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Abstrac t  

This p r o j e c t  I n v e s t i g a t e d  t h e  e f f e c t  of c a l o r i c  i n t a k e  

during t h e  f a l l  on t h e  a t ta inment  of puberty i n  female black-  

t a i l e d  deer .  The maintenance d i g e s t i b l e  energy requirement o f  

female fawns i n  l a t e  f a l l  was 1 7 3  kcal/W(kg) ~ ~ ' / d a ~ .  This i s  

s i m i l a r  t o  t h e  c a l c u l a t e d  i n t a k e  of wi ld  fawns a t  t h i s  time of 

t h e  year  (153- 183 kcal./W(kg) ~ 7 5 / d a y ) .  Five fawns which con- 

sumed less than  t h e  maintenance requirement of c a l o r i e s  f a i l e d  

t o  conceive,  whereas 1 of 2 fawns with a  c a l o r i c  consumption 

exceeding t h e  maintenance requirement d i d  conceive. S i m i l a r i l y ,  

2 2  of 38  female fawns i n  t h e  experimental  herd which consumed 

high c a l o r i c  i n t a k e s  during previous yea r s  a l s o  conceived. This 

suggests  t h a t  f a ~ s  must consume a  c a l o r i c  i n t a k e  i n  excess  of 

t h e i r  maintenance requirement f o r  success fu l  conception t o  occur.  

Wild fawns a r e  l i k e l y  unable  t o  o b t a i n  a  s u f f i c i e n t  c a l o r i c  

i n t a k e  from n a t u r a l  browse p l a n t s  and thus  they do n o t  conceive.  

Ca lo r i c  i n t a k e  d i d  n o t  appear t o  a f f e c t  plasma proges terone  

l e v e l s .  Progesterone l e v e l s  were high i n  a l l  fawns p r i o r  t o  t h e  

breeding season bu t  dropped t o  low l e v e l s  i n  many of  t h e  fawns 

when t h e  breeding season began and they  were placed with a  buck. 

This suggests  t h a t  a l l  fawns may undergo preovulatory cyc les  

which r e s u l t  i n  e l eva ted  proges terone  l a v e l s .  This ovar ian  

a c t i v i t y  seems t o  be i n h i b i t e d  by t h e  onse t  of  t h e  breeding sea-  

son o r  t h e  presence of  a  buck i f  t h e  fawn i s  n o t  phys io log ica l ly  

prepared t o  breed. Elevated progesterone va lues  a f t e r  t h e  

breeding season i n  non-pregnant females make it impossible t o  



detect pregnancy in deer based on progesterone levels. 
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In t roduc t ion  

Changes i n  t h e  reproduct ive  r a t e  a r e  extremely important i n  

t h e  r e g u l a t i o n  o f  animal numbers. An i n c r e a s e  i n  t h e  reproduc- 

t i v e  r a t e  can be achieved i n  3  d i f f e r e n t  ways: i )  decreasing 

t h e  age a t  which reproduct ion f i r s t  occurs  i i )  decreasing t h e  

i n t e r v a l  between subsequent reproduct ive  pe r iods  i i i )  i nc reas -  

ing  t h e  l i t t e r  size (Cole 1954). Decreasing t h e  i n t e r v a l  between 

reproduct ive  pe r iods  i s  n o t  a v i a b l e  a l t e r n a t i v e  i n  spec ies  

which occupy seasona l ly  v a r i a b l e  environments such a s  deer  

(Odocoileus 9.) i n  temperate  regions.  Deer i n  North America 

breed i n  t h e  f a l l  and g ive  b i r t h  t h e  fol lowing s p r i n g  a t  about 

t h e  time when food i s  most abundant. I t  i s  u n l i k e l y  t h a t  fawns 

born a t  any o t h e r  t i m e  o f  t h e  y e a r  would be a b l e  t o  su rv ive  o r  

t o  grow t o  a  s u f f i c i e n t  s ize t o  su rv ive  t h e  fol lowing win te r .  

Deer do e x h i b i t  some f l e x i b i l i t y  i n  l i t t e r  size. Primi- 

parous females u s u a l l y  g ive  b i r t h  t o  one fawn and subsequent ly 

they  have one o r  two fawns depending on t h e i r  phys ica l  condi- 

t i o n  and n u t r i t i o n a l  i n t a k e  (Ransome 1967; Robinet te  e t  a l .  

1973; V e r m e  1965; V e r m e  1969). T r i p l e t s  occur  r a r e l y  b u t  o f t e n  

they  do n o t  su rv ive .  

V a r i a t i o n  i n  t h e  age a t  which reproduct ion  f i r s t  occurs  

(puberty)  i s  t h e  most important  component a f f e c t i n g  t h e  repro-  

duc t ive  r a t e  o f  deer .  Female b l a c k - t a i l e d  d e e r  (Odocoileus 

hemionus columbianus Richardson) u s u a l l y  breed  as  y e a r l i n g s  

(1% year s )  i n  t h e  wi ld  al though some i n d i v i d u a l s  do n o t  breed  

u n t i l  2% y e a r s  of  age (Brown 1961; Taber 1953). S ince  about 



19-26% of p o t e n t i a l l y  breeding females i n  a b l a c k - t a i l e d  deer  

popula t ion  a r e  y e a r l i n g s  (Taber and Dasmann 1958),  f a i l u r e  o f  

t h a t  age c l a s s  t o  breed  w i l l  g r e a t l y  reduce t h e  p r o d u c t i v i t y  of 

t h e  populat ion.  Therefore  an understanding o f  t h e  requirements 

f o r  puberty i n  dee r  i s  va luab le  f o r  t h e  management of  w i l d  deer  

populat ions.  

The age a t  which w i l d  dee r  f i r s t  breed i s  in f luenced  by 

t h e i r  n u t r i t i o n a l  i n t a k e  which i s  determined by t h e  q u a l i t y  o f  

t h e  range. F a i l u r e  o f  y e a r l i n g  b l a c k - t a i l e d  does t o  breed 

occurs  on poor ranges and on extremely poor ranges even 2% 

yea r  o l d  does may n o t  breed  (Brown 1961; Taber 1953). S i m i l a r l y ,  

i n  w h i t e - t a i l e d  deer  (0. - v i r g i n i a n u s )  popula t ions ,  y e a r l i n g  

females a r e  less l i k e l y  t o  breed  on poor ranges o r  i f  they  a r e  

f e d  a low-qual i ty  d i e t  (Ransome 1967; Verme 1969). 

I n  t h e  w i l d ,  0-58% of  female w h i t e - t a i l e d  deer  breed  a s  

fawns, depending on t h e  q u a l i t y  of t h e  range (Ransome 1967). 

Robinet te  and Gashwiler (1950) r epor ted  t h a t  2 . 2 %  of 138 year -  

l i n g  mule deer  (0.h. - - hemionus) does were l a c t a t i n g  and thus  

had presumably bred  a s  fawns. However a l a t e r  s tudy (Robinet te  

e t  a l .  1955) f a i l e d  t o  d e t e c t  any l a c t a t i n g  y e a r l i n g s  i n  a 

sample of  540 which sugges t s  t h a t  i n  t h e  f i r s t  s tudy some year-  

l i n g s  may have been aged i n c o r r e c t l y .  Brown (1961) examined 

t h e  reproduct ive  t r a c t s  of  65 fawn and 58 y e a r l i n g  b l a c k - t a i l e d  

does i n  Washington s t a t e  and found only bne i n d i v i d u a l  t h a t  

showed evidence o f  breeding a s  a fawn. Thomas (1970) examined 

t h e  o v a r i e s  of  59 fawn and 116 y e a r l i n g  females from Vancouver 

I s l a n d  and found no evidence o f  breeding i n  fawns. However 



Thomas and Smith (1973) l a t e r  r epor ted  one case of a y e a r l i n g  

wi th  a corpus a l b i c a n t i a  of pregnancy which i n d i c a t e d  t h a t  it 

had bred  a s  a fawn. Therefore,  breeding by female b l a c k - t a i l e d  

and mule deer  fawns may occur i n  t h e  wi ld  b u t  it i s  an extremely 

r a r e  event .  

There a r e  s e v e r a l  records  of c a p t i v e ,  female,  b l a c k - t a i l e d  

deer  breeding as  fawns (Rampont 1926; Shantz 1 9 4 3 ;  Cowan and 

wood 1955) and breeding by female fawns (precocious puberty) has 

occurred  r e g u l a r l y  i n  t h e  c a p t i v e  herd  used f o r  t h e  p resen t  

s tudy.  Mueller (1977) observed precocious puberty i n  2 2  of  38 

female fawns (58%)  over 4 consecut ive  yea r s .  Therefore it is  

c l e a r  t h a t  female b l a c k - t a i l e d  fawns have t h e  g e n e t i c  p o t e n t i a l  

t o  breed given t h e  proper  condi t ions  b u t  t h a t  t h e s e  condi t ions  

a r e  almost nevar m e t  i n  t h e  wild.  

The most obvious d i f f e r e n c e  between t h e  condi t ions  exper- 

ienced by c a p t i v e  and wi ld  deer  i s  t h e  q u a l i t y  of t h e i r  food. 

Captive deer  a r e  u s u a l l y  f e d  c a t t l e  feeds  and hay which a r e  

f a r  more n u t r i t i o u s  than  t h e  browse a v a i l a b l e  t o  wi ld  popula- 

t i o n s .  Mueller (1977) t e s t e d  t h e  hypothesis  t h a t  fawns must 

a t t a i n  a c e r t a i n  minimal s i z e  i n  o r d e r  t o  breed and t h a t  wild 

fawns a r e  unable t o  reach t h i s  s i z e  due t o  t h e i r  lower n u t r i -  

t i v e  in take .  The concept of a c r i t i c a l  weight f o r  pu6erty 

a t ta inment  i s  based on numerous s t u d i e s  which have shown t h a e  

t h e  time of  puberty i n  mammals i s  p r i m a r i l y  dependant on achiev- 

ing  a " c r i t i c a l "  body weight r e g a r d l e s s  of  age. I n  r a t s  (Kennedy 

and Mitra l963) ,  r a b b i t s  (Myers and Poole 1962), c a t t l e  

( Jouber t  1963) and humans (Fr i sch  l972) ,  puberty occurs a t  about 



t h e  same weight i n  f a s t  and slow growing i n d i v i d u a l s  b u t  a t  a  

s i g n i f i c a n t l y  g r e a t e r  age i n  t h e  slow growing i n d i v i d u a l s .  

I n  seasona l ly  breeding spec ies  t h e  c r i t i c a l  weight e f f e c t  

i s  l e s s  obvious because animals which a t t a i n  t h e  c r i t i c a l  weight 

p r i o r  t o  t h e  breeding season cannot y e t  breed b u t  cont inue  t o  

grow. I n  domestic sheep,  f a s t  growing lambs e x h i b i t  f i r s t  

e s t r u s  a t  an e a r l i e r  d a t e  and a t  a  g r e a t e r  weight than  slow 

growing lambs and some slow growing lambs f a i l  t o  a t t a i n  puberty 

a t  a l l  during t h e i r  f i r s t  y e a r  (Dyrmundsson 1973). Thus it 

appears t h a t  t h e  slow growing lambs a r e  e x h i b i t i n g  e s t r u s  a t  t h e  

minimum necessary  body weight and some do n o t  reach t h i s  weight 

during t h e  f i r s t  breeding season. The f a s t  growing lambs have 

exceeded t h e  minimum weight before  t h e  breeding  season commences 

and they e x h i b i t  e s t r u s  a s  soon a s  t h e  breeding season begins,  

Therefore i n  s e a s o n a l l y  breeding s p e c i e s ,  a l though t h e  e f f e c t  

of  a c r i t i c a l  weight may n o t  be a s  apparent  as i n  non-seasonal 

breeders ,  non-breeders  w i l l  s t i l l  be on average l i g h t e r  i n  

weight than animals reaching puberty.  

Mueller (1977) found t h a t  precocious female fawns were 

s i g n i f i c a n t l y  h e a v i e r  than  non-precocious fawns during t h e  

breeding season. This  i n d i c a t e s  t h a t  a  s u i t a b l e  body weight 

must be reached b e f o r e  t h e  fawns can breed. However t h e r e  was 

a  g r e a t  dea l  o f  over l ap  i n  t h e  weights of  precocious c a p t i v e  

fawns a t  t h i s  time, t h e  weights o f  non-precocious c a p t i v e  fawns 

. and t h e  es t imated  weights  of wi ld  fawns during t h e  breeding 

season (Figure 1 ) .  Many wild fawns reach a  s ize  comparable t o  

precocious c a p t i v e  fawns and y e t  they do n o t  breed.  Also,  a l l  



wild y e a r l i n g s  exceed t h e  weight of precocious fawns (Mueller 

1977) and y e t  some i n d i v i d u a l s  i n  t h i s  age c l a s s  do n o t  breed. 

Therefore some f a c t o r  o t h e r  than  simply reaching a  c r i t i c a l  s i z e  

prevents  wi ld  fawns and many y e a r l i n g s  from breeding.  The most 

l i k e l y  n u t r i t i o n a l  d i f f e r e n c e s  between c a p t i v e  and wi ld  fawns 

a r e  t h e  p r o t e i n  and energy i n t a k e s .  This  s tudy sought t o  d i s -  

t i n g u i s h  which of t h e s e  n u t r i e n t s  was most important .  There i s  

evidence t h a t  puberty a t t a inment  i n  o t h e r  s p e c i e s  i s  inf luenced 

by t h e  f a t  depos i t s  of  t h e  female which i s  r e l a t e d  t o  t h e  c a l o r -  

i c  i n t a k e  p r i o r  t o  puberty.  F r i sch  e t  a l .  (1973) r epor ted  t h a t  

puberty occurred i n  human females when an es t imated  c r i t i c a l  

body composition of  f a t  a s  a  percentage of body weight was a t t a i n -  

ed. They concluded t h a t  a  minimum l e v e l  o f  f a t  was necessary 

f o r  t h e  onse t  of  puberty.  I n  r a t s ,  females f e d  a  h i g h - f a t  d i e t  

a t t a i n e d  puberty e a r l i e r  and a t  a  l i g h t e r  weight than  females 

f e d  a  low-fa t  d i e t  (F r i sch  e t  a l .  1977). However, both groups 

contained i d e n t i c a l  amounts of body f a t  a t  puberty.  An exper i -  

ment by Abler e t  a l .  (1976) i n d i c a t e d  t h a t  puberty i n  female 

w h i t e - t a i l e d  fawns was in f luenced  by c a l o r i c  i n t a k e  b u t  no t  by 

p r o t e i n  in take .  Therefore it seemed l i k e l y  t h a t  puberty a t t a i n -  

ment i n  b l a c k - t a i l e d  dee r  fawns may a l s o  be a f f e c t e d  by t h e  

c a l o r i c  i n t a k e  p r i o r  t o  t h e  breeding season. 

