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ABSTRACT 

i 
I Th i s  s tudy  on puber ty  of  female fawns i n  a c a p t i v e  herd of  

b l a c k - t a i l e d  d e e r  was c a r r i e d  o u t  from 1973 t o  1976. The s t o c k  

l a r g e l y  o r i g i n a t e d  from fawns c o l l e c t e d  from t h e  wi ld  a t  Kelsey 

Bay on Vancouver I s l a n d ,  B r i t i s h  Columbia. 

Wild-caught fawns were hand-raised on evapora ted  milk and 

f ed  a f t e r  weaning on a h igh  p r o t e i n  d i e t  (one except ion :  6 ex- 

per imenta l  fawns i n  1975 on low p r o t e i n  d i e t ) .  Body weights  and 

measurements w e r e  recorded a t  s h o r t  i n t e r v a l s .  The age of  wild- 

caught  fawns was e s t ima ted  from t h e  cap tu re  weight  u s ing  a r eg re s -  

s i o n  formula of weigh t  on age developed from fawns of  known age. 

No d i f f e r e n c e s  w e r e  found i n  t h e  growth o f  hand-ra ised and 

mother-raised fawns (born i n  t h e  enc losu re )  which w e r e ,  t h e r e f o r e ,  

counted t o g e t h e r  when precocious  and non-precocious fawns w e r e  

compared. 

Puber ty  a t t a inmen t  was determined by t h e  subsequent  occur-  

rence  of  p a r t u r i t i o n ,  except  i n  1976/77 when x-ray examination 

w a s  used. Precocious  puber ty  was seen i n  a l l  y e a r s  i n  a propor- 

t i o n  o f  female fawns on high p r o t e i n  d i e t s :  13/20, 1973; 3/7, 

1974; 1/4,  1975; 5/7, 1976. Thus an average of more than  h a l f  

of  t h e s e  fawns showed precocious  puber ty .  In  c o n t r a s t  none of  

6 fawns on a l o w  p r o t e i n  d i e t  ( i n  1975) a t t a i n e d  puber ty  d e s p i t e  

weight g a i n s  s i m i l a r  t o  fawns on h igh  p r o t e i n  d i e t s .  Precocious  

fawns w e r e  s i g n i f i c a n t l y  heav ie r  than  non-precocious fawns a t  

125, 175 and 225 days  of age.  Growth p a t t e r n s  up t o  t h e  i n f l e c -  

t i o n  p o i n t  of  the weight  growth curves  and weights  a t  25 and 75 

days of  age were n o t  d i f f e r e n t  between t h e  two groups. However, 

iii 



a d u l t  weigh t ,  w a s  s i g n i f i c a n t l y  h ighe r  i n  p recoc ious  fawns. 

During t h e  breed ing  season ,  t h e  average weight  o f  expe r i -  

, mental  fawns (bo th  precoc ious  and non-precocious) was s i g n i f -  
1 

' i c a n t l y  h ighe r  than t h e  average weight of  w i ld  fawns. Despi te  

t h i s  s ta t i s t ica l  d i f f e r e n c e ,  t h e r e  w a s  cons ide rab le  o v e r l a p  i n  
I 

I t h e  range  of i n d i v i d u a l  weights  between wi ld  and exper imenta l  

1 fawns. Thus weight  i n f  l uences  the a t t a inmen t  of puber ty  b u t  each 
I 

animal h a s  i t s  own, i n d i v i d u a l  c r i t i c a l  weight  a t  which puber ty  
i 

i s  achieved w i t h i n  a  de f ined ,  spec ies -spec i f  i c  range.  

I 
I t  i s  t h e r e f o r e  p o s t u l a t e d  t h a t  t h e  absence of  puber ty  i n  

1 w i ld  female b l a c k - t a i l e d  d e e r  fawns i s  due t o  i n s u f f i c i e n t  pro- 
i 
j t e i n  supply be fo re  and du r ing  t h e  season a t  which t h e  necessary  
I 
1 
, photoper iod ic  c o n d i t i o n s  e x i s t .  A s  f eed  p r o t e i n  con ten t  a f f e c t s  
I 

! puber ty  a t t a inmen t  i n d i r e c t l y  through i t s  i n f l u e n c e  on weight  
! 

I growth and d i r e c t l y  t6rough i t s  e f f e c t  on t h e  endocr ine  system, 

an i n s u f f i c i e n t  supply of t h i s  n u t r i e n t  can e f f e c t i v e l y  p reven t  

a puber ty .  This  p o s t u l a t e  i s  based on t h e  d i f f e r e n c e s  i n  puber ty  

1 a t t a inmen t  between fawns on high and low p r o t e i n  d i e t s  observed 

i i n  t h i s  s tudy ,  and on publ i shed  obse rva t ions  of  d e e r  and sheep 
I 

]which d e s c r i b e  t h e  r o l e  of  p r o t e i n  supply  i n  weight  achievement 

land endocr ine  func t ion .  
, 
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INTRODUCTION 

The pe r iod  o f  l i f e  a t  which r ep roduc t ion  f i r s t  becomes pos- 

s i b l e  f o r  young mammals i s  known a s  puber ty  ( A s d e l l ,  1964) .  I t  

i s  u s u a l l y  reached a t  a  t y p i c a l  age f o r  each s p e c i e s ,  a l though 

i t s  achievement can be in f luenced  by many f a c t o r s  such a s  n u t r i -  

t i o n ,  season o f  b i r t h  and s o c i o l o g i c a l  f a c t o r s  ( S a d l e i r ,  1969; 

P e r r y ,  1971) .  Puber ty  i s  c h a r a c t e r i z e d  by t h e  r e l e a s e  of  v i a b l e  

gametes from t h e  gonads and an i n c r e a s e d  l e v e l  o f  c i r c u l a t i n g  

e s t r o g e n s  o r  androgens.  The l a t t e r  phenomenon i s  r e s p o n s i b l e  

f o r  t h e  appearance o r  t h e  development o f  t h e  secondary s e x u a l  

c h a r a c t e r s .  Although animals  a r e  capab le  o f  reproduc t ion  a t  

puber ty ,  t hey  u s u a l l y  on ly  reach  t h e i r  f u l l  r ep roduc t ive  c a p a c i t y  

some t i m e  l a t e r  when they  become s e x u a l l y  mature ( C r e w ,  1931; 

Per ry ,  1971) .  

The t i m e  o f  t h e  yea r  a t  which an i n d i v i d u a l  reaches  puber ty  

depends on whether o r  n o t  i t  belongs t o  a s e a s o n a l l y  breed ing  

spec i e s .  I n  non-seasonal  b r e e d e r s ,  puber ty  can be reached a t  any 

t i m e  of  t h e  yea r .  I n  s e a s o n a l l y  breed ing  s p e c i e s ,  young reach 

puber ty  a t  t h a t  t i m e  o f  t h e  y e a r  which i s  c h a r a c t e r i z e d  as t h e  

breed ing  season f o r  t h a t  s p e c i e s  i n  t h a t  l o c a l i t y .  I n  a d d i t i o n ,  

t h e  a t t a inmen t  o f  puber ty  i s  in f luenced  by environmental  f a c t o r s  

( S a d l e i r ,  1969) .  

Within t h e  fami ly  Cerv idae ,  t h e r e  a r e  bo th  s easona l  and non- 

s easona l  b reeders .  T rop ica l  s p e c i e s  such a s  Axis a x i s  ( C h i t a l )  -- 
and Muntiacus muntjak (ba rk ing  d e e r )  can breed a t  any t i m e  o f  t h e  
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y e a r  (Asde l l ,  1964; Whitehead, 1 9 7 2 ) ,  b u t  most d e e r ' h a v e  w e l l  

d e f i n e d  b r eed ing  s ea sons  - e s p e c i a l l y  t h o s e  i n h a b i t i n g  n o r t h e r n  

l a t i t u d e s  (Tab le  I ) .  I n  t h e  two s p e c i e s  o f  t h e  genus Odocoi leus ,  

namely - 0. v i r g i n i a n u s  ( w h i t e - t a i l e d  d e e r )  and 0. hemionus - 
(0.h. hemionus - mule d e e r ,  0 .h .  columbianus - Columbian black-  - - - - 
t a i l e d  d e e r ,  0 .h .  s i t k e n s i s  - S i t k a  d e e r :  Cowan and Guige t ,  - - 
1965) t h e  r u t  t a k e s  p l a c e  i n  f a l l ,  u s u a l l y  from November t o  

December. There a r e  v a r i a t i o n s  between t h e  s u b s p e c i e s ,  however, 

and g e n e r a l l y  b r eed ing  o c c u r s  somewhat e a r l i e r  i n  t h e  sou the rn  

range  o f  t h e  genus and l a t e r  i n  t h e  n o r t h  (Adams, 1960; Cheatum 

and Morton, 1946; C h a t t i n ,  1948; Dasmann and Taber ,  1956; Rust ,  

1946; Thomas, 1970) . Brown (1961) found t h a t  i n  wes te rn  

Washington t h e  peak o f  b r eed ing  o f  t h e  Columbian b l a c k - t a i l e d  

d e e r  occu r r ed  between November 1 0 t h  and 25 th  from 1949 t o  1954, 

and was o n l y  de layed  f o r  t e n  days  by a c o l d  s p e l l  i n  1955. 

Th i s ,  t h e n ,  i s  a l s o  t h e  t i m e  o f  t h e  y e a r  a t  which puber ty  

i s  reached by t h e  young d e e r  (Tab le  I ) ,  a l t hough  t h e y  o f t e n  b reed  

towards  t h e  end o f  t h e  season :  e .g.  i n  New York S t a t e  and i n  

Iowa w h i t e - t a i l e d  does  b reed  i n  t h e i r  f i r s t  y e a r  b u t  abou t  2 t o  

4 weeks l a t e r  t h a n  t h e  a d u l t s  (Asde l l ,  1964; Jackson and 

Hesse l ton ,  1971; Haugen, 1 9 7 5 ) ,  whereas i n  sou the rn  I l l i n o i s  

1 y e a r  o l d s  b reed  4 t o  5 weeks l a t e r  t h a n  o l d e r  does  (Roseberry  

and Kl ims t ra ,  1970 ) .  Thomas (1970) no t ed  t h a t  y e a r l i n g s  o f  

Columbian b l a c k - t a i l e d  d e e r  on Vancouver I s l a n d  bred  la ter  t h a n  

a d u l t s ,  and i n  an  Oregon herd ,  y e a r l i n g s  w e r e  t h e  l a s t  t o  b reed  

eve ry  y e a r  (Hines ,  1968 ) .  Taber (1953) s t a t e d  t h a t  y e a r l i n g  

b l a c k - t a i l e d  d e e r  i n  C a l i f o r n i a  b r eed  l a t e r  t h a n  a d u l t s ,  and 
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Swank (1958) observed t h e  same phenomenon i n  Arizona mule deer .  

The age a t  which puber ty  i s  a t t a i n e d  i n  t h e  Cervidae d i f f e r s  

from s p e c i e s  t o  s p e c i e s ,  and can vary g r e a t l y  w i t h i n  t h e  same 

s p e c i e s  (Table I ) .  One reason  f o r  t h i s  g r e a t  v a r i a t i o n  i s  t h e  

s e a s o n a l i t y  of b reed ing  i n  most dee r .  I f  a  young o f  t h e s e  spe- 

cies does n o t  r each  puber ty  du r ing  t h e  f i r s t  b reed ing  season  o f  

i t s  l i f e ,  it has  t o  w a i t  a f u l l  yea r  f o r  t h e  second season.  

Normally none o f  t h e  t r u e  d e e r  (Cervinae)  reach  puber ty  e a r l i e r  

than  i n  t h e  second y e a r  of  t h e i r  l i f e ,  a l though  under c e r t a i n  

f i e l d  c o n d i t i o n s  sma l l  numbers o f  i n d i v i d u a l s  may breed e a r l i e r .  

An excep t ion  t o  t h i s  s t a t emen t  i s  t h e  w h i t e - t a i l e d  dee r :  it 

f r e q u e n t l y  b reeds  i n  t h e  f i r s t  f a l l  o f  i t s  l i f e  (Table  11). 

Daniel  (1963) r e p o r t e d  t h a t  i n  New Zealand, in t roduced  Javan r u s a  

(C .  - t i m o r e n s i s ) ,  Ceylon sambar (C .  u n i c o l o r )  and r e d  d e e r  (C.  - - 

e laphus)  can reach  puber ty  a t  about  6 months o f  age  when f eed ing  

on c l o v e r  and a l f a l f a  f i e l d s .  These s p e c i e s  u s u a l l y  breed when 

2 y e a r s  o ld .  

I n  mule d e e r  (0. h. hemionus) t h e  f a c t  t h a t  2.2% ( 3  of  138) - - 
of y e a r l i n g s  k i l l e d  by h u n t e r s  i n  Nevada and Utah had t h e  udders 

removed w a s  cons idered  evidence t h a t  t h e s e  animals  had been l a c -  

t a t i n g  and,  t h e r e f o r e ,  been bred a s  fawns (Robine t te  and 

Gashwiler ,  1950) .  However, t h i s  evidence is c i r c u m s t a n t i a l  and 

n o t  i r r e f u t a b l e .  When t h i s  sample was extended t o  540 y e a r l i n g s ,  

no m o r e  l a c t a t i n g  animals  were found (Rob ine t t e  e t  a l . ,  1955) .  -- 
The f i n d i n g  o f  pigmented corpora  l u t e a  scars i n  4.2% o f  y e a r l i n g  

mule d e e r  does  ( 7  of  167) was taken  by Robine t te  e t  a l .  (1955) -- 
a s  an i n d i c a t i o n  t h a t  b reed ing  may o c c a s i o n a l l y  occur  i n  fawns 
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i n  t h e  w i ld  s ta te .  However, no pregnancies  were fodnd i n  107 

female fawns. A s  t h e  udders  were v i r g i n a l  i n  appearance and 

t h e r e  i s  evidence (Gol ley,  1957) t h a t  i n  b l a c k - t a i l e d  d e e r  

corpora  l u t e a  o f  e s t r u s  o c c a s i o n a l l y  form pigmented corpora  

a l b i c a n t i a ,  R o b i n e t t e ' s  e t  a l .  (1955) f i n d i n g  cannot  be taken  -- 
a s  ev idence  t h a t  t h e s e  animals  had bred.  The same a p p l i e s  t o  

Brown's (1961) f i n d i n g  of  2 pigmented s p o t s  u s u a l l y  c h a r a c t e r i s -  

t i c  of  corpora  a l b i c a n t i a  de r ived  from corpora  l u t e a  of  preg- 

nancy, i n  t h e  o v a r i e s  of  a b l a c k - t a i l e d  d e e r  fawn c o l l e c t e d  i n  

Washington i n  A p r i l .  A s  t h e r e  was no s i g n  of  an embryo, Brown 

surmised t h a t  t h i s  animal had bred b u t  los t  t h e  embryos s h o r t l y  

a f t e r  b reed ing  which, i n  t h e  l i g h t  of  G o l l e y ' s  (1957) f i n d i n g s ,  

could be doubted.  Ne i the r  can t h e  f i n d i n g  o f  1 corpus  a l b i c a n s  

i n  1 of  99 15-17 month o l d  mule dee r  by Anderson e t  a l .  (1970) -- 
be taken  as c e r t a i n  evidence of  pregnancy (Thomas, 1970) .  

Jensen and Robine t te  (1955) found a s i n g l e  n e a r l y  f u l l - s i z e d  

f e t u s  i n  a 1 y e a r  o l d  mule d e e r  doe k i l l e d  i n  an a l f a l f a  f i e l d  

i n  Utah, and N e l l i s  e t  a l .  (1976) r epo r t ed  t h a t  one 10-11 month -- 
o l d  mule d e e r  fawn (of  a sample of  1 4 )  c a r r i e d  a 136 day o l d  

f e t u s  ( I n  bo th  c a s e s  age was e s t ima ted  by d e n t i t i o n ) .  Thus 

t h e r e  are on ly  2 i r r e f u t a b l e  ca ses  of r ep roduc t ion  i n  w i ld  f e -  

m a l e  mule d e e r  fawns. 

I n  t h e  b l a c k - t a i l e d  d e e r  t h e r e  a r e  on ly  3 a u t h e n t i c a t e d  

cases of reproduc t ion  i n  f ree- ranging  fawns. Shantz (1943) re- 

po r t ed  t h a t  i n  Oregon 2 b l a c k - t a i l e d  d e e r  fawns w e r e  r a i s e d  i n  

p a r t i a l  c a p t i v i t y ,  r e l e a s e d  when 6 months o l d ,  and t h e  nex t  

s p r i n g  had doe fawns. These fawns i n  t u r n  gave b i r t h  t o  doe fawns 



7 

t h e  fo l lowing  s p r i n g ,  a l though they  had never  been &n c a p t i v i t y .  

They were, however, q u i t e  tame, i n d i c a t i n g  t h a t  t hey  may have 

been r e c e i v i n g  supplementary feed  a l though Shantz does  no t  say  

so .  On November 1 6 t h ,  1971 Thomas and Smith (1973) c o l l e c t e d  a 

female b l a c k - t a i l e d  d e e r  on Vancouver I s l and .  I t  was followed 

by 2 fawns and was l a c t a t i n g .  The age w a s  determined as 1 1 / 2  

y e a r s  by t e e t h  e r u p t i o n ,  wear p a t t e r n  and h i s t o l o g i c a l  examina- 

t i o n  of  s t a i n e d  d e n t a l  cementum. The o v a r i e s  conta ined  2  a c t i v e  

and 2 r eg re s sed  corpora  l u t e a  a s  w e l l  a s  1 corpus  a l b i c a n s .  

This  d e e r  had obvious ly  conceived a s  a  fawn. According t o  Smith 

(pe r s .  comrn., 1975) it had been feed ing  mainly on farm crops .  

Thomas (1970) found no s i g n  of b reed ing  i n  a  t o t a l  o f  59 f e -  

male b l a c k - t a i l e d  d e e r  fawns, and no s i g n  o f  having bred a s  fawns 

i n  70 y e a r l i n g s  c o l l e c t e d  mainly i n  f a l l  and w i n t e r  from 1963 t o  

1967 a t  Northwest Bay, Vancouver I s l a n d .  Also,  no s i g n  of  breed- 

i n g  was found i n  6 female fawns c o l l e c t e d  a t  Kelsey Bay, Vancouver 

I s l a n d ,  i n  January 1975 i n  t h e  course  of t h i s  s tudy ,  o r  i n  20 

female fawns c o l l e c t e d  i n  f a l l  and s p r i n g  from 1968 t o  1970 i n  

McDonald F o r e s t ,  Oregon (Jordan and Vohs, 1976) .  Each one o f  

t h e s e  c o l l e c t i n g  si tes was i n  e a r l y  s t a g e s  of  f o r e s t  succes s ion  

a f t e r  logging  and was, t h e r e f o r e ,  a  good range a s  fo rage  was of  

h igh  q u a l i t y  and q u a n t i t y  (Bunnel l  and Eastman, 1976) .  

Normally, b l a c k - t a i l e d  dee r  reach  puber ty  a s  y e a r l i n g s ,  b u t  

some n o t  u n t i l  t hey  a r e  2  1/2 y e a r s  o l d  (Brown, 1961) .  This  

d e l a y  w a s  found t o  be l i n k e d  t o  poor range c o n d i t i o n s  (Taber,  1953; 

Taber and Dasmann, 1957, 1958) -- i n  extreme cases even 2 year  

o l d s  d i d  n o t  breed.  According t o  Cowan (1956) many b l a c k - t a i l e d  



d e e r  y e a r l i n g s  on t h e  poorer  ranges  of  ~ r i t i s h  Colun'hia do n o t  

breed.  

I t  i s ,  t h e r e f o r e ,  q u i t e  s u r p r i s i n g  t o  f i n d  i n  t h e  l i t e r a -  

t u r e  s e v e r a l  cases r e p o r t e d  where c a p t i v e  o r  semi-capt ive  black-  

t a i l e d  d e e r  have reached puber ty  a t  less than  1 y e a r  of  age ,  

s i n c e  c o n d i t i o n s  i n  c a p t i v i t y  o f t e n  a r e  somewhat less than  op t ima l  

(e .g .  l a c k  of space ,  h igh  d e n s i t y ,  l a r g e  p a r a s i t e  l o a d ) .  Cases 

of  reproduc t ion  i n  c a p t i v e  o r  semi-capt ive  female b l a c k - t a i l e d  

d e e r  fawns have been r e p o r t e d  by Rampont (1926) :  a  15  months 

o l d  doe i n  C a l i f o r n i a  gave b i r t h  t o  a  s i n g l e  fawn, Shantz (1943):  

2 approximately 1 yea r  o l d  does r a i s e d  i n  p a r t i a l  c a p t i v i t y  i n  

Oregon each  gave b i r t h  t o  1 fawn, Cowan and Wood (1955):  t h e  

mating of  a  fawn buck and a  fawn doe a t  t h e  d e e r  u n i t  of  t h e  

Un ive r s i t y  of  B r i t i s h  Columbia produced a  v i a b l e  o f f s p r i n g  and 

Thomas and Smith (1973) : 2 l a r g e  corpora  l u t e a  i n  an unmated 

female aged 9  months a t  t h e  U.  B. C.  d e e r  u n i t .  A semi-capt ive  

mule d e e r  gave b i r t h  t o  a  fawn a t  13 months of age (Crane and 

Jones ,  1953) and 3  c a p t i v e  female mule d e e r  were bred  when less 

than  8 months o l d  (Rob ine t t e  e t  a l . ,  1973) .  A case of b reed ing  -- 
i n  a c a p t i v e  male mule d e e r  fawn was r e p o r t e d  by Robine t te  and 

Gashwiler (1950: a  c a p t i v e  7  months o l d  buck s u c c e s s f u l l y  bred 

a  19 months o l d  doe i n  Utah) .  However, b reed ing  i n  male fawns, 

c o n t r a r y  t o  t h a t  i n  female fawns, i s  n o t  impor tan t  i n  t h e  breed- 

i n g  p o t e n t i a l  and t h e  i n t r i n s i c  popu la t ion  growth rate ( C o l e ,  

1954) of t h e  s p e c i e s  and has ,  t h e r e f o r e ,  n o t  been inc luded  i n  

t h i s  s tudy .  

