hinds were r e s t r a i n e d  in a 

'drop f l o o r '  type deer crush (see P l a t e  2 ) .

The crush was opera ted  as f o l l o w s .  A hind was d r iv e n  up a ramp 

and in to  a ' Y ' shaped passage.  A hinged f l o o r  was then re le ased  

wedging the hind in the groove.  The head was he ld  by one person 

complet ing  i t s  im m o b i l i z a t i o n .  Access was l i m i t e d  to the head, neck,  

back and r e a r  of  the a n im a l .  D e s p i te  t h i s  drawback the crush  

r e q u i r e d  fewer s t a f f  and was c o n s id e ra b ly  s a f e r .  To r e le a s e  the hind  

one s id e  o f  the crush swung outwards a l l o w in g  the animal to  s l i p  to 

the ground and e x i t  through a gated  f r o n t .

Experiment  3

Handl ing of  hinds was c a r r i e d  out  using a deer crush which 

d i f f e r e d  in design from t h a t  used in experiment 2.  Th is  u t i l i z e d  a 

s l i d i n g  s id e  w i t h  a yoke a t  the should er and h ip  to hold the hind  

f i r m l y  w h i l e  s ta n d in g .  Once he ld  the f r o n t  o f  the p i v o t i n g  side  

could be opened and the head h e ld .  Access to  the deer was pos s ib le  

from openings in the s id e  between the shoulder and head,  and the 

hips and sh o u ld er .

During the f i r s t  two months o f  the study the ca lve s  were too 

smal l to hold in the crush .  To r e s t r a i n  them they were held  

h o r i z o n t a l l y  across the lap o f  a person s i t t i n g  on a low sea t  ( c a l f  

legs on the ground).  A second person he ld  the head. Th is  technique  

was on ly  p o s s ib le  due to the h a n d - r e a r in g  o f  the ca lves  and proved
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PLATE 2: The hand l ing  f a c i l i t y  used d u r in g  exper im en t  2
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s u f f i c i e n t l y  successful  to r e s t r a i n  ca lv e s  up to  a p p ro x im a te ly  50 kg 

I i ve we i g h t .

2 . 6  ENDOCRINE TECHNIQUES

2 . 6 . 1  BLOOD SAMPLING

Blood samples were c o l l e c t e d  by j u g u l a r  venepuncture using the 

methods of  r e s t r a i n t  descr ibed  in s e c t io n  2 . 5 .  The samples were 

c o l l e c t e d  using e i t h e r :

( i )  21 gauge needle w i t h  10 ml v a c u t a in e r  c o n t a i n in g  hepar in  

(ex p er im e nts  1 and 2 ) .

( i i )  19 gauge needle w i th  10ml s y r in g e ,  h e p a r i n i z i n g  the blood in a 

screw topped t e s t  tube c o n t a in in g  l i t h i u m  hepar in  (ML brand LH 10, 

T e k la b ,  U .K . ;  experiment 3 ) .

Blood was then c e n t r i f u g e d  and the plasma separa ted  and s tored  

a t  -200C u n t i l  assayed.

2 . 6 . 2  HORMONE MANIPULATIONS

2 . 6 . 2 . 1 .  MELATONIN MANIPULATION

O b j e c t i v e :  To advance seasonal  changes as s o c ia te d  w i th

d e c l i n i n g  photoper iod  in l a t e  summer and autumn (eg .  onset  of  

b r e e d in g ,  a p p e t i t e  d e c l i n e  and growth o f  w i n t e r  c o a t )  by 

m a n ip u la t in g  the transduced photoperiod  s ig n a l  using the p inea l  

hormone m e la t o n in .  The purpose was to p e rm i t  comparison o f  animals  

in d i f f e r e n t  seasonal s t a t e s  under the same environmenta l  and 

n u t r i t i o n a l  c o n d i t io n s  in the f i e l d .

As discussed in the s e c t io n  1 . 2 . 3 . ,  the s e c r e t o r y  p r o f i l e  of  

m ela to n in  is determined  by photo period  m o d i fy in g  a c i r c a d i a n  rhythm.  

This  r e s u l t s  in high n i g h t - t i m e  and low d a y - t im e  plasma 

c o n c e n t ra t io n s  o f  the hormone. The se a s o n a l ly  changing p r o f i l e  

r e l a y s  in fo rm at io n  about day length  which is im portan t  in 

synchron is in g  the a n i m a l ' s  seasonal responses w i t h  the environment.  

I f  the p r o f i l e  is m an ip u la te d  over a s u f f i c i e n t  p e r io d  using e i t h e r  

a r t i f i c a l  photoper io ds  (Kay,  1979; Webster  and B a r r e l  I ,  1985; 

PouI ton e t  a / , . 1 9 8 7 a ;  Malpaux e t  a ! . ,  1988b) or a p p r o p r ia t e
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mela ton in  a d m i n i s t r a t i o n  (see below) then i t  is p o s s ib le  to a l t e r  

the phase of  seasonal changes.  The mechanism by which exogenous 

melaton in  is b e l i e v e d  to i n f l u e n c e  the phase o f  seasonal changes is 

discussed in s e c t io n  1 . 2 . 3 . 5 .  To advance the changes norm al ly  

asso c ia te d  w i t h  d e c l i n i n g  p h o to p e r io d ,  exogenous m e la to n in  was 

adm in is te red  from mid-summer by one o f  the f o l l o w i n g  methods:

Da i I y  dos i ng

(method adopted in experiment 1)

D a i l y  dosing takes  a v a r i e t y  o f  forms in c lu d in g :  a d d i t i o n  of  

m ela to n in  to feed (Adam e t  a l t 1986; Asher e t  a l ,  1987; PouI ton e t  

a ! . ,  1987a);  o r a l  dosing in p e l l e t  form (Bubenik,  1983; M i ln e  et

a ! . ,  1990) and i n j e c t i o n  (Kennaway e t  a l . ,  1983; Webster and

B ar re l  I ,  1985) .  These methods aim to  lengthen the p e r io d  of  high  

n i g h t - t i m e  m e la to n in  l e v e ls  by a d m i n i s t e r i n g  p r i o r  to  dusk ( u s u a l l y  

in m i d - a f t e r n o o n ) .  Though i d e a l l y  the t ime o f  dosing should advance 

as d a y - le n g t h  shor tens  animals a r e  u s u a l l y  dosed a t  a se t  t ime  

( 1 5 . 3 0  h r s . :  Asher e t  a / ,  1987; Poulton e t  a ! . ,  1987a; 1600 h r s . :

Adam e t  a l ,  1986; Webster and B a r r e l  I ,  1985) .  The advantage o f  t h i s  

technique  over o t h e r s  is t h a t  i t  c r e a t e s  a plasma m e la to n in  p r o f i l e  

s i m i l a r  to  t h a t  o f  a s h o r t  day photoper io d  t y p i c a l  o f  autumn 

(Pou lton  e t  a l ,  1987a ) .  The r e s u l t  appears to  be a phase advance of  

seasonal p h y s i o lo g ic a l  changes (see  s e c t io n  1 . 2 . 3 . 5 . ) .

The procedure  u t i l i z e d  in experiment 1 was as f o l l o w s :  hinds

were g iven lOmg o f  powdered m e la to n in  (Sigma Chemical C o . ,  Poole,  

D o rs t ,  U . K . )  in a g e l a t i n  capsule o r a l l y  each day a t  1600 hours from 

the 24 J u ly  to the 8 October 1987. The dose g iven was based on 

p rev io us  exp er ien c e  to  g iv e  a p h y s i o l o g i c a l  e f f e c t  ( M i l n e  e t  a l . ,  

1990) .

Continuous r e l e a s e

(method adopted in experiment  2 )

Continuous r e l e a s e  methods a ls o  take  a number o f  forms 

in c lu d in g :  degradable  subcutaneous implants  ( F is h e r  e t  a l . ,  1988);  

non-degradab Ie  long a c t i v e  im plants  ( L in c o l n  and E b l in g ,  1985;  

Poulton e t  a l . ,  1987a);  i n t r a - v a g i n a I  sponges (Nowak and Rodway, 

1985) and i n t r a r u m in a l  s o lu b le  g las s  boluses (Pou lt on  e t  a l . ,
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FIGURE 2 . 3 :  Im plants  used to m a n ip u la te  hormone l e v e l s  (see  s e c t io n
2 . 8 . 3  fo r  deta  i I s ) .
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1987b) .  These methods d i f f e r  fu n d am en ta l ly  from d a i l y  a d m i n i s t r a t i o n  

by o b l i t e r a t i n g  the normal p a t t e r n  o f  m e la to n in  s e c r e t i o n .  In deer  

and sheep responses to the cont inuous r e l e a s e  im plants  resemble the 

e f f e c t s  o f  d a i l y  dosing or s h o r t - d a y  ph o to p e r iod  regimes ( E n g l is h  et  

a / . ,  1986; Webster and B a r r e l l ,  1985) .  The mechanism by which 

continuous r e le a s e  methods may in f l u e n c e  seasonal  changes is 

reviewed in s e c t io n  1 . 2 . 3 . 5 .

An advantage o f  t h i s  method o f  a d m i n i s t r a t i o n  is t h a t  i t  

removes the n e c e s s i t y  o f  d i s t u r b i n g  an im als  d a i l y  or fe e d in g  them 

supplements ( impregnated  w i t h  m e l a t o n i n ) .  T h is  was impor tant  in 

experiment 2 as t h i s  t r i a l  invo lved  measurement o f  in ta k e  as we l l  as 

a l l  day behav io ura l  o b s e rv a t io n s .

The procedure adopted in exper iment 2 was as f o l l o w s :  Two

implants c o n t a i n i n g  0 . 5  g o f  powdered m e la to n in  in a S i l a s t i c  packet  

(see d e s c r i p t i o n  below) were in s e r t e d  sub-cutaneous Iy on the 21»*  

June and l e f t  in s i t u  u n t i l  the 8 November.

The implant  used is i l l u s t r a t e d  in F ig u r e  2 . 3  and was based on 

t h a t  descr ib ed  by Loudon e t  a l . ,  1985. Each im plant  co n ta in ed  0 .5 g  

powdered m e la to n in  sandwiched between two sheets  o f  S i l a s t i c  Medical  

Grade sh ee t in g  ( r e f .  no. 500-1 8" x 6" x 0 . 0 0 5 " ;  Dow Corning C o rp . ,  

M ic h ig an ,  U . S . A ) .  The approximate s u r f a c e  a r e a  was 16 cm2 . Implants  

were made as f o l l o w s :

( i )  S i l a s t i c  sheets were f i r s t  prepared  by washing th orough ly  w i t h  a 

s o f t  sponge in d i s t i l l e d  water  to  remove sodium b ic a r b o n a t e  (dusted  

on a t  manufacture to f a c i l i t a t e  h a n d l i n g ) .  They were then d r i e d  and 

cut in to  4 x 4 cm squares.

( i i )  A s i n g l e  4 x 4cm p iece  o f  sh e e t in g  was p lace d  on top o f  a 

c i r c u l a r  paper tem pla te  (32  mm d i a m e t e r ) .

( i i i )  0 . 5  g of  powdered m e la ton in  was spread e v e n ly  over the area  

w i t h i n  the templa te  boundary.

( i v )  S i l a s t i c  Medical  Grade Adhesive (Type A) was l i b e r a l l y  a p p l i e d  

around the hormone boundary using a 2 ml s y r i n g e .

( v )  A second sheet  was then p laced on top e x p e l l i n g  as much a i r  as 

poss i b I e .

( v i )  The implant was then l e f t  o v e r n ig h t  f o r  the adhes ive  to  se t  

(o u t  of  d i r e c t  s u n l i g h t )  b e fo re  tr imming o f f  edges to g iv e  a round,
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smooth-edged implant  (see F igu re  2 . 3 ) .  T h is  was then immersed in 

d i s t i l l e d  water  f o r  severa l  hours to check t h a t  the seal  was water  

t i g h t .

( v i i )  U n t i l  use,  implants were s to r e d  a t  -2 0 ° C .

( v i i i )  To s t e r i l i z e  im plants ,  they were immersed in p ev id in e  

s o l u t i o n  f o r  1-2 hours and then washed in s t e r i l e  s a l i n e  immediately  

p r i o r  to i n s e r t i o n .

Im plants  were in s e r te d  sub-cutaneous Iy under general  

a n a e s t h e t i c  on e i t h e r  s id e  of  the sternum in the loose s k in  behind  

the f o r e l e g .

( i )  Hinds were g iven 65 mg x y l a z i n e  (Rompun: Bayer Pharm ac e ut ic a ls ,  

Leverkusen,  Germany) in s a l i n e  ( 0 . 9  % NaCI)  i n t r a v e n o u s ly .

( i i )  The unconscious animal was l a i d  on i t s  s i d e .  The im plant in g  

area  was shaved,  scrubbed w i t h  p e v id in e  s o l u t i o n  and r in s e d  w i th  

surg i caI  sp i r  i t .

( i i i )  A p p ro x im ate ly  2ml o f  l ig n o c a in e  h y p o c lo r id e  ( L i g n a v e t :  C-Vet  

L t d . ,  Bury S t .  Edmonds, S u f f o l k )  local  a n a e s t h e t i c  was i n j e c t e d  sub-  

cu taneously  in the im p la n t in g  a r e a .

( i v )  A s c a lp e l  blade  was used to  cut  though the sk in  and using  

forceps  and s c is s o r s  connect ive  t i s s u e  above the i n c i s i o n  was 

c l e a r e d  to  make a pocket  f o r  the im p la n t .

( v )  A f t e r  i n s e r t i o n  the wound was c losed w i t h  a t  l e a s t  two sutu res

using a 40 mm re vers e  c u t t i n g  needle w i t h  v i c r y l  s u tu re  (E th ic on  

L t d . ,  P.O.  Box 408 ,  Barkhead A v . ,  Edinburgh,  U . K . ) .

( v i )  The i n c i s i o n  area  was then washed and sprayed w i t h  an aerosol  

a n t i b i o t i c  ( O x y t e t r a c y c I i n e  v i o l e t  -  D u p h a c y c I in e , Duphar V e t e r i n a r y  

L t d . ,  Hedge End, Southampton, U . K . ) .

( v i i )  An i n t r a - m u s c u Ia r  dose of  long a c t i n g  a n t i b i o t i c  (Ter ramyc in

LA: P f i z e r  L t d . ,  Sandwich, Kent ,  U . K . )  was g iv e n .  Dose depended on

l i v e  weig ht  ( I  m l / I O k g ) .

( v i i i )  0 . 7  mg Co I ex ( R e c k i t t  and Coleman, L t d . ,  U . K . )  in 2 ml s a l i n e  

was i n j e c t e d  in t ra v e n o u s ly  to r e v i v e  the an im a ls .  T h is  occured  

w i t h i n  3 0 -60  seconds of  a d m i n i s t r a t i o n .

The same general  procedure was used to  remove im plants .
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2 . 6 . 2 . 2 .  PROGESTERONE AND OESTRADIOL IMPLANTS

O b j e c t i v e :  Im plants o f  the o v a r ia n  s t e r o i d s  progesterone and

o e s t r a d i o l  17(5 were g iven to hind c a lv es  in experiment 3 to s im u la te  

l e v e l s  norm al ly  p rese n t  in c y c l i n g  a d u l t  h in d s .  A d m in i s t r a t i o n  

c o in c id e d  w i t h  the p e r io d  o f  a d u l t  b reed ing  season.

P rogestero ne

Im plants  were designed to  a ch ieve  l e v e l s  of  progestero ne  in 

p e r i p h e r a l  plasma s i m i l a r  to those p resent  d ur in g  the lu t e a l  phase 

( 3 - 1 0  n m o l / l ) .  To c a l c u l a t e  the r e q u i re d  implant s i z e  and 

pro gesterone  c o n t e n t ,  t r i a l s  were c a r r i e d  out  using a d u l t  hinds  

d ur in g  an o e s t r u s .  Es t im ate s  were then c o r r e c t e d  f o r  the p r e d i c t e d  

c a l f  body s i z e  range ( 4 0 - 6 0  k g ) .  The implant  design was model led on 

the commercial implants used by C u r le w is ,  Loudon and Coleman ( 1 9 8 8 ) .  

These c o n ta ine d  275 mg progesterone  in a s i I  ic o ne -e Ias to m er  m a t r ix  

( S i l - e s t r u s .  Ceva, P a r i s ,  F r a n c e ) .  A p p r o p r ia t e  progesterone  

c o n c e n t r a t io n s  were based on da ta  from exper iments  1 and 2.  The 

implant  dimensions a re  i l l u s t r a t e d  in F ig u re  2 . 3 .

Im plant  m anufac ture :  (amounts a re  f o r  a s i n g l e  im p la n t ) :

( i )  2 . 2  g S i l a s t i c  382 Medical  Grade Elastomer  and 1/3 drop of  

v u l c a n i s i n g  agent  C a t a l y s t  M (stannous o c t o a t e ;  Dow Corning,  U . S . A . )  

were mixed th o ro u g h ly .  T h is  r a t i o  o f  e lastomer  and c a t a l y s t  pro v id es  

ap p ro x im a te ly  15 mins.  working t im e .

( i i )  1 .5  g powdered progestero ne  (Sigma P 0130)  were added and mixed 

to produce a p a s t e .

( i i i )  The hormone/elastomer  m ix t u r e  was ext ruded  in to  a mould made 

from a 2 ml p l a s t i c  s y r in g e  ( P l a s t i p a k ,  Becton D ic k ins o n ,  S p a in ) .  

Using the p lunger  the volume o f  e las tomer was a d ju s t e d  to 2 . 5  ml and 

a cap p laced  on the open t i p .

( i v )  Implants  were l e f t  in the moulds f o r  24 hours a t  room 

tempera ture  u n t i l  s e t .  A f t e r  removal implants were s to re d  in p l a s t i c  

u n iv e r s a l  screw topped tubes.
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( v )  P r i o r  to use implants  were pr.e- i ncubated in 2 changes o f  s t e r i l e  

s a l i n e  over 48 hours a t  room tem pera ture  as advised by Karsch e t  a l  

CI973)  to avoid  a t r a n s i e n t  p o s t - i n s e r t i o n  peak o f  hormone.

( v i )  Implants were s t e r i l i s e d  by exposure to U.V .  l i g h t  f o r  1 hour 

in c l e a r  p l a s t i c  u n iv e r s a l  screw topped tubes,  and then immediately  

p r i o r  to i n s e r t i o n  by submersion in a p e v id in e  s o l u t i o n  f o r  30 mins.  

Pe v id in e  was washed o f f  using s t e r i l e  s a l i n e .

Implants were used tw ice  ( r e - s t e r i l i s i n g  a f t e r  f i r s t  u s e ) .

Two im p la nt in g  procedures were u t i l i s e d .  The f i r s t  involved  

general  a n a e s t h e t i c  ( s i m i l a r  to t h a t  descr ib ed  above f o r  m e la t o n in )  

and was used d ur in g  implant  t r i a l s  and f o r  the f i r s t  i n s e r t i o n  of  

implants a t  the beg in n ing  o f  experiment 3.  Subsequently a local  

a n a e s t h e t i c  was used pro v in g  s u f f i c i e n t  f o r  the procedures involved  

and causing less d is tu rb a n c e  to the an im a ls .  This a ls o  removed the  

n e c e s s i t y  to g iv e  c o n t r o l s  (n o n - im p la n te d  a n im a ls )  a n a e s t h e t i c  (due 

to the observed a f f e c t s  o f  x y l a z i n e  on food in ta k e :  Simpson, S u t t i e ,  

Sharman and C o r r i g a l ,  1983) .  Th is  procedure was p o s s ib le  due the  

d o c i l e  n a tu re  o f  the h an d - reared  c a l v e s .  Methods o f  r e s t r a i n t  are  

descr ibed  in s e c t i o n  2 . 5 .

The i n s e r t i o n  and removal procedures were s i m i l a r  to  those  

described  f o r  m e la to n in  im la n ts ,  w i t h  the f o l l o w in g  e x c e p t io n .  To 

prevent  r e s i s t a n c e  to a n t i b i o t i c s  3 types were used on an a l t e r n a t e  

b a s is .  These were Clamoxyl LA, Duphapen LA (Duphar V e t e r i n a r y  L t d . ,  

Hedge End, Southampton, U . K . )  and Terramyc in LA ( P f z i e r  L t d . ,  

Sandwich,  Kent ,  U . K . ) .

O e s t r a d i o l - 1 7 0

Co n c en t ra t io ns  of  o e s t r a d i o I -173  p resent  in mature and p re 

pu ber ta l  deer have not been determ in ed .  For experimenta l  purposes i t  

was assumed t h a t  c o n c e n t ra t io n s  a r e  s i m i l a r  to  those re p o r te d  in the  

ewe. In p r e - p u b e r t a l  ewes, plasma o e s t r a d i o I -1 73  c o n c e n t r a t io n s  are  

between 3 -10  pmol / l  ( F o s t e r  and Ryan, 1981; Fos ter  e t  a l . ,  1986) .  

The implant  used to  d e l i v e r  o e s t r a d i o l  in t h i s  study was designed +© 

e l e v a t e  these l e v e ls  by 10 -  15 pmol/ l  in p e r ip h e r a l  plasma.  This
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should r e s u l t  in a c o n c e n t r a t i o n  comparable to the average over the 

ewe's oes trous c y c le  ( c . 2 0  p m o l / l ,  Hauger e t  a l . ,  1977) .

The implant  used was a c y l i n d r i c a l  S i l a s t i c  capsule c o n ta in in g  

c r y s t a l l i n e  o e s t r a d i o I  - 170 which was model led on the type used by 

M a r t in  et  a l .  (1988;  see F i g .  2 . 3 ) .  Th is  in tu rn  was based on the 

e x t e n s i v e l y  used design f i r s t  d e scr ib ed  by Karsch e t  a l .  ( 1 9 7 3 ) .  The 

s i z e  o f  implant  was chosen a f t e r  c o n s id e r a t io n  of  hormone e l e v a t i o n s  

achieved  in sheep of  d i f f e r e n t  body w e ig h ts ,  using implants of

va r io u s  s i z e s  (Goodman e t  a l . ,  1980; Goodman e t  a l . ,  1981; M a r t in  et  

a l ,  1988; R. Webb, pe r  s.  comm.).

Im p lan t  manufac ture :

( i )  One end o f  a 4 . 5  cm length  o f  S i l a s t i c  Medical  Grade Tubing

( 3 . 3 5  mm i . d .  and 4 . 6 5  mm o . d . ,  c a t .  no. 6 01 -3 35 ;  Dow Corning,  

U . S . A . )  was blocked  w i t h  0 . 5  cm o f  S i l a s t i c  382 e lastomer  ( w i t h

v u l c a n i s e r )  and a l lo w ed  to  s e t .

( i i )  Th is  was packed w i t h  3 . 5  cm depth c r y s t a l l i n e  o e s t r a d i o I -170  

(Sigma E8875)  and the open end sea led  w i t h  e las to m er .

( i i i )  Rough edges a t  each end were trimmed to  avo id  i r r i t a t i o n  to  

t i s s u e .

( i v )  P r i o r  to usage implants were p r e - i n c u b a t e d  in 2 changes of  

s t e r i l e  s a l i n e  a t  room tem pera ture  over 48 hours,  as advised by 

Karsch e t  a !  ( 1 9 7 3 )  to  avo id  a t r a n s i e n t  post  i n s e r t i o n  peak of  

hormone c o n c e n t r a t i o n .

( v )  S t e r i l i z a t i o n ,  i n s e r t i o n  and removal o f  the implants were 

c a r r i e d  out  by the same procedures described  f o r  progesterone

imp I a n t s .

2 . 6 . 2 . 3 .  BUSERELIN IMPLjMMTS

O b j e c t i v e :  To suppress the breed in g  season in a d u l t  h inds .  The 

technique  invo lved  a d m i n i s t r a t i o n  o f  the GnRH a g o n is t  b u s e r e l in  (HOE 

766: Hoechst ,  F r a n k f u r t ,  Germany) generously pro v id ed  by Dr .  med.

Jurgen Sandow (Hoechst  Atk iengense I  I s c h a f t , F r a n k f u r t ) .  A dmin is tered  

as a cont inous r e le a s e  implant  b u s e r e l i n  suppresses p i t u i t a r y  

responsiveness to GnRH r e s u l t i n g  in c u r t a i l m e n t  o f  p u l s a t i l e  LH
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a c t i v i t y  in a v a r i e t y  o f  female mammals in c lu d in g  c a t s ,  dogs, 

monkeys ( J .  Sandow, per s .  comm.) and sheep (Robinson e t  a l . ,  1989) .

The implant  used is i l l u s t r a t e d  in F ig u re  2 . 3 .  Each was 

ap p ro x im ate ly  10 mm in length  and 1.5  mm in d ia m e te r ,  c o n t a in in g  3 .3  

mg CD-Ser (Bu*) * ]GnRH(1 -9 )  -  nonapept ide  -  e thy lam id e  ( b u s e r e l i n :

manufactured by H o ec h s t ) .  F o l lo w in g  adv ice  (conf irm ed  in the t r i a l  

descr ibed  below) each animal was g iven  2 implants every  4 weeks from 

14th September 1989 to the l»*  March 1990 (8 doses in t o t a l ) .

Treatment s t a r t e d  ap p r o x im a te ly  5 weeks p r i o r  to the normal breed ing  

season o f  the study  herd and f i n i s h e d  a f t e r  the hinds in the cont ro l  

group f i n i s h e d  c y c l i n g .

The im p la nt in g  procedure was as f o l l o w s :

( i )  The implant  s i t e  was in the s id e  o f  the neck away from the 

j u g u l a r .  Th is  was prepared  by shaving the c o a t ,  scrubbing  w i t h  

p e v id in e  s o l u t i o n  and f i n a l l y  washing w i t h  a l c o h o l .

( i i )  1 .5  ml L ig n a v e t  ( l o c a l  a n a e s t h e t i c )  were in je c t e d  

subcutaneous Iy around the i n s e r t i o n  s i t e .

( i i i )  Two implants were removed from t h e i r  s t e r i l e  pouch loaded in to  

the bevel end of  a 14 gauge needle  (M ono je c t ,  Sherwood M e d ic a l ,  

Crawley ,  U . K . )  capped to p revent  a c c i d e n t a l  loss o f  im plants .

( i v )  Holding the needle  h o r i z o n t a l l y  ( t o  p revent  implants s l i p p i n g  

o u t )  the cover was removed from the t i p  and in s e r t e d  sub-cutaneous Iy 

to a depth o f  2 . 5  cm. T h is  was r e t r a c t e d  1cm to a l l o w  room fo r  the 

implants in the sub-cutaneous t u n n e l .  A s t e r i l e  s t a i n l e s s  s tee l  

pushrod was then i n s e r t e d  in to  the bevel end o f  the needle e x p e l l i n g  

the implants i n t o  the sub-cutaneous p ocket .  Care was taken not to 

remove implants  when w i th d raw ing  the need le .

( v )  The i n s e r t i o n  s i t e  was sprayed w i t h  a n t i b i o t i c  and the hind  

given an i n t r a - m u s c u Ia r  dose of  long a c t i n g  a n t i b i o t i c .

Implants were not  removed.

Pre -e xp er im en t  t r i a l

B u s e re l in  has been used in female  c a t s ,  dogs, monkeys and sheep 

but not p r e v io u s l y  in deer to suppress the o e s t ru s  c y c l i c i t y .  To
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i n v e s t i g a t e  i t s  s u i t a b i l i t y  a t r i a l  was c a r r i e d  o u t .  In t h i s  the LH 

response of  b u s e r e l i n  t r e a t e d  (n=2 )  and c o n t ro l  (n=2)  hinds du ring  

anoestrus  to a c h a l le n g e  of  250 pg GnRH ( i n  s a l i n e )  was determined .  

This  dose was designed to produce a maximal LH response.  Chal lenges  

were c a r r i e d  out  p r i o r  to i m p l a n t a t io n ,  and subsequently  2,  3 ,  4 ,  5 

and 6 weeks l a t e r .  The response was measured by assay of  plasma 

samples c o l l e c t e d  b e fo re  ( t O )  and 20 minutes ( t 2 0 )  p o s t - i n j e c t i o n , 

f o r  LH. The r e s u l t s  o f  the t r i a l  a re  summarised in Tab le  2 . 1 .

B u s e r e l in  t rea tm en t  c l e a r l y  a b o l ish ed  the response to  exogenous 

GnRH by 3 weeks a f t e r  im p l a n t a t i o n ,  co n f i rm in g  the s u i t a b i l i t y  of  

the hormone a g o n is t  in de er .  Al though p i t u i t a r y  suppression  las ted  

f o r  a t  l e a s t  6 weeks a f t e r  dosing w i t h  b u s e r e l i n  in t h i s  p i l o t  study  

i t  was decided to re - im p  I an t  every 4 weeks to ensure suppression was 

r e t a  i ned .

TABLE 2.1
The e f f e c t  o f  b u s e r e l i n  on the response o f  hinds to GnRH.

D e l t a  va lu es  o f  LH ( t 2 0  -  tO p g / I  ± s . e . m . )  in response to 250 pg
GnRH.

Treatment ( n )
0

Weeks a f t e r  b u s e r e l in  
2 3 4

imp 1 anted  
5 6

C o n t r o 1 ( 2 ) 1 .24 3.41 1 .20 2 .2 0 1 .95 2 .5 6
±0.  19 ± 1 .8 ± 0 .6 6 ± 0 .6 2 ± 0 .7 8 ±1 .33

B us ere 1i n ( 2 ) 0 . 5 0 .2 8 0 . 0 6 0 0 . 0 4 - 0 . 0 2
±0.1 ± 0 .03 ± 0 .0 5 0 ± 0 .0 4 ± 0 .0 9

2 . 6 . 2 . 4 .  GnRH CHALLENGES (exp e r im en ts  2 and 3 )

GnRH is secre te d  by the hypothalamus in a manner causing the  

p u l s a t i l e  r e le a s e  o f  LH (and FSH) from the a n t e r i o r  p i t u i t a r y  g land.  

The l e v e ls  and s e c r e t o r y  p a t t e r n  o f  these hormones determ ine  the  

r e p ro d u c t iv e  s t a t u s  o f  the female and a re  in f lu en ced  by f a c t o r s  such 

as photoper iod  and n u t r i t i o n  (Kennaway e t  a l . ,  1986) .  To assess  

t rea tm en t  a f f e c t s  on p i t u i t a r y  responsiveness to GnRH, exogenous 

r e l e a s i n g  hormone was a d m in is t e r e d .  The response was measured by 

determ in in g  the r e s u l t i n g  e l e v a t i o n  o f  plasma LH c o n c e n t ra t io n  a t  20 

minutes .  This i n t e r v a l  was based on the t ime course of  LH response
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observed in Pere D a v id 's  deer ( C u r l e w is ,  McLeod and Loudon, 1991) .  

The GnRH dose used depended on exper im enta l  c o n d i t i o n s ,  and is 

descr ibed  f o r  each study in the r e l e v a n t  'E xper im enta l  des ign '  

sect  i o n .

Chal lenge  design was as f o l lo w s :

( i )  A 10ml blood sample was c o l l e c t e d  CtO) and then the GnRH ( i n  2

ml s a l i n e )  was i n j e c t e d  in to  the ju g u la r  v e i n .

( i i )  At 20 minutes p o s t - i n j e c t i o n  a 5mI blood sample was c o l l e c t e d  

( t20)  .

( i i i )  In experiment 2 the whole procedure was repea ted  2 hours a f t e r  

the f i r s t  i n j e c t i o n .  In t h i s  case the response o f  hinds to  GnRH was 

d e f in e d  as the average o f  the 2 c h a l le n g e s .

( i v )  Plasma samples were s to red  a t  -200C u n t i l  assayed f o r  LH.

( v )  The LH response ( d e l t a  LH v a l u e )  was d e f in e d  as the d i f f e r e n c e  

in plasma LH c o n c e n t r a t io n  between tO and t 2 0 .

2 . 6 . 3  HORMONE ASSAYS

C o n c en t ra t io n s  o f  s t e r o i d  and p e p t id e  hormones in plasma 

samples were measured by radioimmunoassay. In b r i e f ,  t h i s  in vo lv es  a

competa t ive  i n t e r a c t i o n  between hormone in the plasma sample and a

known amount o f  r a d i o a c t i v e I y  ( 1 * 2 5 )  l a b e l l e d  hormone f o r  s p e c i f i c  

an t ib od y  b in d in g  s i t e s .  As t h i s  is a c o m p e t i t i v e  r e a c t i o n ,  the 

number of  counts of  l a b e l l e d  hormone bound to the a n t ib o d y  is 

in v e r s e ly  p r o p o r t io n a l  to the c o n c e n t r a t io n  o f  u n i a b e l l e d  hormone in 

the plasma sample. The a c tua l  c o n c e n t r a t io n s  a re  i n t e r p o l a t e d  from 

these counts and a standard  curve  produced by assay ing  samples 

c o n t a in in g  known c o n c e n t ra t io n s  o f  u n l a b e l l e d  hormone.

Abbrev i a t  ions

c .p .m .  counts per  minute ( o f  1125  l a b e l l e d  hormone) .

T To ta l  c .p .m .  o f  l a b e l l e d  hormone added to  each tube .

B c .p .m .  of  l a b e l l e d  hormone bound to  a n t ise rum  in tubes

c o n t a in in g  plasma sample or s tandard  hormone.

Bo c . p . m .  o f  l a b e l l e d  hormone bound t o  a n t i s e r u m  f o r  maximum

b i n d i n g  tubes  ( i . e .  no u n l a b e l l e d  hormone p r e s e n t )
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NSB non s p e c i f i c  b in d in g  ( c . p . m .  o f  l a b e l l e d  hormone 'bound'

in tubes c o n t a in in g  no a n t i  serum).  Th is  is used to  

c o r r e c t  c .p .m .  va lues  f o r  b in d in g  to assay  tube s u r f a c e s .

Unless o th erw ise  s t a t e d  a l l  reagents  were o b ta in ed  from B.D.H.  

Chemicals L t d . ,  Poole ,  D o rse t ,  U.K.  and assay tubes from Luckham 

L t d . ,  Burgess H i l l ,  Sussex, U.K.

2 . 6 . 3 . 1 .  PROLACTIN

A double a n t ib ody  e q u i l i b r i u m  radioimmunoassay was used to  

measure c o n c e n t r a t io n s  o f  p r o l a c t i n  in deer plasma.  T h is  was a 

m o d i f i c a t i o n  o f  an assay used to  measure p r o l a c t i n  in ov in e  plasma.  

The o r i g i n a l  v a l i d a t i o n  and pro toco l  is  descr ib ed  in M c N e i l l y  and 

Andrews ( 1 9 7 4 ) .

M a t e r i a l s  and Reagents

( i )  Assay b u f f e r  ( I X  BSA/PBS)

The b u f f e r  used fo r  a l l  d i l u t i o n s  ( u n le s s  s t a t e d  o t h e r w is e )  was 

a 1% s o l u t i o n  o f  bovine serum albumen (BSA: f a c t o r  V powder, 96-99% 

albumen, Sigma Chemical Co. L t d . ,  P o o le ,  U . K . )  in 0 .05M sodium 

dihydrogen orthophosphate pH 7 . 4  c o n t a in i n g  0.15M sodium c h l o r i d e  

(phosphate b u f f e r e d  s a l i n e :  PBS) and 0 .1 X  sodium a z i d e  (used as a 

p r e s e r v a t i v e ) .  B u f f e r  was made up in d e i o n i s e d - d i s t i I  Ied water  and 

s to red  a t  40C.

Th is  b u f f e r  was s e l e c t e d  f o l l o w i n g  i n v e s t i g a t i o n  o f  3 phosphate 

b u f f e r s .  These were:

( a )  1% BSA/PBS (see above) .

( b )  0 .04M NaH2P04 ; 0.06M Na2HP04 ; 1 .5  x 10-3M NaN3 and 0.1% 

geI a t  i n e , pH 7 . 0 .

( c )  0 .08M Na2HP04; 0 .02M NaH2P04 ; 0 .15M NaCI; 1 .5  x 10-3M NaN3 and 

0.1% g e l a t i n e ,  pH 7 . 2 .

Standard curves were se t  up using each o f  the b u f f e r s  f o l l o w i n g  the  

o r i g i n a l  ov ine assay procedure ( M c N e i l l y  and Andrews, 1974) .

One of  the b u f f e r s ,  ( c )  f a i l e d  to  produce a re c o g n is a b le  curve .  

Binding o f  the zero s tandard (%(B0 - N S B ) /T )  was 1 7 .6  % and 11 .7  % fo r  

b u f f e r s  ( a )  and (b )  r e s p e c t i v e l y .  A l though the b in d in g  was low in
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both ,  suggest ing o ther  aspects  of  the protoco l  r e q u i re d  

m o d i f i c a t i o n ,  b u f f e r  ( a )  c o n t a in in g  BSA was s e l e c t e d  as f o r  use in 

a s s a y .

( i i )  P r o l a c t i n  s tandard

Ovine p r o l a c t i n  ( N I H - O P r I - S I  3)  was s e r i a l l y  d i l u t e d  in assay 

b u f f e r  f rom a stock  o f  200pg/ I  ( k e p t  a t  - 2 0 ° C )  to g ive  10 d i l u t i o n s  

from 200 p g / l  to 0 . 3 9  p g / I  ( p r o l a c t i n  was i n i t i a l l y  s o l u b l i s e d  in pH 

9 b u f f e r ) .

( i i i )  Q u a l i t y  c o n t r o l  plasma samples

Pooled red deer plasma w i t h  low ( c .  8 p g / l )  or high ( c .  22

p g / l )  l e v e l s  o f  p r o l a c t i n  were s to red  in 250 pi a l i q u o t s  a t  -200C  

u n t i l  requ i r e d .

( i v ) PIasma samp Ies

These were s to red  a t  -200C u n t i l  assayed.

( v )  F i r s t  an t ib o d y

Rabbit  a n t i - o v i n e  p r o l a c t i n  (McN 2532 -  b le e d  n o . 51'. M.R.C.  

U n i t  o f  Reproduct ive  B io lo g y ,  Edinburgh,  U . K . )  was s to re d  a t  1:100  

d i l u t i o n  in 100 pi a l i q u o t s  a t  -20<>C. For assay,  t h i s  was d i l u t e d  to  

1 :1 0 0 ,0 0 0  in assay b u f f e r .

The optimum d i l u t i o n  of  the an t ib od y  was a s c e r t a i n e d  as 

f o l lo w s :  The f i r s t  step  was to  measure the maximum b in d in g  ( ( B 0“

NSB )/T )  over a wide range of  an t is eru m  d i l u t i o n s  to e s t a b l i s h  an 

optimum range.  To ta l  counts ,  NSB's and maximum b in d in g  tubes a t  

d i l u t i o n s  between 1 :5 0 ,000  and 1 :80 0 ,0 0 0  were s u b je c t  to the assay  

procedures descr ib ed  below ( r e s u l t s  a re  summarized in t a b l e  be lo w ) .

F i r s t  an t ibody  

d i 1ut  ion

% (B0-N SB) /T

1 :5 0 ,0 00 2 8 .2

1:100 ,000 2 0 .6

1 :200 ,00 0 14.5

1: 400 ,0 00 8.1

1:800 ,0 00 4 . 0
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Highest  b ind ings  was observed a t  1 :5 0 , 0 0 0  d i l u t i o n .  To choose the 

d i l u t i o n  fo r  use in the assay s tan d a rd  curves were s u b je c t  to assay  

procedure over a narrow range o f  an t is e ru m  d i l u t i o n s  between 

1 :1 0 0 ,0 0 0  and 1 :2 0 0 ,0 0 0  ( F i g u r e  2 . 4 ) .  From these r e s u l t s  a d i l u t i o n  

o f  1 :1 00 ,00 0  ( g i v i n g  a f i n a l  d i l u t i o n  o f  1 : 1 7 5 , 0 0 0 )  was s e le c t e d  as 

the most a p p r o p r i a t e  fo r  the range o f  va lu es  to be encountered  

( w h i l e  remain ing r e l a t i v e l y  c o n s e r v a t i v e  of  a n t i  serum s t o c k ) .

( v i ) T racer

{1 2 5 -o v in e  p r o l a c t i n  (made by Dr Alan M c N e i l l y  a t  the M .R .C . ,  

U n i t  of  Reproduct iv e  B io lo g y ,  Ed inburgh ,  U . K . )  was d i l u t e d  w i t h  

assay b u f f e r  to g iv e  a s o l u t i o n  o f  10 ,000  to  15 ,000  c . p . m . / l O O  p i .  

Stock al  iquots o f  t r a c e r  were, s t o r e d  a t  -200C.

( v i i )  Normal R a b b i t  Serum (NRS)

Normal r a b b i t  serum a t  1:400 d i l u t i o n  in b u f f e r  was used to  

a s s i s t  s e p a r a t io n  o f  bound and f r e e  f r a c t i o n s .  Stock was s to re d  a t  -  

20°C.  Choice o f  optimum NRS d i l u t i o n  is  d ecr ib ed  in s e c t io n  ( v i i i ) .

( v i i i )  Second a n t ib o d y

Se p a ra t io n  o f  bound and f r e e  t r a c e r  was ach ie ved  using a 1:40  

d i l u t i o n  o f  donkey a n t i - r a b b i t  serum (DARS: Gu i ldhay  Ant ibody L t d . ,  

G u i l d f o r d ,  S u r r e y ,  U . K . )  in 1:400  N R S /b u f fe r  to  p r e c i p i t a t e  the  

bound f r a c t i o n .

The optimum d i l u t i o n s  o f  DARS (and NRS) f o r  assay were 

determined as f o l l o w s .  A s e r i e s  o f  maximum b in d in g  tubes were se t  up 

c o n t a in i n g  DARS a t  the f o l l o w i n g  i n i t i a l  d i l u t i o n s :  1 :5 ,  1 :10 ,  1:20,  

1:40  or 1:80 .  For each o f  these a d i l u t i o n  o f  e i t h e r  1 :200 ,  1:400 or 

1:800 NRS was used.  The r e s u l t s  a re  shown in F ig u r e  2 . 5 .  An i n i t i a l  

d i l u t i o n  o f  1:40 DARS and 1:400 NRS were chosen.
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FIGURE 2 . 4 :  Standard curves f o r  the p r o l a c t i n  assay a t  1 :100 ,0 00
( © ) ,  1 :1 5 0 ,0 0 0  ( A )  and 1 :200 ,00 0  ( I )  i n i t i a l  d i l u t i o n s  of  bleed
51 a n t ib o d y .  C o n c en t ra t io n  o f  s tandard  is expressed as a lo g a r i t h m ic  
s c a l e  and p l o t t e d  a g a in s t  % b in d in g  (100  x ( B - N S B ) / T ) .

% B-NSB  
T

1:100 000

1:150 0 0 0

1:200 000

10-

19.5 39 78 156 313 625 1250 2500 5000

Prolactin (pg/tube)
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FIGURE 2 . 5 :  Maxi mum b in d in g  (100  x (B0~NSB)/T)  f o r  the p r o l a c t i n  
assay using v a r io u s  combinat ions o f  DARS and NRS d i l u t i o n .

% B—NSB

DARS
dilution

25i

o  1:40  
*  1:20
A  1:10

20 -

15-

1 :8 0

0 J  .------
1:800 1:2001:400

NRS 
dilution
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Assay p ro to c o l

Each assay c o ns is ted  of  up to  117 plasma samples w i t h  one 

standard  curve .

DAY 1 : P o ly s ty re n e  LP4 tubes were se t  up as f o l lo w s :

Order of  

tubes and 

contents  ( n )

Samp 1e /  

QC

Standard B u f f e r F i r s t  

Ant i body

T race r

T ota l  counts ( 3 ) - - - - 100

NSB ( 4 ) - - 250 - 100

Max. b i nd i ng ( 5 ) - - 50 200 100

Standards ( 3 ) - 50 - 200 100

QC * ( 2 ) 50 - - 200 100

Samp 1es ( 2 ) 50 - - 200 100

QC * ( 2 ) 50 - - 200 100

Tota l  counts ( 2 ) - - - - 100

A l l  volumes a re  in p i .

= a t  low and high l e v e l s  of  p r o l a c t i n

The samples,  QC's and s tandards  were added to the tubes,  

fo l lo w e d  in order  by,  b u f f e r ,  an t ib o d y  and t r a c e r .  These were v o r te x  

mixed f o r  10 seconds and incubated a t  4°C o v e r n i g h t .

DAY 2

Keeping the tubes a t  4°C,  lOOpI o f  second an t ib o d y  was added to  

a l l  tubes (e xce p t  t o t a l  c o u n t s ) .  Tubes were v o r t e x  mixed f o r  10 

seconds and incubated o v e r n ig h t  a t  40C.

DAY 3

1ml s a l i n e  ( 4 0 0  was added to  a l l  tubes (ex cep t  t o t a l  c o u n ts ) .  

These were v o r te x  mixed f o r  10 seconds and then c e n t r i f u g e d  a t  2400 

r . p . m .  f o r  30 minutes a t  4°C (ca u s in g  the f i r s t  a n t i b o d y / t r a c e r  

complex to s e t t l e  to the bottom o f  the t u b e ) .

Keeping the tubes a 4°C the s u pe rn a ta n ts  in each tube were 

a s p i r a t e d  o f f  using a vacuum pump, le a v in g  a p e l l e t  c o n t a in in g  the
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bound f r a c t i o n .  The r a d i o a c t i v i t y  o f  t h i s  was recorded over 3 

minutes using a Cobra Auto-Gamma counter  model 5005 (Packard ,  

Canberra,  A u s t r a l i a ) .  The c .p .m .  o f  tubes c o n t a in in g  known 

c o n c e n t r a t io n s  of  p r o l a c t i n  s ta ndard  were used to produce a stan dard  

curve by a s p l i n e  i n t e r p o l a t i o n  method (smoothed cubic  s p l i n e  

c u r v e ) .  Unknown sample c o n c e n t r a t io n s  were i n t e r p o l a t e d  from t h e i r  

cpm's and the s tandard curve .

R es u l ts  were expressed as p g / l  p r o l a c t i n  in plasma.

A m o d i f ie d  ve rs io n  o f  t h i s  assay was used to  determ in e  plasma 

p r o l a c t i n  in exper iments  2 and 3 .  D i f f e r e n c e s  a re  o u t l i n e d  below:

( i )  P ro lac tin  standard

Same as above except  the top s tandard  was 100 p g / l  ( s e r i a l l y  

d i l u t e d  to  0 . 3 9  p g / l  in 9 d i l u t i o n s ) .

( i i )  Q uality  control plasma samples

Pooled red deer plasma w i t h  low ( c .  5 p g / l ) ,  medium ( c .  12

p g / l )  or high ( c .  45 p g / l )  l e v e l s  o f  p r o l a c t i n  were s to re d  in 250 pi 

a l i q u o t s  a t  -200C u n t i l  r e q u i r e d .

( i i i )  F i r s t  antibody

Rabbit  a n t i - o v i n e  p r o l a c t i n  (McN 2532 -  b le e d  n o . 50:  M.R.C.

U n i t  o f  Repro duct ive  B io lo g y ,  Edinburgh,  U . K . )  was s to re d  a t  1:100  

d i l u t i o n  in 50 pi a l i q u o t s  a t  - 200C .  For assay ,  t h i s  was d i l u t e d  to  

1 :2 00 ,00 0  in assay b u f f e r .

To determine the optimum d i l u t i o n  o f  an t ibo d y  the maximum 

bin d in g  ( (Bo- NSB)/T)  o f  a range o f  d i l u t i o n s  s i m i l a r  to  t h a t  used 

f o r  b leed  no. 51 an t is eru m  was i n v e s t i g a t e d ,  in c lu d in g  shor t  

standard curves ( 6 . 2 5 ,  12.5 and 25 p g / l ) .  The r e s u l t s  are

i l l u s t r a t e d  in F ig u re  2 . 6 .  F in a l  choice was based on f u l l  standard  

curves over a narrower range o f  a n t ise ru m  d i l u t i o n s  between 

1 :15 0 ,0 0 0  and 1 :250 ,0 00  ( F i g u r e  2 . 7 ) .  From t h i s  a d i l u t i o n  of  

1:2 00 ,00 0  ( g i v i n g  a f i n a l  d i l u t i o n  o f  1 : 3 5 0 , 0 0 0 )  was s e le c t e d  as the  

most a p p r o p r ia t e  f o r  the range o f  va lu es  to  be encountered.

( i v )  Second an t ib o d y

S ep ara t io n  of  bound and f r e e  t r a c e r  was achieved using a donkey 

a n t i - r a b b i t  serum bound to i ron ox ide p a r t i c l e s  ( s u p p l i e d  by P r o f .  

S. Lynch, Dept ,  of  C l i n i c a l  Biochem. Birmingham Women's H o s p t i a l ) .  

The s o l i d  phase a n t ib ody  p a r t i c u l e s  bind to  the f i r s t

127



FIGURE 2 . 6 :  Short  s tandard  curves f o r  the 2 day p r o l a c t i n  assay a t  
1 :5 0 ,0 0 0  ( A ) ,  1 :7 5 ,000  ( A ) ,  1 : 1 0 0 ,0 0 0  ( • ) ,  1 :1 25 ,00 0  ( O ) ,
1 :1 50 ,00 0  and 1 :200 ,0 0 0  ( 0 ^  i n i t i a  d i l u t i o n s  of  a n t is erum .
Co n cen t ra t io n  o f  s tandard is expressed on a lo g a r i t h m ic  s c a le  and 
p l o t t e d  a g a in s t  % b in d ing  (100 x ( B - N S B ) / T ) .

0/0B-NSB  
T

75

50

25

312-5 625 1250

Prolactin (pg/tube)
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FIGURE 2 . 7 :  Standard  curves f o r  the p r o l a c t i n  assay a t  1 :150 ,0 00
( I ) ,  1 :200 ,0 0 0  ( # )  and 1 :25 0 ,00 0  ( O )  i n i t i a l  d i l u t i o n s  of  b leed
no. 50 a n t ib o d y .  C o n c en t ra t io n  o f  s tandard is expressed as a 
l o g a r i t h m ic  s c a le  and p l o t t e d  a g a in s t  % b ind in g  (100 x (B - N S B ) /T ) .

0/oB-NSB 
T

30

19-5 39 78 156 313 625 125 250 500

Prolactin (pg/tube)



a n t i b o d y / t r a c e r  complex s e t t l i n g  to the  bottom o f  the assay tube 

under the f o r c e  of  g r a v i t y  ( a s s i s t e d  by c e n t r i f u g a t i o n  a t  2400 rpm 

f o r  5 m inutes ,  a t  4 0 0 .  Ant ibody was d i l u t e d  in phosphate b u f f e r  ( c )  

( d e s c r ib e d  above)  which conta in ed  a 0.3% ( w /v )  s o l u t i o n  of

hydroxypropyImethyI  c e l l u l o s e  (HPMC: Sigma Chemical Co . ,  Poole,

U . K . )  The purpose o f  the HPMC was to  d e lay  s e t t l i n g - o u t  dur ing  

in c ub a t io n  by in c rea s in g  v i s c o s i t y .  0 . 5  ml o f  an t ib od y  was added to 

each tube (ex cep t  t o t a l  counts )  and incubated a t  room temperature  

f o r  45 m in u tes .  The advantage o f  t h i s  procedure was the sh ort

in c u b a t io n  p e r io d  which reduced the assay from 3 to 2 days d u r a t i o n .

Assay range ,  s e n s i t i v i t y  and p r e c i s i o n

A t y p i c a l  standard  curve is i l l u s t r a t e d  in F ig u re  2 . 8 .  

Exper iment 1

The mean e s t im a ted  co n c e n t r a t io n  o f  standard  a t  20% b in d in g  was

8 0 . 8  (±  4 . 4 )  p g / l ;  a t  50% was 13.5 (±  0 . 4 )  p g / l  and a t  80% was 3 .7

(± 0 . 3 )  p g / l  (n=13 ) .

Assay s e n s i t i v i t y  was d e f in e d  as 2 s tandard  d e v i a t i o n s  from the

mean o f  the maximum b in d ing  tubes (B o ) .  Mean s e n s i t i v i t y  was 94.8% 

(% B/Bo) ,  e q u i v a le n t  to 1.79 (±  0 . 2 )  p g / l  p r o l a c t i n  in plasma

( n = 1 3 ) .  A l l  samples w i t h  a % b in d in g  g r e a t e r  than t h i s  were recorded  

as the mean l i m i t  of  s e n s i t i v i t y .  Any sample w i t h  fewer r a d i o - a c t i v e  

counts than the h igh e s t  p r o l a c t i n  s tandard  (200 p g / l )  was reassayed  

a t  an a p p r o p r ia t e  d i l u t i o n .

I n te i—assay p r e c i s i o n ,  expressed as the c o e f f i c i e n t  of  

v a r i a t i o n  f o r  repeated  d e te r m in a t io n s  o f  the q u a l i t y  c o n t r o ls  was 

16.6% a t  8 . 4  p g / l  and 10.5% a t  2 1 . 8  p g / l ,  ( n = 1 3 ) .  I n t r a - a s s a y  

p r e c i s i o n ,  expressed as the c o e f f i c i e n t  of  v a r i a t i o n  f o r  repeated  

d e t e r m in a t io n s  o f  p r o l a c t i n  in plasma samples w i t h i n  an assay ,  was 

8.2% a t  5 . 6  p g / l ;  7.0% a t  12.5 p g / l  and 7.4% a t  4 6 . 7  p g / l  ( n = 1 2 ) .

The mean (±  s . e . m . )  f o r  non s p e c i f i c  b in d in g s  (NSB/T)  was 3 . 0  

(±  0 .4 ) % ,  ( n = 1 3 ) .  The mean (± s . e . m . )  f o r  maximum b in d in g  tubes ((Bo 

-  NSB) /T )  was 4 2 . 4  (±  1 .6)%,  ( n = 1 3 ) .

Exper iment 2

The mean es t im ated  c o n c e n t r a t io n  of  s tandard a t  20% b in d ing  was
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4 0 .8  (± 1 .6 )  pg/1 ; a t  50% was 10 .5  (±  0 . 5 )  p g / l  and a t  80% was 3 .2

(± 0 . 2 )  p g / l  ( n=10 ) .

The mean assay s e n s i t i v i t y  was 96.9%,  e q u iv a l e n t  to 0 . 6 2  (±

0 . 1 )  p g / l  p r o l a c t i n  in plasma ( n = 1 0 ) .  I n t e r - a s s a y  p r e c i s i o n  was 

10.8% a t  4 . 7  p g / l ;  9.8% a t  11.2 p g / l  and 12.5% a t  3 6 . 4  p g / l ,  ( n = 1 0 ) .  

The mean (±  s . e . m . )  f o r  non s p e c i f i c  b in d in g s  (NSB/T)  was 6 . 9 2  (±

0.4)% (n=10)  and f o r  maximum b in d in g  tubes ( (Bo-N SB) /T )  was 5 0 . 0  (±

2 .1 )% ,  ( n = 1 0 ) .

Experiment 3

The mean e s t im ate d  c o n c e n t r a t io n  o f  s tandard  a t  20% b in d in g  was

3 5 .8  (± 2 . 0 )  p g / l ;  a t  50% was 8 . 7 5  (±  0 . 3 )  p g / l  and a t  80% was 2 .2

(± 0 . 1 )  p g / l  ( n = 1 5 ) .

The mean assay s e n s i t i v i t y  was 95.7%, e q u i v a l e n t  to  1.0  (±  

0 . 1 )  p g / l  p r o l a c t i n  in plasma ( n = 1 5 ) .  The mean (±  s . e . m . )  f o r  non

s p e c i f i c  b in d in g s  (NSB/T) was 3 . 2 5  (±  0 .2 )%  (n=15)  and f o r  maximum

binding  tubes ( ( B 0 -N S B ) /T )  was 40 .1 (±  2 . 5 ) % f <n=15) .

S p e c i f i c i t y  o f  a n t i  serum

To t e s t  the s p e c i f i c i t y  o f  the a n t is e ru m  a g a i n s t  c ross 

r e a c t i v i t y  w i t h  o th er  p o ly p e p t id e  hormones the f o l l o w i n g  

c o n c e n t ra t io n s  were sub je c ted  to  normal assay procedure .