Wild deer  experience severe  n u t r i t i o n a l  stress during t h e  

winter  and r e l y  on f a t  d e p o s i t s  f o r  s u r v i v a l  and g e s t a t i o n  

(Verme 1962; Holl  e t  a l .  1979). I f  a  fawn had l i m i t e d  f a t  

depos i t s  it would l i k e l y  be s e l e c t i v e l y  advantageous n o t  t o  

breed s i n c e  t h e  fawn would l i k e l y  be unable t o  a f f o r d  t h e  i n -  



Figure 1. Comparison of body weights of captive precocious, 

captive non-precocious and wild black-tailed deer 

fawns during the breeding season. Data from 

Mueller (1978). 

(Horizontal bar - mean, open block-range) 
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creased  e n e r g e t i c  demand f o r  g e s t a t i o n .  Natura l  . s e l ec t ion  

would favour  those  i n d i v i d u a l s  t h a t  d i d  n o t  reach puber ty  u n t i l  

a s u i t a b l e  amount of body f a t  was depos i ted .  Capt ive animals 

may be a b l e  t o  d e p o s i t  enough f a t  f o r  puberty t o  occur  bu t  wi ld  

fawns may be unable t o  depos i t  enough f a t  due t o  a  poorer  

q u a l i t y  n u t r i t i v e  i n t a k e  and increased  e n e r g e t i c  demands f o r  

a c t i v i t y .  

The hypotheses t h a t  were t e s t e d  i n  t h i s  s tudy  were: 

1) Puberty a t ta inment  i n  female b l a c k - t a i l e d  dee r  fawns i s  

dependant upon a s u f f i c i e n t  c a l o r i c  i n t a k e  during t h e  f a l l .  

2 )  Wild fawns a r e  unable t o  o b t a i n  t h i s  necessary  l e v e l  of  

c a l o r i c  i n t a k e  from n a t u r a l  brawse and thus  do n o t  breed. 



Methods 

o u t l i n e  of Experiment: 

Ten female fawns were weaned i n  l a t e  September o f  1977 and 

r a i s e d  on e i t h e r  a high energy (H.E.) o r  a low energy (L.E.)  

d i e t .  I a t tempted t o  d e t e c t  t h e  o n s e t  o f  puberty by assays  of  

plasma progesterone,  observed e s t r u s  behavior  when p l a c e d  wi th  

a buck, a c t i v i t y  l e v e l  and conception. The c a l o r i c  v a l u e  o f  

t h e  experimental  d i e t s  and n a t u r a l  browse s p e c i e s  was d e t e r -  

mined by - i n  v i t r o  d i g e s t i o n  and bomb ca lor imetry .  

Rearing of t h e  Fawns: 

The female fawns used i n  t h i s  s tudy came from 2 sources .  

i) Nine were born i n  c a p t i v i t y  i n  t h e  S.F.U. deer  enc losure  a t  

t h e  U.B.C. Research Fores t  i n  Maple Ridge, B.C. during May and 

June, 1977, t o  mothers o f  Vancouver I s l a n d  s tock .  Fawns were 

housed from b i r t h  wi th  t h e i r  mothers i n  s e p a r a t e  o u t s i d e  pens 

described by Mueller (1977). E igh t  of  t h e  fawns were twins  

and one was a s i n g l e t o n  ( 2 F ) .  The mothers of  t h e s e  fawns were 

fed - ad l ib i tum a 2 0 %  p r o t e i n  p e l l e t e d  c a t t l e  f eed  (Buckerf ie lds  

C a l f - S t a r t e r ) ,  a l f a l f a  hay and water  throughout g e s t a t i o n  and 

l ac ta t ion .  Fresh browse was r e g u l a r l y  given i n  summer. Fawns 

had - ad l i b i t u m  access  t o  t h e  same feeds  during t h e  summer. 

ii) Two female fawns (Nl, N 2 )  were obta ined  from t h e  

B.C. Fish and W i l d l i f e  Branch i n  Nanaimo, B.C.  These fawns had 

been found i n  t h e  wi ld  and had been b o t t l e - r a i s e d  on a powdered 

milk formula (Dairyade 33, Trimutual Inc . )  and f e d  f r e s h  browse. 

These 2 fawns were brought t o  t h e  U.B.C.  Research F o r e s t  i n  



mid-August where b o t t l e - f e e d i n g  of  t h e  same formula continued 

with free access  t o  t h e  p e l l e t e d  c a t t l e  f eed  and a l f a l f a .  

weighing Regime: - 
Fawns were weighed on an e l e c t r o n i c  p la t fo rm s c a l e  (Western 

Scale  Company). The s c a l e  was a c c u r a t e  t o  2 grams bu t  fawn 

weights were rounded t o  100 gram accuracy. Weights were taken 

every 2 weeks from b i r t h  u n t i l  t h e  end of  October and then  

weekly u n t i l  t h e  end of  t h e  experiment i n  mid-January. Regular 

weighing of t h e  2 b o t t l e - r a i s e d  fawns began i n  mid-August and 

subsequently followed t h e  same regime a s  t h e  mother- ra ised  

fawns. 

Experimental Regime: 

The fawns were weaned on September 26 and p laced  i n  i n d i v i -  

dual pens f o r  t h e  experiment. The 11 fawns were randomly a l l o -  

ca ted  t o  a low energy (L.E.) i n t a k e  t rea tment  (n=7) o r  a high 

energy (H.E.) i n t a k e  t rea tment  (n=4).  A lower number o f  H.E.  

fawns was used because many fawns had been r a i s e d  on H.E.  d i e t s  

during previous yea r s  and t h e i r  concept ion r a t e  was known 

(Mueller 1977). Female twins were ass igned t o  oppos i t e  t r e a t -  

ments. One of t h e  L.E. fawns (N2) d ied  a c c i d e n t l y  e a r l y  i n  

November and was omit ted from t h e  a n a l y s i s  o f  t h e  r e s u l t s .  

The H.E. fawns were f e d  a d i e t  formulated by a commercial 

feed  company (Buckerf ields  Ltd.) t o  c o n t a i n  a d i g e s t i b l e  energy 

con ten t  of 3100 ca lor ies /gram and 18% p r o t e i n  (Table 1 E 2) 4 
l ib i tum.  The average d a i l y  consumption by weight of  t h e s e  deer  

. 7 5  was measured each week and converted t o  i n t a k e  (g)/W(kg) /day 

because food consumption i s  r e l a t e d  t o  metabol ic  weight. The 



L . E .  deer  were r e s t r i c t e d  t o  a  maximum i n t a k e  by weight equal  t o  

t h e  average i n t a k e  of t h e  H . E .  deer  t h e  previous week. The L . E .  

deer  were f e d  a  d i e t  formulated t o  con ta in  a  d i g e s t i b l e  energy 

content  .of 2550 calor ies /gram and 18% p r o t e i n  (Table 1 6 2 ) .  

Therefore t h e  L . E .  deer  were a b l e  t o  o b t a i n  a s  much p r o t e i n  a s  

t h e  H . E .  deer  b u t  r ece ived  a  reduced c a l o r i c  i n t a k e .  Both d i e t s  

a l s o  conta ined  s u f f i c i e n t  l e v e l s  of  a l l  o t h e r  n u t r i e n t s  known 

t o  be necessary f o r  ruminants. The average d a i l y  i n t a k e  by 

weight of t h e  L . E .  deer  was a l s o  measured each week. The food 

r e s t r i c t i o n  was necessary because dee r  a r e  known t o  compensate 

f o r  decreased d i g e s t i b l e  energy con ten t  of f eed  by e a t i n g  more 

(Ammann e t  a l .  1973). 

Fawns were kep t  i n  t h e  i n d i v i d u a l  pens a t  a l l  times u n t i l  

t h e  end of October. From November 1 t o  December 9  they  were 

re leased  a s  a group each morning i n t o  a  l a r g e  breeding pen with 

a  yea r l ing  buck and observed f o r  e s t r u s  behavior and copula t ions  

f o r  about 4 hours.  They were then  re tu rned  t o  t h e i r  i n d i v i d u a l  

pens f o r  t h e  remainder of t h e  day. On December 10 t h e  regime 

was changed i n  o r d e r  t o  maximize t h e  oppor tuni ty  f o r  breeding.  

The breeding pen was d iv ided  i n  h a l f  t o  make two breeding pens 

and a  y e a r l i n g  buck was kep t  i n  each. The H . E .  fawns were kept  

- i n  one pen and t h e  L . E .  fawns were kep t  i n  t h e  o t h e r  pen f o r  

24 hours/day. The fawns were a l t e r n a t e d  t o  t h e  o t h e r  pen each 

day t o  e l i m i n a t e  any d i f f e r e n c e s  due t o  t h e  d i f f e r e n t  bucks. 

The t o t a l  weight of  food consumed by t h e  4 H .E .  fawns was used 

t o  compute t h e i r  averhge consumption (g) / W (kg) 75/day f o r  

each week. An equ iva len t  amount p e r  W(kg) 07'/day o f  t h e  L . E .  



Table 1. Composition of Low Energy and High Energy Diets 

Low Energy Diet High Energy Diet 

Mixed Feed Oats 

Shorts (wheat) 

Soybean Meal (48%) 

Distillers Grains 

Rape Fines 

Tower Rapeseed Meal 

Dehydrated Alfalfa 

Tricalcium Phosphate 

Dicalcium Phosphate 

Limestone 

Molasses 

Beet Pulp 

Micro-Salt Blend 



Table 2. Manufacturers Analysis o f  High Energy and Low Energy 
Diet 

Low Energy Diet , High Energy D i e t  

D iges t ib le  Energy 
(calories/gram) 

Crude Protein (%) 18.03 18.18 

Crude Fibre (%) 15.90 9.89 

Crude Fat (%) 2.35 5.16 

Calcium (%) 1.26 0.88 

Phosphorus (%) 0.69 0.74 

S a l t  (%) 1 . 0  1.0 

Total D iges t ib le  
Nutrients (%) 



f eed  was f e d  t o  t h e  L . E .  fawns as a group t h e  fo l lowing  week. 

Therefore ,  i n d i v i d u a l  consumptions o f  t h e  fawns i s  n o t  known f o r  

t h i s  p e r i o d  a f t e r  December 10 b u t  t h e  L.E.  group on average  

was s t i l l  r e s t r i c t e d  t o  an  amount e q u i v a l e n t  t o  t h e  average  

H.E. consumption t h e  p rev ious  week. 

The exper iment  ended on Janua ry  1 4  a t  which time t h e  fawns 

were s e p a r a t e d  from t h e  bucks and bo th  groups were p l a c e d  on an 

ad  l i b i t u m  d i e t  o f  t h e  H.E. f e e d  and a l f a l f a  hay f o r  t h e  re- - 
mainder o f  t h e  p r o j e c t .  The fawns were k e p t  u n t i l  t h e  end o f  

August,  1978, i n  o r d e r  t o  obse rve  which ones produced fawns. 

Bleeding Regime: 

Fawns were b l e d  every  2 weeks from t h e  s t a r t  of t h e  e x p e r i -  

ment (Sept .  26) u n t i l  t h e  end o f  October.  From November 3 u n t i l  

January  5 t hey  were b l e d  weekly. The b lood  sampling was then  

cont inued  f o r  eve ry  2 weeks u n t i l  mid-February and t h e n  monthly 

u n t i l  A p r i l .  A l l  sampling was done between 10 a.m. and noon. 

The fawns were immobilized w i t h  s u c c i n y l c h o l i n e  c h l o r i d e  

(Anect ine ,  Burroughs Wellcome Ltd. )  i n j e c t e d  i n t r a m u s c u l a r l y  

(0.06mg./kg.). About 10 m l .  of  b lood  was t aken  from t h e  j u g u l a r  

v e i n  u s ing  h e p a r i n i z e d  Vacu ta ine r s  (Becton,  Dickerson 6 Co.). 

The blood was c e n t r i f u g e d  soon a f t e r w a r d s  and plasma was removed 

and k e p t  f r o z e n  u n t i l  a s sayed  f o r  p roges t e rone .  

A c t i v i t y  Measurement: 

A c t i v i t y  o f  t h e  fawns was measured each day between November 

1 and December 10 i n  an a t t e m p t  t o  d e t e c t  e s t r u s .  Adul t  female 

d e e r  e x h i b i t  a d ramat ic  i n c r e a s e  i n  a c t i v i t y  on t h e  day of 

e s t r u s  (West 1968). Pedometers (Kasper R i c h t e r  P r e c i s i o n  



Ins t ruments  Ltd. )  were a t t a c h e d  t o  neck c o l l a r s  on t h e  d e e r  f o r  

t h e  20 hours /day t h a t  t h e y  were i n  t h e  i n d i v i d u a l  pens and r ead  

each morning b e f o r e  t h e  fawns were r e l e a s e d  i n t o  t h e  breed ing  

pen. The s e x u a l  r e c e p t i v i t y  o f  a l l  fawns was a l s o  t e s t e d  a t  

t h i s  time each  day by p r e s s i n g  on t h e i r  rump t o  see i f  t h e y  ex- 

h i b i t e d  l o r d o s i s  behav io r  a s  r e p o r t e d  by West (1968).  

Pregnancy D e t e c t i o n  : 

The d e e r  were t r a n q u i l l i z e d  wi th  x y l a z i n e  (Rompun, Haver- 

Lockhart L a b o r a t o r i e s )  and X-rayed (Easymatic 200, Un ive r sa l  

X-ray Produc ts )  on March 17 and A p r i l  1 2  t o  d e t e c t  t h e  presence  

of  f e t a l  s k e l e t o n s .  T h i s  t echn ique  has  been used  s u c c e s s f u l l y  

t o  d e t e c t  pregnancy i n  d e e r  by Muel ler  (1977). 

Proges te rone  Assays : 

Radioimmuoassays o f  p roges t e rone  were done w i t h  2 d i f f e r e n t  

types  o f  commercia l ly  a v a i l a b l e  k i t s .  The k i t  t h a t  w a s  o r i g i n a l l y  

used was t h e  B i o k i t  (Bio lab)  b u t  l a t e r  I swi tched  t o  t h e  Proges- 
3 t e r o n e  ( H)  Radioimmunoassay Pak (New England Nuclear)  because 

it was less expens ive  and e a s i e r  t o  o b t a i n .  A l l  a s s a y s  were 

done on 0.5 m l .  o f  plasma. The plasma was e x t r a c t e d  i n  s o l v e n t  

b u t  a chromatographic  s t e p  was n o t  done because numerous inves -  

t i g a t o r s  have found it t o  be  unnecessary (Runnebaum 1975; Sugden 

1978). 