I t  seems s t r a n g e  t h a t  a s p e c i e s  would have,  and main ta in  

from gene ra t ion  t o  gene ra t ion ,  t h e  c a p a c i t y  t o  breed a t  an e a r l y  
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age, but that this capacity would be realized so rarely within 

the extensive natural range of the species. This study, which 

was carried out from 1973 to 1976, attempted to shed light on 

this phenomenon by answering the following questions: 

1. Does puberty at under 1 year of age in captive female black- 

tailed deer only occur in rare, exceptional cases of reproduc- 

tively anomalous animals or does it occur regularly under certain 

conditions of captivity? Hediger (1964) stated that captivity 

caused sexual precocity in ibex and probably also in elephants 

and apes. 

2. Is a nutritional factor responsible for precocious puberty? 

There is plentiful evidence in many species of deer, including 

0. h. columbianus, that nutrition influences the age at which - - 
puberty is attained (Cheatum and Severinghaus, 1950; Robinette 

et al., 1955; Brown, 1961; Klein, 1970. -- 
3. If a nutritional factor is indeed responsible, would this be 

manifested in differential weights of breeding and non-breeding 

fawns? 



MATERIALS AND METHODS 

A. The Exper imental  Animals 

A l l  animals  used i n  t h i s  s tudy  w e r e  Columbian b l a c k - t a i l e d  

d e e r  (Odocoileus hemionus columbianus).  I n  t h e  f a l l  o f  1972 an  

a d u l t  buck, a fawn buck and an u n r e l a t e d  a d u l t  doe w e r e  ob t a ined  

from a c a p t i v e  herd  on Vancouver I s l a n d  t o  form t h e  nuc leus  of  

a breed ing  herd.  The a d u l t  buck w a s  l e f t  untagged,  t h e  fawn buck 

w a s  cryo-branded (Newsom and S u l l i v a n ,  1968) w i t h  t h e  number 3 ,  

t h e  doe w a s  l e f t  untagged and given t h e  number 0. I n  o r d e r  t o  

o b t a i n  a l a r g e  number of  fawns of known o r i g i n  from one s i n g l e  

popu la t ion  t o  s tar t  t h e  main s tudy ,  animals  w e r e  subsequent ly  

c o l l e c t e d  from t h e  wi ld .  From June 1st t o  20 th ,  1973, 17 newborn 

female fawns ( p l u s  5 buck fawns) w e r e  c o l l e c t e d  i n  t h e  Adam and 

Eve r i v e r  v a l l e y s  nea r  Kelsey Bay on Vancouver IGland. I n  addi-  

t i o n  3 females  and 3 males w e r e  ob t a ined  from people  on o t h e r  

p a r t s  o f  Vancouver I s l a n d  who had taken c a r e  of t h e s e  fawns a f t e r  

t hey  had been picked up a s  "abandoned". The Kelsey Bay fawns 

w e r e  c ap tu red  by d r i v i n g  a long  logging  roads  and f l u s h i n g  does 

fol lowed by fawns through conspicuous behaviour .  The sudden 

f l i g h t  of t h e  dams caused t h e  fawns t o  d rop  immediately (Cowan, 

1956; Downing and McGinnes, 1969) .  On some occas ions ,  when a doe 

was seen  a lone  whose behaviour  i n d i c a t e d  t h a t  a fawn was hidden 

nearby,  t h e  fawn was l o c a t e d  by i m i t a t i n g  a fawn's  d i s t r e s s  c a l l .  

Usual ly ,  t h e  fawn's  h i d i n g  p l a c e  w a s  r evea l ed  by t h e  behaviour  of  

t h e  dam i n  response t o  t h i s  c a l l  (L insda l e  and Tomich, 1953; 



v 

11 

Mueller  and Wooldrige, 1974 unpubl. ,  Appendix A ) .  

t h e  fawns a t  t h e  t i m e  of c o l l e c t i o n  was e s t ima ted  

weight  and g e n e r a l  appearance t o  be between 1 day 

The age of  

from t h e i r  

and 2 weeks. 

~ 1 1  animals w e r e  hand-ra ised.  They were marked w i t h  yellow 

p l a s t i c  e a r - t a g s  ("Lone S t a r " ,  Y-TEX Corpora t ion ,  Cody, ~ y o m i n g )  

bea r ing  b lack  numbers from 1 t o  2 8 ,  s i n c e  marking by cryo- 

branding had proved t o  be  u n s a t i s f a c t o r y .  

I n  1974, between June 1st and 1 6 t h  10 female fawns ( p l u s  1 

buck fawn) w e r e  c o l l e c t e d  i n  t h e  same a r e a  a s  t h e  prev ious  y e a r ,  

and 1 female fawn was ob ta ined  from t h e  F i s h  and W i l d l i f e  Branch 

i n  Nanaimo. They were a l s o  e s t ima ted  t o  be less than  2 weeks o l d .  

Two fawns r e fused  t o  e a t  from t h e  b o t t l e  and d i e d  w i t h i n  1 week 

i n  s p i t e  of  a t tempted force- feed ing ;  t h e  o t h e r s  w e r e  hand-raised.  

Four of t h e s e  hand-ra ised fawns, a f t e r  being marked w i t h  red 

"Lone S t a r "  t a g s  bea r ing  whi te  l e t t e r s  A ,  B ,  C ,  D ,  w e r e  r e l e a s e d  

a f t e r  weaning and t h u s  w e r e  n o t  a v a i l a b l e  f o r  s t u d i e s  on puber ty .  

The buck fawn was k i l l e d  by dogs. The 5 remaining females w e r e  

marked E ,  F ,  I ,  J ,  K .  I n  a d d i t i o n ,  i n  1974 4 females and 3 males 

born i n  t h e  r e s e a r c h  enc losu re  and r a i s e d  by t h e i r  mothers su r -  

v ived u n t i l  t h e  breed ing  season,  and t h e  females  were used f o r  

s t u d i e s  on puber ty  a t t a inmen t .  They w e r e  a l s o  marked w i t h  red  

"Lone S t a r "  t a g s  bea r ing  i n  whi te  t h e  dam's number and a l e t t e r ,  

beginning wi th  A f o r  t h e  f i r s t  fawn: 5-A, 21-A, 22-A (females ,  

born as s i n g l e s  t o  one-year-old dams) , 0-B, ( female ,  born a s  twin 

t o  a d u l t  dam), 1 1 - A ,  23-A (males,  born a s  s i n g l e s  t o  one-year-old 

dams) and 0-A (male, born a s  twin t o  a d u l t  dam). For  l i f e  h i s -  

t o r i e s  and breed ing  r e c o r d s  of exper imenta l  females see Appendix 

E. 
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In 1975 no more deer were collected in the wild, but 14 of 

the females born in the research enclosure survived at least 

until the breeding season. Six of them were hand-raised and 8 

were raised by their mothers. All animals born in 1975 were 

marked with white "Lone Star" tags, bearing in black the mother's 

number and a letter. The female fawns which survived had been 

marked at birth as follows: 2-C, 3-C, 16-C, 17-B, 23-C (born 

as twins to 2 year old dams, hand raised), I-B (born as twin to 

1 year old dam, hand-raised), 5-C, 16-B, 17-C, 22-C (born as twins 

to 2 year old dams, mother-raised) 0-D (born as twin to adult dam, 

mother-raised), and 18-A, 19-A, 31-A (born as singles to 2 year 

old dams, mother-raised). In addition, several males were born 

and several female fawns died in 1975 (as in 1974) from various 

causes (coccidiosis, lactation failure of the mother, attack by 

dogs) before the fall. 

Certain fawns born in the research enclosure in 1976 were 

marked in the same way as the ones born in 1975 (white tags, 

black lettering) and some of these 1976 fawns were also used to 

obtain more data on early weight development and the attainment 

of puberty. Only 3 of the hand-raised animals were extremely 

tame (1973: #6, #27; 1974: #K) and could be handled with relative 

ease - presumably because they had been raised for some time 
alone before joining the fawn herd (collected by hikers etc., 

later donated to the project) - while the others became timid 
after being weaned and would not let themselves be touched, al- 

! though they were not alarmed by the presence of humans. The 

b' 
i mother-raised animals were much shyer, and their flight-distance 
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was somewhere between t h a t  of  hand-ra ised and t h a t  o f  w i ld  dee r .  

The dams of t h e  fawns c o l l e c t e d  i n  t h e  w i ld  were cons idered  

t o  be i n  good p h y s i c a l  c o n d i t i o n  a t  t h e  t ime o f  p a r t u r i t i o n .  

This  can be  a t t r i b u t e d  t o  t h e  abundance o f  food a v a i l a b l e  t o  them 

s i n c e  bo th  t h e  Adam and Eve r i v e r  v a l l e y s  were i n  e a r l y  s t a g e s  

of succes s ion  a f t e r  being a lmost  t o t a l l y  c l e a r e d  o f  mature s t a n d s  

of  t imber  by logging ,  t h u s  prov id ing  op t ima l  browse c o n d i t i o n s  

(Bunnell  and Eastman, 1976) .  Nothing i s  known about  t h e  s t a t e  

of  n u t r i t i o n  o f  t h e  dams of  t h e  fawns who were i n i t i a l l y  ca red  

f o r  by o t h e r  people .  The p h y s i c a l  c o n d i t i o n  o f  t h e  does  g i v i n g  

b i r t h  i n  t h e  enc losu re  was comparable t o  t h a t  observed i n  wi ld  

does. 

B. F a c i l i t i e s  f o r  Maintenance and Manipulat ion o f  Experimental  

Animals 

On June 20 th ,  1973 t h e  fawns were t r a n s f e r r e d  by t r u c k  from 

t h e  c a p t u r e  a r e a  t o  an open-sided greenhouse i n  W e s t  Vancouver 

(16.5m x 4m)  which had been temporar i ly  conver ted  i n t o  a  d e e r  

enc losu re  by cover ing  t h e  s i d e s  w i t h  cha in - l i nk  w i r e .  The f l o o r  

c o n s i s t e d  o f  e a r t h .  The fawns were k e p t  t h e r e  i n  a group f o r  

hand- ra i s ing  u n t i l  October.  

I n  1974, a f t e r  being brought  i n  from t h e  c a p t u r e  area on 

June 1 6 t h ,  t h e  fawns w e r e  k e p t  f o r  hand- ra i s ing  a t  a s i m i l a r  

f a c i l i t y :  a  5  x 10m cha in- l ink  e n c l o s u r e  w i t h  a po lyv iny l  roof  

and e a r t h  f l o o r .  I n  1975 ( a f t e r  removal from t h e i r  c a p t i v e  dams 
f 

a t  about  3 days of  age)  fawns were k e p t  i n  a 5  x 5m enc losu re  

wi thout  a roof  b u t  w i th  a c c e s s  t o  a covered shed. I n  each o f  t h e  
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3  y e a r s  t h e  fawns were weaned on October 1st and t r a n s f e r r e d  

from t h e  r a i s i n g  f a c i l i t y  t o  t h e  r e s e a r c h  e n c l o s u r e  on t h e  same 

d a t e .  

The r e s e a r c h  e n c l o s u r e  (F igure  1) was a fenced o f f  a r e a  of 

t h e  U. B. C.  Research F o r e s t  i n  Maple Ridge, B. C . ,  measuring 

137m x 78m (approx.  1 h e c t a r e ) .  I t  c o n s i s t e d  of  a  low l y i n g  

p a r t  (2/3 of  area) wi th  a  permanent and a seasona l  c r eek  running 

through it, and a  rocky b l u f f  (1/3 o f  a r e a ) .  The rocky s e c t i o n  

w a s  covered wi th  10 y e a r  o l d  c o n i f e r s  - Douglas F i r  [Pseudotsuga 

m e n z i e s i i ,  (Mirb.) Franco] ,  Western Hemlock [Tsuga h e t e r o p h y l l a ,  

(Ref . )  S a r g . ] ,  Western Red Cedar (Thuja p l i c a t a ,  Donn.) mixed wi th  

a  few Red Alders  (Alnus r u b r a ,  Bong.) ,  and t h e  low l y i n g  p a r t ,  

which was q u i t e  swampy excep t  du r ing  t h e  summer, w i t h  rushed 

(Juncus s p . ) .  The t r e e s  and a  sh ing le - roofed  shed (7m x 2.5m) 

provided t h e  on ly  s h e l t e r  from t h e  weather .  The fence was 3.5m 

high  -- the lower p a r t  ( 1 . 2 m )  c o n s i s t i n g  of cha in- l ink  w i r e  of 

which about  20 c m  were dug i n t o  t h e  ground,  and t h e  upper p a r t  of  

spot-welded w i r e  mesh. Feed was given i n  a hay rack and a wooden 

feed  t rough (bo th  5m long)  which were covered by a  roo f .  I f  t h e  

s i z e  o f  t h e  herd  made it neces sa ry ,  a d d i t i o n a l  f eed  t roughs  were 

also put o u t  under t h e  s h e l t e r .  

I n  t h e  nor thwest  co rne r  of  t h e  r e s e a r c h  enc losu re  a  s p e c i a l  

s t r u c t u r e  w a s  b u i l t  f o r  animals  which had t o  be f r e q u e n t l y  han- 

d l e d  or k e p t  s e p a r a t e l y  (F igure  2 a ) .  It  c o n s i s t e d  o f  a  c i r c u l a r ,  

wooden b u i l d i n g  covered by a cone-shaped roof and conta ined  20 

i n d i v i d u a l  s t a l l s ,  a l l  opening w i t h  a  door t o  t h e  c e n t r e  from 

where t h e y  could  be s e r v i c e d  and t o  t h e  o u t s i d e  i n t o  wedge-shaped, 
t 



F i g u r e  1 - O n e  hectare research e n c l o s u r e  a t  U. 8. C. 

R e s e a r c h  Forest, M a p l e  R i d g e ,  B r i t i s h  

C o l u m b i a .  

( n o t  t o  s c a l e )  





Figure 2 - a. Circular building with stalls and outside pens 

used to keep deer individually. 

b. Weighing box and spring scale used to weigh 

experimental deer. 
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2.44m h igh  cha in- l ink  wi re  pens.  The f l o o r  of t h e  b u i l d i n g  and 

t h e  pens w a s  made from a s p h a l t .  The dimensions o f  t h i s  s t r u c t u r e  

were a s  fo l lows:  The c e n t r a l  a r e a  of t h e  b u i l d i n g  was 4m i n  

d iameter  and 4.45m h igh  i n  t h e  c e n t r e .  Each s t a l l  was 2.3m long ,  

65cm wide a t  t h e  i n s i d e  and 105cm a t  t h e  o u t s i d e ,  t h e  a d j a c e n t  

o u t s i d e  pens were 7.08m long and 3.46m wide a t  t h e  o u t s i d e .  Feed 

was provided i n  t h e  s t a l l s  i n  wooden t roughs ,  wate r  i n  p l a s t i c  

con ta ine r s .  By connec t ing  t h e  fence sur rounding  t h i s  s t r u c t u r e  

t o  t h e  pe r ime te r  fence  of  t h e  main r e s e a r c h  e n c l o s u r e  a co rne r  

was fenced o f f  which could be used a s  a  t r a p  i f  c e r t a i n  animals 

had t o  be  caught ,  o r  a s  an a d d i t i o n a l ,  s e p a r a t e  ho ld ing  pen. I t  

a l s o  had a smal l  s h e l t e r  (3.5m x 1.2m). 

C. Feeding Regime f o r  Hand-raising o f  Fawns 

S ince  i t  i s  n o t  p o s s i b l e  t o  o b t a i n  d e e r  milk i n  l a r g e  enough 

q u a n t i t i e s  t o  f eed  it t o  fawns which a r e  be ing  hand-raised,  a 

s u b s t i t u t e  formula must be used.  For economic and p r a c t i c a l  

reasons  i t  i s  b e s t  based on cow's milk o r  p roduc ts  made from it 

which are always a v a i l a b l e  a t  reasonable  c o s t .  

There i s  a  g r e a t  d i f f e r e n c e  i n  composit ion between cow's 

milk  and milk o f  b l a c k - t a i l e d  dee r  (Tables  111, I V ,  and Appendix 

C ) .  K i t t s  e t  a l .  (1956) sugges ted  modifying cow's milk by -- 
a )  d i l u t i n g  it wi th  wate r  t o  lower t h e  l a c t o s e  c o n t e n t  and b) 

adding f a t  (vege t ab l e  o i l )  and p r o t e i n  ( c a s e i n )  i n  o r d e r  t o  

approximate t h e  p r o p e r t i e s  of  d o e ' s  milk  a s  c l o s e l y  as p o s s i b l e .  

I n  s p i t e  o f  t h e  g r e a t  d i f f e r e n c e  i n  composit ion between evapo- 

r a t e d  milk  and milk  of  b l a c k - t a i l e d  d e e r  ( e s p e c i a l l y  w i t h  r ega rd  



T a b l e  111 - Compar i son  o f  n u t r i e n t s  i n  d e e r  a n d  c a t t l e  m i l k  

S p e c i e s  !? o f  $ o f  P a r t i c u l a r s  N u t r i e n t s  a s  % o f  R e f e r e n c e s  
d o e s  s a m p l e s  w h o l e  m i l k  

F a t  P r o t e i n  L a c t o s e  
- --- 

B l a c k - t .  Deer  1 1 Dead a n i m a l  l n  e a r l y  8 . 3  Hagen 
s t a g e s  o f  l a c t a t i o n  ( 1 9 5 1 )  

(g .h . co lumb. )  ( J u n e  1 0 )  

B l a c k - t .  D e e r  2  1 3  y e a r  o l d  d o e  a l i v e ,  1 0 . 5  9 .56  3 . 9 1  K i t t s  e t  a l .  
2 8 t h  d a y  o f  l a c t a t i o n  (1956)- 

1 Same a n i m a l ,  d e a d  1 0 . 5  8 .96  4 . 6 7  
2 8 t h  d a y  o f  l a c t a t i o n  

1 T e r m i n a l  s t a g e  o f  1 0 . 2  8 .14  4 .55  
l a c t a t l o n  

- - - - - -  
B l a c k - t .  Deer  3  1 0  * 1 y e a r  o l d  1 5 . 2 9  6 . 7 5  3.59 T h l s  s t u d y  * *  

e n t i r e  max. 21.2 1 0 . 2  6 . 9 6  
lactation I ?  mln.  9 . 6 2  6 . 7 6  1 . 6  

12  * 2  y e a r  o l d  1 4 . 0 4  8 . 7  3.74 
e n t l r e  max. 1 5 . 4  1 1 . 1 2  6 . 8 1  
l a c t a t l o n  min.  1 1 . 2 3  6 . 6 6  I :  2.13  

1 8  * A d u l t ,  f l r s t  x r 14 .26  8 . 7 6  3.35 
34 weeks  max. 1 7 . 8  1 1 . 9  5 . 2 7  
o f  lactation mln.  1 0 . 2 6  6 . 7 3  2 . 0 8  

Mule D e e r  3  1 About  2  y e a r  o l d  8 . 1 3  Browman a n d  
(O.F. h e m i o n u s )  d e a d  e a r l y  lactation S e a r s  ( 1 9 5 5 )  

( J u l y )  
1 2  1 /2  p e a r  o l d ,  8 .4  

d e a d ,  m l d d l e  o f  
l a c t a t l o n  ( A u q u s t )  

1 2  1/2 y e a r  o l d ,  1 3 . 6  
d e a d ,  beyond  m l d d l e  
o f  l a c t a t l o n  
( S e p t e m b e r )  

W h i t e - t .  D e e r  1 1 1 y e a r  o l d ,  7 . 3  7.04 4.28 Murphy ( 1 9 6 0 )  
(2. v i r q i n i a n u s )  3 r d  week o f  l a c t a t i o n  

W h i t e - t .  D e e r  2  1 Dead,  l a s t  s t a g e  o f  18 .00  1 1 . 5 0  2.22 S i l v e r  ( 1 9 6 1 )  
l a c t a t i o n  (November)  

1 P r o b .  c o l o s t r u m  8 . 0 0  8 . 8 3  3.82 
1 End o f  1st week 8.00 10 .65  2.85 
1 End o f  1st month 7 . 5 0  10 .14  3.00 
1 End o f  l a c t .  ( 5  mos . )  1 1 . 5 0  18.00 2 .22  

Whi te - t .  D e e r  34 1 t o  2 1  d a y s  o f  x 9 . 5  Y o u a t t ,  Verme 
l a c t .  ( N o t  m i l k e d  max. 10 .3  a n d  U l l r e y  
e m p t y )  min. 8 . 1  ( 1 9 6 5 )  

D o m e s t i c  Cow G e n e r a l  4 . 4  3 . 8  4 .9  E s p e  and  
S m i t h  ( 1 9 5 2 )  

G e n e r a l  
G e n e r a l  
Mean 

4 .5  3 .77  4.86 W r i g h t  e t  a l .  
3 .65  3 . 1 3  4.5 ( 1 9 3 9 )  - 
3 . 8  3 .55  4.9 P e t e r s e n  ( 1 9 5 0 )  

D o m e s t i c  Cow, G e n e r a l  7 . 8  6 .8  9 . 6  P e r s .  Comm., 
C a r n a t i o n  Co. L t d .  

e v a p o r a t e d  
G e n e r a l  

( 1 9 7 5 )  
7 . 8  6 .5  9 . 5  P e t e r s e n  (1950)  

* E a c h  s a m p l e  c o n s i s t i n g  o f  2  - 4  s u b s a m p l e s ,  r e p r e s e n t i n g  1 - 2  weeks  o f  l a c t a t i o n  
** P e r c e n t a g e s  of n u t r i e n t s  d e r i v e d  by  a n a l y s e s  a c c o r d i n g  t o  Append ix  C  
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to f a t  and l a c t o s e )  t h e  d i f f e r e n c e  i n  c a l o r i c  v a l u e ' i s  n o t  very  

g r e a t  (Table  I V )  a s  f a t  and l a c t o s e  i n  evapora ted  cow's milk and 

d e e r ' s  milk l a r g e l y  o f f s e t  each o t h e r .  