Ovine growth hormone:

250 .0 00  -  6 1 . 0 4  p g / l  (13  dou bl ing  d i l u t i o n s ) .

Ovine f o l l i c l e  s t i m u l a t i n g  hormone:

2 0 .000  -  39.1 p g / l  (10 doubl ing  d i l u t i o n s ) .

Ovine l u t e i n i z i n g  hormone:

176.000 -  8 5 . 9  p g / l  (12 doubl ing  d i l u t i o n s ) .

For each c o n c e n t r a t io n  o f  hormone the f r a c t i o n  bound was c a l c u l a t e d  

and expressed as a p r o p o r t io n  o f  the bound f r a c t i o n  in the maximum 

b in d ing  tubes (%B/Bo).

The r e l a t i v e  p o ten c ies  of  these hormones a re  shown in T ab le  2 . 2  

be Iow.
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TABLE 2 . 2
The r e l a t i v e  p o ten c ie s  o f  p ep t id e  hormones in the RIA f o r  p r o l a c t i n .

Hormone pg hormone = 1pg PRL r e l a t i v e  potency

Pro 1 ac t  i n 1 1

Growth hormone 47 5 ,0 0 0 2.1 x \ 0 - 6
FSH > 2 0 ,0 00 < 5 x10-5
LH > 176,000 < 5 . 7  x 10-6

There was no cross r e a c t i v i t y  w i t h  LH or FSH over the range of  

c o n c e n t r a t io n s  used.  Growth hormone on ly  c r o s s - r e a c t e d  a t  250 ,0 00  

p g / l .  A l l  these c o n c e n t r a t io n s  a re  f a r  in excess o f  those which  

could be found in deer plasma under normal c ircumstances .

Assessment o f  reco very  o f  p r o l a c t i n .

To assess the recovery  o f  p r o l a c t i n ,  ov in e  p r o l a c t i n  in 

doubl ing d i l u t i o n s  from 50 -  0 . 3 9  p g / l  was added to  a l i q u o t s  o f  a 

plasma sample w i t h  a known c o n c e n t r a t io n  of  hormone. Recovery was 

c a l c u l a t e d  from the d i f f e r e n c e  between the observed and expected  

c o n c e n t r a t io n s  o f  p r o l a c t i n  in the plasma.

The mean % recovery  between 0 . 3 9 - 5 0  p g / l  p r o l a c t i n  was 9 6 . 9  ± 

1.6  %.

Para I l e i  ism

To ensure c e r v i n e  plasma samples behave in the same way as 

ovin e  standards  in the assay system doubl ing  d i l u t i o n s  o f  plasma 

samples assayed as c o n t a in in g  high l e v e ls  o f  p r o l a c t i n  were compared 

to the curve o b ta in ed  from ov ine  s ta ndard  p r e p a r a t i o n s ,  and 

p a r a l l e l i s m  assessed.  The r e s u l t s  a re  i l l u s t r a t e d  in F ig u re  2 . 8 .  The 

plasma samples c l e a r l y  d i l u t e d  in p a r a l l e l .

Comparison w i t h  p re v io u s  p r o l a c t i n  assay .

P r o l a c t i n  c o n c e n t ra t io n s  in plasma samples assayed using the  

prev ious  hetero logous assay used a t  the I n s t i t u t e  o f  Zoology
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FIGURE 2 . 8 :  I n v e s t i g a t i o n  o f  p a r a l l e l i s m  in p r o l a c t i n  assay.
Comparison o f  % b in d in g  (B/Bo xlOO) o f  s e r i a l  do ubl in g  d i l u t i o n s  of  
deer plasma samples ( #  O  H  ) anc* of  standard  p r e p a r a t io n s  ( A ) .

°/ob/ b 0

100

1:256 1:128 1:64 1:32 1:16 1:8 1:4 1:2 1:1

log dilution
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FIGURE 2 . 9 :  Comparison of  pro fa c t  in l e v e l s  in red deer plasma
samples es t im ated  using the c u r r e n t  and p rev ious  assay used to 
measure p r o l a c t i n ,  y = 0 .76 x  -  0 . 1 5 ,  r2 = 0 . 9 6 ,  P<0 .0001 .

Current assay
(pg/0

1:1
40i

30-

Previous assay (pg /l)
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(M c N e i l l y  and F r e i s e n ,  1978; v a l i d a t e d  f o r  use in red deer by 

Cur lew is  e t  a / . ,  1988b) were de termined using  the c u r r e n t  assay .  The 

r e s u l t s  of  t h i s  comparison a re  shown in F ig u r e  2 . 9 .  The c o r r e l a t i o n  

c o e f f i c i e n t  was very  high ( r2  = 0 . 9 6 )  and a n a l y s i s  of  var ian c e

upheld the Nu l l  hypothes is  t h a t  d i f f e r e n c e s  in es t im a te s  were due to 

chance (P = 0 . 2 9 ;  equat io n  of  l i n e ,  y = 0 . 76x -  0 . 1 5 ,  P < 0 .0 0 0 1 ) .

2 . 6 . 3 . 2 .  LUTEINIZING HORMONE

Plasma LH c o n c e n t ra t io n s  were measured using the hetero logous  

ovine double an t ib o d y  radioimmunoassay o f  F o s te r  and Crighton  

( 1 9 7 4 ) ,  w i t h  the m o d i f i c a t i o n s  de scr ib e d  by McLeod e t  a ! . ( 1 9 8 2 b ) .  

V a l i d a t i o n  o f  t h i s  assay f o r  measuring LH in deer has been re p o r ted  

by Loudon e t  a l .  ( 1 9 9 0 ) .

M a t e r i a l s  and Reagents

( i ) Assay b u f f e r

The b u f f e r  used f o r  a l l  d i l u t i o n s  in the assay was a 0.5% 

s o lu t io n  o f  egg albumen (A5253:  Sigma Chemical C o . ,  Poole ,  U . K . )  in 

0.013M d i- so d iu m  hydrogen ortho phosp hate  w i t h  0.014M sodium 

dihydrogen orthophosphate ,  pH 7 . 0 ,  0 .15M sodium c h l o r i d e ,  0.015M

sodium a z id e  (used as a p r e s e r v a t i v e )  and 0.001M  

e t h y I e n e d i a m i n e t e t r a - a c e t i c  a c id  (d isod ium  s a l t ) .  B u f f e r  was made 

up in de io n is ed  d i s t i l l e d  water  and s t o r e d  a t  4&C. Egg albumen was 

added b e fo re  use.

( i i ) LH s tandard

LH standard  (N IH -LH -S 16)  was s to r e d  as a stock  s o l u t i o n  of  

50 pg / l  a t  -200C u n t i l  r e q u i r e d .  For assay ,  t h i s  was s e r i a l l y  d i l u t e d  

in b u f f e r  f rom 2 5 p g / I  to  0 . 1 9 5 p g / l  in 8 d i l u t i o n s .

( i i i )  Q u a l i t y  c o n t r o l  plasma samples

Pooled red deer plasma w i t h  low ( c .  2 p g / l ) ,  medium ( c .  6 p g / l )  

or high ( c .  15 p g / l )  l e v e ls  o f  l u t e i n i z i n g  hormone were s to red  in

500pl a l i q u o t s  a t  -200C u n t i l  r e q u i r e d .

( i v )  Plasma samples

These were s to red  a t  -200C u n t i l  assayed.

( v )  F i r s t  a n t ibo d y

Rabbit  a n t i - o v i n e  LH ( R 0 7 /7 :  Dr P h i l i p  K n ig h t ,  Sch. Animal and
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M ic r o b ia l  Sc i . , Reading U n i v e r s i t y ,  B e r k s . ,  U . K . ) .  Stored  as 1:100  

d i l u t i o n  ( i n  100|j I a l i q u o t s )  a t  - 2 0 ° C  u n t i l  r e q u i r e d .  For assay ,  a 

d i l u t i o n  o f  1 :1 5 ,0 0 0  in 1:200 NRS was used.

( v i ) T racer

1125-ovine  LH (Reading U n i v e r s i t y ,  Reading ,  B e r k s h i r e ,  U . K . ) .  

For assay, i t  was d i l u t e d  w i th  b u f f e r  to g iv e  a s o l u t i o n  o f  10 ,0 00 -

12 ,000 c . p . m . / 5 0 p l .  Stock was s to r e d  a t  40C.

( v i i )  P r e c i p i t a t i o n  medium

S ep a ra t io n  of  bound and f r e e  t r a c e r  was achieved by a 

p o ly e t h y le n e  g lyco l  (PEG) a t t e n u a t e d  second a n t ib o d y  method. This  

used a 1:20 d i l u t i o n  o f  donkey a n t i - r a b b i t  serum in a 4% ( w /v )

s o l u t i o n  o f  PEG 6000 in assay b u f f e r .  The purpose o f  the l a t t e r  was 

to  enhance p r e c i p i t a t i o n  and reduce in cu b a t io n  t im e .

( v i i i )  Normal r a b b i t  serum (NRS)

Rabbit  serum a t  1:200 d i l u t i o n  in b u f f e r  was used to a s s i s t  

se p a ra t io n  of  bound and f r e e  f r a c t i o n s .  Stock was s to red  a t  -200C.  

Assay pro toco l

Each assay con s is ted  o f  up to  125 plasma samples w i t h  one 

standard curve .

DAY 1

P o ly s ty ren e  LP4 tubes were s e t  up as f o l l o w s :

Order of  Sample/  Standard  B u f f e r  F i r s t

tubes and QC Ant ibody

contents  ( n )

Tota l1 counts ( 3 ) -

NSB ( 4 ) -

Max. b i nd i ng ( 5 ) -

Standards ( 3 ) -

QC * ( 2 ) 100

Samp 1es ( 2 ) 100

Qc * ( 2 ) 100

Tota l counts ( 2 ) —

- 250 -

- 200 50

100 100 50

- 100 50

- 100 50
- 100 50

A l l  volumes a re  in p i .

= a t  low, medium and high l e v e l s  o f  LH.
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i

Tubes were then vo r te x  mixed f o r  10 seconds and incubated  

o v e r n ig h t  a t  4°C .

DAY 2

50|_i I o f  t r a c e r  was added to each assay tube .  These were then 

v o r t e x  mixed f o r  10 seconds and incubated o v e rn ig h t  a t  4°C.

DAY 3

200(_i I of  the second ant ibody/PEG s o l u t i o n  was added to each 

tube (except  t o t a l  c o u n t s ) .  These were v o r t e x  mixed f o r  15 seconds 

and incubated f o r  45 minutes a t  room tempera ture  ( c .  2 5 0 0 .

1 ml o f  b u f f e r  was added to  each tube (e xce p t  t o t a l  c o u n ts ) .  

Tubes were v o r t e x  mixed f o r  10 seconds and immedia tely c e n t r i f u g e d  

a t  2400 r . p . m .  f o r  30 minutes a t  4°C.

Keeping the tubes a t  40C sup erna tan ts  were a s p i r a t e d  o f f  (u s in g  

a vacuum pump) leav in g  a p e l l e t  c o n t a in in g  the bound t r a c e r .  The 

r a d i o a c t i v i t y  o f  t h i s  was recorded over 3 minutes using a Cobra 

Auto-Gamma counter  model 5005.  The c .p .m .  o f  tubes c o n t a in in g  known 

c o n c e n t r a t io n s  o f  LH s tan dard ,  were used to  produce a s tandard  curve  

by a s p l i n e  i n t e r p o l a t i o n  method (smoothed cubic  s p l i n e  c u r v e ) .  

Unknown sample c o n c e n t ra t io n s  were i n t e r p o l a t e d  from t h e i r  cpm's and 

the standard  c u rve .

R esu l ts  were expressed as p g / l  LH in plasma.

Assay range,  s e n s i t i v i t y  and p r e c i s i o n

The mean e s t im ated  c o n c e n t ra t io n  o f  s tandard  a t  20% b in d in g  was

12.7  ( + 0 . 2 )  p g / l ;  a t  50% was 3 . 2  (±  0 . 0 9 )  p g / l ,  and a t  80% was

0 . 9 6  (±  0 . 0 4 )  p g / l  ( n = 1 5 ) .

The mean assay l i m i t  o f  s e n s i t i v i t y  (Bo ~ 2SD) was 93 .1  %,

e q u iv a l e n t  to  0 . 3 9  (±  0 . 0 4 )  p g / l  LH in plasma ( n = 1 5 ) .  A l l  samples 

w i t h  a % b in d in g  g r e a t e r  than t h i s  were recorded as the mean l i m i t  

o f  sens i t  i v i t y .

In te l—assay p r e c i s i o n  was 12 .7 % a t  1 .3  p g / l ,  and 11.1 % a t

7 . 0  p g / l  ( n = 1 5 ) .  I n t r a - a s s a y  p r e c i s i o n  was 11 .8  % a t  1 .6  p g / l ,  and 

7 . 9  % a t  6 . 9  p g / l  , ( n = 1 0 ) .

The mean (±  s . e . m . )  f o r  non s p e c i f i c  b in d in g s  (NSB/T)  was 5 . 2

(±  0 . 3 )  %. The mean (±  s . e . m . )  f o r  maximum b in d in g  tubes ((Bo ~

NSB)/T)  was 3 9 . 5  (± 0 . 9 )  % ( n = 1 5 ) .
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2 . 6 . 3 . 3 .  PROGESTERONE

L eve ls  of  progesterone  in deer plasma were measured by d i r e c t  

radioimmunoassay using one o f  two d i f f e r e n t  ovine a n t i b o d i e s .

361 ANTIBODY

Ovine progesterone  an t ib o d y  361 (A .S .  M c N e i l l y ,  M . R .C . ,  U n i t  of  

Reproduct ive  B io lo g y ,  Edinburgh,  U . K . ) .  RIA method described  f o r  

sheep by M c N e i l l y  and F raser  ( 1 9 8 7 )  and p r e v i o u s ly  v a l i d a t e d  f o r  

measuring progesterone  in deer by McLeod e t  a l .  ( 1 9 9 1 ) .  Th is  method 

was used to  determine plasma progesterone  c o n c e n t ra t io n s  in samples 

from experiments 1 and 2.

M a t e r i a l s  and Reagents

( i ) Assay b u f f e r

The b u f f e r  used f o r  a l l  d i l u t i o n s  (u n le s s  s t a t e d  o t h e r w is e )  in 

the assay was a p h o s p h a t e - c i t r a t e  b u f f e r  (PCB), pH 6 . 0 ,  c o n s is t i n g  

o f  0.126M d i -sod iu m  hydrogen or thophosphate (Na2HP04);  0 .036M c i t r i c  

a c id  and 0.001 % ( w / v )  Thiomersal  (used as a p r e s e r v a t i v e :  Sigma

Chemical Co. L t d . ,  Poole ,  U . K . ) .  B u f f e r  was made up in d e ion is ed  

d i s t i l l e d  water  and s to re d  a t  4°C.

( i i )  Assay b u f f e r  w i t h  g e l a t i n e  (PCBG)

T h is  con s is ted  o f  a 0 .1 X  ( w / v )  s o l u t i o n  o f  g e l a t i n e  in PCB. The 

g e l a t i n  was d isso lv ed  in the PCB by h e a t in g  to  800C.

( i i i )  8 - a n i I i n o - 1 - n a p t h a le n e  s u l f o n i c  a c i d  CANS)

ANS was used to s e p a r a te  the progesterone  molecules from 

b in d in g  p r o t e i n s  in the plasma. I t  was used as a s o l u t i o n  o f  Img 

ANS/ml PCB i n i t i a l  d i l u t i o n .

( i v )  Progesterone s tandard

Progesterone ( 4 - p r e g n e n - 3 , 2 0 - d i o n e : Sigma Chemical Co. L t d . ,

Poole ,  U . K . )  was made up as a s to ck  s o l u t i o n  o f  lOpg/ l  ( 3 1 . 8 n m o l / l )  

in PCB and s to red  a t  -200C u n t i l  r e q u i r e d .  For assay,  t h i s  was 

s e r i a l l y  d i l u t e d  in PCBG from 3 1 . 8  to  0 .1 2 4  nmol/ I  in 9 d i l u t i o n s  

(plasma e q u iv a l e n t  = 6 3 .5 8  to 0 .2 4 8  n m o l / I ) .

( v )  N o n -d e te c ta b le  plasma (NDP)

To prov id e  a source o f  p rogeste rone  f r e e  plasma to add to  tubes 

not a l r e a d y  c o n t a in in g  plasma, blood was c o l l e c t e d  from prep u b er ta l
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hinds.  Th is  was assayed to co n f i rm  c o n c e n t r a t io n s  were non-  

d e t e c t a b l e  in t h i s  assay.

( v i )  Q u a l i t y  c o n t ro l  plasma samples

Pooled red deer plasma w i t h  low ( c .  1 nmo I / 1 ) ,  medium ( c .  7

n m o l / l )  or high ( c .  15 nmoI/ I ) l e v e l s  of  progesterone were stored

in 250 pi a l i q u o t s  a t  -200C u n t i l  r e q u i r e d .

( v i i ) PIasma samp Ies

These were s tored  a t  -20°C  u n t i l  assayed.

( v i i ) Ant  i body

Used a t  an i n i t i a l  d i l u t i o n  o f  1 :1 0 ,0 0 0  in PCBG. Stock was 

s to red  a t  -200C.

The optimum d i l u t i o n  o f  the an t ib o d y  was determined from a 

s e r i e s  o f  an t is eru m  d i l u t i o n  curves .  Standard  curves f o r  a range of  

d i l u t i o n s  between 1:5000 and 1 :40 ,0 0 0  were s u b je c t  to the assay 

procedure descr ib ed  below.  For r e s u l t s  see F ig u re  2 . 1 0 .  The range of  

p rogestero ne  l e v e ls  most r e l e v a n t  to the s e p a r a t io n  of  the o estrus

and anoestrus  s t a t e s  a re  those between 1 -  10 nmol/ l  ( = 5 - 5 0  xIO-5

nmol/assay s tandard t u b e ) .  A d i l u t i o n  o f  1 :1 0 ,0 0 0  ( g i v i n g  a f i n a l

d i l u t i o n  o f  1 : 3 5 , 0 0 0 )  was s e le c t e d  as the most a p p r o p r i a t e  fo r  t h i s  

range o f  va lu es .

( v i i i ) T r a c e r

11 Progesterone g Iuceron i d e - T y r a m i n e - i 25  I Was d i l u t e d  w i t h  PBS- 

ANS to g iv e  a s o l u t i o n  of  1 2 , 0 0 0 -1 5 ,0 0 0  c . p . m . / 1 OOpI. Stock label  

was s to r e d  a t  -200C.  The t r a c e r  used to ana lyse  samples in 

Experiment 1 was generously provided  by Dr Alan S. M c N e i l l y  (M.R.C.  

U n i t  o f  Reproduct ive  Phys io logy ,  Edinburgh,  U . K . )  and f o r  Experiment  

2 by NETRIA L t d .  ( S t .  Bartholomew's H o s p i t a l ,  London, U . K . ) .

( i x )  P r e c i p i t a t i o n  medium

S ep a ra t io n  of  bound and f r e e  t r a c e r  was achieved by 

p r e c i p i t a t i o n  of  p r o t e i n s ,  in c lu d in g  the bound f r a c t i o n ,  using a 25% 

( w / v )  s o l u t i o n  of  p o ly e t h y le n e  g lyc o l  6000 (PEG) in a 0.9% s a l i n e  

s o l u t i o n  c o n t a in in g  0.2% Tween -  20 ( d e t e r g e n t  to  reduce sur face

tens i on) .

Assay p ro toco l

Each assay cons is ted  o f  up to  117 plasma samples w i t h  one 

standard  curve .
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DAY 1

LP4 tubesi were set  up as f o 11ows:

Order of Samp 1e / NDP Standard B u f f e r Antibody Tracer

tubes and QC (PCBG)

co n ten ts  (n ) p 1asma

T o ta l  counts ( 3 ) - - - 100

NSB ( 4 ) - 50 -  200 - 100

Max. b ind in g ( 5 ) - 50 -  100 100 100

Standards ( 3 ) - 50 100 100 100

QC * ( 2 ) 50 100 100 100

Samp 1es ( 2 ) 50 100 100 100

QC * ( 2 ) 50 100 100 •100

T o t a l  counts ( 2 ) - - - 100

A l l  v o 1umes a re  in Ml-

*  = a t 1ow, medium and high le v e l s  o f  progesterone (see t e x t )

The samp 1 e s , QC's,  non-■detectab le  plasma and standards were

added to the tubes,  fo l lo w ed  in order  by, b u f f e r , a n t i  serum and

t r a c e r .  These were vo r tex mixed f o r  10 seconds and incubated

o v e r n ig h t  a t  4°C o v e rn ig h t  

DAY 2

Keeping the tubes a t  4 ° C f 1ml o f  the p r e c i p i t a t i o n  medium was 

added to a l l  tubes except  the t o t a l  co unts.  These were vortexed  

thorough ly  and immediately c e n t r i f u g e d  a t  2400 r . p . m .  f o r  30 min. a t  

40 C.

Keeping the tubes on ice the sup ern a tan ts  were a s p i r a t e d  o f f  

( u s in g  a vacuum pump) leav ing  a p e l l e t  c o n t a i n i n g  the an t ib ody  bound 

f a c t i o n .  The r a d i o a c t i v i t y  co nta in ed  in t h i s  f r a c t i o n  was recorded  

over 3 min.  using a Cobra Auto-Gamma counter  model 5005.  The c .p .m .  

of  tubes c o n ta in in g  known c o n c e n t r a t io n s  o f  progestero ne s ta ndard ,  

were used to produce a standard  curve  by a s p l i n e  i n t e r p o l a t i o n  

method (smoothed cubic  s p l i n e  c u r v e ) .  Unknown sample c o n ce n t ra t io n s  

were i n t e r p o l a t e d  from t h e i r  cpm's and the s tandard  curve.
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FIGURE 2 . 1 0 :  Standard curves f o r  p ro g e s te ro n e  assay a t  1:5000 ( A ) ;  
1:10 ,000  ( A ) ;  1 :15 ,00 0  ( ■ ) ;  1 : 2 0 , 0 0 0  ( □ )  and 1 :40 ,00 0  (▼ )
i n i t i a l  d i l u t i o n s  of  a n t ib o d y .  C o n c e n t r a t io n  o f  s tandard is 
expressed on a lo g a r i t h m ic  s c a le  and p l o t t e d  a g a in s t  % b in d in g  (100  
x (B -  N S B ) / T ) .

% B-NSB  
T

1:5000

40-

1:10 000

• A

30- 1:15000

1:20 000

□ '

1:40000

124 2.48 4.96 9.92 19.9 39.8 79.5 159 318

Progesterone (x10 nmol/tube)
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R e s u l t s  were e xp re ss ed  as n m o l / l  p r o g e s t e r o n e  In p la sm a.

Assay range ,  s e n s i t i v i t y  and p r e c i s i o n

A t y p i c a l  s tandard  curve is i l l u s t r a t e d  in F ig u r e  2.11

The mean es t im ated  c o n c e n t r a t io n  o f  s tandard  a t  20% b in d in g  was

19.1 (±  0 . 6 )  n m o l / l ;  a t  50% was 4 . 8  (±  0 . 2 )  n m o l / l ,  and a t  80% was

1.2 <± 0 . 0 5 )  n m o l / l , ( n = 2 6 ) .

The mean l i m i t  o f  s e n s i t i v i t y  (Bo -  2SD) was 9 4 . 6  % e q u i v a le n t  

to 0 . 5  (±  0 . 0 1 )  nmol / l  p rogesterone  in plasma ( n = 2 6 ) .  A l l  samples 

w i t h  a % b in d in g  g r e a t e r  than t h i s  were recorded  as the mean l i m i t  

of  sens i t  i v i t y .

I n t e r - a s s a y  p r e c i s i o n  was 19.0% a t  0 . 9  n m o l / l ;  12.5% a t  7 .2

n m o l / l ,  and 7.9% a t  16 .2 nmol/ l  ( n = 2 6 ) .  I n t r a - a s s a y  p r e c is io n  was 

8.5% a t  2 . 0  n m o l / l ;  8.7% a t  3 . 3  n m o l / l ,  and 7.2% a t  7 . 3  nmol/ l

( n = 1 0 ) .

The mean (±  s . e . m . )  f o r  non s p e c i f i c  b in d in g s  (NSB/T) was 5 . 0  

(±  0 .1 ) % ,  ( n = 2 6 ) .  The mean (±  s . e . m . )  f o r  maximum b in d in g  tubes ((Bo 

-  NSB) /T )  was 33.1 ± 0.7% (n=16:  M.R.C.  t r a c e r )  and 5 4 .3  ± 1.3%

(n=10: NETRIA L td .  t r a c e r ) .

Comparison to  p re v io u s  progestr one  assay

L ev e ls  of  progeste rone  in samples e s t im a te d  using  t h i s  d i r e c t  

assay were compared to  c o n c e n t r a t io n s  determined  using a d i f f e r e n t  

assay c a r r i e d  out  on s o lv e n t  e x t r a c t e d  samples (Cur lewis  e t  a ! . ,  

1988a ) .  The r e s u l t s  o f  t h i s  comparison a re  shown in F ig u re  2 . 1 2 .  

A n a ly s is  of  v a r ia n ce  upholds the N u l l  h ypothes is  t h a t  d i f f e r e n c e s  in 

e s t im ate s  are  due to chance (P = 0 . 9 2 ;  eq u at io n  o f  l i n e ,  y = - 0 . 1 7 4  

+ 1 .2 1 x , r2 = 9 4 . 8  ( P < 0 .0 0 0 1 ) .

S 1508-10 ANTIBODY

Ovine a n t i - p r o g e s t e r o n e  a n t ib o d y  S1508-10 (M .A .F .  C a t t l e

Breeding U n i t ,  Reading, S u r re y ,  U . K . ) .  Used to  de te rmine  plasma 

progesterone le v e ls  in experiment 3.
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FIGURE 2 . 1 2 :  Comparison of  progesterone  l e v e l s  in red deer plasma 
samples e s t im a te d  using the c u r r e n t  d i r e c t  and prev ious  so lvent  
e x t r a c t i o n  assays.

current
direct assay y= -o-i74+i-2ix

(Po nm ol/l) r = o-92

previous extracted assay 
( Po nmol / 1)
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The assay procedure was the same as descr ib ed  above w i t h  the  

f o l l o w i n g  ex cep t io n s :
I

M ate ria ls  and reagents 

( i ) Ant ibody

T h is  was used a t  an i n i t i a l  d i l u t i o n  o f  1 : 7 ,5 0 0  in PCBG. Stock  

was s to r e d  a t  -2 0 ° C .

( i i ) P rogeste rone  standard

T h is  was s e r i a l l y  d i l u t e d  in PCBG from 15 .9nm ol / l  to 

0 . 0 5 7 n m o l / l  in 9 d i l u t i o n s .

( i i i )  Non-detectabIe plasma

Red deer s tag  blood was used as a source o f  progesterone f r e e  

plasma. To ensure i t  was f r e e  o f  any p o s s ib le  progesterone the 

plasma was t r e a t e d  as f o l lo w s :  10g / l  a c t i v a t e d ,  washed charcoal  was

added to  the plasma and s t i r r e d  f o r  one hour a t  40C. This was then 

c e n t r i f u g e d  and the supernatant  decanted th re e  t imes be fore  

f i l t e r i n g  through a 0.2pm FlowPore D f i l t e r  ( S a r t o r i u s ,  Germany) 

in to  2.5ml a l i q u o t s .  Plasma was s t o re d  a t  -200C u n t i l  r e q u i r e d .  

Samples o f  NDP were su b je c t  to  assay procedure to conf irm  

progeste rone  l e v e l s  were n o n - d e t e c t a b I e .

( i v)  Tracer

Prov ided  by NETRIA L td .  (see abo v e ) .
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I
I

I Assay protocol

! Each assay c o n s is ted  of  up to  50 plasma samples w i t h  one

standard  curve .

DAY 1

LP4 tubes were se t  up as f o l lo w s :

Order of  

tubes and 

contents  (n )

Samp 1e /  

QC 

p 1asma

NDP Standard B u f f e r

(PCBG)

Ant ibody Traci

Total  counts ( 3 ) - - - - - 100

NSB ( 4 ) - 100 - 200 - 100

Max. b in d in g ( 5 ) - 100 - 100 100 100

Standards ( 3 ) - 100 100 - 100 100

QC * ( 2 ) 100 - - 100 100 100

Samp 1es ( 2 ) 100 - - 100 100 100

QC * ( 2 ) 100 - - 100 100 100

Total  counts ( 2 ) - - - - - 100

A l l  volumes are  in p i .

= a t  low, medium and high c o n c e n t r a t io n s  o f  progesterone  (see  

t e x t ) .

Assay range, s e n s it iv ity  and precision

A t y p i c a l  standard  curve is i l l u s t r a t e d  in F ig u r e  2 .1 1 b .

The mean e s t im ated  c o n c e n t ra t io n  o f  s tandard  a t  20% b in d in g  was 

4 . 4  ( + 0 . 0 9 )  n m o l / l ;  a t  50% was 0 . 8 6  (±  0 . 0 2 )  n m o l / l ,  and a t  80% was 

0.11 <± 6.1  x 10 -3 )  n m o l / l ,  <n=31) .

The mean l i m i t  o f  s e n s i t i v i t y  (Bo -  2SD) was less than the 

lowest c o n c e n t r a t io n  standard  (plasma e q u i v a l e n t  = 0 . 0 6  n m o l / l ) .  A l l  

samples w i t h  a % b in d in g  g r e a t e r  than t h i s  recorded as t h a t  of  

lowest c o n c e n t r a t io n  s tan d ard .

I n t e r - a s s a y  p r e c i s i o n  was 16.3% a t  2 . 7  n m o l / l ; ;  14.6% a t  3 . 9  

n m o l / l ,  and 7.0% a t  14 .9  nmol/ l  ( n = 3 1 ) .  The mean (±  s . e . m . )  f o r  non 

s p e c i f i c  bind ings  (NSB/T)  was 7.1 (±  0 .3 ) % ,  ( n = 3 1 ) .  The mean (±
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s . e . m . )  f o r  maximum b in d in g  tubes ((Bo -  NSB)/T)  was 4 0 . 9  ± 0.6% 

( n = 3 1 ) .

2 .6 .3 .4 .  OESTRADIOL 173

O e s t ra d io l  173 l e v e ls  in plasma samples were generously  assayed  

by Dr R. Webb ( A . F . R . C . ,  I n s t i t u t e  o f  Animal Phys io logy and Genet ics  

Research,  Edinburgh,  R o s I i n , M i d l o t h i a n ,  EH26 9PS) .  The protoco l  

used is d escr ib ed  in Webb, B a x t e r ,  McBride,  Nordblom and Shaw 

( 1 9 8 5 ) .

2 .6 .4 .  ONSET AND TERMINATION OF BREEDING SEASON

Progesterone  p r o f i l e s  in p e r ip h e r a l  plasma were used to  

determine the onset and t e r m i n a t i o n  of  the breeding  season in the  

manner descr ib ed  by Loudon e t  a / .  ( 1 9 8 9 ) .  The onset  was d e f in e d  as 

the date o f  the f i r s t  increase  in progesterone c o n c e n t r a t io n s  above

1 .6  nmol/ l  f o r  more than two co nsecut ive  blood samples (samples  

c o l l e c t e d  tw ic e  a w eek) .  The t e r m in a t io n  o f  the breed ing  season was 

taken as the l a s t  f o l l i c u l a r  phase of  the breed ing season. Th is  was 

d e f in e d  as the la s t  p e r io d  of  low progesterone c o n c e n t ra t io n s  (< 1.6  

n m o l / l )  f o l lo w e d  immediately by progesterone co n c e n t ra t io n s  in 

excess o f  1 .6  nm ol / l  f o r  a t  l e a s t  two consecut ive  samples.  

Anoestrous and f o l l i c u l a r  phase l e v e l s  o f  progesterone are t y p i c a l l y  

less than 0 . 3  nmol / l  in red deer (Loudon e t  a ! . ,  1989) .

147



CHAPTER 3

THE ROLE OF THE ENVIRONMENT AND ENDOGENOUS SEASONAL STATE IN 

THE CONTROL OF HERBAGE INTAKE. REPRODUCTION AND PLASMA 

PROLACTIN CONCENTRATIONS IN RED DEER HINDS.

(experiment 1)

3.1  INTRODUCTION

The e x is t e n c e  o f  a seasonal a p p e t i t e  c y c le  is w e l l  documented 

f o r  enhoused deer fed  an ad l i b i t u m  d i e t  (see  s e c t i o n  1 . 2 . 8 .  and 

F i g .  1 . 1 . ) .  The c y c le  synchronises  n u t r i t i o n a l  requ irements  to  

n a tu r a l  p a t t e r n s  o f  herbage abundance. I t s  r o l e  in de term in in g  

herbage in ta ke  in f r e e - r a n g i n g  d eer ,  however,  remains u n c le a r .  

Annual c y c le s  o f  body weight  in w i l d  deer ( M i t c h e l l  e t  a / . , 1976)  

suggest a seasonal  change in food in t a k e ,  but f a i l  to  d i s t i n g u i s h  

between the e f f e c t s  o f  a p p e t i t e  and herbage a v a i l a b i l i t y .  In 

domestic sheep g r a z in g  a g r i c u l t u r a l  p a s tu r e s ,  f o r a g i n g  behav iour and 

herbage in ta k e  a re  s t r o n g l y  c o r r e l a t e d  to  p a s tu re  c h a r a c t e r i s t i c s  

(see  s e c t io n  1 . 2 . 1 2 . 1 . ) .  The l a t t e r  suggests t h a t  in take  p r i m a r i l y  

r e f l e c t s  food abundance r a t h e r  than a p p e t i t e .  The o b j e c t i v e  o f  t h i s  

study was to  i n v e s t i g a t e  the i n t e r a c t i o n  between herbage 

a v a i l a b i l i t y  and seasonal  a p p e t i t e  changes in the co n t ro l  o f  herbage  

in take  and fo r a g i n g  behaviour  in red deer .

D a i l y  a d m i n i s t r a t i o n  o f  m e la to n in  (10  mg a t  1600 h r . )  f rom 3 

J u l y ,  r e s u l t e d  in a two week advance in the seasonal  d e c l i n e  in 

a p p e t i t e  o f  hinds m a in ta in e d  on an ad l i b i t u m  d i e t  (see  F igu re  3 . 1 ;  

M i ln e  e t  a ! . ,  1990) .  Th is  p h a s e - s h i f t  in response to exogenous

m ela ton in  was u t i l i z e d  d ur in g  t h i s  study to  p erm i t  comparison of  

animals in d i f f e r e n t  a p p e t i t e  s t a t e s  under the same environmental  

c o n d i t io n s .  The i n t e r a c t i o n  between a p p e t i t e  and food a v a i l a b i l i t y  

was in v e s t ig a t e d  by comparing herbage in takes  o f  me I a t o n i n - t r e a t e d  

and n o n - t r e a t e d  hinds g ra z in g  p as tu res  p ro v id in g  d i f f e r e n t  l e v e l s  of  

food abundance dur ing  autumn, w i n t e r  and s p r in g .
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FIGURE 3 . 1 :  The e f f e c t  o f  m e la to n in  (10  mg ad m in is te re d  o r a l l y  once
d a i l y  a t  16.00 h from 3 J u ly ,  — — —) and c o n t ro l  ( ---------- ) t rea tm e n ts
on VFI o f  red deer h in d s .  From M i l n e  e t  a t . ,  1990.

The seasonal  a p p e t i t e  c y c le  in red deer e x h i b i t s  a c lo se
in

temporal  r e l a t i o n s h i p  w i t h  c h a n g e s ^ r e p r o d u c t iv e  c o n d i t i o n ,  pelage  

and plasma p r o l a c t i n  c o n c e n t r a t io n s  (see  s e c t io n  1 . 2 . 6 . ) .  M e la to n in  

ad m in is te re d  from mid-summer u n t i l  autumn not on ly  advanced the  

d e c l i n e  in a p p e t i t e ,  but  a ls o  t h a t  o f  plasma p r o l a c t i n  

c o n c e n t r a t io n s  (Adam e t  a ! . ,  1987 , 1989b; Mi l ne  e t  a ! . ,  1990) ,  the

onset o f  oestro us  c y c l i c i t y  (Adam e t  a / . ,  1986; M i ln e  e t  a l . ,  1990)  

and w i n t e r  coat  growth (Webster  and B a r re l  I ,  1985; F is h e r  e t  a / . ,  

1988, 1990) .  The in f lu e n c e  m e la to n in  t rea tm en t  e x e r t e d  on seasonal

changes l a t e r  in the c y c l e ,  however,  was not determined .  I t  was the  

purpose of  the second p a r t  o f  t h i s  s tu dy ,  to i n v e s t i g a t e  the longei— 

term consequences o f  advancing the phase of  seasonal c y c le s  by
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a d m in is t e r in g  m e la to n in  dur in g  summer. The i n f lu e n c e  on seasonal  

changes in a p p e t i t e  and plasma p r o l a c t i n  c o n c e n t ra t io n s  were 

i n v e s t i g a t e d  by comparing these parameters in t r e a t e d  and non

t r e a t e d  hinds du r in g  autumn, w i n t e r  and s p r in g .  The in f lu e n c e  on the  

breed ing season was determined from the e f f e c t  on t im in g  of  oes trous  

c y c l i c i t y .  Unmated, S c o t t i s h  red deer hinds w i l l  e x h i b i t  repeated  

oestro us  cy c le s  u n t i l  March (Guinness e t  a / . ,  1971; Adam e t  a t . ,

1989a) .  The d u r a t i o n  o f  c y c l i c i t y  and the t im in g  o f  seasonal

anoestrus were compared in hinds e x h i b i t i n g  an advanced breed ing

season ( f o l l o w i n g  m e la to n in  t r e a t m e n t )  and in n o n - t r e a t e d  h in ds .  The 

purpose was to determ ine  whether the t ime the breed ing  season

commences in f lu e n c e s  the t im in g  o f  an o es t ru s .  The mechanism 

c o n t r o l l i n g  the t e r m i n a t io n  of  the breed ing  season in deer remains  

u n c l e a r .  In the ewe, evidence suggests the l a t t e r  is p r i m a r i l y

c o n t r o l l e d  by an endogenous mechanism r a t h e r  than d i r e c t l y  by

p r e v a i l i n g  envi ronmenta l  c o n d i t i o n s .  Anoestrus occurs spontaneously  

even in the absence o f  in c reas in g  s pr in g  day lengths (Worthy and 

H ares ig n ,  1983; Robinson and Karsch,  1984) .  In a d d i t i o n ,  a r t i f i c a l l y  

shortened w i n t e r  photoperiods  (Malpaux e t  a ! . ,  1988a ,b)  or m e la to n in  

t rea tm en t  i n i t i a t e d  towards the end o f  the breed ing  season ( N e t t  and 

Niswender,  1982) can extend the p e r io d  o f  o v a r ia n  a c t i v i t y ,  but  

t rea tm en ts  do not p revent  i t s  t e r m i n a t i o n .  In red deer however,

recen t  ev idence  suggests lengthening  photoperiods during  sp r in g  may 

a c t i v e l y  d r i v e  females in to  a no e s t ru s .  Adam e t  a l .  (1989a )  gave

hinds m e la to n in  d a i l y  to s im u la te  a s h o r t - d a y  ph oto period  from 

b e fo re  the end o f  the b reed in g  season f o r  s i x t e e n  months. In  

c o n t r a s t  to u n t r e a t e d  females which e n te red  seasonal anoest rus in 

March,  the t r e a t e d  an imals cont inued e x h i b i t i n g  oestrous  cyc les  

throughout the p e r io d  o f  m e la to n in  t r e a t m e n t .  Th is  ob s erva t io n  

suggests t h a t  the t e r m in a t io n  o f  the breed in g  in red deer females is 

p r i m a r i l y  determined by in c re a s in g  day lengths  in s p r in g .
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3 . 2 EXPERIMENTAL DESIGN

The exper iment was performed a t  the Macaulay Land Use Research  

I n s t i t u t e ' s  Glensaugh Research S t a t i o n  (L a u r e n c e k i r k ,  

K i n c a r d i n e s h i r e ,  U . K . ,  56054 'N )  between Ju ly  1987 and June 1988.

An i maIs

Hinds were s e l e c t e d  from the I n s t i t u t e ' s  herd o f  farmed red  

deer ,  the o r i g i n  o f  which is d escr ib ed  by B l a x t e r  e t  a l .  ( 1 9 7 4 ) .  A l l  

animals were accustomed to h a n d l in g .

Exper imenta l  t r e a tm e n ts

S ix te e n  n o n - I a c t a t i n g  hinds were t r e a t e d  o r a l l y  w i t h  m e la to n in  

(as  descr ib ed  in s e c t io n  2 . 6 . 2 . 1 . )  from the 24 Ju ly  to 8 October  

1987 (group M).  S ix te e n  u n t r e a t e d  n o n - I a c t a t i n g  hinds acted  as 

c o n t r o l s  (group C ) . Groups were balanced f o r  hind l i v e - w e i g h t  a t  the  

onset of  t re a tm en t  and m ain ta in ed  on a common p a s t u r e .  The mean l i v e  

weig hts  o f  me I a t o n i n - t r e a t e d  and c o n t ro l  groups were 87.1 (±  1 .7 )  kg 

and 8 9 .7  ( 1 . 9 )  kg, r e s p e c t i v e l y .

The response of  hinds to e i t h e r  a low (LP)  or a high (HP)  

herbage a v a i l a b i l i t y  pas tu re  was i n v e s t i g a t e d  on 3 occassions .  These 

corresponded to  the autumn d e c l i n e ,  w i n t e r  n a d i r  and sp r in g  r i s e  in 

a p p e t i t e ,  observed in enhoused hinds fed  ad l i b i t u m  and main ta in ed  

on na tu ra l  photoper io ds  (Loudon e t  a l . ,  1989; see F ig u re  3 . 2 ) .

Between comparisons an imals were managed as a s i n g l e  group and 

m ain ta in ed  on a common p as tu re .

Exper imenta l  p as tu res

D i f f e r e n t  p as tu res  were used in each comparison.  During the  

autumn and s p r in g  comparisons herbage a v a i l a b i l i t y  was d e f in ed  by 

the sward s u r fa c e  h e ig h t  and herbage mass o f  peren n ia l  rye  

g r a s s /w h i t e  c l o v e r  p a s tu r e s .  For the w in t e r  comparison i t  was 

determined by the a v a i l a b i l i t y  o f  a c id  grass and heather  dominated  

communities.  H a l f  o f  the hinds in each group were a l l o c a t e d  to the
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LP (groups LC and LM) and h a l f  to  the HP (groups HC and HM) dur ing  

each comparison.  The method of  a l l o c a t i o n  prov ided an orthogonal  

balanced design ( i . e .  balanced f o r  l i v e  we ight  and prev ious  

t r e a t m e n t )  which was a p p l i e d  as f o l l o w s :

Autumn comparison:  The 16 an imals in each o f  the m e l a t o n in -

t r e a t e d  or co n t r o l  groups were ranked accord ing  to l i v e w e ig h t .  

Adjacent  p a i r s  were a l l o c a t e d  to e i t h e r  the low or high a v a i l a b i l i t y  

t r e a t m e n t s .

W in t e r  comparison: The two se ts  o f  8 animals in each of  the

i n i t i a l  high and low a v a i l a b i l i t y  t re a tm en ts  were ranked accord ing  

to i n i t i a l  l i v e w e ig h t  ( i . e .  b e fo r e  the s t a r t  o f  the e x p e r im e n t ) .  

From a d ja c e n t  p a i r s  one animal was a l l o c a t e d  to high and one to low 

a v a i l a b i l i t y  t re a t m e n t s .

Sp r in g  comparison:  The 4 se ts  o f  an imals in each o f  the i n i t i a l  

high and low a v a i l a b i l i t y  t re a tm e nts  were ranked and a l l o c a t e d  as 

d escr ib ed  in the w i n t e r  comparison.

Experimenta l  Design

Daily
melatonin

( l O m g )

Predicted
appetite

Intake
comparison

1 6 - 2 3
Oct

1 2 - 1 8
Dec

1 - 6

May

FIGURE 3 . 2 :  The p r e d ic t e d  seasonal  a p p e t i t e  changes m e la t o n in -
t r e a t e d  ( — — —) and co n t ro l  (  ) groups.  Hinds were cha l lenged
w i t h  e i t h e r  ' h i g h '  or ' lo w '  a v a i l a b i l i t y  o f  herbage on 3 o c c a s i o n s  
(shaded b a r s ) .
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MEASUREMENTS

F u l l  d e t a i l s  of  the m a t e r i a l s  and methods o u t l i n e d  below are  

given in chapter  2.

Endocrine parameters

Blood samples were c o l l e c t e d  by j u g u l a r  ven ip u n ctu re  a t  tw ice  

weekly i n t e r v a l s  from September 1987 u n t i l  May 1988, and t h e r e a f t e r  

once weekly u n t i l  20 June 1988. Plasma was assayed to  c h a r a c t e r i s e  

c i r c u l a t i n g  le v e ls  of  p rogesterone  and p r o l a c t i n .  Plasma 

progesterone was monitored to  determ ine  the onset  and t e r m in a t i o n  of  

the breeding season (as descr ibed  in s e c t io n  2 . 6 . 4 . ) .

Herbage in take

Herbage in take  measurements c o n s is te d  of  

a c c l i m a t i z a t i o n  per iod  on exper im enta l  p a s tu re s ,

measurement of  herbage in take  using the n -a lk a n e  

sec t io n  2 . 1 . 1 . 2 . ) .  Th is  was measured over 7 days.

Hinds were weighed b e fo re  and a f t e r  each 

d eterm in at  io n .

Grazing a c t i v i t y

Observat ions of  g r a z in g  a c t i v i t y  were made dur ing  d a y l i g h t  

hours (average length 850 m i n . )  f o l l o w i n g  each in take  measurement to  

determine trea tment  e f f e c t s  on b eh a v io u r .  Any hind e x h i b i t i n g  

oestrus  dur ing the o b serv a t io n  p e r io d  was exc luded due to the  

profound a ssoc ia ted  changes in behaviour (d e s c r ib e d  in s e c t io n  

2 . 3 .  1 . 1 ) .  A c t i v i t y  was noted every  10 minutes d ur ing  autumn and

w in t e r  comparisons and every  5 minutes dur in g  the s p r in g  comparison 

(as descr ibed in sec t io n  2 . 3 . 1 . 2 . ) .  B i t e  r a t e s  were e s t im a ted  from 

repeated de te rm ina t io n s  o f  the t ime taken f o r  20 b i t e s .  Behaviour

was monitored from a d i s c r e t e  d is t a n c e  (30 -100m) using  a p a i r  o f

8x30 m a g n i f ic a t io n  b i n o c u la r s .

a 1-2 week 

fo I  I owed by a 

technique (see

herbage in take
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3 . 3 STATISTICAL ANALYSIS

A na ly s is  of  v a r ian c e  was a p p l i e d  to the r e s u l t s ,  and the  

d i f f e r e n c e s  between means examined by the method o f  Least  

S i g n i f i c a n t  D i f f e r e n c e .  Herbage in tak e  was expressed in r e l a t i o n  to  

m etab o l ic  l i v e  weight  ( K l e i b e r ,  1961) to  remove the e f f e c t s  o f  body 

s i z e  on herbage in ta k e .

P r o l a c t i n  p r o f i l e s  were compared by a n a l y s i s  o f  v a r ia n c e  w i t h  

repeated  measures using lo g - t ra n s fo rm ed  data  so t h a t  an assumption  

of equal var iances  could be made. A n a ly s is  was c a r r i e d  out  using the  

Genstat  V program (Lawes A g r i c u l t u r a l  T r u s t ) .  The onset  of  the  

spr in g  r i s e  in p r o l a c t i n  was d e f in e d  as the f i r s t  o f  5 consecut iv e  

plasma samples w i th  c o n c e n t r a t io n s  g r e a t e r  than tw ic e  the mean leve l  

f o r  each hind between November and February  ( i n c l u s i v e ) .

A l l  data are  expressed as mean ± s .e . m .  (u n le ss  s t a t e d  

otherwi  s e ) .
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3 .4 RESULTS

3 . 4 . 1  AUTUMN COMPARISON

Herbage a v a i l a b i I i t y

The mean (± s . e . m . )  herbage masses o f  LP and HP were 701 (±  

108) kg DM/ha and 1393 (±  446)  kg DM/ha r e s p e c t i v e l y  (P < 0 . 0 0 1 ) .  

The mean sward h e ig h ts  were 3 . 3  (±  0 . 1 2 )  cm f o r  LP, and 5 . 0  (±  0 . 2 )  

cm fo r  HP (P < 0 . 0 0 1 ) .  The areas o f  LP and HP were 0 . 6  and 1.0  ha 

respect  i v e I y .

TABLE 3.1
The responses o f  me I a t o n i n - t r e a t e d  and c o n t ro l  hinds to  

v a r i a t i o n  in herbage a v a i l a b i l i t y  dur ing  the October  
measurement p e r io d  (x  ± s . e . m . ) .  Values  w i t h  d i f f e r e n t  

s u p e r s c r i p t s  a re  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 ) .

H i nd 
response

CONTROL MELATONIN--TREATED

HP LP HP LP

Herbage in take  
(gOM/kgO.75/day)

9 0 . 0A 
± 5 .9 5

51 .2B 
± 3 . 3 9

7 0 . 9C 
± 2 . 6 6

51 .3B 
± 2 . 8 2

0 i gest  i b i 1i ty  
of d i e t +

0.846E
0.0031

0 . 766F 
± 0 .0 117 +

0.8246
0 .0 062

0.774F  
± 0 .0 033

L i vewe i ght  
change (kg )  
5 - 2 3  Oct

1 .50» 
± 0 .5 7

-  3.13H  
± 0 . 7 9

1 .00H 
± 0 . 7 6

-  0.88H  
± 1.08

B i t e  r a t e  
(b i tes/mi  n )

57.81 5 4 . 1 1 55.  H 56.51

Propor t ion  of  
observed period

Graz i ng
+

0 .545J
0 .0 2 9 0

0 .6 00J  
± 0 .0 3 1 6 +

0.549J
0 .0207

0 . 6 1 1J 
± 0 .0 2 1 9

A c t iv e  non-  
graz i ng +

0.079K
0 .0 1 8 0

0 . 174L 
± 0 .0 3 4 2 +

0.062K
0 .01 03

0 . 132L 
± 0 .0198

In ac t  i ve
+

0.374M
0 .0425

0.225N  
± 0 .0 2 1 0 +

0.387M
0 .0 2 4 6

0.255N 
± 0 .0135

155



Herbage in tak e  and d i g e s t i b i l i t y  o f  d i e t

Herbage in takes  f o r  the 4 groups between 16 and 23 October a re  

summarised in Tab le  3 . 1 .  Herbage a v a i l a b i l i t y  p r o fo u n d ly  in f lu e n ce d  

herbage in t a k e .  In take  was s i g n i f i c a n t l y  g r e a t e r  in groups g r a z in g  

the high (HP) than the low (LP)  a v a i l a b i l i t y  p as tu re  (P < 0 . 0 0 1 ) .

M e l a t o n i n - t r e a t e d  hinds g r a z i n g  the HP consumed less herbage (P 

< 0 . 0 5 )  than n o n - t r e a t e d  females on the same p a s t u r e .  There was,  

however,  no e f f e c t  o f  exogenous m e la to n in  on the herbage in ta k e  in 

hinds g r a z in g  the LP.

The d i g e s t i b i l i t y  of  the d i e t  was g r e a t e r  f o r  hinds g ra z in g  HP 

than LP (P < 0 . 0 0 1 ) .  In a d d i t i o n ,  m e la to n in  t rea tm e n t  was as s o c ia te d  

w i t h  lower d i g e s t i b i l i t y  among hinds g r a z in g  the HP (P < 0 . 0 5 )  but  

not the LP.

L iv e w e ig h t  change

In g e n e r a l ,  hinds on LP lo s t  we ig ht  w h i l e  those on HP made 

small  ga ins dur in g  the p e r io d  o f  in ta k e  measurements. However,  

d i f f e r e n c e s  were not s i g n i f i c a n t .

Me I a t o n i n - t r e a t m e n t  d id  not  s i g n i f i c a n t l y  in f lu e n c e  l i v e  

we I g h t .

G raz ing  behaviour

O bservat ions o f  the d a i l y  a c t i v I t y - b u d g e t  o f  hinds  on both  

pastures  were c a r r i e d  out over a p e r io d  o f  650 m in u tes ,  between dawn 

(0640  h r s )  and dusk (1730 h r s ) .  Three h in ds ,  1 from each t rea tm en t  

except  the LP co n t ro l  group,  e x h i b i t e d  b ehav io ura l  o e s t ru s  dur ing  

the o b s e rv a t io n  per iod  and were exc luded from r e s u l t s  (see  s e c t io n  

3 . 2 ) .  Observat ions a re  summarized in Tab le  3 . 1 .

The b i t e  r a t e  of  g raz in g  hinds was u n a f f e c t e d  by herbage  

a v a i l a b i l i t y .  However, deer on the LP spent  a g r e a t e r  p ro p o r t i o n  o f  

the observed p er iod  g ra z in g ,  i f  va lu e s  f o r  a l l  h inds on each pas tu re  

are  pooled ( 0 . 6 0 6  vs 0 .5 4 7 ;  P < 0 . 0 5 ) .  W h i l s t  a c t i v e ,  however,  the  

t ime spent  g raz in g  by LP groups was less than t h a t  o f  HP groups 

(0 .811  ± 0 .0 0 3  vs 0 .9 0 6  ± 0 . 0 0 1 ,  r e s p e c t i v e l y ;  P < 0 . 0 1 ) .  As a 

r e s u l t ,  LP groups spent a s i g n i f i c a n t l y  longer t ime a c t i v e  than the  

HP groups ( 0 . 7 6  vs 0 . 6 2 ;  P < 0 . 0 1 ) .  The g r e a t e r  n o n -g ra z in g  a c t i v i t y  

o f  LP hinds appeared to be a s s o c ia te d  w i t h  f o r a g in g  a c t i v i t y .
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Mela ton in  t rea tm ent  e x e r te d  no s i g n i f i c a n t  e f f e c t  on g ra z in g  

behav i o u r .

3 . 4 . 2  WINTER COMPARISON

Herbage a v a i l a b i l i t y

The high and low herbage a v a i l a b i l i t y  pas tures  (HP and LP) 

con s is ted  o f  a 1:3 r a t i o  by s u r fa c e  area  o f  swards dominated by a c id  

grass or hea ther  separated in to  3 c l e a r l y  d i s t in g u i s h e d  s t r i p s  

( h e a t h e r : g r a s s : h e a t h e r ) .  Pasture  areas  were 0 .1 3  ha grass and 0 . 3 8  

ha hea ther  fo r  LP, and 0 .3 8  ha and 1.15  ha r e s p e c t i v e l y  f o r  HP. 

There were no d i f f e r e n c e s  between HP and LP in the i n i t i a l  sward 

h e ig h t  of  grass (HP, 4 . 9  ± 0 . 3 3  cm; LP, 4 . 2  ± 0 . 2 9  cm) or i t s  

herbage mass (HP, 3304 ± 536 kg DM/ha; LP, 3856 ± 394 kg DM/ha) .

The p r o p o r t io n  (by w e ig h t )  of  green m a t e r i a l  in the grass sward was 

30.5% (±  3 . 0 ) .  There were no d i f f e r e n c e s  between p as tu res  in sward 

h e ig h t  o f  hea ther (HP, 2 2 .5  ± 0 . 6 9  cm; LP, 18 .44  ± 0 . 8 9  cm) or  i t s  

mass (HP, 17,819  ± 1379 kg DM/ha; LP, 17,182  ± 1989 kg DM/ha) .