The p r o g e s t e r o n e  was e x t r a c t e d  from t h e  plasma w i t h  d i e t h y l  

e t h e r  f o r  most o f  t h e  a s s a y s  b u t  f o r  t h e  f i n a l  a s s a y s  petroleum 

e t h e r  was used.  There  d i d  n o t  appear  t o  be  any major  d i f f e r e n -  

ce s  i n  t h e  a s s a y s  due t o  t h e  k i t  used o r  t h e  e x t r a c t i o n  s o l v e n t  

(Appendix I ) .  



 he Biok i t  assays were done e x a c t l y  according t o  t h e  en- 

closed i n s t r u c t i o n s  b u t  t h e  N e w  England Nuclear (N.E.N.) i n s t r u c -  

t i o n s  were modified f o r  t h e s e  assays .  I n  t h e  N . E . N .  assays  t h e  

dried down e t h e r  e x t r a c t  was r e d i s s o l v e d  i n  1 m l .  of b u f f e r  and 

0 . 3  m l .  of t h i s  s o l u t i o n  was assayed i n  d u p l i c a t e  and 0 . 3  m l .  

was counted t o  determine t h e  recovery r a t e  o f  t h e  l abe led  pro-  

gesterone t r a c e r .  The s t a n d a r d  curve s o l u t i o n s  had t h e i r  volumes 

adjus ted  t o  allow 0 . 3  m l .  o f  t h e  s t andard  s o l u t i o n s  t o  be assay-  

ed a s  w e l l .  

The s t andard  curve  of  a l l  a s says  was c a l c u l a t e d  a s  a log-  

log regress ion  of C.P.M. ve r sus  proges terone  concent ra t ion  a f t e r  

Ohman and F r i  (1975). The proges terone  concent ra t ions  of t h e  

plasma were c a l c u l a t e d  from t h e  r e g r e s s i o n  equat ion.  Repl ica tes  

of t h e  same sample t h a t  had a s t a n d a r d  dev ia t ion  g r e a t e r  than  

25% of t h e  mean were r e j e c t e d  and t h e  sample was reassayed. 

Chromotography was done on s e v e r a l  samples t o  determine t h e  

e f f e c t  of c r o s s - r e a c t i n g  s t e r o i d s .  I n t e r - a s s a y  v a r i a b i l i t y  and 

c r o s s - r e a c t i v i t y  i s  d iscussed  i n  Appendix I .  

Food Analysis:  

The n u t r i t i v e  va lue  of  t h e  L . E .  and t h e  H.E .  feeds a s  w e l l  

a s  9 spec ies  of n a t u r a l  browse was analysed.  Subsamples from 

3 d i f f e r e n t  bags o f  L .E .  and H.E .  feed  were pooled f o r  a n a l y s i s .  

The browse samples were c o l l e c t e d  from t h e  U.B.C.  Research 

Forest  on October 1 2 .  Only t h e  most succu len t  p a r t s  of t h e  

browse p l a n t s  were c o l l e c t e d .  The browse s p e c i e s  sampled were 

based on t h e  f a l l  food h a b i t s  of  b l a c k - t a i l e d  deer  r epor ted  by 

Cowan (1945) and Brown (1961). 



0 Dry weight  was determined by drying i n  an oven a t  80 C. 

until a c o n s t a n t  weight was maintained. P r o t e i n  con ten t  was 

determined by measuring t h e  n i t r o g e n  c o n t e n t  on an HCN ana lyse r  

(perkin E l m e r  Model 240). The percentage p r o t e i n  was c a l c u l a t e d  

as (6.25)X(% n i t r o g e n ) .  The gross  energy con ten t  of t h e  foods 

was measured wi th  an a d i a b a t i c  bomb c a l o r i m e t e r  (Gallenkamp 

CB- 110) 

The d i g e s t i b i l i t y  o f  t h e  food types  was determined by - i n  

v i t r o  d i g e s t i o n  of 0.5 .gram subsamples i n  t r i p l i c a t e .  The i n  - - 
v i t r o  d i g e s t i o n  procedure was i d e n t i c a l  t o  t h a t  r epor ted  by - 
Pearson (1970). The rumen f l u i d  was obta ined  by k i l l i n g  a  20 

week o l d  male fawn from t h e  c a p t i v e  herd.  

The -- i n  v ivo  d i g e s t i b i l i t y  of  t h e  L.E. and H.E. feeds  was 

a l s o  measured i n  2 L.E.  and 2 H.E.  fawns i n  mid-December. The 

24  hour f e c e s  ~ r o d u c t i o n  of t h e s e  4 fawns was measured by c o l l e c -  

t i n g  t h e  f e c e s  from t h e  pen. The dry weight of  t h e  f e c e s  was 

divided by t h e  dry weight o f  t h e  average d a i l y  food consumption 

of t h e s e  animals during t h e  previous 4 days. The c a l o r i c  va lue  

of t h e  L .E .  and H.E. f e c e s  was determined by bomb ca lor imetry  

so  t h a t  energy d i g e s t i b i l i t y  could a l s o  be c a l c u l a t e d .  



Results and Discussion 

Nutritional Value of Experimental Diets: 

The moisture content of the H . E .  and L . E .  diets was 13% 

and 12% respectively. All food consumption values were corrected 

to represent dry matter intake. The gross energy value of the 

feeds determined by bomb calorimetry was 4237 calories/gram for 

the H . E .  feed and 4223 calories/gram for the L . E .  feed. The 

caloric value of the feces from the H.E. and L.E. fawns was 

4045 calores/gram and 4107 calories/gram respectively. 

The -- in vivo dry matter digestibility of the H.E. feed 

averaged 74% (73 and 75) and 68% (70 and 66) for the L.E. feed. 

The energy difestibility of the two feeds was 75% for the H . E .  

diet and 69% for the L . E .  diet. These values were calculated 

as : 
Gross Energy of Feed - (100 - Dry Matter (Fecal 

Digestibility ) Energy) 
Gross Energy of Feed 

Since these values are essentially the same as the dry matter 

digestibility it appears that there is a 1:l relationship be- 

tween dry matter digestibility and energy digestibility in deer. 

Moir (1964) found a similar 1:l relationship in sheep based on 

a more extensive investigation. 

The in vitro dry matter digestibility was 74.3% for the - 
H . E .  diet and 69.4% for the L . E .  diet. Since these values are 

almost.identica1 to the -- in vivo digestibilities it appears that 

the'in - vitro technique provides an accurate estimate of diges- 
tibility. 

b.. 



The d i g e s t i b l e  energy va lue  of t h e  two feeds  was c a l c u l a t e d  

by mul t ip ly ing  t h e  g ross  energy by t h e  d i g e s t i b i l i t y .  The d ig-  

e s t i b l e  energy c o n t e n t  w a s  3185 calor ies/gram f o r  t h e  H.E.  feed  

and 2909 calor ies /gram f o r  t h e  L.E. feed .  The n u t r i t i o n a l  

va lue  of t h e  f eeds  i s  summarized i n  Table 3. 

The feeds  had been formulated t o  conta in  3100 c a l o r i e s /  

gram and 2550 ca lo r i e s /g ram based on t h e  d i g e s t i b l e  energy of  

t h e  f eed  c o n s t i t u e n t s  i n  c a t t l e .  Deer were more e f f i c i e n t  than 

c a t t l e  a t  d i g e s t i n g  t h e  L.E.  d i e t  s o  t h a t  t h e  d i g e s t i b l e  energy 

of t h e  d i e t s  f e d  t o  them was g r e a t e r  than a n t i c i p a t e d .  Palmer 

e t  a l .  (1976) found t h a t  - i n  v i t r o  d i g e s t i b i l i t y  t r i a l s  us ing  

cow rumen f l u i d  innoculum were equal  t o  those  us ing  dee r  rumen 

f l u i d .  However, t h e  p r e s e n t  f ind ings  show t h a t  t h i s  d i d  n o t  

apply i n  t h i s  experiment.  Although t h e  d i f f e r e n c e  i n  t h e  c a l o r -  

i c  con ten t  o f  t h e  two feeds  'was n o t  a s  g r e a t  a s  planned,  t h e  

wide v a r i a b i l i t y  i n  t h e  food consumption between i n d i v i d u a l  

deer  r e s u l t e d  i n  a f a i r l y  wide range o f  energy i n t a k e s  by t h e  

experimental  animals .  

N u t r i t i o n a l  Value of Natural  Browse: 

The g ross  energy and - i n  v i t r o  dry  ma t t e r  d i g e s t i b i l i t y  of  

9 of t h e  most commonly browsed p l a n t s  a r e  p resen ted  i n  Table 4 .  

I have assumed t h a t  s i n c e  t h e r e  i s  a 1:l r e l a t i o n s h i p  between 

energy d i g e s t i b i l i t y  and dry mat ter  d i g e s t i b i l i t y  f o r  t h e  p e l l e t -  

ed d i e t s .  t h a t . - t h i s  r e l a t i o n s h i p  a l s o  e x i s t s  f o r  n a t u r a l  foods. 

Therefore,  t h e  d i g e s t i b l e  energy of t h e s e  p l a n t s  was c a l c u l a t e d  

by mul t ip ly ing  t h e  g ross  energy by t h e  dry mat ter  d i g e s t i b i l i t y .  

Alldredge e t  a l .  (1974) es t imated  t h e  food i n t a k e  of  f r e e -  



Table 3. Nutritional Analysis of the Experimental Diets 

Low Energy Diet 

a) Moisture 12% 

b) Gross Energy 
(calories/gram) 

c) Fecal Energy 
(calories/gram) 

In vivo Dry Matter 4 - - 68% + 2.8 - 
In vitro Dry Matter 1 - 
Digestibility 

f) Digestible Energy 2909 
(e x b) 

g) Crude Protein 21% 

High Energy Diet 
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ranging mule deer  from concen t ra t ions  o f  f a l l - o u t  cesium-137 i n  

browse p l a n t s  and dee r  t i s s u e .  They found t h a t  6 - 11 month o l d  

female fawns a t e  about  32 grams of  forage/kg. body weight/day. 

 heref fore, a fawn i n  t h e  f a l l  which weighed from 25 t o  30 kg. 

would have a d a i l y  forage  i n t a k e  o f  800 t o  960 grams which i s  

equal  t o  about 73 grams/W (kg) 

Given t h e  d a i l y  consumption r a t e ,  t h e  p ropor t ions  o f  

d i f f e r e n t  browse s p e c i e s  consumed (Cowan 1945 ; Brown 1961) and 

t h e  d i g e s t i b l e  energy va lues  of t h e s e  s p e c i e s  (Table 4 ) ,  it i s  

p o s s i b l e  t o  e s t i m a t e  t h e  d a i l y  energy i n t a k e  o f  an average w i l d  

fawn i n  t h e  f a l l  (Table 5) .  

The p r o t e i n  i n t a k e  can be es t ima ted  i n  a s i m i l a r  way based 

on t h e  p r o t e i n  con ten t  of  browse s p e c i e s  (Table 4) .  Based on 

Cowan1 s (1945) d a t a  a fawn would consume 8.4 grams o f  p r o t e i n /  

W(kg) 07=/day compared t o  an i n t a k e  of  8.2 grams of protein/W(kg) 

*75/day based on Brown (1961). 

Growth of  Fawns Before Experiment: 

The growth of  t h e  mother- ra ised  fawns throughout t h e  summer, 

p r i o r  t o  t h e  experiment,  was normal f o r  t h e  s p e c i e s  i n  c a p t i -  

v i t y .  The o v e r a l l  p a t t e r n  o f  growth was l i n e a r  wi th  an average 

d a i l y  weight ga in  o f  0.18 kg. during t h e  f i r s t  100 days of  l i f e  

(Figure 2).  This i s  i d e n t i c a l  t o  t h e  growth of  fawns dur ing  

previous yea r s  a t  our  f a c i l i t y  b u t  i s  s l i g h t l y  lower t h a n  weight  

ga ins  of fawns (0.20 kg/day) r e p o r t e d  by Cowan and Wood (1955) 

f o r  b l a c k - t a i l e d  fawns over  a s i m i l a r  p e r i o d ,  

The r e l a t i v e  d a i l y  growth r a t e  W - W 
t+l  t x 100% 

Wt 
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of  t h e  mo the r - r a i s ed  fawns decreased  du r ing  t h e  f i r s t  100 days 

o f  l i f e .  The d a i l y  growth r a t e  was h i g h e s t  between 10 and 20 

days o f  age and t h e n  g r a d u a l l y  decreased  between t h e  ages  o f  

20 t o  100 days o f  age  (Table  6 ) .  The r a p i d  i n i t i a l  r e l a t i v e  

d a i l y  growth r a t e  cor responds  t o  Cowan and Wood's (1955) phase  

I1 growth and t h e  subsequent  dec reas ing  r a t e  cor responds  t o  

phase  I11 growth. A v e r y  r a p i d  phase  I growth can occu r  b e f o r e  

10 days o f  age  b u t  it is  h i g h l y  v a r i a b l e  and o f t e n  does n o t  

occu r  (Cowan and Wood 1955) .  I n s u f f i c i e n t  weigh t  d a t a  were 

c o l l e c t e d  dur ing  t h e  f i r s t  10 days t o  de te rmine  whether o r  n o t  

phase  I growth occured  i n  t h e  p r e s e n t  s tudy .  

The d a i l y  growth r a t e  of 4.6% between 10 and 20 days is  

comparable t o  t h e  r a t e  o f  5% observed  by Cowan and Wood (1955) 

i n  b l a c k - t a i l e d  fawns du r ing  phase  11, 5.5% dur ing  t h e  f i r s t  1 2  

days i n  mule d e e r  fawns ( R o b i n e t t e  e t  a l .  1973) and 3% f o r  whi te -  

t a i l e d  fawns du r ing  t h e  f i r s t  28 days (Verme 1963).  The d e c l i n -  

i n g  growth rate from 1.8% t o  1 . 2 %  between 20 and 90 days i s  

c l o s e  t o  t h e  1.1% t o  1 .5% d a i l y  growth observed by Cowan and 

Wood 1955) i n  b l a c k - t a i l e d  fawns du r ing  phase  I11  and t h e  1.7% 

growth r a t e  between 1 3  and  75 days i n  mule d e e r  fawns (Rob ine t t e  

e t  a l .  1973). 