I n  1954 one of  K i t t s '  co-workers (Bandy, 1955) had t r i e d  t o  

raise b l a c k - t a i l e d  d e e r  fawns on evapora ted  milk d i l u t e d  wi th  

water and, when t h e  animals  developed d i g e s t i v e  d i f f i c u l t i e s  

which he a t t r i b u t e d  t o  d i l u t i o n ,  changed t h i s  t o  concen t r a t ed  

evaporated milk w i th  corn  o i l  on which he r a i s e d  7 fawns success-  

f u l l y .  H i s  conc lus ion ,  however, a l though i n  agreement w i t h  

S i l v e r ' s  (1961) sugges t ion  t h a t  d i g e s t i v e  d i s t u r b a n c e s  ( i n  whi te-  

t a i l e d  d e e r  fawns) may r e s u l t  from t o o  d i l u t e  formulas ,  c o n t r a s t s  

w i th  t h a t  of  P i n t e r  (1962) who surmised t h a t  d i a r r h e a  i n  hand- 

r a i s e d  fawns was caused by t h e  high l a c t o s e  c o n t e n t  of  cow's 

milk and,  t h e r e f o r e ,  d i l u t e d  it wi th  wate r  t o  f eed  roe  d e e r  

(Capreoleus cap reo lus )  fawns. The formula suggested by K i t t s  

e t  a l .  (1956) was improved by Murphy (1960) by adding v i t amins ,  -- 
minera l s ,  t r a c e  e lements  and e m u l s i f i e r  and was used t o  success-  

f u l l y  rear 6  w h i t e - t a i l e d  d e e r  fawns i n  1958. However, when 

Bandy i n  1956 aga in  r a i s e d  a  l a r g e  number (66) of  b l a c k - t a i l e d  

d e e r  (Bandy, 1965) he d i d  n o t  fo l low t h e  sugges t ions  of K i t t s  

e t  a l .  (1956) b u t  f ed  h i s  animals  u n d i l u t e d  evapora ted  milk  f o r t i -  -- 
f i e d  w i t h  mine ra l s  and t r a c e  e lements ,  which w a s  on ly  d i l u t e d  t o  

50% w i t h  water f o r  f eed ing  t h e  fawns s h o r t l y  a f t e r  cap tu re .  Fo r ty  

of t h e s e  fawns c o n t r a c t e d  scou r s  and 10 o f  them d ied .  

It appears  t h a t  a lmost  everyone who has  r a i s e d  d e e r  fawns 

used a d i f f e r e n t  formula and cons idered  it to  be op t imal .  

~ h l e r - ~ c h w a r z e  (1969) r a i s e d  b l a c k - t a i l e d  d e e r  fawns on s t r a i g h t  

g o a t ' s  milk.  T r a i n e r  (1962) r epo r t ed  t h a t  of  435 w h i t e - t a i l e d  



d e e r  fawns 387 (89%) w e r e  s u c c e s s f u l l y  r e a r e d  on raw whole cow's  

milk which,  f o r  t h e  f i r s t  2 weeks, w a s  d i l u t e d  t o  50% w i t h  water 

and t hen  g r a d u a l l y  changed u n t i l ,  from 4-5 weeks o f  age ,  t h e  

fawns r e c e i v e d  s t r a i g h t  cow's  m i l k .  Wagner and Cociu (1967) 

o b t a i n e d  p o s i t i v e  r e s u l t s  by hand- rea r ing  a v a r i e t y  o f  mammalian 

s p e c i e s ,  i n c l u d i n g  roe  d e e r ,  on r e c o n s t i t u t e d  d r y  mi lk  which 

con t a ined  10% d r y  m i l k  f o r  t h e  f i r s t  few days ,  and 20% t h e r e -  

a f t e r .  Youngson (1970) r e p o r t e d  11 r e d  d e e r  c a l v e s  having been 

s u c c e s s f u l l y  r a i s e d  on fu l l -c ream m i l k  powder r e c o n s t i t u t e d  t o  

approximate t h e  composi t ion o f  cow's mi lk .  S i l v e r  (1961) ,  who 

expe r imen ta l l y  compared w h i t e - t a i l e d  d e e r  fawns r a i s e d  on evapo- 

r a t e d  mi lk ,  whole cow's m i l k  and by t h e i r  own mothers ,  found 

t h o s e  r a i s e d  on evapora ted  m i l k  t o  deve lop  f a s t e r  t han  t h e  mother- 

r a i s e d  an imals  and w i t h  less d i g e s t i v e  u p s e t s  t h a n  t h e  ones  

r a i s e d  on whole cow's m i l k .  Long e t  a l .  (1961) a l s o  experimen- -- 

t a l l y  compared w h i t e - t a i l e d  d e e r  fawns r a i s e d  on d i f f e r e n t  d i e t s  

and found t h a t  f e e d i n g  w i t h  r a w  mi lk  r e s u l t e d  i n  t h e  g r e a t e s t  

g a i n s  w h i l e  evapora ted  milk  was second,  p a s t e u r i z e d  homogenized 

milk  t h i r d  and s y n t h e t i c  mi lk  r e p l a c e r  l a s t .  Wood e t  a l .  (1961) -- 
found evapora ted  mi lk ,  f o r  t h e  f i r s t  4 weeks d i l u t e d  w i t h  wa te r  

d e c r e a s i n g l y  from 50% t o  O%, a complete ly  s a t i s f a c t o r y  d i e t  f o r  

b l a c k - t a i l e d  d e e r  fawns when supplemented w i t h  t r a c e  e lements .  

Based on t h e s e  and p rev ious  p e r s o n a l  e x p e r i e n c e s  and f o r  

r ea sons  o f  p r a c t i c a l i t y ,  t h e  d e c i s i o n  w a s  made t o  f e e d  a l l  t h e  

fawns which had t o  be hand- ra i sed  i n  t h e  c o u r s e  of  t h i s  s t udy  on 

evapo ra t ed  mi lk  which was d i l u t e d  w i t h  w a t e r  o n l y  d u r i n g  an 

i n i t i a l  p e r i o d  (Table  V ) .  
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I n  each of t h e  3 y e a r s  when fawns w e r e  hand-rai 'sed, they 

were f e d  by n o t  more than  2 persons  who remained t h e  same 

throughout  t h e  nu r s ing  pe r iod .  They w e r e  f e d  t o  s a t i a t i o n  4 

t i m e s  a  day ( a t  0900, 1400, 1900, 2400).  This  f eed ing  schedule  

w a s  based on pe r sona l  expe r i ences  i n  hand- ra i s ing  o f  ungula tes .  

I t  approximated nu r s ing  by t h e  dam a s  shown by o b s e r v a t i o n s  made 

on 3 nur s ing  does  i n  t h e  course  of  t h i s  s tudy  i n  1975: During 

t h e  i n i t i a l  s t a g e s  of n u r s i n g  t h e r e  w e r e  5  t o  6  s u c k l i n g  p e r i o d s  

pe r  day which, a t  t h e  6 t h  t o  8 t h  week, w e r e  reduced t o  3 s u c k l i n g  

pe r iods .  For t h e  f i r s t  2  weeks t h e  a n a l  and p e r i a n a l  r eg ion  of  

t h e  fawns w a s  g e n t l y  massaged wi th  t o i l e t  paper  du r ing  n u r s i n g  

t o  ensu re  r e g u l a r  d e f e c a t i o n  and u r i n a t i o n  and t o  s t i m u l a t e  

suck l ing  ( ~ { l l e r  - Schwarze, 1969) . 
To wean t h e  fawns, t h e  number of  f eed ings  i n  1973 was r e -  

duced t o  3 f eed ings  on September 4 th ,  2 f eed ings  on September 7 t h  

and 1 feed ing  on September 15 th .  I n  1974 4 f eed ings  were main- 

t a i n e d  throughout ,  b u t  du r ing  t h e  l a s t  3  days  t h e  q u a n t i t y  of  

milk w a s  reduced t o  160cc p e r  f eed ing  (from an ad l i b i t u m  i n t a k e  - 
of approximately  3 0 0 ~ 4 0 0 ~ ~ ) .  I n  1975 t h e  number o f  f eed ings  was 

reduced t o  2  on September 2 1 s t  and t o  1 on September 27th. The 

fawns were weaned wi thou t  d i f f i c u l t i e s  and wi th  no change i n  

t h e i r  growth rates. From October 1st on t h e  fawns w e r e  g iven no 

more milk.  

The d a t e  f o r  weaning was set  a r b i t r a r i l y  as t h e r e  i s  l i t t l e  . 

d e f i n i t i v e  in format ion  on t h e  n a t u r a l  t i m e  o f  weaning i n  t h e  

s p e c i e s  0. - hemionus. Some obse rve r s  have s t a t e d  t h a t  weaning 

t a k e s  p l a c e  a t  approximately  2  t o  2  1/2 months o f  age (mule deer :  



2 4  

Dixon, 1934; C l a r k ,  1953; b l a c k - t a i l e d  dee r :  Tabe r - and  Dasmann, 

1958) .  L i n s d a l e  and Tomich (1953) no ted  t h a t  most b l a c k - t a i l e d  

d e e r  fawns i n  C a l i f o r n i a  a r e  weaned i n  September w h i l e  i n  B r i t i s h  

Columbia l a c t a t i n g  does  can s t i l l  be found i n  November (Thomas 

and Smith,  1973 ) .  I n  t h e  p r e s e n t  s t u d y  a 1 1/2 y e a r  o l d  and a 

2 1/2 y e a r  o l d  doe ceased  l a c t a t i n g  a t  t h e  beg inn ing  o f  December, 

w h i l e  an  a d u l t  doe o f  unknown age was s t i l l  l a c t a t i n g  i n  January .  

P e l l e t e d  ca t t l e  f e e d  (see "Feeding a f t e r  Weaning"),  a l f a l f a  

hay and f r e s h  browse [Salmonberry (Rubus s p e c t a b i l i s ,  P u r s h ) ,  

W i l l o w  ( S a l i x  s p . )  Vine Maple ( A c e r  c i r c i n a t u m ,  Pursh)  Broad- 

l e a f e d  Maple ( A c e r  macrophyllum, P u r s h ) ]  a s  w e l l  a s  w a t e r  w e r e  

a v a i l a b l e  - ad l i b i t u m  and,  s t a r t i n g  from about  1 week o f  age ,  t h e  

fawns a te  i n c r e a s i n g l y  l a r g e r  q u a n t i t i e s  o f  s o l i d s .  During t h e  

f i r s t  month a l l  fawns t w i c e  r e ce ived  lcc Pro-Vite ( V i t .  A,  D ,  E , ;  

Aye r s t  Lab., Montreal ,  Quebec) mixed w i t h  t h e i r  formula .  

S i x t e e n  i n d i v i d u a l  fawns i n  1973 w e r e  observed  t o  beg in  

rumina t ing  between J u l y  1 4 t h  and August 1 8 t h ,  w i t h  a mean d a t e  

of  J u l y  27 th  and a mean age  o f  50 days  (36-73). The age o f  t h e s e  

fawns w a s  e s t i m a t e d  - a p o s t e r i o r i  by r e g r e s s i o n  formula  I, Table  

X. T h i s  o b s e r v a t i o n  i n d i c a t e s  t h a t  s o l i d  food i s  impor t an t  t o  

I' t h e  n u t r i t i o n  o f  fawns a t  a  ve ry  e a r l y  age .  

22 

b A l l  fawns a l s o  a t e  e a r t h  and f e c e s .  T h i s  coprophagia  f a c i l -  
i 

i t a t e d  an ou tb reak  of  b a c t e r i a l  s c o u r s  ( C o l i  e n t e r i t i s )  i n  1973 

which a f f e c t e d  a lmos t  a l l  fawns, a f t e r  a  s c o u r i n g  mule d e e r  fawn 

had been i n t roduced  i n t o  t h e  herd  (Table  V I ) .  No b a c t e r i a l  s c o u r s  

occu r r ed  i n  1974, b u t  i n  1975 aga in  s e v e r a l  fawns w e r e  a f f e c t e d .  
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r a i s e d  and o f t e n  r e s u l t  i n  t h e  d e a t h  of t h e  animals ' (Bandy,  1965; 

Long e t  -- a l . ,  1961) .  Contrary  t o  t h e  b e l i e f  o f  some workers t h a t  

t h i s  d i g e s t i v e  d i s t u r b a n c e  i s  caused by t h e  milk  formula being 

t o o  d i l u t e d  (Bandy, 1955; S i l v e r ,  1961) o r  n o t  s u f f i c i e n t l y  

d i l u t e d  ( P i n t e r ,  1 9 6 2 ) ,  t h e r e  can be no doubt t h a t  it i s  a bac- 

t e r i a l  i l l n e s s  caused by Esche r i ch i a  c o l i  w i t h  d i e t  on ly  p l ay ing  

a p red i spos ing  r o l e  (Krarner -- e t  a l . ,  1971; Manninger and Mocsy, 

1959) .  I t  responds promptly t o  a n t i b i o t i c  t he rapy  ( T r a i n e r ,  1962; 

Wagner and Cociu,  1967) which, i n  t h i s  s t u d y ,  was supplemented by 

d i e t a r y  measures. A s  soon a s  d i a r r h e a  i n  a fawn was d i scove red ,  

t h e  animal was no longe r  fed  milk.  I n s t e a d ,  a t  t h e  r e g u l a r  feed- 

i n g  t i m e s ,  it rece ived  camomile t e a  ad l i b i t u m ,  which has  h e a l i n g  - 
p r o p e r t i e s  and r e p l a c e s  t h e  f l u i d  which i s  l o s t  due t o  d i a r r h e a .  

Once a day lcc Chlora lean  ( lcc  = 150 mg Chloramphenicol; MTC 

Pharmaceut icals  L td . ,  Hamilton, On ta r io )  was mixed wi th  t h e  t e a ,  

which w a s  always taken  by t h e  fawns wi thou t  h e s i t a t i o n .  Usual ly ,  

t h e  d i a r r h e a  d i sappeared  w i t h i n  1 day o f  t r ea tmen t .  The day f o l -  

lowing t h e  i l l n e s s  t h e  conva lescen t  animal was given i t s  milk 

formula mixed wi th  some Kaopectate ( k a o l i n  p l u s  p e c t i n ;  Upjohn Co. 

of Canada, Don M i l l s ,  Ont.)  and f lax-seed  mucus. With t h i s  t r e a t -  

ment a l l  fawns which had c o n t r a c t e d  b a c t e r i a l  s cou r s  recovered 

wi thout  excep t ion  (Table  V I ) ,  and weight  l o s s e s  o r  r e d u c t i o n s  i n  

t h e  growth rate due t o  prolonged i l l n e s s  d i d  n o t  occur .  

None of t h e  fawns r a i s e d  by t h e i r  mothers developed b a c t e r i -  

a l  scours .  This  can probably be a t t r i b u t e d  t o  t h e  i n g e s t i o n  o f  

a n t i b o d i e s  w i t h  t h e  mother ' s  milk.  However, a cons ide rab le  pro- 



  or ti on of t h e s e  mother-ra ised fawns c o n t r a c t e d  cocCid ios i s  

(Table VI) which was diagnosed by c o p r o l o g i c a l  examination 

(oocys t s  of  Eimeria  s p . ) .  This  d i s e a s e  developed i n  t h e  l a t e  

s t a g e s  of n u r s i n g  when t h e  fawns were a l r e a d y  e a t i n g  app rec i ab l e  

q u a n t i t i e s  of  s o l i d s .  I f  c o c c i d i o s i s  was diagnosed i n  i t s  e a r l y  

s t a g e s ,  it u s u a l l y  responded t o  t r ea tmen t  w i t h  Polyansyn ( e f f e c -  

t i v e  i n g r e d i e n t :  Sulfamethacine;  Ayers t  Lab., Mont rea l ) :  

20cc/day given per - o s  f o r  a p e r i o d  of  3 t o  4 days u n t i l  d i a r r h e a  

stopped.  

D. Feeding a f t e r  Weaning 

Work on l a b o r a t o r y  and farm animals  has  shown t h a t  puber ty  

i n  female m a m m a l s  i s  a f f e c t e d  by t h e  l e v e l  of  n u t r i t i o n  and t h a t  

an i n s u f f i c i e n t  supply o f  p r o t e i n  can de l ay  puber ty  very s i g n i f i -  

c a n t l y ,  even when t h e  t o t a l  amount of  food e a t e n  i s  normal 

(Pe r ry ,  1971) .  Furthermore,  many r e s e a r c h e r s  have e s p e c i a l l y  

emphasized t h e  importance o f  p r o t e i n  t o  t h e  growth, h e a l t h  and 

reproduc t ion  o f  d e e r  (E inarsen ,  1 9 4 6 ;  French e t  a l . ,  1956; Taber -- 
and Dasmann, 1958, Swank, 1958, Danie l ,  1963; Murphy and Coates 

1966, U l l r ey  e t  a l . ,  1971; Robine t te  e t  a l . ,  1973) .  -- -- 
D i e t s  dev ised  t o  be op t imal  f o r  t h e  maintenance and propaga- 

t i o n  of  d e e r  i n  c a p t i v i t y  have, t h e r e f o r e ,  always been formulated 

t o  con ta in  a high percen tage  o f  p r o t e i n .  Bandy (1955) used t h e  

formula shown i n  Table V I I  ( U .  B. C. r a t i o n  #15-52) t o  f eed  black- 

t a i l e d  d e e r  a t  2 q u a n t i t a t i v e  l e v e l s  w i thou t  o t h e r  n u t r i t i v e  sup- 

plements.  H e  used an a lmost  i d e n t i c a l  formula ( U .  B. C. r a t i o n  

#15-56) i n  1957 (Bandy, 1965) .  A s i m i l a r  r a t i o n  w a s  formulated 



T a b l e  V I I  - Feed  f o r m u l a e  on which b l a c k - t a i l e d  d e e r  were  s u c c e s s f u l l y  m a i n t a i n e d  

A. U.B.C. Deer R a t i o n  #15-52, b a s e  components  

% o f  w e t  w e i g h t  - % o f  d r y  w e i g h t  

Mois ture  10.4 
P r o t e i n  15 .4  1 7 . 3  
F a t  4 .0  4.5 
F i b r e  8 .4  9 .5  
N.F.E. 53.6 60.0  
Ash 7 .7  8 .7  

B. B u c k e r f i e l d  20% C a l f  S t a r t e r  P e l l e t s ,  f o r m u l a t i o n ,  i n  l b s . / m e t r i c  t o n  

Crushed B a r l e y  625 Rapeseed Meal 90 Compl. Horse  Mic ro  Mix: 
Crushed O a t s  100  Soybean O i l  20 V i t .  A m i l .  i . u .  10  C h o l i n e  C h l o r i d e  gm 100 
Crushed Corn 200 A l f a l f a  Dehyd. 60 D m i l .  i . u .  2  Copper  gm 6  

Bran 110  S a l t  1 5  E t h o u s .  i . u .  20 Manganese gm 50 
S h o r t s  140 Phosph.  D e f l .  10 K qms 1 Z i n c  gm 60 

Soybean 4 8  1 /2% 375 L imes tone  10 812 mg 2.9 I r o n  gm 10  
M a l t  S p r o u t s  75 M o l a s s e s  165 R i b o f l a v i n  gm 1 . 3 3  C o b a l t  gm 2  

Compl. Horse  N i a c i n  gm 1 2  I o d i n e  gm 2  
Mic ro  Mix 5  C a l .  P a n t o t h e n a t e  gm 8 . 1  P e n i c i l l i n  gm 2  

F o l i c  Acid  gm 0 .5  

C. Simon F r a s e r  U n i v e r s i t y  E x p e r i m e n t a l  Deer R a t i o n :  3  i s o c a l o r l e  f o r m u l a e ,  d i f f e r i n g  
i n  p r o t e i n ,  f o r m u l a t i o n  i n  l b s . / m e t r i c  t o n  

15% P r o t e i n  10% P r o t e i n  7  % P r o t e i n  

Ground B a r l e y  700 570 820 
Ground O a t s  300 750 
Ground Corn 150 500 500 

S h o r t s  400 Cassava  Meal 500 
Soybean 48  1/2% 1 2 5  
M a l t  S p r o u t s  100 
A l f a l f a  Dehyd. 30 

S a l t  10  2  0  20 
Phosph. Def 1. 5  5  5  
Limes t o n e  2  5  2 5  2 5  
D i s t .  S o l s .  5  0  
Molasses  100 125 125 
Compl. Horse M i c r o  Mix 5 5  D a i r y  Mic ro  5  

Mix ( s e e  be low)  

T o t a l  2000 2000 2000 

D a i r y  Micro Mix M i t .  A. m i l .  i . u .  
D 3  m i l .  i . u .  
E. t h o u s .  i . u .  
Copper  gm 
Manganese gm 
Z i n c  gm 
C o b a l t  gm 
I o d i n e  gm 
Magnesium gm 
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by Ullrey -- e t  a l .  (1971) f o r  w h i t e - t a i l e d  d e e r .  I n  t h i s  s tudy  

the  fol lowing p e l l e t e d  f e e d s  were used: 

A. Calf S t a r t e r  P e l l e t s  ( ~ u c k e r f i e l d  L td . ,  Vancouver, B.  C . ) ,  

containing 20% p r o t e i n  (rnin. ) , 4 %  f a t  (rnin. ) and 6.7% f i b e r  

(Table V I I )  . D i g e s t i b l e  energy was 3167 kcal/kg.  