Herbage in take  and d i g e s t i b i l i t y  o f  d i e t

To c a l c u l a t e  the r e l a t i v e  p ro p o r t i o n s  o f  hea ther  and grass in 

the d i e t  i t  was necessary to modify  the procedure o f  the n -a lk a n e  

t ec hn ique .  Norm al ly ,  the n -a lk a n e  c o n c e n t r a t io n  p r o f i l e  o f  each 

d i e t a r y  component is determined s e p a r a t e l y  f o r  each pas tu re  (see  

s e c t io n  2 . 1 . 1 . 2 . ) .  These p r o f i l e s  a re  es t im a te d  by a n a l y s i s  o f  the  

n -a lk a n e  content  of  herbage samples o f  each d i e t a r y  component. The 

accuracy o f  the technique is  dependent on these samples being  

r e p r e s e n t a t i v e  o f  ingested herbage.  There was some doubt d ur in g  t h i s  

study concerning how r e p r e s e n t a t i v e  the samples o f  grass  had been.  

The es t im ated  n -a lka n e  p r o f i l e s  f o r  the grass community o f  the two 

p astures  were s i g n i f i c a n t l y  d i f f e r e n t ,  a l th o u g h  the areas  were in 

c lose  p r o x im i t y  to each other and had a s i m i l a r  management h i s t o r y .  

Using the o r i g i n a l  HP alkane  c o n c e n t r a t io n s  to  c a l c u l a t e  d i e t  

p ro p o r t io n s  of  hinds graz in g  t h i s  p a s tu re  i n d ic a t e d  t h a t  th re e  hinds  

had consumed no grass.  In f a c t ,  b e h av io u ra l  o b s e r v a t io n s  re v e a le d  

t h a t  these animals spent longer g r a z in g  grass than h ea th e r .  Th is
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TABLE 3 . 2
The responses o f  m e l a t o n i n - t r e a t e d  and c o n t r o l  hinds to  

v a r i a t i o n  in herbage a v a i l a b i l i t y  d u r in g  the December 
measurement p e r io d  ( x  ± s . e . m . ) .  Va lues  w i t h  d i f f e r e n t  
s u p e r s c r ip t s  a re  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 ) .

H i nd CONTROL MELATONIN-■TREATED
response

HP LP HP LP

Herbage in take  
(gOM/kgO.75/day)

Heather 4 7 . 5A 5 4 . 8B 41.  ic 5 7 . 6B
± 1 .57 ± 3 . 2 2 ± 0 .7 5 ± 3 .9 8

Grass 17.7E 11 .6EF 1 6 . 2E 8.  OF
± 2.21 ± 2 .0 3 ± 3 .1 8 ± 1 . 7 8

Tota l 65 .3 6 66 .4 6 57 .36 65 .66
± 2 . 8 3 ± 3 . 2 8 ± 3 . 4 5 ± 4 .5 7

P ro p o r t io n  of 0.73H 0.8231 0.729H 0.8771
heath er  in d i e t ± 0 .02 5 ± 0 .0 3 0 ± 0 .04 0 ± 0 .0 2 6

Di gest  i b i 1i ty 0.510J 0.567K 0.505J 0.544K
of t o t a l  d i e t ± 0 . 0 0 4 6 ± 0 .0 1 7 4 ± 0 .0243 ± 0 .0 160

L i vewe i ght
change (kg) -  4 .37L -  5 .19L -  4 .63L -  2.81*-
3 - 2 1  Dec ± 0 .8 2 ± 0 .6 5 ± 0 . 8 9 ± 0 . 8 9

Pro p o r t io n  of  
observed p er iod

Grazing hea ther 0.207M 0.274N 0 . 1 76M 0 . 298M
± 0 .0140 ± 0 .0 2 2 6 ± 0 .0192 ± 0 .0157

Graz ing grass 0.3710 0.247MN 0.4070 0.232MN
± 0 .0 1 9 4 ± 0.0211 ± 0 .0192 ± 0 .0163

Graz ing t o t a l 0.578P 0.521Q 0.583P 0.53Q
± 0 .0210 ± 0 .0 1 6 2 ± 0 .0 1 2 4 ± 0 .019 8

A c t i v e  non- 0.055R 0 . 135S 0.057R 0 . 1 2 1 s
graz i ng ± 0 .0140 ± 0 .0 2 0 0 ± 0 . 0 1 1 4 ± 0 .0 307

In a c t  i ve 0.4080 0 .3820 0.3970 0 .3870
± 0 .0140 ± 0 .0 1 8 2 ± 0 .0100 ± 0 .0 187
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discrepancy  may have been due to the high spec ies  d i v e r s i t y  o f  the  

grass communit ies,  and the method o f  herbage sample c o l l e c t i o n .  This  

was c a r r i e d  out  by observ ing  deer g ra z in g  and c o l l e c t i n g  samples 

s i m i l a r  to t h a t  seen ea ten .  I t  appears t h a t  f o r  d i v e r s e  p l a n t  

communit ies t h i s  may be a less r e l i a b l e  technique than using  

oesophageal f i s t u l a t e d  i n d i v i d u a l s .  For the purpose o f  a n a l y s i s  of  

d i e t  composit io n ,  herbage samples f o r  each pa s tu re  were pooled to  

prov ide  a mean n - a lk a n e  p r o f i l e  f o r  the grass  and heath er  

commun i t i e s .

The mean herbage in takes  between 12 and 18 December are  

summarized in Tab le  3 . 2 .  Herbage a v a i l a b i l i t y  d id  not  a f f e c t  o v e r a l l  

org a n ic  m a t te r  i n t a k e .  On both p as tu res  heather formed the major  

d i e t a r y  component by dry weight  (P < 0 . 0 0 1 ) ,  a l though  i t s  r e l a t i v e  

p r o p o r t io n  was g r e a t e s t  f o r  hinds g r a z in g  the LP (P < 0 . 0 5 ) .

Me I a t o n i n - t r e a t m e n t  d id  not  s i g n i f i c a n t l y  in f lu e n c e  t o t a l  

in take  or the p r o p o r t io n s  of  d i e t a r y  components on e i t h e r  p a s tu r e .  

However, a c tu a l  in ta k e  of  hea ther was lower f o r  m e l a t o n i n - t r e a t e d  

than c o n t ro l  hinds on HP (P < 0 . 0 1 )  .

The d i g e s t i b i l i t y  o f  the t o t a l  d i e t  ( i . e .  heath er and grass  

combined) was lower f o r  deer g ra z in g  the HP than LP, but  remained  

u n a f f e c t e d  by m e la to n in  t re a t m e n t .

L ive w e ig h t  change

A l l  groups experienced s i m i l a r  re d u c t io n s  in l i v e  weight  w h i l s t  

m ain ta in ed  on exper im enta l  p a s tu re s .

G raz in g  behaviour

O bservat ions  o f  the d a i l y  a c t i v i t y  budget o f  hinds on both 

p astures  were c a r r i e d  f o r  a p e r io d  o f  850 m in utes ,  between dawn ( c .  

0800 h rs )  and dusk ( c .  1600 h r s )  on 2 co nsecu t ive  days (2  days

necessary due to shor t  length o f  d a y l i g h t ) .  Dur ing o b s e rv a t io n s  4 

hinds e x h i b i t e d  behav io ura l  o e s t r u s .  Three o f  these were m e l a t o n i n -  

t r e a t e d  an imals (2  from LP and 1 from HP) w h i l s t  the remaining hind  

was from the HP c o n t ro l  group.
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N e i t h e r  herbage a v a i l a b i l i t y  nor m e la to n in  t re a tm en t  a f f e c t e d  

b i t e  r a t e s .  The b i t e  r a te  of hea ther  ( 3 5 . 6  b i t e s / m i n )  was h igher

than t h a t  f o r  grass swards ( 3 0 .2  b i t e s / m i n ;  P < 0 . 0 5 ) .

The a v a i l a b i l i t y  of  herbage s t r o n g l y  in f lu e n c e d  g r a z in g  

b e h a v io u r .  Both groups maintained on HP spent  s i g n i f i c a n t l y  longer  

g r a z in g  than those on LP ( 0 .5 8  vs 0 . 5 2 6 ,  r e s p e c t i v e l y ) .  However, the  

t o t a l  t ime spent  a c t i v e  was s i m i l a r  (HP, 0 . 6 5 4  vs LP, 0 . 6 3 7 ) .  Th is  

was the r e s u l t  o f  s i g n i f i c a n t l y  g r e a t e r  n o n -g raz in g  a c t i v i t y  among 

LP h inds .  The d i s t r i b u t i o n  of g ra z in g  a c t i v i t y  between hea ther  and 

grass communities was a f f e c t e d  by t h e i r  a v a i l a b i l i t y .  Hinds on the  

HP grazed f o r  s i g n i f i c a n t l y  longer on grass than hea ther  ( 0 . 6 7  vs 

0 . 3 3 ,  r e s p e c t i v e l y ) .  In c o n t r a s t ,  on LP hinds spent  longer g ra z in g  

h eather  communit ies (g rass ,  0 .457 vs h e a th e r ,  0 . 5 4 4 ) .

M e la to n in  trea tment  exer ted  l i t t l e  in f lu e n c e  on g ra z in g  

a c t i v i t y .  The o n ly  s i g n i f i c a n t  e f f e c t  observed,  was a d i f f e r e n c e  in 

the r e l a t i v e  p ro p o r t io n  of  (but  not a c t u a l )  t ime spent g r a z in g  

heather  and grass communities by LP groups.  Whereas co n t ro l  hinds

spent a roughly equal time u t i l i z i n g  each community ( g ra s s ,  0 .4 7 5  vs 

h e a t h e r ,  0 . 5 2 5 ) ,  m e l a t o n i n - t r e a t e d  hinds spent  less t ime g ra z in g  

grass ( g r a s s ,  0 . 4 3 8  vs heathep 0 .5 6 3 ;  P < 0 . 0 1 ) .

3 . 4 . 3  SPRING COMPARISON

For c l i n i c a l  reasons, two hinds (H31 and V 4 ) ,  both from the  

c o n t r o l  group,  were removed from the experiment p r i o r  to  the s p r in g  

comparison.  H31 was s u f f e r i n g  from scour ,  and V4 from Johne's

d is e a s e .  As a r e s u l t  HP and LP co n t ro l  groups each included 7 h inds .

Herbage a v a i l a b i l i t y

The mean herbage masses of  LP and HP between 1-6 May were 753 

(±  118) kg DM/ha and 1856 (±  235)  kg DM/ha r e s p e c t i v e l y  (P < 0 . 0 0 1 ) .  

The mean sward h e ig h ts  were 3 . 6  (±  0 . 1 1 )  cm f o r  LP, and 8 . 5  (±  0 . 3 )  

cm f o r  HP (P < 0 . 0 0 1 ) .  The area  of  LP and HP were 1.0  and 1.5  ha 

r esp ec t  i v e I y .

Herbage in ta k e  and d i g e s t i b i l i t y  o f  d i e t

The e s t im ated  herbage intake  o f  one HP c o n t r o l  hind (deer H7)
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was n e a r ly  twice t h a t  of  the group mean ( 1 0 1 . 3  vs 5 5 . 7  ± 8 . 1  g

0 M / d / k g ° • 7 5 ) .  Th is  animal  may have had a g r e a t e r  a p p e t i t e ,  or  

a l t e r n a t i v e l y ,  the d i f f e r e n c e  could  have been due to  unnoticed  

v o id in g  of  a lkane  p e l l e t s  by the h in d .  I f  a p e l l e t  is spat  out  the re  

is a d e c l in e  in c o n c e n t r a t io n s  o f  the dosed a lk an e  in the faec es .  

This  leads to an over e s t i m a t i o n  o f  herbage in t a k e .  The second 

e x p la n a t io n  is more probable  as th e re  was no s u b s t a n t i a l  d i f f e r e n c e  

in the g raz in g  t ime of  hind H7 compared to  the o th e r  an im als  on the  

same pas ture  ( 0 .2 6 7  vs 0 .2 1 5  ± 0 . 0 1 3  of  observed p e r i o d ) .  As a

r e s u l t  the herbage in take  va lu e  f o r  t h i s  hind was exc lu ded.

The mean herbage in takes  between 1 and 6 May a re  summarised in 

T ab le  3 . 3 .  The in ta ke  o f  LP hinds was g r e a t e r  than t h a t  o f  those

g r a z in g  the HP (P < 0 . 0 5 ) .  There was however,  no e f f e c t  a ss o c ia te d  

w i t h  mela ton in  t r e a tm e n t .

The d i g e s t i b i l i t y  o f  the d i e t  was s i m i l a r  between a l l  groups,  

i r r e s p e c t i v e  of  pastu re  or m e la ton in  t r e a tm e n t .

L iv e w e ig h t  change

A l l  groups exp er ienced s i m i l a r  increases in l i v e  w e ig h t .

G raz ing  behaviour

O bservat ions of  the d a i l y  a c t i v i t y  budget o f  hinds on both
our

p astu res  were c a r r i e d ^ f o r  a p e r io d  o f  1050 min.  between dawn (0415  

h r s )  and dusk (2210 h r s ) .  O bservat ions  a re  summarized in Tab le  3 . 3 .

B i t e  r a t e s  and g r a z in g  t imes were h igher f o r  LP than HP hinds  

(P < 0.01 and P < 0 . 0 0 1 ,  r e s p e c t i v e l y ) .  In a d d i t i o n ,  LP an imals  

spent  a g r e a t e r  p r o p o r t io n  o f  t h e i r  a c t i v e  p e r io d  g r a z in g  than HP 

( 0 . 8 2 4  ± 0 .013  vs 0 .5 0 6  ± 0 . 0 2 4 ,  r e s p e c t i v e l y ,  P < 0 . 0 0 1 ) .

M e la to n in  t rea tment had l i t t l e  in f lu e n c e  on hind a c t i v i t y .  The 

o n ly  s i g n i f i c a n t  d i f f e r e n c e  r e l a t e d  to  t rea tm en t  was a lower p e r io d  

o f  i n a c t i v i t y  among t r e a t e d  hinds on LP.
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TABLE 3 . 3
The responses o f  m e l a t o n i n - t r e a t e d  and c o n t ro l  hinds to 

v a r i a t i o n  in herbage a v a i l a b i l i t y  during  the s p r in g  comparison.  
(5? ± s . e . m . ) .  Values w i t h  d i f f e r e n t  s u p e r s c r i p t s  a re  

s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 ) .

H i nd CONTROL MELATONIN-■TREATED
response

HP LP HP LP

Herbage in tak e  
(gOM/kg0.7 5 /d a y )

48 .  1A 
± 3 .1 5

5 6 . 9B 
± 1.87

4 9 . 3A 
± 2 . 3 6

5 9 . 3B 
± 4 . 7 2

Di gest  i b i 1 i ty  
o f  d i e t

0 . 746C 
± 0 .0 1 2 9

0.716C  
± 0.0081

0.7226  
± 0.0171

0.724C  
± 0 .0142

L i vewe i ght  
change (kg )
15 Apr -  10 May

2 .570
± 0 . 7 2

2 .860  
± 0 . 9 4

3.250  
± 0 . 9 4

3.50  
± 0 . 9 6

B i t e  r a t e  
(b i tes /m i  n)

51 .3E 6 6 . 7F 5 2 . 3E 69 .  7F

P ro p o r t io n  o f  
observed p e r io d

Graz i ng 0.2176  
± 0 .0 145

0.426H 
± 0 .0 122

0.2216  
± 0 .020 5

0.46H  
± 0 .01 82

A c t i v e  non-  
graz  i ng

0.2126  
± 0 .014 9

0.0931  
± 0 .0 0 6 6

0.2136  
± 0 .014 7

0.0941  
± 0 .01 13

I n a c t  i ve 0 . 5 7 1 J 
± 0 .0 127

0.481K 
± 0 .0083

0 .567J  
± 0 .0 1 4 4

0.446HK
± 0 . 0 0 7 9

3 . 4 . 4  BREEDING SEASON

Onset o f  the breeding season in m e l a t o n i n - t r e a t e d  hinds was a 

mean o f  15.2 days e a r l i e r  (P < 0 . 0 0 1 )  than in co n t ro l  hinds (see  

T ab le  3 . 4 ) .  T r a n s i t o r y  r i s e s  in plasma progeste rone  which f a i l e d  to  

s a t i s f y  the c r i t e r i a  used to de term ine  the onset o f  the breeding  

season (see  s e c t io n  2 . 6 . 4 )  were observed in 6 m e l a t o n i n - t r e a t e d  and 

10 c o n t ro l  h in d s .

The t e r m in a t io n  of  the breed ing  season was 10 .2 days e a r l i e r  in 

m e l a t o n i n - t r e a t e d  hinds (P < 0 . 0 5 ) .  There was no s i g n i f i c a n t

d i f f e r e n c e  in the d u r a t io n  o f  the breed ing  season. R esu l ts  of  

i n d i v i d u a l  hinds are  i l l u s t r a t e d  in F ig u re  3 . 3 .

162



TABLE 3 . 4
E f f e c t  o f  m e la to n in  t re a tm en t  on t im in g  and d u r a t io n  

of breed ing  season ( 3  ± s . e . m . ) .  Values w i t h  d i f f e r e n t  
s u p e r s c r i p t s  a re  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 ) .

Treatment Onset
(days from 1

Termi nat  ion
January)

D ura t  ion
(days)

MELATONIN 5 Oct (16)A 9 Feb (15 )C # 127 .9  ± 3.58E
-TREATED ( 2 7 7 . 4  ± 1 .17 ) ( 4 0 . 3  ± 3 . 1 9 )

CONTROL 21 Oct (16)B  
( 2 9 2 . 6  ± 2 . 0 8 )

19 Feb ( 1 4 ) D * *  
( 5 0 . 5  ± 3 . 2 7 )

124 .2 ± 4.04E

Numbers in paren theses  a re  group s i z e s .
*  : 1 hind (R17)  removed a f t e r  con ce iv in g  to a w i l d  stag  
* *  : 2 hinds removed due to  i l l  h e a l t h .

3 . 4 . 5  PLASMA PROLACTIN CONCENTRATIONS

Plasma p r o l a c t i n  p r o f i l e s  o f  m e l a t o n i n - t r e a t e d  and c o n t ro l  

groups are  shown in F ig u re  3 . 4 .  Both groups e x h i b i t e d  low 

c o n c e n t ra t io n s  C l . 8 -  2 . 8  p g / l )  between October and the onset  o f  a 

s u sta in ed  r i s e  in c o n c e n t r a t io n s  d ur in g  l a t e  March. There was 

however,  no d i f f e r e n c e  in e i t h e r  the p a t t e r n  o f  these p r o f i l e s ,  or 

the t im in g  o f  the sp r in g  r i s e  in c o n c e n t r a t io n s  r e l a t e d  to m e la to n in  

t rea tm en t  ( m e l a t o n i n - t r e a t e d :  18 A p r i l  (±  4 . 0  d ays ) ;  c o n t r o l s :  23

Apr i I  ( ± 3 . 1  d a y s ) ) .
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FIGURE 3 . 3 :  The e f f e c t  of  10 mg m e la to n in  g iv en  o r a l l y  a t  16 .00 hr 
from 24 Ju ly  -  8 October on the onset  (mean = ▼ ) and t e r m i n a t io n
(mean = V  ) o f  the breed ing  season ( d e f i n e d  by p e r io d  o f  plasma
progestero ne  cy c le s  -  see s e c t io n  2 . 6 . 4 ) .  Two hinds were removed f o r
c l i n i c a I  reasons ( *  ) and one a f t e r  c o n c e iv in g  to  a w i I d  s tag  ( * * ) .

Control

Melatonin-treated
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FIGURE 3 . 4 :  The sp r in g  r i s e  in plasma p r o l a c t i n  c o n c e n t r a t io n s  (x  + 
95 % co nf iden ce  l i m i t s )  in me I aton i n - t r e a t e d  ( A )  and co n t r o l  ( A )  
non-pregnant  h in ds .  The l i m i t  o f  assay s e n s i t i v i t y  is in d ic a t e d  by 

Both groups e x h i b i t e d  a s i g n i f i c a n t  r i s e  in plasma 
c o n c e n t r a t io n s  d ur in g  sp r in g  (P < 0 . 0 0 1 ) .  The t im in g  o f  the spr in g  
r i s e  in c o n c e n t ra t  i ons and the p a t t e r n  o f  changes was s i m i l a r  in 
both groups.

Plasma prolactin (p g /l)
5 3 4 340n

3 0 -

2 0 -

10 -

Mar Apr May Jun

165



3 . 5 . DISCUSSION

3 . 5 . 1 .  THE CONTROL OF HERBAGE INTAKE AND GRAZING BEHAVIOUR

3 . 5 . 1 . 1 .  The e f f e c t  o f  herbage a v a i l a b i l i t y  

( i ) Autumn compar ison

In autumn, herbage abundance was d e f in e d  by the sward s u r fa c e  

he ig h t  and biomass o f  p e re n n ia l  r y e - g r a s s / w h  i t e  c l o v e r  p a s tu re s .  

Herbage in take  was g r e a t e s t  f o r  hinds g r a z in g  the high a v a i l a b i l i t y  

p asture  (HP).  Th is  is c o n s is t e n t  w i t h  evidence  in the ewe t h a t  

herbage in take  is p o s i t i v e l y  c o r r e l a t e d  to  sward s u r f a c e  h e ig h t  and 

p la n t  biomass ( A l ld e n  and W h i t t a k e r ,  1970) .

The hinds g ra z in g  the HP d ig e s te d  a g r e a t e r  p r o p o r t io n  of  the  

herbage they consumed than d id  an im als  on the low a v a i l a b i l i t y  

p asture  ( L P ) .  As the d i g e s t i b i l i t y  o f  constant  q u a l i t y  d i e t s  have 

been shown to  d e c l i n e  as t h e i r  in ta k e  increases (Kay and G o o d a l l ,

1976) i t  im p l ies  t h a t  the h ig her in take s  o f  HP hinds were as s o c ia te d  

w i t h  more d i g e s t i b l e  p l a n t  m a t e r i a l  in the d i e t .  Th is  may have 

r e f l e c t e d  d i f f e r e n c e s  in the r e l a t i v e  p r o p o r t io n  o f  stem and l e a f  

m a t e r ia l  conta ined  in each o f  the swards. Lea f  m a t e r i a l  is more 

d i g e s t i b l e  than the stem. As the former comprised a l a r g e r  component 

of  the grass on HP, i t  is assumed an im als  g r a z in g  the l a t t e r  were  

a b le  to s e l e c t  a g r e a t e r  p ro p o r t i o n  o f  t h i s  more d i g e s t i b l e  

mater i a I .

Hinds g r a z in g  the low a v a i l a b i l i t y  pas tu re  appear to  have 

at tempted  to compensate f o r  a lower r a t e  o f  herbage in ta k e  during  

g r a z in g  by ex tend in g  the d u r a t io n  o f  fe e d in g  a c t i v i t y  (LP,  0 .6 0 6  vs 

HP, 0 .5 4 7  of  observed p e r io d ;  P < 0 . 0 5 ) .  Th is  is a t y p i c a l  response  

o f  g raz in g  ungu la tes  to food shortage  ( r e d  deer:  CI u t to n -B r o c k  e t

a l . ,  1982a; Loudon e t  a l . ,  1984, r e i n d e e r :  T ru d e l I  and W hite ,  1981, 

sheep: A l ld e n  and W h i t t a k e r ,  1970; Hodgson and M i l n e ,  1978; Forbes 

and Hodgson, 1985) .  The . i n a b i I i t y  o f  extended g r a z in g  t imes to  f u l l y  

compensate f o r  reduced herbage a v a i l a b i l i t y  has been commonly 

rep o r te d  in sheep s t u d ie s  ( A l l d e n  and W h i t t a k e r ,  1970; A rn o ld ,  1975;  

Hodgson and M i l n e ,  1978; Jamieson and Hodgson, 1979) and is b e l i e v e d  

to r e f l e c t  a c e i l i n g  l i m i t  to  g r a z in g  t ime imposed by the need to 

rum in a te .  The lower p r o p o r t io n  o f  a c t i v i t y  devoted to  g ra z in g  by
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hinds kept  on the LP was a p p a r e n t l y  a s s o c ia te d  w i t h  an increase  in 

the e f f o r t  r e q u i r e d  to loca te  s u i t a b l e  fo r a g e .  The b i t e  r a t e s  o f

deer g r a z in g  the low sward h e ig h t  were s i m i l a r  to  those o f  hinds

g ra z in g  the high sward h e ig h t .  Th is  c o n t r a s t s  w i t h  ev idence  in sheep 

g r a z in g  s i m i l a r  pas tures  which has demonstrated a p o s i t i v e  

c o r r e l a t i o n  between sward s u r fa c e  h e ig h t  and b i t e  r a t e  ( A l ld e n  and 

W h i t t a k e r ,  1970) .

( i )  W in te r  comparison

In December, herbage abundance was d e f in e d  by the d e n s i t y  of

hinds g ra z in g  p as tu res  comprising a 1:3 r a t i o ,  in s u r fa c e  a re a ,  of

a c id  grass land  and hea ther  dominated communit ies.  Hinds m a in ta ine d  

a t  the lower d e n s i t y  ( i . e. h igh a v a i l a b i l i t y )  spent  longer g ra z in g  

grass than heather a r e a s .  The re v e rs e  was t ru e  f o r  deer kept  a t  the  

higher d e n s i t y  ( i . e .  low a v a i l a b i l i t y ) ,  a l th o u g h ,  even these a ls o  

e x h i b i t e d  a p r e f e r e n c e  f o r  grass when d i f f e r e n c e s  in the r e l a t i v e  

a v a i l a b i l i t y  o f  the  two communities a re  taken in t o  account.  Th is  

v a r i a t i o n  in d i e t  s e l e c t i o n  was r e f l e c t e d  in the p ro p o r t io n s  of  

grass and hea ther  in the d i e t .  Hinds m a in ta in ed  a t  the lower d e n s i t y  

consumed r e l a t i v e l y  more grass ,  a l though  t h e i r  o v e r a l l  dry m a t te r  

in ta kes  were s i m i l a r  to  those o f  hinds g ra z in g  a t  h igher  d e n s i t y .  

The an imals a t  the h igher  d e n s i t y  ach ieved a s i m i l a r  in ta ke  by 

consumimg a g r e a t e r  amount of  h e a th e r .

D esp i te  a b e t t e r  choice o f  a v a i l a b l e  fo r a g e ,  dry m a t te r  

d i g e s t i b i l i t y  o f  the d i e t  was lower f o r  an imals kept  a t  the lower 

d e n s i t y .  Th is  could r e f l e c t  the g r e a t e r  p ro p o r t io n  o f  grass  in the  

d i e t  o f  these a n im a ls .  The grass  co nta in ed  o n ly  30% green m a t t e r  and 

may have been less d i g e s t i b l e  than the h e a th e r .

T y p i c a l l y  ungu la tes  in crease  the d u r a t io n  o f  g ra z in g  a c t i v i t y  

as herbage a v a i l a b i l i t y  d e c l i n e s  ( r e d  deer :  Loudon e t  a / . ,  1984;

r e i n d e e r :  T r u d e l l  and W hi te ,  1981; sheep: A l ld e n  and W h i t t a k e r ,

1970 ) .  During t h i s  comparison,  however, the hinds m a in ta in ed  a t  

lower d e n s i t y  w i t h  g r e a t e r  apparent  a v a i l a b i l i t y  o f  herbage spent  

the longest  g r a z in g .  As overa l  d a i l y  in takes  were s i m i l a r  f o r  hinds  

g ra z in g  both p a s t u r e s ,  the d i f f e r e n c e  in g r a z in g  t ime suggests a 

lower r a t e  o f  herbage in take  du r in g  g ra z in g  by deer a t  the lower 

d e n s i t y .  V a r i a t i o n  in in take  r a t e  may r e f l e c t  the d i f f e r e n c e s
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observed in d i e t  s e l e c t i o n ,  in p a r t i c u l a r ,  the g r e a t e r  p ro p o r t io n  of  

grass  in the d i e t  o f  an imals  kept  a t  lower d e n s i t y .

B i t e  r a t e s  f o r  both communities ( g ra s s ,  3 0 . 2 ;  h e a th e r ,  3 5 . 6  

b i t e s / m i n )  were r e l a t i v e l y  low compared to  e i t h e r  the autumn ( c .  55 

b i t e s / m i n )  or s p r in g  comparisons ( c .  50 -  70 b i t e s / m i n ) .  A s i m i l a r  

d i f f e r e n c e  between d i v e r s e  indigenous p la n t  communities and sown 

swards has been re p o r te d  p r e v i o u s l y  (Loudon e t  a / . ,  1984) .  This

phenomenon probab ly  r e f l e c t s  both:  h igher search t imes between

b i t e s ,  due to increased s e l e c t i o n  in d iv e r s e  p a s tu r e s ,  and increases  

in manipulat ive jaw movements a s s o c ia te d  w i t h  in g e s t in g  p l a n t s  in 

s t r u c t u r a l l y  v a r i a b l e  swards (Chambers e t  a ! . ,  1981) .

As observed in the autumn comparison,  hinds g ra z in g  the lower  

herbage a v a i l a b i l i t y  p as ture  in the present  study spent a g r e a t e r  

p r o p o r t io n  of  t ime a c t i v e  but  not g r a z i n g .  V is u a l  o b s erva t io n s  

suggested t h i s  was r e l a t e d  to  an increase  in t ime spent  lo c a t in g  

s u i t a b l e  fe e d in g  s i t e s  on t h i s  h e a v i l y  grazed p a s tu r e .

( i ) Spr i  ng compar i son

During s p r in g  hinds grazed p er e n n ia l  rye g r a s s / w h i t e  c lo v e r  

pastures  o f  d i f f e r e n t  sward h e ig h t  and biomass. Both b i t e  r a t e  and 

g r a z in g  t imes were g r e a t e r  in hinds kept  on the low a v a i l a b i l i t y  

p a s t u re .  Th is  response was c o n s i s t e n t  w i t h  the r e l a t i o n s h i p  t h a t  has 

been re p o r te d  between sward s u r fa c e  h e ig h t  and g ra z in g  s t r a t e g y  in 

sheep ( A l ld e n  and W h i t t a k e r ,  1970; Jamieson and Hodgson, 1979; Black  

and Kenny, 1984 -  see F i g .  1 . 3 ) .  I t  suggests t h a t  an imals a t tem pt  to

compensate f o r  the reduced we ig ht  o f  herbage per  b i t e  a sso c ia te d

w i t h  low sward h e ig h ts  (sheep,  A l ld e n  and W h i t t a k e r ,  1970; Black  and 

Kenny, 1984; i l l u s t r a t e d  in F i g .  1 . 3 )  by in c re a s in g  b i t e  r a t e  and 

the d u r a t io n  o f  g r a z i n g  a c t i v i t y .  In c o n t r a s t  to the autumn 

comparison (see above) ,  herbage in ta ke  d ur in g  s p r in g  was g r e a t e s t  in 

hinds g raz in g  the low a v a i l a b i l i t y  p a s t u re .  The increased b i t e  r a t e  

and extended g ra z in g  t imes of  these hinds were c l e a r l y  s u f f i c i e n t  to  

compensate f o r  the reduced abundance of  herbage.  The f a c t  t h a t

herbage in take  was g r e a t e r  in deer g r a z in g  the low a v a i l a b i l i t y

pas ture  may have been as s o c ia te d  w i t h  longer g r a z in g  a c t i v i t y  of  

these an im a ls .  Th is  would have r e s u l t e d  in h igher  energy e x p en d i tu re  

and hence e le v a t e d  n u t r i t i o n a l  r e q u i r e m e n t s . U n l i k e  the autumn
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comparison,  i t  appears t h a t  the in ta k e  o f  hinds g r a z in g  the  low 

a v a i l a b i l i t y  p a s tu re  was not r e s t r i c t e d  by herbage abundance and was 

p r i m a r i l y  determined  by a p p e t i t e  s t a t e .  The a b i l i t y  o f  the  hinds to  

compensate f o r  a low a v a i l a b i l i t y  o f  herbage by m o d i fy in g  g r a z in g  

a c t i v i t y  may have r e f l e c t e d  a r e l a t i v e l y  low a p p e t i t e .  T h is  is  

impl ied  by the low p ro p o r t io n  o f  t ime spent g r a z in g  by hinds kept  on 

the high a v a i l a b i l i t y  pas ture  ( 0 . 2 1 9  o f  observed p e r i o d ) .  The 

d u r a t io n  o f  t h e i r  d a i l y  g raz ing  a c t i v i t y  was e q u i v a l e n t  to  about 5 . 3  

h/day which is co n s id e rab ly  less than the maximum r e p o r te d  g r a z in g  

t imes f o r  female red deer ( 1 1 . 8  h /d a y .  C lu t t o n - B r o c k  e t  a l . ,  1982a;

11.7 h /d a y ,  Loudon et  a l . ,  1984) .

The d i g e s i b i l i t y  of  the d i e t  was s i m i l a r  f o r  hinds g r a z in g  both 

p a s tu r e s .  T h is  c o n t r a s t s  w i t h  the autumn comparison in which  

d i g e s t i b i l i t y  was g r e a t e s t  f o r  hinds g r a z in g  the high sward s u r fa c e  

h e i g h t .  T h is  may r e f l e c t  d i f f e r e n c e s  in the growth phase o f  the  

swards. During October,  p la n t  growth was n e g l i g i b l e  and as a r e s u l t  

g r a z in g  pressure  would have p r o g r e s s i v e l y  increased the p r o p o r t io n  

of  less d i g e s t i b l e  s t a l k  m a t e r i a l  in the d i e t .  In May, however,  

growth was a t  a peak.  As a r e s u l t  the a v a i l a b i l i t y  o f  d i g e s t i b l e  

l e a f  m a t te r  was high even a t  low sward h e i g h t s .

3 . 5 . 1 . 2 .  The e f f e c t  o f  seasonal a p p e t i t e  s t a t e

The i n f lu e n c e  of  seasonal a p p e t i t e  s t a t e  on the herbage in take  

of  deer was in v e s t ig a t e d  by a d m i n i s t e r i n g  m e la to n in  to  a group of  

hinds between Ju ly  and October.  The purpose was to  advance the phase 

of  seasonal changes in a p p e t i t e .

The lower herbage in takes  o f  m e l a t o n i n - t r e a t e d  hinds g ra z in g  

the high a v a i l a b i l i t y  pas ture  d u r in g  autumn a re  s i m i l a r  to  the  

e f f e c t s  observed in enhoused deer ( M i l n e  e f  a l . ,  1990; see F ig u re  

3 . 1 ) .  I t  suggests th a t  an advance in the t im in g  o f  the seasonal  

a p p e t i t e  d e c l i n e  r e s u l t e d  in an e a r l y  f a l l  in herbage consumption.  

These da ta  p ro v id e  the f i r s t  d i r e c t  ev idence  t h a t  the seasonal  

a p p e t i t e  c y c le  demonstrated in enhoused a n im a ls ,  and i l l u s t r a t e d  in 

F ig u re  1.1 (Kay,  1979; Loudon e t  a l . ,  1989) can r e s t r i c t  the in tak e  

of  g ra z in g  deer .
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The autumn measurement o f  herbage i n t a k e ,  however, c o in c ide d  

w i t h  the onset  o f  the breeding season. As a r e s u l t  v a r i a t i o n  in 

in tak e  may simply  r e f l e c t  the d i f f e r e n t  r e p r o d u c t iv e  s t a t e s  of  

m e l a t o n i n - t r e a t e d  and contro l  h in d s .  A l l  the t r e a t e d  hinds had 

commenced t h e i r  f i r s t  oestrous c y c l e  ( d e f i n e d  as the s t a r t  o f  the  

f i r s t  l u t e a l  phase)  p r i o r  to  the  in ta k e  measurement p e r i o d .  In  

c o n t r a s t ,  t h i s  was the case in o n ly  5 o f  16 c o n t r o l  an im a ls .  The 

o v a r ia n  s t e r o i d  o e s t r a d i o I -178  can suppress food in ta k e  (sheep,  

Forbes,  1972; see sec t ion  5 . 1 ) .  Thus, d i f f e r e n c e s  in c i r c u l a t i n g  

s t e r o i d  hormone c o n cen t ra t io n s  between c y c l i n g  and n o n - c y c l in g  hinds  

may e x p l a i n  the lower in ta ke  o f  m e l a t o n i n - t r e a t e d  d eer .  I t  is  

s i g n i f i c a n t ,  however,  t h a t  w h i le  5 out  o f  16 co n t r o l  hinds s t a r t e d  

c y c l i n g  d ur ing  the measurement p e r i o d ,  on average ,  m e l a t o n i n - t r e a t e d  

hinds were in t h e i r  f i r s t  l u t e a l  phase a t  t h i s  t im e .  Plasma 

o e s t r a d i o I -1 73  c o n c e n t r a t io n s ,  b e l i e v e d  to  peak s h o r t l y  b e fo re  

o v u l a t i o n ,  a re  important  in i n i t i a t i n g  o es t ru s  (ewe,  Hauger e t  a l . ,

1977) .  Oestrus  is assoc ia te d  w i t h  a s u b s t a n t i a l  d e c l i n e  in food 

in ta ke  (ewe, T a r t e l l i n ,  1968; Argo,  1986)  which is i l l u s t r a t e d  by 

the 3 5 .5  (±  11.2)% reduct io n  in the g ra z in g  t ime o f  3 hinds which  

e x h i b i t e d  o es t ru s  during the p resent  s tudy .  The f a c t  t h a t  5 out  o f  

16 c o n t ro l  hinds s t a r t e d  c y c l in g  ( i . e .  e x h i b i t e d  o e s t r u s )  d ur in g  the  

in ta ke  measurement p er io d  im p l ies  t h a t  the d i f f e r e n c e  in in tak e  

between these and m e l a t o n i n - t r e a t e d  hinds may have been 

u n d eres t im ated ,  and not the re v e rs e .

The lower herbage in take  o f  the me I a t o n i n - t r e a t e d  hinds g ra z in g  

the high a v a i l a b i l i t y  pas ture  presumably r e f l e c t e d  a re d u c t io n  in 

n u t r i t i o n a l  requ irem ents compared to  the u n t r e a t e d  h in d s .  S tu d ie s  of  

enhoused hinds fed  ad l i b i t um,  have observed t h a t  d ur in g  autumn 

l i v e w e ig h t  ga ins  cease as a p p e t i t e  d e c l in e s  (Loudon e t  a l . ,  1989) .  

Consequently an advance in the phase o f  seasonal rhythms f o l l o w i n g  

m e la to n in  t re a tm en t  could e x p l a in  a re d u c t io n  in e n e r g e t i c  

r e q u i r e m e n t s . In a d d i t i o n ,  t r e a t e d  hinds may have exper ienced  

reduced maintenance energy e xp e n d i tu r e  due to  the advanced growth  

of  t h e i r  w i n t e r  coat p r o v id in g  r e l a t i v e l y  b e t t e r  heat  i n s u l a t i o n .  

The mean length o f  pr imary  f i b r e s  a t  the t ime o f  the comparison was 

8% g r e a t e r  in m e l a t o n i n - t r e a t e d  than c o n t ro l  h in d s .  Th is  re p rese n ted
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about 2 weeks d i f f e r e n c e  in the phase o f  pr im ary  f i b r e  growth  

( S w i f t ,  1988) .

Whatever reason f o r  the d i f f e r e n c e  in herbage i n t a k e ,  the  

c r i t i c a l  p o in t  is t h a t  m e l a t o n i n - t r e a t e d  hinds m a in ta in ed  in takes  

below the maximum f e a s i b l e  under p r e v a i l i n g  pa s tu re  c o n d i t i o n s .  Th is  

supports  an hypothes is  t h a t  a p p e t i t e  p r i m a r i l y  determines  i n t a k e .

There is  no c l e a r  e x p la n a t io n  f o r  the smal l  but  s i g n i f i c a n t  (P 

< 0 . 0 5 )  d i f f e r e n c e  in the d i g e s t i b i l i t y  o f  d i e t  o f  me I a t o n i n - t r e a t e d  

and co n t ro l  hinds g r a z in g  the high a v a i l a b i l i t y  p a s t u r e .  The lower 

d i g e s t i b i l i t y  o f  herbage by m e l a t o n i n - t r e a t e d  hinds could r e f l e c t  a 

f a s t e r  gut  passage r a t e .  In v iew o f  t h e i r  lower herbage in ta k e  t h i s  

is u n l i k e l y .  C urren t  evidence  suggests t h a t  passage r a t e  norm al ly  

d e c l in e s  as the leve l  of  herbage in take  f a l l s  (Kay and G o o d a l l ,  

1976) .  A f a s t e r  gut  passage r a t e  in m e l a t o n i n - t r e a t e d  hinds a ls o  

c o n f l i c t s  w i t h  ev idence  t h a t  seasonal  changes in VFI ( a t  l e a s t  in 

s p r in g )  a re  not accompanied by changes in d i g e s t i b i l i t y  ( M i ln e  e t  

a l . ,  1978) .  P o s s ib ly  the d i f f e r e n c e  in d i e t  d i g e s t i b i l i t y  may have 

r e s u l t e d  from the s e l e c t i o n  o f  a poorer  q u a l i t y  d i e t  by m e l a t o n i n -  

t r e a t e d  h inds.

Behav ioural  o b s e rv a t io n s  f a i l e d  to determ in e  how m e la to n in  

t rea tm ent  m o d i f ie d  g ra z in g  s t r a t e g y  to b r in g  about the observed  

d i f f e r e n c e s  in herbage in ta k e  among hinds g r a z in g  the high  

a v a i l a b i l i t y  p a s t u r e .  V a r i a t i o n  observed in the d u r a t i o n  o f  g r a z in g  

a c t i v i t y  between l a c t a t i n g  and n o n - I a c t a t i n g  ruminants suggests  

a p p e t i t e  d i f f e r e n c e s  may be expressed v i a  the d u r a t i o n  o f  g r a z in g  

a c t i v i t y  ( r e d  deer :  C Iu t t o n - B r o c k  e t  a l . ,  1982a ,b;  sheep: Arno ld  and 

D u d z in s k i ,  1967) .  The f a i l u r e  to demonstrate any d i f f e r e n c e  in 

g r a z in g  t imes between high pas tu re  groups du r in g  the p resent  study  

may be a consequence o f  i n s u f f i c i e n t  length  o f  o b s e r v a t io n ,  

p a r t i c u I a r i I y  a t  n i g h t .  Loudon e t  a l .  (1 9 8 4 )  s tu d y in g  an im als  from 

the same herd ,  g r a z in g  s i m i l a r  p a s tu re s ,  r e p o r te d  an absence o f  

noctu rn a l  g r a z in g  a c t i v i t y  d u r ing  J u ly  and August .  Observa t io ns  

during  t h i s  and the second exper iment (c h a p te r  4 ) ,  however,  suggest  

s i g n i f i c a n t  n i g h t - t i m e  a c t i v i t y .  Low n ig h t  tem pera tures  a re  l i k e l y  

to cause a p r e f e re n c e  f o r  d iu r n a l  g r a z i n g ,  in which case i t  is
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dur ing  the n i g h t ,  th a t  d i f f e r e n c e s  in m o t iv a t i o n  to  fo rag e  a re  most 

l i k e l y  to f i n d  express ion .

M e la to n in  t rea tm ent  d id  not  r e s u l t  in a red u c t io n  in

the herbage in ta ke  of  t r e a t e d  hinds  compared to the c o n t r o l s  f o r

groups g ra z in g  the low a v a i l a b i l i t y  p a s t u r e  ( L P ) .  Both c o n t r o l  and 

m e l a t o n i n - t r e a t e d  hinds on the LP consumed less than an im als  from 

e i t h e r  group  g ra z in g  the high a v a i l a b i l i t y  p as tu re  (H P) ,  and thus 

c l e a r l y  f a i l e d  to meet t h e i r  e n e r g e t i c  r e q u i re m en ts .  Observa t ions  of  

f o r a g in g  a c t i v i t y  (discussed above)  i n d i c a t e  t h a t  both groups kept  

on the LP a t tempted  to compensate f o r  the l i m i t e d  abundance o f  

herbage by ex tending  g raz ing  t im e s .  These d a ta  suggest  t h a t  the

absence of  a reduced herbage in ta k e  accompanying m e la to n in  t rea tm ent  

o f  hinds g raz in g  the LP was the  r e s u l t  o f  inadequate herbage  

resources to  meet even the reduced a p p e t i t e  o f  m e l a t o n i n - t r e a t e d  

h i nds.

Expression o f  m e la t o n in ' s  phase s h i f t  o f  the a p p e t i t e  c y c le  in 

hinds g ra z in g  the h igh,  but not low a v a i l a b i l i t y  p a s tu re  is an 

important  o b s e r v a t io n .  I t  suggests a dual r o l e  f o r  a p p e t i t e  and 

herbage a v a i l a b i l i t y  in the c o n t r o l  o f  food in ta k e  in seasonal  

ruminants.  P o t e n t i a l  a p p e t i t e  d i f f e r e n c e s  f a i l e d  to  in f lu e n c e  

herbage in take  when an imals were faced  w i t h  r e s t r i c t e d  food

abundance. Thus, i t  appears t h a t  herbage a v a i l a b i l i t y  may be the  

prime determin ant  of  in take  in impoverished h a b i t a t s  and t h a t  deer  

would a t tem pt  to maximize in tak e  under such c o n d i t i o n s .  Reported  

g ra z in g  t imes of  red deer f e e d in g  on indigenous p as tu res  in Scot land  

are  near the maximum recorded f o r  u n g u la te s ,  p r o v i d in g  i n d i r e c t  

support  f o r  t h i s  conclusion ( s t a g s ,  summer: 10 .4  h /d ay ;  w i n t e r :

12.88 h /d a y ,  C Iu t to n -B ro c k  e t  a l . ,  1982a; l a c t a t i n g  h inds:  11.7

h /d ay ,  Loudon et  a l . ,  1984) .  When food is r e l a t i v e l y  p l e n t i f u l ,  

however, th e re  is a g r e a t e r  p r e d i c t e d  r o l e  f o r  a p p e t i t e  in 

d e term in in g  in take  and b eh av iour .

Although m ela ton in  t re a tm en t  reduced herbage in tak e  in some 

hinds dur ing  the autumn comparison t h e r e  was no observed e f f e c t  of  

t rea tm ent  on in take  du ring  w i n t e r  or  s p r in g  measurements. P o s s ib ly  

the m e la ton in  induced phase s h i f t  in the a p p e t i t e  c y c le  was
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i n s u f f i c i e n t  a t  these t imes to r e s u l t  in a s i g n i f i c a n t  d i f f e r e n c e  in 

herbage i n t a k e .  A l t e r n a t i v e l y ,  the e f f e c t s  o f  m e la to n in  a d m in is te red  

from Ju ly  to October may be s h o r t l i v e d ,  w i t h  hinds having r e 

synchronized t h e i r  seasonal  a p p e t i t e  c y c le  by the December 

measurement p e r i o d .

3 . 5 . 2 .  THE EFFECT OF EXOGENOUS MELATONIN ON REPRODUCTION

Me I a t o n i n - t r e a t m e n t  s u c c e s s f u l l y  advanced the onset o f  the

breed in g  season.  The t ime of  onset  was 73 days a f t e r  i n i t i a t i o n  o f  

t rea tm en t  r e p r e s e n t i n g  an advance o f  15 days compared to  u n t r e a t e d  

hinds .  Th is  v a lue  is  less than p r e v i o u s ly  re p o r te d  in s t u d i e s  where 

m ela to n in  has been a d m in is te re d  d a i l y  to  n o n - I a c t a t i n g  hinds (35

days: Adam e t  a t . ,  1986; 28 days:  Adam e t  a t . ,  1987; 33 days:  Adam

e t  a t . ,  1989b; 19 and 22 days,  M i ln e  e t  a t . ,  1990) .  Th is  could

r e f l e c t  the l a t e  onset  o f  t re a tm e n t  in t h i s  study  (2 4  J u ly  vs

May/June:  Adam e t  a t . ,  1 9 8 6 , ' 8 7 , 8 9 b ;  e a r l y  J u ly :  M i ln e  e t  a t . ,

1990) .  The s i g n i f i c a n c e  o f  t h i s  o b s e rv a t io n  in i n t e r p r e t i n g  the  

a c t i o n  o f  exogenous m e la to n in  on the t im in g  o f  the bre ed in g  season,  

is discussed f u r t h e r  in chapter  4 ( s e c t i o n  4 . 5 . 3 . 3 . ) .

The onset  o f  seasonal anoestrous in s p r in g  was a l s o  advanced in 

t r e a t e d  h inds ,  by mean o f  10 days.  Thus, the d u r a t io n  o f  the

p o t e n t i a l  breed in g  season in t r e a t e d  and c o n t ro l  hinds was s i m i l a r  

a t  ap p ro x im ate ly  7 or 8 oes tro us cy c le s  in t o t a l .  The advance in the  

t ime o f  anoestrus could r e f l e c t  the p e r s is t e n c e  o f  the phase s h i f t  

e f f e c t  o f  me I a t o n i n - t r e a t m e n t  on the r e p r o d u c t i v e  c y c l e .  Such an 

e f f e c t  was n o t ,  however,  observed f o r  seasonal changes in herbage  

in ta ke  or plasma p r o l a c t i n  c o n c e n t r a t i o n s ,  which suggests no long

term e f f e c t  o f  m e la to n in  t r e a t m e n t .  A l t e r n a t i v e l y ,  red deer hinds  

may e x h i b i t  a f i x e d  length breed in g  season,  which having s t a r t e d  

e a r l y ,  a ls o  ends e a r l y .  As the d i f f e r e n c e  in the onset  o f  anoestrus  

was less than one oestrous  c y c le  in le n g th ,  however, i t  is  e q u a l l y  

p o s s ib le  t h a t  s p r in g  photoperiods  d i r e c t l y  drove the hinds in to  

a n o e s t r u s .
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3 .5 .3 .  THE EFFECT OF EXOGENOUS MELATONIN ON PLASMA PROLACTIN 

CONCENTRATIONS

The t im in g  o f  the sp r in g  r i s e  in plasma p r o l a c t i n  

c o n c e n t r a t io n s  occurred dur in g  the  same p e r io d  as p r e v i o u s l y  r e p o r te d  

in red deer hinds r e f l e c t i n g  the sp r in g  increases in day le ngth  

(Loudon e t  a l . ,  1 989 ) .  There was no d i f f e r e n c e  in the t im in g  o f  the  

onset  of  the r i s e  as s o c ia te d  w i t h  m e la to n in  t rea tm en t  the prev io us  

summer. This  suggests th e re  was no long- te rm  in f l u e n c e  o f  t rea tm en t  

on the phase o f  t h i s  rhythm.

3 .6 .  SUMMARY

M ela to n in  t re a tm en t  between J u ly  and October r e s u l t e d  in a 

re d u c t io n  in herbage in ta ke  by n o n - I a c t a t i n g  hinds g r a z in g  a high  

herbage a v a i l a b i l i t y  pas tu re  d u r in g  autumn. Th is  p ro v ide s  the f i r s t  

d i r e c t  ev idence  t h a t  the seasonal a p p e t i t e  changes observed in 

enhoused deer fed an ad l i b i t u m  d i e t  (Loudon e t  a I . ,  1989) can

in f lu e n c e  the food in take  of  g r a z in g  dee r .  The absence,  however,  o f  

d i f f e r e n c e s  between m e l a t o n i n - t r e a t e d  and co n t ro l  hinds g r a z in g  the  

low a v a i l a b i l i t y  pas tu re  in d ic a t e s  t h a t  seasonal  a p p e t i t e  changes 

can o n ly  be expressed when herbage resources  a re  adeq uate .

V a r i a t i o n  in herbage abundance p ro fo un d ly  in f lu e n c e d  the in take  

and g ra z in g  behaviour o f  h in d s .  During the autumn and sp r in g  

comparisons low grass h e ig h t  was a s s o c ia te d  w i t h  extended g r a z in g  

t imes and in s p r i n g ,  a l s o  increased b i t e  r a t e s .  These responses to  

herbage a v a i l a b i l i t y  a re  c o n s i s t e n t  w i t h  o b s e r v a t io n s  r e p o r te d  in 

sheep g r a z in g  comparable p as tu res  ( e . g .  A l ld e n  and W h i t t a k e r ,  1970) .  

These changes to  g ra z in g  behav iour  were a b le  to compensate f o r  the  

e f f e c t s  of  low herbage a v a i l a b i l i t y  d ur in g  the s p r in g  but  not  autumn 

comparison.  Th is  i n d ic a t e s  t h a t  the  a b i l i t y  to  compensate f o r  

v a r i a t i o n  in herbage a v a i l a b i l i t y  by m o d i fy in g  f o r a g in g  behav iour  is  

I imi  t e d .

The December comparison demonstrated t h a t  the a v a i l a b i l i t y  o f  

d i f f e r e n t  p l a n t  communit ies in f lu e n c e d  d i e t  s e l e c t i o n ,  a l though  a 

p r e fe r e n c e  f o r  grass  was m a in ta in e d  i r r e s p e c t i v e  o f  i t s  r e l a t i v e
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abundance. D ie t  choice  was a s s o c ia t e d  w i t h  d i f f e r e n c e s  in the  

d u r a t io n  of  d a i l y  g r a z in g  a c t i v i t y  and b i t e  r a t e .

M e la to n in  t rea tm e n t  between l a t e - J u l y  and October d id  not  

r e s u l t  in any observed e f f e c t  on herbage in ta ke  or plasma p r o l a c t i n  

c o n c e n t r a t io n s  du r in g  s p r in g .  Only the re p r o d u c t i v e  a x i s  e x h i b i t e d  

evidence  o f  a long- te rm  i n f l u e n c e  o f  t r e a t m e n t .  P o s s ib l y ,  the  

advanced t e r m i n a t i o n  in oes trous c y c l i c i t y  may have s imply  r e f l e c t e d  

the response of  a f i x e d  d u ra t io n  breed in g  season to an e a r l y  onset ,  

r a t h e r  than the p e r s i s t e n c e  o f  a phase s h i f t  in s e a s o n a l i t y .
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CHAPTER 4

THE EFFECT OF HERBAGE AVAILABILITY ON FOOD INTAKE,

GRAZING BEHAVIOUR, PELAGE AND REPRODUCTION IN HINDS 

WITH DIFFERENT NUTRITIONAL REQUIREMENTS.

(experiment 2)

4 .1  INTRODUCTION

The f i r s t  experiment ( c h a p t e r  3 )  demonstrated t h a t  the herbage  

i n ta k e  and f o r a g i n g  behaviour o f  hinds  d ur ing  autumn a r e  determined  

by the i n t e r a c t i o n  between seasonal a p p e t i t e  s t a t e  and herbage  

a v a i l a b i l i t y .  The study showed t h a t  a p p e t i t e  changes in f l u e n c e  food  

in ta k e  when herbage resources  a re  abundant.  I t  a l s o  demonstrated  

t h a t  deer a re  a b le  to  compensate f o r  some v a r i a t i o n  in herbage  

a v a i l a b i l i t y  by modify ing  g r a z in g  s t r a t e g i e s .  The f i r s t  exper im ent ,  

however,  o n ly  examined the i n t e r a c t i o n  between herbage abundance and 

a p p e t i t e  s t a t e  in hinds w i t h  r e l a t i v e l y  low e n e r g e t i c  req u i rem en ts .  

In a d d i t i o n ,  the study d id  not  i n v e s t i g a t e  the long- te rm  e f f e c t s  o f  

v a r i a t i o n  in food resources on g r a z in g  s t r a t e g i e s ,  or cons id er  the  

consequences f o r  body c o n d i t io n  and r e p r o d u c t iv e  success.  In  t h i s  

second exp er im e nt ,  the i n t e r a c t i o n  between herbage abundance and 

a p p e t i t e  s t a t e  was examined in l a c t a t i n g  hinds over a fo u r  month 

p e r io d  d ur ing  summer.