The b o t t l e - r a i s e d  fawn (Nl) grew much more s lowly  w i t h  an  

average d a i l y  weight  g a i n  o f  abou t  0.11 kg. p r i o r  t o  t h e  e x p e r i -  

ment. The re fo re ,  a t  t h e  s t a r t  of  t h e  exper iment  t h i s  fawn was 

t h e  s m a l l e s t  i n d i v i d u a l  even though it was t h e  o l d e s t .  

The average  weight  of t h a  fawns a t  t h e  beg inn ing  o f  t h e  
+ 

experiment was 21.2 - 2.7 kg. exc lud ing  t h e  s t u n t e d  fawn and 



Figure 2. Weight growth of mother-raised fawns for first 100 . 

days. 





T a b l e  6 .  R e l a t i v e  D a i l y  Growth Rates  o f  Fawns f o r  F i r s t  90 Days 

Age (days)  

10 -20  

20-30  

30-40  

4 0 - 5 0  

5 0 - 6 0  

60 -  70 

70-80  

80 -90  

R e l a t i v e  
D a i l y  Growth Rate  (%) 



ranged from 17 - 23.8 kg. The s t u n t e d  fawn weighed 16.2 kg.  

A l l  fawns were w i t h i n  t h e  normal weight  range  f o r  t h e i r  p a r t i -  

c u l a r  age a t  t h i s  t i m e  (Muel ler  and S a d l e i r  1980) e x c e p t  f o r  t h e  

b o t t l e - r a i s e d  fawn. O v e r a l l ,  t h e  fawns used  i n  t h i s  exper iment  

e x h i b i t e d  normal growth f o r  t h i s  s p e c i e s  i n  c a p t i v i t y  b u t  d i f f -  

e r ences  i n  age  and i n d i v i d u a l  growth r a t e  r e s u l t e d  i n  a subs t an -  

t i a l  range o f  weigh ts  a t  t h e  beg inn ing  o f  t h e  exper iment .  

Growth of Fawns During Experiment: 

The weights  o f  t h e  fawns p l aced  i n  t h e  H.E. and L,E .  t r e a t -  

ments were: 
- 

N X Range 

H.E.  4 20.9 16.2 - 23.8 kg. 

L.E. 6 2 0 . 7  1g7.0 - 23.6 kg, 

The H.E.  fawns cont inued  t o  grow dur ing  t h e  f i r s t  4 weeks 

o f  t h e  exper iment  b u t  t h e i r  d a i l y  weight  g a i n  and growth r a t e  

decreased  ove r  t h i s  p e r i o d  (Table  7A-B). "The p o i n t  when d a i l y  - 

weight  ga ins  beg in  t o  decrease"  was t h e  d e f i n i t i o n  of t h e  " i n f l e c -  

t i o n  point1 '  o f  growth used by Bandy (1955). The i n f l e c t i o n  

p o i n t  of  t h e  H.E.  fawns occured about  mid-October. Growth o f  

t h e  H.E.  fawns s imu l t aneous ly  s topped  o r  d r a m a t i c a l l y  slowed 

about  October 31. This  d a t e  was t h e  mid-poin t  o f  t h e  f i r s t  2 . 

week weighing p e r i o d  i n  which t h e  weight  g a i n  was less t h a n  1 kg, 

Cowan and Wood (1955) d e s c r i b e  a growth h a l t  i n  male fawns which 

they  c a l l  t h e  p u b e r t a l  b reak .  However t h i s  h a l t  o c c u r r e d  i n  

d i f f e r e n t  fawns ove r  a range o f  s e v e r a l  weeks and t h u s  may n o t  

be  d i r e c t l y  comparable t o  t h e  sudden, synchronous growth h a l t  

observed i n  t h i s  experiment.  The growth h a l t  can  a l s o  be  iden-  



T a b l e  7A. A v e r a g e  D a i l y  W e i g h t  Gain o f  Fawns D u r i n g  t h e  F a l l  

H.E. Fawns 
Fawn - + 

# 226 16G EE N 1  X - S . D .  

+ 
Oct 1 0  - 24 0 . 1 3  0 . 0 6  0 .16  0 . 1 3  0 .12  - .04 

g r o w t h  h a l t  
+ 

Oct 24 - Nov 1 0  0 .02  0 . 0 0  0 .04 0 .02  0 .02  - . 02  
+ 

NOV 1 0  - 24 0 .12  0 .05  0 .03  - 0.04 0 .06 - .04 
+ 

Nov 24 - Dec 8 0 .06  0 .00  0 .09 0 .06 0 . 0 5  - . 04  
+ 

Dec 8  - 22 -0 .06  0 .00  0 .04  0 .00  - 0 . 0 1  - . 04  
+ 

Dec 22 - Jan 5 0 . 0 3  - 0.02 0 .02 0 .04 0 .02  - .02 

L.E. Fawns 
Fawn 

ED 
- + 

# 22F 30E OBE 16F  2F X - S . D .  
+ 

Sep 26 - Oct 1 0  0.22 0 .15  0 .22  0 . 2 1  0 . 1 7  0 . 1 8  0 .19  - . 0 3  
(kg.) 

+ 
Oct 1 0  - 24 0 .08  0 .09  0 .09  0 .09 0 .03  0 .06  0 .07  - .02 

+ 
Oct 24 - Nov 1 0  0 .08  0 .09  0 .08  0 .15  0 .14  0 .16  0 .12  - .04 

g r o w t h  h a l t  
+ 

NOV 1 0  - 24 -0 .05  0 . 0 3  - 0 . 0 1  -0 .06  - 0 . 0 6  -0 .04  - 0 . 0 3  - . 0 3  
+ 

Nov 24 - Dec 8 0 .00  - 0 . 0 1  0 . 0 2  0 . 0 1  0 .00  -0 .04  0 .00  - . 02  ^ 

+ 
Dec 8 - 22 -0 .02  0 . 0 5  - 0 . 0 4  -0 .06  0 .05  0 .00  0 .00  - . 04  

+ 
Dee 22 - Jan 5  0 .06  0 .08  0 .07  0 .04  0 . 1 1  0 . 1  0 .08  - .04 



T a b l e  7B. D a i l y  Growth R a t e  (%) o f  Fawns D u r i n g  t h e  F a l l  

\ H.E. Fawns 
Fawn 

# 2  2G 16G EE N 1  
- + 
X - S.D.  

+ 
S e p  26 - O c t  1 0  0 .87  0 .68  1 . 3 3  1 .46  1 .09  - .37 

+ 
O c t  1 0  - 24 0 .48  0 . 2 7  0 . 7 3  0 .66  0 - 5 4  - . 2 1  

g r o w t h  h a l t  
+ 

O c t  24 - NOV 1 0  0 .10 0 .00  0 .15  0 . 0 8  0 .08 - . 06  
+ 

NOV 1 0  - 24 0.42 0 .20  0 .12 0.20 0.24 - . 13  
+ 

Nov 24 - Dec 8  0 . 2 1  - 0 . 0 3  0 .35  0 .26  0 .20 - . 16  

+ 
Dec 22 - Jan 5  0.09 -0 .08  0 .08  0 .19 0 .07 - .ll 

L.E, Fawns 
Fawn 

# 22F 30E OBE 16F ED 
- + 

2F X - S.D. 
+ 

S e p  26 - O c t  1 0  0 .97  0 .65  0 .98  0 .88  1 . 0 1  1 .00  0 .92  - .14 
+ 

O c t  1 0  - 24 0 .30  0 .37  0 . 3 3  0.32 0 .15  0.32 0 .30  - . 08  
4- 

O c t  24 - Nov 1 0  0 .29  0 .29 0 .24  0 . 4 5  0 .59  0 . 6 1  0 . 4 1  - . 16  

g r o w t h  h a l t  
+ 

NOV 1 0  - 24 - 0 . 1 5  -0 .10  - 0 . 0 3  -0 .22  - 0 . 2 6  - 0 . 1 8  -0 .16  - . 08  

+ 
Dee 22 - Jan 5  0 .29  0 . 2 8  0 .26  0 . 1 3  0 . 5 3  0 . 6 1  0 .35  - . I 8  



Figure 3 .  Body weight growth curves of the l a r g e s t  and 

smallest  H . E .  fawns. 





t i f i e d  i n  t h e  i n d i v i d u a l  growth curves  of  t h e  fawns as a sudden 

f l a t t e n i n g  o f  t h e  cu rve  ( F i g u r e  3) and t h e  t iming  of  t h e  h a l t  

corresponds t o  a d rama t i c  v o l u n t a r y  r e d u c t i o n  o f  f e e d  i n t a k e  

which w i l l  b e  d i s c u s s e d  below. 

The t iming  of t h e  growth h a l t  appears  t o  b e  a s e a s o n a l  

r a t h e r  t han  a n  a g e  o r  s i ze -dependan t  e f f e c t  s i n c e  it o c c u r r e d  i n  

a l l  t h e  H.E. fawns d u r i n g  t h e  l a s t  week o f  October o v e r  a r ange  

o f  ages  from 120 t o  147 days and a range  o f  weigh ts  from 21.3 

t o  28.5 kg. 

The growth rate o f  t h e  H.E. fawns a f t e r  t h e  growth h a l t  

was e s s e n t i a l l y  ze ro  w i t h  o c c a s i o n a l  weight  l o s s e s  and no b i -  

weekly ga ins  exceeding  1 kg. f o r  t h e  remainder o f  t h e  e x p e r i -  

ment. The ave rage  d a i l y  weight  g a i n  du r ing  t h i s  p e r i o d  was 0 .2  

+ - .02 kg. 

The L.E. fawns a l s o  c o n t i n u e d  t o  grow r a p i d l y  du r ing  t h e  

f i r s t  p a r t  o f  t h e  exper iment  (Table  ? A - B ) .  However bo th  t h e  

d a i l y  weight  g a i n  and t h e  growth r a t e s  were less t h a n  t h a t  

observed i n  t h e  H.E .  fawns. The re fo re  t h e  reduced energy  i n -  

t a k e  dur ing  t h i s  p e r i o d  caused a r e d u c t i o n  i n  growth. The L.E. 

fawns a l s o  e x h i b i t e d  a growth h a l t  b u t  it occu r red  abou t  2 

weeks l a t e r  t h a n  i n  t h e  H.E. fawns. T h i s  may have been due t o  

t h e s e  fawns be ing  r e s t r i c t e d  t o  a reduced food i n t a k e  a t  t h i s  

time which cor responded  t o  t h e  low i n t a k e  o f  t h e  H.E. fawns 

du r ing  t h e i r  growth h a l t .  I t  i s  n o t  c l e a r  i f  t h e  L.E. fawns 

would have s topped  growing even if t h e i r  food i n t a k e  had n o t  

been r e s t r i c t e d .  However, t h e  same week t h a t  t h e  H.E.  fawns 

decreased  t h e i r  food i n t a k e ,  a l l  b u t  one o f  t h e  L.E.  fawns a te  



only  80 - 90% of  t h e i r  r a t i o n .  This sugges t s  t h a t  they  were 

v o l u n t a r i l y  decreasing t h e i r  i n t a k e  a t  t h e  same t i m e  and may 

a l s o  have stopped growing. 

Wood e t  a l .  (1962) found t h a t  slow-growing buck fawns on 

a 70% plane  of  n u t r i t i o n  f a i l e d  t o  e x h i b i t  a growth h a l t  and 

cont inued t o  grow whereas h igh-plane  fawns s topped growing a t  

5 months of  age. Nordan et a l .  (1968) found t h a t  male fawns 

r a i s e d  on a low plane  of  n u t r i t i o n  d i d  n o t  e x h i b i t  a voluntary  

dec rease  i n  food i n t a k e  and weight ga ins  comparable t o  high- 

p lane  males. They suggested t h a t  t h e  low-plane animals do n o t  

have s u f f i c i e n t  f a t  r e se rves  t o  al low them t o  s t o p  ea t ing .  The 

female fawns s t u d i e d  by Nordan e t  a l .  (1970) d id  n o t  e x h i b i t  a 

growth h a l t  b u t  t h e s e  fawns had been b o t t l e - r a i s e d  and were 

excep t iona l ly  smal l  (17. kg.) a t  t h e  end o f  October. Overa l l ,  

it appears  t h a t  a normally growing fawn w i l l  d ramat ica l ly  dec- 

r e a s e  i t s  food i n t a k e  and s t o p  growing about t h e  end of  October. 

However an undernourished fawn w i l l  cont inue  e a t i n g  and growing 

t o  compensate f o r  i t s  poorer  condi t ion .  S ince  t h e  growth h a l t  

was n o t  size dependant b u t  was delayed by an energy reduct ion ,  

t h e  s i g n a l  f o r  t h e  growth h a l t  may be t h e  f a t  depos i t s  of t h e  

animal. 

The growth of t h e  L . E .  fawns a f t e r  t h e  growth h a l t  f l u c -  

t u a t e d  around zero with some small  ga ins  and l o s s e s  (Table 7A-B). 
+ 

The average d a i l y  weight g a i n  was 0.01 - .05 kg. during t h i s  

pe r iod .  , -. 

Food Consumption: 

The average food consumption (dry mat te r  i n t z ' e )  o f  t h e  
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Figure 4. Average daily food consumption (g/W (kg) . 7 5 )  of the 

H.E. and L.E. fawns during the fall. L.E. fawns 

were restricted to ad libitum consumption of H.E. - 
fawns during the previous week. 





H.E. fawns gradually decreased from 93.4 grams/W(kg) ' 75/day to 

73.3 grams/W (kg) 75/day from the initiation of the experiment 

until October 31. The following week the consumption dramati- 

cally decreased to 49.3 grams/W(kg) . 75/day (Table 8, Figure 4). 
The timing of this decrease in food intake corresponds to the 

time of the growth halt discussed previously. The food consump- 

tion gradually increased subsequently to a level of 65.3 grams/ 

w (kg) ' 75/day in mid-December . The L.E. fawns were restricted 

to a similar intake but with a one week time lag (Figure 4). 

The gradually decreasing food consumption during the first 

four weeks of the experiment corresponded to the gradually de- 

creasing growth rate. At this time there is a clear relation- 

ship between biweekly digestible energy intake and growth 

(Figure 5). The digestible energy requirement for zero growth 

at this time is equal to 183 kcal./W(kg) ~ ~ ' / d a ~ .  Holter et al. 