B. Full-Flow Dairy P e l l e t s  (Bucker f ie ld  Ltd. )  

1. c o n t a i n i n g  16% p r o t e i n  (rnin. ) , 3% f a t  (rnin. ) and 

7.7% f i b e r .  D i g e s t i b l e  energy w a s  3140 kcal/kg.  

2. con ta in ing  1 4 %  p r o t e i n  (rnin. ) , 3% f a t  (rnin. ) and 

9% f i b e r  (max.) .  

The formulat ion of  t h e s e  f eeds  was n o t  a v a i l a b l e  from t h e  manu- 

f  ac turer .  

C. Simon F r a s e r  Un ive r s i t y  Experimental  Deer Ration:  3  i s o -  

ca lo r i c  formulae,  d i f f e r i n g  i n  p r o t e i n  (Table V I I )  . 
A s  p rev ious ly  mentioned, a l l  fawns used i n  t h i s  s tudy  had 

f r ee  access  t o  s o l i d  food ( p e l l e t e d  f eed ,  a l f a l f a  hay and f r e s h  

browse) du r ing  t h e  nu r s ing  pe r iod .  A f t e r  weaning (October 1st) 

the  same f o o d s t u f f s  were f ed  ad l i b i t u m ,  a l though  browse was - 
discontinued du r ing  t h e  t i m e  when t h e  deciduous t r e e s  were with- 

ou t  l eaves .  This  d i e t  w a s  supplemented wi th  some pen v e g e t a t i o n  

which w a s  on ly  o f  s u b s t a n t i a l  q u a n t i t y  i n  e a r l y  f a l l  of  1973, 

bu t  soon decreased t o  an i n s i g n i f i c a n t  amount t h e r e a f t e r  because 

the  deer  des t royed  a lmost  a l l  p a l a t a b l e  v e g e t a t i o n  w i t h i n  reach.  

A l f a l f a  hay was a v a i l a b l e  ad l i b i t u m  throughout  t h e  s tudy  - 

t o  a l l  d e e r  except  t h o s e  on a  reduced p r o t e i n  d i e t .  Deer do n o t  

eat the  c o a r s e r  p a r t s  of  a l f a l f a  hay, and i n  o r d e r  t o  reduce 

waste on ly  3rd and 4 t h  c u t ,  con ta in ing  a  h ighe r  p ropor t ion  o f  t h e  
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l eaves  and f i n e  stems which a lone  a r e  t aken  by t h e  d e e r ,  was 

fed. The p o r t i o n  of  t h e  a l f a l f a  hay which i s  a c t u a l l y  i n g e s t e d  

con ta ins  18.7% of  p r o t e i n  (Smith,  1952) .  

E .  Weights and Measurements 

Three measurements o f  body s i z e  w e r e  t aken  and recorded a t  

i n t e r v a l s  i n  o r d e r  t o  a s s e s s  t h e  growth o f  t h e  exper imenta l  

animals: weight  ( i n  k g ) ,  l e n g t h  o f  h ind- foo t  and h e a r t  g i r t h  

( i n  c m ) .  Hear t  g i r t h  i s  t h e  minimal c h e s t  c i rcumference a t  t h e  

he igh t  o f  e x h a l a t i o n  d i r e c t l y  caudal  o f  t h e  scapulae .  The l e n g t h  

of t h e  hind-foot  i s  t h e  d i s t a n c e  from t h e  p o i n t  o f  t h e  hoof t o  

the  t i p  o f  t h e  ca lcaneus .  The measurements w e r e  t aken  w i t h  a 

p l a s t i c  measuring t ape .  

A t h i r d  commonly used l i n e a r  measurement, namely h e i g h t  o f  

w i the r s  (Bandy, 1955; Brody, 1964) w a s  omi t t ed .  The accuracy of  

t h i s  measurement was u n s a t i s f a c t o r y  due t o  t h e  nervousness  and 

cons tan t  movements o f  t h e  d e e r  and t h e i r  tendency t o  lower t h e i r  

p e c t o r a l  g i r d l e  when touched a t  t h e  w i t h e r s .  The weighing and 

measuring schedule  i s  o u t l i n e d  i n  Table V I I I .  

Young fawns were weighed by a person ho ld ing  them whi le  

s tanding  on a p l a t fo rm s c a l e  w i th  a maximum c a p a c i t y  o f  160 kg. 

and a 0.1 kg. g radua t ion  (Health-O-Meter, Con t inen ta l  Sca l e  Corp., 

Chicago, I l l . ) .  The fawns w e r e  u s u a l l y  t o o  heavy f o r  t h i s  pro- 

cedure a f te r  October,  and from then  on they  w e r e  weighed i n  a 

wooden box ( l eng th :  91cm, he igh t :  122cm, width:  4 1 c m ) .  Th is  

box had v e r t i c a l l y  s l i d i n g  s o l i d  doors  a t  bo th  ends and, i n  addi-  

t i o n ,  on one end a wire-screen door (F igure  2 b ) .  To p l a c e  an  
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animal i n t o  t h e  box bo th  s o l i d  doors  were l i f t e d  up, and t h e  

open end o f  t h e  box w a s  p laced  i n  f r o n t  of  t h e  opened door of  

a s t a l l .  The fawns w e r e  t hen  d r i v e n  i n t o  t h e  box and t rapped  

when t h e  s o l i d  s l i d i n g  doors  were dropped. The box was connec- 

t e d  by a s p r i n g - s c a l e  wi th  a maximum c a p a c i t y  of 4 0 0  l b s .  and 

a 1 l b .  g r adua t ion  (No. 118 Detecto  Matic,  Detecto S c a l e s ,  I nc . ,  

Brooklyn, N. Y.  ) and a rope and p u l l e y  t o  a steel beam which 

p r o j e c t e d  a t  r i g h t  ang le  from t h e  v e r t i c a l ,  wooden c e n t r e  p i l l a r  

of t h e  c i r c u l a r  b u i l d i n g  a t  t h e  r e s e a r c h  enc losu re .  This  steel 

beam could be moved i n  a c i r c u l a r  f a sh ion  w i t h  t h e  wooden p i l l a r  

a s  a hub. By us ing  t h e  p u l l e y ,  t h e  box could  be e a s i l y  l i f t e d  

by one person f o r  weighing o r  f o r  moving it from one s t a l l  t o  

t h e  nex t .  A s  f a r  a s  p o s s i b l e  t h e  animals  were weighed a t  t h e  

same t i m e  o f  day a t  each weighing. Mother-raised fawns whi le  

nu r s ing  and weaned fawns w e r e  weighed i n  t h e  e a r l y  a f t e rnoon ,  

which i s  a t i m e  of reduced a c t i v i t y  f o r  t h e  d e e r  and i s  about  

halfway between t h e  morning and evening feed ing  pe r iods .  Nursing 

hand-raised fawns were weighed be fo re  t h e  morning feed ing .  

As d e e r  grow l a r g e r  and less manageable it becomes more d i f -  

f i c u l t  t o  r e s t r a i n  them i n  o r d e r  t o  t a k e  a c c u r a t e  l i n e a r  measure- 

ments. Therefore ,  a f t e r  few months of age l i n e a r  measurements 

were on ly  taken i n  a few cases .  A d d i t i o n a l l y ,  weight i s  t h e  

f a s t e s t  changing parameter  a s  it i s  on ly  6 %  of  t h e  a d u l t  weight 

a t  b i r t h ,  whi le  h e a r t  g i r t h  a t  b i r t h  i s  2 7 %  o f  t h i s  measurement 

i n  a d u l t s ,  and hind-foot  l e n g t h  i s  4 5 %  (Bandy, 1955) .  Changes 

i n  body s i z e  and d i f f e r e n c e s  of growth w i t h  t i m e  between ind iv id -  

u a l  animals  are, t h e r e f o r e ,  most r e a d i l y  d e t e c t a b l e  i n  series of  



weight measurements (F igure  3 ) .  

I n  o r d e r  t o  document t h e  v a r i a t i o n  i n  growth curves  and t o  

compare growth between d i f f e r e n t  groups of an imals ,  it i s  neces- 

s a r y  t o  d e s c r i b e  t h e  growth p a t t e r n  mathemat ical ly  ( t h e  o b j e c t  

of t h i s  d e s c r i p t i o n  w a s  t o  compare i n d i v i d u a l s  and groups of  

d e e r  p r i o r  t o  and a t  puber ty  and no t  t o  d e r i v e  growth rates o r  

growth c o n s t a n t s ) .  Four t ypes  of comparisons were formed: 

1. Linear  r e g r e s s i o n  and c u r v i - l i n e a r  r e g r e s s i o n  formulae t o  

t h e  p o i n t  o f  i n f l e c t i o n  ( s e l f - a c c e l e r a t i n g  phase*) 

2. Weights achieved a t  s p e c i f i c  ages.  

3 .  T i m e  t o  double  b i r t h  weight .  

4 .  Weight a t  b reed ing  season a s  percen tage  of  a d u l t  weight.  

F. Age Es t imat ion  of Wild-Caught Fawns 

A f t e r  t h e  female fawns t h a t  w e r e  t o  be used i n  t h i s  s tudy  

had been c o l l e c t e d  i n  t h e  w i ld ,  t h e  problem of  de te rmin ing  t h e i r  

age presen ted  i t s e l f .  They w e r e  a lmost  c e r t a i n l y  n o t  o l d e r  than  

2 weeks ( b u t  probably much younger) a t  t h e  t ime of  c a p t u r e ,  s i n c e  

b l a c k - t a i l e d  d e e r  fawns on ly  respond t o  danger by "dropping" 

behaviour  f o r  a very s h o r t  t ime a f t e r  b i r t h  (Cowan, 1956) and, 

t h e r e f o r e ,  can be c o l l e c t e d  by simply p i c k i n g  them up on ly  on 

rare occas ions  a f t e r  t h e  3rd week of  June (Thomas, 1970; Brown, 

1961) .  A t  t h i s  t i m e  t h e  o l d e s t  fawns a r e  about  3 weeks o l d .  For  

t h i s  s tudy  no fawns w e r e  c o l l e c t e d  a f t e r  June 20th i n  1973 and 

June 1 5 t h  i n  1974. 

*This phase of  growth w a s  de sc r ibed  by Brody (1964) a s  be ing  
c h a r a c t e r i z e d  by " t h e  p r i n c i p l e  of  compound i n t e r e s t ,  w i th  t h e  
i n t e r e s t  added t o  t h e  c a p i t a l  from moment t o  moment" (p.  515) .  



Figure  3 - Typica l  growth curves  ( female  #1, w i l d  born hand- 

r a i s e d ) .  

Capture d a t e :  June 8, 1973 

Est imated age a t  c a p t u r e  - i f  s i n g l e t o n :  0 days 

- i f  twin: 2 days  
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The reason f o r  e s t i m a t i n g  t h e  age a t  c a p t u r e  and t h u s  t h e  

d a t e  o f  b i r t h  was t o  r eco rd  a s  a c c u r a t e l y  a s  p o s s i b l e  age and 

s i z e  o f  t h e s e  d e e r  a t  t h e  t i m e  of  t h e i r  f i r s t  concept ion.  This  

d a t e  w a s  determined by s u b t r a c t i n g  203 days  from t h e  d a t e  one 

day be fo re  p a r t u r i t i o n .  However, 203 days  r e p r e s e n t  t h e  mean 
- 

of t h e  g e s t a t i o n  pe r iod  (Gol ley ,  1957: 199-207 days ,  x = 203, 

n=5) which can range from a minimum of 183 days  t o  a maximum of  

212 days  (Cowan, 1956; n=10) .  An e r r o r  of  up t o  +20 o r  -9 days  

i n  c a l c u l a t i n g  t h e  concept ion  d a t e  by us ing  t h e  mean o f  t h e  

g e s t a t i o n  pe r iod  i s  t h e r e f o r e  p o s s i b l e .  I n  o r d e r  t o  minimize a 

second source  of  inaccuracy  when c a l c u l a t i n g  t h e  age of  a wi ld-  

caught  d e e r  a t  concept ion ,  i t s  b i r t h  d a t e  was e s t ima ted  more 

a c c u r a t e l y  by a r e g r e s s i o n  formula.  

For t h e  c a l c u l a t i o n  of  t h i s  formula (and 3 o t h e r  formulae 

which l a t e r  were n o t  used f o r  age e s t i m a t i o n )  d a t a  were on ly  used 

from animals t h a t  a )  were of t h e  same s tock  a s  t h e  fawns whose 

age w a s  t o  be e s t ima ted  (Kelsey Bay s t o c k ) ,  b )  w e r e  o f  t h e  same 

sex ,  c )  had been measured d a i l y  f o r  t h e  pe r iod  from which t h e  d a t a  

w e r e  used,  and d )  had no t  s u f f e r e d  from any long-term i l l n e s s .  

This  formula w a s  developed from t h e  d a i l y  measurements o f  body 

weight f o r  t h e  f i r s t  9 days  p o s t  partum of  7 mother-ra ised twin 

female fawns born a t  known t i m e s  i n  t h e  exper imenta l  herd i n  1975 

(Table  1x1. The d a t a  o f  tw ins  w e r e  chosen,  because Thomas' s t u d i e s  

a t  N. W. Bay (an a r e a  similar  and c l o s e  t o  t h e  c o l l e c t i o n  s i te  of  

t h e  exper imenta l  d e e r )  showed t h a t  100 does  produced 137 fawns, 

which means (as a lmost  100% became pregnant )  t h a t  t h e r e  are 

s l i g h t l y  more twins  than  s i n g l e t o n s  (74 twins  t o  63 s i n g l e t o n s )  
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born and t h a t ,  t h e r e f o r e ,  presumably a l a r g e r  percen tage  of t h e  

. c o l l e c t e d  fawns w e r e  a l s o  twins  (Thomas, 1970) .  The f a c t  t h a t  

a fawn w a s  caught  a s  a s i n g l e t o n  o r  a twin d i d  n o t  n e c e s s a r i l y  

mean t h a t  it had been born a s  such.  I ts  s i b l i n g  could  have d i e d ,  

been k i l l e d  by a p r e d a t o r  o r  n o t  been d e t e c t e d  du r ing  t h e  cap- 

t u r e  o p e r a t i o n .  I t  was a l s o  found t h a t ,  i f  ano the r  r e g r e s s i o n  

formula w a s  used which was developed from t h e  weight d a t a  f o r  t h e  

f i r s t  9 days  p o s t  partum of  6 s i n g l e  fawns born i n  c a p t i v i t y  i n  

1974 (Table  I X ) ,  t h e  age of  cap tured  wi ld  fawns c a l c u l a t e d  from 

t h e i r  weight  by t h i s  formula d i f f e r e d  on ly  by a maximum of  4.6 

days ( s i n g l e t o n s  grow f a s t e r  than  tw ins )  from t h a t  determined by 

us ing  t h e  d a t a  o f  7 twins  born i n  1975 (Table  X ) .  The use  of  t h e  

twin formula f o r  a l l  fawns was, t h e r e f o r e ,  cons idered  t o  be j u s t i -  

f i e d .  

I n  1976 more d a t a  on fawn growth were ob ta ined  and t h e  re- 

g r e s s i o n  formulae were r e v i s e d  (Table  I X )  . The d i f f e r e n c e  i n  

t h e  e s t ima ted  ages  of  cap tu red  wi ld  fawns by us ing  t h e  1975 d a t a  

o r  t h e  combined 1975/76 d a t a  were s o  s m a l l ,  t h a t  t h e  use  o f  t h e  

o r i g i n a l  formula (formula 1, Table  I X )  was cont inued.  I t  should 

be po in t ed  o u t  t h a t  an inaccuracy  of  a few days i n  e s t i m a t i n g  

age i s  n e g l i g i b l e  when comparing does who d i d  o r  d i d  n o t  a t t a i n  

puber ty .  Growth i n  l a t e  f a l l  i s  extremely slow and weight 

changes l i t t l e  i n  a few days .  

Table  X shows t h e  weights  of  t h e  fawns a t  c a p t u r e  and t h e i r  

ages  c a l c u l a t e d  from t h e s e  weights  by t h e  4 d i f f e r e n t  r e g r e s s i o n  

formulae (Table  I X ) .  Animals who w e r e  n o t  c o l l e c t e d  by t h e  

a u t h o r ,  and whose weight  a t  c a p t u r e  and development fol lowing 
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capture  were t h e r e f o r e  unknown, w e r e  o m i t t e d  i n  o r d e r  t o  a v o i d  

e r r o r s  i n  age  c a l c u l a t i o n .  

G .  Experimental  Arrangements  

On October  l s t ,  1 9 7 3  2 3  female b l a c k - t a i l e d  deer which had 

been hand-raised w e r e  t a k e n  t o  t h e  r e s e a r c h  f a c i l i t i e s  a t  t h e  

U. B. C. Research  F o r e s t  and 1 4  o f  them w e r e  used i n  a n  e x p e r i -  

ment i n v e s t i g a t i n g  t h e  i n f l u e n c e  of  w e i g h t  on t h e  a t t a i n m e n t  of  

precocious  p u b e r t y .  I t  was a t t e m p t e d  t o  produce  a lesser weigh t  

g a i n  through q u a n t i t a t i v e  r e d u c t i o n  o f  f e e d  i n t a k e  i n  a n  e x p e r i -  

mental group.  While a  c o n t r o l  group o f  t h e  7 h e a v i e s t  fawns w a s  

maintained on - ad  l i b i t u m  i n t a k e ,  t h e  i n t a k e  o f  t h e  e x p e r i m e n t a l  

group of  t h e  7 l i g h t e s t  fawns was r e s t r i c t e d  t o  70% (o f  ad l i b i t u m  - 
i n t a k e  d u r i n g  l a s t  week b e f o r e  s t a r t  o f  exper iment )  for a 48 day 

per iod  (Tab le  X I ) .  Only t h e  l i g h t e s t  fawns were used i n  t h e  

exper imenta l  g roup  s o  t h a t ,  if t h e  low p l a n e  o f  n u t r i t i o n  was t o  

produce a d e c r e a s e  i n  t h e  r a t e  o f  we igh t  g a i n ,  t h i s  would i n -  

c r e a s e  t h e  a l r e a d y  e x i s t i n g  we igh t  d i f f e r e n c e  between t h e  an imals  

i n  the  e x p e r i m e n t a l  g roup  and i n  t h e  c o n t r o l  group.  I f  no  de- 

c r e a s e  i n  we igh t  g a i n  was produced by t h i s  exper iment  (which w a s  

expected  a s  w e i g h t  i n c r e a s e s  a f te r  t h e  i n f l e c t i o n  p o i n t  a r e  mini -  

m a l  even a t  - a d  l i b i t u m  d i e t s )  t h e r e  would s t i l l  be  2 g roups  w i t h  

s i g n i f i c a n t l y  d i f f e r e n t  mean w e i g h t s .  I f  w e i g h t  i s  a d e t e r m i n i n g  

f a c t o r  i n  t h e  a t t a i n m e n t  of p u b e r t y  one  would e x p e c t  a s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  number o f  p r e c o c i o u s  b r e e d e r s  between t h e  2 

groups.  The p e r c e n t  w e i g h t  i n c r e a s e  r a t h e r  t h a n  t h e  i n s t a n t a n e o u s  

r e l a t i v e  growth r a t e  was chosen for  compar ison,  because  i n  some 
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cases t h e  48 day p e r i o d  o f  t h e  exper iment  i nc luded  p a r t s  of t h e  

s e l f - a c c e l e r a t i n g  phase  a s  w e l l  a s  p a r t s  of  t h e  s e l f - i n h i b i t i n g  

phase  o f  growth (each  w i t h  a  d i f f e r e n t  i n s t a n t a n e o u s  r e l a t i v e  

growth r a t e * ) .  The reason  f o r  t h i s  was t h a t  t h e  beg inn ing  o f  

t h e  f eed  r e s t r i c t i o n  was n o t  always e x a c t l y  i d e n t i c a l  w i t h  t h e  

i n f l e c t i o n  po in t** ,  which was unknown when t h e  exper iment  was 

s t a r t e d .  