Temperate zone h a b i t a t s  a re  c h a r a c t e r i z e d  by seasonal  v a r i a t i o n  

in d ay le n g th ,  tem perature  and, consequent ly ,  p l a n t  growth.  In 

response to  these  s e l e c t i o n  pressures  deer have evo lved  numerous 

p h y s io l o g i c a l  and morphologica l  a d a p t a t io n s  r e l a t e d  to  s u r v i v a l  in 

seasonal environments (see c hapter  1 ) .  These inc lude  t im in g  

concept ion  in autumn such t h a t  p a r t u r i t i o n  c o in c id e s  w i t h  in c re as in g  

tem pera tures  and p l a n t  growth d u r in g  e a r l y  summer. T h is  ensures t h a t  

the high energy demands o f  l a c t a t i o n  (Arman e t  a t . ,  1974)  occur a t  a 

t ime when food is  abundant.  F a i l u r e  to  synchron iz e  rep ro d u c t io n  

a p p r o p r i a t e l y  w i t h  env ironmental  changes can e x e r t  a heavy p e n a l t y  

on r e p r o d u c t iv e  success and s u r v i v a l .  In w i l d  red d e e r ,  b i r t h  even 

one day a f t e r  the median b i r t h  da te  r e s u l t s  in a IX in crease  in c a l f  

m o r t a l i t y  (C I u t t o n - B r o c k  e t  a / . ,  1987; a ls o  see Guinness e t  a / . .
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1978) ,  and a IX re d u c t io n  in the h i n d ' s  p r o b a b i l i t y  o f  be ing f e r t i l e  

the next  year  CCI u t t o n - B r o c k ,  e t  a l . ,  1983 ) .  W h i l s t ,  however,  the  

p a t t e r n  o f  c l i m a t i c  changes is g e n e r a l l y  c o n s i s t e n t ,  t h e r e  can be 

s u b s t a n t i a l  annual v a r i a t i o n  in temperature  and r a i n f a l l .  T h is  

should have the most in f lu e n c e  on deer in ovei—popula ted  or  

n u t r i t i o n a l l y  impoverished h a b i t a t s .  Red deer p o p u la t io n s  in 

Scot land  pro v id e  a good example. At  the n o r th e rn  e x t r e m i t y  o f  the  

species  l a t i t u d i n a l  range,  many p o p u la t io n s  l i v e  in exposed moorland  

h a b i t a t s .  T h is  c o n t r a s t s  w i t h  the open woodland and f o r e s t - e d g e

h a b i t a t s  occupied by red deer throughout  most o f  t h e i r  range (Kay

and S t a in e s ,  1981) .  Moorland a reas  a r e  c h a r a c t e r i z e d  by impoverished  

a c i d i c  s o i l s  w i t h  a r e l a t i v e l y  low annual p ro d u c t io n  o f  p l a n t  

biomass (Kay and S t a i n e s ,  1981) .  In a d d i t i o n ,  p o p u l a t io n  d e n s i t i e s  

in Scot la nd  a re  o f t e n  h ig h ,  due to  to  low p r e d a t i o n  and occassiona l  

successions o f  m i ld  w i n t e r s .

With  the e xce p t io n  o f  the f i r s t  exper iment in t h i s  t h e s i s ,  

there  have been no pub l ish ed  s t u d i e s  examining the in f lu e n c e  o f  

herbage resources  on food in take  in red d eer .  C u r ren t  unders tandin g  

is based l a r g e l y  on the d i f f e r e n c e s  in f o ra g in g  behav iour  observed  

between deer g r a z in g  d i f f e r e n t  p l a n t  communities (see  s e c t io n  

1 . 2 . 1 2 ) .  Loudon e t  a l .  ( 1 9 8 4 ) ,  f o r  example,  r e p o r t e d  t h a t  l a c t a t i n g  

hinds in summer g r a z in g  an indigenous p a s tu re  w i t h  high p l a n t

d i v e r s i t y ,  grazed f o r  an average o f  11 .7  h /d a y .  Comparable animals

kept on a sown p a s t u r e ,  in c o n t r a s t ,  grazed f o r  o n ly  6 . 0  h /d a y .  The 

long g r a z in g  t imes o f  hinds on the indigenous p a s tu re  were  

asso c ia te d  w i t h  low b i t e  r a t e s .  T h is  pro bab ly  r e f l e c t e d  a high  

search t i m e / b i t e  a s s o c ia te d  w i t h  g r a z in g  a p as tu re  o f  r e l a t i v e l y  

high spec ies  d i v e r s i t y .  I t  suggests t h a t  these an im als  a t te m pted  to  

compensate f o r  a lower r a t e  o f  in t a k e  by ex ten d in g  the  d u r a t io n  o f  

d a i l y  fo r a g in g  a c t i v i t y .  In  a d d i t i o n ,  the lower l i v e  w e ig ht  and m i l k  

product ion  o f  hinds g r a z in g  the indigenous p a s tu re  p ro v id es  f u r t h e r  

i n d i r e c t  evidence t h a t  p a s tu re  c h a r a c t e r i s t i c s  in f l u e n c e  herbage  

in take  (Loudon e t  a I . ,  1984) .  S t u d ie s  o f  sheep g r a z in g  un iform

pastures  have demonstrated t h a t  a c lo s e  c o r r e l a t i o n  e x i s t s  between 

herbage a v a i l a b i l i t y ,  and the i n d i v i d u a l ' s  in ta k e  and f o r a g in g  

behaviour (see s e c t io n  1 . 2 . 1 2 . 1 ) .  C u r r e n t l y  however,  t h e r e  a re  no 

comparable da ta  in deer d e t a i l i n g  t h i s  r e l a t i o n s h i p .
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V a r i a t i o n  in food in ta ke  p o t e n t i a l l y  a f f e c t s  both c u r r e n t  and 

f u t u r e  r e p r o d u c t iv e  success.  Reduced m i lk  p ro d u ct io n  r e s u l t s  in 

lower c a l f  growth r a t e s  (Loudon e t  a l . ,  1 9 8 3 ,1 9 8 4 ) .  T h is  can reduce  

c a l f  s u r v i v a l  as l i g h t e r  an imals s u f f e r  h igher m o r t a l i t y  (Guinness  

e t  a l . ,  1978) .  In a d d i t i o n ,  evidence  from s t u d ie s  o f  both w i l d  and 

farmed mammals i n d i c a t e s  t h a t  f e r t i l i t y  is s t r o n g l y  c o r r r e l a t e d  w i t h  

hind body c o n d i t i o n  (Ham il ton  and B l a x t e r ,  1980; Albon e t  a l . ,  1983, 

1986) .  Hamil ton and B l a x t e r  ( 1 9 8 0 )  observed t h a t  hinds  f a i l e d  to  

conceive  i f  t h e i r  l i v e  weight  a t  the p rev iou s  r u t  had been below 52 

kg. At 60 kg and 80 kg the p r o b a b i l i t y  o f  c a l v i n g  increased from 

0 . 4 9  to 0 . 9 1 .  There is  a ls o  evidence  i n d i c a t i n g  t h a t  poor n u t r i t i o n  

delays  the onset  o f  the b reed in g  season ( d e e r ,  Loudon e t  a l . ,  1983;  

sheep, Gunn and Doney, 1975) .  Loudon e t  a l .  ( 1 9 8 4 )  r e p o r t e d  a d e lay  

of 6 . 2  days in l a c t a t i n g  hinds g r a z in g  an impoverished h i l l  p as tu re  

compared to a sown p a s t u r e .  Th is  is important  as de layed  concept ion  

(and hence c a l v i n g )  not on ly  reduces c a l f  s u r v i v a l  but  f u t u r e  hind  

f e r t i l i t y  ( C lu t t o n - B r o c k  e t  a l . ,  1983. 1987) .  The mechanism(s)  by

which n u t r i t i o n  in f lu e n c e s  the d u r a t i o n  o f  anoest rus  and f e r t i l i t y  

remains un c lea r  (see s e c t io n  1 . 2 . 1 1 . 3 . ) .  Body c o n d i t io n  may a c t  by 

i n f l u e n c i n g  gonadotrophin  s e c r e t i o n  as re p o r te d  in c a t t l e  and sheep 

(Wright  e t  a l . ,  1987; Thomas e t  a l . ,  1989) .  L a c t a t i n g  females may be 

su b je c t  to  an a d d i t i o n a l  i n f lu e n c e  r e l a t e d  to c a l f  s u c k l in g  a c t i v i t y  

and p r o l a c t i n  s e c r e t i o n .  In Brahmin c a t t l e ,  a r t i f i c a l l y  reduc ing  

s u c k l in g  frequency r e s u l t s  in h ig h er  pregnancy r a t e s  (B a s t id a s  e t  

a I . ,  1984) .  I t  has been shown in red deer t h a t  poor n u t r i t i o n  was 

as s o c ia te d  w i t h  e le v a t e d  s u c k l in g  f re q u e n c ie s  which were accompanied 

by increased p r o l a c t i n  s e c r e t i o n  and a de layed breed in g  season 

(Loudon e t  a l . ,  1983) .

Ryder ( 1 9 7 7 )  r e p o r te d  d i f f e r e n c e s  o f  about a month in the  

t im ing  o f  coat  growth between g r a z in g  and enhoused red d e e r .  I t  was 

suggested t h a t  t h i s  may have r e f l e c t e d  the b e t t e r  food q u a l i t y  of  

enhoused an im a ls .  The s e c r e t i o n  o f  p r o l a c t i n ,  which has been 

im p l ic a te d  in the r e g u l a t i o n  o f  pe lage  growth (see  s e c t io n  1 . 2 . 7 . )  

is s e n s i t i v e  to  n u t r i t i o n  in l a c t a t i n g  animals (Loudon e t  a l . ,  1983;  

S u t t i e  and Kay, 1985) .  In p o o r ly  nourished l a c t a t i n g  hinds plasma 

c o n c e n t ra t io n s  a re  e le v a t e d  (Loudon e t  a l . ,  1983 ) .  T h is  may be due 

to the increase  in c a l f  s u c k l in g  frequency  which accompanies low
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m i lk  p ro d u c t io n .  N o rm a l ly ,  the moult  o f  the summer coat  and growth  

o f  the w i n t e r  coat  occur as plasma p r o l a c t i n  c o n c e n t r a t io n s  f a l l  in 

autumn (Loudon e t  a l . ,  1989) .  Thus,  d e la y in g  the seasonal d e c l in e  

in plasma c o n c e n t r a t io n s  may d e la y  the onset  o f  the autumn

m o u I t .

The impact o f  v a r i a t i o n  in herbage a v a i l a b i l i t y  depends p a r t l y  

on the seasonal a p p e t i t e  s t a t e  o f  the i n d i v i d u a l .  During w i n t e r  when 

food is n o rm a l ly  sc arce ,  a p p e t i t e  is low (see  F i g .  1 . 1 ) .  S tu d ie s  of  

enhoused deer provided  w i t h  ad l i b i t u m  access to  food,  have 

in d ic a t e d  t h a t  in ta ke  dur ing  t h i s  p e r io d  remains low i r r e s p e c t i v e  of  

food a v a i l a b i l i t y  (Kay,  1979; Loudon e t  a l . ,  1989) .  In c o n t r a s t ,  

evidence from the f i r s t  experiment (c h a p te r  3)  suggests t h a t  dur ing  

summer when a p p e t i t e  peaks,  p r e v a i l i n g  herbage abundance has a 

marked i n f lu e n c e  on food in t a k e .

Seasonal a p p e t i t e  changes a re  m o d i f ie d  by l a c t a t i o n .  Enhoused 

l a c t a t i n g  hinds fed to a p p e t i t e  consume up to  2 . 6  t imes the  

maintenance r a t i o n  o f  n o n - I a c t a t i n g  females (Arman e t  a l . ,  1974) .  

Herbage in ta ke  has not p r e v i o u s ly  been measured in g r a z in g  l a c t a t i n g  

deer ,  however,  h ig her  in takes  have been observed in l a c t a t i n g  ewes 

(Arno ld  and D u d z in s k i ,  1967; A rn o ld ,  1975; Doney e t  a l . ,  1981) .  The 

longer d a i l y  g ra z in g  a c t i v i t y  o f  l a c t a t i n g  hinds on the I s l e  o f  

Rhum, suggests g r e a t e r  herbage consumption ( C l u t t o n - B r o c k ,  1982b) .  

In a d d i t i o n ,  t h e r e  is evidence  t h a t  l a c t a t i o n a l  demands modify d i e t  

s e l e c t i o n  ( C l u t t o n - B r o c k  e t  a l . ,  1982b) .

Prolonged anoestru s  and reduced f e r t i l i t y  a re  commonly 

a ss o c ia te d  w i t h  l a c t a t i o n  in w i l d  ( M i t c h e l l ,  1973; Guinness e t  a l . ,  

1978; Albon e t  a l . ,  1983) and c a p t i v e  (Adam e t  a l . ,  1985; M i ln e  e t  

a l . ,  1987) red d ee r .  Hamil ton  and B l a x t e r  ( 1 9 8 0 )  re v ie w in g  da ta  

c o l l e c t e d  by M i t c h e l l  ( 1 9 7 3 )  proposed t h a t  the lower l i v e  we ig hts  o f  

l a c t a t i n g  hinds i n d i c a t e  t h i s  may be p a r t l y  due to  the e f f e c t s  o f  

l a c t a t i o n a l  e n e r g e t i c  demands on body c o n d i t io n  when food resources  

are  l i m i t e d .  L a c t a t i o n  a ls o  r e s u l t s  in e l e v a t e d  plasma p r o l a c t i n  

c o n c e n t r a t io n s  (Adam e t  a l . ,  1987, 1989b) suggest ing  t h e r e  may be an 

e f f e c t  on the t im in g  o f  w i n t e r  coat  growth.
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Object i ves

The aim o f  t h i s  study was to  i n v e s t i g a t e  the i n t e r a c t i o n  o f  the  

endogenous seasonal  s t a t e  and herbage adundance, in the co n t ro l  

of herbage in t a k e ,  g ra z in g  beh av io u r ,  rep ro d u c t io n  and pe lage  growth in 

red deer hinds a t  the normal t ime o f  l a c t a t i o n .  Th is  was t a c k le d  in 

two ways. F i r s t l y ,  by m a n ip u la t in g  the food supply o f  g r a z in g  hinds  

and, secondly ,  by examining how d i f f e r e n c e s  in n u t r i t i o n a l  

req u i rem en ts ,  due to  l a c t a t i o n  and m a n ip u la t io n  o f  the phase o f  the  

seasonal c y c le  by m e la t o n in ,  i n f lu e n c e  the h i n d ' s  response to  

l i m i t e d  food re sou rces .

To examine the e f f e c t s  o f  herbage a v a i l a b i l i t y ,  l a c t a t i n g  hinds  

were m a in ta in ed  on p as tu res  p r o v i d in g  e i t h e r  abundant or  l i m i t e d  

herbage resources  throughout the summer.

The in f l u e n c e  o f  l a c t a t i o n  was in v e s t i g a t e d  by comparing  

l a c t a t i n g  and n o n - I a c t a t i n g  hinds g r a z in g  the l i m i t e d  a v a i l a b i l i t y  

p a s tu r e .  The in f l u e n c e  o f  seasonal a p p e t i t e  s t a t e  was i n v e s t i g a t e d  

by advancing the seasonal  d e c l i n e  o f  a p p e t i t e  in l a c t a t i n g  hinds  

using exogenous m e la t o n in .  A d m in is t e r in g  m e la to n in  from around mid

summer advances the phase o f  seasonal  a p p e t i t e ,  r e p r o d u c t iv e  and 

pelage  changes in deer (see s e c t io n s  1 . 2 . 3 . 5 .  and 1 . 2 . 6 ) .  In  

p a r t i c u l a r ,  m e la to n in  t rea tm e n t  has been shown to  r e s u l t  in an 

advanced d e c l i n e  in the food in t a k e  o f  enhoused hinds fed to  

a p p e t i t e  in the autumn ( M i ln e  e t  a l . ,  1990 -  see F i g .  3 . 1 ) .

Experiment 1 (c h a p t e r  3 )  demonstrated t h a t  s i m i l a r  m e la to n in  

t rea tm en t  a l s o  reduces the  herbage in ta k e  o f  g r a z in g  deer d ur in g  

autumn.
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4 .3 . EXPERIMENTAL DESIGN

The experiment was performed a t  the Macaulay Land Use Research  

I n s t i t u t e ' s  Glensaugh Research S t a t i o n  ( L a u r e n c e k i r k ,  

K i n c a r d i n e s h i r e ,  U . K . ,  56054 'N )  between J u ly  and November 1988.

Experimental treatments

T w en ty - fo u r  l a c t a t i n g  red deer hinds w i t h  c a l v e s ,  and 8 non-  

l a c t a t i n g  hinds were a l l o c a t e d  to  4 t re a tm en t  groups as f o l l o w s :

The 8 n o n - l a c t a t  i ng hinds (group LNL) and 16 o f  the l a c t a t i n g  

animals were m a in ta in e d  on a low herbage a v a i l a b i l i t y  p a s t u r e .  The 

l a c t a t i n g  hinds were s p l i t  in to  two groups o f  8 an im als  (group LL 

and LLM). Group LLM were g iven  two 0 . 5  g sub-cutaneous m e la to n in  

implants between the 23 June -  8 November (see  s e c t i o n  2 . 6 . 2 .  f o r  

imp I ant  deta i I s ) .

The remain ing  8 l a c t a t i n g  hinds (group HL) were m a in ta in e d  on a 

pa s tu re  p r o v id in g  an abundant a v a i l a b i l i t y  o f  herbage.

A summary o f  the exper im enta l  t re a tm en ts  is g iven  in F ig u re

4.  1 .

Experimental pastures

The pas tures  were p a r t  o f  a t w o - y e a r - o l d  p e r e n n ia l  rye  

g r a s s /w h i t e  c lo v e r  reseed s u b - d iv id e d  f o r  t h i s  exp er im e nt .  The area  

o f  the high and low a v a i l a b i l i t y  p as tu res  were 0.81 and 1 .76  ha 

r e s p e c t i v e l y .  The s u r fa c e  h e ig h t  o f  the grass  was m an ip u la ted  to  

pro v id e  e i t h e r  low ( 4 - 5  cm) or high ( 8 - 1 0  cm) herbage a v a i l a b i l i t y .  

To ach ie ve  and m a in t a in  the d e s i r e d  sward s u r f a c e  h e ig h t  on low 

a v a i l a b i l i t y  p a s t u r e ,  hind d e n s i t y  was a l t e r e d  using a d d i t i o n a l  

hinds or  temporary fe n c in g  to  l i m i t  p a s tu re  a r e a .  An a g r i c u l t u r a l  

mower was used as r e q u i r e d  to  p revent  the grass  h e ig h t  on high  

a v a i l a b i l i t y  pas tu re  exceeding a p p ro x im a te ly  10 cm. Both pastures  

re c e iv e d  equal l e v e l s  o f  a n i t r o g e n  f e r t i l i s e r .

Th is  simple g ra z in g  system was chosen in p r e f e re n c e  to  a more 

complex indigenous p as ture  f o r  two p r i n c i p a l  reasons.  F i r s t l y ,  the  

n -a lk a n e  techn ique  used to  measure in ta k e  is  bes t  s u i t e d  to  pastures
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w i t h  a low spec ies  d i v e r s i t y .  Secondly ,  the r e l a t i v e  u n i f o r m i t y  o f  

the rye g r a s s / c lo v e r  p asture  made i t  e a s i e r  to  q u a n t i f y  the e f f e c t s  

o f  herbage c h a r a c t e r i s t i c s  on f o r a g in g  behaviour than would have 

been pos s ib le  using a more complex p a s t u r e .

Experimental  compansons

( i )  The e f f e c t s  o f  herbage a v a i l a b i l i t y

These were in v e s t ig a t e d  in l a c t a t i n g  hinds by comparing group 

HL main ta in ed  on the high s u r f a c e  h e ig h t  sward, and group LL 

m ainta ined on the low s u r fa ce  h e ig h t  sward.

( i i )  The e f f e c t s  o f  n u t r i t i o n a l  s t a t u s

The r o l e  o f  n u t r i t i o n a l  requ irements  in d e te rm in in g  the  

response of  hinds to l i m i t e d  herbage a v a i l a b i l i t y  was i n v e s t ig a t e d  

as fo l lo w s :

( a )  The r o le  o f  l a c t a t i o n

This was examined by comparing l a c t a t i n g  (group LL)  and non-  

l a c t a t i n g  (group LNL) hinds m a in ta in ed  on the low s u r fa c e  h e ig h t  

sward.

( b )  The r o l e  of  seasonal s t a t u s

This was i n v e s t ig a t e d  by comparing l a c t a t i n g  hinds t r e a t e d  w i t h  

m ela ton in  implants (group LLM) w i t h  the u n t r e a t e d  l a c t a t i n g  hinds  

(group LL) on the low s u r face  h e ig h t  sward.  The purpose o f  m e la to n in  

t rea tment  was to advance the seasonal  d e c l i n e  in a p p e t i t e  (see  

I n t r o d u c t i o n )  and permit  comparison o f  an im als  in d i f f e r e n t  a p p e t i t e  

s t a t e s  main ta in ed  under the same p a s tu re  c o n d i t i o n s .  M e la to n in  

implants were chosen in p r e f e r e n c e  to  a d a i l y  dosing regime to  

reduce hand l in g ,  and perm it  u n d is tu rb ed  d ay - lo n g  b ehav io ura l  

observat  i ons.

Animals

Hinds used in t h i s  study were s e l e c t e d  from the I n s t i t u t e ' s  

herd o f  farmed red deer,  the o r i g i n  o f  which is  des cr ib ed  by B l a x t e r  

e t  a l .  ( 1 9 7 4 ) .  Hinds were accustomed to  h an d l in g  and had p r e v i o u s ly  

reared  ca lv es  s u c c e s s f u l l y .  Seven o f  the n o n - I a c t a t i n g  an imals had
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been p a r t  o f  the co n t ro l  group In exper iment 1. P r i o r  to  t h i s  

exper im ent ,  hinds and ca lve s  were m a in ta in ed  on s i m i l a r  p e r e n n ia l  

rye g r a s s /w h i t e  c l o v e r  p astu res  to  those used in t h i s  s tu d y .  Calves  

were kept  w i t h  t h e i r  mothers u n t i l  the end o f  the exp er im en t .

Hinds were a l l o c a t e d  to  a p p r o p r i a t e  p as tu res  on 22 June 1988.  

L a c t a t i n g  groups were balanced f o r  hind l i v e w e i g h t ,  c a l f  sex,  date  

o f  b i r t h  and b i r t h  weight  (see T ab le  4 . 1 ) .  N o n - I a c t a t i n g  h in d s ,  none 

o f  whom had conce ived  a t  the p rev iou s  r u t ,  were chosen to  r e f l e c t  

the t y p i c a l  l i v e  weight  and c o n d i t i o n  o f  n o n - I a c t a t i n g  an im als  in

the herd (see  Tab le  4 . 1 ) .

TABLE 4 .1  
A l l o c a t i o n  d e t a i l s  (mean ± s . e . m . )

Treatment
group

Hind weight  
(k g )

(22  June)

C a l f  
sex r a t i o  

g:<5

Date o f  b i r t h B i r t h  weight  
(k g )

LL 8 4 . 0  ± 2.1 1:1 1 Jun ± 1.2 7 . 9  ± 0 . 3

HL 8 6 . 7  ± 2 . 8 1:1 1 Jun ± 1 .4 8 .1  ± 0 . 5

LNL 89.1  ± 2 . 2 - - -

LLM 85.1  ± 2 . 2 1:1 1 Jun ± 1.3 8 . 0  1 0 . 3

MEASUREMENTS

Measurements commenced on 1 J u ly  and cont inued u n t i l  25 October

1988.

The e f f e c t s  o f  exper im enta l  t rea tm e n t  on n u t r i t i o n ,  

rep ro d u c t io n  and pe lage  changes were assessed as f o l l o w s :

N u t r i t i o n a l  measurements

( a )  Herbage i n t a k e ,  d i g e s t i b i l i t y  o f  d i e t  and l i v e  we ight  o f  hinds

D a i l y  herbage in ta k e  and the d i g e s t i b i l i t y  o f  the d i e t  was 

measured on 7 occasions between J u ly  and October using  the  n -a lk a n e  

technique (see Tab le  4 . 2 ) .  The method o f  in ta k e  measurement is  

descr ibed  in s e c t io n  2 . 1 . 1 . 2 .  L iv e  w e ight  was recorded week ly  and
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body c o n d i t io n  scores  e s t im ate d  a t  f o r t n i g h t l y  i n t e r v a l s  (as  

described  in s e c t io n s  2 . 1 . 2  and 2 . 1 . 3 .  r e s p e c t i v e l y ) .

( b )  Hind g ra z in g  behav iour

F o l lo w in g  each e s t im a t io n  o f  herbage in take  hind g r a z in g  

a c t i v i t y  was recorded .  Th is  was determined  over a s i n g l e  cont inuous  

p e r io d  o f  about  20 hours,  between ap p ro x im a te ly  0200 and 2200 hrs  

(GMT). D e t a i l s  a re  given in Tab le  4 . 2 .  I n d i v i d u a l  hind a c t i v i t y  

c a t e g o r i z e d  (as descr ibed  in s e c t i o n  2 . 3 . 2 )  a t  5 minute  i n t e r v a l s  

during  d a y l i g h t  and every 10 minutes a t  n i g h t .  Observa t ions  were 

made from o u t s id e  the exp er im en ta l  paddocks using 10x50 

m a g n i f i c a t i o n  b in o c u la r s  dur ing  d a y l i g h t ,  and an image i n t e n s i f i e r  

( l i g h t  m a g n i f i c a t i o n  x 5 0 ,0 0 0 )  a t  n i g h t .  B i t e  r a t e s  were recorded  

from the same an imals the f o l l o w i n g  day.

TABLE 4 . 2
Dates and lengths o f  herbage in ta ke  and beh av io u ra l  comparisons.

Comparison In t a k e
measurement  

per i od

G raz in g  a c t i v i t y  o b s e rv a t io n s

Date Times (GMT) D u ra t io n  (min)

1 4 -  9  Jul 11 Jul 0310 - 2355 1245

2 21 -  26 Jul 28 Jul 0230 - 2135 1145

3 7 - 1 2  Aug 15 Aug 0200 - 2200 1200

4 24 -  29 Aug 31 Aug 0130 - 2235 1225

5 11 -  16 Sep 19 Sep 0130 - 2210 1235

6 28 Sep -  3 Oct 6 Oct 0545 - 2315 1050

7 16 -  20 Oct 24 Oct 0140 - 2140 1205

( c )  C a l f  growth and behaviour

L iv e  weight  o f  c a lv e s  was recorded  tw ic e  weekly and used as an 

index o f  l a c t a t i o n a l  performance s in c e  growth r a t e  is  l i n e a r l y  

r e l a t e d  to  m i l k  yield (Loudon and Kay, 1984; Robbins e t  a / . ,  1 9 8 7 ) ) .  

Su ck l in g  a c t i v i t y  was recorded between 0600 and 1600 h (GMT) dur ing  

each a d u l t  behav io ura l  o b s e r v a t i o n .  Every s u c k l in g  bout observed was
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noted to  produce an e s t im a te  o f  d a i l y  bout f requency .  In a d d i t i o n ,  

bout length was measured whenever p o s s i b l e .

E ig h t -h o u r  o b s erva t io n s  o f  c a l f  g ra z in g  a c t i v i t y  were c a r r i e d  

out d ur in g  d a y l i g h t  hours on 14 August ,  9 September and 10 October .  

These recorded the number o f  an im als  from each t rea tm e n t  group 

g r a z in g  a t  5 -m in u te  i n t e r v a l s .  I t  was not  p o s s ib le  to  d i s t i n g u i s h  

i n d iv i d u a l  c a lv e s  w i t h i n  groups.  A s i n g l e  measurement o f  herbage  

in tak e  was made d ur in g  mid-September using the n - a lk a n e  tech n iq u e .

Reproductive parameters

The onset  o f  the breeding  season was determined  by m o n i to r in g  

plasma progesterone  c o n c e n t r a t io n s ,  measured in tw ic e  weekly  blood  

samples as d escr ib ed  in s e c t i o n  2 . 6 . 4 .  Hinds were moni tored  u n t i l  

they commenced oestrous  c yc le s  (up to  January 1989 ) .  Calves  were not  

weaned u n t i l  sampling had ceased.

L u t e i n i z i n g  hormone was measured in plasma from blood samples 

taken a t  weekly  i n t e r v a l s  throughout the s tu d y .  The p i t u i t a r y  LH 

response to a dose o f  1 pg GnRH was determined a t  the beg in n ing  o f  

each in ta k e  measurement t r i a l  ( ex cep t  the f i r s t ) .  The c h a l le n g e  

procedure is d escr ib ed  in s e c t io n  2 . 6 . 2 . 4 .  The dose was based on 

t h a t  used by C u r le w is  e t  a l .  (1 9 9 1 )  in Pere D a v id 's  de er ,  sca led  f o r  

d i f f e r e n c e s  in l i v e  w e ig h t .  The purpose was to  determ ine  t rea tm e n t  

e f f e c t s  on seasonal  changes in p i t u i t a r y  responsiveness to  GnRH.

Sampling f r e q u e n c ie s  necessary to  c h a r a c t e r i z e  LH pu ls e  frequency  

and am pl i tu d e  would have caused unacceptab le  d i s r u p t i o n  to  g r a z in g  

a c t i v i t y  and c a l f  s u c k l in g .

Seasonal changes in pelage

To de term ine  t rea tm en t  e f f e c t s  on pelage changes the p r o p o r t io n  

of  summer and w i n t e r  f i b r e s  in the h i n d ' s  coat  was e s t im ated  

v i s u a l l y  a t  weekly  i n t e r v a l s  on a 5 - p o i n t  s c a le  (as  d escr ib ed  in

s e c t io n  2 . 4 . ) .  In a d d i t i o n ,  the growth o f  the new w i n t e r  coat  was

recorded by t a k in g  weekly  in s i t u  measurements o f  p r im ary  f i b r e  

length u n t i l  l a t e  Octo ber.  A f u r t h e r  measurement was made in

December and in January to  determ ine  i f  t re a tm e n ts  in f lu e n c e d  coat
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length in m i d - w i n t e r .  In January a sample from a f i x e d  a re a  ( 4 x 4  

cm) was c l i p p e d  to  compare the growth o f  w i n t e r  coat  by w e i g h t .  Th is  

was taken from h a l f - w a y  up the t h i r d  from la s t  r i b ,  on the h in d ' s  

f I a n k .

Plasma p ro la c tin  concentrations

Plasma p r o l a c t i n  c o n c e n t r a t io n s  were measured from blood  

samples c o l l e c t e d  a t  tw ic e -w e e k ly  i n t e r v a l s .

4 .3 . STATISTICAL ANALYSIS

A n a ly s is  o f  v a r ia n c e  was a p p l i e d  to  the r e s u l t s ,  and 

d i f f e r e n c e s  between means were examined by the method o f  Least  

S i g n i f i c a n t  D i f f e r e n c e .  Th is  was c a r r i e d  out  using the Gen sta t  V 

program (Lawes A g r i c u l t u r a l  T r u s t ,  1984) .  A n a ly s is  o f  v a r ia n c e  o f  

p r o l a c t i n ,  LH, b i t e  weight  and w i n t e r  coat  growth da ta  were 

conducted on Io g - t ran s fo rm ed  va lu es  so t h a t  an assumption o f  equal  

var ian c e s  could  be made.

A n a ly s is  o f  herbage in take  was c a r r i e d  out  on a c tu a l  o rg a n ic  

m a t te r  in t a k e s ,  and in takes  in r e l a t i o n  to m e t a b o l ic  l i v e w e ig h t  

( K l e i b e r ,  1961) .  The l a t t e r  were necessary to d i s t i n g u i s h  between 

in take  d i f f e r e n c e s  r e s u l t i n g  from l i v e  weight  e f f e c t s  on food 

r eq u ir em en ts ,  and those due to exp er im en ta l  t rea tm en t  ( e . g .  a p p e t i t e  

or food a v a i l a b i l i t y ) .

The we ight  o f  h e r b a g e / b i t e  was c a l c u l a t e d  from the mean d a i l y  

dry m a t te r  i n t a k e ,  and an e s t im a t e  o f  the t o t a l  number o f  b i t e s  

taken per day. T o ta l  b i t e s / d a y  was d e r iv e d  from the b i t e  r a t e  d u r in g  

g raz in g  pe r io ds  and the length  o f  d a i l y  g ra z in g  a c t i v i t y .  To 

e s t im ate  g r a z in g  t im e i t  was consumed h inds grazed f o r  the same 

p ro p o r t io n  o f  t ime d ur in g  the unobserved as du r in g  the observed  

p e r io d .

X2 t e s t s  (u s in g  the Yates c o r r e c t i o n  f o r  small  sample s i z e )  

were used to compare the presence or absence o f  o v a r ia n  a c t i v i t y  by 

hinds by January 1989.

A l l  da ta  a re  expressed as mean ± s . e .m .  (u n le s s  s t a t e d  

otherwi  s e ) .
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4 .4 . RESULTS

Two c a lv e s  in group LLM d ied  d u r in g  the s tu d y .  C a l f  271 (h in d  

T3)  c o n t ra c t e d  l o u p i n g - i l l  and d ied  on 22 September.  C a l f  271 (h in d  

Z23)  s u f f e r e d  a leg i n j u r y  and d ied  on 26 September. Data from these  

hinds have been excluded a f t e r  the loss o f  t h e i r  c a lv e s .

4 .4 .1 .  HERBAGE AVAILABILTY

The herbage mass and sward h e ig h t  o f  both pa s tu res  d e c l in e d  

p r o g r e s s iv e l y  d ur in g  the s tud y ,  a l tho u g h  c o n s is t e n t  d i f f e r e n c e s  were 

m ain ta in e d  between low and high a v a i l a b i l i t y  p as tu res  throughout (P 

< 0 . 0 1 ;  F i g .  4 . 2 ) .

4 .4 .2 .  HERBAGE INTAKE AND THE DIGESTIBLITY OF THE DIET
K

Herbage intake o f hinds

The e f f e c t  o f  t re a tm en ts  on herbage in ta ke  a r e  shown in F ig u re

4 . 3 .  and 4 . 4 .  There was a s i g n i f i c a n t  e f f e c t  o f  t ime o f  year  on both  

a b s o lu te  herbage in ta k e  and In ta ke  r e l a t i v e  to  m e t a b o l i c  l i v e w e i g h t .  

In a l l  groups herbage in ta k e  was g r e a t e s t  in J u l y ,  e x h i b i t i n g  a 

s i g n i f i c a n t  d e c l i n e  between J u ly  and 26 August .  I n t a k e  subsequently  

increased between 26 August and 13 September.  From 13 September 

u n t i l  the end o f  the study  t h e r e  was a f u r t h e r  d e c l i n e  in i n t a k e ,  

a l though t h i s  change was on ly  s i g n i f i c a n t  f o r  l a c t a t i n g  groups on 

the low a v a i l a b i l i t y  p a s t u r e .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

There was a s i g n i f i c a n t  e f f e c t  o f  herbage a v a i l a b i l i t y  on the  

food in tak e  o f  l a c t a t i n g  h in d s .  Animals g r a z in g  the h igh  

a v a i l a b i l i t y  p a s tu re  (group HL) m a in ta in ed  s i g n i f i c a n t l y  g r e a t e r  

in takes  ( a b s o lu t e  and r e l a t i v e  to  m e t a b o l ic  w e i g h t )  than those on 

the low a v a i l a b i l i t y  p as tu re  (group LL)  d u r in g  a l l  but  the f i r s t  

comparison.  On average ,  HL hinds consumed 1.2  kg OM/day more than  

those o f  group LL (P < 0 . 0 0 1 ) .

( i i )  E f f e c t s  o f  l a c t a t i o n

The in tak es  o f  n o n - I a c t a t i n g  hinds on low sward p a s tu re  (group
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LNL) were s i g n i f i c a n t l y  less than those o f  the l a c t a t i n g  hinds on 

the low a v a i l a b i l i t y  pas tu re  throughout most o f  the summer (see  F ig .

4 . 3  and 4 . 4 ) .  D i f f e r e n c e s  between these groups were g r e a t e s t  in 

J u ly ,  d e c l i n i n g  as the summer pro gressed .

( i i i )  E f f e c t s  o f  m e la to n in  t re a tm en t

M e la to n in  t rea tm en t  o f  l a c t a t i n g  hinds (group LLM) showed no 

s i g n i f i c a n t  e f f e c t s  on herbage in ta k e  over the course o f  the s tudy .

D i g e s t i b i l i t y  o f  d i e t

The e f f e c t  o f  t rea tm e nts  on the d i g e s t i b i l i t y  o f  the d i e t  a re  

shown in Tab le  4 . 3 .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

The d i g e s t i b i l i t y  f o r  hinds g ra z in g  the high a v a i l a b i l i t y  

pa s tu re  was g r e a t e r  than t h a t  o f  an imals  on the low a v a i l a b i l i t y  

pasture  d ur ing  a l l  but  the second comparison (23  J u l y ) .  D i g e s t i b l i t y  

remained r e l a t i v e l y  constant  on both p as tu res  d u r in g  the study  

except  fo r  the f i n a l  comparison,  when d i g e s t i b i l i t y  d e c l in e d  

s i g n i f i c a n t l y  f o r  an imals in group LL.

TABLE 4 . 3
The p r o p o r t i o n  o f  the d i e t  d ig e s te d  by groups d ur in g  
each herbage in ta ke  comparisons (5? ± s t ra tu m  s . e . m . )

For va lues  w i t h  d i f f e r e n t  s u p e r s c r ip t s  P < 0 . 0 5 .

Comparison DatesGROUP
LL HL LNL LLM s . e . m .

1 4 - 9  Jul 0.703A 0.780B 0.735A 0.720A 0 .0 3 0 9

2 2 1 -2 6  Jul 0.752B 0 . 786B 0 . 763B 0.723A 0 .0 2 3 9

3 7 -1 2  Aug 0.687A 0.758B 0.727A 0.687A 0.0581

4 2 4 -2 9  Aug 0.668A 0.771B 0.697A 0.680A 0 .0 303

5 11-16  Sep 0.678A 0.753A 0 . 7 1 1 A 0.690A 0 .0 3 5 6

6 28 Sep-3 Oct 0.695A 0 . 779B 0.728A 0.714A 0 .0 2 6 2

7 16-20 Oct 0.490C 0.771B 0 . 596C 0.548C 0 . 0 2 0 4

( i i ) E f f e c t  o f  l a c t a t i o n

The overa l  mean d i g e s t i b i l i t y  f o r group LNL dur i ng the study
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was s i g n i f i c a n t l y  h ig her  than t h a t  o f  group LL ( 0 . 7 2 7  vs 0 . 6 9 7 ,  P < 

0 . 01 ).
( i i i )  E f f e c t  o f  m e la to n in  trea tment

The d i g e s t i b i l i t y  o f  the d i e t  was u n a f f e c t e d  by m e la to n in  

t re a tm e n t .  However, the d i g e s t i b i l i t y  o f  the d i e t  o f  one LLM 

hind (R31)  was s u b s t a n t i a l l y  lower than the remainder o f  t h i s  group 

from comparisons 3 to  6 ,  i n c l u s iv e  ( 0 . 4 4 2  vs 0 . 7 0 0 ) .  Al though th e re  

was no v i s i b l e  i n d i c a t i o n  a t  the t ime t h i s  hind may have been i l l .  

In c lu s io n  o f  R31 in s t a t i s t i c a l  a n a l y s i s  d id  not a f f e c t  the  

r e l a t i o n s h i p  between groups LL and LLM.

4 . 4 . 3 .  HIND GRAZING BEHAVIOUR

B i t e  r a t e

The p a t t e r n  o f  b i t e  r a t e  changes a re  shown in T ab le  4 . 4 .  The 

b i t e  r a t e s  o f  hinds g raz in g  the high a v a i l a b i l i t y  p a s tu re  were 

s i g n i f i c a n t l y  less than those of  an imals  kept  on the low 

a v a i l a b i l i t y  p a s t u r e .  The b i t e  r a t e s  o f  the 3 groups g ra z in g  the  

low a v a i l a b i l i t y  p as tu re  were s i m i l a r  throughout the s tu d y .

A c t i v i t y  budget

Changes in the p a t t e r n  o f  hind behav iour between Ju ly  and 

October are  d e t a i l e d  in Tab le  4 . 4 .  Changes in g r a z in g  t imes a re  a ls o  

i l l u s t r a t e d  in F ig u r e  4 . 5 .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

The p r o p o r t io n  o f  the observed p e r io d  spent  g ra z i n g  by hinds in 

group LL rose s i g n i f i c a n t l y  from 0 .4 2 8  on 11 J u ly  to  0 .5 3 5  on 28 

J u l y .  T h e r e a f t e r  i t  remained constant  u n t i l  15 August a f t e r  which i t  

d e c l in e d  aga in  to  0 .4 3 8  o f  the observed p e r io d  on 19 September.

Between mid-September and the end o f  the s tudy d a i l y  g ra z in g  

a c t i v i t y  increased to  0 .5 9 2  o f  the observed p e r i o d .  Throughout the  

study animals in group HL spent  s i g n i f i c a n t l y  less  t ime g r a z i n g ,  and

i n a c t i v i t y  w as  g r e a t e r  f o r  hinds kept  on the high a v a i l a b i l i t y

pa s tu re .  There were no observed d i f f e r e n c e s  in the  d u r a t io n  o f

su c k l in g  a c t i v i t y  between the p a s tu re s .  For hinds in both group LL 

and HL, however,  the p r o p o r t io n  o f  t ime c a lv e s  suck led  du r in g  the
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TABLE 4 . 4
Hind b i t e  r a t e  ( b i t e s / m i n )  and a c t i v i t y  p r o f i l e s  du r in g  

exper iment 2 (ix ± s t ra tu m  s . e . m . )  For each comparison  
va lues  w i t h  d i f f e r e n t  s u p e r s c r i p t s  P < 0 . 0 5 .

Compar i son Bi te  
r a t e  

(b i tes  
/m in )

P r o p o r t i o n  o f  observed p e r io d

Date
Length Group

G raz ing  A c t i v e  S u ck l in g  
n o n -g ra z in g  ( x  10 -3 )

Non-  
a c t  i ve

Cl LL 7 2 . 8A 0.428C 0.067F 8 .5 « 0.4961

11 Ju ly HL 63 .  OB 0 .3300 0 .1346 8.5H 0.5281

1245 min LNL 7 2 . 1A 0.3680 0.086F - 0.546*1

LLM 71 . 1A 0.426C 0.070F 4.6H 0.4991

s . e .m . 4 .9 0 0 .0 4 4 6 0 .0 3 4 2 5 .1 3 0.0421

C2 LL 7 4 . 0A 0.535C 0.067F 7.8H 0.3891

28 Ju ly HL 6 9 . 8A 0 .4400 0.098F 8 . OH 0.454JD

1145 min LNL 7 5 . 7A 0.4590 0 .1426 - 0.40010

LLM 7 5 . 0A 0.550C 0.062F 4.4H 0.3841

s .e .m . 8 .1 7 0.0591 0.0251 4 . 5 6 0 .050 3

C3 LL 82 .  1A 0.542C 0.053F 9 .4 « 0.3951

15 Aug HL 61 .6B 0 .4040 0.1306 7.3H 0.528*1

1200 min LNL 8 3 . 0A 0.475E 0.080F - 0.446KE

LLM

i 
i

<0000 0 .552C 0 . 0 5  IF 1 0 . 7« 0.3861

s . e .m. 8 . 1 0 0 .0 5 4 3 0 .0 9 1 2 5 . 4 9 0 .048 2

C4 LL 8 0 . 4A 0.490C 0.025F 7.1« 0 .4 77 IC

31 Aug HL 6 3 . 6B 0.4070 0.052F 5.1H 0.538*1

1225 min LNL 8 2 . 5A 0 .4240 0 . 059F - 0 . 5 1 7 U

LLM 8 4 . 6A 0.448CD 0.019F 4.7H 0.530*1

s .e .m 9 . 7 9 0 .0 3 9 8 0 . 0 1 8 6 4 .6 7 0 .04 00

(co nt  i nued)
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TABLE 4 .4 .  (c o n tin u e d )

Compar i son B i t e  
r a t e  

(b i t e s  
/m in )

P r o p o r t io n  of observed p e r io d

Date
Length Group

Graz i ng A c t iv e  S u c k l in g  
n o n -g raz in g  (x  10~3 )

Non-  
a c t  i ve

C5 LL 7 6 . 4A 0.438C 0.050F 5.6H 0.5131

19 Sept HL 6 7 . 8B 0.3600 0 . 0 8 IF 2.5H 0 . 556J

1235 min LNL 7 7 . 4A 0.3740 0.068F - 0.558J

LLM 7 4 . 1A 0.3810 0.038F 3.5H 0 . 5 8 1 J

s .e .m . 6 . 3 9 0 .0 4 6 0 0 .0210 3 . 1 8 0 .0 425

C6 LL 7 8 . 9A 0.628C 0.052F 1.9H 0.3171

6 Oct HL 71 .7B 0 .4100 0.1216 1.9H 0 . 4 6 7 JO

1050 min LNL 8 2 . 4A 0.583C 0.1256 - 0.290K

LLM 81 . 1 A 0.609C 0.069F 6.8H 0.3141

s . e .m . 12.10 0 .0 6 5 9 0.0681 3 .7 3 0 .045 5

C7 LL 71 .4A 0.592C 0.017F 0.5H 0.3911

24 Oct HL 7 5 . 5A 0.5190 0 . 026F 2.1H 0.453J

1205 min LNL 7 3 . 3A 0 . 593C 0.030F - 0.3781

LLM 7 4 . 5A 0.567C 0.018F 2 . 1 H 0.4071

s .e .m . 5 .8 0 0 .0 5 6 3 0 .0 1 6 4 2 .4 3 0 .05 30

f i n a l  2 comparisons was s i g n i f i c a n t l y  less than d ur in g  the f i r s t  5 

comparisons (P < 0 . 0 5 ) .

( i i )  E f f e c t s  o f  l a c t a t i o n

There was a s i g n i f i c a n t  e f f e c t  o f  l a c t a t i o n  on the g r a z in g

t imes o f  hinds kept  on low a v a i l a b i l i t y  p a s t u r e .  From the s t a r t  o f

the study in J u ly  u n t i l  19 September hinds in group LNL spent
in

s i g n i f i c a n t l y  less t ime g ra z in g  than those^group LL (see  F i g .  4 . 5 ) .  

Throughout most o f  the study n o n - I a c t a t i n g  an im als  spent longer

in a c t i v e  (see  Table  4 . 4 ) .
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( S i i )  E f f e c t s  o f  m e la to n in  t rea tm ent

There was l i t t l e  e f f e c t  o f  exogenous m e la to n in  on the a c t i v i t y  

budget o f  l a c t a t i n g  hinds kept  on the low a v a i l a b i l i t y  p a s tu re  (see  

Table  4 . 4 ) .  The p r o p o r t io n  o f  t ime spent  g ra z in g  was s i m i l a r  between 

group LL and LLM except  f o r  19 September,  when the p e r io d  o f  

g ra z in g  was lower in me I a t o n i n - t r e a t e d  h inds.

Es t im a ted  b i t e  w e ight

Changes in e s t im ated  b i t e  we ig ht  (mg D M /b i t e )  between J u ly  and 

October a re  summarized in F ig u r e  4 . 6 .  For a l l  groups th e re  was a 

s i g n i f i c a n t  e f f e c t  o f  t ime on b i t e  we ig ht  (P < 0 . 0 0 1 ) .  The p a t t e r n  

o f  changes was s i m i l a r  in the 4 groups.  B i t e  weight  d e c l in e d  

s i g n i f i c a n t l y  between 6 Ju ly  and 31 August .  T h is  was fo l lo w e d  by an 

increase  in e s t im ated  b i t e  weight  between 31 August and 19 September  

(P < 0 . 0 5 ) .  From the 19 September u n t i l  the end o f  the study th e re  

was a f u r t h e r  d e c l i n e  in b i t e  we ig ht  (P < 0 . 0 5 ) .

( i )  E f f e c t  o f  herbage a v a i l a b i l i t y

The e s t im ated  weights  o f  h e r b a g e / b i t e  o f  hinds in group HL 

were ap p ro x im ate ly  tw ice  t h a t  o f  those in group LL throughout the  

study (see  F i g .  4 . 6 ) .

( i i )  E f f e c t s  o f  l a c t a t i o n

Dur ing J u ly  the e s t im ate d  weig hts  o f  h e r b a g e / b i t e  were 

s i g n i f i c a n t l y  lower f o r  hinds in group LNL than LL.  For the  

remainder o f  the study th e r e  was no v a r i a t i o n  a s s o c ia t e d  w i t h  

I a c t a t  i o n .

( i i i )  E f f e c t s  o f  m e la ton in

M e la to n in  t rea tm en t  e x e r te d  no in f lu e n c e  on the b i t e  we ig ht  o f  

l a c t a t i n g  hinds g r a z in g  the low sward p a s tu r e .

4 . 4 . 4 .  LIVE WEIGHT OF HINDS

The e f f e c t s  o f  t rea tm ent  on l i v e  we ight  a r e  shown in F ig u re

4 . 7 a .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

The l i v e  we ight  o f  hinds in group LL d e c l i n e d  s i g n i f i c a n t l y  

f rom a peak o f  8 7 . 0  (±  2 . 3 )  kg a t  the s t a r t  o f  the study to  7 7 .3  (±
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1 . 5 )  kg a i  the end o f  October ( F i g .  4 . 7 a ) .  T h is  c o n t r a s t s  w i t h  hinds  

in group HL, which a f t e r  an i n i t i a l  d e c l i n e  up u n t i l  22 J u l y ,  

e x h i b i t e d  a s i g n i f i c a n t  and su s ta in e d  increase  in l i v e  w e ig ht  from 

the  beg in n ing  o f  August .  From 26 August the l i v e  we ights  o f  hinds in 

group HL were t h e r e f o r e  g r e a t e r  than those o f  group LL.

( i i )  E f f e c t s  o f  l a c t a t i o n

There was a s i g n i f i c a n t  e f f e c t  o f  l a c t a t i o n  on l i v e  w e ig h t .  In  

c o n t r a s t  to  an imals  in group LL, n o n - I a c t a t i n g  hinds (group LNL) 

m a in ta in ed  a r e l a t i v e l y  constant  l i v e  weight  d u r in g  the s tu dy .  From 

the 16 J u ly  the average weight  o f  hinds in group LNL was 

s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  group LL.

( i i i )  E f f e c t s  o f  m e la to n in  t rea tm en t

There was no s i g n i f i c a n t  e f f e c t  o f  exogenous m e la to n in  on the  

l i v e  we ight  o f  l a c t a t i n g  h inds.

H i nd body cond i t  i on score

The e f f e c t s  o f  t re a tm en ts  on body c o n d i t i o n  score a r e  shown in 

F ig u r e  4 . 7 b .  See s e c t i o n  2 . 1 . 3 .  f o r  a d e s c r i p t i o n  o f  the scores .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

Herbage a v a i l a b i l i t y  had a s i g n i f i c a n t  impact on body c o n d i t i o n  

score .  The c o n d i t i o n  score o f  hinds in group LL d e c l in e d  

p r o g r e s s i v e l y  du r in g  the summer, whereas,  in group HL h ind body 

c o n d i t i o n  remained r e l a t i v e l y  c o n s t a n t .  As a r e s u l t  from 9 September  

the c o n d i t io n  score  o f  animals  in group HL was g r e a t e r  than t h a t  o f  

animals in group LL h inds .

( i i )  E f f e c t s  o f  l a c t a t i o n

In c o n t r a s t  to  the l a c t a t i n g  hinds (group L L ) ,  n o n - l a c t a t i n g  

deer e x h i b i t e d  a s i g n i f i c a n t  increase  in body c o n d i t io n  score  

between 28 June and 26 J u l y .  T h e r e a f t e r  c o n d i t io n  remained unchanged 

fo r  hinds in group LNL. From 12 J u ly  onwards the body c o n d i t i o n  o f  

hinds in group LNL was h igher  than t h a t  o f  those in group LL, and 

from 12 August i t  was a ls o  h igher  than t h a t  o f  an im als  in group HL.

( i i i )  E f f e c t s  o f  m e la to n in  t rea tm en t

There was no observed e f f e c t  o f  m e la to n in  on body c o n d i t i o n  

score o f  l a c t a t i n g  hinds g r a z in g  the low a v a i l a b i l i t y  p a s t u r e .
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FIGURE 4 . 7 :  Ca) Changes in hind l i v e - w e i g h t  (52 ± s . e . m . )  f o r  groups 
l a c t a t i n g  ( L L , # ) ;  l a c t a t i n g  w i t h  m e la to n in  implants (LLMf O )  and 
n o n - 1 a c t a t i n g  ( L N L , # )  on a low a v a i l a b i l i t y  p a s t u r e ,  and l a c t a t i n g  
on a high a v a i l a b i l i t y  pas ture  ( H L . d ) .  LL vs HL, P < 0 . 0 5  a l l  t ime  
p o in t s  from 26 Aug; LL vs LNL, P < 0 . 0 5  a l l  t ime p o i n t s  from 16 
J u ly ;  LL vs LLM not s i g n i f i c a n t l y  d i f f e r e n t .

weight

Jul Aug Sep Oct

( b )  Changes in body c o n d i t io n  (3? ± s . e . m . )  o f  hinds (same groups as 
above) .  LL vs HL, P < 0 .0 5  f o r  a l l  t ime p o in ts  from 9 S ept .  LL vs 
LNL, P < 0 . 0 5  f o r  a l l  t ime p o i n t s  from 12 J u l .  LL vs LLM, 
d i f f e r e n c e s  not s i g n i f i c a n t .

Body

score

4-

3 -

T T T
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4 . 4 . 5 .  CALF GROWTH AND BEHAVIOUR

Live weight

The p a t t e r n  o f  c a l f  growth is shown in F ig u r e  4 . 8 .

( i )  E f f e c t  o f  herbage a v a i l a b i l i t y

Calves on the high a v a i l a b i l i t y  p as ture  were s i g n i f i c a n t l y  

heav ie r  than those on the low a v a i l a b i l i t y  pa s tu re  from 20 August  

u n t i l  the end o f  the s tudy .  The mean l i v e  weights  a t  the end o f  the  

study (25 October )  were,  f o r  c a lv e s  o f  hinds in group LL, 4 3 . 2  (±  

1 .0 4 )  kg and f o r  HL, 52.1 (±  1 .7 8 )  kg.

( i i )  E f f e c t s  o f  m e la to n in  t rea tm ent

M e la ton in  t rea tm en t  o f  hinds had no e f f e c t  on the growth o f  

t h e i r  c a lv e s .  The l i v e  we ight  o f  ca lv e s  o f  hinds in group LLM was

4 3 .3  (± 2 . 3 2 )  kg on 25 October .

Suckling a c t i v i t y

There were no t rea tm e n t  d i f f e r e n c e s  in s u c k l in g  bout f requency  

dur ing the 10 hour o b s e r v a t io n s .  Bout f requency was h ig h e s t  dur in g  

J u ly  ( e q u i v a l e n t  to  4 . 5  1 0.61 b o u ts /d a y ;  F i g .  4 . 9 )  d e c l i n i n g  from 

August u n t i l  the end o f  the study ( e q u i v a l e n t  to  1 .9  ± 0 .4 3

b o u t s / d a y ) .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

The average s u c k l in g  bout length  o f  ca lve s  d u r in g  the p e r io d  

between day 40 -  90 o f  l a c t a t i o n  was s i g n i f i c a n t l y  longer (P < 0 . 0 5 )  

f o r  ca lves  on the high a v a i l a b i l i t y  pas tu re  (HL,  5 5 . 5  ± 2 . 6 0  s e c . ;  

n=31)  than f o r  the two low a v a i l a b i l i t y  p as ture  groups combined (LL ,  

4 9 .0  ± 2 .4 0  s e c . ( n = 4 5 )  and LLM, 4 9 . 4  ± 2 . 5 8  s e c . ( n = 3 5 ) ) .

( i i )  E f f e c t s  o f  m e la to n in  t rea tm en t

There was no s i g n i f i c a n t  e f f e c t  r e l a t e d  to  m e la to n in  t rea tm en t  

of hinds.