(1977) and Thompson et al. (1973) have found that metabolizable 

energy (digestible energy - (urinary and methane energy)) in 

deer is about 88% of digestible energy. Therefore the mainten- 

ance metabolizable energy requirement for fawns in the early 

fall is about 161 k~al./W(kg)'~~/da~. This is almost identical 

to the value (162 kcal . /W (kg) ' 75/day) reported for the mainten-- 
ance requirement of growing white-tailed deer yearlings (Holter 

et al. 1977) but slightly less than the maintenance requirement 

of 173 kcal./W(kg) '75/day reported for white-tailed fawns by 

Thompson et al. (1973). 

The average daily food consumption of the H.E. fawns be- 



Figure 5 .  Relationship between d i g e s t i b l e  energy intake and 

growth of H . E .  fawns pr ior  t o  the  growth h a l t  

(Oct.  3 0 ) .  



I 

I 
I 

1 
I 

1 
1 

1 
I 

1 
1 

1 
W

 

17
0 

t 1
90

 
21

0 
C
n
 

15
0 

23
0 

25
0 

27
0 

29
0 

31
0 

3
3
0
 

u
 

1 8
3 

. 
D

IG
E

S
T

IB
LE

 
E

N
E

R
G

Y
 

IN
T

A
K

E
 (

k
c

a
l.

/~
(k

~
.)

"~
/d

a
~

) 



'7n -* 

~, p b e r  was 85 g r a m ~ / W ( k g ) * ~ ~ / d a ~ .  This va lue  i s  almost i d e n t i c a l  

t o  t h e  d a i l y  consumption of  86 grams/W(kg) ' 75/day repor ted  by 

Nordan e t  a l .  (1970) f o r  b l a c k - t a i l e d  female fawns of s i m i l a r  

size. The average d i g e s t i b l e  energy i n t a k e  during t h i s  per iod  

was 2 7 2  kcal./W(kg) 75/day. This va lue  i s  g r e a t e r  than  t h e  

d a i l y  i n t a k e  (242 kcal./w(kg) *?'/day) of  t h e  fawns i n  t h e  s tudy 

by Nordan e t  a l .  (1970) because t h e  f eed  i n  t h e  p r e s e n t  exper i -  

ment had a g r e a t e r  c a l o r i c  content .  

Ammann e t  a l .  (1973) demonstrated t h a t  dee r  w i l l  e a t  more 

t o  compensate f o r  a lower c a l o r i c  con ten t  i n  t h e  feed  u n t i l  they 

a r e  l i m i t e d  by stomach capaci ty .  The f a c t  t h a t  t h e  fawns 

s t u d i e d  by Nordan e t  a l .  (1970) d i d  n o t  e a t  more t o  i n c r e a s e  

t h e i r  energy i n t a k e  t o  l e v e l s  comparable t o  t h e  p r e s e n t  s tudy 

sugges ts  t h a t  they  were l i m i t e d  by stomach volume. Therefore it 

appears  t h a t  p r i o r  t o  t h e  growth h a l t  i n  October t h e  fawns e a t  

a s  much a s  they  can,  t h a t  i s ,  about 85 grams/W(kg) '75/day. This 

va lue  i s  i d e n t i c a l  t o  t h e  maximum dry  m a t t e r  i n t a k e  of  white- 

t a i l e d  deer  determined by Ammann e t  a 1  (1973). I t  i s  a l s o  

s i m i l a r  t o  t h e  d a i l y  food consumptions o f  95 grams/W(kg) 75/day 

and 7 4 . 2  grams/W(kg) 75/day repor ted  f o r  white-  t a i l e d  fawns i n  

t h e  e a r l y  f a l l  (Hol ter  e t  a l .  1976; Thompson e t  a l .  1973). If 

t h e  food i n t a k e  of  fawns i n  e a r l y  f a l l  i s  l i m i t e d  by t h e  stomach 

capac i ty ,  t h e  energy i n t a k e  must t h e r e f o r e  be dependant on t h e  

c a l o r i c  con ten t  of t h e  food. 

Af te r  t h e  growth h a l t  t h e  food consumption of t h e  H.E. 

fawns dropped t o  w e l l  below t h e  capac i ty  of  t h e  stomach. Be- 

tween mid-November and l a t e  December some fawns i n  both  t r e a t -  



ments l o s t  weight and o t h e r s  gained,  bu t  o v e r a l l  t h e  weights 

were e s s e n t i a l l y  s t a b l e .  Therefore t h e  c a l o r i c  i n t a k e  during 

t h i s  per iod  was approximately t h e  maintenance metabol ic  r e q u i r e -  

ment. The va lue  o f  t h i s  maintenance energy requirement was c a l -  

c u l a t e d  by reg ress ing  t h e  percentage  change i n  body weight from 

November t o  December 2 2  a g a i n s t  t h e  average d a i l y  d i g e s t i b l e  

energy i n t a k e  during t h e  same per iod .  This c a l c u l a t i o n  involved 

both H.E. and L.E.  fawns. The average d i g e s t i b l e  energy requ i re -  

ment t o  maintain zero growth was 173 k c a l  . / W  (kg) * 75/day (Figure 

6 ) .  Therefore t h e  maintenance metabol izable  energy requirement 

f o r  fawns i n  l a t e  f a l l  was 152 kcal./W(kg)  day based on t h e  

88% conversion f a c t o r  o f  Hol t e r  e t  a l .  (1977) and Thompson e t  

a l .  (1973). This i s  very  c l o s e  t o  t h e  d a i l y  maintsnance re- 

quirement of mule deer  fawns (158 k c a l  . / W  (kg) ' 75/day) and white- 

t a i l e d  deer  fawns (153 k c a l .  /W (kg) * '5/day) i n  winter  (Baker 

e t  a l .  1979; Hol t e r  et a l .  1977) b u t  somewhat h igher  than  t h e  
.75/ 

va lue  f o r  non-growing w h i t e - t a i l e d  fawns (125 kcal./W(kg) 

day) repor ted  by Thompson et. a l .  (1973). 

The maintenance d i g e s t i b l e  energy requirement i s  s i m i l a r  

t o  t h e  es t imated  va lues  o f  t h e  d i g e s t i b l e  energy i n t a k e  of a 

wi ld  fawn i n  Table 5 (153 and 182 k c a l  ./w(kg) *75/day) .  There- 

f o r e  it appears t h a t  t h e  maintenance metabol ic  requirement i n  

t h e  f a l l  i s  approximately equal  t o  t h e  energy t h a t  a wi ld  fawn 

could ob ta in  from n a t u r a l  browse. The growth h a l t  i n  ~ c t o b e r  

seems t o  be an adapt ion  which decreases  t h e  metabol ic  r equ i re -  

ment t o  a l e v e l  which can be s a t i s f i e d  by n a t u r a l  fo rage  a t  t h a t  

time of year.  The decreased growth and metabol ic  requirement 



Figure 6 .  Relationship between d i g e s t i b l e  energy intake 

and growth o f  H . E .  and L . E .  fawns i n  November and 

December. 





a t  t h i s  t ime r e s u l t s  i n  a decreased food i n t a k e ,  even when high 

q u a l i t y  food i s  provided - ad l ib i tum.  This  vo lun ta ry  decrease i n  

food i n t a k e  by c a p t i v e  deer  has  been r e p o r t e d  i n  previous  papers 

(Hol ter  e t  a l .  1977; Nordan e t  a l .  1968). 

Mautz (1978) sugges ts  t h a t  deer  decrease  food i n t a k e  i n  

w i n t e r  because i n  t h e  wi ld  t h e  browse i s  of  such low q u a l i t y  

P r o t e i n  In take  o f  Experimental Animals: 

'The crude p r o t e i n  con ten t  o f  t h e  L.E.  f eed  was 2 1 %  and of 

t h e  H.E. feed  was 19.6%. These va lues  a r e  s l i g h t l y  below t h e  

25.2% and 2 2 %  p r o t e i n  concen t ra t ions  r e p o r t e d  f o r  maximum growth 

of  w h i t e - t a i l e d  fawns (Smith e t  a l .  1975; Ul l r ey  e t  a l .  1967). 

t h a t  t h e  energy expendi ture  o f  feeding  i s  g r e a t e r  than  t h e  

energy t h a t  can be obta ined  from t h e  browse. However it seems 

more l i k e l y  t h a t  t h e  decrease  i n  feeding  by c a p t i v e  deer  i s  due 

t o  a reduct ion  o f  t h e  metabol ic  demands t o  a l e v e l  t h a t  can be 

supported by n a t u r a l  browse a t  t h a t  t i m e  o f  t h e  y a a r .  Wild deer 

would be  expected t o  e a t  a s  much as they  can. However, deer  i n  

t h e  wi ld  and c a p t i v e  dee r  which a r e  f e d  only  browse a l s o  de- 

c r e a s e  t h e i r  win te r  food i n t a k e  (Alldredge e t  a l .  1974; Ozoga 

and V e r m e  1970). This i s  probably due t o  t h e  decreased d i g e s t i -  

b i l i t y  of win te r  browse which would slow t h e  passage o f  t h e  food 

through t h e  d i g e s t i v e  t r a c t .  Ammann st a l .  (1973) found t h a t  
I 

a s  t h e  d i g e s t i b i l i t y  o f  food decreases  below 50% t h e  dry mat ter  

i n t a k e  a l s o  decreases  due t o  a decreased r a t e  o f  passage. Since 

t h e  d i g e s t i b i l i t y  of  browse decreases  below 50% i n  winter  t h i s  

i s  probably t h e  cause o f  t h e  observed decreased food i n t a k e  i n  

t h e  wild.  I suspec t  t h a t  a s  long a s  food i s  a v a i l a b l e  i n  t h e  

w i l d  a deer  w i l l  e a t  a s  much as it can. 



However t h e  p r o t e i n  con ten t  o f  t h e  feeds  was about  twice t h a t  

found i n  n a t u r a l  browse (Table 4 ) .  The average d a i l y  i n t a k e  of  

crude p r o t e i n  over  t h e  dura t ion  of  t h e  experiment was 13.4 grams/ 

W (kg) 75/day f o r  t h e  H.E. fawns and 14.9 grams/W (kg) ' 75/day f o r  

t h e  L.E. fawns. S ince  t h e  p r o t e i n  i n t a k e  of  t h e  t r ea tmen t s  was 

very s i m i l a r  any e f f e c t  due t o  t h e  small  d i f f e r e n c e s  seems un- 

l i k e l y .  I n  f a c t ,  any observed de t r imen ta l  e f f e c t  of  t h e  L.E. 

t reatment  cannot be due t o  i n s u f f i c i e n t  p r o t e i n  because t h e  L.E. 

fawns rece ived  more p r o t e i n  than  t h e  H.E.  fawns. 

R e l i a b i l i t y  of  Progesterone Assays: 

There a r e  s e v e r a l  p o s s i b l e  sources of e r r o r  i n  t h e  proges: 

t e r o n e  data .  Weekly sampling may have been i n s u f f i c i e n t  t o  

d e t e c t  changes t h a t  were occurr ing  on a  d a i l y  o r  c i r c a d i a n  

l e v e l .  The proges terone  ant ibody used i n  t h e  assays  was n o t  

s p e c i f i c  f o r  deer  proges terone  and t h e r e f o r e  may n o t  have been 

binding completely e f f e c t i v e l y .  There may have been some c ross -  

r e a c t i v i t y  wi th  o t h e r  s t e r o i d s  although t h e  ant ibody used was 

q u i t e  s p e c i f i c .  S t r e s s  t o  t h e  animals during sampling can cause 

t h e  r e l e a s e  o f  adrenal  proges terone  i n  deer  (Wesson e t  a l .  1979). 

This  was a  p o t e n t i a l  problem i n  t h e  p r e s e n t  s tudy.  However, 

s i n c e  t h e  sampling regime was always t h e  same, any stress e f f e c t  

would l i k e l y  remain cons tan t .  Although a b s o l u t e  va lues  may be 

a l t e r e d  by s t r e s s ,  r e l a t i v e  changes should r e p r e s e n t  r e a l  

changes i n  ovar i an  proges terone  l e v e l s .  The problem of  stress 

i s  f u r t h e r  d e a l t  wi th  i n  t h e  d iscuss ion .  

Plasma Progesterone Levels P r i o r  t o  Breeding Season: 

The breeding season of wi ld  b l a c k - t a i l e d  deer  on Vancouver 



Island begins about November 4 (Thomas 1970). Similarily, the 

breeding season of the captive herd began early in November in 

previous years (Mueller 1977). Plasma progesterone levels of 

the experimental fawns prior to the breeding season, between 
+ 

September 26 and October 24, averaged 2.9 - 4.3 ng./ml. (n=29). 

Values ranged from 0.7 to 4.3 ng,/ml. in all animals except 

#30E which had extremely high progesterone values ranging from . 

11.6 to 20.4 ng./ml. (Figure 7). These values are higher than 

would be expected for anestrus adult females. Plasma progester- 

one levels less than 0.5 ng./ml. have been found in anestrus, 

adult, white-tailed and roe deer females (Plotka et al. 1977; 

Hoffmann et ale 1978)- Anestrus sheep and cattle have similar 

low progesterone levels (Yuthasastrakosol et al. 1975; Donaldson 

et al. 1970). 

Nalbandov (1976) and Ramaley (1979) reported that prepuber- 

tal, female mammals undergo a series of non-ovulatory cycles 

prior to first ovulation. Thomas and Cowan (1975) found that 

non-ovulatory cycles also occur in adult black-tailed does prior 

to the breeding season. Elevated progesterone levels accompany 

such cycles in rats (Meijs-Roelofs et al. 1975) and fluctuations 

in plasma progesterone indicative of several ovarian cycles can 

occur in prepubertal heifers prior to first estrus (Donaldson 

et ale 1970). Similar but less extreme increases in progester- 

one have been reported in pre-pubertal heifers (Gonzalez-Padilla 

et al. 1975; Shotton et ale 1978) and lambs (Fitzgerald and 

Butler 1978; Ryan and Foster 1978). However increased levels of 

progesterone were not detected in the pre-pubertal white-tailed 



Figure 7. Plasma progesterone levels of fawns during the fall 
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deer fawns s t u d i e d  by Abler e t  a l .  (1976). 

The source  of  t h e  p re -puber ta l  progesterone i n  r a t s  i s  

p r imar i ly  ovar i an  (Meijs-Roelofs e t  a l .  1975) and probably comes 

from l u t e i n i z e d  f o l l i c l e s  because t h e r e  a r e  no corpora l u t e a  pre-  

s e n t  a t  t h i s  t ime i n  cows o r  lambs (Donaldson e t  a l .  1970; 

Ryand and Fos te r  1978). The ovar i e s  of t h e  fawn (N2) t h a t  d ied  

acc iden t ly  e a r l y  i n  November contained a l a r g e  number of f o l l i c -  

les wi th  g r e a t l y  th ickened theca  i n t e r n a  (Figure 8 ) .  Poss ib ly  

t h e  e l eva ted  proges terone  l e v e l s  of t h e  fawns p r i o r  t o  t h e  breed- 

ing season r e s u l t e d  from l u t e n i z e d  t h e c a l  cells i n  preovula tory  

f o l l i c l e s .  