On December 1 8 t h ,  1973 t h e  exper iment  was t e rmina t ed  and t h e  

an imals  w e r e  r e l e a s e d  i n t o  t h e  l a r g e  r e s e a r c h  e n c l o s u r e .  By 

do ing  t h i s ,  s e v e r a l  pa ramete rs  w e r e  a l t e r e d :  

1. I n s t e a d  o f  b e i n g  k e p t  i n  sma l l  i n d i v i d u a l  pens  t h e  an imals  

w e r e  now a b l e  t o  u t i l i z e  approximate ly  1 h e c t a r e .  

2.  I n s t e a d  o f  b e i n g  k e p t  i n  i s o l a t i o n  from each  o t h e r ,  t h e y  w e r e  
& I  ' Y  

now a b l e  t o  i n t e r a c t  s o c i a l l y ,  e s t a b l i s h  a  r ank ing  o r d e r ,  e tc .  #I ' 4  

fC& 1 5 1  

3. I n s t e a d  o f  1 buck (1 1 / 2  y e a r s  o l d )  be ing  i n t roduced  f o r  o n l y  
111 I 4 4 

a  ve ry  s h o r t  p e r i o d  d a i l y ,  t h e y  w e r e  now c o n s t a n t l y  i n  t h e  com- 

pany of  t h i s  same buck, 8 fawn bucks (approx.  6 months o l d )  and 

an a d u l t  buck (age  undetermined) .  
I 

4 .  A l l  an ima l s ,  i n c l u d i n g  t h e  low weigh t  group,  a t e  a t  t h e  com- 

mon f e e d i n g  t rough  and hay r ack  a f t e r  December 1 8 t h  and w e r e ,  ! 

! 

a l f a l f a  hay. 

t h e r e f o r e ,  on an ad l i b i t u m  d i e t  of  2 0 %  p r o t e i n  p e l l e t s  and , - 
I 

I 

I 
I 

Due t o  vandal ism,  on January  27 th ,  1974 t h e  d e e r  escaped 

from t h e  r e s e a r c h  e n c l o s u r e  and l i v e d  i n  t h e  f o r e s t  from a few 

days  t o  up t o  3 weeks. On February  1 8 t h ,  1974 t h e  l a s t  one w a s  

* k =  L (Brody, 1964) 
t,+, 

** See " R e s u l t s  and Discuss ion" ,  S e c t i o n  C. Growth 
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r ecap tu red  and t h e  1 4  exper imenta l  d e e r  w e r e  p l a c e d - a g a i n  i n t o  

t h e i r  i n d i v i d u a l  pens which they  had occupied u n t i l  December 

18 th .  They had no more access t o  males, t h e i r  d i e t  w a s  an ad 
7 

l i b i t u m  d i e t  of  20% p r o t e i n  Calf  S t a r t e r  Pe l le ts  and a l f a l f a  hay. 

The 1 4  does  w e r e  k e p t  i n d i v i d u a l l y  u n t i l  and du r ing  t h e  fawning 

season of  1974 and f o r  some t i m e  t h e r e a f t e r .  They w e r e  r e l e a s e d  

t o g e t h e r  w i t h  t h e i r  fawns i n t o  t h e  r e s e a r c h  enc losu re  on 

September l l t h ,  1974. On October l s t ,  1974 5  fawns (hand-ra ised 

i n  1974) were a l s o  r e l e a s e d  i n t o  t h i s  enc losu re .  A l l  d e e r  l i v e d  

t h e r e  i n  a group throughout  t h e  mating season of 1974* and du r ing  

t h e  w i n t e r  and e a r l y  s p r i n g  of  1975. The feed  remained unchanged 

u n t i l  t h e  end of  February 1975, when it was a l t e r e d  t o  16% pro- 

t e i n  Full-Flow Dairy P e l l e t s  p l u s  a l f a l f a  hay. I n  e a r l y  May 1975 

a l l  females (yea r  c l a s s e s  1973 and 1974 p l u s  1 a d u l t )  were 

brought  i n t o  t h e  i n d i v i d u a l  pens and k e p t  t h e r e  du r ing  t h e  fawn- 

i n g  season  of 1975. A t  t h e  end of June they  and t h e i r  fawns w e r e  

r e l e a s e d  i n t o  t h e  r e s e a r c h  enc losu re ,  wi th  4 excep t ions :  doe #0-B 

which w a s  k e p t  s e p a r a t e  u n t i l  September s i n c e  i t  on ly  gave b i r t h  

on August 2 1 s t ,  1975 and 3  does ( # O r  I ,  10)  which w e r e  k e p t  w i t h  

t h e i r  fawns i n  i n d i v i d u a l  s ta l l s  u n t i l  January 1976 f o r  l a c t a t i o n  

s t u d i e s .  

I n  May 1975 t h e  d i e t  f o r  a l l  animals  was changed back t o  20% 

p r o t e i n  Calf  S t a r t e r  P e l l e t s  p l u s  a l f a l f a  hay. This  w a s  con t inued  

u n t i l  September 1975 when t h e  herd was d iv ided  i n t o  2  groups f o r  

exper imenta l  purposes .  From then on (du r ing  p r o t e i n  r educ t ion  

exper iment)  t h e  f eed ing  regime was a s  shown i n  Table X I I .  

-- 

*The mating season of a  given yea r  may ex tend  t o  t h e  e a r l y  
p a r t  of  t h e  fo l lowing  yea r .  



T
a

b
le

 
X

I
1

 - 
R

eg
im

e 
f
o

r
 p

ro
te

in
 

re
d

u
c

ti
o

n
 
e

x
p

e
ri

m
e

n
t 

1
9

7
5

 -
 1

9
7

6
 

P
r
io

r
 
t

o
 S

e
p

te
m

b
e
r 

4
: 

A
l

l
 a

n
im

a
ls

 o
n

 
2

0
%

 p
ro

te
in

 p
e

ll
e

ts
 

(+
 
a

lf
a

lf
a

)
 

S
e
p

te
m

b
e
r 

4:
 

H
er

d
 

d
iv

id
e

d
 
in

to
 t

w
o

 
g

ro
u

p
s
: 

G
ro

u
p

 
1
 (

H
ig

h
 P

ro
te

in
) 

G
ro

u
p

 
2 

(L
ow

 P
ro

te
in

 
(i

n
c

lu
d

in
g

 f
e

m
a

le
 

fa
w

n
s 

(i
n

c
lu

d
in

g
 f

e
m

a
le

 
fa

w
n

s 
1
6
-B

, 
1
6
-C

, 
1
7
-B

, 
1
7
-C

*
, 

3-
C

, 
5
-C

, 
1
9
-A

, 
2
3
-C

, 
1
8
-A

*
, 

2
2

-C
) 

3
1
-A

, 
I-

B
) 

2
0

%
 p

ro
t.

 
p

e
ll

e
ts

 +
 a

lf
a

lf
a

 
1

5
%

 p
ro

t.
 

p
e

ll
e

ts
 

S
e
p

te
m

b
e
r 

2
4

 :
 

2
0

%
 p

ro
t.

 
p

e
ll

e
ts

 
+ 

a
lf

a
lf

a
 

1
0

%
 p

ro
t.

 
p

e
ll

e
ts

 

N
o
v
em

b
er

 
2
1
: 

1
6

%
 p

ro
t.

 
p

e
ll

e
ts

 +
 a

lf
a

lf
a

 
7

%
 p

ro
t.

 
p

e
ll

e
ts

 

D
ec

em
b
er

 
2

4
: 

1
6

%
 p

ro
t.

 
p

e
ll

e
ts

 
+ 

a
lf

a
lf

a
 

1
0

%
 p

ro
t.

 
p

e
ll

e
ts

 

M
ar

ch
 

2
2

: 
G

ro
u

p
s 

jo
in

e
d

, 
a

l
l

 a
n

im
a

ls
 

o
n
 

sa
m

e 
fe

e
d

in
g

 
re

g
im

e
: 

1
6

%
 p

ro
te

in
 

p
e

ll
e

ts
 
+ 

a
lf

a
lf

a
 

*
K

il
le

d
 b

y
 

d
o

g
s 

d
u

ri
n

g
 c

o
u

rs
e

 o
f 

e
x

p
e

ri
m

e
n

t 



4 4  

I n  t h i s  experiment t h e  e f f e c t  of t h e  r e s t r i c t i o n  of one 

n u t r i e n t  on ly ,  namely p r o t e i n ,  was i n v e s t i g a t e d .  The t o t a l  

c a l o r i c  va lue  of  t h e  r a t i o n  was mainta ined t h e  s a m e  throughout  

t h e  exper iment  (approx. 3,167 kcal/kg d i g e s t i b l e  energy;  Hicks,  

pe r s .  comm., 1977) .  Of a l l  t h e  s p e c i f i c  n u t r i t i v e  components 

( p r o t e i n ,  ca rbohydra tes ,  l i p i d s ,  h igh q u a n t i t y  mine ra l s ,  v i t amins ,  

trace e lements )  t h a t  can p o s s i b l y  i n f l u e n c e  t h e  a t t a inmen t  of  

puber ty ,  p r o t e i n  was chosen because t h e r e  i s  p l e n t i f u l  evidence 

t h a t  p r o t e i n  i s  e s p e c i a l l y  impor tan t  t o  t h e  growth, h e a l t h  and 

reproduc t ion  of d e e r  (see "Mate r i a l s  and Methods", s e c t i o n  D. 

Feeding a f t e r  Weaning). I n  t h i s  s tudy  an exper imenta l  group of  

6 female fawns* ( 3  mother-ra ised,  3  hand-ra ised)  w a s  mainta ined 

from September 4 t h ,  1975 t o  March 22nd, 1976 on a p r o t e i n  reduced 

d i e t .  I t  was a t tempted t o  approximate t h e  r e d u c t i o n  i n  p r o t e i n  

o c c u r r i n g  i n  n a t u r a l  d e e r  browse s p e c i e s  du r ing  f a l l  and win te r .  

On Vancouver I s l a n d  t h e  crude p r o t e i n  c o n t e n t  drops  from an aver-  

age h igh  of ca.  l 7 % ,  i .e .  6  - 35%, i n  l a t e  s p r i n g  t o  an average 

l o w  of  ca .  68, i . e .  2 - 9%,  i n  w i n t e r  (Gates ,  1968; Rochel le ,  

pe r s .  comm., 1976) .  

*Of t h e s e ,  1 fawn (#31-A) was n o t  used i n  weight g a i n  com- 
p a r i s o n  because of  i n s u f f i c i e n t  d a t a .  



RESULTS AND DISCUSSION 

A. B i r t h  Weight and Sex Ra t io s  of  Capt ive  Fawns 

The b i r t h  da t a*  of  t h e  i n d i v i d u a l  fawns ( sex ,  b i r t h  d a t e ,  

b i r t h  weight ,  h e a r t  g i r t h  and hind f o o t  measurements a t  b i r t h ,  

p l u s  t h e  age and weight  of  t h e  dam and whether she  w a s  primip- 

a rous  o r  p 1 u r i p a r o u s ) a r e  given i n  Appendix E. Only b i r t h  

weights  w i l l  be used f o r  f u r t h e r  comparison he re  as t h e  h e a r t  

g i r t h  and t h e  hind f o o t  d a t a  were n o t  s u f f i c i e n t l y  complete. 

The frequency d i s t r i b u t i o n s  of b i r t h  weights  a r e  shown i n  

F igure  4 .  S i n g l e  female fawns were found t o  be  s i g n i f i c a n t l y  

h e a v i e r  a t  b i r t h  than twin female fawns (t= 2.30, 35 d . f . ,  P < 

0.05) and s i n g l e  male fawns were s i g n i f i c a n t l y  h e a v i e r  t han  twin 

male fawns ( t=3 .0 ,  2 7  d . f . ,  P < 0.01) .  Also,  twin male fawns 

were s i g n i f i c a n t l y  h e a v i e r  t han  twin female fawns ( t=2.21,  4 9  

d . f . ,  P < 0 . 0 5 ) ,  and s i n g l e  male fawns were s i g n i f i c a n t l y  h e a v i e r  

than  s i n g l e  female fawns ( t=2 .75 ,  1 3  d. f . ,  P < 0.01) .  Since t h e  

ma jo r i t y  o f  s i n g l e  fawns (15 o f  20, Kelsey Bay s t o c k  - and 

Washington s t o c k )  was born t o  y e a r l i n g  dams which had n o t  y e t  

a t t a i n e d  t h e i r  f u l l  s i z e  and weight a t  t h i s  p a r t u r i t i o n ,  it 

fo l lows  t h a t  some of  t h e  h e a v i e s t  fawns w e r e  born t o  t h e  l i g h t e s t  

dams. This  phenomenon p e r s i s t e d  a t  2  and 3  y e a r s  o f  age.  D a m s  

who had been precoc ious  w e r e  c o n s i s t e n t l y  l i g h t e r  t han  non- 

p recoc ious  dams and t h e i r  subsequent  fawns w e r e  h e a v i e r  a t  b i r t h  

*The t e r m  " b i r t h  da ta"  does n o t  n e c e s s a r i l y  mean t h e  d a t a  
c o l l e c t e d  immediately a f t e r  b i r t h  (which o f t e n  happened a t  n i g h t )  
b u t  w i t h i n  24 hours  of  b i r t h .  



F i g u r e  4 - Histograms o f  f r e q u e n c y  d i s t r i b u t i o n s  o f  fawn 

b i r t h  w e i g h t s  i n  c a p t i v i t y  (1974 - 1 9 7 6 ) .  

The w e i g h t  c l a s s  between 1.6 kg and 1 . 8  kg c o n t a i n s  

t h e  w e i g h t s  from 1 .6  kg t o  1.79 kg ,  t h e  w e i g h t  1 . 8  

kg  i s  i n c l u d e d  i n  t h e  n e x t  we igh t  c l a s s  between 

1 . 8  kg  and 2 . 0  kg, etc.  

The mean + 1 S.D. i s  g i v e n  f o r  e a c h  g roup  



BIRTH WEIGHT CLASSES (kg) 

The weight class between 1.6 and 1.8 contains the weights from 1.6 to 1.79 kg., the weight 
1.8 kg. is included in the next weight class between points 1.8 and 2.0 etc. 
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than t h o s e  o f  p recoc ious  dams (Table  X I I I ) .  S t a t i s t i c a l  com- 

p a r i s o n  w a s  n o t  done because of  smal l  sample s i z e s .  Why t h e  

fawns o f  e a r l y  b reede r s  cont inued  t o  be h e a v i e r  t han  t h o s e  born 

t o  l a t e  b reede r s  i s  d i f f i c u l t  t o  e x p l a i n .  I t  i s  most l i k e l y  

t h a t  t h i s  d i f f e r e n c e  i s  an a r t i f a c t  due t o  t h e  sma l l  sample 

s i z e s .  

I n  a l l  c a s e s  s i n g l e  fawns were born t o  pr imiparous  dams; 

p l u r i p a r o u s  dams always gave b i r t h  t o  twins .  However, i n  8 c a s e s  

(of 13)  pr imiparous  2 yea r  o l d s  a l s o  gave b i r t h  t o  twins ;  i n  1 

case  (of  16)  even a  pr imiparous  y e a r l i n g  gave b i r t h  to  h e a l t h y  

twins.  (These f i g u r e s  a r e  n o t  n e c e s s a r i l y  t h e  same a s  i n  Table 

X I I I ,  because a d d i t i o n a l  animals  w e r e  i nc luded  whose weights  and 

measurements a t  b i r t h  were unknown.) 

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  i n  a  sample o f  3 3  p a i r s  o f  

twin b l a c k - t a i l e d  dee r  fawns c o l l e c t e d  a t  N. W. Bay from 1950 

t o  1962  (Bandy, p e r s .  comm., 1975) t h e  p ropor t ion  o f  m a l e  t o  

female t o  mixed sex  twin s e t s  was very s i m i l a r  t o  t h a t  found i n  

t h e  exper imenta l  herd from 1974 t o  1976, a s  was t h e  p ropor t ion  

of  a l l  males t o  a l l  females (Table  X I V ) .  

B. P a r t u r i t i o n  Dates 

The f i r s t  b i r t h s  t h a t  occur red  i n  t h e  exper imenta l  herd i n  

1974 w e r e  t o  females of  Kelsey Bay s t o c k  which w e r e  1 y e a r  o l d  

(one except ion :  a d u l t  doe # 0 ,  o f  d i f f e r e n t  o r i g i n ) .  I t  was 

found t h a t  t h e  p a r t u r i t i o n  d a t e s  i n  1974 w e r e  spread  over  a  

pe r iod  o f  a lmost  2 months and w e r e ,  i n  g e n e r a l ,  la ter  tHan t h e  

normal fawning t ime o f  t h e  s p e c i e s  i n  t h e  v i c i n i t y  o f  Kelsey Bay 
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(N. W. Bay: Thomas, 1970) and a t  Kelsey Bay i t s e l f  ' ( F i g u r e  5 )  

and l a te r  t han  t h e  fawning t i m e  i n  t h e  expe r imen ta l  he rd  i n  2 

subsequen t  y e a r s  (F igu re  5 ) .  Young ( y e a r l i n g )  b l a c k - t a i l e d  dee r  

i n  t h e  w i l d  breed* l a t e r  t han  t h e  a d u l t s  and t h e i r  d a t e s  of  

o v u l a t i o n  are more v a r i a b l e  (Thomas, 1970) . Swank (1958) found 

y e a r l i n g  Arizona mule d e e r  t o  b reed  1 month l a t e r  t h a n  a d u l t s .  

I n  t h i s  s t u d y  l i t t l e  d i f f e r e n c e  was found between t h e  mean d a t e  

of  p a r t u r i t i o n  o f  c a p t i v e  y e a r l i n g s  and a d u l t s  f o r  t h e  y e a r s  1975 

and 1976 when t h i s  comparison cou ld  be made. Th i s  f o l l ows  Thomas' 

(1970) f i n d i n g s  a t  N .  W. Bay, where t h e  mean d a t e  o f  second 

o v u l a t i o n  (= mean d a t e  o f  concep t ion)  i n  y e a r l i n g s  w a s  o n l y  one 

day l a t e r  t han  i n  a d u l t s  (F igu re  4 ) .  The v a r i a b i l i t y  o f  p a r t u -  

r i t i o n  d a t e s  was somewhat g r e a t e r  i n  y e a r l i n g s  (n=5, S.D.=7.81) 

t h a n  i n  a d u l t s  (n=13, S.D.=5.01) i n  1976, t h e  on ly  y e a r  when a 

meaningful  comparison cou ld  be made, b u t  t h i s  d i f f e r e n c e  w a s  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  

I n  1975 t h e  mean d a t e  of  p a r t u r i t i o n  i n  t h e  c a p t i v e  herd  

w a s  earl ier  than  t h a t  of t h e  w i ld  p o p u l a t i o n  i n  t h e  v i c i n i t y  o f  

Kelsey Bay ( June  14 th :  Thomas, 1970**) and a t  Kelsey Bay ( June  

9th:  t h i s  s t u d y )  and e a r l i e r  than  t h a t  o f  t h e  c a p t i v e  he rd  i n  

1974 (unusua l l y  l a t e )  and 1976, when i t  was s i m i l a r  t o  t h a t  of 

*Taberr  1953: e s t i m a t i o n  of  mat ing d a t e s  from ages  o f  
f e t u s e s  i n  dead does ;  Hines,  1968: c a l c u l a t i o n  of  mat ing d a t e s  
from observed p a r t u r i t i o n  d a t e s ;  Thomas, 1970: e s t i m a t i o n  of  
d a t e s  of second o v u l a t i o n ,  a t  which 96% o f  does  conceived,  from 
changes i n  o v a r i a n  s t r u c t u r e s  

**Thomas s t a t e d  t h a t  d u r i n g  t h e  p e r i o d  from 1959 t o  1964, 
from which t h i s  mean i s  d e r i v e d ,  on ly  i n s i g n i f i c a n t  d i f f e r e n c e s  
occu r r ed  between t h e  d i s t r i b u t i o n s  f o r  e ach  y e a r .  



F i g u r e  5 - D i s t r i b u t i o n  o f  p a r t u r i t i o n  and concep t i on  d a t e s  

o f  expe r imen t a l  and w i l d  b l a c k - t a i l e d  deer. 

Conception d a t e s :  one  day b e f o r e  a c t u a l  o r  

c a l c u l a t e d  ( i n  w i l d  dams) p a r t u r i t i o n  minus 203.  

P a r t u r i t i o n  d a t e s  f o r  Thomas' d a t a :  e s t i m a t e d  

d a t e s  o f  second o v u l a t i o n  p l u s  204 .  

GP: mean p a r t u r i t i o n  d a t e  

k: mean concep t ion  d a t e  
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5 2  

t h e  w i l d  p o p u l a t i o n  ( F i g u r e  5 ) .  