Calf herbage intake

Absolute  herbage in takes  (kg OM/day) du r ing  mid-September were 

s i m i l a r  f o r  a l l  groups (see  Tab le  4 . 5 ) .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

C orrected  f o r  m e ta b o l ic  l i v e  w e ig h t ,  the combined average  

herbage in take  o f  the two low a v a i l a b i l i t y  p a s tu re  groups was
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s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  c a lv e s  on the high a v a i l a b i l i t y  

p a s tu re .  The d i g e s t i b i l i t y  o f  the  d i e t  ( i n c l u d i n g  m i l k )  was 

m a r g in a l l y  less f o r  ca lves  g r a z in g  the low a v a i l a b i l i t y  pas tu re  (see  

Table 4 . 5 ) .

( i i )  There were no s i g n i f i c a n t  d i f f e r e n c e s  as s o c ia te d  w i t h  m e la to n in  

t r e a t m e n t .

TABLE 4 . 5
C a l f  herbage in takes  between 11-16 September  

( £  ± s . e . m . )

Group HERBAGE
kg OM/day

INTAKE
g 0M /k g0• 75 /d ay

D ig e s t  i b i 1i ty  
o f  the d i e t

LL 0 .5 0 9  (±  0 . 0 3 5 0 ) 34.1 (±  2 .28 )A 0 . 7 1 4  (±  0 .0192 )D

HL 0 .5 0 3  (±  0 . 0 2 8 6 ) 30.1 (±  1 .06)B 0 . 7 6 4  (±  0 .0059 )E

LLM 0 .5 4 2  (±  0 . 0 3 9 1 ) 37 .1 (±  2 .6 3 )C 0 .7 3 7  (±  0 .0 136 )F

(A + C) vs B (P < 0 . 0 5 )  (D + F)  vs E (P < 0 . 0 5 )

Graz ing  behaviour

The p a t t e r n  o f  changes in c a l f  d a y - t im e  g r a z in g  a c t i v i t y  a re  

summarized in F ig u re  4 . 9 .  At  the t ime o f  the f i r s t  measurement in 

August th e re  were no d i f f e r e n c e s  between t rea tm en ts  groups.

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y

From September c a lv es  o f  hinds in group LL spent  a g r e a t e r  

p ro p o r t io n  o f  the observed p e r io d  g r a z in g  than those o f  hinds in 

group HL. Th is  was d e s p i t e  a p ro g re s s iv e  increase  in the g ra z in g  

a c t i v i t y  of  both groups.
• f

( i i )  Ef f  ects^me I aton i n t rea tm ent

M e la to n in  t rea tm e n t  had no s i g n i f i c a n t  e f f e c t  on g ra z in g  

behav i o u r .

4 . 4 . 6 .  REPRODUCTION

The e f f e c t s  o f  t rea tm en t  on rep ro d u c t io n  a re  summarized in 

Tab le  4 . 6 .

Onset o f  th e  b reed in g  season

( i )  E f f e c t s  of  herbage a v a i l a b i l i t y  and l a c t a t i o n

The onset  o f  the breed ing season was u n a f f e c t e d  by herbage
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FIGURE 4 . 8 :  Changes in the. mean <± s . e . m . )  c a l f  l i v e w e ig h t  of  h in ds ,  
l a c t a t i n g  ( L L , # )  and l a c t a t i n g  w i t h  m e la to n in  implants ( L L M , 0 )  on 
a low a v a i l a b i l i t y  pas tu re  and l a c t a t i n g  on a high a v a i l a b i l i t y  
p asture  ( H L , Q ) .  LL vs HL, P < 0 . 0 5  f o r  a l l  t ime p o i n t s  from 20 Aug. 
LL vs LLM, no s i g n i f i c a n t  d i f f e r e n c e s  observed.

Calf live weight (kg)
60-i

5 0 -

4 0 -

3 0 -

20 -
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FIGURE 4 . 9 :  ( a )  C a l f  d ay - t im e  g r a z in g  a c t i v i t y .  Mean ( t  s . e . m . )
p r o p o r t io n  of  8 hour o b s e r v a t io n  p e r io d  spent  g ra z in g  by ca lv e s  of  
hinds,  l a c t a t i n g  ( L L , # )  and l a c t a t i n g  w i t h  m e la to n in  implants  
( L L M . O )  on the low a v a i l a b i l i t y  p a s tu r e  and l a c t a t i n g  on a high  
a v a i l a b i l i t y  p as tu re  ( H L , C I ) .  Graz ing  t imes increased s i g n i f i c a n t l y  
w i t h  t ime in a l l  groups (P < 0 . 0 0 1 ) .  LL vs HL, P < 0.01 except  
August measurement. LL vs LLM, no s i g n i f i c a n t  d i f f e r e n c e s .
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( b )  S uck l ing  bout  f requency .  Number o f  bouts (5? ± s . e . m . )  d ur in g  10 
hour d a y - t im e  o b s e r v a t io n  p e r io d  f o r  c a lv e s  on low ( 4 )  and high  
( A )  a v a i l a b i l i t y  p a s t u re s .  There were no t rea tm e n t  e f f e c t s  on bout  
f requency .  In a l l  groups f requency d e c l in e d  s i g n i f i c a n t l y  as the  
summer progressed (P < 0 . 0 5 ) .
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a v a i l a b i l i t y  or  l a c t a t i o n  (see  T ab le  4 . 6 ) .  S i g n i f i c a n t l y  fewer hinds  

in group LL, however, e x h i b i t e d  r a i s e d  plasma progestero ne  

c o n c e n t r a t io n s  by January 1989 than in e i t h e r  groups HL or  LNL.

( i i )  E f f e c t s  o f  m e la to n in  t rea tm en t

The onset of  the breed ing  season commenced 18 days e a r l i e r  in 

m e l a t o n i n - t r e a t e d  hinds  on the low a v a i l a b i l i t y  p a s t u r e .  In  

a d d i t i o n ,  on ly  one hind in group LLM (R31)  f a i l e d  to  e x h i b i t  r a i s e d  

progesterone c o n c e n t ra t io n s  by January 1989.

Lute in iz ing  hormone

There were no s i g n i f i c a n t  changes observed in the weekly mean 

plasma LH c o n c e n t r a t io n s  w i t h i n  the fo u r  groups dur in g  the s tudy .  

There were,  however,  s i g n i f i c a n t  d i f f e r e n c e s  between the o v e r a l l  

mean plasma c o n c e n t r a t io n  f o r  each o f  group,  f o r  the p e r io d  J u ly  to  

October (see  Tab le  4 . 6 ) .

( i )  E f f e c t  o f  herbage a v a i l a b i l i t y

The o v e r a l l  mean c o n c e n t r a t io n  was lower in an im als  in group LL 

than group HL.

TABLE 4 .6
The e f f e c t  o f  m e la t o n in ,  l a c t a t i o n  and n u t r i t i o n  on the  

onset  o f  the breed in g  season and mean plasma LH c o n c e n t r a t io n s  
(x  ± s t ra tu m  s . e . m . ) .  Values  w i t h  d i f f e r e n t  s u p e r s c r i p t s  a re

s i g n i f i c a n t y  d i f f e r e n t (P < 0 . 0 1 ) .

Group Onset o f  b reed ing  season 
(days from 1 January)

Number o f  
eye 1i ng 

deer

Mean 
plasma LH 

( | ig /  1 )

LL 20 Oct ( 2 9 3 . 6  ± 5 .4 )A 5/8C 0 . 4 9  ± 1.069E

HL 17 Oct (291 .1  ± 1.7)A 8/8D 0 . 6 5  ± 1.054F

LNL 23 Oct ( 2 9 6 . 8  ± 2 .5 )A 8/8D 0 . 4 4  ± 1.059E

LLM 2 Oct ( 2 7 5 . 5  ± 3 . 6 ) B # 7/8CD 0 . 6 9  ± 1.049F

*  mean exc lu d in g  animal  T3 ( c a l f  d ied  p r i o r  to  f i r s t  o e s t r u s )  
= 2 Oct ( 2 7 5 . 9  ± 3 . 3  d ay s ) .

( i i )  E f f e c t  o f  l a c t a t i o n

There was no s i g n i f i c a n t  e f f e c t  o f  l a c t a t i o n  on plasma LH 

co n cent ra t  i o ns .
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( i i i )  E f f e c t  o f  m e la to n in  t rea tm en t

M e la to n in  t re a tm e n t  o f  l a c t a t i n g  hinds was a s s o c ia t e d  w i t h  an 

e l e v a t i o n  o f  plasma LH c o n c e n t r a t io n s .

The LH response o f  hinds to  1 pg exogenous GnRH is summarized 

in F ig u re  4 . 1 0 .  There was no s i g n i f i c a n t  e f f e c t  o f  t re a tm e n t  or  t ime  

on t h i s  response.  In a d d i t i o n ,  t h e r e  was no d i f f e r e n c e  between the  

response o f  hinds t h a t  e x h i b i t e d  o e s t r u s  d u r in g  the study and those  

which d id  not  ( d a t a  not  p r e s e n t e d ) .

I I
o>
=L

X
_ l
(0

<1)
D

FIGURE 4 . 1 0 :  Response o f  hinds to  a c h a l le n g e  o f  1 pg GnRH. Values  
are  (X ± s . e . m . )  d e l t a  LH c o n c e n t r a t i o n s  ( t 2 0  -  tO p g / 1 ) o f  both  
doses o f  GnRH f o r  hinds in groups LL ( • ) ,  HL ( □ ) ,  LNL ( ■ )  and LLM
(O). There were^s i gn i f  i cant  e f f e c t s  o f  t r e a t m e n t .

4 . 4 . 7 .  PELAGE AND PLASMA PROLACTIN CONCENTRATIONS

Changes in w i n t e r  pr imary  f i b r e  growth and coat  score a re  shown 

in Tab le  4 . 7  and in F ig u res  4.11 and 4 . 1 2 .  Changes in plasma 

p r o l a c t i n  c o n c e n t r a t io n s  a re  shown in F ig u r e s  4 . 1 3  and 4 . 1 4 .

206



Growth o f  w i n t e r  coat

There was s u b s t a n t i a l  v a r i a t i o n  in the da te  o f  onset  but not  

r a t e  o f  w i n t e r  h a i r  growth. A l l  groups e x h i b i t e d  a s ig n i f ic an t  

increase  in w i n t e r  pr im ary  f i b r e  length  from the onset  o f  growth in 

l a t e  summer u n t i l  the end o f  weekly  measurements on 25 October.  Coat  

growth commenced s i g n i f i c a n t l y  l a t e r  f o r  hinds in group LL than in 

e i t h e r  groups HL or LNL or LLM. Pr imary f i b r e  length  was 

s i g n i f i c a n t l y  less f o r  hinds in group LL u n t i l  the measurement on 16 

January.  The mass o f  h a i r  (mg/cm2 ) a t  t h i s  t ime was s i g n i f i c a n t l y  

lower in group LL hinds d e s p i t e  s i m i l a r  lengths im plying a lo ng- te rm  

e f f e c t  o f  t rea tm e n t  on h a i r  d e n s i t y  (see  Tab le  4 . 7 ) .

TABLE 4 . 7 .
Onset o f  w i n t e r  coat  growth and the mass o f  f i b r e s  

per u n i t  a rea  by m id - w i n t e r  (5< ± s . e . m . ) .
Values w i t h  d i f f e r e n t  s u p e r s c r i p t s  a re  s i g n i f i c a n t l y  

d i f f e r e n t  (P < 0 . 0 5 ) .

Group
DATE OF ONSET 

(days a f t e r  
1 Jan 1988)

Mass o f  f i b r e s  
on 16 Jan 1989 

(mg/cm2 )

LL 5 SeptA 
( 2 4 8 . 9  ± 3 . 1 2 )

127 .0  ± 11.72E

HL 27 AugB 
( 2 3 9 . 6  ± 3 . 3 0 )

166 .7  ± 7.53F

LNL 16 AugC 
( 2 2 8 . 8  ± 3 . 3 3 )

196 .6  ± 8 . 231s

LLM 1 AugB 
(2 14 .1  ± 3 . 0 3 )

177.0 ± 19.22F

Coat c o n d i t i o n  score

Changes in the p r o p o r t io n  o f  summer and w i n t e r  f i b r e s  were  

s t r o n g ly  in f lu e n c e d  by exper im enta l  t rea tm en t  (P < 0 . 0 0 1 ) .  For a l l  

groups, the pe lage  c o ns is ted  o f  p redom in ate ly  summer f i b r e s  a t  the  

s t a r t  of  the  study in Ju ly  (see  F i g .  4 . 1 2 ) .  There were no 

s i g n i f i c a n t  d i f f e r e n c e s  between the groups u n t i l  the onset  o f  growth  

of  the new w i n t e r  c o a t .  Th is  f i r s t  appeared l a t e r  in hinds o f  group  

LL than those in e i t h e r  group HL or  LNL or LLM. By l a t e  October on ly  

t ra c e s  of  summer coat  remained in any o f  the groups.
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FIGURE 4 . 1 2 :  Changes in coat  score (3? ± pooled s . e . m . ,  n=8)  o f  hinds  
between Ju ly  and October f o r  groups l a c t a t i n g  ( L L , # ) ;  l a c t a t i n g  
w i t h  m e la to n in  implants  ( L L M , 0 >  and non-1 a c t a t  i ng ( L N L , # )  on a low 
a v a i l a b i l i t y  p as tu re  and l a c t a t i n g  on a high a v a i l a b i l i t y  pas tu re  
( H L . D ) .  LL vs HL or  LNL, P < 0 . 0 5  f o r  da tes  marked by LL vs
LLM, P < 0 .0 5  f o r  a l l  da tes from 2 Aug. u n t i l  25 Oct .
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Plasma p ro lac t in  concentrations

A l l  groups e x h i b i t e d  a s i g n i f i c a n t  d e c l i n e  in plasma p r o l a c t i n

c o n c e n t r a t io n s  d u r in g  the study (see  F i g .  4 . 1 3 ) .

( i )  E f f e c t s  o f  herbage a v a i l a b i l i t y  and l a c t a t i o n

The mean plasma p r o l a c t i n  c o n c e n t r a t io n  f o r  group LL between 

the onset  o f  the study and August was s i g n i f i c a n t l y  h ig h er  than t h a t  

of  e i t h e r  group HL or LNL (LL = 2 0 . 2  p g / l ;  HL = 14 .5  p g / l ;  LNL = 

14 .6  p g / l ) .  From August u n t i l  the end o f  the study plasma 

co n c e n t ra t io n s  were s i m i l a r  between these  groups.

( i i )  E f f e c t s  o f  m e la to n in  t rea tm ent

The plasma p r o l a c t i n  c o n c e n t r a t io n s  o f  m e l a t o n i n - t r e a t e d  hinds

d e c l in e d  from 8 . 4  pg/1 a t  the onset  o f  the study  (5  days a f t e r  

i m p l a n t i n g ) ,  to  0 . 9 8  p g / l  by the beg in n ing  o f  August .  These 

c o n c e n t r a t io n s  were s i g n i f i c a n t l y  lower than those p resent  in a l l  

oth e r  groups by the 4 J u ly  and remained so u n t i l  e a r l y  September.

The r e l a t i o n s h i p  between plasma p r o l a c t i n  c o n c e n t r a t io n s  and 

w i n t e r  pr im ary  f i b r e  length is i l l u s t r a t e d  in F ig u r e  4 . 1 4 .  In a l l  

groups the increase  in pr imary  f i b r e  length  c o in c id e d  w i t h  d e c l i n i n g  

c o n c e n t r a t io n s  o f  t h i s  hormone. T h is  is  most ly  c l e a r l y  i l l u s t r a t e d  

by comparing the m e l a t o n i n - t r e a t e d  and n o n - t r e a t e d  l a c t a t i n g  hinds  

on the low a v a i l a b i l i t y  p a s t u r e .  In  both groups,  s u b s t a n t i a l  

d i f f e r e n c e s  in the length  o f  w i n t e r  p r im ary  f i b r e  were as s o c ia te d  

w i t h  s i m i l a r  d i f f e r e n c e s  in the  d e c l i n e  o f  plasma p r o l a c t i n  

c o n c e n t r a t io n s .  In a l l  groups, except  LLM, the onset  o f  w i n t e r  coat  

growth c l e a r l y  preceded the f a l l  to  ' b a s a l '  c o n c e n t r a t i o n s .
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FIGURE 4 . 1 3 :  Plasma p r o l a c t i n  p r o f i l e s  (X ± pooled s . e . m . ,  n=8)
between Ju ly  and October f o r  groups l a c t a t i n g  ( L L , # ) ;  l a c t a t i n g  
w i t h  m e la ton in  implants ( L L M , 0 )  and non-1 a c t a t  i ng ( L N L , # )  on a low 
a v a i l a b i l i t y  p as tu re  and l a c t a t i n g  on a high a v a i l a b i l i t y  pas tu re  
( H L , D ) .  LL vs HL or LNL, P < 0 . 0 5  d u r in g  J u l y .  LLM vs LL, HL or  
LNL, P < 0 .0 5  f o r  a l l  dates  u n t i l  September.
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FIGURE 4 . 1 4 :  Comparison o f  w i n t e r  coat  growth and plasma p r o l a c t i n  
c o n c e n t r a t io n s  o f  hinds du ring  exper iment  2 .  ( a )  group LL ( #  ) vs
group HL ( □ ) ;  ( b )  group LL vs group LNL ( ■ )  and ( c )  group LL vs 
group LLM ( O ) .
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4 . 5 . DISCUSSION

4 .5 .1 .  CONTROL OF HERBAGE INTAKE AND GRAZING BEHAVIOUR

4 .5 .1 .1 .  E ffects  of herbage a v a i l a b i l i t y  0

Thoughout the study herbage in ta k e  was g r e a t e r  in l a c t a t i n g  

hinds g r a z in g  the high (group HL) than the low (group LL)  

a v a i l a b i l i t y  p a s t u r e .  Herbage a v a i l a b i l i t y  r a t h e r  than a p p e t i t e  

appears to have p r i m a r i l y  determined the  leve l  o f  in ta k e  in hinds o f  

group LL. T h is  is c o n s i s t e n t  w i t h  the p o s i t i v e  c o r r e l a t i o n  observed  

between leve l  o f  in tak e  and herbage a v a i l a b i l i t y  o f  ewes g ra z in g  

pastures  s i m i l a r  to  those used in t h i s  study ( A I I d e n  and W h i t t a k e r ,  

1970 -  see F i g .  1 . 3 ) .
IT

Herbage in take  is detejnined by a number o f  f a c t o r s  in c lu d in g

g raz in g  t ime,  b i t e  r a t e  and b i t e  we ight  (see  s e c t io n  1 . 2 . 1 2 . ) .  

Although the hinds in group LL consumed 33X less herbage than those  

in group HL, t h e i r  b i t e  r a t e s  and d a i l y  g ra z in g  t imes were 

s i g n i f i c a n t l y  h i g h e r .  Th is  in d ic a t e s  t h a t  these an im als  a t tempted  to  

compensate f o r  the lower sward s u r fa c e  h e ig h t  and herbage biomass by 

modify ing  g r a z in g  beh av io u r .  In creases  in b i t e  r a t e  accompanying 

reduced sward s u r fa c e  he ig h t  have been re p o r te d  in ewes and a re  

b e l i e v e d  to r e f l e c t  a re d u c t io n  in hand l ing  t ime as s o c ia te d  w i t h  

sm a l le r  b i t e  s i z e s  ( A l ld e n  and W h i t t a k e r ,  1970 -  F i g .  1 . 3 ) .  The 

average p r o p o r t io n  o f  t ime spent  g r a z in g  by hinds in group LL was 

e q u i v a le n t  to 12 .6  h /day  ( i f  i t  is  assumed they grazed f o r  the same 

p r o p o r t io n  o f  the unobserved as observed p e r i o d s ) .  Th is  is

comparable w i t h  the maximum d a i l y  g ra z in g  t imes re p o r te d  in a 

v a r i e t y  o f  deer spec ies  and sheep.  These in c lu d e ,  f o r  red deer hinds  

11 .8  h /day ( C lu t t o n - B r o c k  e t  a ! . ,  1982a ) ,  11 .7  h /day  (Loudon e t  a / . ,  

1984);  f o r  r e i n d e e r ,  12 h /day  (Skogland,  1984) ,  12 .7  h /day ( T r u d e l I  

and W h i te ,  1981) and f o r  ewes 11 .2  h /day  (A rn o ld  and D u d z in s k i ,  

1967) and 13 h /day ( A l ld e n  and W h i t t a k e r ,  1970) .  C o l l e c t i v e l y  these  

data suggest  the re  is  an upper l i m i t  to  the d u r a t io n  o f  d a i l y

graz in g  a c t i v i t y  o f  about  12 h /day  which may be imposed by the need

to rumina te .  I t  suggests t h a t  hinds in group LL were g r a z in g  f o r  the  

maximum d u r a t io n  p o s s i b l e .  Thus, t h e i r  f a i l u r e  to  ac h iev e  a s i m i l a r
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leve l  o f  herbage in ta k e  to  hinds in group HL r e f l e c t e d  an i n a b i l i t y  

to  f u r t h e r  extend g r a z in g  t imes .

The f a c t  t h a t  group HL hinds m a in ta in e d  h ig h er  herbage in takes  

than those in group LL, d e s p i t e  lower b i t e  r a t e s  and d a i l y  g r a z in g  

t im es ,  demonstrates the importance o f  b i t e  we ight  in d e te rm in in g

the leve l  o f  i n t a k e .  The e s t im a te d  weight  o f  h e r b a g e / b i t e  was 

s i g n i f i c a n t l y  h ig her  f o r  hinds in group HL throughout  the s tu d y .  In  

ewes g r a z in g  s i m i l a r  pas tures  b i t e  we ig ht  is  p o s i t i v e l y  c o r r e l a t e d  

wi-Ht both sward s u r fa c e  h e ig h t  and herbage biomass ( A l ld e n  and 

W h i t t a k e r ,  1970) .  T h is  suggests t h a t  the d i f f e r e n c e  in herbage  

i n ta k e  between hinds g r a z in g  the h ig h  and low a v a i l a b i l i t y  pas tures  

was p r i m a r i l y  due to the e f f e c t  o f  sward s u r f a c e  h e ig h t  and biomass 

on the weight  of  h e r b a g e / b i t e .

Thus, c o n s is t e n t  w i t h  the co nc lus ion  o f  the  f i r s t  experiment  

( c h a p te r  3 )  i t  is  c l e a r  t h a t  express ion  o f  a p p e t i t e  e f f e c t s  on food 

in ta ke  a re  dependent on the a v a i l a b i l i t y  o f  herbage,  and t h a t  the  

a b i l i t y  to compensate f o r  re d u c t io n s  in herbage a v a i l a b i l i t y  by 

m odi fy in g  g ra z in g  behav iour  are  l i m i t e d .

4 . 5 . 1 . 2 .  E f f e c t s  o f  l a c t a t i o n

L a c t a t i o n  s i g n i f i c a n t l y  e l e v a t e s  the e n e r g e t i c  re qu irem ents  of  

the h ind .  Arman e t  a l .  ( 19 74 )  demonstrated t h a t  enhoused l a c t a t i n g  

deer consume up to  2 . 6  t imes the maintenance r a t i o n  o f  n o n - I a c t a t i n g  

females when fed to  a p p e t i t e .  In t h i s  s tu dy ,  l a c t a t i n g  (group LL)  

and n o n - I a c t a t i n g  (group LNL) hinds were m a in ta in e d  on a low 

a v a i l a b i l i t y  p as tu re  to  determ ine  the i n f lu e n c e  o f  l i m i t e d  food  

abundance on express ion  o f  these a p p e t i t e  d i f f e r e n c e s .  Evidence  

discussed in the p rev io u s  s e c t io n  ( 4 . 5 . 1 . 1 . )  i n d i c a t e d  t h a t  the food 

in ta ke  of  the l a c t a t i n g  hinds was r e s t r i c t e d  by herbage abundance.  

D es p i te  t h i s ,  the in ta k e  o f  n o n - I a c t a t i n g  hinds was s i g n i f i c a n t l y  

less than t h a t  of  the l a c t a t i n g  females  (mean 1.48  vs 1 .99  kg 

OM/day) .  The d i f f e r e n c e  in in tak e  due to  l a c t a t i o n  was g r e a t e s t  a t  

the s t a r t  o f  the study and was no longer s i g n i f i c a n t  by September.  

This is c o n s is t e n t  w i t h  d e c l i n e  in m i l k  p ro d u c t ion  and hence 

l a c t a t i o n a l  energy requirem ents  r e p o r te d  in g r a z in g  red deer (Loudon 

e t  a l . ,  1983) .  The s i m i l a r i t y  o f  herbage in takes  between groups LL 

and LNL from September may a l s o  be a consequence o f  the p ro g re s s iv e
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d e c l in e  in herbage biomass t h a t  occurred du r in g  the summer f u r t h e r  

r e s t r i c t i n g  the i n ta k e  o f  group LL. Thus, n o n - I a c t a t i n g  hinds d ur in g  

the e a r l y  stages  o f  the study d id  not  maximize herbage i n ta k e  under 

the p r e v a i l i n g  p a s tu re  c o n d i t i o n s ,  i n d i c a t i n g  t h a t  a p p e t i t e  r a t h e r  

than food a v a i l a b i l i t y  p r i m a r i l y  determined  the leve l  o f  t h e i r  

i n t a k e .  Th is  p ro v id es  the f i r s t  d i r e c t   ̂ in deer evid.ence t h a t  

l a c t a t i o n  increases herbage in ta k e  under g r a z i n g  c o n d i t i o n s .  Th is  

has been assumed based on d i f f e r e n c e s  in g r a z in g  behav iour  between 

l a c t a t i n g  and n o n - I a c t a t i n g  deer ( C Iu t t o n - B r o c k  e t  a / . ,  1982a ,b)  and 

f rom d i r e c t  measurements in sheep (A rn o ld  and D u d z in s k i ,  1967; 

A rn o ld ,  1975; Doney e t  a / . ,  1981) .

The lower herbage in takes  in n o n - I a c t a t i n g  hinds were  

a ss o c ia te d  w i t h  s h o r t e r  g r a z in g  t imes i n d i c a t i n g  t h a t  the d u r a t io n  

of  fe e d in g  a c t i v i t y  is  an important  component in the express ion  of  

a p p e t i t e  d i f f e r e n c e s .  A s i m i l a r  r e l a t i o n s h i p  has been r e p o r te d  in 

ewes (A rn o ld  and D u d z in s k i ,  1967) .  There was a ls o  evidence f o r  a 

lower herbage in ta k e  r a t e  dur in g  g r a z in g  in n o n - I a c t a t i n g  h in ds .  The 

e s t im a ted  average weig ht  o f  h e r b a g e / b i t e  f o r  n o n - I a c t a t i n g  hinds was 

13% less than t h a t  o f  l a c t a t i n g  an im als  (P < 0 . 0 5 )  which suggests  

increased s e l e c t i v i t y  o f  herbage.  The exper im enta l  p a s tu re  had a low 

spec ies d i v e r s i t y  and a f a i r l y  un ifo rm  sward h e i g h t .  I t  would be 

expected,  however, t h a t  the re  would have been a g r e a t e r  p r o p o r t io n  

of  less d i g e s t i b l e  stem m a t e r i a l  in the lower h o r izo n  o f  the sward.  

The la r g e r  e s t im a te d  b i t e  weight  o f  the l a c t a t i n g  deer im p l ies  t h a t  

they consumed a g r e a t e r  amount o f  lower h o r izo n  p l a n t  m a t e r i a l  in 

each b i t e .  T h is  is r e f l e c t e d  in a r e d u c t io n  in o v e r a l l  d i e t  

d i g e s t i b i l i t y  (LL ,  0 . 7 0  vs LNL, 0 . 7 3 ,  P < 0 . 0 1 ) .  In a d d i t i o n ,  

d i g e s t i b i l i t y  tends to  d e c l i n e  w i t h  in c r e a s in g  food consumption (Kay 

and G o o d a l l ,  1 976 ) .  In sheep ( A l ld e n  and W h i t t a k e r ,  1970)  b i t e  r a t e  

increases as b i t e  we ight  f a l l s  w i t h  reduced herbage

a v a i l a b i l i t y .  In t h i s  study a d i f f e r e n c e  in b i t e  r a t e  between the  

l a c t a t i n g  hinds w i t h  the la rg e r  e s t im a te d  b i t e  we ig ht  and the non-  

l a c t a t i n g  hinds w i t h  the s m a l le r  b i t e  we ig ht  was observed,  a l though  

the d i f f e r e n c e  was not s i g n i f i c a n t  (LL 7 6 . 6  vs LNL 7 8 . 9  b i t e s / m i n ) .  

Less d i s c r i m i n a t i v e  g r a z in g  by l a c t a t i n g  hinds may have occured  

because o f  t h e i r  high e n e r g e t i c  requ irem ents  and the l i m i t e d  

a v a i l a b i l i t y  o f  herbage.  V a r i a t i o n  in d i e t  s e l e c t i o n  r e l a t i n g  to
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l a c t a t i o n  has a ls o  been re p o r te d  in f r e e - r a n g i n g  red deer ( C l u t t o n -  

Brock et  a l . ,  1982af b -  see s e c t io n  1 . 2 . 1 2 . 2 . ) .

The data  re p o r te d  here in d i c a t e s  t h a t  deer modi fy  both the  

d u ra t io n  o f  fe ed in g  a c t i v i t y  and the  r a t e  o f  herbage in ta k e  dur ing  

g r a z in g ,  in the a t tem pt  to  meet n u t r i t i o n a l  req u i rem e n ts .

4 .5 .1 .3 .  E ffec ts  of melatonin treatment

The phase o f  seasonal rhythms o f  l a c t a t i n g  hinds was 

m anipula ted by a d m i n is t e r in g  cont inuous r e le a s e  m e la to n in  from mid 

summer. In enhoused n o n - I a c t a t i n g  hinds fed  to  a p p e t i t e ,  d a i l y  

m ela ton in  t rea tm e n t  from t h i s  t ime has been demonstrated to r e s u l t  

in an e a r l y  d e c l i n e  in food in ta k e  ( M i ln e  e t  a l . ,  1990, see F i g .  

3 . 1 ) .  Dur ing  t h i s  s tu d y ,  however,  t h e r e  was no ev idence  t h a t

t rea tm ent in f lu e n c e d  e i t h e r  food in t a k e  or g r a z in g  b eh a v io u r .  There

are  two p o s s ib le  e x p la n a t io n s  f o r  t h i s :  F i r s t l y ,  the absence o f  an

e f f e c t  o f  m e la to n in  may have been r e l a t e d  to  l i m i t e d  food

a v a i l a b i l i t y .  Th is  is c o n s i s t e n t  w i t h  o b s e r v a t io n s  in exper iment  1 

( ch a p te r  3 ) .  During t h a t  s tudy ,  express ion  o f  m e la to n in  e f f e c t s  on 

the a p p e t i t e  o f  n o n - I a c t a t i n g  hinds were dependent on adequate  

herbage a v a i l a b i l i t y .  Secondly,  the e l e v a t e d  n u t r i t i o n a l  demands 

asso c ia ted  w i t h  l a c t a t i o n  may have been superimposed on the normal 

seasonal d e c l i n e  in a p p e t i t e  thus masking i t s  e f f e c t .  In l a c t a t i n g  

Soay ewes m a in ta in ed  on a 6-month day length  c y c l e ,  v o l u n t a r y  food 

in take  and lamb growth remained the same as in ewes under n a tu r a l  

photoperiods  (Argo,  1986) .  In w e l l - f e d  dee r ,  the c a l f  growth r a t e s  

of  m e l a t o n i n - t r e a t e d  hinds  were not  d i f f e r e n t  from those o f  co n t r o l  

hinds (Adam e t  a I . ,  1986) .  The i m p l i c a t i o n  from these s t u d ie s  is

t h a t  l a c t a t i o n a l  demands take precedence over the seasonal  a p p e t i t e  

dec I i  n e .

4 .5 .2 .  HIND BODY CONDITION AND CALF GROWTH

4 .5 .2 .1 .  E ffects  of herbage a v a i l a b i l i t y

L a c t a t i n g  hinds g ra z in g  the high a v a i l a b i l i t y  pas ture

main ta ined  a f a i r l y  constant  l i v e  weight  and body c o n d i t i o n

throughout the s tu d y .  T h is  i n d i c a t e s  t h a t  herbage in ta ke  was

s u f f i c i e n t  to  s a t i s f y  maintenance and l a c t a t i o n  energy re q u i rem e nts .
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There was a ls o  ev idence o f  a smal l  but  s i g n i f i c a n t  increase  o f  3 kg 

in l i v e  weight  between August and l a t e  Octo ber.  As herbage in take  

was lower dur ing  t h i s  p e r io d  than e a r l i e r  in the s tu d y ,  i t  suggests  

maintenance a n d /o r  l a c t a t i o n a l  energy requ irem ents  had d e c l in e d  

p e r m i t t i n g  d e p o s i t io n  o f  f a t  r e s e r v e s .  Th is  is c o n s i s t e n t  w i t h

evidence  t h a t  m i l k  y i e l d  in red deer d e c l i n e s  p r o g r e s s i v e l y  a f t e r  

about 40 days o f  l a c t a t i o n  (Loudon e t  a l . ,  1983) .  In hinds from the  

same herd g r a z in g  a s imi I ar  p a s t u r e , m i l k  y i e l d  f e l l  by about 50X 

f rom the peak a t  day 30 and day 100 o f  l a c t a t i o n  (Loudon e t  a l . ,

1983) .  In c o n t r a s t ,  hinds g ra z in g  the low a v a i l a b i l i t y  p as ture

(group LL)  e x h i b i t e d  a p ro g re s s iv e  loss o f  l i v e  we ig ht  and body

c o n d i t i o n .  In these animals herbage consumption was c l e a r l y

i n s u f f i c i e n t  to  meet the energy demands o f  l a c t a t i o n  and maintenance  

r e s u l t i n g  in the u t i l i s a t i o n  o f  s to r e d  energy r e s e r v e s .

D es p i te  using f a t  reserves  to  supplement herbage in ta k e  the  

s m a l le r  l i v e w e ig h t  gains o f  c a lve s  in group LL i n d ic a t e s  t h a t  m i l k  

y i e l d  o f  t h e i r  mothers was less than t h a t  o f  hinds in group HL. This  

conclu s io n  is supported by the b r i e f e r  d u r a t io n  o f  s u c k l in g  bouts by 

c a lv es  on the low a v a i l a b i l i t y  p a s t u r e .  Bout length  has been shown 

to be r e l a t e d  to m i l k  y i e l d ,  as a t  any one s u c k l in g  t ime th e re  is a 

g r e a t e r  amount o f  m i l k  a v a i l a b l e  in the mammary gland o f  a high  

y i e l d i n g  hind (Loudon e t  a l . ,  1983) .  There was, however,  no 

s i g n i f i c a n t  e l e v a t i o n  in su c k l in g  bout  f requency a s s o c ia te d  w i t h  

s h o r t e r  bout length (Loudon e t  a I . ,  1983). I t  has been suggested t h a t  

ca lves  o f  low y i e l d i n g  mothers a t te m p t  to o b t a i n  s u f f i c i e n t  m i l k  

in take  to m a in ta in  growth a t  i t s  maximum g e n e t i c  p o t e n t i a l  by 

s u c k l in g  more f r e q u e n t l y  (Loudon e t  a l . ,  1983) .

Loudon e t  a l .  (19 8 3 )  noted t h a t  in a s s o c ia t i o n  w i t h  low m i lk  

y i e l d  and increased su c k l in g  bout f requency t h e re  was an e l e v a t i o n  

in plasma p r o l a c t i n  c o n c e n t r a t io n s .  Al though t h e r e  were no 

d i f f e r e n c e s  in s u c k l in g  f requency  observed du r in g  t h i s  study and 

i n s p i t e  o f  s h o r t e r  s u c k l in g  bout le ngth ,  the plasma p r o l a c t i n  

c o n c e n t r a t io n s  o f  hinds in group LL were h igher than those of  group 

HL d ur in g  J u l y .

Calves on both pas tures  e x h i b i t e d  a gradual  re d u c t io n  in bout  

f requency as l a c t a t i o n  progressed.  S i m i l a r ,  a l though  less marked,  

t rends  have been re p o r te d  p r e v i o u s ly  ( K e l l y  and Drew, 1976; Loudon
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e t  a l . ,  1983) .  T h is  presumably r e f l e c t s  the d e c l i n e  in m i l k  y i e l d  

which occurs as l a c t a t i o n  progresses  (Loudon e t  a l . ,  1983 ) .  Th is  is  

as so c ia te d  w i t h  d e c l i n i n g  dependence on m i l k  as a source o f  c a l f  

n u t r i t i o n .  In red d eer ,  from about day 30 -  40 o f  l a c t a t i o n  m i lk  no 

longer p rov ides  the t o t a l  energy requ irem ent  o f  the growing c a l f  and 

i t  becomes i n c r e a s i n g l y  dependent on herbage in ta k e  (Loudon and Kay,  

1984) .  As expected ,  a gradual  increase  in g ra z in g  a c t i v i t y  by c a lves  

on both p as tu res  was observed d ur in g  t h i s  s tudy .  At about  day 70 of  

l a c t a t i o n  t h i s  accounted f o r  o n ly  0 . 1 7  o f  the observed p e r io d ,  but  

by day 130 t h i s  had r i s e n  to  an average o f  0 . 6 3  and was comparable  

w i t h  maximum g ra z in g  t imes by a d u l t s .  By mid-September (day 102 -  

108) herbage in ta k e  o f  ca lves  on the high a v a i l a b i l i t y  pas tu re  was 

n e a r l y  a t h i r d  o f  t h a t  o f  t h e i r  mothers ,  (3 0 .1  vs 100.7 g 

0M/kg0. 7 5 / d a y ) .  Herbage in take  by ca lve s  g ra z in g  the low 

a v a i l a b i l i t y  p as tu re  was higher  ( 3 5 . 6  g OM/kgO• 7 5 / d a y , P < 0 . 0 5 ) .  I t  

appears the c a lv es  rea re d  on the low a v a i l a b i l i t y  p as tu re  a t tempted  

to compensate f o r  t h e i r  lower m i l k  consumption by in c r e a s in g  herbage  

in ta k e .  D e s p i te  the increased herbage in ta ke  the ca lv e s  o f  hinds in 

group LL were an average o f  9 kg l i g h t e r  than the HL group ca lves  

a t  4 months o f  age,  dem onst ra t ing  t h a t  t h i s  increase  in herbage  

in take  was i n s u f f i c i e n t  to  compensate f o r  the e f f e c t s  o f  lower m i lk  

consumpt i o n .

4 .5 .2 .2 .  E ffec t  of lac ta tion

On a low a v a i l a b i l i t y  pas tu re  l a c t a t i n g  hinds consumed n e a r ly  

40% more herbage than n o n - I a c t a t i n g  hinds per u n i t  m e ta b o l ic  body 

w e ig h t .  From e a r l y  J u l y ,  however,  both the l i v e  we ight  and body 

co n d i t io n  o f  l a c t a t i n g  hinds on the low a v a i l a b i l i t y  pas tu re  were  

s i g n i f i c a n t l y  lower than t h a t  o f  n o n - I a c t a t i n g  fem ales .  These 

parameters e x h i b i t e d  a p ro g r e s s iv e  d e c l i n e  in l a c t a t i n g  hinds dur ing  

the study but  remained s t a b l e  in those not  l a c t a t i n g  r e f l e c t i n g  the  

heavy e n e r g e t i c  cost  o f  l a c t a t i o n .  This is  ref lec ted  in the  

s i m i l a r i t y  in l i v e  weight  between hinds in group HL and LNL d e s p i t e  

the HL hinds consumimg 2.1 t imes the amount o f  herbage.

4 .5 .2 .3 .  E ffec t  of melatonin treatment

Advancing the u n d e r ly in g  seasonal  a p p e t i t e  c y c le  o f  l a c t a t i n g
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hinds on the low a v a i l a b i l i t y  pasture  using m e la ton in  d id  not  r e s u l t  

in an observed a f f e c t  on hind l i v e  weight  or c a l f  growth compared to  

hinds in group LL.

4 . 5 . 3 .  CONTROL OF REPRODUCTION

4 . 5 . 3 . 1 .  E f f e c t s  o f  herbage a v i l a b i l i t y

At the beginning  of  the b reed in g  season t h e r e  were la rg e

d i f f e r e n c e s  in herbage in take (90  vs 49 g OM/kgO• 7 5 / d a y ) ,  l i v e  

weight  ( 8 9 . 7  vs 7 7 .7  kg) and body c o n d i t i o n  (s c o re  3 . 7  vs 2 . 3 )

between the l a c t a t i n g  hinds g raz in g  the  high (group HL) and low

a v a i l a b i l i t y  (group LL) pas tu re s .  D e s p i te  t h i s ,  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  in the t ime o f  onset  o f  the bre ed in g  season 

of  these two groups (17 vs 20 October f o r  groups HL and LL,

r e s p e c t i v e l y ) .  Th is  co n t ra s ts  w i t h  evidence  o f  a s m a l l ,  but

s i g n i f i c a n t  de lay  o f  6 . 2  days re p o r te d  in hinds g ra z in g  an

indigenous h i l l  pas ture  compared to a p e re n n ia l  ry egrass  p as ture  

(Loudon e t  a I . ,  1983) .  Based on evidence in humans ( M c N e i I l y ,  1979;  

Howie and McNei l l y ,  1982) i t  was suggested by Loudon e t  a l .  (1 9 8 3 )  

t h a t  the high c a l f  su ck l in g  frequency o f  hinds g r a z in g  the h i l l  

p as tu re  ( a s s o c ia t e d  w i t h  low m i lk  y i e l d s ,  see s e c t io n  4 . 5 . 2 . 1 . )  was 

r e s p o n s ib le  f o r  d e lay in g  the onset  o f  the b reeding  season.  Th is  is  

supported  by evidence of  a 33% increase in pregnancy r a t e s  in

Brahmin c a t t l e  (Bos indicus')  f o l l o w i n g  exper im enta l  r e s t r i c t i o n  of  

c a l f  su c k l in g  a c t i v i t y  (B a s t id a s  e t  a l . ,  198 4 ) .  In red deer  

increased s u c k l in g  frequency is a sso c ia te d  w i t h  e le v a t e d  plasma 

p r o l a c t i n  co n c e n t r a t io n s  (Loudon et  a ! . ,  1983 ) .  Suppressing (u s in g  

the dopamine agon is t  b ro m o cr ip t in e )  or  s t i m u l a t i n g  (u s in g  the

dopamine a n t a g o n is t  domperidone) plasma p r o l a c t i n  c o n c e n t ra t io n s  

from mid-summer, however, f a i l e d  to a l t e r  the t im in g  o f  the breeding  

season in n o n - I a c t a t i n g  hinds (M i ln e  e t  a l . ,  1990) .  Whether t h i s  

hormone is involved in med ia t in g  the e f f e c t s  o f  the s u c k l in g  

s t im u lu s  on rep ro du ct io n  is u n c le a r .  During t h i s  study the higher  

plasma p r o l a c t i n  con cen t ra t ion s  o f  hinds in group LL d ur ing  Ju ly  

were not as s o c ia te d  w i t h  a de lay  in the onset  o f  the breeding  

season.
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The absence o f  an e f f e c t  o f  n u t r i t i o n  on the t im in g  o f  the  

breeding season d u r in g  t h i s  s tu d y ,  and the r e l a t i v e l y  smal l d e la y s ,  

i f  any, repo r ted  p r e v io u s ly  ( e . g .  6 . 2  days,  Loudon e t  a l . ,  1983)  

imply t h a t  the t im in g  of  re p r o d u c t iv e  a c t i v i t y  is r e l a t i v e l y  

i n s e n s i t i v e  to  p r e v a i l i n g  n u t r i t i o n a l  s t a t u s .  T h is  could  be r e l a t e d  

to the importance f o r  h i g h ly  seasonal  spec ies  l i k e  red deer of  

conce iv ing  (and thus c a l v i n g )  d u r in g  s p e c i f i c  p e r io d s  o f  the y e a r .  

F a i l u r e  to synchro nize  p a r t u r i t i o n  w i t h  optimum environmental  

c o n d i t io n s  in e a r l y  summer e x e r t s  a heavy p e n a l t y  on hind  

rep r o d u c t iv e  success (see  s e c t io n  4 . 1 . ) .  The s e l e c t i o n  pressures  

r e l a t e d  to t im in g  o f  c a l v i n g  have thus r e s u l t e d  in the e v o l u t i o n  of  

an annual r e p r o d u c t iv e  c y c le  which t imes concept ion  to  a r e l a t i v e l y  

circumscr ibed  p e r io d  in autumn. T h is  is e n t r a i n e d  by the annual  

photoperiod cy c le  (see ch ap ter  1 f o r  e v i d e n c e ) .  S oc ia l  f a c t o r s  may 

a ls o  have a r o l e  in f i n e  tun in g  r e p r o d u c t i v e  s y n c h r o n iz a t i o n .  

Evidence i n d ic a t e s  t h a t  s o c ia l  co n tac t  r e s u l t s  in g r e a t e r  synchrony  

of  oestru s  in hinds (d e e r :  Iason and Guinness, 1985; sheep: Wayne e t  

a l . ,  1989; Sunderland e t  a l . ,  1990) and t h a t  e a r l y  c y c l i n g  hinds can 

advance r e p r o d u c t iv e  a c t i v i t y  in males (M.W. F i s h e r ,  unpubl ished  

d a t a ) .  Social  f a c t o r s  may e x p la in  the absence o f  any in f lu e n c e  o f  

n u t r i t i o n  on the t im in g  o f  the breed ing  season in t h i s  s tudy .  Both 

groups LL and HL grazed a d j o i n i n g  p as tu res  and were exposed to  

r e g u la r  contac t  d ur in g  hand l ing  procedures .  In c o n t r a s t ,  the h i l l  

and permanent grass pas tures  used by Loudon e t  a l .  ( 1 9 8 3 )  were 600m 

a p a r t .  Thus, in the present  s tu d y ,  a r e l a t i v e l y  smal l  p o t e n t i a l  

in f lu e n c e  of  n u t r i t i o n  could have been masked.

Although t h e r e  was no e f f e c t  on the t im in g  o f  the breed ing  

season r e l a t e d  to  herbage a v a i l a b i l i t y  t h e r e  was an i n f lu e n c e  on the  

p r o p o r t io n  of  hinds  e x h i b i t i n g  o e s t r u s .  Only 5 / 8  hinds in group LL 

had e x h i b i t e d  o es t rous  c y c l i c i t y  by January.  In  c o n t r a s t ,  a l l  h inds  

in group HL commenced c y c l i n g  d ur in g  Octo ber .  The most important  

e f f e c t  of  herbage a v a i l a b i l i t y  may t h e r e f o r e  be to  determ in e  whether  

hinds breed r a t h e r  than when they do so. Evidence from w i l d  (Albon  

e t  a l . ,  1983) and farmed (Ham il ton  and B l a x t e r ,  1980)  red deer has 

demonstrated a c l e a r  r e l a t i o n s h i p  between hind l i v e w e ig h t  and 

f e r t i l i t y .  Farmed hinds f a i l e d  to  c a lv e  i f  t h e i r  l i v e  we ight  a t  the
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p rev io u s  r u t  had been less than 52 kg,  but  a t  60 and 80 kg the  

p r o b a b i l i t y  increased to 0 . 4 9  and 0.91  r e s p e c t i v e l y  (H a m i l to n  and 

B l a x t e r ,  1980) .  In  a l l  p r o b a b i l i t y  body w eig ht  i t s e l f  is  not  

im p o r tan t ,  but  r a t h e r  some aspect  o f  body c o n d i t i o n .  In humans 

ev idence  o f  a c r i t i c a l  we ight  a s s o c ia t e d  w i t h  f e r t i l i t y  ( F r i s c h  and 

R e v e l l e ,  1971) is b e l i e v e d  to r e f l e c t  a c r i t i c a l  p r o p o r t i o n  o f  body 

f a t  to  lean body mass ( F r i s c h  and McArthur,  1974) .  Th is  suggests  

t h a t  the in f lu e n c e  o f  herbage abundance on o es t rous  c y c l i c i t y  

observed in t h i s  study was r e l a t e d  to  i t s  impact on s t o re d  energy  

r e s e rv e s .  I t  remains u n c le a r ,  however, whether the e f f e c t s  a re  

d i r e c t l y  r e l a t e d  to  body c o n d i t i o n ,  or  i n d i r e c t l y  by reduced m i l k  

pro d u c t io n  in c re a s in g  the i n t e n s i t y  o f  s u c k l in g  a c t i v i t y  (Loudon e t  

a I . ,  1983, see above) .

D i f f e r e n c e s  in l i v e  weight  and body c o n d i t i o n  score between 

hinds in groups LL and HL were not  as s o c ia te d  w i t h  v a r i a t i o n  in the  

p i t u i t a r y  LH response to exogenous GnRH. Recent  ev idence  in ewes 

suggests t h i s  may r e f l e c t  the f a c t  t h a t  p i t u i t a r y  GnRH re c e p to r  

number (Tatman e t  a l . ,  1990) and LH content  (Thomas e t  a l . ,  1989)  

are  r e l a t i v e l y  u n a f f e c t e d  by d e c l i n i n g  body c o n d i t i o n .  The low body 

c o n d i t i o n  o f  hinds in group LL was, however,  a s s o c ia t e d  w i t h  a 

red u c t io n  in mean plasma LH c o n c e n t r a t i o n s .  A s i m i l a r  r e l a t i o n s h i p  

between body c o n d i t i o n  and mean plasma LH c o n c e n t r a t io n s  has been 

r e p o r te d  in ewes in some s t u d ie s  (Thomas e t  a l . ,  1989; Tatman e t  

a l . ,  1990)  but  not in o th e rs  (Rhind  and M c N e i I l y ,  1986; Rhind e f  

a l . ,  1989) .  T h is  d i s p a r i t y  may r e f l e c t  d i f f e r e n c e s  in the e x t e n t  o f  

n u t r i t i o n a l  r e s t r i c t i o n  between s t u d i e s .  Tatman e t  a l .  ( 19 90 )  noted  

t h a t  a d e c l i n e  in LH re l e a s e  was on ly  a ss o c ia te d  w i t h  re d u c t io n s  in 

body c o n d i t i o n ,  i f  c o n d i t i o n  score d e t e r i o r a t e d  below a p a r t i c u l a r  

th r e s h o l d .  The reduced mean plasma LH c o n c e n t r a t io n s  were as s o c ia te d  

w i t h  a r e d u c t io n  in LH pulse f requency (Thomas e t  a I . ,  1989) .  Poor 

body c o n d i t io n  in ewes a ls o  r e s u l t s  in an e l e v a t e d  GnRH content  

w i t h i n  the p i t u i t a r y  s t a l k  median eminence o f  the hypothalamus  

(Tatman e t  a l . ,  1990) .  These o b s e r v a t io n s  led Tatman e t  a l .  ( 19 90 )  

to propose t h a t  s e c r e t i o n  of  GnRH was c h r o n i c a l l y  i n h i b i t e d  in ewes 

in very poor c o n d i t i o n .  Th is  suggests t h a t  the lower mean plasma LH 

c o n c e n t r a t io n s  and the reduced inc idence  o f  oes t rous  c y c l i c i t y  in

221



hinds o f  group L L f may have r e s u l t e d  from a suppression o f  GnRH 

pulse  freq uency .

4 . 5 . 3 . 2 .  E f f e c t s  o f  l a c t a t i o n

By the onset o f  the b reed in g  season t h e r e  were s u b s t a n t i a l  

d i f f e r e n c e s  between l a c t a t i n g  (group LL)  and n o n - I a c t a t i n g  (group  

LNL) hinds in l i v e  we ig ht  ( 7 7 . 7  kg vs 93 .1 kg) and body c o n d i t io n  

(sc o re  2 . 3  vs 4 . 4 ) .  D es p i te  t h i s ,  and the presence o f  the c a l f  

s u c k l in g  s t im u lu s ,  t h e r e  was no d i f f e r e n c e  in the t im in g  o f  the  

b reedin g  season between the groups.  Th is  is  in c o n t r a s t  to  some 

s t u d ie s  in which e a r l i e r  r e p r o d u c t i v e  a c t i v i t y  occurred in non-  

I a c t a t i n g  animals  (19  days,  Adam e t  a I . ,  1989b) or  when weaning was 

advanced (16  days,  Adam e t  a l . ,  1985; 8 days, M i l n e  e t  a l . ,  1987) .  

However, the study by Adam e t  a l .  ( 1 9 8 6 )  d id  not demonstrate an 

e f f e c t  o f  l a c t a t i o n .  There is no obvious e x p la n a t io n  f o r  t h i s  

v a r i a t i o n .

There were d i f f e r e n c e s  in the p r o p o r t io n  o f  hinds e x h i b i t i n g  

o estro us  c y c l i c i t y .  Oestrous c y c le s  were e x h i b i t e d  by a l l  h inds in 

group LNL but in on ly  5 / 8  l a c t a t i n g  hinds in group LL. In w i l d  

S c o t t i s h  p o p u la t io n s  lower f e r i l i t y  is commonly a s s o c ia te d  w i t h  

p rev io u s  l a c t a t i o n  (Lowe, 1969; M i t c h e l l ,  1973; Guinness e t  a l . ,  

1978) p a r t i c u I a r i I y  when p o p u la t io n  d e n s i t i e s  a re  high (Albon et  

a l . ,  1983) .  On the I s l e  o f  Rhum the c a l v i n g  r a t e  o f  hinds barren  the  

prev ious  year was 20-26X h ig her  than t h a t  o f  hinds p r e v i o u s ly  

l a c t a t i n g  ( M i t c h e l l ,  1973) .  Hamil ton  and B l a x t e r  (1 9 8 0 )  using t h e i r  

asym ptot ic  r e g r e s s io n ,  r e l a t i n g  f e r t i l i t y  to  l i v e  w e ig ht  in farmed 

deer ,  were a b le  to  reasonab ly  p r e d i c t  the c a lv in g  r a t e s  observed by 

M i t c h e l l  ( 19 73 )  from hind body w e ig h ts .  T h is  suggests t h a t  the  

pr im ary  e f f e c t  o f  l a c t a t i o n  on re p ro d u c t io n  maybe r e l a t e d  to  i t s  

impact on hind body c o n d i t i o n .  I f  t h i s  is  the case then the  

i n f lu e n c e  o f  l a c t a t i o n  should be dependent on food a v a i l a b i l i t y  (see  

s e c t io n  4 . 5 . 3 . 1 . ) .  Th is  was in f a c t  the case and the inciden ce  o f  

oes trous  cy c le s  were s i g n i f i c a n t l y  h ig h er  in l a c t a t i n g  deer t h a t  

were g ra z in g  the high a v a i l a b i l i t y  p a s t u r e .  Perhaps,  when herbage is  

abundant hinds a re  a b le  to  increase  food in take  s u f f i c i e n t l y  to  

meet the e n e r g e t i c  demands o f  l a c t a t i o n .  However, when resources a re  

l i m i t e d ,  as on the low p a s t u r e ,  in ta k e  cannot be r a i s e d  s u f f i c i e n t l y
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to meet both maintenance and l a c t a t i o n a l  req u i re m e n ts .  Th is  r e s u l t s  

in d e p l e t i o n  o f  energy reserv es  and a r e d u c t io n  in f e r t i l i t y .

L a c t a t i o n ,  and the ass o c ia te d  d e c l i n e  in body c o n d i t i o n  d id  not  

a f f e c t  e i t h e r  p i t u i t a r y  s e n s i t i v i t y  to  exogenous GnRH, or mean 

plasma LH c o n c e n t r a t i o n s .  In a d d i t i o n ,  the plasma LH c o n c e n t r a t io n s  

fo r  hinds in groups LL and LNL were both s i g n i f i c a n t l y  lower than  

those in group HL. C o l l e c t i v e l y  these data  imply t h a t  the lower 

p ro p o r t io n  o f  group LL hinds e x h i b i t i n g  oes tro us  c y c le s  compared to  

e i t h e r  group LNL or HL may have been u n r e la t e d  to  LH s e c r e t i o n .  