Behavioral I n d i c a t o r s  o f  F i r s t  Es t rus :  

None of  t h e  fawns were observed t o  copu la te  during November 

and e a r l y  December when they  were p laced  wi th  a buck f o r  4 hours 

d a i l y  and observed. S i m i l a r l y ,  t h e  pedometers recorded no sudden 

inc reases  i n  d a i l y  a c t i v i t y  i n d i c a t i v e  o f  e s t r u s  behavior (West 

1968). However t h e  a c t i v i t y  d a t a  was fragmentary because t h e  

pedometers were f r e q u e n t l y  broken. The fawns never  e x h i b i t e d  

recep t ive  l o r d o s i s  behavior  when they were p ressed  on t h e  rump 

which sugges ts  t h a t  they  were n o t  i n  e s t r u s .  However, t e s t i n g  

f o r  l o r d o s i s  behavior  i s  r e l i a b l e  only f o r  very tame deer  (West 

1968) and s i n c e  t h e  dee r  i n  t h i s  experiment were n o t  very tame 

t h e  r e s u l t s  may n o t  be  dependable. Therefore,  puberty a t t a i n -  
/ 

ment was judged on t h e  b a s i s  of plasma proges terone  l e v e l s  and 

conception. 

Plasma Progesterone Levels During t h e  Breeding Season: 

During t h e  breeding season ( e a r l y  November t o  January 5) 



Figure 8 .  Photomicrographs o f  f o l l i c l e s  i n  ovary o f  fawn N2, 

early  November. Enlarged theca i s  indicated.  





t h e r e  appearad t o  be 2 d i f f e r e n t  p a t t e r n s  of plasma progesterone 

l e v e l s .  Five fawns ( 2 2 G ,  166, ZF, N1, 16F) had cons tan t ly  low 

l e v e l s  averaging 0.58 ng./ml. and ranging from 0.17 t o  1.00-ng./ 

m l  (Figure 7) .  The o t h e r  5 fawns had f l u c t u a t i n g  l e v e l s  of pro- 

gesterone which averaged 1.30 ng./ml. and ranged from 0.23 t o  

5.94 ng,/ml. These h igh ,  f l u c t u a t i n g  va lues  sugges t  ovar ian  

cycl ing .  The observed upper va lues  a r e  comparable t o  cycl ing  

l e v e l s  of proges terone  found i n  a d u l t  w h i t e - t a i l e d  deer  (P lo tka  

e t  a l .  l977) ,  r o e  deer  (Hoffmann e t  a l .  l978) ,  sheep (Yuthasastra- 

kosol e t  a l .  1975) and cows (Donaldson e t  a l .  1970) .  The ovar- 

i a n  a c t i v i t y  could have been: i )  normal e s t r u s  c y c l e s ,  i i )  

ovula t ions  wi th  s i l e n t  h e a t s ,  o r  i i i )  non-ovulatory cycles .  

I t  i s  tempting t o  sugges t  t h a t  t h e  o t h e r  5 fawns with con- 

s t a n t ,  low, proges terone  l e v e l s  r e p r e s e n t  non-cycl ing fawns. 

However one o f  t h e s e  fawns ( t 2 2 G )  became pregnant  and t h e r e f o r e  

must have cycled ,  This  i n d i v i d u a l  had s l i g h t l y  h igher  proges- 

te rone  l e v e l s  t h a n  t h e  o t h e r  4 i n  t h i s  group b u t  t h e  d i f f e r e n c e  

was n o t  d i s t i n c t .  Therefore ,  a l though t h e  proges terone  va lues  

of t h e  o t h e r  4 fawns sugges t  t h a t  they  d i d  n o t  c y c l e ,  t h e  weekly 

blood sampling may have been i n s u f f i c i e n t  and high l e v e l s  could 

have been missed. 

The proges terone  l e v e l s  of i n d i v i d u a l s  during t h e  breeding 

season showed no p a t t e r n  i n  r e l a t i o n  t o  t h e  l e v e l s  p r i o r  t o  t h e  

breeding season. A l l  fawns had plasma proges terone  l e v e l s  sugg- 

e s t i n g  ovar ian  a c t i v i t y  i n  September and October bu t  t h e  graphs 

i n d i c a t e  t h a t  e a r l y  i n  November proges terone  l e v e l s  decreased,  

i n  5 of  t h e  animals.  This  apparent  decrease i n  ovar ian  a c t i v i t y  



i 
corresponded i n  t i m e  w i th :  i )  t h e  i n i t i a t i o n  of t h e  normal a d u l t  

b reed ing  season ,  i i )  t h e  growth h a l t  i n  t h e  fawns, and i i i )  t h e  J 

d a i l y  i n t r o d u c t i o n  o f  t h e  fawns t o  t h e  b reed ing  buck. P o s s i b l y  

a l l  p r e p u b e r t a l  fawns e x p e r i e n c e  o v a r i a n  c y c l e s ,  which may o r  

may n o t  be  o v u l a t o r y ,  b u t  o v a r i a n  a c t i v i t y  i s  i n h i b i t e d  by t h e  

o n s e t  o f  t h e  b reed ing  season  o r  t h e  p re sence  o f  a  buck i f  t h e  

i n d i v i d u a l  i s  n o t  p h y s i o l o g i c a l l y  o t h e r w i s e  p repa red  t o  b reed .  

S i m i l a r l y ,  s e v e r a l  o f  t h e  fawns (#ED, 22F, OBE) t h a t  had h i g h  

p roges t e rone  v a l u e s  i n  November e x h i b i t e d  reduced l e v e l s  du r ing  

t h e  p e r i o d  t h a t  t hey  were k e p t  w i t h  t h e  buck c o n s t a n t l y  i n  Dec- 

ember and January.  

Re la t ionsh ip  Between Body Weight and Ovarian A c t i v i t y  During 

t h e  Breeding Season: 

The body weight  o f  each  fawn on November 1 0  was used t o  

determine i f  body weight  du r ing  t h e  b reed ing  season  had any 

r e l a t i o n s h i p  t o  p roges t e rone  l e v e l s  as an i n d i c a t o r  of o v a r i a n  

a c t i v i t y .  The growth h a l t  had o c c u r r e d  p r i o r  t o  t h i s  d a t e  and 

subsequent ly  i n d i v i d u a l  fawns d i d  n o t  change i n  body weight  

t o  any s i g n i f i c a n t  degree .  The s m a l l e s t  fawn weighed 28% less 

than  t h e  h e a v i e s t  s o  t h e r e  was a  s u b s t a n t i a l  range o f  body 

weights .  There  was no s i g n i f i c a n t  d i f f e r e n c e  (p) 0.05) between 
+ 

t h e  body weight  o f  c y c l i n g  fawns (26.7 - 2.9 kg.) and t h e  mean 

body weight  o f  t h e  4  fawns t h a t  a p p a r e n t l y  d i d  n o t  c y c l e  (24.9 
+ - 3.52 kg.) .  S i m i l a r l y ,  t h e r e  was no c o r r e l a t i o n  between body 

weight  and t h e  average  plasma p r o g e s t e r o n e  l e v e l  du r ing  t h e  

breed ing  season  (F igu re  9 ) .  T h i s  r e s u l t  i s  c o n t r a r y  t o  o t h e r  

s t u d i e s  which have found t h a t  t h e  commencement o f  o v a r i a n  c y c l e s  



Figure 9 .  Mean progesterone l eve l  o f  fawns during the breeding 

season compared with the ir  body weight on November 

10 .  





i s  r e l a t e d  t o  body weight (eg. r a t s :  Kennedy and Mit ra  1963; 

lambs: Fos ter  and Ryan 1978). The smal l  sample s i z e  and t h e  

u n c e r t a i n t y  regarding whether o r  n o t  t h e  animals  wi th  low pro-  

ges terone  values cycled makes t h e  p r e s e n t  r e s u l t s  inconclusive.  

However s e v e r a l  fawns c e r t a i n l y  had proges terone  l e v e l s  ind ica -  

t i v e  of ovar i an  cycl ing  a t  body weights  comparable t o  wi ld  fawns 

(16 - 30 kg. ; Mueller 1977). Y e t  Thomas (1970) found t h a t  

although wi ld  fawns commonly develop l a r g e  and ruptured  f o l l i c l e s  

during t h e  breeding season, corpora l u t e a  r a r e l y  develop. H e  

found only one example o f  a  corpora l u t e a  developing i n  a  wild 

fawn i n  a  sample of 70 p a i r s  of o v a r i e s .  Therefore,  although 

many wi ld  fawns a t t a i n  a  body weight t h a t  i s  comparable t o  cap- 

t i v e  fawns wi th  high proges terone  l e v e l s ,  t hey  do n o t  e x h i b i t  

normal e s t r u s  cycles .  

Rela t ionship  Between Ca lo r i c  In take  and Ovarian A c t i v i t y  During 

t h e  Breeding Season: 

There was no s i g n i f i c a n t  d i f f e r e n c e  ( p )  0.05) between t h e  

mean d a i l y  c a l o r i c  i n t a k e  of  t h e  6 cyc l ing  fawns during t h e  
+ 

breeding season (180 - 15.1 kcal./W(kg) 
.75) and t h a t  of  t h e  4 

+ .75 
fawns t h a t  apparent ly  d i d  n o t  cyc le  (174 - 18.2 kcal./W(kg) ). 

The average d a i l y  i n t a k e  between November 6 and December 1 7  was 

used t o  r ep resen t  c a l o r i c  i n t a k e  during t h e  breeding season. 

S imi la r ly ,  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  (p)  0.05) i n  t h e  

average d a i l y  c a l o r i c  i n t a k e  of t h e  c y c l i n g  and non-cycl ing 

fawns over t h e  e n t i r e  f a l l  from September 26 t o  December 17 
+ + 

(212 - 13.6 vs .  208 - 21.3 kcal/W(kg) * 7 5 ) .  There was no corre-  

l a t i o n  between average d a i l y  c a l o r i c  i n t a k e  and average pro- 



gesterone va lue  during t h e  breeding season (Figure  10) .  The 

i n t e r a c t i o n  o f  body weight and c a l o r i c  i n t a k e  a l s o  had no s i g -  

n i f i c a n t  e f f e c t  on t h e  average progesterone v a l u e  during t h e  

breeding season. 

These r e s u l t s  d i f f e r  from those  o f  a  s i m i l a r  experiment on 

w h i t e - t a i l e d  fawns by Abler e t  a l .  (1976). However t h e s e  workers 

only b led  t h e i r  fawns once a  month and t h e r e f o r e  could have 

missed proges terone  peaks. They d i d  n o t  maasure t h e  food con- 

sumption of  i n d i v i d u a l  fawns and d i d  n o t  r e s t r i c t  t h e  food con- 

sumption o f  t h e  L.E. fawns and t h e r e f o r e  t h e  L.E.  fawns compen- 

s a t e d  by e a t i n g  more. They claimed t h a t  t h e r e  was s t i l l  a  d i f f -  

erence i n  c a l o r i c  i n t a k e  between groups of  fawns i n  t h a i r  s tudy 

b u t  t h e  c a l o r i c  con ten t  of t h e  feeds was based on d a t a  f o r  

sheep. Whi te - t a i l ed  fawns may have been more e f f i c i e n t  than  

sheep a t  d i g e s t i n g  t h e  low energy d i e t ,  a s  were t h e  fawns i n  t h e  

p resen t  experiment. This i s  supported by t h e  f a c t  t h a t  t h e  L.E. 

d i e t  had no e f f e c t  on t h e  growth r a t e  of t h e  fawns (Kirkpat r ick  

e t  a l .  1975). Therefore  it i s  l i k e l y  t h a t  t h e r e  was a c t u a l l y  no 

d i f f e r e n c e  between t h e  energy i n t a k e s  of t h e  H.E.  and L . E .  t r e a t -  

ments so t h a t  t h e  r e s u l t s  may be e n t i r e l y  spur ious ,  

In  domestic animals ,  very high and very low c a l o r i c  i n t a k e s  

a r e  de t r imenta l  t o  reproduct ion compared t o  an in te rmadia te  

l e v e l  (Sad le i r  1969). Lamond e t  a l .  (1973) r epor ted  t h a t  high 

energy d i e t s  decrease  f a r t i l i t y  by reducing t h e  ovu la t ion  r a t e  

and low energy d i e t s  r e s u l t  i n  a  reduced f e r t i l i z a t i o n  r a t e  i n  

a d u l t  ewes. However, Memon e t  a l .  (1969) found t h a t  high energy 

d i e t s  inc reased  t h e  ovu la t ion  r a t e  i n  ewes. 



Figure 1 0 .  Mean progesterone l e v e l  o f  fawns during the  breed- 

ing season compared with t h e i r  mean d a i l y  intake 

o f  d i g a s t i b l e  energy from November 6 t o  December 1 7 .  



MEAN PLASMA PROGESTERONE LEVEL DURING BREEDING SEASON (ng-hl.1 



The results of the present experiment are inconclusive be- 

cause I cannot be certain that individuals with low progesterone 

values did not cycle. However it is clear that several fawns 

had progesterone levels indicative of cycling on caloric intakes 

comparable to that calculated for wild fawns. Thus wild fawns 

attain a body size and obtain a caloric intake similar to cap- 

tive fawns which have high progesterone levels but wild fawns do 

not exhibit normal ovarian cycles. This suggests that either 

some other factor prevents cycling in wild fawns or that the 

elevated progesterone levels in the experimental fawns do not 

necessarily indicate normal cycles. ', 

Conception by the Fawns: 

Although 6 fawns apparently cycled, only 1 of these (22G) 

conceived and subsequently gave birth. Pregnancy was detected 

by the presence of a fetal skeleton in a X-ray taken on April 

12. This female gave birth to a healthy, 2 kg, female fawn on 

July 18 which can be back-dated by 203 days to give a conception 

date of about December 23 (Golley 1957). 