C. Growth 

1. Growth i n  r e l a t i o n  t o  pube r ty .  

I t  i s  well-known t h a t  i n  mammalian females ,  pube r ty  is  more 

c l o s e l y  r e l a t e d  t o  weigh t  t h a n  t o  age .  I n  r a t s  (Ershof  f, 1952; 

Widdowson and McCance, 1960; Widdowson e t  a l . ,  1964; McCance, -- 
1962; Kennedy, 1969; Kennedy and M i t r a ,  1 9 6 3 ) ,  m i c e  ( B a r n e t t  and 

Coleman, 1959; Monteiro and Fa l cone r ,  1 9 6 6 ) ,  r a b b i t s  (Myers and 

Poole ,  1962) , p i g s  (Dickerson e t  a l .  , 1964) , c a t t l e  (Cr i ch ton  -- 

e t  a l . ,  1959; J o u b e r t ,  1 9 6 3 ) ,  sheep (Hafez,  1952; A l l en  and -- 
Lamming, 1 9 6 1 ) ,  w h i t e - t a i l e d  d e e r  (Lenker and Scanlon,  1975) and 

humans ( F r i s c h ,  1 9 7 4 ) ,  i t  h a s  been found t h a t  pube r ty ,  d e f i n e d  

by v a g i n a l  opening ( i n  r o d e n t s ) ,  by f i r s t  e s t r u s  ( i n  u n g u l a t e s )  

o r  by menarche ( i n  humans) i s  a t t a i n e d  a t  t h e  same mean weight  

by s lowly growing i n d i v i d u a l s ,  a s  by r a p i d l y  growing ones ,  b u t  

a t  a  s i g n i f i c a n t l y  h i g h e r  age by t h o s e  t h a t  grow s lowly.  

I n  a  s t u d y  i n v e s t i g a t i n g  t h e  p r ecoc ious  a t t a i n m e n t  o f  

puber ty  i t  was, t h e r e f o r e ,  neces sa ry  t o  moni tor  t h a t  p a r t  o f  t h e  

development of  t h e  somat ic  t i s s u e  which i s  man i f e s t ed  as growth,  

i.e. a s  an  i n c r e a s e  i n  body s i z e .  

I n  Table XV r e g r e s s i o n  formulae d e s c r i b i n g  growth cu rves  are 

compared f o r  females  who subsequen t ly  produced fawns a s  y e a r l i n g s  

and t h o s e  who d i d  no t .  The r ea sons  f o r  u t i l i z i n g  t h e s e  p a r t i c u -  

l a r  formulae are d e s c r i b e d  l a t e r  i n  t h i s  s e c t i o n .  I n  d e r i v i n g  

t h e s e  formulae d a t a  p o i n t s  on t h e  s e l f - a c c e l e r a t i n g  phase  
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of growth were used, as it is likely that if differences in 

somatic growth were to be found, they would appear more clearly 

during the phase of rapid weight gain. The upper age limit of 

data used in these curves was either a) the determined point of 

inflection of the weight growth curves or, in some cases, b) 

the age at which regular collection of weight data had ceased 

which, in every case, was prior to inflection. The inflection 

points were established by methods similar to those used by 

Bandy (1955). The mathematical method in this study used the 

calculations of absolute weight gain over constant periods of 

7 days. The inflection point was considered to be the mid-point 

of the first 7 day period at which the weight gain fell below 

1.0 kg and thereafter consistently remained below this level. 

This is slightly different from Bandy's (1955) mathematical 

determination of the inflection point, which he considered to 

be "marked by a change from increasing gains to decreasing 

gains" (p. 22). The graphical method approximated the inflec- 

tion point by inspecting the weight growth curve on arithlog 

coordinate paper. Again, this method differed slightly from 

that used by Bandy in that it did not select the inflection 

point as "the point of consistent deviations of the actual ob- 

servations from the straight line" (Bandy, 1955, p. 24) but as 

the point where the steep slope of the curve changed to a con- 

sistently flat slope. The inflection points found by the graph- 

ical method in this study were identical with those found by the 

mathematical method. 

The graphs of the growth curves were produced by plotting 



in many cases, in straight lines for the self accelerating phase 

of growth. However, in some cases of weight growth the result 

was a curved line (Figure 6) . 
Brody (1964) has given an extensive and detailed review of 

methods of describing mammalian growth curves during the self- 

accelerating phase of growth. The most common form of equation 

Bt used is Y = Ae (Y = body measurement at time t, A = body 

measurement when t = 0, i.e. intercept; B = instantaneous rela- 

tive growth rate, i.e. slope). This can be rewritten for easier 

computation as 1nY = In A+Bt in the form of the usual linear 

regression. This formula was used by Bandy (1965) to describe 

the self-accelerating portion of weight growth curves of black- 

tailed deer. 

The plotting of data in this study showed that this type of 

curve did not describe weight growth very accurately for all 

animals. A recent paper by Anderson et al. (1974) noted that -- 
"there is no universally acceptable theoretical model for pre- 

dicting growth over time" (p. 14), so instead, these workers 

attempted empirically to fit growth curves of mule deer (0. h. - - 
hemionus) to several different equations and to several types of 

transformations of body measurement and age. After detailed con- 

sideration of this approach, the weight data from each individual'- 

experimental deer obtained in this study were separately fitted, 

by the method of least squares (Snedecor and Cochran, 1967) to 

1 the following formulae : 1. InY = A+Bt ; 2. 1nY = A+B (-) ; t+10 

3. 1nY = A+Blt+B 1 
2 (m)* The - transformation was found t+10 



Figure 6 - Examples of variation in weight growth curves. 

All fawns used were mother-raised, born June 1976, 

born as twins (sibling of 23-E removed at birth). 

11-D/11-E cf. 21-A-A/21-A-B compares phased 

growth with steady growth. 

23-E cf. E-B/E-C compares fast growth with slow 

growth. 
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formula was found to give the best fit to the weight data for 

every individual experimental deer. The highest r2 values were k' 
P 

obtained and the largest F ratio resulted from the analysis of 

variance (testing H : B = 0 against H B # 0; Zar, 1974). In all 
0 A: 

2 
cases r and F were highly significant ( P  < 0.001). 

The heart girth and hind foot data were also fitted repeat- 

edly for each individual experimental deer to the formulae: 

1 1. Y = A+Bt: 2. Y = A+B (-1; 3. Y = A+Blt+B 1 
t+10 2 (m). 

For every individual the first formula was found to give the best 

fit to both the heart girth and the hind foot data by similar 

criteria of r2 and F. In all cases r2 and F were highly signifi- 

cant (P < 0.001). The values for the best descriptive formulae 

are given for each deer in Table XV. This Table shows that the 

average growth curves were almost identical for precocious and 

non-precocious deer and, more importantly, that the maximum and 

minimum values were similar. This means that the early growth 

patterns of precocious breeders do not differ from those of non- 

precocious breeders. 

A second comparison between the growth of females which were 

subsequently found to have bred as fawns and those who had not 

was done by comparing the weights achieved at 50 day intervals 

between the age of 25 to 225 days (Figure 7) and by comparing 

the times required to double the birth weight. This comparison 

of the weights at certain ages not only includes weights within 

the self-accelerating phase of growth but also weights beyond 

the inflection point (at 117 - 178 days) and within a major por- 



F i g u r e  7 - Comparison o f  body w e i g h t s  o f  p r e c o c i o u s  and 

non-precocious  fawns a t  d i f f e r e n t  ages .  

V e r t i c a l  bar r e p r e s e n t s  r ange  o f  o b s e r v a t i o n s .  

Block r e p r e s e n t s  1 S.D. on e i t h e r  s i d e  o f  t h e  

mean, which i s  shown a s  s m a l l  h o r i z o n t a l  b a r .  

Weights  of mother  r a i s e d  fawns ( d o t s )  i n c l u d e d  

i n  t o t a l  sample.  





t i o n  o f  t h a t  phase of growth which Brody (1964) des igna t ed  as 

t h e  s e l f - i n h i b i t i n g  phase.  I t  a l s o  i n c l u d e s  t h e  p o i n t  w i th in  

t h i s  phase  a t  which concept ion took p l a c e  i n  t h e  precoc ious  

animals (one excep t ion :  #0-B). Although t h e  mean weights  

achieved a t  25 days w e r e  i d e n t i c a l  f o r  bo th  groups (5.4 k g ) ,  a s  

t h e  fawns i n c r e a s e d  i n  age t h e  precoc ious  b reede r s  became ' 

heavie r .  These weight  d i f f e r e n c e s ' w e r e  s i g n i f i c a n t  a t  125 

and a t  225 days  ( t=2 .14 ,  25 d . f . ,  P < 0.05) o f  age. The change ~l a,  . 3 

I 4 I~u,,~ 
i n  weights  and t h e  d i f f e r e n c e s  between them w e r e  s imilar  t o  t h e  3 

I l l  , I  

1 * t 3 #  

weight growth cu rves  f o r  e a r l y  and l a te  matur ing c h i l d r e n  pre-  I?:, 8 d 

6 '  (Ir li " * 
sen ted  by Brody (1964) which a l s o  showed lower average weights  . iiiH, Z 

'4 #!I b 

f o r  t h e  l a te  matur ing i n d i v i d u a l s .  However, a l though  t h e  average 
f(YlfW 

weights  f o r  e a r l y  and l a t e  b reed ing  fawns w e r e  found t o  be s i g -  M u  

nMLl 

n i f i c a n t l y  d i f f e r e n t  from 125 days of  age onward, it i s  clear 'I@ ,in I, 

.*,u$II 

from i n s p e c t i o n  o f  F igu re  7 t h a t  many non-precocious fawns 

achieved weights  which exceeded n o t  on ly  t h e  minimum b u t  a l s o  t h e  

average p r e p u b e r t a l  and p u b e r t a l  weigh ts  o f  p recoc ious  fawns. 

The average t i m e  r e q u i r e d  t o  double  t h e  b i r t h  weight ,  a  

measure of  immediate p o s t - n a t a l  growth,  was n o t  s i g n i f i c a n t l y  

d i f f e r e n t  i n  t h e  two groups. I n  t h i s  s tudy  t h e  range w a s  from 

1 3  t o  28 days f o r  p recoc ious ,  and non-precocious fawns combined. 

The mean w a s  19 days f o r  t h e  former and 18 days  f o r  t h e  l a t te r .  

The s i m i l a r i t y  i n  t h e  t i m e s  r e q u i r e d  t o  double  t h e  b i r t h  weight  

is  i n  accordance wi th  t h e  i d e n t i c a l  average weight  achieved a t  

25 days by bo th  groups.  Cowan and Wood (1955) found t h e  t i m e  

r equ i r ed  by t h e  b l a c k - t a i l e d  d e e r  fawn t o  double  i t s  weight  t o  



range from 10 t o  1 4  days .  

A t h i r d  comparison between precoc ious  and non-precocious 

does was made by comparing t h e  weights  achieved a t  t h e  end of 

t h e  f i r s t  b reed ing  season  o f  t h e i r  l i v e s  expressed  a s  percen tage  

of  t h e  a d u l t  weights .  The former va lue  was cons idered  t o  be t h e  

weight o f  each fawn on January 1 7 t h  which had been c a l c u l a t e d  

as t h e  d a t e  when t h e  l a s t  known precoc ious  concept ion  (one ex- 

cep t ion :  #0-B, January 30 th ) took  p l a c e ,  and t h e  l a t t e r  va lue  

a s  t h e  weight immediately a f t e r  p a r t u r i t i o n  a t  2 y e a r s  o f  age. 

It is  known (Anderson -- e t  a l . ,  1974) t h a t  does  con t inue  to  grow 

slowly u n t i l  about  8 y e a r s  of age,  s o  t h a t  t h e  weight  a t  2 y e a r s  

i s  n o t  t h e  t r u e  asympto t ic  weight.  However, a s  growth i s  slow 

a f t e r  t h e  1st y e a r ,  t h e  2 yea r  weight  i s  a good approximation o f  

mature weight and t h e  b e s t  t h a t  could be ob ta ined  i n  t h i s  s tudy .  

Three does from Washington S t a t e ,  who were cons ide rab ly  

l a r g e r  a t  t h e  same age than  t h e  Kelsey Bay s t o c k  animals  (Bandy, 

1955) ,  were inc luded  i n  t h i s  comparison because o n l y  percen tages  

were t o  be  compared. Although t h e  average of  t h e  precoc ious  

b reede r s  was s i g n i f i c a n t l y  h ighe r  ( t  = 3.727 d . f .  = 20 ,  P < 

0.01)* than  t h a t  of t h e  non-precocious b reede r s  (Table  X V I ) ,  

t h e  va lues  o f  many of t h e  l a t t e r  exceeded t h e  minimum v a l u e s  o f  

t h e  former. This  r e s u l t  i s  i n  accordance w i t h  t h e  r e s u l t  o f  t h e  

comparison of a b s o l u t e  va lues  a t  c e r t a i n  ages  (F igure  7) and 

bo th  r e s u l t s  exclude t h e  p o s s i b i l i t y  of  a s imple  t h r e s h o l d  e f f e c t  

of  weight  ( a b s o l u t e  o r  a s  p ropor t ion  of  a d u l t  weight)  on t h e  

a t t a inmen t  o f  puber ty .  However, it should be  po in t ed  o u t  t h a t  

*An a r c s i n e  t r ans fo rma t ion  w a s  used (Zar ,  1974) .  



6 1  

T a b l e  XVI - Compar i son  of w e i g h t  a t  e n d  o f  f i r s t  b r e ~ d i n g  

s e a s o n  i n  r e l a t i o n  t o  a c h i e v e d  a d u l t  w e i g h t  ( 2 )  

of p r e c o c i o u s  a n d  n o n - p r e c o c i o u s  b r e e d e r s  

Tag # 

P r e c o c i o u s  

W t .  f i r s t  b r e e d .  
s e a s o n  ( k g )  

32 .3  
27 .3  
29 .9  
2 9 . 1  
32 .2  
29 .8  
30.5 
25 .8  
28 .3  
28.6  
28.0  

A d u l t  W t .  ( k g )  

T a g  # 
1 9 7 3  1 0  

1 8  
1 9  
24 

(1): W t .  a t  J a n u a r y  1 7  = l a s t  d a t e  of c o n c e p t i o n  f o r  p r e c o c i o u s  
fawns 

( 2 ) :  Immed ia t e  p o s t - p a r t u m  w e i g h t  a t  2 y e a r s  o f  a g e  

( 3 )  : Fawns f r o m  Wash ing ton  S t a t e  
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t h e  h igher  weights  of  t h e  precoc ious  fawns a t  t h e  end o f  t h e  

f i r s t  breeding season i n  r e l a t i o n  t o  t h e  a d u l t  weigh ts  were 

l i k e l y  due i n  p a r t  t o  t h e  nega t ive  e f f e c t  of  pregnancy on 

a d u l t  weights  (Table  X I I I )  . 

2. Growth i n  r e l a t i o n  t o  n u t r i t i o n  

a) Var i a t i on  i n  r e l a t i o n  t o  milk n u t r i t i o n  

In an e a r l i e r  s tudy  of  growth i n  t h i s  s p e c i e s  Cowan and Wood 

(1955) desc r ibed  3  wel l -def ined  and s e p a r a b l e  phases  o f  pre-  

p u b e r t a l  growth. They no ted  t h a t  each  of  t h e s e  phases  w e r e  char-  

a c t e r i z e d  by a c o n s t a n t  i n s t an t aneous  r e l a t i v e  growth rate 

lnW2 - lnW1 

(k = , Brody, 1964) t h e  va lue  o f  which decreased  i n  
t2 - 

subsequent phases.  D e t a i l e d  examination of  t h e  growth curves  

c o l l e c t e d  i n  t h i s  s tudy  d i d  no t  r e v e a l  such a  c o n s i s t e n t  p a t t e r n  

of  growth f o r  a l l  i n d i v i d u a l s .  While some animals  showed growth 

p a t t e r n s  which resembled those  desc r ibed  by Cowan and Wood (1955) ,  

o t h e r s  d i f f e r e d  i n  having more o r  less than  3 phases  a s  demon- 

s t r a t e d  on some t y p i c a l  examples i n  F igu re  6. I n  t h e  same paper  

Cowan and Wood (ibidem) a l s o  s t a t e d  t h a t  t h e  n u t r i t i v e  q u a l i t y  

of  t h e  doe ' s  milk  du r ing  t h e  f i r s t  phase o f  growth, when t h e  i n -  

s tan taneous  r e l a t i v e  growth r a t e  i s  h i g h e s t  (F igu res  6 ,  8 and 9) 

"must be s u p e r l a t i v e "  ( p .  334) .  Milk was sampled from 2  pr imi-  

parous  does ( # l o :  2 y r s .  o l d ,  #I: 1 y r .  o l d )  throughout  l a c t a -  

t i o n  (Appendix C) each nu r s ing  a male fawn which showed a  h igh  

rate of growth a f t e r  b i r t h  ( # I - A :  K = 0.057, 0 - 8 days;  # lo+:  

K = 0.057, 0  - 7 d a y s ) .  This ,  however, w a s  n o t  as h igh  a s  t h e  

rate found by Cowan and Wood (1955) o r  t h e  maximum rate observed 



F i g u r e  8 - Fawn weigh t  g a i n  i n  r e l a t i o n  t o  c a l o r i c  v a l u e  o f  

mi lk .  

Twin fawns, born  June 9 t h ,  1975 t o  p r imipa rous ,  

y e a r l i n g  doe.  

C a l o r i c  v a l u e  of  d o e ' s  mi lk  as weekly and bi-weekly 

averages .  

Evaporated cow's mi lk :  1440 kca l /kg .  

Doe's milk:  c a l o r i c  v a l u e  c a l c u l a t e d  E=9F+4P+4L. 

F  ( f a t )  , P ( p r o t e i n )  , L ( 1 a c t o s e )  : g/kg. 
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Caloric Value of Milk (in k cal./kg.) Doe's milk: (weekly and bi-weekly averagis) 



Figure  9 - Fawn weight  g a i n  i n  r e l a t i o n  t o  d a i l y  consumption 

o f  milk  c a l o r i e s  and c a l o r i c  va lue  of milk .  

Evaporated cow's milk:  1 . 4 4  kca l /g  

1 m l  = 1.068g = 1.538 k c a l  



Caloric Value of Milk (in k cal./kg.) and 
Kilocalories of Milk consumed in 24 hrs. 
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i n  t h i s  s t u d y ,  namely K =  0 . 1  p e r  day. 

I n  bo th  cases t h e  c a l o r i c  v a l u e  o f  t h e  mi lk  w a s  a c t u a l l y  
h 
5 lower i n  t h e  f i r s t  peek o f  l a c t a t i o n  (doe # l o :  1466 kca l /kg ;  

doe #I: 1280 kca l / kg )  t h a n  i t  was i n  l a t e r  l a c t a t i o n  (doe #10 

ranged from 1685 kca l /kg  a t  week 2 t o  1947 kca l /kg  a t  weeks 14 

and 15 ,  doe #1 from 1692 kca l /kg  a t  week 2 t o  2364 kca l /kg  a t  

weeks 1 9  and 2 0 ) .  I t  would t h u s  appear  t h a t  t h e  r a p i d  e a r l y  

growth o f  fawns i s  n o t  due t o  a  " s u p e r l a t i v e "  q u a l i t y  o f  t h e  

does '  mi lk .  I n  a d d i t i o n  it was found t h a t  t h e r e  w a s  no d i r e c t  

c o r r e l a t i o n  between t h e  r e l a t i v e  c a l o r i c  c o n t e n t  o f  mi lk  formulae 

used i n  hand - r a i s i ng  fawns and t h e i r  growth rates.  The youngest  

fawns w e r e  f e d  evapora ted  mi lk  d i l u t e d  1 : 2  w i t h  water, and a s  

t h e y  grew t h e  d i l u t i o n  was reduced r e s u l t i n g  i n  an  i n c r e a s e d  

c a l o r i c  v a l u e  o f  t h e  formula f ed .  However, growth r a t e s  were 

h i g h e s t  on t h e  most d i l u t e d  mi lk  ( F i g u r e s  8  and 9 ) .  

I t  appea r s  t h a t  t h e  e x t r a o r d i n a r y  weigh t  g a i n s  d u r i n g  t h e  

i n i t i a l  growth phase  o c c u r r i n g  i n  fawns must be a t t r i b u t e d  n o t  t o  

t h e  h i g h e r  q u a l i t y  o f  t h e  does '  m i l k  d u r i n g  t h a t  phase  b u t  t o  

t h e  fawns'  i n g e s t i o n  o f  p r o p o r t i o n a l i t y  g r e a t e r  q u a n t i t i e s  o f  

mi lk ,  r e s u l t i n g  i n  a h i g h e r  t o t a l  i n t a k e  o f  c a l o r i e s .  Ongoing 

s t u d i e s  on t h e  energy  t r a n s f e r  from t h e  dam t o  t h e  fawn whicp 

i n c l u d e  q u a n t i t a t i v e  measurements o f  t h e  mi lk  shou ld  shed more 

l i g h t  on t h i s  problem. 

b )  Exper imenta l  a l t e r a t i o n  o f  n u t r i t i o n  

i. Reduction o f  t o t a l  i n t a k e  

N o  a t t e m p t  was made i n  t h i s  s t u d y  t o  reduce  fawn growth by 

lower ing  t h e  p l a n e  o f  n u t r i t i o n  d u r i n g  t h e  n u r s i n g  pe r iod .  I t  is 
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possible t o  r e t a r d  t h e  growth of animals  by l i m i t i n g  t h e  i n t a k e  

of n u t r i e n t s  du r ing  t h e i r  r a p i d  phase o f  growth and t h u s  de l ay  

puberty i n  t h e s e  s t u n t e d  animals ,  a s  puber ty  i s  weight-dependent 

( references  see s e c t i o n  "Growth i n  r e l a t i o n  t o  p u b e r t y " ) .  How- 

ever, such an  exper iment  would ha rd ly  be r e l e v a n t  t o  t h i s  s tudy .  