Rhind e t  a l .  ( 1 9 8 9 )  observed,  however,  t h a t  poor n u t r i t i o n  in ewes 

reduced LH pulse  f requency w i t h o u t  i n f l u e n c i n g  mean plasma 

co n c e n t ra t io n s  o f  the hormone. C l e a r l y ,  a b e t t e r  und ers tandin g  o f  

the e f f e c t s  o f  l a c t a t i o n  and n u t r i t i o n  on the LH s e c r e t o r y  mechanism 

and oestrous  c y c l i c i t y  a w a i ts  a d e t a i l e d  i n v e s t i g a t i o n  in to  the  

in f lu e n c e  o f  these f a c t o r s  on LH pu ls e  frequency  and am p l i tu d e .

4 . 5 . 4 . 3 .  E f f e c t  o f  m e la to n in  t r e a tm e n t

M e la to n in  t rea tm e n t  s u c c e s s f u l l y  advanced the t im in g  o f  f i r s t  

oestrus  in l a c t a t i n g  hinds m a in ta in e d  on the low a v a i l a b i l i t y  

p a s tu re .  C l e a r l y  n u t r i t i o n a l  r e s t r i c t i o n  was unable to  prevent  

express ion  o f  the advanced r e p r o d u c t iv e  s t a t u s  o f  group LLM h in d s .  A 

summary o f  pub l is h ed  data f o r  the e f f e c t  o f  m e la to n in  t re a tm en t  on 

the t im in g  o f  the breed ing  season in red deer hinds is p resented  in 

Table 4 . 8 .  The t im in g  o f  the breed in g  season in group LLM was 

s i m i l a r  to  t h a t  observed in o t h e r  s t u d i e s  (see  F ig u re  4 . 1 5 ) .  

C o l l e c t i v e l y ,  these da ta  in d i c a t e  t h a t  th e re  was r e l a t i v e l y  l i t t l e  

e f f e c t  o f  the date o f  commencement o f  m e la to n in  t rea tm e n t  on the  

s h i f t  in the t im in g  o f  the b reed in g  season. T h is  was f o r  a range  

from 59 days b e fo re  the summer s o l s t i c e  to  33 days a f t e r  f o r  the  

commencement o f  t r e a t e m n t .  The o n ly  two s tu d ie s  comparing date  o f  

t rea tment  commencement have demonstrated no s i g n i f i c a n t  e f f e c t  

r e l a t e d  to  the onset o f  t re a tm en t  ( F i s h e r  e t  a t . ,  1990, and ' i n  

p r e s s ' ) .  The da ta  p resented  in F ig u r e  4 . 1 5  a ls o  suggest  t h a t  method 

of m e la to n in  t rea tm en t  d id  not in f lu e n c e  the observed advance in the  

breeding season (see  s e c t i o n  1 . 2 . 3 . 5 . ) .
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TABLE 4 . 8
Summary o f  p u b l ished  data  f o r  the  advancement o f  the onset  o f  the  
breeding  season by m e la to n in  t re a tm e n t  in red deer h in d s ,  by d a i l y  
i n j e c t i o n  ( D I ) ;  d a i l y  o ra l  dosing (DO),  and slow r e le a s e  implants  
( I M P ) .  Expanded v e rs io n  o f  rev iew  by Loudon and B r in k  low ( i n  p ress )

Phys i o 1og i c a 1 
s t a t u s

Onset o f  b reed in g  
season 

Contro l  T re a te d

Advance
(days)

I n t e r v a l
( d a y s ) *

Treatment
method

a )  P repuber ta l 24 AprC 29 Mar 26 81 DI

b) >11 AprBC 11 Mar >31 142 IMP

c) > 11 AprBC 13 Mar >29 124 IMP

d) >11 AprBC 12 Mar >30 103 IMP

e) > 11 AprBC 19 Mar >23 90 IMP

f ) >11 AprBC 22 Mar >20 73 IMP

g) >13 AprBC 17 Mar >27 107 IMP

h) >13 AprBC 30 Mar >14 120 IMP

i ) 4 Aprc 24 Mar 11 100 IMP

j )  L a c t a t i n g 17 Oct 15 Sep 32 88 DO

k) 24 Oct 16 Sep 38 133
\

DO

1) 20 Oct 2 Oct 18 96 IMP

m) 8 Aprc 28 Mar 11 73 IMP

n) N o n - l a c t a t i n g 21 Oct 16 Sep 35 89 DO

o) 5 Oct 2 Sep 33 119 DO

p ) 8 Oct 19 Sep 19 78 DO

q) 5 Oct 13 Sep 22 76 DO

r ) 21 Oct 5 Oct 16 71 DO

A: I n t e r v a l  f rom onset  o f  t re a tm en t  to  onset  o f  b re e d in g .  B: None of  
c o n t r o l s  c y c l i n g  by end o f  m o n i to r in g  on t h i s  d a t e .  C: Southern
hemisphere d a t e s .  D: Breeding season as determined from progesterone  
p r o f i l e s .  E: Breeding based on mating d a te s .  F: Breeding season
determined from c a l v i n g  dates ( -  234 d a y s ) .  R eferen ces :  ( a )  Webster  
and B a r r e l l  ( 1 985 )E ;  (b -  f )  F is h e r  e t  a l .  (1990) l>;  (g -  h) F is h e r  
e t  a l . *  ( i n  p ress)&;  ( i )  and (m) F is h e r  e t  a l .  ( 1 9 8 8 ) C , F ;  ( j )  + ( n )  
Adam e t  a l .  (1 9 8 6 ) » ;  ( k ) + ( o )  Adam e t  a l .  (1989b)D;  ( I )  e x p t .  2 ,  t h i s  
t h e s i s , D ;  (p -  q)  M i ln e  e t  a l .  (1 990 )D ;  ( r )  e x p t .  1, t h i s  t h e s i s , 0 .
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FIGURE 4 . 1 5 :  R e l a t i o n s h i p  between d a te  o f  onset  o f  the breed in g
season and t ime o f  t rea tm ent  w i t h  m e la t o n in ,  f o r  p r e - p u b e r t a I  

l a c t a t i n g  ( ■ , □ ) ,  and non-1 a c t a t  i ng ( A , A ) red deer  
hinds .  R esu lts  f o r  d a l l y  dosing ( o r a l  or  i n j e c t i o n )  and slow r e le a s e  
implant  t rea tm en ts  a re  rep re sen ted  by s o l i d  or  c l e a r  symbols 
r e s p e c t i v e l y .  D e t a i l s  a re  g iven  in T ab le  4 . 7 .  For comparat ive  
purposes, da ta  from the southern hemisphere (New Z ea lan d )  a re
presented  w i t h  respect  to n o r th e rn  hemisphere d a t e s .  'Exp. 1' and
'Exp.  2 '  re p re s e n t  the r e s u l t s  f o r  exper imen ts  1 and 2 o f  t h i s  
t h e s i s .  The r e l a t i o n  is described  by the eq u a t io n :  y = 215 + 0 .2 9 7  x 
( r 2  = 0 . 6 3 ,  P < 0 . 0 0 1 ) ,  where ' y ' r e p r e s e n ts  the onset  o f  the
breed ing  season and ' x '  re p r e s e n ts  the da te  o f  t rea tm en t  
commencement. Values a re  days a f t e r  1 January .

Date of  f i rs t  oest rus

Oct

Sept

□  Exp.2
A Exp. 1

May June

Date of t r eatment  onset

July
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Although body c o n d i t io n  and food in ta ke  were s i m i l a r  between 

both m e l a t o n i n - t r e a t e d  (group LLM) and n o n - t r e a t e d  (group LL)  hinds  

g r a z in g  the low a v a i l a b i l i t y  p a s t u r e ,  th e re  was a tendency f o r  a 

g r e a t e r  p r o p o r t io n  o f  hinds in group LLM to  e x h i b i t  o e s t ru s  ( 7 / 8  vs 

5 / 8 ) .  Thus, t h e r e  may have been a d im in ished  e f f e c t  o f  poor 

n u t r i t i o n  on re p r o d u c t iv e  a c t i v i t y  a ss o c ia te d  w i t h  m e la to n in  

t r e a t m e n t .  T h is  might  have been r e l a t e d  to  the i n f lu e n c e  o f  

m ela to n in  on t im in g  o f  the b reed in g  season. As l i v e  we ight  

p r o g r e s s i v e l y  d e c l in e d  dur in g  the summer an e a r l i e r  breed in g  season 

induced by m e la to n in  t rea tm en t  may have c o in c id ed  w i t h  r e l a t i v e l y  

b e t t e r  body c o n d i t i o n .  N e i t h e r  l i v e  weight  nor c o n d i t io n  score ,  

df t ta . ,  howe-vtr, suggest  an 18 day d isplacement  in the onset  o f  the  

breeding  season would make much d i f f e r e n c e .  P o s s ib ly  body c o n d i t io n  

i n t e r a c t e d  w i t h  leve l  o f  herbage in t a k e  s h o r t l y  b e f o r e  the onset  o f  

the breed ing  season.  In sheep, the leve l  o f  p re -m a t in g  food in take  

has been shown to  in f lu e n c e  embryo m o r t a l i t y  i r r e s p e c t i v e  o f  body 

c o n d i t i o n  (Gunn and Doney, 1975) .  During t h i s  study herbage in tak e  

d e c l in e d  p r o g r e s s i v e l y  and was s i g n f i c a n t l y  lower a t  the t ime o f  

breedin g  season onset  in group LL than in group LLM.

The one m e l a t o n i n - t r e a t e d  hind t h a t  f a i l e d  to  c y c le  (R31)  

possessed very  low d i e t  d i g e s t i b i l i t y  ( 0 . 4 4  vs mean o f  0 .71 f o r  

remain ing group LLM h i n d s ) .  C l e a r l y  t h i s  hind was o b t a i n i n g  less  

n u t r i t i o n a l  va lu e  from the food i t  consumed than o th e r  an imals  (as  

in take s  were s i m i l a r ) .

4 . 5 . 4 .  CONTROL OF COAT GROWTH

4 . 5 . 4 . 1 .  E f f e c t s  o f  herbage a v a i l a b i l i t y

W in te r  p r imary  f i b r e  growth o f  hinds  in groups LL and HL became 

e v id e n t  in August as plasma p r o l a c t i n  c o n c e n t r a t io n s  d e c l in e d .  An 

a s s o c i a t i o n  between coat  growth and plasma p r o l a c t i n  c o n c e n t r a t io n s  

has been re p o r t e d  p r e v io u s l y  in red deer (Loudon e t  a I . ,  1989) and 

sheep ( L i n o l n ,  1990) .  There was a 9 day d e lay  in the onset  o f  w i n t e r  

h a i r  growth o f  hinds in group LL compared to those in group HL. Th is  

may have been r e l a t e d  to  the s i g n i f i c a n t l y  h ig her  plasma p r o l a c t i n  

co n c e n t ra t io n s  d e te c te d  in group LL du r in g  J u l y .  In the D ju n g ar ian  

hamster ,  p r o l a c t i n  i n j e c t i o n s  prevented  a s h o r t - d a y  induced w i n t e r
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moult and m a in ta in ed  the summer coat  (Duncan and Goldman, 1984b) .  In 

mink,  d e la y in g  the autumn moult  by m a in t a i n in g  females on long

photoper iods was c o r r e l a t e d  w i t h  a d e la y  in the seasonal  d e c l i n e  in 

plasma p r o l a c t i n  c o n c e n t r a t io n s  ( M a r t i n e t  e t  a / . ,  1984 ) .  The h igher  

plasma c o n c e n t r a t io n s  o f  p r o l a c t i n  in hinds o f  group LL may have 

been due to  an e f f e c t  o f  poor matern a l  n u t r i t i o n  on c a l f  s u c k l in g  

a c t i v i t y  (see  s e c t io n  4 . 5 . 2 . 1 . ) .

In a d d i t i o n  to  e x h i b i t i n g  a de layed  onset  o f  p r im a ry  f i b r e  

growth,  the mass o f  h a i r  f i b r e s  per u n i t  a re a  in January was less

in group LL than group HL, a l though  f i b r e  length  a t  t h i s  t ime was

s i m i l a r .  Thus, i t  appears t h a t  the leve l  o f  food in ta k e  d ur in g

summer can have an important  in f l u e n c e  on the i n s u l a t o r y  q u a l i t y  o f  

the w i n t e r  c o a t .  P o o r ly  nourished hinds  a re  t h e r e f o r e  d isadvantaged  

not on ly  by reduced energy re s erv e s  (see  s e c t io n  4 . 5 . 2 . 1 . )  but  by 

increased s u s c e p t i b i l i t y  to hea t  lo ss .  I n e v i t a b l y  the s u r v i v a l  

chances o f  these hinds through a harsh w i n t e r  would be reduced.

4 .5 .4 .2 .  E ffec ts  of lac ta tion

The onset  o f  w i n t e r  p r imary  f i b r e  growth occurred e a r l i e r  in the  

n o n - I a c t a t i n g  hinds (group LNL) than in e i t h e r  non-m ela ton in  t r e a t e d  

l a c t a t i n g  groups (group LL and HL) .  T h is  d i f f e r e n c e  is sug g es t ive  o f  

the involvement o f  p r o l a c t i n  in the c o n t ro l  o f  coat  growth as 

l a c t a t i o n  is  accompanied by an e l e v a t i o n  o f  plasma p r o l a c t i n  

co n c e n t ra t io n s  (Adam e t  a ! . ,  1989) .  Dur ing the pres en t  s tu d y ,  the 20 

day d e lay  in the onset  o f  w i n t e r  f i b r e  growth o f  the hinds  in group  

LL was as s o c ia te d  w i t h  e l e v a t e d  plasma p r o l a c t i n  d u r in g  J u l y .  The 11 

day s e p a ra t io n  in the t im in g  o f  coat  growth between groups LNL and 

HL, however, was not  c o r r e l a t e d  w i t h  a measurable e f f e c t  o f  

l a c t a t i o n  on plasma p r o l a c t i n  c o n c e n t r a t i o n s .

4 .5 .4 .3 .  E ffec ts  of melatonin treatment

T r e a t i n g  l a c t a t i n g  hinds w i t h  cont inuous r e l e a s e  m e la to n in  from 

l a t e  June r e s u l t e d  in a 35 day advance in the  onset  o f  w i n t e r  

primary f i b r e  growth.  A s i m i l a r  one month advance in the w i n t e r  

moult  has s in c e  been re p o r te d  in l a c t a t i n g  ( F is h e r  e t  a / . ,  1988) and 

y e a r l i n g  ( F i s h e r  e t  a / . ,  1990) hinds  f o l l o w i n g  m e la to n in  t r e a t m e n t .  

Poor body c o n d i t i o n  and low herbage in ta k e  d ur in g  t h i s  study were
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c l e a r l y  unable to prevent  express ion  o f  seasonal  m a n ip u la t io n  by 

me Ia ton  i n .

Assoc ia ted  w i t h  the e a r l y  w i n t e r  coat  growth in m e l a t o n i n -  

t r e a t e d  hinds was an advance in the seasonal  d e c l i n e  in plasma 

p r o l a c t i n .  In both t r e a t e d  and n o n - t r e a t e d  hinds w i n t e r  coat  growth 

commenced as plasma p r o l a c t i n  c o n c e n t r a t io n s  approached basal  

l e v e l s .  In mink,  induc ing an e a r l y  d e c l i n e  in plasma p r o l a c t i n  using  

e i t h e r  exogenous m e la to n in  ( A l l a i n  e t  a t . ,  1981) ,  maintenance on 

s h o r t  ph o to p er io d s ,  or  b r o m o c r ip t in e  t re a tm e n t  ( M a r t i n e t  e t  a t . ,

1984)  r e s u l t e d  in an advance in w i n t e r  coat  growth.  These da ta  and 

the r e s u l t s  o f  the p resent  study a re  s u g g e s t iv e  o f  a d i r e c t  r o l e  f o r  

seasonal changes in p r o l a c t i n  c o n c e n t r a t i o n s  in the ind uct io n  of  

w in t e r  coat  growth in mammals, or  the maintenance o f  the summer 

c o a t .

4 . 6 .  SUhMARY

The o b j e c t i v e  o f  t h i s  study was to  i n v e s t i g a t e  how herbage  

a v a i l a b i l i t y  and n u t r i t i o n a l  re qu irem ents  i n t e r a c t  to  c o n t ro l  

herbage i n t a k e ,  g r a z in g  beh a v io u r ,  re p ro d u c t io n  and w i n t e r  coat  

growth .

The herbage in t a k e  o f  l a c t a t i n g  hinds was s t r o n g l y  in f lue n ced  

by sward s u r fa c e  h e ig h t  and herbage biomass.  Over the range of  

herbage a v a i l a b i l i t y  i n v e s t i g a t e d ,  the a b i l i t y  o f  hinds to  

compensate f o r  re d u c t io n s  in es t im a te d  b i t e  we ig ht  by in c re as in g  

b i t e  r a t e  and d a i l y  g ra z in g  t ime was a p p a r e n t l y  l i m i t e d .  Th is  

appeared to be due to  a c e i l i n g  on the d u r a t i o n  o f  d a i l y  g ra z in g  

a c t i v i t y  o f  about  12 hours.  The h ig h er  n u t r i t i o n a l  requ irements  o f  

l a c t a t i n g  hinds were a ss o c ia te d  w i t h  g r e a t e r  herbage in takes  

compared to n o n - I a c t a t i n g  females .  T h is  d i f f e r e n c e  was predom in ate ly  

expressed v i a  extended g r a z in g  a c t i v i t y  and an apparen t  change in 

d i e t  s e l e c t i o n .  Advancing the phase o f  the u n d e r ly in g  seasonal  

a p p e t i t e  rhythm using m e la ton in  d id  not  lead to  an e a r l y  d e c l in e  in 

herbage in tak e  o f  l a c t a t i n g  hinds g ra z i n g  a low herbage a v a i l a b i l i t y  

p a s tu r e .  Th is  may have been due to  a combinat ion o f  l a c t a t i o n  

e l e v a t i n g  n u t r i t i o n a l  requ irements  and low herbage a v a i l a b i l i t y  

r e s t r i c t i n g  in take  in m e l a t o n i n - t r e a t e d  and n o n - t r e a t e d  hinds a l i k e .
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Herbage a v a i l a b i l i t y  in f lu en c ed  both hind body c o n d i t i o n  and 

c a l f  growth r a t e s .  There was ev idence t h a t  c a lv e s  o f  hinds g ra z in g  

the low a v a i l a b i l i t y  p as ture  a t tem pted  to  compensate f o r  lower m i l k  

consumption by weaning e a r l i e r .  The e f f e c t  o f  herbage a v a i l a b i l i t y  

on the body c o n d i t i o n  o f  hinds was r e l a t e d  to t h e i r  n u t r i t i o n a l  

req u irem en ts .  Under the same p as tu re  c o n d i t io n s  n o n - I a c t a t i n g  hinds  

were a b le  to m a in t a in  a high body c o n d i t i o n ,  whereas,  l a c t a t i n g  

hinds e x h i b i t e d  a p r o g ress iv e  d e c l i n e .

L a c t a t i o n  and low hind l i v e  we ight  d id  not p revent  m e la to n in  

implants advancing the t im in g  o f  the bre ed in g  season. The p r i n c i p a l  

e f f e c t  o f  l a c t a t i o n  and n u t r i t i o n  on the bre ed in g  season was 

a p p a re n t ly  r e l a t e d  to  the a b i l i t y  to  e x h i b i t  oes trous  c y c l i c i t y ,  and 

not on the t im in g  o f  the breed ing  season.  The absence o f  v a r i a t i o n  

in the onset  o f  oestrous  c y c l i c i t y  and the r e l a t i v e l y  smal l  d e la y s ,  

i f  any, re p o r te d  p r e v i o u s l y  ( 6 . 2  days, Loudon e t  a l . ,  1983) im p l ie s  

the t im in g  o f  the onset o f  the b reed ing  season is r e l a t i v e l y  

i n s e n s i t i v e  to p r e v a i l i n g  n u t r i t i o n a l  s t a t u s .  The r e s u l t s  o f  the  

present  study suggest  t h a t  l a c t a t i o n  o n ly  p revents  oestrous  cy c les  

i f  i t  is a s s o c ia te d  w i t h  a s u f f i c i e n t  loss o f  body c o n d i t i o n .  The 

impact of  l a c t a t i o n  is t h e r e f o r e  dependent on whether or not  

p r e v a i l i n g  food resources a re  s u f f i c i e n t  to  enab le  hinds to ach ieve  

the r a is e d  n u t r i t i o n a l  requ irem ents .

D i f f e r e n c e s  in the t im in g  o f  w i n t e r  pr im ary  f i b r e  growth 

between t rea tm en t  groups were ass o c ia te d  w i t h  s i m i l a r  v a r i a t i o n  in 

the t im in g  o f  the seasonal d e c l i n e  in plasma p r o l a c t i n  

c o n c e n t r a t i o n s .  These data p ro v id e  support  f o r  an hypothes is  t h a t  

p r o l a c t i n  is in vo lved  in the c o n t ro l  o f  seasonal  pelage  changes.  

Both l a c t a t i o n  and poor n u t r i t i o n  r e s u l t e d  in a d e lay  in the onset  

o f  w in t e r  f i b r e  growth.  There was a ls o  a lo ng- te rm  e f f e c t  on the  

d e n s i t y  o f  h a i r s  f i b r e s  a sso c ia te d  w i t h  l a c t a t i n g  on the low 

a v a i l a b i l i t y  p a s t u r e .
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CHAPTER 5

THE ROLE OF OVARIAN STEROIDS IN DETERMINING SEASONAL 

CHANGES IN VOLUNTARY FOOD INTAKE AND GROWTH 

OF ADULT AND PRE-PUBERTAL HINDS 

( exp er im en t  3 )

5.1  INTRODUCTION

Both mature and p r e - p u b e r t a l  female  red deer e x h i b i t  seasonal  

changes in v o lu n t a r y  food in take  ( V F I )  when m a in ta in ed  on constant  

q u a l i t y  ad l i b i t u m  d i e t s  (Loudon e t  a l . ,  1989; Loudon and B r in k lo w ,  

unpubl ished o b s e r v a t i o n s ) .  Food in ta k e  peaks in mid-summer and 

d e c l in e s  to a n a d i r  in w i n t e r ,  b e fo r e  r i s i n g  again in s p r in g  (see  

F ig u re  1 . 1 ) .  Al though the general  p a t t e r n  o f  change is s i m i l a r  in 

mature and p r e - p u b e r t a l  an im a ls ,  t h e re  is evidence  f o r  d i f f e r e n c e s  

in the phase o f  these seasonal changes.  Loudon e t  a l .  (198 9 )  

re p o r te d  t h a t  in mature a n im a ls ,  the sp r in g  r i s e  in a p p e t i t e  

commenced in l a t e  March,  w i t h  food in ta k e  peaking on the 10 June.  

However, in p r e - p u b e r t a l  females both the onset  o f  the increase ,  and 

the peak o f  a p p e t i t e  occurred e a r l i e r  ( l a t e  January ,  peaking on 23 

May).  D i f f e r e n c e s  were a ls o  observed in the p a t t e r n  o f  l i v e  we ight  

changes which corresponded c l o s e l y  w i t h  the changes in V F I .  No 

l i v e w e ig h t  ga ins were e x h i b i t e d  by mature animals  d ur ing  l a t e  autumn 

and w i n t e r .  In f a c t ,  these hinds lo s t  weight  d ur in g  w i n t e r  d e s p i t e  

access to abundant h i g h - q u a l i t y  food.  In c o n t r a s t ,  the p e r io d  of  

reduced growth d ur in g  w i n t e r  months was less prolonged in p r e 

p u ber ta l  an im als  (see a l s o ,  M i ln e  e t  a l . ,  1987) .  F u r t h e r  d i f f e r e n c e s  

were observed in plasma p r o l a c t i n  p r o f i l e s  o f  mature and p re 

puber ta l  females .  The onset  o f  the s p r in g  r i s e  in plasma 

c o n c e n t r a t io n s  was a p p ro x im ate ly  two weeks e a r l i e r  in the p r e 

pu b er ta l  than mature females .

These d i f f e r e n c e s  could be r e l a t e d  to  e i t h e r  the e f f e c t s  o f  

p h o to p e r io d ic  h i s t o r y ,  or some aspect  of  m a t u r i t y .  P r e - p u b e r t a l  

animals  have exper ience  o f  fewer seasonal  day length changes than  

mature hinds and t h i s  d i f f e r e n c e  might  e x p l a i n  age r e l a t e d  v a r i a t i o n  

in the phase o f  s e a s o n a l i t y .  However, evidence suggests p r e - p u b e r t a l
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deer respond to photoperiod  changes in a s i m i l a r  manner to  mature  

an im a ls .  Webster and B a r re l  I ( 1 9 8 5 )  r e p o r te d  t h a t  a t  13 months o f  

age,  t ransferr in g  red deer from long summer photoper iods  to  a short  

8L:16D p h o toper io d ,  r e s u l t e d  in an advance in the onset  o f  pu b er ty .  

More re cent  evidence  i n d ic a t e s  t h a t  deer are  a b le  to  respond to  

photoper iod  changes by a t  l e a s t  s i x  months o f  age.  Loudon and 

Br in k low  (1 990 )  t ransferred an imals to  summer s o l s t i c a l  pho to per iods  

a t  t h e i r  f i r s t  w i n t e r  s o l s t i c e .  Th is  r e s u l t e d  in advance in the  

t im in g  o f  the s p r in g  r i s e  in VFI and plasma p r o l a c t i n  

c o n c e n t r a t io n s .  S tu d ie s  c a r r i e d  out  on sheep and rodents  (d iscussed  

in s e c t io n  1 . 2 . 9 . )  suggest  t h a t ,  in f a c t ,  seasonal mammals may be 

capable o f  responding to d ay le ngth  changes even in u te r o .  Thus,  

w h i le  p h o to p e r io d ic  h i s t o r y  cannot be dismissed as c o n t r i b u t i n g  to  

v a r i a t i o n  in the phase o f  seasonal  c y c l e s ,  p r e - p u b e r t a l  deer  a re  

c l e a r l y  responsive to p hotoper io d .

A l t e r n a t i v e l y ,  the v a r i a t i o n  between mature and p r e - p u b e r t a l  

animals may be r e l a t e d  to m a t u r i t y  o f  the r e p r o d u c t iv e  system and 

d i f f e r e n c e s  in s t e r  d hormone s e c r e t i o n .  In mature non-pregnant  

de er ,  the re d u c t io n  in a p p e t i t e ,  observed in an imals  fed  ad l i b i t u m ,  

co in c id es  w i t h  the breed ing season ( d e f i n e d  as the p e r io d  dur in g  

which hinds e x h i b i t  repeated oes trous  c y c l e s ) .  Puberty  in t h i s  

species  does not occur u n t i l  a t  l e a s t  the second autumn of  l i f e  

( M i t c h e l l ,  1973) .  In impoverished h a b i t a t s ,  t h i s  can be de layed f o r  

3 - 4  years  ( M i t c h e l l ,  1973; C Iu t t o n - B r o c k  e t  a / . ,  1982a ) .  Thus, the  

d elay  observed in the t im in g  o f  s p r in g  increases in V F I ,  l i v e  weight  

and plasma p r o l a c t i n  in mature females may be a consequence o f  

r e p ro d u c t iv e  a c t i v i t y .  Th is  in f l u e n c e  could be due to  gonadal  

s t e r o i d s  modula t ing u n d e r ly in g  seasonal  changes as th e re  a re  

b e l i e v e d  to  be s u b s t a n t i a l  d i f f e r e n c e s  in o v a r ia n  s t e r o i d  s e c r e t io n  

between c y c l in g  and p r e - p u b e r t a l  de er .

The breeding season of  red deer hinds is c h a r a c t e r i z e d  by 

repeated  oestrous  cy c le s  o f  ap p ro x im a te ly  18-21 days which commence 

in e a r l y  autumn and cont inue  through to  s p r in g  i f  t h e re  is no 

concept ion  (Guinness e t  a l . ,  1971; experiment  1, t h i s  t h e s i s ) .  

Typ ic a l  s t e r o i d  p r o f i l e s  f o r  a c y c l i n g  hind a re  summarized in F ig u re

5 . 1 .  (see a ls o  F i g .  1 . 2 ) .  Plasma progestero ne  c o n c e n t r a t io n s  ( t h e  

s o l i d  l i n e )  r i s e  s h a rp ly  w i t h  the fo rm at io n  o f  the corpus luteum
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a f t e r  o v u l a t i o n .  C once n t ra t io n s  d u r in g  the lu t e a l  phase range  

between 3 -10  nmol/ l  ( d a t a  from exper im ents  1 and 2 ) .  These remain  

e le v a t e d  f o r  a p p ro x im ate ly  two weeks d e c l i n i n g  f o l l o w i n g  l u t e o l y s i s  

to a f o l l i c u l a r  phase c o n c e n t r a t io n  o f  < 1 .0  n m o l / l .  Data f o r

o e s t r a d i o I -1 73  c o n c e n t r a t io n s  in red deer are  c u r r e n t l y  la c k in g .  The 

p r o f i l e  o f  t h i s  hormone re p o r ted  in the ewe is summarised in F ig .

1 . 2 .  ( d a ta  from Hauger e t  a l . ,  1977 ) .  B r i e f l y ,  c o n c e n t r a t io n s  of  

o e s t r a d i o l - 1 7 3  peak a t  a p p ro x im ate ly  33 pmol/ l  du r in g  the f o l l i c u l a r  

phase.  There a r e ,  however,  a l s o  1-2 s m a l le r  peaks present  during  

the lu t e a l  phase. Average m i d - l u t e a l  c o n c e n t r a t io n s  a re  between 10-  

15 pmol/ l  (Hauger e t  a l . ,  1977) .

In p r e - p u b e r t a l  females ,  plasma progesterone c o n c e n t r a t io n s  

remain a t  about  0 . 3  nmol/ l  throughout the p e r io d  o f  the a d u l t  

breeding season (Loudon e t  a l . ,  1989;  A . S . I .  Loudon and B.R.  

B r in k lo w ,  unpubl ished d a t a ) .  These c o n c e n t r a t io n s  resemble those  

p resent  in mature hinds during  anoestrus  (Loudon e t  a l . ,  1989; 

experiment 1, t h i s  t h e s i s ) .  As a l r e a d y  s t a t e d  o e s t r a d i o l - 1 7 3  

c o n c e n t ra t io n s  have ye t  to be c h a r a c t e r i z e d  f o r  red dee r .  In the  

p r e - p u b e r t a l  ewe, they are  re p o r te d  to be between 3 -1 0  pmol/ l  

( F o s t e r  and Ryan, 1981; Foste r  e t  a l . ,  1986) .

In red deer r e l a t i v e l y  l i t t l e  is known about the r o l e  o f  

gonadal s t e r o i d s  in the c o n t ro l  o f  VFI and growth.  In stags  

t e s t o s t e ro n e  has a s i g n i f i c a n t  impact on the am pl i tude  o f  the  

a p p e t i t e  c y c l e .  Normal ly  plasma te s t o s t e r o n e  c o n c e n t r a t io n s  peak a t ,  

or s l i g h t l y  b e fo re  the n a d i r  o f  VFI ( S u t t i e  and Kay, 1985) .  

Fo l low in g  c a s t r a t i o n  the am pl i tu de  o f  the c y c le  is app ro x im a te ly  

halved  (Kay,  1979) and resembles t h a t  o f  mature females (Loudon e t  

a l . ,  1989) .  Th is  is due both to  a r e d u c t io n  in the leve l  o f  peak 

food in t a k e ,  norm al ly  a s so c ia te d  w i t h  p r e - r u t t i n g  l i v e  we ight  ga ins ,  

and the absence o f  r u t  inappetance (Kay,  1979) .  W h i l s t  r u t t i n g ,  

stags reduce the d u r a t i o n  o f  t h e i r  fe e d in g  a c t i v i t y  from 44% to  5% 

of  the day ( C l u t t o n - B r o c k  e t  a l . ,  1982a ) .  Thus, te s t o s t e r o n e  

modulates the u n d e r ly in g  a p p e t i t e  c y c le  by d i r e c t l y  or i n d i r e c t l y  

in c re as in g  i t s  am p l i tu d e .

In female deer ,  the in f lu e n c e  t h a t  gonadal s t e r o i d s  e x e r t  on 

food in take  and growth has ye t  to  be determ ined.  As a l r e a d y  s t a t e d ,  

the breed ing  season in non-pregnant  deer c o in c id e s  w i t h  the seasonal
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r e d u c t io n o f  a p p e t i t e .  Data from sheep suggests t h a t ,  a t  l e a s t ,  one 

o f  the o v a r ia n  s t e r o i d s ,  o e s t r a d i o I - 1 7 3 ,  can i n f lu e n c e  food in t a k e .  

A marked t r a n s i e n t  d e c l in e  in VFI  in Chev io t  ( T a r t e l l i n ,  1968) and

Soay (Argo,  1986) ewes has been re p o r te d  0 - 2  days b e fo re  the  date  of  

o e s t r u s .  Th is  ephemeral inappetance corresponds to  the p e r io d  o f  

maximal o e s t r a d i o l - 1 7 3  s e c r e t i o n  d u r in g  the f o l l i c u l a r  phase o f  the  

oestrous c y c le  (Hauger e t  a l . ,  1977) .  The d e c l i n e  in VFI  observed in 

ewes f o l l o w i n g  i n j e c t i o n  o f  o e s t r a d i o l - 1 7 3  in to  the b r a i n  c l e a r l y  

demonstrates the a b i l i t y  o f  t h i s  s t e r o i d  to  suppress a p p e t i t e

c e n t r a l l y  (F orbes ,  1972 ) .  There is a l s o  ev idence  in the r a t  t h a t

w h i l e  o e s t r a d i o l  reduces VFI and a d i p o s i t y ,  progeste rone  causee an 

in crease  (Wade and Gray,  1979) .  The r o l e  o f  o v a r ia n  s t e r o i d s ,

however, is complex.  Whi le  high c o n c e n t r a t io n s  o f  o e s t r a d i o l  reduce  

VFI  and body w e ig h t ,  low exogenous doses have been shown to  increase  

growth in c a s t r a t e  male sheep ( S i l l e n c e  e t  a l . ,  1987) .  T h is  evidence  

suggests t h a t  the s e c r e t i o n  o f  s t e r o i d  hormones by c y c l i n g  females  

might e x p l a i n  the d e lay  observed in the t im ing  o f  s p r in g  increases  

in VFI and growth o f  mature compared to  p r e - p u b e r t a l  hinds (Loudon 

e t  a / . ,  1989) .

O b j e c t i v e

The main o b j e c t i v e  o f  t h i s  study was to  t e s t  the hypothes is  

t h a t  'o v a r i a n  s t e r o i d s  s ecre ted  d ur in g  the breed in g  season modulate  

the express ion  o f  an u n d e r ly in g  seasonal rhythm, and thereby d e lay  

the onset  o f  sp r in g  changes in V F I ,  l i v e  w e ig h t ,  coat  growth and 

plasma p r o l a c t i n 1.

Th is  was i n v e s t i g a t e d  in two ways, ( i )  by suppressing  the  

breedin g  season in a group o f  mature females ,  to  s im u la te  the  

s t e r o i d  hormone s e c r e t i o n  o f  p r e - p u b e r t a l  females ,  and ( i i )  by 

s i m u la t i n g  the s t e r o i d  p r o f i l e s  o f  c y c l i n g  hinds in p r e - p u b e r t a l  

animals f o r  the d u r a t io n  o f  the breed ing  season observed in non

pregnant  dee r .  The i n f lu e n c e  o f  s t e r o i d  m a n ip u la t io n  on the t im in g  

of  seasonal changes was determined by m o n i to r in g  V F I ,  l i v e  w e ig h t ,  

coat  growth and plasma p r o l a c t i n .

The breed ing  season was suppressed using the GnRH ag o n is t  

B u s e r e l in  (HOE 766,  donated by Dr J.  Sandow, Hoechst
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A kt iengese I  I s c h a f t , F r a n k f u r t ,  Germany).  A dm in is te red  as a 

cont inuous r e l e a s e  implant  t h i s  hormone analogue has been shown to  

suppress p u l s a t i l e  s e c r e t i o n  o f  LH in a v a r i e t y  o f  female mammals 

in c lu d in g  c a t s ,  dogs, monkeys ( J .  Sandow, p e r s .  comm.'), sheep 

(Robinson e t  a l . ,  1989) and c a t t l e  (McLeod e t  a l . ,  1990) .  In the  

absence o f  p u l s a t i l e  LH s e c r e t i o n  o v u l a t i o n  cannot occur and 

oestrous  c y c l i c i t y  is p revented .  In c a t t l e ,  plasma LH c o n c e n t r a t io n s  

i n i t i a l l y  e x h i b i t e d  a t e n - f o l d  increase  f o l l o w i n g  a d m i n i s t r a t i o n  o f  

b u s e r e l i n .  W i t h in  a day,  however,  these  re tu rn e d  to  and remained a t  

c o n c e n t r a t io n s  s i m i l a r  to  the p rev io u s  b a s e l in e  ( c a t t l e ,  McLeod e t  

a l . ,  1990) .  P u l s a t i l e  s e c r e t io n  o f  LH was c u r t a i l e d  r e s u l t i n g  in 

suppression o f  plasma progesterone f o r  a t  l e a s t  28 days. The 

in f lu e n c e  o f  b u s e r e l i n  on plasma oe s t ra d  i o I - 1 7fJ has not been 

i nvest  i g a t e d .

The s t e r o i d  hormone p r o f i l e s  o f  hinds e x h i b i t i n g  oes tro us  

c yc les  were s im u la ted  in p r e - p u b e r t a l  animals  using sub-cutaneous  

implants c o n t a i n in g  the o v a r ia n  s t e r o i d s  progeste rone  and 

o e s t r a d i o l - 1 7 3  (d e s c r ib e d  in s e c t io n  2 . 6 . 2 . 2 .  and F i g .  2 . 3 ) .  These 

were used to produce e i g h t  21 day s im u la te d  'o es t ro u s  c y c l e s ' .  The 

number and d u r a t io n  o f  these was based on o b s erva t io n s  from 

experiment  1 (c h a p te r  3 )  and from Guinness e t  a l .  ( 1 9 7 1 )  and Adam e t  

a l .  ( 1 9 8 9 a ) .

5 .2  EXPERIMENTAL DESIGN

The experiment  was performed a t  the I n s t i t u t e  o f  Zoology f i e l d  

s t a t i o n  a t  Whipsnade W ild  Animal Park ,  B e d f o r d s h i r e ,  U.K.  (5 1 0 3 0 'N )  

between September 1989 and Ju ly  1990.

The r o l e  o f  o v a r ia n  s t e r o i d s  in d e te rm in in g  the phase o f  

seasonal changes in a p p e t i t e ,  l i v e  w e ig h t ,  coat  growth and plasma 

p r o l a c t i n  in female red deer was i n v e s t ig a t e d  by m an ip u la t in g  

s t e r o i d  p r o f i l e s  o f  mature and p r e - p u b e r t a l  an imals as fo l lo w s :

Mature animals
One group of  6 mature hinds were t r e a t e d  w i t h  the GnRH ag o n is t  

B u s e r e l in  (HOE 766;  donated by Dr.  J .  Sandow, Hoechst
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FIGURE 5 .1 .
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Akt ien g ese I  I s c h a f t , F r a n k f u r t ,  Germany) to remove oestrous  cyc les  

over one complete breeding  season (group MT).  A second group o f  5 

s i m i l a r  hinds were included as c o n t r o l s  (group MC). Groups were 

balanced f o r  l i v e  weight  on the 12 September.  The mean l i v e  weight

fo r  groups MT and MC were 9 8 . 0  (±  2 . 7 )  kg and 9 8 . 6  (±  3 . 6 )  kg

respect  i v e I y .

Each t r e a t e d  hind was g iven  6 . 6  mg o f  B u s e r e l i n  in 2

b iodegradab le  implants every 4 weeks from 14 September 1989 u n t i l  1 

March 1990 (8 doses in t o t a l :  see s e c t io n  2 . 6 . 2 . 3 .  f o r  d e t a i l s

i n c lu d in g  p re -e x p e r im e n ta I  t r i a l  o f  b u s e r e l i n ) .  Treatment  commenced 

app rox im ate ly  5 weeks p r i o r  to  the normal breed in g  season o f  the

study herd and was intended to  suppress o v a r ia n  a c t i v i t y  u n t i l  a f t e r  

oes trous  c y c l i c i t y  had ceased in 5 u n t r e a t e d  c o n t ro l  an imals (group  

MC). 0%rv*l
C loprostenol   ̂ (Es trum ate ,  Coopers Animal H e a l t h ,  Crewe, 

C hesh ire ,  U . K . )  was given to a l l  mature hinds on the 23 October to  

cause reg re ss io n  o f  any p e r s i s t e n t  corpora lu te a  present  in 

b u s e r e I i n - t r e a t e d  h in ds .

Pre-pubertal animals

One group o f  6 p r e - p u b e r t a l  females had s t e r o i d  t rea tm en t  

imposed to s im u la te  oes trous c y c le s  over the p e r io d  o f  the a d u l t  

breeding  season (group PT ) .  The second group were inc luded as 

c o n t r o l s  (group PC).  Groups were balanced f o r  l i v e  we ig ht  on 12 

September.  The mean l i v e  weight  f o r  groups PT and PC were 4 0 . 4  (±  

1 .8 )  kg and 4 0 . 6  (±  2 . 0 )  kg r e s p e c t i v e l y .

Implants o f  the o v a r ia n  s t e r o i d s  progestero ne  and o e s t r a d i o l -  

173 were g iven to animals in group PT ( i m p l a n t s  a re  descr ib ed  in 

s e c t io n  2 . 6 . 2 . 2 . )  to  s im u la te  21 day oestro us  c y c l e .  Each c y c le  

c o ns is ted  o f  7 days w i th o u t  exogenous progestero ne  ( -  ' f o l l i c u l a r  

p h a s e ' )  fo l lo w ed  by 14 days w i t h  a s i n g l e  progesterone  implant  ( -  

' l u t e a l  p h a s e ' ) .  The 21 day c y c le  was repea ted  throughout the e n t i r e  

p er io d  of  the normal a d u l t  b reed in g  season ( f rom  prev io us  d a t a ) .  The 

f i r s t  progesterone  implant  was a d m in is t e r e d  on 17 October (19 8 9 )  and 

the f i n a l  one removed on the 26 March ( 1 9 9 0 ) .  Th is  rep resen ted  a 

t o t a l  o f  8 s im ula ted  oes trous c y c l e s .  In a d d i t i o n ,  animals  were
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given  a s i n g l e  implant  c o n t a in in g  o e s t r a d i o l - 1 7 3  on the 17 October  

which was l e f t  in p lac e  u n t i l  26 March.

The progesterone  implant  was designed to ach ieve  plasma 

c o n c e n t r a t io n s  o f  the hormone s i m i l a r  to  those p resent  dur ing  the  

l u t e a l  phase ( 3 - 1 0  n m o l / l ) .  The implant  used to  d e l i v e r  o e s t r a d i o l -  

173 was designed to  m a in ta in  constant  e l e v a t i o n  o f  the s t e r o i d ,  

r a t h e r  than mimic the changes in c o n c e n t r a t io n  b e l i e v e d  to occur  

during  the oestrous  c y c l e .  The reason f o r  t h i s  was t w o - f o l d .  

F i r s t l y ,  o e s t r a d i o l  c o n c e n t r a t io n s  have ye t  to  be determined in red  

de er .  Secondly,  to  s im u la te  the p a t t e r n  o f  changes observed in 

ewes, would have r e q u i r e d  implants to  have been in s e r t e d  and removed 

a t  l e a s t  tw ice  du r ing  each c y c le  (Hauger e t  a / . ,  1977; summarized in 

F i g .  1 . 2 ) .  Th is  would have r e s u l t e d  in an unacceptab le  degree o f  

d is tu rb an ce  to  fee d in g  behav iour .  Thus, the aim was to  simply  

ach ieve  plasma o e s t r a d i o l - 1 7 3  c o n c e n t ra t io n s  ap p ro x im at in g  to the  

average observed du r in g  the o es t ru s  c y c le  o f  the ewe (Hauger e t  a ! . ,  

1977) .  For t h i s  purpose the implant  was design to  ach ieve  an 

e l e v a t i o n  o f  10-15 pm ol/ l  in p e r i p h e r a l  plasma. For exper im enta l  

purposes i t  was assumed t h a t  endogenous s e c r e t i o n  o f  o e s t r a d i o l - 1 7 3  

in the p r e - p u b e r t a l  deer  is s i m i l a r  to  t h a t  o f  sheep ( i . e .  3 -10

p m o l / l ,  Foster  and Ryan, 1981; Foster  e t  a l . ,  1986) .

A schematic r e p r e s e n t a t i o n  of  the hormonal p r o f i l e s  of  an imals  

in each group is  shown in F ig u re  5 . 1 .

Animals and husbandry

A l l  mature hinds and 4 o f  the p r e - p u b e r t a l  animals were  

s e l e c t e d  from the I n s t i t u t e  herd ( p r i m a r i l y  S c o t t i s h  in o r i g i n ) .  The 

remaining 8 c a lv es  came from Rahoy Deer Farm ( S t r o n t i a n ,  Morvern,  

S c o t l a n d ) .  The c a lv e s ,  a l l  born in the f i r s t  week o f  June were 

separa ted  from t h e i r  mothers w i t h i n  24 hours o f  b i r t h  and 

a r t i f i c a l l y  rea re d  a t  Whipsnade. Weaning occured a t  the beg inn ing  o f  

October 1989. P r i o r  to  the experiment  a d u l t  hinds were m a in ta in e d  on 

a common p a s t u r e .  Both a d u l t s  and ca lves  were accustomed to  

e x te n s iv e  han d l in g .

From the 12 September u n t i l  18 December an im als  were kept  in 

t h e i r  r e s p e c t i v e  groups.  From 18 December u n t i l  the end o f  the
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exper im ent ,  animals  were i n d i v i d u a l l y  housed in a s i n g l e  b u i l d i n g .  

The f l o o r  area  o f  the pens used was 2 . 3  x 3 m. Each animal had 

v is u a l  co n tac t  w i t h  those in ne ighbouring  pens. Approx im ate ly  tw ice  

a week, a l l  deer were a l low ed  a p e r io d  o f  severa l  hours e x e r c is e  in 

o u ts id e  yards ,  but  w i th o u t  access to  food.  A l l  mature h in ds ,  and 

p r e - p u b e r t a l  an imals a f t e r  weaning,  were o f f e r e d  the same an ad  

l i b i t u m  p e l l e t e d  lucerne d i e t ,  p lu s  minera l  supplements,  throughout  

the exper im ent .

MEASUREMENTS

D e t a i l s  o f  some o f  the m a t e r i a l s  and methods o u t l i n e d  below are  

descr ibed  in chapter  2.

The e f f e c t s  o f  t rea tm ent  on the r e p r o d u c t iv e  a x is  were 

determined as f o l lo w s :

( a )  Plasma progesterone  c o n c e n t r a t io n s

Plasma progesterone  c o n c e n t r a t io n s  were measured in tw ice  

weekly blood plasma samples from September 1988 u n t i l  A p r i l  1990 in 

a l l  an im a ls .  For mature c o n t ro l  hinds progesterone  va lu es  were used 

to determine the onset and t e r m i n a t io n  o f  the breed in g  season (as  

descr ibed  in s e c t io n  2 . 6 . 4 . ) .

( b )  Oestrous behaviour

A l l  incidences o f  observed o es t rus  were recorded .  

C h a r a c t e r i s t i c  behav iour  a ss o c ia te d  w i t h  oes t ru s  is o u t l i n e d  in 

sect  i on 2 . 3 . 1 .

( c )  Plasma l u t e i n i z i n g  hormone c o n cen ta t io n s

The p i t u i t a r y  LH response to  a ch a l le n g e  o f  100 pg GnRH ( v i a  2 

ml s a l i n e )  was determined on 4 o c c a s i o n s  dur in g  the l a t t e r  h a l f  of  

the normal b reed ing  season ( 5 ,  12, 19 and 26 F e b ) .  A la rg e  dose was 

chosen to minimise  r e l a t i v e  dose e f f e c t s  due to  v a r i a t i o n  in animal  

l i v e w e ig h t  between groups,  and was intended to produce a maximal LH 

response.  The ch a l le n g e  procedure is o u t l i n e d  in s e c t i o n  2 . 6 . 2 . 4 .

(d )  Plasma o e s t r a d i o l - 1 7 f l  c o n c e n t r a t io n s

Plasma c o n c e n t r a t io n s  were determined  in a l i m i t e d  number of  

samples from r e p r e s e n t a t i v e  i n d i v i d u a l s  in each group.  These were
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k i n d l y  assayed by Dr R. Webb ( A . F . R . C . ,  I n s t i t u t e  o f  Animal  

Phys io logy  and G e n e t ic s ,  R o s l i n ,  M i d l o t h i a n ,  EH25 9PS) .

The e f f e c t s  o f  o v a r ia n  s t e r o i d s  on seasonal changes in V F I ,  

l i v e  w e ig h t ,  coat  growth and plasma p r o l a c t i n  c o n c e n t r a t io n s  were 

assessed as f o l lo w s :

( a )  V o lu n t a r y  food in ta ke

VFI  was determined by the method described  in s e c t io n  2 . 1 . 1 . 1 .  

D a i l y  in take  va lues  were used to  produce a weekly mean e s t im a te  fo r  

each t rea tm en t  group from 30 November, and f o r  in d i v i d u a l  animals

from the 18 December u n t i l  the end o f  the s tudy.

(b )  L iv e  weight

L iv e  weight  was recorded a t  week ly  i n t e r v a l s .

( c )  Coat growth

I n s i t u  measurements o f  pe lage  type and pr im ary  f i b r e  length

were made a t  weekly i n t e r v a l s  (as  descr ib e d  in s e c t i o n  2 . 4 ) .

(d )  Plasma p r o l a c t i n  c o n c e n t r a t io n s

Plasma p r o l a c t i n  c o n c e n t r a t io n s  were determined from once 

weekly blood samples.

5 .3 . STATISTICAL ANALYSIS

Oneway a n a l y s i s  o f  va r ia n c e  were a p p l i e d  to the  r e s u l t s  (un le ss  

s t a t e d  o t h e r w is e )  and the the d i f f e r e n c e s  between means were  

examined by the method of  Least  S i g n i f i c a n t  D i f f e r e n c e .

The onset  and t e r m in a t i o n  o f  oes t rous  c y c l i c i t y  were determined  

by the method descr ib ed  in s e c t io n  2 . 6 . 4 .

D e l t a  LH va lu es  were log t ransform ed so t h a t  an assumption o f  

equal va r ia n c e s  could be made. A va lu e  o f  0 .01 was added to  a l  I LH 

data to  perm i t  Io g - t r a n s f o r m a t io n  o f  zero responses.  Data were 

compared w i t h  a n a l y s i s  o f  v a r ia n c e  f o r  repeated  measures.

Mean weekly e s t im a te s  o f  d a i l y  VFI were expressed as ac tu a l  dry  

m a tte r  in t a k e /d a y  and a ls o  c o r r e c t e d  f o r  m e ta b o l ic  l i v e  we ight  to  

remove the e f f e c t s  o f  body s i z e  ( K l e i b e r ,  1961) .  An i n i t i a l  a n a l y s is  

of v a r ia n c e  f o r  repea ted  measures was performed to  assess the  

e f f e c t s  of  t ime on VFI (us in g  un co r re c ted  d a t a ) .  Data ( c o r r e c t e d  f o r  

m e ta b o l ic  l i v e  w e ig h t )  were subsequent ly  ana lysed by a process of  

q u a d r a t ic  smoothing in order  to  de term in e  the t im in g  o f  peak and
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n a d i r  v a lu e s ,  as w e l l  as mean and maximal v a lu e s .  The method adopted  

was the same as t h a t  used by Loudon e t  a l .  ( 1 9 8 9 ) .  In order  to  avo id  

the problems a s s o c ia te d  w i t h  a marked between-weeks v a r i a t i o n  in 

V F I ,  seasonal changes were ana lysed s e p a r a t e l y  f o r  each a n im a l ,  the  

value  a t  each o b s e rv a t io n  t ime being e s t im ated  by q u a d r a t i c  

smoothing.  Smoothing took p lace  over ten va lues  e i t h e r  s id e  o f  the  

one to  be e s t im a t e d .  Th is  window w id th  was chosen f o l lo w i n g  a 

process o f  c r o s s - v a l i d a t i o n  (S to n e ,  1974) .  Mean va lu es  f o r  each 

group were determ ined,  and from t h i s  the mean t ime o f  peak and n a d i r  

va lu es  c a l c u l a t e d .  The computed peak and n a d i r  va lues  and the t im in g  

of  these events  were subsequent ly compared by oneway a n a ly s i s  of  

var i a n c e .

To determ ine  the e f f e c t  oe s t ru s  on d a i l y  VFI in mature co n t ro l  

hinds (group MC), the in take  on the day o f  observed oes t ru s  was 

compared to the average o f  the p rev io us  and subsequent 10 days.  This  

method was chosen to overcome the e f f e c t  o f  p ro g re s s iv e  seasonal  

red u c t io n s  or increases in V F I .  The 10 day window w id th  was chosen 

as the oestrous  c y c le  in t h i s  spec ies  is  a pp ro x im ate ly  21 days in 

d u r a t i o n  (see  5 . 1 .  f o r  r e f e r e n c e s ) .  Due to  the s h o r t e r  i n t e r v a l  

between o b serv a t io n s  o f  o es t rus  in group MT, VFI on the day o f  

oe s t rus  was compared to  the mean f o r  the days between each 

occurance.  S t u d e n t ' s  t - t e s t  was used to  compare the mean in take  on 

the day o f  o e s t r u s ,  w i t h  mean average in ta k e  f o r  the p e r io ds  between 

each o e s t r u s ,  f o r  i n d i v i d u a l  an imals in group MT.

L iv e  we ig ht  d i f f e r e n c e s  were compared by a n a l y s i s  o f  v a r ia n ce  

w i t h  repea ted  measurements.

An i n i t i a l  a n a l y s i s  o f  v a r ia n c e  w i t h  repeated  measures was 

performed to assess the e f f e c t s  o f  t ime on w i n t e r  and summer coat  

growth.  Data were subsequent ly analysed  to determ ine  t rea tm ent  

e f f e c t s  on: ( i )  the onset  o f  w i n t e r  and summer pr imary  f i b r e  growth  

(see  be lo w ) ,  ( i i )  the maximum length recorded f o r  each c o a t ,  and 

( i i i )  the d u r a t i o n  o f  each moult  ( t i m e  taken to  change from 100% 

e x i s t i n g  to 100% new pelage on coat  s c o r i n g ) .  For the summer coat  

the onset  o f  growth was d e f in e d  as the date  o f  f i r s t  p r im ary  length  

measurement > 0.5cm. T h is  method could not  be used f o r  the w in t e r  

coat  as some p r e - p u b e r t a l  animals  had commenced coat  growth p r i o r  to  

the s t a r t  o f  measurements. To es t im a te  the t ime growth began l i n e a r
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r eg ress io n  a n a l y s i s  was c a r r i e d  out  on the f i r s t  10 pr im ary  f i b r e  

length measurements f o r  in d i v id u a l  an im a ls .  The onset  o f  growth was 

est im ated  from the r eg ress io n  equat io n  f o r  each a n im a l .

The onset o f  the sp r in g  r i s e  in plasma p r o l a c t i n  c o n c e n t r a t io n s  

was d e f in e d  as the da te  o f  the f i r s t  o f  5 co nsecut ive  plasma samples 

w i t h  c o n c e n t ra t io n s  g r e a t e r  than tw ic e  the mean c o n c e n t r a t io n ,  f o r  

each animal  between mid-October  and mid -January ( i n c l u s i v e ) .