In a previous study of puberty attainment on this herd of 

black-tailed deer 45% to 71% of female fawns conceived and 

gave birth in 3 consecutive years (Mueller 1977). Mueller found- 

that precocious fawns were significantly heavier than non-preco- 

cious fawns and that the lightest fawn which conceived weighed 

24 kg. at 175 days of age. In the present experiment 3 fawns 

weighed less than 24 kg. at 175 days of age and thus were pro- 

bably too small to conceive even though one of them (ED) had 

high progesterone levels. Of the remaining 7 fawns that were 



l a r g e  enough, 3  were on t h e  H . E .  d i e t  and 4 rece ived  t h e  L . E .  

d i e t .  However due t o  a voluntary  low food i n t a k e  one of the  

H . E .  fawns (16G) had a  d a i l y  c a l o r i c  i n t a k e  comparable t o  t h e  

L.E.  fawns. Therefore,  o f  t h e  7  fawns of s u i t a b l e  size t o  breed,  

2 had r e l a t i v e l y  h igh  mean d a i l y  c a l o r i c  i n t a k e s  and 5 had re- 

duced c a l o r i c  i n t a k e s  (Table 9) .  One of t h e  high c a l o r i c  i n -  

t a k e  fawns conceived and 0  of 5 low c a l o r i c  i n t a k e  fawns con- 

ceived. The concept ion r a t e  of t h e  high c a l o r i c  i n t a k e  fawns 

i s  comparable t o  t h e  r a t e  found by Mueller (1977) i n  a  l a r g e  

sample of fawns r a i s e d  on high energy d i e t s  f e d  - ad l ib i tum.  The 

0  of 5  concept ion r a t e  i n  t h e  reduced c a l o r i c  i n t a k e  fawns i s  

s i g n i f i c a n t l y  less (p = 0.02) than  t h e  50% r a t e  r epor ted  by 

Mueller. 2 of  t h e  low c a l o r i c  i n t a k e  fawns apparen t ly  d i d  n o t  

cyc le  and 3  cycled  b u t  d i d  n o t  conceive.  Therefore,  although 

t h e  energy reduc t ion  d i d  n o t  appear t o  a f f e c t  t h e  inc idence  of  

ovar ian  cyc l ing  it d i d  appear t o  prevent  concept ion from occurr-  

ing. S i m i l a r l y ,  low energy d i e t s  decrease  t h e  f e r t i l i z a t i o n  r a t e  

i n  a d u l t ,  domestic ewes (Lamond e t  a l .  1973). 

The f a i l u r e  t o  conceive i n  females t h a t  were apparent ly  

cycl ing  may have been caused by s i l e n t  h e a t s ,  t h a t  i s ,  ovula- 

t i o n s  without  e s t r u s .  None o f  t h e  fawns were observed t o  copu- 

l a t e  o r  e x h i b i t  e s t r u s  behavior  even though some had high pro-  

ges terone  l e v e l s .  Adult  female b l a c k - t a i l a d  dee r  almost always 

have a s i l e n t  h e a t  p r i o r  t o  breeding (Thomas 1970). In  p u b e r t a l  

h e i f e r s ,  s i l e n t  h e a t s  accompany up t o  74% of  f i r s t  ovu la t ions ,  

43% of second ovu la t ions  and 2 1 %  of t h i r d  ovu la t ions  (Morrow 

1969). Underfed r a t s  a l s o  o f t e n  f a i l  t o  e x h i b i t  e s t r u s  dur ing  



r Table 9 .  Mean Daily Caloric  Intakes o f  Fawns During Breeding F 

i OBE 1 6 4  11 

I 

t - high c a l o r i c  intake group had a s i g n i f i c a n t l y  greater intake 
Z 

than low c a l o r i c  intake group p <  0 .02 ,  F (1 ,5 )=  30.8 .  

Fawns Less Than 24kg. a t  175 days of age 

N1 2 2 . 2 k g .  

2F 2 2 . 1 k g .  

ED 21.7 kg. 



t h e i r  f i r s t  s e v e r a l  ovu la t ions  (Kennedy and Mitra  1962). There- 

f o r e ,  reduced c a l o r i c  i n t a k e  may i n h i b i t  e s t r u s  and thereby pre-  

vent  conceptions.  

Progesterone Levels Af te r  t h e  Breeding Season: 

Between January 20 and Apr i l  1 2  t h e  pregnant  female (22G) 

had an average plasma progesterone l e v e l s  of  2.8 ng./ml. (range 

2 .4  - 3.8). This  l e v e l  i s  s l i g h t l y  lower than  t h e  average pro- 

ges terone  l e v e l s  of pregnant ,  a d u l t ,  w h i t e - t a i l e d  deer  (4.6 ng./ 

m l .  ; Plotka  et a l .  1977) and roe  deer  (4.0 ng./ml. ; Hoffmann e t  

a l .  1978). 

Non-pregnant fawns t h a t  had cycled dur ing  t h e  breeding 

season cont inued t o  have r e l a t i v e l y  high proges terone  l e v e l s  

from January t o  A p r i l  (% = 2 . 1 ,  range 0.53 - 5.9 ng./ml.). In 
F 
L 
i a d d i t i o n ,  t h e  4 fawns t h a t  d i d  n o t  appear t o  cyc le  during t h e  

breeding season had high l e v e l s  a f t e r  t h e  breeding season (% = 
1 
i 1.3, range 0 . 3  - 5.7 ng./ml.) .  These high l e v e l s  occurred p r i -  
I 

t 
i mari ly  a t  t h e  mid-March sampling d a t e  when a l l  non-pregnant 

i 

B 
animals had high progesterone values (% = 2.9,  range 1.1 - 5.7 

a 
B ng./ml.). Presumably ovula tory  cycles  cont inue  t o  occur  long 
i 
1 

k a f t e r  t h e  breeding season i f  t h e  deer  does n o t  become pregnant.  
I 

1 S i m i l a r l y ,  P lo tka  e t  a l .  (1977) de tec ted  cyc l ing  l e v e l s  of pro- 
I 

ges terone  i n  2 non-pregnant w h i t e - t a i l e d  does i n  e a r l y  March. 

Therefore,  it i s  n o t  p o s s i b l e  t o  diagnose pregnancy i n  black-  

t a i l e d  o r  w h i t e - t a i l e d  deer on t h e  b a s i s  of proges terone  l e v e l s ,  

a t  l e a s t  p r i o r  t o  mid-March. 



General Discussion 

The hypotheses t h a t  were t e s t e d  i n  t h i s  s tudy were: 

1 )  Puberty i n  female b l a c k - t a i l e d  deer  fawns i s  dependant 

upon a  s u f f i c i e n t  c a l o r i c  i n t a k e  during t h e  f a l l .  

2) Wild fawns a r e  unable t o  o b t a i n  t h i s  necessary l e v e l  of 

c a l o r i c  i n t a k e  from n a t u r a l  browse and thus  do n o t  breed. 

I f  puberty i s  def ined  a s  t h e  p e r i o d  i n  l i f e  when success-  

f u l  reproduct ion i s  f i r s t  p o s s i b l e ,  then  t h i s  experiment pro-  

v ides  evidence which suppor ts  t h e  2 hypotheses.  The maintenance 

d i g e s t i b l e  energy requirement f o r  t h e  fawns during t h e  f a l l  

was about 173 kcal/W(kg) '15/day. The 5 fawns wi th  a d a i l y  

c a l o r i c  i n t a k e  c l o s e  t o  t h i s  maintenance l e v e l  (156 - 172 kca l /  

W(kg)07') a l l  f a i l e d  t o  conceive.  The only  fawn which success-  

f u l l y  bred w a s  1 of  2 which had a  much h igher  c a l o r i c  in take .  

S imi la r ly ,  about  50% of  female fawns rece iv ing  a  high energy i n -  

t a k e  during previous y e a r s  s u c c e s s f u l l y  conceived (Mueller 1977). 

This suggests  t h a t  t h e  c a l o r i c  i n t a k e  o f  female fawns during 

t h e  f a l l  must be i n  excess  o f  t h e  maintenance requirement i n  

o r d e r  f o r  them t o  breed. Presumably t h i s  a l lows them t o  d e p o s i t  

f a t  f o r  use  l a t e r  i n  t h e  w i n t e r  during g e s t a t i o n .  

The c a l c u l a t e d  i n t a k e  o f  a wi ld  fawn (153 - 182 kcal/W(kg) 

07'/day) i s  c l o s e  t o  t h e  maintenance l e v e l .  Therefore it appears  

t h a t . t h e  c a l o r i c  i n t a k e  of a  w i l d  fawn i s  i n s u f f i c i e n t  f o r  

success fu l  reproduct ion  t o  occur .  

The way i n  which puberty i s  i n h i b i t e d  by low energy i n t a k e  

i s  no t  c l e a r .  The use of proges terone  l e v e l s  t o  i n t e r p r e t  



56. 

ovar ian  a c t i v i t y  i n  t h i s  experiment was inconclus ive .  I n  most 

female mammals, e l eva ted  proges terone  l e v e l s  would i n d i c a t e  t h a t  

ovu la t ion  has occurred and a corpus luteum i s  funct ioning .  How- 

ever  i n  t h i s  experiment, fawns had high proges terone  l e v e l s  

b e f o r e  and a f t e r  t h e  breeding season which presumably came from 

s t imula ted  f o l l i c l e s  o r  i n t e r s t i t i a l  cells .  Therefore ,  high 

proges terone  l e v e l s  during t h e  breeding season may n o t  be i n d i -  

c a t i v e  of normal ovar ian  cyc les  i n  t h i s  experiment. Due t o  t h e  

u n c e r t a i n t y  o f  t h e  r e l a t i o n s h i p  between proges terone  l e v e l s  and 

ovar i an  a c t i v i t y  t h a r e  a r e  2 p o s s i b l e  exp lana t ions  f o r  t h e  ob- 

served  r e s u l t s  : 

1) The high progesterone l e v e l s  of  some o f  t h e  fawns during 

t h e  breeding season may have come from f o l l i c l e s ,  n o t  corpora 

l u t e a .  Since wi ld  fawns o f t e n  develop l a r g e  f o l l i c l e s  they may 

a l s o  have e l e v a t e d  progesterone l e v e l s  dur ing  t h e  breeding sea-  

son. I f  s o ,  one would n o t  expect  t h a t  body weight o r  r e s t r i c -  

t i o n  of  energy i n t a k e  t o  l e v e l s  comparable t o  t h e  wi ld  would 

have any e f f e c t  on progesterone l e v e l s .  

2 )  The high progesterone may r e p r e s e n t  normal ovu la t ion  and 

corpora l u t e a  formation. I f  s o ,  t h e  experimental  fawns were 

q u i t e  d i f f e r e n t  from wild fawns which almost  never  form corpora 

l u t e a  (Thomas 1970) .  Since t h e  fawns i n  t h e  experiment had 

high progesterone l e v e l s  a t  weights  and c a l o r i c  i n t a k e s  compar- 

a b l e  t o  wild fawns, some o t h e r  f a c t o r  would be needed t o  expla in  

t h e  d i f f e r e n c e  between c a p t i v e  and wi ld  fawns. The most obvious 
i 

n u t r i t i o n a l  d i f f e r e n c e  would be t h e  p r o t e i n  i n t a k e .  However, 
! 
i 

s t u d i e s  of  deer  and domestic animals sugges t  t h a t  p r o t e i n  i s  un- 



important i n  in f luenc ing  p r o d u c t i v i t y  and ovar i an  a c t i v i t y  

(Abler e t  a l .  1976; Lamond e t  a l .  1973; Memon e t  a l .  1969). 

The b e s t  way t o  determine which explanat ion  i s  most l i k e l y  

c o r r e c t  would be t o  measure proges terone  l e v e l s  of some w i l d  

fawns during t h e  breeding season. If they  were s e c r e t i n g  pro- 

gesterone but  had no corpora l u t e a ,  it would i n d i c a t e  t h a t  pro- 

gesterone l e v e l s  i n  t h e  experimental  fawns do n o t  n e c e s s a r i l y  

mean t h e  animal has ovulated.  However, t h e r e  is  no da ta  a v a i l -  

a b l e  on progesterone l e v e l s  i n  wi ld  fawns. The only c l u e  a v a i l -  

a b l e  i s  a few ovar ian  s e c t i o n s  from 2 c a p t i v e  fawns, i n  a d d i t i o n  

t o  N2, from t h e  S.F.U. herd  t h a t  d ied  during previous breeding 

season. These s e c t i o n s  con ta in  developing f o l l i c l e s  b u t  no 

corpora l u t e a .  I t  seems l i k e l y  t h a t  they would have had high 

progesterone l e v e l s  because they  were r a i s e d  under s i m i l a r  con- 

d i t i o n s  t o  t h e  fawns i n  p r e s e n t  experiment. Therefore t h e r e  i s  

reason t o  b e l i e v e  t h a t  e l e v a t e d  progesterone l e v e l s  i n  female 

b l a c k - t a i l e d  deer  fawns during t h e  breeding season o f t e n  do n o t  

r e s u l t  from ovu la t ion  and corpora l u t e a  formation. If s o ,  

some o t h e r  technique such a s  laproscopy would be necessary t o  

determine t h e  ovar i an  a c t i v i t y  of  t h e  fawns. Overa l l ,  t h e  i n t e r -  

p r e t a t i o n  of t h e  e l e v a t e d  progesterone va lues  i s  uncer t a in  b u t  

it seems l i k e l y  t h a t  they  do n o t  n e c e s s a r i l y  i n d i c a t e  normal 

ovar ian  cycl ing.  

The c a l o r i c  i n t a k e  of a wi ld  fawn i s  probably i n s u f f i c i e n t  

f o r  success fu l  reproduct ion  t o  occur b u t  t h e  way i n  which puberty 

i s  i n h i b i t e d  i s  n o t  c l e a r .  Reduced c a l o r i c  in take  may: 

i )  i n h i b i t  o v u l a t i o n  



ii) inhibit estrus 

iii) inhibit implantation 

iv) cause early resorption 

Black-tailed deer fawns in the wild almost never breed and 

it is unlikely that any feasible management technique could 

change this. However it should be possible to increase the 

productivity of yearlings and white-tailed fawns by increasing 

the availability of browse species with high digestible energy. 

General Model of Puberty Attainment (Figure 11) 

Newborn female mammals initially secrete low levels of 

L.H. and F.S.H. but levels of both gonadotropins increase 

early in life. This increase occurs at about 1 week of age in 

rats (Ramaley 1979) and at about 8 weeks of age in lambs 

(Foster et al. 1975;- Fitzgerald and Butler 1978). Gonadotropin 

stimulation results in pre-pubertal, non-ovulatory ovarian 

cycles about the time of weaning in rats and lambs (Ramaley 

1979). This period is marked by increased plasma progesterone 

levels, which are apparently caused by luteinization of pre- 

ovulatory follicles. This may explain the elevated progesterone 

levels of the prepubertal fawns in the present experiment. The 

increased progestarone level may cause the decrease in F.S.H. 

that occurs at this time in rats (Ileijs-Roelofs et al. 1975) 

and lambs (Fitzgerald and Butler 1978; Foster et al. 1975). 