I t  is n o t  p robable  t h a t  of t h e  l a r g e  number o f  female b l a c k - t a i l e d  

deer found n o t  t o  breed a s  fawns (Thomas, 1970; Jordan and Vohs, 

1976) a l l  had been r e t a r d e d  by inadequa te  n u t r i t i o n  du r ing  t h e i r  

early growth. I n s t e a d ,  i n  1973 t h e  q u a n t i t a t i v e  i n t a k e  of  f eed  

was r e s t r i c t e d  t o  70% f o r  a  group of 7 hand-ra ised fawns a t  about  

the  t i m e  when t h e i r  weight  growth curves  had reached t h e  i n f  lec- 

t ion p o i n t ,  i .e.  a f t e r  t h e i r  phase of  r a p i d  growth had been com- 

pleted (Table X V I I ) .  Th is  was done i n  o r d e r  t o  s imu la t e  condi- 

t ions  i n  t h e  w i l d ,  namely t h e  dec rease  i n  deciduous browse a s  

experienced by w i l d  b l a c k - t a i l e d  d e e r  i n  f a l l  and win te r .  

I t  w a s  found t h a t  t h e  70% plane  of  n u t r i t i o n  main ta ined  

during a 4 8  day pe r iod  of  l a t e  growth had no s i g n i f i c a n t  e f f e c t  

on the weight  i n c r e a s e  ( i n  % of weight a t  i n f l e c t i o n  p o i n t ) .  I t  

a l s o  had no nega t ive  e f f e c t  on t h e  occur rence  of  p recoc ious  puber- 

t y  which, i n  t h e  70% group was 5 i n  6 and i n  t h e  ad l i b i t u m  group - 
4 i n  7  (exper imental  and c o n t r o l  animals  hand- ra i sed) .  The prob- 

a b i l i t y  e x i s t s  t h a t  t h e  ad l i b i t u m  group v o l u n t a r i l y  r e s t r i c t e d  - 
t h e  food i n t a k e  t o  approximately t h e  same l e v e l  as t h a t  a v a i l a b l e  

t o  t he  exper imenta l  group. Although it seemed t h a t  h ighe r  abso- 

l u t e  weight had no p o s i t i v e  i n f l u e n c e  on t h e  a t t a inmen t  of  puber ty  

(70% group s i g n i f i c a n t l y  lower mean weight:  t = 2 .66 ,  11 d . f . ,  

P < 0.05) t h i s  must be, s een  i n  t h e  l i g h t  o f  t h e  o v e r a l l  r e s u l t  of 
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t h i s  s tudy  on a much l a r g e r  sample which showed t h a t  p recoc ious  

animals  are h e a v i e r  (F igure  7 )  . 

ii. V a r i a t i o n  i n  p r o t e i n  c o n t e n t  

I t  i s  q u i t e  c l e a r  t h a t  t h e  r a t h e r  crude method of  p r o t e i n  re- 

duc t ion  used i n  t h e  1975 experiment could on ly  approximate t h e  i n -  

f l uence  of t h e  d e c l i n e  of p r o t e i n  i n  n a t u r a l  fo rage  on t h e  n u t r i -  

t i o n  of dee r ,  because it i s  i n s u f f i c i e n t l y  known a)  t o  what degree  

d e e r  coun te rac t  t h i s  d e c l i n e  by s e l e c t i v e  f eed ing  and phys io log i -  

c a l  adap ta t ions  such a s  u r e a  u t i l i z a t i o n  and b)  what t h e  r a t i o  of  

d i g e s t i b l e  p r o t e i n  t o  crude p r o t e i n  i s  ( r e f e r e n c e s  see "General  

Discuss ion and Conclus ions") .  Furthermore,  i n  t h e  exper iment  pro- 

t e i n  was on ly  reduced i n  t h e  s o l i d  food i n g e s t e d  by t h e  fawns 

(and t h e i r  dams). The p r o t e i n  l e v e l  of  t h e  dams' milk w a s  unknown, 

a l though it is  s a f e  t o  assume t h a t  it was h igh  (Appendix C ) .  Th i s ,  

however, i s  i n  accordance wi th  t h e  f eed ing  regime of  w i l d  d e e r  

who exper ience  a  r e d u c t i o n  i n  t h e  p r o t e i n  c o n t e n t  of  browse whi le  

t hey  are s t i l l  nurs ing .  A s  mentioned e a r l i e r ,  a  c o n t r o l  group 

of 4 fawns was mainta ined on a  h igh  p r o t e i n  d i e t  whi le  an expe r i -  

mental  group of  6 fawns was f ed  a  d i e t  t h e  p r o t e i n  c o n t e n t  o f  

which was p r o g r e s s i v e l y  lowered (Tables  X I 1  and X V I I I )  . ' 
I n  o r d e r  t o  compare t h e  weight changes between t h e  c o n t r o l  

and t h e  exper imenta l  group,  t h e  changes between t h e  2 fo l lowing  

p o i n t s  i n  t i m e  w e r e  c a l c u l a t e d :  

1. One hundred days  of age.  A s  fawns were o f  d i f f e r e n t  ages  when 

t h e  experiment was s t a r t e d  on September 4 t h ,  t h i s  w a s  s e l e c t e d  

as a  s t anda rd  age. The o l d e s t  fawn w a s  100 days  o l d  on September 

6 t h ,  t h e  youngest  one on September 27th.  
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2. The d a t e  o f  weighing n e a r e s t  t h e  end of  t h e  experiment on 

March 22nd, 1976. 

A s  t h e  animals  had n o t  been weighed r e g u l a r l y  a t  t h e  end 

o f  t he  exper imenta l  p e r i o d ,  t h e  second p o i n t  was somewhat d i f f e r -  

e n t  f o r  each animal. The weight changes were t h e r e f o r e  recorded 

over  per iods  of d i f f e r e n t  l eng th .  I n  a d d i t i o n ,  t h e  weights  of  

t h e  animals a t  100 days o f  age were d i f f e r e n t .  To s t a n d a r d i z e  

comparison t h e  weight  g a i n s  were expressed  a s  t h e  average d a i l y  

weight g a i n  i n  p e r c e n t  of t h e  weight a t  100 days. The weight  

a t  100 days of  age was chosen over  t h e  weight a t  t h e  s t a r t  of  

t h e  experiment because it was thought  t h a t  t h i s  would minimize 

t h e  i n e v i t a b l e  i n a c c u r a c i e s  of t h i s  comparison. A t  t h e  s t a r t  

o f  t h e  experiment (September 4 th )  t h e  animals  were a t  very  

d i f f e r e n t  s t a g e s  of t h e i r  growth, t h e  r a t e  of which was r a p i d l y  

changing. Probably less inaccuracy  was caused by s e l e c t i n g  t h e  

weight a t  100 days a s  s t anda rd  weight.  Although t h e  animals  

had been on a prote in-reduced d i e t  f o r  vary ing  l e n g t h s  of  t i m e  

a t  100 days of  age,  t h e  p r o t e i n  r educ t ion  a t  t h i s  p o i n t  w a s  

minimal (15% from 20%) and s o  were, very l i k e l y ,  any e f f e c t s  

p o s s i b l y  produced by it. 

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  weight  g a i n s  between 

t h e  2 groups (Table XVIII). However, no r ep roduc t ion  ( p a r t u r i t i o n )  

occurred i n  any of  t h e  6 fawns on t h e  prote in-reduced d i e t  whi le  

1 fawn i n  t h e  h igh  p r o t e i n  group became pregnant  and subsequent ly  

gave b i r t h .  This  r e s u l t  must be seen i n  con junc t ion  wi th  t h e  h igh  

percentage of p regnanc ies  i n  fawns on h igh  p r o t e i n  d i e t s  throughout  

t h e  s tudy ,  which can a l l  be cons idered  c o n t r o l s  t o  t h e  low p r o t e i n  

group. 
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Blood progesterone levels were measured* but could not be 

compared to those of Abler -- et al. (1976) in white-tailed deer, 

as the breeding season was passed (late February) and any pos- 

sibly existing difference in ovarian activity between the 2 

groups most likely would have disappeared. However, it was 

found that the only fawn which subsequently gave birth had the 

highest progesterone level (Table XVIII). Ongoing studies will 

show whether blood progesterone levels can be used as an indica- 

tor of pregnancy in black-tailed deer. In white-tailed deer it 

was found (Plotka -- et al., 1977) that progesterone levels are 

similar for the major portion of pregnancy and the luteal phase 

of the estrous cycle, but higher at late pregnancy than at early 

pregnancy and during the estrous cycle. 

iii. Mother-raised compared to hand-raised fawns 

The precocious fawn which showed the highest progesterone 

level (#16-C) was one of a pair of female twins with identical 

birth weights (2.5 kg); it had been hand-raised while its sibling 

(#16-B) had been mother-raised. The mother-raised fawn grew 

faster than the hand-raised one (6.5 compared to 5.7 kg at 25 

days; 15.5 to 13.2 kg at 75 days; 28.4 to 27.3 kg at 225 days). 

The higher weight of the hand-raised fawn at 265 days (30.0 com- 

pared to 29.1 kg) was probably caused by increased uterine weight 

due to pregnancy. A second pair of twins raised in the same 

manner and compared showed the opposite: the hand-raised fawn 

3 *Radioimmunoassay [Progesterone ( H) Radioimmunoassay Pak, 
New England Biomedical Assay Laboratories] done by B. A. McKeown, 
S.F.U. 



7 2 

(817-B) grew f a s t e r  t han  t h e  mother-ra ised fawn (#17-C) . I n  

t h i s  case n e i t h e r  of  t h e s e  fawns became pregnant  a l though  they  

were, as w a s  t h e  p rev ious  p a i r ,  bo th  k e p t  on a h igh  p r o t e i n  d i e t .  

These 2 examples i n d i c a t e  t h a t  t h e  r e a r i n g  regime had no cons i s -  

t e n t  i n f l u e n c e  on growth. This  w a s  g e n e r a l l y  confirmed when t h e  

weight-growth of  a l l  h e a l t h y  mother-ra ised and hand-raised f e -  

male fawns of  Kelsey Bay s tock  was compared (F igure  1 0 ) .  Also L 

inc luded  i n  t h i s  comparison w e r e  a doe n o t  o f  Kelsey Bay s t o c k  

(XO-B) b u t  of s i m i l a r ,  Vancouver I s l a n d  pa ren tage ,  and h e r  1976 

o f f s p r i n g  (80-B-C). I n  a d d i t i o n ,  7 of t h e  fawns born i n  1976 

w e r e  inc luded ,  a l though  a t  t h e  t ime o f  w r i t i n g  pregnancy had 

only been determined by x-ray and n o t  by t h e  a c t u a l  occur rence  

of  p a r t u r i t i o n .  These animals  had,  t h e r e f o r e ,  n o t  been inc luded  

i n  comparisons of p recoc ious  and non-precocious breeders .  

The comparison of  weight  growth i n  hand- and mother-ra ised 

animals  showed t h a t ,  a l though  i n i t i a l l y  t h e  mother-ra ised fawns 
- 

grew faster (doubl ing  of  b i r t h  weight:  x = 16 days/ 2 = 19 days ,  
- 

t = 2.56, 37 d . f . ,  P < 0.01; weight  a t  25 days: x = 6.3kg/ 
- 
x = 5.3kg, t = 3 . 8 ,  37 d . f . ,  P < 0 . 0 1 ) ,  no s i g n i f i c a n t  d i f f e r -  

ences  occu r red  a t  75, 125 and 175 days  of  age. The i n i t i a l  growth 

d i f f e r e n c e  w a s  c e r t a i n l y  caused by t h e  f a c t  t h a t  fawns l o s t  some 

weight f o r  a s h o r t  t i m e  a f t e r  be ing  removed from t h e i r  dams. 

D. Puber ty  

I n  t h i s  s tudy  p a r t u r i t i o n  was t h e  on ly  c r i t e r i o n  used t o  

determine whether puber ty  had been reached (except  i n  1976, when 

pregnhncy was used)  . Puber ty  was d e f i n e d  i n  t h e  i n t r o d u c t i o n  t o  



Figure  10 - Comparison of body weights  of  hand-ra ised and 

mother-ra ised fawns a t  d i f f e r e n t  ages  

(1973 - 1976) .  

Animals who su rv ived  u n t i l  t h e  breed ing  season  and 

had t h e  o p p o r t u n i t y  t o  mate. Not included:  1975 

fawns on p r o t e i n  reduced d i e t .  

Graphic symbols f o r  mean, range and S.D. a s  i n  

F igu re  7 .  
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this thesis as "the period of life at which reproduction becomes 

first possible", and not - "at which reproduction actually 
occurs". In female black-tailed deer the periods of life des- 

cribed by these definitions coincide under normal circumstances, 

i.e. when healthy fertile males and females have access to each 

other during the breeding season. However, the term "reproduc- 

tion" in females includes the occurrence of ovulation, successful 

copulation, the fertilization of ova, the implantation of the 

fertilized ova, and the birth of viable offspring. If the com- 

pletion of the reproductive process, i.e. birth, is used to 

determine reproductive success, it is possible that some female 

fawns may have started the reproductive process without this 

being detected. They could have either, A. ovulated but not 

conceived, or, B. ovulated and conceived but lost the zygote 

before implantation or, C. initiated post-implantation pregnancy 

but lost the embryo by resorption or abortion. 

The occurrence of A. is possible, as Thomas (1970) found 

that a high percentage of first ovulations in adult black-tailed 

deer was accompanied by silent heats, so that these females did 

not mate and the ova were not fertilized. However, subsequent 

estrous cycles normally led to fertilization. A. and/or B. 

occurred in about 4% of N. W. Bay black-tailed deer (Thomas, 1970), 

while thispreimplantation loss was 5.1% in Washington State 

black-tailed deer (Brown, 1961), 6% in California black-tailed 

deer (Taber, 1953) and 7.5% in Utah mule deer (Robinette -- et al., 

1955). Possibility C., the loss of embryos after the implanta- 

tion stage, was found in 4.3% of N. W. Bay black-tailed deer 



(Thomas, 1970) ,  i n  6.9% of  Washington S t a t e  b l a c k - t a i l e d  d e e r  

(Brown, 1961) and i n  8.8% of Utah mule d e e r  (Robine t te  e t  a l . ,  -- 
1955) . 

A l l  t h e  prev ious  obse rva t ions  were made i n  a d u l t  d e e r  b u t  

n o t  i n  fawns. While o v u l a t i o n  does occur  i n  w i ld  fawns, as shown 

by Thomas' (1970) obse rva t ion  t h a t  " l a r g e  and rup tu red  f o l l i c l e s  

a r e  common i n  wi ld  fawns du r ing  t h e  breed ing  season" (p .  1341, 

t h i s  does by no means i n d i c a t e  t h a t  a  completed pregnancy w i l l  

r e s u l t .  

I n  w i ld  popu la t ions  on ly  3 b l a c k - t a i l e d  d e e r  g i v i n g  b i r t h  as 

y e a r l i n g s  have e v e r  been r epo r t ed  (Shantz ,  1943; Thomas and Smith, 

1973).  There i s  evidence t h a t  an absence o f  p a r t u r i t i o n  i n  w i ld  

y e a r l i n g s  i s  n o t  caused by pos t - implan ta t ion  l o s s  of  t h e  embryo, 

a s  the  r ep roduc t ive  t r a c t s  of a  l a r g e  number o f  examined fawns 

showed no s i g n s  of  pregnancy, (Thomas, 1970; Jordan and Vohs, 

1976).  I t  i s  n o t  known whether t h e  w i ld  fawns t h a t  o v u l a t e  under- 

go a s i l e n t  h e a t  w i th  o v u l a t i o n  b u t  w i thou t  mating,  and do n o t  

ovu la t e  aga in ,  o r  whether they  do a c t u a l l y  mate b u t  t h e  f e r t i l i z e d  

o r  n o n - f e r t i l i z e d  ova a r e  l o s t  be fo re  imp lan ta t ion ,  as corpora  

l u t e a  r a r e l y  develop i n  w i l d  fawns (Thomas, 1970) .  However t h e  

second p o s s i b i l i t y  does e x i s t  i n  c a p t i v e  fawns, as i n d i c a t e d  by 

t h e  f a c t  t h a t  i n  t h i s  s tudy  matings w i t h  a  f e r t i l e  buck were ob- 

se rved  i n  6 female fawns du r ing  t h e  1973 breed ing  season,  b u t  none 

of t h e s e  matings r e s u l t e d  i n  pregnancy. Although 4 o f  t h e  fawns 

t h a t  had been observed copu la t ing  ( i n t r o m i s s i o n  and e j a c u l a t i o n  

occur red)  d i d  conceive a t  l a te r ,  unobserved mat ings ,  t h e  remaining 

2 d i d  n o t  g i v e  b i r t h  i n  1974 ( p o s s i b i l i t y  of  f e t u s e s  be ing  re- 

so rbed ) .  Observed matings cannot ,  t h e r e f o r e ,  be taken  as evidence 
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t h a t  r ep roduc t ion  i s  p o s s i b l e ,  b u t  t h e  produc t ion  o f  v i a b l e  o f f -  

s p r i n g  i s  i r r e f u t a b l e  ev idence  of reproduc t ion .  

The r e s u l t s  of t h i s  s tudy  i n d i c a t e  t h a t  c a p t i v e  fawns under 

s p e c i f i c  exper imenta l  c o n d i t i o n s  respond r ep roduc t ive ly  l i k e  

w i l d  y e a r l i n g s ,  i .e .  some i n d i v i d u a l s  o v u l a t e ,  conceive and sub- 

s equen t ly  g i v e  b i r t h .  I t  i s ,  t h e r e f o r e ,  p o s s i b l e  t h a t  t h e  f i n d i n g  

o f  o v u l a t i o n s  t h a t  do n o t  r e s u l t  i n  pregnancies  (Thomas, 1970) 

i n  w i ld  fawns i s  n o t  e n t i r e l y  r e l e v a n t  t o  c a p t i v e  s i t u a t i o n s .  

That  pos t - implan ta t ion  l o s s e s  can occur  i n  c a p t i v e  fawns w a s  shown 

by t h e  d e a t h  and r e s o r p t i o n  of t h e  f e t u s  i n  a pregnant  fawn 

(F igure  11). 

Using t h e  subsequent  p roduc t ion  of o f f s p r i n g  as a c r i t e r i o n ,  

du r ing  t h e  1973 mating season ,  13 of 20 female fawns became preg- 

nan t .  A l l  t h e s e  fawns were w i ld  caught  and hand-raised.  This  

inc luded  3  Washington S t a t e  fawns (#29 ,  30, 31) o r i g i n a t i n g  from 

a popula t ion  wi th  l a r g e r  morphological  measurements t han  t h e  

Kelsey Bay popula t ion ,  and 4 Kelsey Bay fawns ( # 3 ,  5,  8 ,  22) f o r  

whom i n s u f f i c i e n t  growth d a t a  had been c o l l e c t e d  and who, t h e r e -  

f o r e ,  had n o t  been inc luded  i n  growth comparisons. The q u a n t i t a -  

t i v e  r e s t r i c t i o n  of f eed  ( t o  70% of t h e  i n t a k e  o f  t h e  l a s t  week 

before  s t a r t  o f  exper iment)  dur ing  48 days of  l a te  growth had no 

i n f l u e n c e  on weight  i n c r e a s e  (Table X V I I ) .  I n  comparison t o  an 

ad  l i b i t u m  d i e t  it a l s o  had no nega t ive  i n f l u e n c e  on t h e  a t t a i n -  - 
ment of p recoc ious  puber ty .  Consider ing on ly  t h e  fawns used f o r  

t h e  growth comparisons, i t  was found t h a t  5  o f  6 of t h e  low weight  

( f e e d - r e s t r i c t e d )  animals  and 4 of  7  of  t h e  h igh  weight (non- 

r e s t r i c t e d )  animals  became pregnant  (Table  X V I I ) .  I f  t h e  breed ing  



F i g u r e  11 - X-ray pho tographs  o f  p r e g n a n t  fawns. 

A. L ive  f e t u s ,  March 2 8 t h ,  1977 (#23-E) 

B. Dead f e t u s ,  March 2 8 t h ,  1977 (#31-B) 

C .  R e s o r p t i o n  a l m o s t  comple ted ,  A p r i l  1 3 t h ,  1977 

(#31-B) 
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success  o f  a l l  20 normally developed female fawns i s  cons idered  - 
( i n c l u d i n g  those  w i th  i n s u f f i c i e n t  weight d a t a ,  see above ) ,  t h e  

r e s u l t  becomes 5 pregnanc ies  i n  6 low weight  ( f e e d - r e s t r i c t e d )  

fawns and 8 p regnanc ies  i n  14 h igh  weight ( n o n - r e s t r i c t e d )  fawns. 