A l l  da ta  a re  expressed as mean i  s .e .m .  (u n les s  s t a t e d  

otherwi  s e ) .
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5 .4 . RESULTS

5 .4 .1 .  EFFECTS OF TREATMENT ON REPRODUCTIVE STATUS

5 .4 .1 .1 .  PLASMA PROGESTERONE CONCENTRATIONS

The plasma progeste rone  p r o f i l e s  o f  the 4 groups a re  showed in 

F ig u re  5 . 2 .

The e ffe c ts  of sexual m aturity

A l l  5 mature c o n t ro l  an imals  (group MC) underwent r e g u la r  

cy c les  from, a t  l e a s t ,  the onset o f  the exper iment in e a r l y  

September u n t i l  A p r i l  the f o l l o w i n g  y e a r .  The l a s t  lu t e a l  phase 

commenced 2 A p r i l  (±  10.1 d ays) .

The plasma progeste rone  c o n c e n t r a t io n s  o f  fo ur  o f  the p re 

pu b er ta l  c o n t ro l  group (group PC) remained low (< 0 . 6  n m o l / l )

throughout the s tu d y .  In two, however,  r a i s e d  c o n c e n t ra t io n s  were 

d e tec te d  towards the end o f  the a d u l t  breed ing  season (see  F ig u re  

5 . 2 ) .  Plasma c o n c e n t r a t io n s  were h ig h es t  in y485.  In  t h i s  animal  

c o n c e n t r a t io n s  s a t i s f i e d  the c r i t e r i a  used to  determ ine  oes trous  

c y c l i c i t y  a t t h e  onset o f  the breed in g  season ( d e s c r ib e d  in s e c t io n

2 . 6 . 4 . ) .

The e ffe c ts  of s te ro id  manipulation

E lev a ted  plasma progesterone c o n c e n t r a t io n s  were observed in 

a l l  b u s e r e I i n - t r e a t e d  mature an imals (group MT) p r i o r  to  the onset  

of b u s e r e l i n  t rea tm en t  (13  September ) .  In 3 o f  the 6 an im als  in t h i s  

group plasma progesterone  c o n c e n t ra t io n s  remained e l e v a t e d  f o r  more 

than a month. However, 2 9 .7  (±  0 . 7 2 )  days a f t e r  the onset o f

t rea tm ent  plasma progesterone c o n c e n t ra t io n s  d e c l in e d  to  less than 1 

nmol / l  in a l l  h inds .  These remained a t  < 1nmol/ l  f o r  the remainder  

of  the s tudy.

S t e r o i d - i m p l a n t e d  p r e - p u b e r t a l  an im als  (group PT) underwent  

c l e a r  progestero ne  ' c y c l e s '  o f  s i m i l a r  d u ra t io n  and am pli tude  to  

those o f  the mature c y c l i n g  hinds (see  F ig u re  5 . 2 ) .  The mean 

co n c e n t ra t io n  o f  plasma progeste rone  dur in g  the s im u la ted  ' l u t e a l '  

phase was 5 . 0  (±  0 . 3 4 )  nmol/ l  and d u r in g  the ' f o l l i c u l a r *  phase 0 . 5 6  

(±  0 . 0 4 1 )  n m o l / l .  Thus, implants s u c c e s s f u l l y  mimicked the changes 

in plamsa progesterone observed in mature c y c l in g  females .
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FIGURE 5 . 2 :  The plasma progestero ne  p r o f i l e s  ( n m o l / l )  o f  mature
co n t ro l  (MC), mature b u s e r e l in  t r e a t e d  (MT),  p r e - p u b e r t a l  c o n t ro l  
(PC),  and p r e - p u b e r t a l  s t e r o i d - t r e a t e d  (PT)  groups. Each d i v i s i o n  
on f i g u r e  = 5 n m o l / l .  1b * denotes da te  o f  b u s e r e l i n  a d m i n i s t r a t i o n ;  
' e '  date o f  es trumate  a d m i n i s t r a t i o n  to mature a n im a ls ,  and ' v '  
inc idences  o f  observed o e s t ru s .
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4 .5 .1 .2 .  OESTROUS BEHAVIOUR

O bservat ions  o f  o e s t ru s  a re  d e t a i l e d  in F ig u re  5 . 2 .

E ffec ts  of sexual m aturity

In group MC oestrous  a c t i v i t y  ( i n d i c a t e d  by t r i a n g l e  symbols) ,  

co inc ided  w i t h  p e r io d s  o f  low plasma progesterone c o n c e n t r a t io n s .  

The average oes trous  i n t e r v a l  observed in co nsecut ive  c y c le s  was 

2 0 . 3  (±  0 . 3 3 )  days ( n = 3 ) .
m

Oestrus was not observed/^ any o f  the animals o f  group PC 

( i n c l u d i n g  y485,  which e x h i b i t e d  high plasma progesterone  

c o n cen t ra t  i o n s ) .

E ffec ts  of s te ro id  manipulation

Three animals in group MT (LB328,  014 and Y40)  e x h i b i t e d  no 

evidence of  oestro us  a c t i v i t y .  The remain ing t h re e  hinds (Y20 ,  B5,  

and Y45)  e x h i b i t e d  oe s t ru s  on re pea ted  occas ions .  The i n t e r v a l s  

between o b s erv a t io n s  o f  o es t ru s  were in m u l t i p l e s  o f  ap p ro x im ate ly  7 

days (see Table 5 . 1 ) .

TABLE 5 .1 .
Oestrous a c t i v i t y  in b u s e r e I i n - t r e a t e d  hinds (group MT).

Y20 Y45 B5

Date I n t e r v a 1 Date I n t e r v a 1 Date I n t e r v a 1
(days) (days ) (days)

2 6 .0 9 - 1 1 .01 - 08.01 -

09 .10 13 22. 11 15. 7
23. 14 29. 7 29. 14
06.11 14 12.02 14 0 5 .0 2 7
20. 14 21. 9 12. 7
30. 10 26. 5 26. 14
12.12 12 0 6 .0 3 8 0 2 .0 4 35
08.01 27 13. * 8 14. 12

15. * 2 0 4 . 0 6 23
0 9 .0 4 25
23. 14
14.05 21

*  : same o e s t ru s  ?

One animal in group PT showed oes trous  behav iour  on

re b r u a r y . Th is  animal 's  progesterone  impl ant  had been removed on
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FIGURE 5 . 3 :  ( a )  Mean plasma LH c o n c e n t ra t io n s  ( p g / l )  f o r  each group 
p r i o r  to GnRH c h a l len g es  Cat t O ) .  ( b )  The response o f  hinds to  100 
|ig exogenous GnRH a f t e r  20 min utes .  D e f in e d  as the LH c o n c e n t r a t io n  
a t  t20  -  tO ( d e l t a  LH) .  Values  f o r  ( a )  and ( b )  a re  the mean va lu e  (+  
95 X co nf id ence  l i m i t s )  f o r  each group f o r  the 4 GnRH c h a l le n g e s ,  
c a r r i e d  out a t  weekly  i n t e r v a l s  du r in g  February .

A l l  groups,  except  group MT, e x h i b i t e d  a s i g n i f i c a n t  e l e v a t i o n  
in plasma LH a t  t20  CP < 0 . 0 0 1 ) .  For d e l t a  LH v a lu e s ,  a l l  groups 
were s i g n i f i c a n t l y  d i f f e r e n t  f rom each o th er  (P < 0 . 0 1 ) .
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-t r e a te d  - tre a te d
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13 Febru ary ,  a t  which t ime the o e s t r a d i o l  implant  was found to  be 

m iss in g .  The l a t t e r  was rep laced  on the 15 February .  Thus, oes t ru s  

occured in the absence o f  exogenous p rogesterone ,  24 hours a f t e r  the  

replacement o f  the o e s t r a d i o l  im p la n t .

5 .4 .1 .3 .  PLASMA LUTEINIZING HORMONE CONCENTRATIONS

The mean average tO plasma LH c o n c e n t ra t io n  f o r  the 4 GnRH 

cha l len g es  was u n a f f e c t e d  by exper im enta l  t rea tm ent  (see F ig .  5 . 3 ) .  

In c o n t r a s t ,  the mean average d e l t a  LH va lues  were s i g n i f i c a n t l y  

d i f f e r e n t  between the 4 groups (see F i g .  5 . 3 ) .

E ffec ts  of sexual m aturity

The mean average d e l t a  LH va lu e  was s i g n i f i c a n t l y  h igher  in 

p r e - p u b e r t a l  than mature c o n t ro l  groups ( 4 . 6 9  ± 0 .5 1 8  vs 2 .4 2  ± 

0 .5 7 7  p g / l , P < 0 . 0 0 1 ) .

E ffec ts  of s te ro id  manipulation

Plasma LH c o n c e n t ra t io n s  f o r  group MT were not s i g n i f i c a n t l y  

e le v a t e d  20 minutes a f t e r  the GnRH c h a l le n g e  ( d e l t a  LH = 0 .0 2  ± 

0 .5 1 5  p g / l ) .

The d e l t a  LH va lu es  o f  group PT animals  ( 1 . 1 0  ± 0 .5 1 8  p g / l )  

were s i g n i f i c a n + l y  lower than those o f  the p r e - p u b e r t a l  (PC) and 

mature (MC) co n t r o l  groups.

5 .4 .1 .4 .  PLASMA OESTRADIOL-173 CONCENTRATIONS 

E ffec ts  of sexual m aturity

The plasma o e s t r a d i o l - 1 7 3  c o n c e n t r a t io n s  o f  4 animals  from 

group MC were measured tw ice  weekly over the p e r io d  o f  one o estrus  

c y c le  per an im a l .  The r e s u l t s ,  in c lu d in g  plasma progesterone  

c o n c e n t ra t io n s  and o es t ru s  o b s e rv a t io n s ,  a re  d escr ib ed  in F igure

5 . 4 .  Although o es t ru s  and per io ds  o f  low plasma progesterone  

c o n c e n t ra t io n s  c o in c id e d ,  these were not  c o n s i s t e n t l y  a ssoc ia ted  

w i t h  e i t h e r  low or high o e s t r a d i o l - 1 7 3  c o n c e n t r a t io n s .  The o v e r a l l  

mean c o n c e n t r a t io n  throughout the c y c le  fo r  these an imals was 15 .6  

(±  2 . 4 5 )  p m o l / l .

246



FIGURE 5 . 4 :  P e r ip h e r a l  plasma c o n c e n t r a t io n s  o f  o e s t r a d i o I - 1 7&
( ' E 2 1 , pmo I /  I : #  - #  ) and progesterone  ( 1 Po1 , nmo I /  I : O  O )
c o n c e n t ra t io n s  in 4 mature c o n t ro l  an imals (group MC) d ur in g  a 
s i n g l e  oest rous c y c l e .  'O' denotes observed o e s t ru s .
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FIGURE 5 . 5 :  Mean average <± s . e . m . )  plasma o e s t r a d i o l - l 7 | J
c o n c e n t r a t io n s  C p m ol/ I )  f o r  groups d ur in g  the a d u l t  b reed ing  season 
in experiment 3.  R es u l ts  f o r  the  b u s e r e I i n - t r e a t e d  an imals (group  
MT) have been separa ted  in to  hinds t h a t  d id  (A,  n=3)  and d id  not  (B,  
n=3)  e x h i b i t  o e s t r u s .  Values  f o r  groups MC, PC, and PT were  
s i g n i f i c a n t l y  d i f f e r e n t  f rom each o th e r  (P < 0 . 0 5 ) .
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FIGURE 5 . 6 :  Comparison of  o e s t r a d i o l - 1 7 P  ( ' E 2 ' f p m o l / l : #  •  ) and
progeste rone  ( ' P o ' ,  n m o l / l :    ) c o n c e n t ra t io n s  in busereI  in 
t r e a t e d  a d u l t  hinds e x h i b i t i n g  and not e x h i b i t i n g  o e s t ru s  (Nov -  
Dec: 2 an im a ls ,  Jan -  Feb: 2 a n i m a l s ) .  ' 0 '  denotes observed oe s t ru s  
behav i o u r .
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The mean plasma o e s t r a d i o I -1 73  c o n c e n t r a t io n  f o r  group PC (2

samples per a n im a l )  was 2 4 .2  (±  1 .6 2 )  p m o l / l .  T h is  was s i g n i f i c a n t l y  

higher  than the average f o r  group MC (P < 0 . 0 5 )  (see  F i g .  5 . 5 ) .

E f f e c t s  o f  s t e r o i d  m a n ip u la t io n

Plasma o e s t r a d i o I -173  c o n c e n t ra t io n s  were measured in 4 o f

animals in group MT (2  which had e x h i b i t e d  o e s t ru s  and 2 in which i t  

was not obse rve d ) .  The average plasma o e s t r a d i o I -1 73  c o n c e n t r a t io n  

fo r  the 4 an imals was 2 9 . 9  ± 9 . 7 5  pmol/ l  (see F i g .  5 . 5 ) .  There were 

s u b s t a n t i a l  d i f f e r e n c e s  w i t h i n  the group (see F ig .  5 . 6 ) .  Values were 

g r e a t e r  in those an imals  e x h i b i t i n g  repeated  o e s t ru s  (means va lu es :  

Y20: 5 1 .0  ± 12.27 p m o l / l ;  B5: 41.1 ± 7 .2 2  p m o l / l )  than in those t h a t  

did  not  (LB328:  8 . 7 4  ± 2 .1 3  p m o l / l ;  014:  18 .9  ± 4 . 6 6  p m o l / l ) .

O e s t ra d io l  implants r a is e d  c i r c u l a t i n g  c o n c e n t r a t io n s  o f  the  

s t e r i o d  in p r e - p u b e r t a l  (group PT) females by a pp ro x im ate ly  11 

pmol / l  (P < 0 . 0 5 ) .  The mean plasma c o n c e n t ra t io n  f o r  group PT (2

samples per a n im a l )  was 3 5 .4  (±  3 . 3 5 )  p m o l / l .  T h is  was s i g n i f i c a n t l y  

higher than the average c o n c e n t ra t io n  f o r  group MC (P < 0 . 0 1 ;  see

F ig .  5 . 5 ) .

5 . 4 . 2 .  THE EFFECT OF OVARIAN STEROIDS ON THE TIMING OF SEASONAL 

CHANGES

5 . 4 . 2 . 1 .  VOLUNTARY FOOD INTAKE

Seasonal changes in VFI a re  shown in F ig u res  5 . 7 ,  5 . 8 ,  and 5 . 9 ,  

and in Tab le  5 . 2 .  A l l  groups e x h i b i t e d  a s i g n i f i c a n t  increase  in VFI  

between m i d - w i n t e r  and the end o f  the s tudy .

( i )  A bso lu te  food in t a k e :

E f f e c t s  o f  sexual  m a t u r i t y

The ab s o lu te  VFI (kg DM/day) o f  the mature c o n t r o l  group (group  

MC) was s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  the p r e - p u b e r t a l  co n t ro l  

animals  (group PC) throughout the p e r io d  o f  i n d i v id u a l  measurements 

(see F i g .  5 . 7 ) .

The d a i l y  VFI o f  group MC hinds e x h i b i t e d  an average 2 7 . OX

r ed u c t ion  (range  10.0 -  46.3%) on the day o f  observed o e s t r u s ,

compared to the mean in ta ke  f o r  the r e s t  o f  the oestrous  c y c le

(based on data from 3 animals  and 6 o b se rva t io n s  o f  o e s t r u s ) .
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E ffec ts  of s te ro id  manipulation

The a b s o lu te  VFI o f  b u s e r e I i n - t r e a t e d  mature hinds (group MT) 

was s i g n i f i c a n t l y  lower than t h a t  o f  the mature c o n t ro l  hinds (group  

MC) from e a r l y  February  u n t i l  e a r l y  June (see  F i g .  5 . 7 ) .  The VFI o f

group MT was s i m i l a r  to t h a t  o f  group PC throughout the study.

The d a i l y  VFI o f  group MT hinds d i s p l a y i n g  o es t ru s  a c t i v i t y  

e x h i b i t e d  an average 3 2 . 9  (±  1 .69)% re d u c t io n  on the day o f  observed  

o e s t ru s  (compared to the mean in ta k e  f o r  the p e r io d  between each 

o e s t r u s ) .  The d e c l i n e  in i n ta k e  ass oc ia te d  w i t h  oes t ru s  was 

s i g n i f i c a n t  f o r  both Y45 and B5 (P < 0 . 0 5 ) .  There was i n s u f f i c i e n t

VFI data to compare the e f f e c t  in Y20.

The VFI  of  the s t e r o i d - t r e a t e d  p r e - p u b e r t a l  an imals (group PT) 

was s i m i l a r  to t h a t  o f  group PC u n t i l  28 May (see  F i g .  5 . 7 ) .  

Throughout June VFI was s i g n i f i c a n t l y  lower in group PT (P < 0 . 0 5 ) .

( i i )  Food intake re la t iv e  to m etabolic liveweight 

E ffec ts  of sexual m aturity

The d a i l y  VFI c o r re c t e d  f o r  m e ta b o l ic  l i v e  weight  (g  

DM/kg° • 7 5 / d a y ) was s i m i l a r  between groups MC and PC a t  the t ime o f  

the w i n t e r  n a d i r  (see  Table 5 . 2  and F i g .  5 . 8 ) .  The peak VFI dur in g  

summer was s i g n i f i c a n t l y  lower in group MC (P < 0 . 0 5 ) .  There were,  

however,  no d i f f e r e n c e s  in the t im in g  o f  the n a d i r  and peak in food 

in tak e  r e l a t e d  to sexual m a t u r i t y .

E ffec ts  of s te ro id  manipulation

There was no s i g n i f i c a n t  e f f e c t  o f  b u s e r e l in  t rea tm en t  on the  

t im ing  of  e i t h e r  the w in t e r  n a d i r  or summer peak in V F I .  The leve l  

of  VFI in group MT, however,  tended to  be lower than t h a t  o f  e i t h e r  

groups MC or PC a t  both the seasonal VFI n a d i r  and peak (see  Table

5 . 2  and F i g .  5 . 8 ) .  W i t h in  group MT t h e r e  was s i g n i f i c a n t  v a r i a t i o n  

in VFI accompanying the occurence o f  oes t ru s  (see  Tab le  5 . 2 .  and 

F ig .  5 . 9 ) .  At  the t ime o f  the w i n t e r  n a d i r ,  the food in tak e  o f  

b u s e r e I i n - t r e a t e d  an imals d i s p l a y i n g  o e s t ru s  was s i g n i f i c a n t l y  lower  

than the VFI o f  an imals which d id  not  (T a b le  5 . 2 ) .  The VFI o f  group 

MT animals  e x h i b i t i n g  oe s t ru s  was a l s o  less than t h a t  o f  e i t h e r  

groups MC or PC. At the t ime o f  the summer peak in V F I ,  however,  the  

r e l a t i o n s h i p  was reve rs ed .  The food in ta k e  o f  animals in group MT
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not e x h i b i t i n g  o es t ru s  was less than the in take  o f  those in the same 

group which d i d .  T h e i r  VFI was a l s o  less than t h a t  o f  an imals in 

group MC and group PC.

S t e r o i d  t rea tm en t  o f  p r e - p u b e r t a l  an imals reduced the leve l  of  

VFI a t  the summer peak compared to  u n t r e a t e d  an imals  (see  Tab le  5 .2  

and F ig .  5 . 8 ) .  There were no d i f f e r e n c e s  in the t im in g  o f  e i t h e r  

n a d i r  or peak in takes  accompanying s t e r o i d  t r e a t m e n t .

TABLE 5 . 2
The e f f e c t  o f  t rea tm e nt  on t im ing  and ampli tu de  o f  the w i n t e r  nad i r  
and summer peak in VFI (g DM/kgO• 7 5 / d a y ) .  Values a re  5? ± s .e .m .  
R esu l ts  f o r  group MT a re  presented as group mean, and as means f o r  
an imals t h a t  d id  (A)  and d id  not e x h i b i t  oe s t ru s  (B)  (n=3 f o r  b o t h ) .  
Values  w i t h  d i f f e r e n t  s u p e r s c r i p t s  ( w i t h i n  each param eter )  a re  
s i g n i f i c a n t y  d i f f e r e n t  (P < 0 . 0 5 ) .

Group ( 1 )  Wi n t e r  
date

nad i r 
VFI

( 2 )  Summer 
date

peak ( 3 )  Change in 
VFI VFI (1 -  2)

MATURE
Group 14 Jan 58.3c 29 Jun 103.0* 4 4 . 7 *

MC (± 9 . 2 ) (±  2 . 8 5 ) (±  4 . 7 ) (±  5 . 2 6 ) (±  3 . 4 7 )

Group MT 29 Jan 4 0 .2 23 Jun 9 6 . 6 5 6 .5
( a l l  hi nds) (± 7 . 0 ) (±  7 . 0 2 ) ( ±  6 . 4 ) (±  7 . 5 8 ) (±  1 2 .8 )

Oestrus 22 Jan 2 9 . 0d 25 Jun 109 .9c f 8 1 .0»
(A) (± 1 4 .0 ) (±  1 .2 7 ) (±  1 4 .0 ) (±  9 . 6 6 ) (±  1 0 .8 )

No o es t ru s 5 Feb 5 1 .3c 23 Jun 83 .4a 3 2 . 0J
(B) (± 0 . 0 ) (±  10 .9 ) (±  1 .6 ) (±  3 . 9 7 ) (±  1 0 .6 )

PRE-PUBERTAL
Group 16 Jan 52.9c 30 Jun 1 1 5 . Of 62 .  Ik

PC (± 5 . 8 ) (±  2 . 3 2 ) (±  2 . 4 ) (±  2 . 9 0 ) (±  3 . 3 2 )

Group 20 Jan 53.0c 25 Jun 1 0 1 .8e 4 8 . 8h
PT (± 5 . 3 ) (±  4 . 3 3 ) (±  1 0 .5 ) (±  3 . 5 7 ) (±  2 . 9 3 )

5 . 4 . 2 . 2 .  LIVE WEIGHT

Seasona1 changes in l i v e  weight  a r e  shown in F ig u re s 5 . 1 0 ,  5.11

and 5 . 1 2 .  A l l groups e x h i b i t e d  a s i g n i f i c a n t  in crease  in 1 ive weight

d ur in g  the s tu dy .

E f f e c t s  o f  sexual  m a t u r i t y

The s p r in g  in crease  in l i v e  we ight  l a r g e l y  p a r a l l e l e d  t h a t  of

255



VFI  in mature (MC) and p r e - p u b e r t a l  (PC) co n t ro l  groups (see F ig .  

5 . 1 0 ) .  Animals in group MC were h e a v ie r  than those in group PC 

throughout the study (P < 0 . 0 1 ) .

E ffec ts  of s te ro id  manipulation

There was a t ren d  f o r  s m a l le r  l i v e w e ig h t  gains  in busereI  in 

t r e a t e d  an im als  (see F i g .  5 . 1 1 ) .  As a r e s u l t  the o v e r a l l  mean l i v e  

weight  of  group MT ( 9 8 . 6  ± 0.71 kg)  was s i g n i f i c a n t l y  less than t h a t  

of  group MC (101 .1  ± 0 .7 5  kg; P < 0 . 0 5 ) .  The l i v e  weight  o f

b u s e r e I i n - t r e a t e d  an im als  e x h i b i t i n g  o e s t ru s  was s i g n i f i c a n t l y  lower 

than t h a t  o f  an imals  which d id  not  a t  the s t a r t  o f  the study ( 9 2 . 3  ± 

1 .9  vs 103.7 ± 1 .2 ,  r e s p e c t i v e l y ,  P < 0 . 0 0 1 ) .  The d i f f e r e n c e  in l i v e  

weight  between these sub-groups was s i g n i f i c a n t  throughout the study  

(see F i g .  5 . 1 2 ) .

There was no s i g n i f i c a n t  e f f e c t  o f  s t e r o i d - i m p l a n t  t rea tm ent  on 

the l i v e  weight  o f  p r e - p u b e r t a l  an imals  (see  F ig .  5 . 1 0 ) .  From l a t e  

June, however,  th e re  was a tr end  f o r  lower ga ins  in group PT.

5 .4 .2 .3 .  COAT GROWTH

Two pelage changes were observed du r in g  t h i s  s tu d y ,  the growth  

of  w i n t e r  coat  d ur in g  autumn fo l lo w e d  by the growth o f  summer coat  

the next  s p r in g .  O bservat io ns  a re  summarised in F ig u re  5 . 1 3 .

Growth of w in ter coat

The e f f e c t s  o f  t rea tm en ts  on the growth o f  the w i n t e r  coat  a re  

descr ib ed  in Tab le  5 . 3 .  W in te r  coat  growth commenced in some animals  

p r i o r  to  the s t a r t  o f  measurements on 19 September. To e s t im a te  the  

t ime growth began r eg res s io n  a n a l y s i s  was c a r r i e d  out  on the f i r s t  

10 pr imary  f i b r e  length  va lues  f o r  each an im a l .

E ffec ts  of sexual m aturity

The growth o f  pr im ary  f i b r e s  commenced ap p ro x im a te ly  14.5 days 

e a r l i e r  in p r e - p u b e r t a l  than mature an im als .  The d u r a t i o n  of  the  

moult was s i g n i f i c a n t l y  longer in the p r e - p u b e r t a l  an imals (see  

Tab le  5 . 3 )
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FIGURE 5 . 1 0 :  ( a )  Changes in l i v e  we ight  (x  + s . e . m . )  o f  mature
(MC, ■  ) and p r e - p u b e r t a l  ( P C , A ) c o n t r o l  groups.  MC vs PC, P < 0.01  
a t  a l l  t ime p o i n t s .  NOTE: d i f f e r e n t  s c a le  f o r  groups MC and PC. L iv e  
w eight  was s i g n i f i c a n t l y  e le v a t e d  above m id - w i n t e r  va lu es  from 23 
Apr.  in group MC and 2 Apr.  in group PC, (P < 0 . 0 5 ) .
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( b )  Changes in l i v e  weight  (X + s . e . m . )  o f  p r e - p u b e r t a l  c o n t ro l  
(PC, A ) and s t e r o  i d - t r e a t e d  ( P T , A )  groups. D i f f e r e n c e s  a re  not  
s i g n i f i c a n t .  L iv e  weig ht  was s i g n i f i c a n t l y  e l e v a t e d  above m id - w in t e r  
va lues  from 2 Apr.  in group PC and 9 Apr.  in group PT, (P < 0 . 0 5 . )
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E f f e c t s  o f  s t e r o i d  m a n ip u la t io n

There were no s i g n i f i c a n t  e f f e c t s  o f  b u s e r e l i n  or  s t e r o i d  

implants on the t im in g  o f  w i n t e r  p r im ary  f i b r e  growth,  or the  

d u r a t io n  o f  the m o u l t .  The maximum primay f i b r e  length  f o r  p r e 

pu b er ta l  an imals was s i g n i f i c a n t l y  s h o r t e r  in the s t e r o i d - i m p  I anted  

group (group PT) than u n t r e a te d  an imals (group PC).

There were no d i f f e r e n c e s  in the p a t t e r n  o f  w i n t e r  pr imary  

f i b r e  growth between hinds in group MT ass o c ia te d  w i t h  v a r i a t i o n  in 

observed o e s t ru s  and plasma o e s t r a d  io I - 1 7fJ c o n c e n t ra t io n s  ( d a t a  not  

shown).

TABLE 5 . 3
The growth o f  the w i n t e r  coat  

Values in parentheses a re  days a f t e r  1 Jan. Va lues  w i t h  
d i f f e r e n t  s u p e r s c r ip t s  a re  s i g n i f i c a n t l y  d i f f e r e n t  

(P < 0 . 0 5 )  (3? ± s . e . m . ) .

Group Onset of  
growth

Max. length  
(cm)

D u ra t io n  o f  
moult (days)

MATURE
Tota l 2 6  Sep 5 . 8 2 1 8 . 5

( 2 6 8 . 6  ± 1 . 1 ) ± 0 . 1 2 2 ± 2 . 2 3

Group MC 2 6  Sep* 5 . 9 0 « f 1 8 . 2 ®

( 2 6 9 . 0  ±  1 . 4 ) ± 0 . 0 9 1 ± 2 . 8 0

Group MT 2 5  Sep* 5 . 7 5 c 1 8 . 7 «

( 2 6 8 . 3  ±  1 . 8 ) ± 0 . 2 1 4 ±  3 . 5 2

PRE-PUBERTAL
T ota l  11 Sep 6 . 4 2 3 2 . 3

( 2 5 4 . 2  ± 2 . 8 ) ± 0 . 1 2 0 ± 3 . 3 1

Group PC 8  S e p b 6 . 6 7 < * 3 1 . 1  b

( 2 5 1 . 3  ±  4 . 6 ) ± 0 . 1 6 7 ± 6 . 2 8

Group PT 1 4  Sepb 6 . 1 7 e * 3 3 . 3 h

( 2 5 7 . 0  ±  3 . 3 ) ± 0 . 1 0 5 ±  3 . 0 2

Growth o f  summer co a t

The e f f e c t s  o f  t rea tm e n ts  on the growth o f  the summer coat a re  

d escribed  in Tab le  5 . 4 .

E f f e c t s  o f  sexual  m a t u r i t y

The growth o f  the summer pr imary  f i b r e s  commenced a p p ro x im ate ly
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15 days e a r l i e r  in p r e - p u b e r t a l  than mature an im a ls .  By the 23 J u l y ,  

however,  the length  o f  the coat  was s i m i l a r  i r r e s p e c t i v e  o f  sexual  

m a t u r i t y .  The d u r a t io n  o f  the moult  was s i g n i f i c a n t l y  longer in the  

p r e - p u b e r t a l  an im a ls .

TABLE 5 . 4 .
Growth o f  the  summer c o a t .

Va lues in parentheses  a re  days a f t e r  1 Jan. Values  w i t h  
d i f f e r e n t  s u p e r s c r i p t s  a re  s i g n i f i c a n t l y  d i f f e r e n t  

(P < 0 . 0 5 ) .  (3c ± s . e . m . )

Group Onset of Max. length D u ra t io n  of
growth (cm) moult  (days)

MATURE
Tota l 24 Apr® 5 . 0 9 3 7 .7

( 1 1 4 . 4  ± 6 . 4 ) ± 0.  132 ± 5 . 8 3

Group MC 19 Apr 5.40c 42.2®
( 1 0 9 . 0  ± 6 . 3 ) ± 0.171 , ± 9 . 3 4

Group MT 29 Apr 4.83d 34.  0e
( 1 1 9 . 0  ± 1 0 .7 ) ± 0.  105 ± 7 .7 8

PRE-PUBERTAL
Tota  1 9 Apr*> 5 . 2 5 5 7 .5

( 9 9 . 2  ± 2 . 5 ) ± 0 .0 9 7 ± 3 . 2 7

Group PC 13 Apr 5.33c 52 .5® f
( 1 0 2 . 7  ± 4 . 0 ) ± 0 .1 67 ± 5 .9 2

Group PT 6 Apr 5 . 17c 61 .Of
( 9 5 . 7  ± 2 . 5 ) ± 0.  105 ± 3.04

E f f e c t s  o f  s t e r o i d  m a n ip u la t io n

There was no s i g n i f i c a n t  e f f e c t  o f  b u s e r e l i n  or  s t e r o i d  

implants on the t im in g  o f  summer coat  growth.  The maximum pr im ary  

f i b r e  length on the 23 Ju ly  was, however,  s i g n i f i c a n t l y  less in 

b u s e r e I i n - t r e a t e d  an imals than in remaining groups.

There were no d i f f e r e n c e s  in the p a t t e r n  o f  summer coat  growth 

between hinds in group MT a s s o c ia te d  w i t h  v a r i a t i o n  in observed  

oes t rus  and plasma o e s t r a d i o l - 1 7 3  c o n c e n t r a t io n s  ( d a t a  not  shown).
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5 . 4 . 2 . 4 .  PLASMA PROLACTIN CONCENTRATIONS

The plasma p r o l a c t i n  c o n c e n t ra t io n s  o f  the 4 groups a re  

summarized in F ig u re  5 .1 4  and 5 . 1 5 .  A l l  groups e x h i b i t e d  a

s u b s t a n t i a l  r i s e  in plasma c o n c e n t r a t io n s  dur ing  s p r in g .  The t im in g  

o f  t h i s  change was not  s i g n i f i c a n t l y  d i f f e r e n t  between the t rea tm en t  

groups.  The mean da tes  were:  f o r  an im als  in group MCr 15 March <±

11 .5 d ays) ;  f o r  group PC, 9 March (±  8 . 0  d ays) ;  f o r  group MT, 16

March (±  9 . 4  d ays ) ;  f o r  PT, 7 March (±  4 . 6  d ay s ) .

There were no d i f f e r e n c e s  in the onset o f  the s p r in g  r i s e  

between hinds in group MT, as s o c ia te d  w i t h  v a r i a t i o n  in observed  

o e s t ru s  and plasma o e s t r a d i o l - 1 7 3  c o n c e n t r a t io n  ( d a t a  not  shown).
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FI GURE 5 . 1 4 :  Mean ( ±  p o o l e d  s . e . m . ;  n = 6 )  p l a s m a  p r o l a c t i n  
c o n c e n t r a t i o n s  ( p g / l )  f o r  ( a )  m a t u r e  ( g r o u p  MC, -  -  -  -  ) a n d p r e 
p u b e r t a l  ( g r o u p  PC,  --------- ) c o n t r o l  a n i m a l s ;  ( b )  p r e - p u b e r t a l
c o n t r o l  an d  s t e r o i d - t r e a t e d  f e m a l e s  ( g r o u p  PT,  -  -  -  ) .
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FIGURE 5 . 1 5 :  Mean ( ±  p o o l e d  s . e . m . ;  n = 6 )  p l a s m a  p r o l a c t i n
c o n c e n t r a t i o n s  ( p g / l )  f o r  m a t u r e  c o n t r o l  ( g r o u p  MC, -----------  ) a n d
b u s e r e I i n - t r e a t e d  ( g r o u p  MT,  -  -  -  ) f e m a l e s .
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5 .5 DISCUSSION

5 .5 .1 .  EFFECTS OF TREATMENT ON REPRODUCTIVE STATUS

5 .5 .1 .1 .  Untreated mature animals

Mature u n t r e a t e d  animals  underwent c y c le s  o f  plasma 

progestero ne  o f  s i m i l a r  length and am pli tude  to  those observed  

d ur in g  exper iment I ,  and descr ib ed  p r e v io u s ly  by Adam e t  a l .  

( 1 9 8 9 a ) .  In the l a t t e r  two s t u d i e s ,  and t h a t  o f  Guinness e t  a l .  

( 1 9 7 1 ) ,  an average o f  7 - 8  c yc les  were r e p o r t e d .  T h is  c o n t r a s t s  w i t h  

the hinds in the p resent  s tudy ,  which underwent on average ,  a t  

l e a s t ,  10 c y c le s .  Due to  the e a r l i e r  than expected s t a r t ,  the onset  

o f  measurements commenced a f t e r  the beg inn ing  o f  the breed ing  season 

(5  Sept )  r e s u l t i n g  in a d u r a t io n  o f  > 209 days.  Th is  is

s u b s t a n t i a l l y  longer than the 1986/87 breeding season re p o r te d  f o r  

the same herd ( 1 5 9 . 8  ± 6 . 9  days; Loudon e t  a l . ,  1989) .  There is no 

e x p la n a t io n  f o r  t h i s  d i f f e r e n c e .

In ciden ces o f  observed o es t rus  c o in c id ed  w i t h  p e r io d s  o f  low 

progestero ne  c o n c e n t r a t io n s  as p r e v io u s l y  re p o r te d  in deer (Adam e t  

a I . ,  1989a; w h i t e - t a i l e d  deer :  P l o t k a  e t  a I . ,  1980) .  The average

i n t e r v a l  between o b se rva t io n s  o f  o e s t ru s  in consecut ive  cy c le s  ( 2 0 . 3  

days,  range 20-21 days,  n=3)  was s i m i l a r  to  t h a t  observed in

exper iment  2 ( 1 8 . 8  days,  range 18 -20 ,  n=4) and p rev io u s  r e p o r t s  of  

between 18-21 days (Guinness e t  a l . ,  1971; K e l l y  e t  a l . ,  1985; Adam 

e t  a l . ,  1985) .

There was no c o n s is t e n t  c o r r e l a t i o n  between plasma o e s t r a d i o l -  

173 c o n c e n t r a t io n s  and stage  o f  o es t ro u s  c y c le  in t h i s  study w i t h  

the sampling frequency  used. Th is  c o n t r a s t s  w i t h  a c l e a r  peak in 

o e s t r a d i o I -173  c o n c e n t r a t io n s  observed on the day o f  oes t ru s  in 

o th e r  ruminant  spec ies  (sheep,  Hauger e t  a l . ,  1977; w h i t e - t a i l e d

de er ,  P lo t k a  e t  a l . ,  1980) .  The c o n c e n t r a t io n  on the day o f  o es t rus

in group MC an imals was 18.0 (±  3 . 4 )  p m o l / l .  T h is  was s u b s t a n t i a l l y  

lower than the va lues  re p o r te d  f o r  red deer by K e l l y  e t  a l .  (1 9 8 5 )  

which ranged between 154-450 p m o l / l .  The average v a lu e  in t h i s  

study ,  however,  was comparable w i t h  c o n c e n t r a t io n s  d e te c te d  on the  

day o f  o es t rus  o f  33 pm ol/ l  in sheep (Hauger e t  a l . ,  1977) and 3 3 . 4  

(±  2 . 6 )  pm ol / l  in w h i t e - t a i l e d  deer ( P l o t k a  e t  a l . ,  1 980 ) .  K e l l y  e t
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a l .  (1 985 )  d id  not  d e scr ib e  f u l l  assay methodology,  and i t  may be 

t e n t a t i v e l y  concluded t h a t  red deer e x h i b i t  s i m i l a r  c o n c e n t ra t io n s  

o f  o e s t r a d i o I -173  d ur ing  the oestous c y c le  to  o th e r  ruminan ts.

5 .5 .1 .2 .  Untreated pre-pubertal animals

Plasma progestero ne  c o n c e n t r a t io n s  in 4 o f  the p r e - p u b e r t a l  

c o n t ro l  an imals  (group PC) were low (< 0 . 0 6  n m o l / l )  throughout the  

experiment as r e p o r te d  by Loudon e t  a / .  ( 1 9 8 9 ) .  Two an im a ls ,

however,  e x h i b i t e d  r a is e d  c o n c e n t r a t io n s  d ur in g  the l a t t e r  p a r t  of  

the a d u l t  b reed ing  season (Feb -  M a r ) .  In one,  y485,  these were  

s u f f i c i e n t l y  e le v a t e d  to s a t i s f y  the c r i t e r i a  used to  d e f in e  the  

onset of  oestrous  c y c l i c i t y  (see  s e c t io n  2 . 6 . 4 .  f o r  d e t a i l s ) .  Th is  

i n d ic a t e s  the e x is t e n c e  o f  l u t e a l  t i s s u e  and by i m p l i c a t i o n  an

o v u l a t i o n .  There was even evidence  o f  a b r i e f  e l e v a t i o n  in plasma 

progesterone  c o n c e n t r a t i o n s ,  c h a r a c t e r i s t i c  o f  ' s i l e n t  o e s t r u s ' ,  

s h o r t l y  b e fo re  the s u s ta in ed  r i s e .  T h is  should have pro v id ed  the  

necessary pr im in g  to  enable oest rogens to  e l i c i t  o e s t ru s  behaviour  

( S h o r t ,  1972) ,  a l though  none was observed.

T y p i c a l l y ,  red deer do not a ch ieve  puberty  u n t i l  a t  l e a s t  t h e i r  

second p o t e n t i a l  b reed in g  season. Even a t  two years o ld  f e r t i l i t y  in 

w i l d  p o p u la t io n s  is h i g h l y  v a r i a b l e  (0  -  41 X: Hamil ton and B l a x t e r ,  

1980; C Iu t t o n - B r o c k  e t  e l . ,  1982a ) .  The delayed  pub er ty  observed in 

in la rge  deer spec ies  l i k e  red deer ( S a d l e i r ,  1987) may r e f l e c t  the  

t ime r e q u i r e d  to  a ch ieve  a high minimum l i v e  weight  f o r  r e p ro d u c t io n  

( c . 5 2  kg in female red deer in S co t la n d ,  Hamil ton and B l a x t e r ,

1980) .  Recent ev id ence ,  however,  suggests t h a t  even i f  c a lv e s  a t t a i n  

l i v e  we ig hts  d ur in g  t h e i r  f i r s t  p o t e n t i a l  breed in g  season,

s u f f i c i e n t ,  in a d u l t s ,  to  perm it  o v u l a t i o n ,  puberty  does not occur  

(Loudon and Brinkow, 1990) .  T h is  could be due to  an i n a b i l i t y  to  

respond to  p h o t o p e r io d ic  s i g n a l s ,  however, evidence  (d iscussed in 

se c t io n  5 . 1 )  suggests t h i s  is  u n l i k e l y .  A l t e r n a t i v e l y ,  delayed

puber ty  may be a consequence o f  im m atur i ty  o f  the r e p r o d u c t iv e  

system. Some components o f  the o v u l a t o r y  mechanism a r e ,  however,  

mature w el l  in advance o f  the normal age o f  p u b e r ty .  The LH surge  

mechanism is a b le  to  respond to  an o e s t r a d i o l  p o s i t i v e  feedback  

( A . S . I .  Loudon, B.R.  B r in k  low and B . J .  McLeod, unpub l ished  d a t a ) ,  

and the p i t u i t a r y  response to  exogenous GnRH w i t h  LH r e l e a s e  (same
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study ,  and t h i s  experiment -  see s e c t io n  5 . 4 . 3 . ) .  Thus, the g rowth-

r e l a t e d  cues d e te rm in in g  age o f  pu b er ty  appear to  be more complex

than a simple c r i t i c a l  body w e ig h t .  Loudon (19 8 7 )  hypothes ised  t h a t  

in sheep puberty  occurs when the " p r o p o r t io n  o f  t h e i r  t o t a l  energy  

in ta ke  a l l o c a t e d  to  growth f a l l s  below a c r i t i c a l  t h r e s h o l d . "  Such a 

proposal  could  e x p l a i n  why the slower maturing  red deer ,  s t i l l

growing r a p i d l y  in i t s  f i r s t  autumn ( M i ln e  e t  a l . ,  1987) f a i l s  to  

breed d e s p i t e  reach in g  a t h e o r e t i c a l l y  adequate body weight  a t  an 

a p p r o p r i a t e  t ime o f  y e a r .

The o v a r ia n  a c t i v i t y  observed in two an imals  from group PC 

suggests t h a t  a m i n o r i t y  o f  i n d i v i d u a l s  may in f a c t  ach ieve  a

s u f f i c i e n t l y  developed s t a t e  to  d i s p l a y  puberty  du r in g  t h e i r  f i r s t  

p o t e n t i a l  b reed ing  season. The c lo se  p r o x i m i t y  o f  c y c l i n g  a d u l t s  may 

have prov id ed  an important  s t i m u l a t o r y  cue f o r  the e a r l y  o v a r ia n  

a c t i v i t y .  As discussed in chapter  1 ( s e c t i o n  1 . 2 . 1 1 . 2 )  s o c ia l

co n tac t  is known^ have a profound in f lu e n c e  on express ion  o f  

r e p r o d u c t iv e  a c t i v i t y .  Th is  inc ludes  o e s t r u s  s y n c h r o n iz a t io n  ( Ia s o n  

and Guinness,  1985)  and the a b i I i t y i n f I u e n c e  the onset  o f

r e p ro d u c t iv e  a c t i v i t y  in o th e r  i n d i v i d u a l s  (M.W. F i s h e r ,  unp ubl ished  

d a t a ) .  I s o l a t i o n  from c y c l in g  females (and mature s t a g s )  may e x p la i n  

the absence o f  o v a r ia n  a c t i v i t y  r e p o r te d  by Loudon and B r in k lo w  

( 199 0 )  in female  deer during  t h e i r  f i r s t  p o t e n t i a l  b reed ing  season.  

Although some an imals  achieved l i v e  w e ig hts  s u f f i c i e n t ,  in a d u l t s ,  

to perm it  oestro us  c y c l i c i t y ,  b ehav io ura l  an d /o r  pheromonal cues,  

v i a  s o c ia l  c o n t a c t ,  may have been r e q u i r e d  f o r  the express ion  o f  

p u b e r ty .  There is f u r t h e r  i n d i r e c t  ev idence to  support  t h i s  

hypothes is  from the same s tudy .  M a in ta in e d  in i s o l a t i o n  from mature  

male and female dee r ,  the t im in g  o f  p u b er ty  (3  Dec ± 18 days)  d ur in g  

the second p o t e n t i a l  breed ing  season occurred s i g n i f i c a n t l y  l a t e r  

than the onset  o f  b reed ing  season in mature females from the same

herd (< 5 Sept ,  a d u l t  da ta  from t h i s  t h e s i s ,  s e c t i o n  5 . 4 . 1 ) .

The presence o f  e l e v a t e d  plasma progesterone  c o n c e n t ra t io n s  

does not  n e c e s s a r i l y  r e f l e c t  a f u l l y  competent normal corpus luteum.  

Thus, puberty  may not have been a t t a i n e d  by e i t h e r  animal  e x h i b i t i n g  

high plasma progesterone  c o n c e n t r a t io n s  in group PC. Recent  evidence  

from red deer p o p u la t io n s  in n u t r i t i o n a l l y  abundant h a b i t a t s ,  

however,  i n d i c a t e s  t h a t  l i m i t e d  precoc ious puberty  may occur in w i l d
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deer (P .R .  R a t c l i f f e ,  F o r e s t r y  Commission, unpubl ished data' ) .  From 

data  on c u l l s ,  i t  was found t h a t  a smal l percentag e o f  c a lv es  do

conceive  du r in g  t h e i r  f i r s t  p o t e n t i a l  b reed ing  season.  Large sample 

s i z e s  in d ic a t e d  t h a t  0 . 6  X o f  ca lv e s  possessed a v i a b l e  f o e t u s ,  and 

t h a t  1 .5  X o f  y e a r l i n g s  were l a c t a t i n g .

Although th e re  is  evidence  to suggest  some red deer do conceive  

d ur in g  t h e i r  f i r s t  autumn, the occurrence o f  puberty  a t  t h i s  t ime is  

very l i m i t e d .  T h is  is probab ly  a consequence o f  both the large

mature body s i z e  o f  t h i s  s p ec ie s ,  and the l i m i t e d  p e r io d  d ur in g  

which puberty  can be expressed.  In sheep, l a t e  born and po o r ly  

nour ished ewes f a i l  to  a t t a i n  sexual m a t u r i t y  in t h e i r  f i r s t  autumn 

( F o s te r  and Ryan, 1981; Foster  e t  a l . ,  1986, 1988) .  I t  has been

proposed t h a t  these an imals have ach ieved  i n s u f f i c i e n t  growth to

p erm i t  p r e - o v u I a t o r y  events  b e fo re  the onset  o f  seasonal  anoestrous  

in s p r in g  ( F o s te r  and Ryan, 1981; F o s te r  e t  a l . ,  1985; Foster  e t

a l . ,  1988 ) .  Thus, t h e i r  t r a n s i t i o n  to  sexual  m a t u r i t y  is  'masked1 by 

the im pos it io n  o f  a seasonal  increase  in o e s t r a d i o l  i n h i b i t i o n  

p re v e n t in g  re p r o d u c t i v e  a c t i v i t y  u n t i l  the f o l l o w i n g  autumn. The 

mature body s i z e  o f  red deer may mean t h a t ,  l i k e  l a t e  born ewes, the  

m a j o r i t y  f a i l  to ach ie ve  s u f f i c i e n t  growth b e fo re  the onset  o f  

seasonal  anoestr ous .  There is  some l i m i t e d  evidence to  support  t h i s  

hypo th e s is .  In B r i t i s h  p o p u la t io n s  o f  the c l o s e l y  r e l a t e d  but  

s m a l le r  s ik a  deer iC e rvu s  nippon ) ,  i t  has been e s t im a t e d ,  from c u l l  

d a t a ,  t h a t  t h e r e  is a much h ig her  concept ion  r a t e  among females  

dur in g  t h e i r  f i r s t  p o t e n t i a l  breed ing  season ( 1 6 . 7X vs 0 . 6  -  1 .5X,  

P.R.  R a t c l i f f e ,  F o r e s t r y  Commission, unpub I i s h e d  d a t a ) .

In a d d i t i o n  to  the above,  the s i n g l e  progesterone  c y c le  

observed in animal Y485 occurred a t  the  end o f  the a d u l t  breed in g  

season. Th is  is about  th ree  months a f t e r  the main r u t  p e r io d  has 

f i n i s h e d .  In a n a t u r a l  s i t u a t i o n  th e re  would be few,  i f  any,  f e r t i l e  

males in a t tendance  o f  female groups a t  t h i s  t im e ,  reduc ing  the  

chance o f  co nc ep t io n .  In a d d i t i o n ,  as o e s t ru s  was not observed in 

Y485, i t  is un c lea r  whether the beh av io u ra l  mechanisms were  

fun c t  i on i ng .

0 e s t r a d io l - 1 7 f J  c o n c e n t r a t io n s  in the p r e - p u b e r t a l  c o n t r o l  group 

( 2 4 . 2  ± 1.62 p m o l / l )  were s u b s t a n t i a l l y  h igher than the rep o r te d  

c o n c e n t r a t io n s  in p r e - p u b e r t a l  ewes (3  -  10 p m o l / l ;  F o s te r  and Ryan,
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1981; Fos ter  e t  a / . ,  1986) .  In f a c t ,  based on the l i m i t e d  number o f  

samples measured,  i t  appears t h a t  c o n c e n t r a t io n s  in p r e - p u b e r t a l

females a re  h igh er  than the average f o r  mature c y c l i n g  hinds  ( 1 5 . 6  ±

2 . 5  p m o l / l ;  P < 0 . 0 5 ) .  Whether p r e - p u b e r t a l  va lu es  d i f f e r  from those  

of  anoestrus  mature females ,  however,  has ye t  to  be dete rm in ed.

5 .5 .1 .3 .  BusereI in -tre a te d  mature animals

The aim o f  a d m in i s t e r i n g  the GnRH-ag onis t , b u s e r e l i n ,  was to  

suppress oestro us  c y c le s  throughout the e n t i r e  b reed ing  season, and 

to  s im u la te  the s t e r o i d  hormone c o n c e n t r a t io n s  o f  p r e - p u b e r t a l

an im a ls .  B u s e r e l in  was successful  in p r e v e n t in g  oes trous  c y c l i c i t y  

as determined by plasma p rog estero n e .  Since the t rea tm e n t  began

a f t e r  the u nu sua l ly  e a r l y  onset  o f  the b reeding  season, however,  a l l  

an imals  experienced a t  l ea s t  one o es t rous  c y c le  b e fo r e  the onset o f  

t r e a t m e n t .

In th re e  o f  the t r e a t e d  hinds (Y45 ,  B5 and LB328) th e r e  was 

evidence  t h a t  b u s e r e l i n  extended e x i s t i n g  l u t e a l  phases beyond t h e i r  

p e r io d  of  normal d u r a t i o n .  Th is  may have been due to  the b u s e r e l i n  

induced LH surge ( c a t t l e ,  D'Occhio e t  a ! . ,  1989) in some way

extend in g  corpus /uteum  (CL)  l i f e ,  or  a l t e r n a t i v e l y ,  w i t h  a d d i t i o n a l  

FSH s e c r e t i o n ,  r e s u l t i n g  in o v u l a t i o n  and pro d u ct io n  o f  a second CL 

p r i o r  to  l u t e o l y s i s  o f  the o r i g i n a l .  The b r i e f  d e c l i n e  in plasma 

progeste rone  c o n c e n t ra t io n s  observed d ur in g  the m id d le  o f  the  

e le v a t e d  p r o f i l e  f o r  animal LB328 is c o n s is t e n t  w i t h  the second 

e x p la n a t io n  (see F i g .  5 . 2 ) .  For a second o v u l a t i o n  to  occur during  

an e x i s t i n g  l u t e a l  phase would r e q u i r e  the presence o f  a 

s u f f i c i e n t l y  developed f o l l i c l e  to  o v u l a t e .  Evidence from the ewe 

(Hauger e t  a l . ,  1977) i n d i c a t e s  t h i s  to  be p o s s ib le  as low am pli tude  

waves o f  o e s t r a d i o l  s e c r e t io n  and f o l l i c u l a r  growth occur during  

t h i s  p e r i o d .

By mid October plasma progestero ne  c o n c e n t r a t io n s  in a l l  

b u s e r e I i n - t r e a t e d  an imals  had f a l l e n  to  l e v e l s  t y p i c a l  o f  anoestrus  

or p r e - p u b e r t a l  an im a ls .  These c o n c e n t r a t io n s  p e r s i s t e d  throughout  

the remainder o f  the breed in g  season.  N o t a b ly ,  the t ime between the  

onset  o f  b u s e r e l i n  t rea tm ent  and f a l l  o f  progesterone  c o n c e n t r a t io n s  

to anoestrus l e v e l s ,  showed l i t t l e  v a r i a t i o n  between an im als  ( 2 9 . 7 ,  

5D ± 1.7  d a y s ) .  A f t e r  inducing an i n i t i a l  surge o f  LH ( c a t t l e ,
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D'Occhio e t  a / . ,  1989) t h i s  GnRH a g o n is t  induces p i t u i t a r y

i n s e n s i t i v i t y  to  GnRH induced gonadotrophin s e c r e t i o n .  In the ewe, 

a t  l e a s t ,  t h i s  r e s u l t s  in the suppress ion  o f  FSH s e c r e t io n  and 

i n h i b i t i o n  o f  p u l s a t i l e  r e le a s e  o f  LH ( M c N e i l l y  and F r a s e r ,  1987;  

P ic to n  et  a l . ,  1990) .  Al though n e i t h e r  was measured in t h i s  study,  

the f a i l u r e  of  a high (100  pg) dose o f  exogenous GnRH to  provoke a 

d e t e c t a b l e  e l e v a t i o n  in plasma LH c o n c e n t r a t i o n s ,  im p l ies  a 

d e s e n s i t i z a t i o n  o f  the p i t u i t a r y  in the b u s e r e I i n - t r e a t e d  deer .

The repeated  oestro us  behav iour  in 3 /6  of the b u s e r e I i n - t r e a t e d  

hinds was unexpected as plasma progesterone  da ta  in d i c a t e d  t h a t  

these an imals d id  not  e x h i b i t  oes trous  c y c l i c i t y .  Th is  o b se rva t io n  

has not p r e v io u s l y  been re p o r te d  in any s p e c ie s .  Th is  was

accompanied by h igher plasma o e s t r a d io l -173 c o n c e n t ra t io n s  in those  

animals e x h i b i t i n g  oe s t ru s  (4 6 .0  ± 4 .9  vs 13.8 ± 5.1 p m o l / l ) .