Gonzalez-Padillo et al. (1975) and Ryan and Foster (1978) pro- 

pose that the progesterone may be important in initiating and 

synchronizing the L.H. surges of the estrus cycle. 

The first ovulatory surge of L.H. in lambs does not occur 



Figure 11. General pattern of events during puberty in 

mammals. See text for explanation. 





u n t i l  t h e r e  i s  a decrease  i n  t h e  responsiveness of  t h e  hypothala-  

mus t o  t h e  n e g a t i v e  feedback of  e s t r a d i o l  on t o n i c  L.H. l e v e l s  

(Fos ter  and Ryan 1978). P r i o r  t o  t h i s  decrease i n  respons ive-  

ness ,  t h e  b a s a l  l e v e l s  of e s t r a d i o l  i n h i b i t  t o n i c  L.H. l e v e l s  

and thus  prevent  t h e  ovula tory  L.H. surge.  The decrease  i n  

responsiveness is  r e l a t e d  t o  body weight i n  lambs (Fos te r  and 

Ryan 1978) and t o  photoperiod i n  a d u l t  sheep (Legan and Karsch 

1979). This may be t h e  mechanism t h a t  r e s u l t s  i n  most female 

mammals n o t  breeding u n t i l  a c r i t i c a l  weight i s  a t t a i n e d  ( see  

In t roduct ion) .  I n  t h e  p r e s e n t  experiment t h e r e  was no evidence 

t h a t  ovar ian  a c t i v i t y  was inf luenced by body weight.  However 

t h e  value of proges terone  l e v e l s  t o  i n t e r p r e t  ovar ian  a c t i v i t y  

was ques t ionable .  C e r t a i n l y  t h e  r e s u l t s  of  Mueller (1977) 

i n d i c a t e  t h a t  puber ty  a t t a inment  i n  b l a c k - t a i l e d  fawns i s  i n -  

f luenced by body weight .  

Af te r  an i n d i v i d u a l  c r i t i c a l  weight has been reached, o t h e r  

f a c t o r s  can s t i l l  i n f l u e n c e  t h e  o n s e t  of puberty.  I n  female 

mice a male pheremone a c c e l e r a t a s  t h e  onse t  o f  puberty a f t e r  

t h e  c r i t i c a l  weight i s  reached (Vandenbergh e t  a l .  1972). S t r e s s  

i n  t h e  form of temperature extremes, n o i s e ,  handl ing e t c .  has 

been shown t o  a c c e l e r a t e  puberty i n  some cases  and delay puberty 

i n  o the r s  (Ramirez 1973, Ramaley 1974). Therefore s t r e s s  t o  t h e  

animals must be  considered when experiments on puberty a r e  under- 

taken. This i s  t h e  reason t h a t  blood sampling was only done 

once a week. 

~t i s  p o s s i b l e  t h a t  some of t h e  v a r i a t i o n  i n  progesterone 

l e v a l s  was due t o  s t r e s s .  Wesson e t  a l .  (1979) demonstrated 



that the stress of blood sampling, especially when succinyl 

choline is used for immobilization, can cause an increase in 

progesterone levels. They suggest that this progesterone is 

from the adrenals. However, my sampling routine was always the 

same so that although it may have resulted in a change in the 

absolute amount of progesterone, this change would probably 

be relatively constant. The major changes in the relative 

amounts of progesterone suggest that other factors are involved. 

Major increases occurred in most animals after the breeding sea- 

son at a time when the stress to the animals was probably the 

least. Also, Wesson et al. (1979) reported that stress in- 

duced progesterone increases did not occur if tranquillizing 

drugs were used. The final 2 samples in the present experiment 

were done using Xylazine and the fawns were subconscious during 

the blood sampling. However progesterone levels were still 

high in most of the fawns. Therefore, although some of the 

variation in progesterone levels may be due to stress, the 

overall pattern probably represents real changes in ovarian 

secretion. 

There was some indication that the presence of the buck 

may have inhibited ovarian activity in the present experiment. 

All fawns had high progesterone levels in October but when 

daily 4 hour introductions to the buck began, 5 animals exhibi- 

ted a drop in progesterone for that period. In mid-December 

when the fawns were placed with the buck continually, 3 more 

fawns exhibited lower progesterone levels. After mid- January 

when the buck was removed, progesterone levels increased again 



i n  a l l  fawns. Therefore t h e  buck may have caused stress and 

thereby depressed ovar i an  progesterone s e c r e t i o n .  A l t e r n a t i v e l y ,  

ovar ian  a c t i v i t y  may be i n h i b i t e d  by a buck i f  t h e  female i s  

n o t  phys io log ica l ly  prepared  t o  breed. 

The l e v e l  of  n u t r i t i o n  subsequent t o  reaching t h e  c r i t i c a l  

body weight can e f f e c t  puberty a t ta inment .  Underfed r a t s  begin 

f o l l i c u l a r  development when they  a t t a i n  t h e  c r i t i c a l  body weight 

but  do n o t  ovu la te  u n t i l  adequate food i s  provided (Kennedy 

and Mitra 1963; Lintern-Moore and E v e r i t t  1978). Underfed r a t s  

a l s o  o f t e n  f a i l  t o  e x h i b i t  e s t r u s  during t h e i r  f i r s t  few cyc les .  

The l e v e l  of c a l o r i c  i n t a k e  i n  t h e  p r e s a n t  experiment d i d  n o t  

appear t o  in f luence  ovar i an  a c t i v i t y  a s  represented  by proges- 

t e rone  values.  However, low energy i n t a k e  d i d  seem t o  reduce 

t h e  conception r a t e .  

I t  seems l i k a l y  t h a t  body size and c a l o r i c  i n t a k e  may 

i n t e r a c t  t o  r e g u l a t e  puber ty .  A s  body size i n c r e a s e s  t h e  volume 

of t h e  rumen and p o t e n t i a l  food i n t a k e  i n c r e a s e s  a t  a  g r e a t e r  

r a t e  than t h e  metabol ic  requirement.  Therefore l a r g e r  animals 

can more e a s i l y  o b t a i n  t h e i r  metabol ic  requirement of  energy. 

This would exp la in  why y e a r l i n g  females and w h i t e - t a i l e d  fawns 

a r e  a b l e  t o  a t t a i n  puber ty  feeding on t h e  same foods a s  black-  

t a i l e d  fawns. Since they  a r e  l a r g e r  they would have a g r e a t e r  

r a t e  of  c a l o r i c  i n t a k e  r e l a t i v e  t o  t h e i r  requirements.  There- 

f o r e  they would be more l i k e l y  t o  have an excess of  c a l o r i c  

energy t o  devote t o  reproduct ion .  

P a t t e r n  of Growth and Energe t i c s  

The deer  fawns d i sp layed  a  r a p i d  growth r a t e  throughout 



t h e  summer (0 .18  kg/day) which con t inued  i n t o  October.  They 

appear  t o  be e a t i n g  a s  much as they  can a t  t h i s  time and are 

probably  growing a t  t h e i r  maximum r a t e .  The d i g e s t i b l e  energy 

i n t a k e  i n  t h e  e a r l y  f a l l  was 295 kcal/W(kg) 07'/day. Growth 

r a t e  and food consumption began t o  d e c r e a s e  i n  mid-October and 

a t  t h e  end o f  October an  a b r u p t  growth h a l t  and d e c l i n e  i n  food 

i n t a k e  occur red .  The maintenance d i g e s t i b l e  energy requi rement  

a f t e r  t h e  growth h a l t  (173 k ~ a l / W ( k g ) * ~ ~ / d a ~ )  was w i t h i n  t h e  

r ange  o f  i n t a k e s  c a l c u l a t e d  f o r  w i l d  fawns a t  t h i s  t i m e  (153 - 
183 k ~ a l / W ( k g ) - ~ ~ / d a ~ ) .  Therefore  t h e  growth h a l t  appears  t o  

b e  a n  a d a p t i o n  which reduces  t h e  me tabo l i c  demand t o  a l e v e l  

t h a t  can b e  suppor ted  i n  t h e  w i l d .  Th i s  s u g g e s t s  t h a t  t h e  

p a t t e r n  o f  growth and f a t  d e p o s i t i o n  i n  d e e r  i s  g e n e t i c a l l y  

programmed and t h a t  t h e  p a t t e r n  i n  c a p t i v i t y  w i l l  be  e s s e n t i a l l y  

t h e  same a s  t h e  p a t t e r n  i n  t h e  w i ld .  



Conclusions 

R e s t r i c t i o n  o f  c a l o r i c  i n t a k e  appeared t o  p r e v e n t  succes s -  

f u l  r e p r o d u c t i o n  i n  5 female  b l a c k - t a i l e d  d e e r  fawns even 

though t h e y  had a t t a i n e d  body weights  comparable t o  fawns 

which d i d  breed .  

A w i l d  fawn would b e  unab le  t o  o b t a i n  a s u f f i c i e n t  l e v e l  

o f  c a l o r i c  i n t a k e  from n a t u r a l  browse t o  a l l o w  s u c c e s s f u l  

b reed ing .  

Fawns e x h i b i t  e l e v a t e d  p roges t e rone  l e v e l s  b e f o r e ,  du r ing  

and a f t e r  t h e  breed ing  season.  The s o u r c e  o f  a t  l e a s t  

some o f  t h i s  p roges t e rone  may be e n l a r g e d  o v a r i a n  f o l l i c l e s .  

The re fo re  e l e v a t e d  p roges t e rone  l e v e l s  do n o t  n e c e s s a r i l y  

i n d i c a t e  normal o v a r i a n  c y c l e s .  

The p re sence  of a  buck appeared t o  i n h i b i t  p roges t e rone  

s e c r e t i o n  by female fawns. 

Fawns grow r a p i d l y  u n t i l  mid-October b u t  growth v i r t u a l l y  

h a l t s  by t h e  end o f  October.  This  growth h a l t  reduces  

t h e  c a l o r i c  requi rement  of fawns t o  a  l e v e l  which a  w i l d  

fawn could  o b t a i n  from browse a t  t h a t  t i m e  o f  t h e  y e a r .  



Appendix I. Variation in Progesterone Radioimmunoassays 

Since 2 different radioimmunoassay kits (Biokit and New 

England Nuclear) and 2 different extraction solvents (diethyl 

ether and petroleum ether) were used to do the assays, 22 samples 

were reassayed in order to determine if the different assay 

techniques were comparable. These samples had originally been 

extracted with diethyl ether and 9 had been assayed with the 

Biokit and 13 had been assayed with the NEN kit. The replicate 

assay was done with petroleum ether and the NEN kit. 

Original Replicate 
Sample Original Progesterone Progesterone 

Technique Value (ng/ml) Value (ng/ml) 

Dec. 22, 30E 

Nov. 24, 16F 

Dec. 15, ED. 

Dec. 15, OBE 

Dec. 1, 22F 

Dec. 22, 16F 

Jan. 20, 22G 

Jan. 5, 16G 

Dec. 15, 22F 

Nov. 3, N1 

Mar. 17, 16F 

Mar. 17, 22F 

Feb. 16, 22F 

Feb. 16, OBE 

BIO F, DE 

11 

11 

NEN F, DE 

1 I 



Feb. 3 ,  30E NEN 6 DE 0.7 0.5 

Feb. 3 ,  OBE 11 

Feb. 3, 16F ? 1 

Feb. 3, 16G 11 

Feb. 3, ED 11 

Feb. 3, EE 11 

Feb. 3 ,  2F t 1 

Feb. 3, N 1  11 

NEN - New England Nuclear 
B I O  - Biok i t  
DE - Diethyl  e t h e r  

The r e p l i c a t e  va lues  were q u i t e  s i m i l a r  i n  most cases  a l -  

though t h e r e  was an i n c r e a s e  i n  v a r i a b i l i t y  f o r  va lues  less 

than 0.5 ng/ml. and g r e a t e r  than  4.0 ng/ml.. The inc reased  var -  

i a b i l i t y  a t  t h e  lower end of  t h e  s c a l e  i s  due t o  t h e  f l a t t e n i n g  

of  t h e  s t a n d a r d  curve i n  t h i s  a rea .  In  t h i s  a r e a  very s l i g h t  

d i f f e r e n c e s  i n  C.P.M. r e s u l t  i n  s u b s t a n t i a l  d i f f a r e n c e s  i n  t h e  

c a l c u l a t e d  proges terone  va lue .  

However t h e  magnitude of  t h e  observed v a r i a t i o n ,  i n  a l l  

bu t  one c a s e  (Jan. 5, 16G), was n o t  g r e a t  enough t o  a l t e r  t h e  

i n t e r p r e t a t i o n  o f  t h e  r e s u l t s .  Values l e s s  than  0.5 ng/ml. 

would i n d i c a t e  a  non-cycl ing animal and va lues  g r e a t e r  than  

4.0 ng/ml. would i n d i c a t e  ovar ian  a c t i v i t y .  Also t h e r e  was no 

c o n s i s t a n t  p a t t e r n  i n  t h e  d i f f e r e n c e s  between techniques.  

Therafore I cons idered  t h a t  t h e  progesterone va lues  obtained 

i n  d i f f e r e n t  assay  runs and wi th  changes i n  technique were corn- 



parab le  t o  each o t h e r .  

Seven samples were reassayed a f t e r  a chromatographic sep-  

a r a t i o n  had bean done t o  s p e c i f i c a l l y  e x t r a c t  progesterone.  

The chromatographic procedure was done exac t ly  a s  descr ibed  i n  

t h e  N.E.N. k i t .  

Sample 
Proges terone  Value Progesterone Value 
Without Chromatography With Chromatography 

(ng/ml. 1 (ng/ml 1 

Oct. 2 4 ,  30E 

Oct. 2 4 ,  EE 

Oct. 10, 16G 

Dec. 1, OBE 

Jan.  20, 2F 

Oct. 10, OBE 

Apr. 1 2 ,  22F 

The f i r s t  2 samples run  through t h e  column r e s u l t e d  i n  

almost i d e n t i c a l  r e s u l t s  t o  t h e  assay  without  chromatography 

b u t  subsequent samples were extremely v a r i a b l e .  This sugges ts  

t h a t  t h e  column may n o t  have been r i n s e d  s u f f i c i e n t l y  f o r  t h e  

subsequent samples. However t h e  high va lue  f o r  progesterone 

i n  t h e  f i r s t  sample confirms t h a t  t h e  high values obta ined  i n  

assays without  chromatography were indeed progesterone and n o t  

c ross -  r e a c t i n g  compounds. 
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