O estrad io l -173  is  important  in e l i c i t i n g  oestrous  behaviour ( S h o r t ,  

1972).  The reason f o r  the d i f f e r e n c e s  in o e s t r a d i o l  c o n c e n t ra t io n  in 

response to  a f i x e d  dosed o f  b u s e r e l i n  may be r e l a t e d  to  l i v e

w e ig h t .  A l l  an imals e x h i b i t i n g  o e s t ru s  were l i g h t e r  throughout the  

p e r io d  o f  t rea tm en t  (mean a t  s t a r t  o f  study:  9 2 .3  ± 1.9 vs 103.7 ± 

1.2 kg; P < 0 .0 0 1 ) .  This  would suggest  some d o s e - r e l a t e d  d i f f e r e n c e  

in the  e f f e c t  o f  the ago n is t  on the p i t u i t a r y  and thence the  

o v a r i e s .  The plasma o e s t r a d i o l  c o n c e n t ra t io n s  measured in the

h e a v ie r  b u s e r e I i n - t r e a t e d  an im a ls ,  not e x h i b i t i n g  o e s t r u s ,  were 

s i m i l a r  to the average measured in the c y c l i n g  hinds ( 1 5 .6  ± 2 .5  

p m o l / l ) .  The s u b s t a n t i a l l y  h igher  c o n c e n t r a t io n s  d e te c te d  in the

l i g h t e r  b u s e r e I i n - t r e a t e d  animals  may have been r e l a t e d  to  the  

e f f e c t  o f  t h i s  a g o n is t  on FSH s e c r e t i o n .  At p resent  t h e r e  is no 

a v a i l a b l e  ant isum to  measure deer FSH. In the ewe, s e c r e t i o n  o f  t h i s  

gonadotrophin is i n h i b i t e d  by c o n t in u o u s ly  ad m in is te r e d  b u s e r e l i n  

( M c N e i l l y  and F r a s e r ,  1987; P ic to n  e t  a l . ,  1990). In c a t t l e ,  

however,  no e f f e c t  o f  t rea tm ent  on FSH s e c r e t i o n  was observed  

(D 'O cchio  e t  a l . ,  1989).  I f  the response in red deer to  b u s e r e l i n  is  

s i m i l a r  to t h a t  re p o r te d  in c a t t l e  then t h i s  cou ld  pro v id e  the  

necessary s t i m u l a t i o n  to d r i v e  f o l l i c l e  development perhaps  

e x p l a i n i n g  the e le v a t e d  o e s t r a d i o I -1 7 3  s e c r e t i o n .  Evidence from 

sheep given  b u s e r e l i n  in d i c a t e s  t h a t  exogenous FSH can s t i m u l a t e  

growth o f  a p p a r e n t l y  normal la rge  o e s t ro g e n ic  f o l l i c l e s  in the
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absence o f  p u l s a t i l e  LH s e c r e t i o n  ( P ic t o n  e t  a l . ,  1990) .  A proper  

e x p la n a t io n  o f  t h i s  phenomenon a w a i ts  f u r t h e r  s t u d ie s  d e t a i l i n g  the  

e f f e c t s  o f  long term b u s e r e l i n  t rea tm en t  on plasma LHV FSH and 

o e s t r a d i o l - 1 7 3  s e c r e t i o n  in d eer .

A d i s t i n c t i v e  f e a t u r e  o f  the repea ted  o es t rous  a c t i v i t y  

d is p la y e d  by b u s e r e I i n - t r e a t e d  an im a ls ,  was the s h or t  in t e r v a l  

between o b serv a t io n s  o f  o e s t r u s .  Where as 18-21 day i n t e r v a l s  a re  

u s u a l l y  re p o r te d  in c y c l i n g  hinds (Guinness e t  a l . ,  1971; Adam et  

a l . ,  1985; t h i s  t h e s i s ) ,  the b u s e r e I i n - t r e a t e d  an imals  e x h i b i t e d  

i n t e r v a l s  t h a t  appeared to be in m u l t i p l e s  o f  ap p ro x im ate ly  7 days.  

Based on ev idence  in the ewe i t  is b e l i e v e d  t h a t  l u t e a l  phase 

progeste rone  s e c r e t i o n  normal ly  determines  the 21 day i n t e r v a l  v i a  

i t s  suppress ive  a c t i o n  on the GnRH pulse  g e n era to r  (Goodman and 

Karsch,  1981 -  see s e c t io n  1 . 2 . 5 . 3  f o r  d e t a i l s ) .  In b u s e r e l i n 

t r e a t e d  h in ds ,  t h e r e  was no s i g n i f i c a n t  p rogesterone  p resent  to  

determine the t im in g  o f  events .  Due to  t h i s  the sh o r t  i n t e r v a l  may 

have been determined by the p e r i o d i c i t y  o f  waves o f  f o l l i c u l a r  

development in these a n im als .  The ap p ro x im a te ly  7 day p e r i o d i c i t y  

suggested by the p resent  study is  comparable w i t h  o b s e rv a t io n s  in 

the ewe. Dur ing the 16 day oestrous  c y c l e  in t h i s  s p e c ie s ,  waves o f  

f o l l i c u l a r  development p e r s i s t  d ur in g  the l u t e a l  phase r e s u l t i n g  in 

a la rg e  peak in plasma o e s t r a d i o l  4 - 6  days a f t e r  the p r e - o v u l a t o r y

LH peak (Hauger e t  a l . ,  1977) .

During the p resent  study most o b s e rv a t io n s  o f  oes t ru s  in 

b u s e r e I i n - t r e a t e d  an imals d id  not  occur f o l l o w i n g  per io d s  of  

e le v a t e d  plasma progestero ne  c o n c e n t r a t io n s .  Th is  is  in c o n s is t e n t  

w i t h  the c la im  t h a t ,  in sheep a t  l e a s t ,  females r e q u i r e  recent  

exposure to  p rogestrone  to  e x h i b i t  o e s t ru s  ( S h o r t ,  1972 ) .  The low

plasma progesterone  c o n c e n t r a t io n s  d ur in g  anoestrus  a re  b e l i e v e d  to  

e x p l a i n  the occurrence o f  an o v u l a t i o n  w i t h o u t  o v e r t  o es t ru s

( ' s i l e n t '  o e s t r u s )  a t  the s t a r t  o f  the breed in g  season ( r e d  deer,  

K e l l y  and C h a l l i e s ,  1978; Webster  and B a r r e l  I ,  1985 ) .  The reason  

b u s e r e I i n - t r e a t e d  hinds e x h i b i t e d  o e s t ru s  w i t h o u t  progesterone  

'p r im in g *  may be r e l a t e d  to  the high c o n c e n t r a t io n s  o f  plasma 

o e s t r a d i o l - 1 7 3  d e te c te d  in these an im a ls .  In p r e - p u b e r t a l  red deer  

( i . e .  w i t h  low progesterone c o n c e n t r a t i o n s ) ,  a d m i n i s t r a t i o n  o f  high  

non-physio lo g ic a l  doses o f  o e s t r a d i o l - 1 7 3  have been shown to e l i c i t
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o e s t ru s  in some an im als  C A .S . I .  Loudon, B.R.  B r in k  low and B .J .  

McLeod, unpub I i s h e d  d a t a ) .

5 .5 .1 .4 .  S te ro id -tre a te d  pre-pubertal animals

The o b j e c t i v e  was to  s im u la t e  aspects o f  the o v a r ia n  s t e r o i d  

p r o f i l e s  o f  a c y c l i n g  a d u l t  in p r e - p u b e r t a l  a n im a ls .  The d u r a t io n  

and am p li tu d e  o f  e le v a t e d  plasma progesterone  c o n c e n t r a t io n s  dur ing  

the a r t i f i c a l  ' l u t e a l '  and ' f o l l i c u l a r *  phases, were s i m i l a r  to  

those observed in the c y c l i n g  a d u l t s .  Due to  the e a r l y  s t a r t  o f  the  

breedin g  season d ur in g  the year o f  the study (see  s e c t io n  5 . 5 . 1 . 1 . )  

the p e r io d  o f  s t e r o i d  t rea tm en t  commenced a t  l e a s t  5 - 6  weeks a f t e r  

the onset  o f  oestrous  c y c l i c i t y  in mature an im a ls .  As a consequence 

of  t h i s ,  and the long d u r a t io n  o f  the breed ing  season,  the p re 

pu b er ta l  t rea tm en t  group experienced  a p p ro x im a te ly  3 progesterone  

' c y c l e s '  less than the mature h in ds .

The o e s t r a d i o l  im plants ,  as dicussed in s e c t io n  5 . 2 ,  were 

intended to  ach ieve  a plasma c o n c e n t r a t i o n  o f  the s t e r o i d  s i m i l a r  to  

the average pres en t  dur ing  the oes t rous  o f  the ewe ( i . e .  about  20 

p m o l / l ,  Hauger e t  a l . ,  1977) .  The implant  design assumed an 

endogenous c o n c e n t ra t io n  o f  about 3 -1 0  pm ol/ l  in p r e - p u b e r t a l  

animals (based on ev idence  in ewes, F o s te r  and Ryan, 1981; F o s ter  e t  

a I . ,  1986) .  The a c tu a l  endogenous plasma c o n c e n t r a t io n  in the p r e 

p u ber ta l  deer ,  however,  was c o n s id e r a b ly  h ig her  a t  2 4 . 2  (±  1 .6 )

p m o l / l .  Due to  t h i s  the s t e r o i d  c o n c e n t r a t io n s  in the t r e a t e d  

animals were more than tw ice  the average observed in mature hinds  

( 3 5 . 4  ± 3 . 4  vs 15.5 ± 2 . 5  p m o l / l ;  P < 0 . 0 5 ) .

The p i t u i t a r y  LH response to  exogenous GnRH was s u b s t a n t i a l l y  

lower in the s t e r o i d - t r e a t e d  p r e - p u b e r t a l  an im als  than in the  

c o n tro l  group.  Th is  might  have been a consequence o f  the e le v a t e d  

o e s t r a d i o l - 1 7 0  c o n c e n t r a t io n s  in s t e r o i d - t r e a t e d  a n im a ls .  In the  

ewe, comparison o f  the LH s e c r e t o r y  p a t t e r n  o f  o v a r ie c to m ize d  

an imals w i t h ,  and w i th o u t  o e s t r a d i o l  im p la n ts ,  has demonstrated t h a t  

the presence o f  t h i s  s t e r o i d  reduces LH pulse  am pl i tu d e  (Goodman and 

Karsch,  1981) .  I t  is  proposed t h a t  o e s t r a d i o l  a c t s ,  a t  l eas t  in 

p a r t ,  upon the a n t e r i o r  p i t u i t a r y  gland by decreas in g  i t s  response 

to GnRH. T h e r e f o r e ,  the lower LH response observed in animals  

t r e a t e d  w i t h  exogenous o e s t r a d i o l  in the present  study may have
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r e s u l t e d  from e le v a t e d  c o n c e n t r a t io n s  decreas in g  p i t u i t a r y  

s e n s i t i v i t y  to  GnRH.

5 .5 .2 . THE EFFECT OF OVARIAN STEROIDS ON THE TIMING OF SEASONAL 

CHANGES

The main o b j e c t i v e  o f  t h i s  study was to  t e s t  the hypothes is  

t h a t  'o v a r ia n  s t e r o i d s  sec re te d  d ur in g  the breed ing  season modulate  

the express ion  o f  an u n d e r ly in g  seasonal rhythm, and thereby  d e lay  

the onset  o f  s p r in g  changes in V F I ,  l i v e  w e ig h t ,  coat  growth and 

plasma p r o l a c t i n ' .

5 .5 .2 .1 .  The e ffe c ts  on voluntary food intake and liv e  weight

P r i o r  to  t h i s  study a v a i l a b l e  evidence  suggested t h a t  the  

increase in VFI may commence and peak l a t e r  in c y c l i n g  than p re 

puber ta l  red deer p o s s ib ly  as a r e s u l t  o f  r e p r o d u c t iv e  a c t i v i t y  

(Loudon e t  a l . ,  1989) .  In t h i s  exp er im en t ,  however,  sexual  m a t u r i t y  

did  not in f lu e n c e  the t im in g  o f  e i t h e r  the w i n t e r  n a d i r  or  summer 

peak in food in t a k e .  The leve l  o f  VFI ( r e l a t i v e  to  m e t a b o l ic  l i v e  

w e ig h t )  in p r e - p u b e r t a l  and mature females was s i m i l a r  a t  the t ime  

o f  the w i n t e r  n a d i r ,  but  s i g n i f i c a n t l y  lower in mature an imals a t  

the summer peak.  Th is  d i f f e r e n c e  occurred n e a r ly  th r e e  months a f t e r  

the breeding  season suggest ing i t  was not a d i r e c t  e f f e c t  o f  

r e p r o d u c t iv e  hormones. In s te a d ,  the d i f f e r e n c e  may r e f l e c t  a g r e a t e r  

food requiremen t  f o r  growth in p r e - p u b e r t a l  deer .

C o n s is ten t  w i t h  o b s erva t io n s  in sheep,  a s i g n i f i c a n t  re d u c t io n  

in the VFI o f  c y c l i n g  hinds was e x h i b i t e d  on the day o f  oe s t ru s  

( T a r t e l l i n ,  1968; Argo,  1986) .  Th is  inappetance corresponds w i t h  the  

per io d  o f  e le v a t e d  o es t r a d io l -1 7 fJ  c o n c e n t r a t io n s  re p o r te d  dur in g  the  

f o l l i c u l a r  phase in the ewe (Hauger e t  a l . ,  1977) .  The f a i l u r e  to  

d e te c t  a c l e a r  peak in o e s t r a d i o l  a t  the t ime o f  o es t ru s  in the  

present  s tu d y ,  may r e f l e c t  the low frequency  o f  sampl ing.  In  

a d d i t io n  to  reduc ing fe ed in g  a c t i v i t y ,  in r a t s ,  o e s t r a d i o l  has been 

shown to reduce a d i p o s i t y  (Wade and Gray,  1979) .  I t  is suggested by 

these authors  t h a t  in c y c l i n g  mammals ( p a r t i c u l a r i t y  a t  o e s t r u s )  

e le v a te d  o e s t r a d i o l  c o n c e n t r a t io n s  a c t  to  d i r e c t  n u t r i e n t s  away from
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adipose t i s s u e  and the l i v e r ,  so t h a t  they can be used as a fu e l  f o r  

the increased a c t i v i t y  observed in c y c l i n g  an im a ls .

To f u r t h e r  i n v e s t i g a t e  the i n f lu e n c e  o f  sexual  m a t u r i t y  on 

seasonal changes in VFI  and growth the o v a r ia n  s t e r o i d  environment  

o f  female deer was e x p e r i m e n t a l l y  m an ip u la ted .

In mature an imals oes trous c y c l i c i t y  was suppressed using  

b u s e r e l i n .  Al though t rea tm ent  r e s u l t e d  in s u b s t a n t i a l  changes to  

c i r c u l a t i n g  s t e r o i d  c o n c e n t r a t io n s  (see  s e c t io n  5 . 5 . 1 . 3 . )  th e re  were 

no s i g n i f i c a n t  e f f e c t s  on the t im in g  o f  the seasonal n a d i r  or peak 

in V F I .  The am pl i tude  o f  in take  changes, however,  was m o d i f ie d .  The 

food in tak e  o f  b u s e r e I i n - t r e a t e d  an imals was lower than t h a t  o f  the  

u n t r e a te d  deer throughout most o f  the s tudy .  W i t h in  the t rea tm ent  

group were s i g n i f i c a n t  d i f f e r e n c e s  in food in ta ke  c o r r e l a t i n g  to  the  

observed v a r i a t i o n  in o e s t r a d i o l - 1 7 $  c o n c e n t r a t io n s  and oes trous  

b eh av io ur .  In the th re e  l i g h t e s t  an im als  which e x h i b i t e d  repeated  

o e s t ru s  and h igher  o e s t r a d i o l  c o n c e n t r a t i o n s ,  the leve l  o f  VFI a t  

the w i n t e r  n a d i r  was on ly  about 50X o f  t h a t  in the remaining  

b u s e r e I i n - t r e a t e d  h in ds .  In these h e a v ie r  an imals the leve l  o f  food  

in ta ke  and o e s t r a d i o l  c o n c e n t r a t io n s  were s i m i l a r  to the c on t ro l  

group. T h is  suggests t h a t  the high l e v e l s  o f  o e s t r a d i o l  in some 

b u s e r e I i n - t r e a t e d  hinds may have r e s u l t e d  in an increased

suppression o f  food in take  d u r in g  w i n t e r .  T h is  is c o n s is t e n t  w i t h

evidence in both female sheep (Forbes ,  1972) and rodents  ( C z a ja ,  

1984) demonstra t ing  t h a t  exogenous o e s t r a d i o l  depresses food in t a k e .  

I t  is  im por tan t ,  however,  to note t h a t  the seasonal increase  in VFI  

in these deer began dur in g  the b u s e r e l i n  t re a tm en t  p e r io d .

The suppression  o f  plasma progeste rone  c o n c e n t r a t io n s  by

b u s e r e l i n  d id  not  appear to  s i g n i f i c a n t l y  in f lu e n c e  V F I .  Th is  

conclus ion  is suggested by the s i m i l a r  m id - w i n t e r  food in take  o f  

mature co n t ro l  an imals and those which were t r e a t e d ,  but  d id  not  

e x h i b i t  o e s t r u s .  In these animals o e s t r a d i o l  c o n c e n t r a t io n s  were 

s i m i I a r .

W i t h in  the b u s e r e I i n - t r e a t e d  group,  peak VFI d u r in g  summer was 

g r e a t e r  in animals  which e x h i b i t e d  h igher c o n c e n t r a t io n s  of

o e s t r a d io l  dur ing  the t rea tm en t  p e r io d .  T h e i r  change in VFI between 

n a d i r  and peak represente d  a 3 . 8  f o l d  increase  in food consumption.
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T his  suggests t h a t  the depressed a p p e t i t e  s t a t e  o f  these deer d ur ing  

w i n t e r  was fo l lo w e d  by a p e r io d  o f  r a p i d l y  increased food in tak e  to  

compensate. The increase  in in ta k e  commenced b e fo re  the end o f  

b u s e r e l i n  t r e a t m e n t ,  a t  about  the same t ime as increases  in food

in tak e  in the remain ing groups.  S i m i l a r  compensatory responses have

been re p o r te d  in j u v e n i l e  red deer hinds and stags f o l l o w in g  

experimenta l  depression  o f  w i n t e r  food in ta ke  ( S u t t i e  and H am il ton ,  

1983; Adam and M o i r ,  1985; M i ln e  e t  a I . ,  1 987 ) .  The s m a l l e r  1 .6  f o l d  

in crease  in food in ta k e  between w i n t e r  and summer observed in the  

remain ing b u s e r e I i n - t r e a t e d  animals may r e f l e c t  t h e i r  s i g n i f i c a n t l y  

h ig her l i v e  w e ig h t .  I f  a sso c ia te d  w i t h  high body c o n d i t i o n ,  then

these an imals may have re q u i r e d  less food f o r  f a t  d e p o s i t i o n .

Although b u s e r e l i n  d id  not  a l t e r  the phase o f  seasonal VFI  

changes, i t  d id  i n f lu e n c e  the onset o f  the s p r in g  r i s e  in l i v e

w e ig h t .  In the 3 hinds e x h i b i t i n g  h ig h es t  o e s t r a d i o I - 173 

c o n c e n t r a t i o n s ,  l i v e  weight  increases were delayed  compared to the  

remain ing mature an im a ls .  I t  is possble t h a t  t h i s  was a r e s u l t  o f  

high o e s t r a d i o l  c o n c e n t r a t io n s  suppressing  f a t  d e p o s i t i o n .  In female  

r a t s  suppression  of  a d i p o s i t y  is an important  m e ta b o l ic  e f f e c t  of  

t h i s  s t e r o i d  (Wade and Gray,  1979) .

The mechanisms by which o e s t r a d i o l  i n f lu e n c e s  VFI  and growth in 

deer have not  been de te rm in ed.  I n j e c t i o n  o f  o e s t r a d i o l  in to  the  

b r a in  o f  ewes r e s u l t s  in a suppression o f  in take  suggest ing  t h i s  

s t e r o i d  e f f e c t s  a p p e t i t e  c e n t re s  in the b r a i n  (F orbes ,  1972) .  In the  

r a t ,  o e s t r a d i o l  re c e p to r s  have been lo ca ted  in both the hypothalamus  

and the p i t u i t a r y  ( E i s e n f e l d ,  197 0 ) .  O e s t r a d io l  has a s t i m u l a t o r y  

e f f e c t  on the p i t u i t a r y - a d r e n a l  a x i s  which r e s u l t s  in e le v a t e d  

c o r t i s o l  s e c r e t i o n  (sheep,  S i l l e n c e  e t  a l . ,  1987) .  G lu c o c o r t i c o i d s  

are  c a t a b o l i c  in muscle,  causing increased muscle d eg rad at io n  

(Thomas e t  a I . ,  1979) and reduced growth r a t e s  when a d m in is te re d  to  

young r a t s  (Odedra e t  a I . ,  1980) .  The h ig her  endogenous l e v e ls  of  

c o r t i s o l  observed in female compared w i t h  male sheep ( S i l l e n c e  e t  

a / . ,  1987) and c a t t l e  (H en r ic ks  e t  a / . ,  1984) a re  b e l i e v e d  to

e x p l a i n  the slower growth r a t e s  o f  fe m a le s .  Th is  ev id ence  suggests  

t h a t  suppression o f  growth in b u s e r e I i n - t r e a t e d  animals e x p e r ie n c in g  

high o e s t r a d i o l  c o n c e n t r a t io n s  may, a t  l e a s t  p a r t l y ,  have been a 

consequence o f  e l e v a t e d  c o r t i s o l  s e c r e t i o n .
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Imposing s im u la ted  oestrous  c y c le s  on p r e - p u b e r t a I  an imals  

f a i l e d  to i n f lu e n c e  the t im in g  o f  VFI  or  l i v e  we ig ht  changes 

p r o v id in g  f u r t h e r  ev idence t h a t  s t e r o i d s  re le a s e d  dur in g  the  

breeding season do not modulate the t im in g  o f  seasonal changes in 

V F I .  In c r e a s in g  plasma progesterone  and o e s t r a d i o I -1 73  

c o n c e n t ra t io n s  a ls o  f a i l e d  to  in f l u e n c e  the le ve l  o f  VFI  or  growth  

dur ing  the t re a tm en t  p e r i o d .  A s i m i l a r  lack o f  e f f e c t  on growth  

dur in g  a comparable long- term  e l e v a t i o n  o f  o e s t r a d i o l - 1 7 3  has been 

re p o r te d  in ewe lambs (F o s te r  e t  a l . ,  1986) .

W h i ls t  th e re  were no d i f f e r e n c e s  in VFI and growth dur in g  the  

s t e r o i d  t rea tm en t  p e r io d ,  the peak summer in take  was lower in 

t r e a t e d  p r e - p u b e r t a l  than the control deer  . T h is  was as s o c ia te d  w i t h  

a t rend  o f  lower l i v e  weight  gains from June. Thus i t  appears t h a t  

exposure to oestrous  c y c le  c o n c e n t r a t io n s  o f  o e s t r a d i o l  and /o r  

progestrone  r e s u l t e d  in a re d u c t io n  in f u t u r e  growth by the t r e a t e d  

p r e - p u b e r t a l  fem ales .  T h is  suggests t h a t  the reduced growth observed  

in f o l l o w i n g  puberty  in deer (Fennessy e t  a l . ,  1981) may be a 

consequence o f  t h i s  i n i t i a l  exposure to  o v a r ia n  s t e r o i d s .

Evidence from t h i s  experiment i n d ic a t e s  t h a t  oestro us  c y c l i c i t y  

does not d e lay  the onset  of  s p r in g  increases  in VFI and l i v e  weight  

as suggested by da ta  from an e a r l y  s tudy (Loudon e t  a l . ,  1989, see 

s e c t io n  5 . 1 ) .  The d i f f e r e n c e  between o b s e rv a t io n s  in t h i s  study and 

those re p o r te d  by Loudon e t  a l .  ( 19 89 )  may be r e l a t e d  to  

exper imenta l  des ign .  In the e a r l i e r  s tu d y ,  mature and p r e - p u b e r t a l  

animals were kept  a t  d i f f e r e n t  l a t i t u d e s  ( 5 1 ° 3 0 ' N  and 56054 'N  

r e s p e c t i v e l y ) .  Due to  t h i s  the two age groups were exposed to  

d i f f e r e n t  envi ronmenta l  c o n d i t i o n s .  The lower s p r in g  temperatures  

an d /o r  the la r g e r  day length changes exper ienced  by p r e - p u b e r t a l  deer  

a t  the h igher  l a t i t u d e ,  may e x p l a i n  the d i f f e r e n c e  in t im in g  o f  VFI  

changes. Both these environmental  f a c t o r s ,  but  p a r t i c u l a r i t y  

p h o toper io d ,  in f lu e n c e  the t im in g  o f  seasonal changes (see chapte r

1 ) .  The synchrony o f  changes in mature and p r e - p u b e r t a l  animals  

during  the present  study may a ls o  r e f l e c t  the i n f l u e n c e  o f  s o c ia l  

f a c t o r s  as a l l  o f  the animals were m a in ta in e d  in the same b u i l d i n g  

and were ex erc is ed  tog e th er  (see s e c t io n  1 . 2 . 1 1 . 2 ) .
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5 .5 .2 .2 .  E ffe c t on coat growth and plasma p ro la c tin  concentrations

Two pelage changes were observed during  t h i s  s tu d y .  Both o f  

these were de layed by two weeks in the mature co n t r o l  females  

compared to  the c o n t ro l  p r e - p u b e r t a l  fem ale s .  I t  is  perhaps  

s i g n i f i c a n t  t h a t  each moult  c o in c id e d  w i t h  a change in the

r e p r o d u c t iv e  s t a t e  o f  the mature d e e r .  The onset  o f  w i n t e r  p r im ary  

f i b r e  growth commenced a t  the b eg in n ing  o f  the breed ing  season,  

whereas,  summer pr imary  f i b r e  growth began a t  the end o f  the  

breeding  season.  These o b s e rv a t io n s  a re  c o n s i s t e n t  w i t h  the  

hyp oth es is  examined by t h i s  study t h a t  'o v a r i a n  s t e r o i d s  secre te d  

d ur in g  the bre ed in g  season modulate express ion  o f  an u n d er ly in g  

seasonal  rhythm, and thereby  d e la y  changes in coat  g rowth*.

M a n ip u la t io n s  o f  o v a r ia n  s t e r o i d  c o n c e n t r a t io n s  were used to

determine i f  the phase d e lay  observed in mature animals could have 

been due to the a c t i o n  o f  these s t e r o i d s .

Experimenta l  t re a tm en ts  commenced too l a t e  to  p ro v id e  evidence  

of  the involvement o f  s t e r o i d s  in the delayed  onset  o f  w i n t e r  coat  

growth.  Suppression o f  oestrous  c y c l i c i t y  in a d u l t s  and s im u la t io n  

of  cyc les  in p r e - p u b e r t a l  females ,  however,  f a i l e d  to  in f lu e n c e  the  

r a t e  o f  pr imary  f i b r e  growth.  Th is  suggests t h a t  o v a r ia n  s t e r o i d s  do 

not i n f lu e n c e  the r a t e  o f  growth once commenced.

In a d d i t i o n  to  a d i f f e r e n c e  in the onset o f  coat  growth,  th e re  

was v a r i a t i o n  in the maximum pr im ary  f i b r e  length  and the d u ra t io n  

of the moult  as s o c ia te d  w i t h  sexual  m a t u r i t y .  The average p r e 

puber ta l  pr im ary  f i b r e  length was 13X (0.75cm)  g r e a t e r  than t h a t  of  

mature an im a ls .  T h is  may r e f l e c t  an a d a p t a t io n  to  reduce the e f f e c t  

of  s m a l le r  body s i z e  (and hence l a r g e r  s u r fa c e  a re a  to  volume r a t i o )  

on heat  loss .  Exposure o f  p r e - p u b e r t a l  deer  to  s im u la ted  oes trous  

c yc les  was a s s o c ia te d  w i t h  a re d u c t io n  in the the maximum w i n t e r  

coat  len g th .  Th is  suggests t h a t  o v a r ia n  s t e r o i d s  may be r e s p o n s ib le  

f o r  the lower p r imary  f i b r e  length o f  mature a n im a ls .  Suppression o f  

oestrous cyc le s  in a d u l t s  using  b u s e r e l i n ,  however,  d id  not r e s u l t  

in an increased coat  length .  I t  may be s i g n i f i c a n t  t h a t  b u s e r e l in  

reduced on ly  plasma progesterone  and not  o e s t r a d i o l - 1 7 3  

c o n c e n t ra t io n s .  I f  i t  were o e s t r a d i o l  t h a t  were r e s p o n s ib le  f o r  the  

sh o r te r  pr im ary  f i b r e  length seen in s t e r o i d - t r e a t e d  p r e - p u b e r t a l
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deer ,  then t h i s  could e x p la in  the absence o f  v a r i a t i o n  between 

mature groups.  A f u r t h e r  d i f f e r e n c e  accompanying sexual m a t u r i t y  was 

the longer d u r a t io n  o f  the moult  in p r e - p u b e r t a l  an imals ( d e f i n e d  as 

the in t e r v a l  between 100% e x i s t i n g  and 100% new p e l a g e ) .  Po s s ib ly  

p r e - p u b e r t a l  animals are  more s e n s i t i v e  to  the increased heat  loss 

a ss o c ia te d  w i t h  m oult ing  ( w h i t e - t a i l e d  deer ,  S i l v e r  e t  a / . ,  1969)

and a t tem pt  to  reduce t h i s  by r e t a i n i n g  t h e i r  summer coat  longer.

W h i ls t  the onset  of  summer coat  growth c o in c id ed  w i t h  the onset  

of  seasonal anoestrus in co n t r o l  mature an im a ls ,  exper im enta l  

t rea tm en ts  f a i l e d  to p ro v id e  evidence  t h a t  o v a r ia n  s t e r o i d s  could  

have been re sp o n s ib le  f o r  the d e la y  seen in mature an im als .  

Suppression o f  oest rous c y c l i c i t y  using  b u s e r e l i n  r e s u l t e d  in a 

t rend  towards delayed w i n t e r  pr im ary  f i b r e  growth,  and a lower  

maximum length a t  the end of  the study in mature an im a ls .  Al though  

t h i s  may have been a d i r e c t  e f f e c t  o f  s t e r o i d  m a n ip u la t io n  i t  could  

a ls o  have been a consequence o f  the lower VFI and l i v e  we ight  o f  

b u s e r e l i n  t r e a t e d  an im als .  Experiment 2 (c h a p te r  4 )  demonstrated  

t h a t  poor n u t r i t i o n  can d e lay  the onset  o f  coat  growth in l a c t a t i n g  

deer.

S im u la t in g  oest rous  cy c les  in p r e - p u b e r t a l  an imals d id  not  

delay  the onset  o f  summer pr imary  f i b r e  growth.  Whi le  t h i s  suggests  

o v a r ia n  s t e r o i d s  do not i n f lu e n c e  the onset  o f  growth i t  is  

important  to note th a t  the l a s t  s im u la ted  c y c le  commenced 20 days 

e a r l i e r  than the f i n a l  oestrous  c y c l e  in the mature an im a ls .  Thus,  

i t  remains impossible to  assess whether d i f f e r e n c e s  between p re 

p u ber ta l  and mature an imals  were r e l a t e d  to  an e f f e c t  o f  oes tro us  

c y c l i c i  t y .

D esp i te  the co inc id ence  o f  r e p r o d u c t iv e  and pelage changes 

the re  is l i t t l e  evidence from s t e r o i d  m a n ip u la t io n s  to  in d i c a t e  t h a t  

delayed coat  growth in the mature compared to  the p r e - p u b e r t a l  

females was a consequence o f  oes trous  c y c l i c i t y .  Th is  * c o n s i s t e n t  

w i t h  re p o r t s  t h a t  gonadectomy in male mink ( A l l a i n  and M a r t i n e t ,  

1984) and in hamsters of both sexes (Duncan and Goldman, 1984a) does 

not s i g n i f i c a n t l y  in f lu e n c e  pelage changes.
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The onset o f  summer coat  growth a ls o  c o in c id ed  w i t h  the  

seasonal  increase  in p r o l a c t i n  s e c r e t i o n .  T h is  is c o n s i s t e n t  w i t h  

evidence t h a t  p r o l a c t i n  is  in vo lv ed  in m ed ia t in g  p h o t o p e r io d ic  

e f f e c t s  on coat  growth ( M a r t i n e t  e t  a l . ,  1984 -  see s e c t io n  1 . 2 . 7 . ) .  

Plasma p r o l a c t i n  c o n c e n t r a t io n s ,  however,  were u n a f f e c t e d  by sexual  

m a t u r i t y  d e s p i t e  d i f f e r e n c e s  in coat  growth.  P o ss ib ly  v a r i a t i o n  in 

the t im in g  o f  pe lage  changes r e s u l t e d  from a m a t u r i t y  r e l a t e d  

d i f f e r e n c e  in the  s e n s i t i v i t y  o f  h a i r  f o l l i c l e s  to  the same 

photoperiod  or  p r o l a c t i n  s i g n a l .

5 .5 .3 .  SUMMARY

The main o b j e c t i v e  o f  t h i s  study was to  t e s t  the hypothes is  

t h a t  'o v a r ia n  s t e r o i d s  se cre te d  du r in g  the breed in g  season modulate  

the express ion  o f  an u n d e r ly in g  seasonal  rhythm, and thereb y d e lay  

the onset  o f  s p r in g  changes in V F I ,  l i v e  w e ig h t ,  coat  growth and 

pIasma pro I a c t  i n ' .

Th is  was in v e s t ig a t e d  by suppressing the bre ed in g  season in a 

group o f  mature fem ales ,  and by s i m u l a t in g  the o v a r ia n  s t e r o i d  

c o n c e n t ra t io n s  o f  c y c l i n g  hinds in a group o f  p r e - p u b e r t a l  an im a ls .

A d m in is t r a t io n  o f  cont inuous r e le a s e  b u s e r e l i n  s u c c e s s f u l l y  

suppressed oestrous  c y c l i c i t y  in mature females .  Treatment reduced  

plasma progestr one  c o n c e n t ra t io n s  to  a leve l  comparable w i t h  

anoest rous or  p r e - p u b e r t a l  an im a ls .  The o v e r a l l  e f f e c t  on plasma 

o e s t r a d i o l - 1 7 3  was to e l e v a t e  c o n c e n t ra t io n s  to  a s i m i l a r  leve l  to  

t h a t  observed in p r e - p u b e r t a l  d e e r .  L iv e  w e ig h t ,  however,  appeared  

to in f lu e n c e  the response to b u s e r e l i n  t r e a t m e n t .  In the l i g h t e r  

an im a ls ,  plasma o e s t r a d i o l  c o n c e n t ra t io n s  were h igher than u n t re a te d  

mature or p r e - p u b e r t a l  deer .  These t r e a t e d  deer a l s o  e x h i b i t e d  

repeated  o es t ru s  a t  i n t e r v a l s  c o n s id e ra b ly  less than the normal 21 

days.  In the h e a v ie r  b u s e r e I i n - t r e a t e d  an im a ls ,  plasma o e s t r a d i o l  

c o n c e n t r a t io n s  were s i m i l a r  to those in u n t r e a t e d  mature females .

Progesterone  implants  were successfu l  a t  s i m u l a t i n g ,  oestrous  

c y c le  c o n c e n t r a t io n s  o f  t h i s  s t e r o i d  in p r e - p u b e r t a l  an im a ls .  

O e s t r a d i o I -173  implants  e le v a t e d  plasma c o n c e n t r a t io n s  o f  the  

hormone as in tended.  The endogenous c o n c e n t r a t io n s  pres en t  in p r e 

p u b er ta l  an im a ls ,  however, were h ig h er  than expected .  As a r e s u l t
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plasma o e s t r a d i o l  c o n c e n t r a t io n s  f o l l o w i n g  t rea tm e n t  were 

s i g n i f i c a n t l y  h igher than those p resent  in mature c y c l i n g  h inds.

Comparison of  u n t r e a te d  mature and p r e - p u b e r t a l  females  

re v e a le d  t h a t  the t im in g  o f  s p r in g  changes in VFI  and l i v e  weight  

were s i m i l a r .  There was a ls o  no ev idence  t h a t  normal  e l e v a t i o n s  o f  

o v a r ia n  s t e r o i d s  dur ing  the breed ing  season s i g n i f i c a n t l y  modify the  

average d a i l y  in take  o f  female d e e r .  Th is  is  demonstrated by the  

s i m i l a r i t y  o f  VFI between c y c l i n g  a d u l t s  and p r e - p u b e r t a l  an imals  

w i t h ,  and w i th o u t  the s im ula ted  oes trous  c y c le  s t e r o i d  p r o f i l e s .  

There was, however,  a t r a n s i e n t  re d u c t io n  o f  in ta ke  a s s o c ia te d  w i t h  

o e s t ru s .  Al though not demonstrated in t h i s  s tudy ,  ev idence  in sheep 

suggests t h i s  may be a r e l a t e d  to  high p r e - o v u l a t o r y  o e s t r a d i o l  

c o n c e n t r a t io n s  CHauger e t  a l . ,  1977) .  A p p e t i t e  suppression  by

o e s t r a d i o l  may a ls o  e x p la i n  the lower VFI in 3 o f  the buserel  in 

t r e a t e d  an im a ls .  In the p r e - p u b e r t a l  an im a ls ,  VFI and growth were 

lower dur in g  mid-summer in the animals which 'had p r e v io u s l y  

exper ienced s im ula ted  oes trous c y c le s .  Th is  suggests t h a t  exposure  

to o v a r ia n  s t e r o i d s  a t  puberty  may reduce the p o t e n t i a l  f o r  f u r t h e r  

growth.

The onset  of  growth o f  both the w i n t e r  and summer coats were 

delayed in mature compared to p r e - p u b e r t a l  f em ale s .  Al though these  

pelage changes c o inc ided  w i t h  the onset  and t e r m in a t i o n  o f  the  

breed ing season in the a d u l t s ,  m an ip u la t io n  o f  s t e r o i d  

c o n c e n t ra t io n s  f a i l e d  to  i n f lu e n c e  the t im in g  o f  coat  growth.  Th is  

might suggests t h a t  oestro us  c y c l i c i t y  in mature females was not  

r e s p o n s ib le  f o r  the d i f f e r e n c e .  S t e r o i d  implants were,  however,  

accompanied by a red u c t io n  in w i n t e r  coat  length in the p r e - p u b e r t a l  

deer .  D e sp i te  d i f f e r e n c e s  in the t im in g  o f  summer coat  growth,  the  

onset  o f  the seasonal r i s e  in plasma p r o l a c t i n  co n c e n t r a t io n s  

occured a t  the same t ime in both mature and p r e - p u b e r t a l  dee r .
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CHAPTER 6

GENERAL DISCUSSION

6 .1 . The control of seasonality  in red deer w ith

reference to B r it is h  populations.

Red deer e x h i b i t  seasonal rhythms o f  metabol ism, re p ro d u c t io n  

and pelage which have evo lved  as a response to the v a r i a t i o n  in 

c l im a t e  and food resources c h a r a c t e r i s i n g  temperate zone h a b i t a t s .  

Stu d ies  o f  enhoused deer m a in ta in ed  on an ad l i b i t u m  d i e t  suggest  

t h a t  seasonal changes in photoper io d  a re  u t i l i s e d  by deer to  e n t r a i n  

these rhythms to environmental  p e r i o d i c i t y  (see ch ap te r  1 ) .  Few 

s t u d i e s ,  however,  have examined the i n f lu e n c e  t h a t  v a r i a t i o n  in food  

resources  e x e r t s  on express ion  o f  seasonal rhythms.  The aim o f  t h i s  

t h e s is  was to  i n v e s t i g a t e  the i n t e r a c t i o n  between herbage  

a v a i l a b i l i t y  and endogenous rhythms to  p ro v id e  a b e t t e r  

understand ing o f  the c o n t ro l  o f  seasonal  changes in w i l d  red dee r .

The f i r s t  experiment  (c h a p te r  3 )  demonstrated t h a t  the seasonal  

a p p e t i t e  changes e x h i b i t e d  by red deer fed  to  a p p e t i t e  (Kay,  1979;  

Loudon e t  a l . t 1989)  can in f l u e n c e  the  herbage in ta k e  o f  g ra z in g  

deer .  The experiment r e v e a l e d ,  however,  t h a t  express ion  o f  a p p e t i t e  

changes a re  dependent on the a v a i l a b i l i t y  o f  herbage re sources .  When 

resources a re  too scarce to s a t i s f y  the a p p e t i t e  leve l  deer  appear  

to maximise herbage in ta k e  under the p r e v a i l i n g  c o n d i t i o n s .  An 

important  f a c t o r  l i m i t i n g  the a b i l i t y  o f  deer to  compensate f o r  low 

herbage resources is an apparent  c e i l i n g  on the d u r a t io n  o f  d a i l y  

g ra z in g  a c t i v i t y ,  which is p robably  imposed by the need to  ruminate .  

The maximum g r a z in g  t ime observed in t h i s  study was e s t im ated  a t  

about 12 .6  h /day  ( s e c t i o n  4 . 5 . 1 . 1 . ) .  T h is  is s i m i l a r  to  the  maximum 

t imes p r e v io u s l y  re p o r te d  in a v a r i e t y  o f  ruminant  spec ies  (see  

sect  i on 1 . 2 . 1 2 . 1 ) .

The m a j o r i t y  o f  red deer in the B r i t i s h  I s l e s  occupy the open 

moorland are as  o f  the S c o t t i s h  H ig h la n d s .  These a re  an a t y p i c a l  

h a b i t a t  f o r  t h i s  sp e c ie s .  Throughout most o f  t h e i r  geographical  

range (see  s e c t io n  1 . 1 )  red deer a re  a s s o c ia te d  w i t h  open woodland 

or f o r e s t  edge h a b i t a t s  (Kay and S t a i n e s ,  19 81 ) .  E x ten s ive
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d e f o r e s t a t i o n  fo rce d  the S c o t t i s h  p o p u la t io n s  onto  moorland a r e a s .  

These a re  c h a r a c t e r i s e d  by impoverished a c i d i c  s o i l s  w i t h  a 

r e l a t i v e l y  low annual  product io n  o f  p l a n t  biomass (Kay and S t a i n e s ,

1981) .  The n u t r i t i o n a l  c o n s t r a i n t s  imposed by the moorland 

environment a re  i l l u s t r a t e d  by the r e l a t i v e l y  smal l s i z e  o f  S c o t t i s h  

red deer .  In g e n e r a l ,  these deer a re  h a l f  as heavy as t h e i r  

c o u n te r p a r ts  found in the f o r e s t e d  are as  o f  c e n t r a l  Europe ( M i t c h e l l  

e t  a l . ,  1977) .  The p o t e n t i a l  f o r  S c o t t i s h  red deer to  ach ieve  

g r e a t e r  l i v e  we ig hts  has been demonstrated by removing male ca lv e s  

from the w i l d  and r e a r i n g  them on high q u a l i t y  d i e t s .  Under these  

c o n d i t io n s  s tags have been re p o r te d  to  ach ieve  l i v e  we ights  o f  150-  

180 kg by two years o f  age ( B l a x t e r  e t  a ! . ,  1974) compared to

maximum mature w eig hts  o f  120 kg in w i l d  p o p u la t io n s  ( M i t c h e l l  e t  

a l . ,  1976) .  In v iew o f  the r e s u l t s  o f  the f i r s t  experiment  i t  is  

probab le  t h a t  the food in ta k e  o f  deer in these impoverished h a b i t a t s  

is p r i m a r i l y  determined by herbage a v a i l a b i l i t y  du r in g  much o f  the  

y e a r .

The f i r s t  exper iment  showed t h a t  adequate herbage a v a i l a b i l i t y  

is r e q u i r e d  f o r  express ion  o f  a p p e t i t e  changes. Dur ing the second 

experiment  n o n - l a c t a t i n g  hinds consumed s i g n i f i c a n t l y  less herbage  

than l a c t a t i n g  hinds g ra z in g  the same low a v a i l a b i l i t y  p a s t u re .  This  

suggests t h a t  f o r  a given a v a i l a b i l i t y  o f  herbage,  d i f f e r e n c e s  in

a p p e t i t e  between i n d i v i d u a l s  means t h a t  f o r  some deer herbage

resources may be adequate but  not  f o r  o t h e r s .  Thus, herbage in ta ke  

in g ra z in g  mammals, e s p e c i a l l y  in marginal  h a b i t a t s ,  is  c o n t r o l l e d  

by a complex i n t e r p l a y  o f  a p p e t i t e  and food a v a i l a b i l i t y .  A simple  

model o u t l i n i n g  the i n t e r a c t i o n  between these f a c t o r s  is  descr ibed  

in F ig u re  6 . 1 .

A d m in is te r in g  exogenous m e la to n in  between mid-summer and autumn 

advanced the t im in g  o f  the onset  o f  the breed ing  season in both non-  

l a c t a t i n g  (15 days,  experiment  1) and l a c t a t i n g  (18  days,  experiment

2)  h inds .  T h is  response is c o n s i s t e n t  w i t h  the involvement o f  

photoperiod  in the  co n t ro l  o f  the t im in g  o f  the seasonal  

re p ro d u c t iv e  c y c le  (see  chapter  1 ) .

The p r i n c i p a l  in f l u e n c e  o f  herbage a v a i l a b i l i t y  on the breed ing

season was r e l a t e d  to  the a b i l i t y  to  e x h i b i t  oes tr ous  c y c le s ,  and
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FIGURE 6 . 1 :  A model f o r  the i n t e r a c t i o n  between herbage a v a i l a b i l i t y
( ---------- ) and a p p e t i t e  in the c o n t r o l  o f  food in ta ke  ( ---------- ) in
g r a z in g  deer :
( a )  I f  herbage resources  a r e  abundant then the leve l  o f  food in ta ke  
is p r i m a r i l y  determined by the a p p e t i t e  s t a t e  o f  the i n d i v i d u a l .
( b )  Under c e r t a i n  c o n d i t i o n s  herbage resources may be s u f f i c i e n t  f o r  
f o r  deer to ach ie ve  t h e i r  a p p e t i t e  requ irem ents  a t  c e r t a i n  t imes of  
the year  but  not  a t  o t h e r s .
( c )  I f  herbage resources a re  scarce  then hinds may be unable to meet 
t h e i r  a p p e t i t e  req u i re m en ts ,  in which case food in tak e  is p r i m a r i l y  
determined  by herbage a v a i l a b i l i t y .
The food in ta k e  c y c le  i l l u s t r a t e d  is based on the the v o lu n t a r y  food  
in ta k e  CVFI)  o f  enhoused red deer hinds m a in ta in ed  on an ad l i b i t u m  
d i e t  (Loudon e t  a l .  1989) .  Under these c o n d i t io n s  the VFI c y c le  
r e f l e c t s  seasonal  changes in a p p e t i t e .
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not on the t im in g  o f  the onset  o f  the b reed in g  season.  I t  appears  

t h a t  hinds commence oes trous cyc le s  a t  p a r t i c u l a r  t ime i r r e s p e c t i v e  

o f  the e f f e c t s  o f  herbage abundance on food i n t a k e ,  unless they a re  

in poor body c o n d i t io n  in which case oestrous  c y c l i c i t y  is  

suppressed.  A void ing  concept ion when in poor body c o n d i t io n  may be 

important  f o r  the h in d ' s  s u r v iv a l  as the a d d i t i o n a l  e n e r g e t i c  

demands o f  pregnancy could prove f a t a l  to an animal  w i t h  low energy  

reserves  during  w i n t e r .  The i n s e n s i t i v i t y  o f  the t im in g  o f  the 

breed ing season to  n u t r i t i o n a l  s t a t u s  may be r e l a t e d  to  the  

importance of  c once iv in g  (and t h e r e f o r e  c a l v i n g )  d u r in g  a s p e c i f i c  

p e r io d  o f  the y e a r .  F a i l u r e  to synch ronize p a r t u r i t i o n  w i t h  optimum 

envi ronmental  c o n d i t io n s  in e a r l y  summer has been shown to  e x e r t  a 

heavy cost  on re p ro d u c t iv e  success (see s e c t io n  4 . 1 ) .  Thus, w h i l e  

f l u c t u a t i o n s  in food resources have had an important  r o l e  in the  

e v o lu t i o n  o f  seasonal  re p ro d u c t io n ,  the acute  c o n t ro l  o f  the t im in g  

o f  the breed ing season appears to  be independent o f  p r e v a i l i n g  

herbage abundance.

Consider ing  the apparent  importance o f  a c h ie v in g  concept ion  

dur in g  a b r i e f  p e r io d  in autumn i t  is u nc lear  why red deer should  

have such a long p o t e n t i a l  breeding season. In the absence o f  a 

successful  mat ing ,  hinds e x h i b i t  co n t in u a l  oestrous  c y c l i c i t y  f o r  up 

to  5 months (see  experiment 1 and 3 ) .  In f a c t ,  in southern England  

some hinds cont inue  to cyc le  to  w i t h i n  1 Vt months o f  the normal 

c a lv i n g  p e r io d  (see  experiment 3 ) .  There is  no c l e a r  e x p l a n a t i o n  f o r  

t h i s  phenomenon. The reason could be p a r t l y  h i s t o r i c a l .  The 

a n c e s t r a l  A r t i o d a c t y l a  from which deer subsequently evo lved  f i r s t  

appeared in t r o p i c a l  f o r e s t s  (Rose,  1982) .  In a l a r g e l y  aseasonal  

environment p o l y e s t r y  is common. When s e a s o n a l i t y  evolved t h e r e  may 

have been r e l a t i v e l y  l i t t l e  s e l e c t i o n  pressure  on the t ime o f  

t e r m i n a t i o n  o f  the breeding season s in c e  almost  a l l  females conceive  

a t  t h e i r  f i r s t  or second oe s t ru s  ( r e d  dee r ,  Guinness e t  a l . ,  1971;  

Adam e t  a / . ,  1985) .  In a d d i t i o n ,  g r e a t e r  p r e c i s i o n  is  c o n fe r r e d  by 

the s e a s o n a l i t y  o f  male potency and sexual behav iour  which occurs  

over a b r i e f e r  p e r io d  than the p o t e n t i a l  female breed ing  season 

( L i n c o l n ,  1985) .  I t  may a ls o  be s i g n i f i c a n t  t h a t  i f  h inds f a i l  to  

achieve  s u f f i c i e n t  body c o n d i t io n  to  e x h i b i t  o e s t ru s  c y c le s  a t  the  

beginning o f  the breed ing season, then i t  is u n l i k e l y  t h a t  c o n d i t i o n
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w i l l  improve b e fo re  the onset  o f  seasonal  a no e s t ru s .  Th is  is due 

both to  d e c l i n i n g  seasonal  a p p e t i t e  s t a t e  and herbage a v a i l a b i l i t y  

a t t h i s t i m e .

I f  as suggested th e re  has been l i t t l e  s e l e c t i o n  pressure  on the  

t ime of  t e r m i n a t i o n  o f  the breed in g  season, t h e r e  is  no obvious  

reason why seasonal anoest rus occurs when i t  does in s p r i n g .  One 

p o s s i b l i t y  r e l a t e s  to  the seasonal  r i s e  in food resources  t h a t  

occurs a t  about  the same t ime as anoestrus  commences. The fu n c t i o n  

of  anoestrus  may be to prevent  non-pregnant  hinds in too poor body 

c o n d i t io n  to  e x h i b i t  oes trous cyc le s  a t  the beginn in g  o f  the  

breeding  season, from conce iv ing  when food a v a i l a b i l i t y  (and body 

c o n d i t i o n )  increases in s p r in g .

Thus, the prolonged p o t e n t i a l  bre ed ing  season and the  

r e l a t i v e l y  i n v a r i a n t  t ime of  i t s  onse t ,  suggests t h a t  the pr im ary  

r o l e  of  seasonal anoestru s  is to p revent  concept ion occurring too  

e a r l y ,  r a t h e r  than too l a t e .

The t im ing  of  seasonal changes in coat  growth e x h i b i t e d  a 

g r e a t e r  s e n s i t i v i t y  to env ironmental  i n f lu e n c e s  than r e p r o d u c t io n .  

M ela to n in  t rea tm ent  r e s u l t e d  in a 35 day advance in the onset  o f  

w i n t e r  pr imary  f i b r e  growth. In a d d i t i o n ,  th e re  was a d e la y  in f i b r e  

growth ass oc ia te d  w i t h  l a c t a t i o n  and poor n u t r i t i o n .  Not on ly  was 

the t im in g  o f  coat  growth de layed ,  but  the d e n s i t y  o f  h a i r  f i b r e s  in 

w in t e r  coat  dur ing  January was reduced f o l l o w i n g  e xper ie nce  of  

l i m i t e d  herbage resources the prev io us  summer. These e f f e c t s  on the  

w in t e r  coat  may in crease  heat  loss.  For deer l i v i n g  in exposed 

moorland h a b i t a t s  w i t h  l i m i t e d  food resources and low f a t  reserv es  

t h i s  may have s i g n i f i c a n t  e f f e c t  on s u r v i v a l  du r in g  harsh w i n t e r s .

Seasonal changes in coat  growth were c l o s e l y  as s o c ia te d  w i t h  

changes in plasma p r o l a c t i n  c o n c e n t r a t io n s .  The growth o f  summer 

coat  pr im ary  f i b r e s  co inc ided  w i t h  the s p r in g  increase  in plasma 

p r o l a c t i n  c o n c e n t ra t io n s  (experim ents  3 ) ,  whereas,  the onset  of  

growth of  w i n t e r  coat  f i b r e s  commenced as plasma c o n c e n t r a t io n s  

d e c l in e d  a f t e r  mid-summer (experim ent 2 ) .  The advance in the onset  of- 

w i n t e r  coat  growth f o l lo w in g  m e la to n in  t rea tm en t  was a sso c ia te d  w i t h  

an e a r l y  and p re c ip io u s  d e c l i n e  in plasma p r o l a c t i n  c o n c e n t r a t i o n s .

The delayed  w i n t e r  coat  growth in po o r ly  nourished l a c t a t i n g  hinds
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was accompanied by e le v a te d  plasma p r o l a c t i n  c o n c e n t r a t i o n s ,  

p o s s ib ly  due to a change in s u c k l in g  a c t i v i t y  a r i s i n g  out  o f  lower 

m i l k  p r o d u c t io n .  These o b s erva t io n s  a r e  c o n s is t e n t  w i t h  a hypothes is  

t h a t  p r o l a c t i n  is involved  in the c o n t ro l  o f  pelage changes (see  

sect  i on 1 . 2 . 7 . ) .

T h is  t h e s i s  a l s o  examined in f lu e n c e s  o f  the b reed in g  season on 

the t im in g  o f  seasonal  changes in V F I ,  l i v e  w e ig h t ,  coat  growth and 

p r o l a c t i n  s e c r e t i o n .  Comparison o f  the t im in g  o f  these changes in

mature and p r e - p u b e r t a l  females r e v e a le d  t h a t  the o n ly  d i f f e r e n c e

r e l a t e d  to  sexual  m a t u r i t y  was a two week d e lay  in the t im in g  o f  

w i n t e r  and summer coat  growth in mature de er .  T h is ,  however,  d id  not  

appear to  be r e l a t e d  to d i f f e r e n c e s  in o v a r ia n  s t e r o i d  s e c r e t i o n .  

Suppressing the oestrous  c y c l i c i t y  in mature females and s t i m u l a t i n g  

oes trous  c y c le  s t e r o i d  c o n c e n t r a t io n s  in p r e - p u b e r t a l  an imals  

demonstrated t h a t  o v a r ia n  s t e r o i d s  do not  s i g n i f i c a n t l y  modify the

phase of  seasonal  rhythms in red dee r .

The s t e r o i d - t r e a t e d  p r e - p u b e r t a l  females showed a reduced leve l  

of  food in ta k e  during  the f o l l o w i n g  summer compared to the non

t r e a t e d  p r e - p u b e r t a l  females.  T h is  in d i c a t e s  t h a t  o v a r ia n  s t e r o i d s  

are  probably  the cause of  the reduced growth observed f o l l o w i n g  

puberty  (Fennessy e t  a l . ,  1981 ) .  I t  is w e l l  e s t a b l i s h e d  t h a t

oestrogens in f lu e n c e  e p ip h y s ia l  p l a t e  c l o s u r e .

To conc lude,  i t  appears t h a t  t h e r e  is a complex i n t e r a c t i o n  

between herbage a v a i l a b i l i t y  and the endogenous rhythms c o n t r o l l i n g  

seasonal changes.  Expression o f  seasonal changes in a p p e t i t e  a re  

h i g h ly  dependent on the a v a i l a b i l i t y  o f  food resources .  In a d d i t i o n ,

n u t r i t i o n a l  s t a t u s  in f lu en ces  not o n ly  the t im in g  o f  coat  growth but

a ls o  the d e n s i t y  of  h a i r  f i b r e s .  The t im in g  o f  re p ro d u c t io n ,

however, seems to be r e l a t i v e l y  i n s e n s i t i v e  to the e f f e c t s  of  

herbage a v a i l a b i l i t y ,  a l though  i f  body c o n d i t io n  is  too poor hinds  

can not e x h i b i t  oestrous  c y c le s .
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