The p ropor t ions  of  conceiving and non-conceiving fawns i n  

the  low weight and t h e  high weight group are n o t  s i g n i f i c a n t l y  

d i f f e r e n t  (x2  = 0.372) . The wide range (October 24th  - January 

17 th)  and t h e  l a te  mean (December 2 1 s t )  of  concept ion  d a t e s  i n  

precocious  fawns i n  1973 (F igure  5)  can be a t t r i b u t e d  t o  t h e  
I 2  

husbandry regime used. Ten of  t h e  conce ive r s  and 7 non-conceivers it 
h I 

I II 

were k e p t  from October 28th  u n t i l  December 1 8 t h  i n  s m a l l ,  i n d i v i d -  @ 4 

; ! I  
u a l  pens and mated under obse rva t ion  w i t h  a buck who was i n t r o -  

I ; 
k 

duced d a i l y  f o r  a s h o r t  t i m e .  Blood samples (which w e r e  subse- 
1 

i lil 

quent ly  n o t  used i n  t h i s  s tudy )  were a l s o  taken  a t  r e g u l a r  i n t e r -  4 

v a l s .  Only 1 fawn conceived under t h e s e  c o n d i t i o n s  ( # 1 4 :  December I dl 

8 

2nd).  I t  i s  p o s s i b l e  t h a t  t h e  stress r e s u l t i n g  from t h i s  t ype  of  

maintenance was r e s p o n s i b l e  f o r  t h e  d e l a y  o f  p recoc ious  puber ty  

i n  most fawns i n  1973 a s  t h i s  phenomenon w a s  n o t  observed i n  sub- 

sequent  b reed ing  seasons  (F igure  5 ) .  There can be no doubt t h a t  

some stress d i d  occur  as t h e  d a i l y  i n t r o d u c t i o n  of t h e  buck i n t o  

a s m a l l  enc losu re ,  w i thou t  escape r o u t e s  t o  pe rmi t  h i s  avoidance . 

by t h e  does ,  caused v i s i b l e  a n x i e t y  of t h e  la t ter .  Some stress 

was probably a l s o  induced by t h e  blood-sampling procedure  t w i c e  

a week as t h e  animals  had t o  be  immobilized w i t h  succ iny lcho l ine  

(Anectine,  Burroughs Wellcome; 0.06 - 0.115 mg/kg i . m . ) ,  a d rug  

which does  n o t  a f f e c t  consciousness  b u t  causes  temporary pa ra ly -  

sis of  t h e  motoric muscles. That  stress can d e l a y  puber ty  through 
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i n c r e a s e  i n  a d r e n a l  s t e r o i d s ,  o r  dec rease  f e r t i l i t y  . a f t e r  puber ty  

has  been achieved,  has  been shown i n  work on r a t s  by C h r i s t i a n  

(1960, 1961) and Hagino (1968) .  An i n c r e a s e  of  s t e r o i d s  i n  t h e  

blood (thought t o  be of ad rena l  o r i g i n )  a f t e r  immobil izat ion wi th  

succ iny lchol ine  was found by Wesson e t  a l .  (1976) i n  whi te-  -- 
t a i l e d  deer. 

During t h e  1974 mating season a l l  y e a r l i n g s  who had bred  a s  

fawns bred aga in ,  proving t h a t  p recoc ious  pregnancy does  n o t  

impai r  l a t e r  r ep roduc t ive  success .  Also a l l  7 animals  who had 

presumably n o t  a t t a i n e d  puber ty  a s  fawns, as they  d i d  n o t  pro- 

duce o f f s p r i n g ,  d i d  breed as y e a r l i n g s .  Of t h e  7 female fawns 

born t o  y e a r l i n g s  i n  1974, a l l  of  which w e r e  l e f t  w i t h  t h e i r  dams, 

3 l i v e d  t o  t h e  breed ing  season ,  b u t  2 w e r e  n o t  p r o p e r l y  developed 

(#5-A: c o c c i d i o s i s ,  #21 -A:  p a r t i a l  l a c t a t i o n  f a i l u r e  o f  dam) 

and t h e r e f o r e  on ly  1 (#22-A) could be used f o r  t h i s  s tudy .  

Another mother-raised fawn t h a t  was a v a i l a b l e  i n  1974 (#O-B) had 

been born t o  an a d u l t  doe. I n  a d d i t i o n  t h e r e  w e r e  5 w i ld  caught  

hand-raised fawns ( # E l  G I  I ,  3 ,  K). 

Three o f  t h i s  t o t a l  of  7 fawns produced o f f s p r i n g  i n  1975 

and had t h e r e f o r e  conceived i n  1974. 

A s  i n  1973 stress a l s o  occur red  du r ing  t h e  1974 mating sea- 

son. I t  was caused by t h e  harassment o f  t h e  d e e r  herd by dogs,  

which, on one occas ion ,  even broke i n t o  t h e  paddock and k i l l e d  

a male fawn (#L, January 23rd,  1975) .  

During t h e  mating season  of 1975, 7 mother-ra ised fawns and 

5 hand-raised fawns were used i n  b reed ing  s t u d i e s .  As mentioned 

e a r l i e r  (Table  XII), 2 of t h e  mother-ra ised (#5-C, 19-A) and 3 



of  the  hand-ra ised fawns (#3-C, 23-C, I - B )  were putvon a p r o t e i n -  

reduced d i e t .  Also added t o  t h i s  group was a mother-ra ised fawn 

(#31-A) of Washington S t a t e  s t o c k  t h a t  had n o t  been used i n  growth 

comparisons. Two of t h e  mother-ra ised fawns i n  t h e  h igh-pro te in  

group (#17-C, 18-A) were k i l l e d  by dogs b e f o r e  and du r ing  t h e  

mating season,  l e a v i n g  2 mother-ra ised (#16-B, 22-C) and 2 hand- 

r a i s e d  fawns (#16-C, 17-B) i n  t h i s  group. O f  10 female fawns 

thus  l e f t  t o  s u r v i v e  u n t i l  a f t e r  t h e  1975 mat ing season ( 3  low 

p r o t e i n ,  mother-ra ised;  3 low p r o t e i n ,  hand-ra ised;  2 h igh  pro- 

t e i n ,  mother-ra ised;  2 h igh  p r o t e i n ,  hand-ra ised)  on ly  1 conceived 

and gave b i r t h  i n  1976. This  animal had been hand-raised and w a s  

1 of 4 on a h igh -p ro t e in  d i e t  (#16-C). A s  mentioned e a r l i e r ,  i t  

w a s  surmised t h a t  none o f  6 fawns on a low p r o t e i n  d i e t  a t t a i n e d  

puber ty  as none of  them gave b i r t h .  However, t h e  p o s s i b i l i t y  of 

f e t u s  r e s o r p t i o n  does e x i s t .  

A s  it w a s  n o t  p o s s i b l e  t o  compare t h i s  p ropor t ion  wi th  t h a t  

2 of fawns on t h e  h igh  p r o t e i n  d i e t  by means of  t h e  u sua l  X t e s t ,  

t h e  s i g n i f i c a n c e  of  t h i s  r e s u l t  was t e s t e d  by a o n e - t a i l e d  

binomial  t es t  (Zar ,  1974) u s ing  a n u l l  hypo thes i s  o f  a 50% prob- 

a b i l i t y  of  b reed ing .  S ince  p (X 2 0) = 0.0156, which i s  l e s s  t han  

0.05, Ho w a s  r e j e c t e d .  Thus s i g n i f i c a n t l y  fewer fawns bred  under 

c o n d i t i o n s  o f  dec reas ing  p r o t e i n  than  on a c o n s i s t e n t l y  h igh  pro- 

t e i n  d i e t  when a l l  fawns on h igh  p r o t e i n  d i e t s  du r ing  t h e  course  

of t h i s  s tudy  (of  which approximately 50% bred)  are cons idered  as 

t h e  c o n t r o l  group. This  seems j u s t i f i e d  i n  view of t h e  sma l l  

sample s i z e s  and t h e  s i m i l a r i t y  i n  t h e  maintenance c o n d i t i o n s  

over  t h e  4 y e a r  pe r iod  of  t h i s  s tudy.  

I t  should be mentioned t h a t ,  as i n  1974, du r ing  t h e  breed ing  
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season o f  1975 t h e r e  was r epea t ed  harassment of  t h e  d e e r  herd 

by dogs which approached t h e  e n c l o s u r e  a t  n i g h t  i n  packs ,  barked,  

r an  about  and no doubt caused g r e a t  stress mainly t o  t h e  high- 

p r o t e i n  dee r .  These animals  were k e p t  i n  t h e  a r e a  of t h e  en- 

c l o s u r e  which was a l s o  used as a t r a p  and w e r e ,  t h e r e f o r e ,  most 

vu lne rab le  (Figure  1). I n  2 c a s e s  t h e  dogs broke i n t o  t h e  enclo-  

s u r e  o f  t h e  high-prote in  group and k i l l e d  2 fawns, as mentioned 

e a r l i e r  (Table  X I I ) .  I t  i s  imposs ib le  t o  s a y  t o  what degree  t h i s  

stress delayed puber ty  beyond t h e  p o i n t  where i n c r e a s e  i n  day- I $ 

I 

I 

l i g h t  hours  prevented i t s  occurence.  However, G a v i t t  e t  a l .  
I ,  

-- , 
(1975) found t h a t  harassment by dogs du r ing  pregnancy (October- 

A p r i l )  had no de t r imen ta l  e f f e c t  on t h e  r ep roduc t ion  o f  an 

enc losed ,  dense popula t ion  of w h i t e - t a i l e d  d e e r  (0. - v i r g i n i a n u s ) .  , 
I L $  

Also,  i n  t h i s  s tudy ,  t h e  low-prote in  fawns (none o f  which a t t a i n e d  4 

I/ 

puber ty)  s u f f e r e d  l i t t l e  from dog harassment a s  t hey  w e r e  a b l e  t o  Y 
11 , W 

seek  r e fuge  i n  t h e  dense ly  t r e e d  a r e a  of t h e  enc losu re  (F igure  1). 

The r e s u l t  of  t h e  1975 mating season should a l s o  be viewed 

i n  r e l a t i o n  t o  t h e  p o s s i b l e  e f f e c t  o f  e s t r o g e n i c  compounds (e.g.  

coumestrol )  i n  t h e  d i e t .  The presence o f  such phytoes t rogens  i n  

f r e s h  and d r i e d  a l f a l f a  w a s  demonstrated by Pieterse and Andrews 

(1956) i n  experiments on mice. They found s p r i n g  c rops  t o  con- 

t a i n  more e s t r o g e n i c  a c t i v i t y  than l a te r  c rops  and l e a v e s  more 

than  s t e m s .  Although e s t r o g e n i c  a c t i v i t y  w a s  found by t h e s e  re- 

s e a r c h e r s  t o  vary cons ide rab ly  w i t h i n  t h e  same p l a n t  s p e c i e s  and 

t o  be a f f e c t e d  by d i f f e r e n c e s  i n  season ,  s t a g e  o f  growth and o t h e r  

environmental  f a c t o r s  (such a s  l o c a l i t y ) ,  it i s  t h e o r e t i c a l l y  

p o s s i b l e  t h a t  t h e  c a p t i v e  d e e r  used i n  t h i s  study i n g e s t e d  con- 



82 

s i d e r a b l e  q u a n t i t i e s  o f  e s t r o g e n i c  compounds as t h e i r  d i e t  con- 

t a i n e d  l a r g e  q u a n t i t i e s  of a l f a l f a  hay. This  hay was always o f  

3rd o r  4 th  c rops  (and,  t h e r e f o r e ,  con ta ined  perhaps  on ly  smal l  

amounts o f  e s t r o g e n i c  subs t ances )  b u t  t h e  d e e r  a t e  on ly  t h e  

l e a v e s  and t h e  t e r m i n a l ,  t h i n  p a r t s  of  t h e  stems (and,  t h e r e f o r e ,  

t h o s e  p a r t s  c o n t a i n i n g  p o t e n t i a l l y  most e s t r o g e n i c  a c t i v i t y ) .  

Bickoff  (1968) s t a t e d  t h a t  phytoes t rogens  can sometimes 

i n i t i a t e  e s t r u s  i n  immature animals  and i n  o t h e r  cases i n t e r f e r e  

w i th  normal reproduc t ion .  However, t h e  s t u d i e s  reviewed by him 

showed unequivocal ly  a  d e t r i m e n t a l  e f f e c t  o f  phytoes t rogens  on 

reproduc t ion .  But i f  indeed e s t r u s  can be i n i t i a t e d  i n  immature 

animals  by t h e s e  subs t ances ,  t h i s  must n o t  be confused w i t h  

puber ty .  I f  e s t r u s  i s  e l i c i t e d  by exogenous compounds, t h i s  

does n o t  mean t h a t  reproduc t ion  i s  p o s s i b l e .  Also,  it i s  impor- 

t a n t  t o  no te  t h a t  be fo re  and du r ing  t h e  mating season o f  1975 

a l l  animals  on a pro te in- reduced  d i e t  (September 4 th ,  1975 - 
March 22nd, 1976) had no acces s  t o  a l f a l f a  hay. I n  a d d i t i o n ,  

t h e  a l f a l f a  m e a l  i n  t h e  p e l l e t  r a t i o n  was reduced from 60 l b s / t o n  

i n  t h e  20% p r o t e i n  r a t i o n  f e d  t o  t h e  high p r o t e i n  group t o  30 

l b s / t o n  i n  t h e  15% p r o t e i n  r a t i o n  (September 4 t h  - September 24th)  

and t o t a l l y  e l i m i n a t e d  i n  t h e  r a t i o n s  f ed  t o  t h e  low p r o t e i n  group 

from September 24th  t o  March 22nd. None o f  t h e  low p r o t e i n  fawns 

bred,  which means t h a t  on ly  fawns k e p t  c o n t i n u a l l y  on d i e t s  con- 

t a i n i n g  a l f a l f a  a t t a i n e d  puber ty .  Therefore ,  it cannot  be t o t a l l y  

d i scounted  t h a t  phytoes t rogens  con ta ined  i n  a l f a l f a  hay c o n t r i -  

bu ted  t o  t h e  s exua l  p r e c o c i t y  observed i n  t h i s  s tudy.  However, 

it is t h e  a u t h o r ' s  op in ion  t h a t  phytoes t rogens  d i d  n o t  p l ay  a 



role i n  t h e  a t t a i n m e n t  o f  pube r ty  i n  fawns, a s  no d e t r i m e n t a l  

e f f e c t  on t h e  f e r t i l i t y  o f  y e a r l i n g s  and a d u l t  does  ( t h e  

t y p i c a l  e f f e c t  o f  phy toes t rogens )  w a s  observed i n  any y e a r  o f  

t h i s  s tudy :  a l l  o f  them gave b i r t h  i f  t h e y  had t h e  o p p o r t u n i t y  

t o  mate. (1973: 1 a d u l t ;  1974: 1 a d u l t ,  20 y e a r l i n g s ;  1975: 

18  a d u l t s ,  6 y e a r l i n g s ) .  Fur thermore ,  when a sample o f  t h o s e  

p a r t s  t h a t  are e a t e n  by d e e r  ( l e a v e s  and sma l l  s t e m s )  o f  t h e  

a l f a l f a  hay used d u r i n g  t h e  1976 mating season  was ana lyzed  

(Newsome, p e r s .  comm., 1977) i t  was found t o  c o n t a i n  o n l y  15  ppm 

coumestrol .  I t  i s  n o t  l i k e l y  t h a t  t h i s  ex t remely  s m a l l  amount o f  

phy toes t rogen  had any i n f l u e n c e  on pube r ty  a t t a i n m e n t .  A l f a l f a  

was found t o  c o n t a i n  from 1 t o  400 ppm coumes t ro l  by Hansen e t  - 
a l .  (1965) .  - 

I n  1976 12 mother - ra i sed  female fawns w e r e  i n  t h e  expe r i -  

menta l  e n c l o s u r e  d u r i n g  t h e  r u t ,  b u t  5 o f  them were sh ipped  o u t  

i n  l a te  w i n t e r  i n  o r d e r  t o  reduce t h e  s i z e  of  t h e  expe r imen ta l  

herd .  Of t h e  remaining 7 fawns 5 became p regnan t .  A s  t h i s  

manuscr ip t  w a s  completed b e f o r e  t h e  1977 fawning season ,  a t t a i n -  

ment o f  pube r ty  was n o t  determined by t h e  occu r r ence  o f  p a r t u r i -  

t i o n  b u t  o f  pregnancy which was e s t a b l i s h e d  by x - ray ing  t h e s e  

an imals  on March 28th .  Pregnancy was determined by i n s p e c t i o n  

of  x-ray photographs  which, i n  5 c a s e s ,  showed c l e a r l y  t h e  p re -  

s ence  o f  a s i n g l e  f e t u s .  Th i s  was t h e  h i g h e s t  pe r cen t age  o f  

p r ecoc ious  p r egnanc i e s  recorded  f o r  1 y e a r  d u r i n g  t h e  4 y e a r s  o f  

obse rva t i on .  I t  w a s  a l s o  t h e  f i r s t  o b s e r v a t i o n  ( o t h e r  t h a n  a 

s i n g l e  case: #0-B) o f  mother - ra i sed  fawns conce iv ing  i n  t h e  y e a r  

o f  b i r t h .  I t  i s  i n t e r e s t i n a  t h a t  i n  1976 stress b e f o r e  and d u r i n a  
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t h e  breeding season was minimal compared w i t h  prev ious  y e a r s ,  a s  

no exper imenta l ,  p o t e n t i a l l y  s t r e s s - i n d u c i n g  s i t u a t i o n  e x i s t e d ,  

and t h e  dog problem had been e l imina t ed .  However, i n  1 fawn 

(#31-B) t h e  x-ray photograph on March 28th showed a  f e t a l  ske l e -  

t on  which, because of  i t s  b l u r r e d  contours  and t h e  abnormal 

p o s i t i o n  of  t h e  f e t a l  bones,  was cons idered  t o  be  t h a t  o f  a  dead 

f e t u s .  When t h e  same animal was x-rayed a g a i n ,  16 days  la ter ,  

on ly  few, unc l ea r  remains of  bones could be seen (F igure  11). 

There is  no doubt t h a t  t h e  f e t u s  had d i e d  a t  about  t h e  middle of 

t h e  pregnancy, and t h a t  t h e  f e t a l  t i s s u e s  w e r e  subsequent ly  re- 

sorbed.  

To summarize t h e  above r e s u l t s ,  22  of  44  fawns (50%)  who 

had t h e  oppor tun i ty  t o  breed and whose subsequent  r ep roduc t ive  

h i s t o r y  w a s  known bred du r ing  t h e i r  f i r s t  b reed ing  seasQn i .e .  

a t  approximately 6  1 / 2  months (min. 1 4 2  days ,  max. 253 days)  o f  

age from 1973 t o  1976. I f  d a t a  from t h e  1975 experiment on l o w -  

e r e d  p r o t e i n  l e v e l s  a r e  d e l e t e d ,  21 of  34  fawns ( 6 2 % )  bred.  I f  

d a t a  from t h e  1976 season a r e  a l s o  d e l e t e d  because pregnancy had 

n o t  been determined by t h e  occur rence  o f  p a r t u r i t i o n  b u t  by t h e  

presence  of  f e t u s e s  of  which a t  least  one was n o t  c a r r i e d  t o  t e r m ,  

t h e  r a t i o  changes t o  16 o f  27 ( 5 9 % ) .  

I t  i s  a p p r o p r i a t e  a t  t h i s  p o i n t  t o  compare t h e  s i z e s  o f  w i ld  

fawns du r ing  t h e  f i r s t  November-December and t h o s e  of  y e a r l i n g s  

du r ing  t h e  second November-December o f  t h e i r  l i v e s  w i t h  t h e  s i z e s  

of  c a p t i v e  fawns i n  t h i s  s tudy .  I n  1 2  y e a r s ,  from 1954 t o  1965, 

314 female fawns and 276 female long y e a r l i n g s  were k i l l e d  by 

h u n t e r s  du r ing  t h e  hunt ing  season (November 6 t h  - December 6 t h )  
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a t  North West Bay on Vancouver I s l a n d .  The dead weights  ( ca rcas -  

ses e v i s c e r a t e d )  w e r e  recorded and k i n d l y  provided f o r  t h i s  s tudy  

by t h e  Nanaimo o f f i c e  of  t h e  F i sh  and W i l d l i f e    ranch of B r i t i s h  

Columbia. These weights  were conver ted t o  t o t a l  ( b l e d )  body 

weights  by use of  a r e g r e s s i o n  formula (r2 = 0.987) c a l c u l a t e d  

by A. Anderson ( W i l d l i f e  Research Cent re ,  F o r t  C o l l i n s ,  Colorado) 

f o r  56 mule d e e r  (0, h. hemionus) under 17 months of age (Appen- - - 
d i x  B ) .  This formula i s  y = 0.0602 + 1.3714 x (where y = b l e d  

weight i n  kg and x = e v i s c e r a t e d  weight  i n  k g ) .  The e x a c t  r e l a -  

t i o n  between b l e d  weight  and l i v e  weight i s  unknown, as t h e  amount 

of blood l o s t  by an animal k i l l e d  by a gunshot  and b l e d  later by 

s l a s h i n g  i t s  t h r o a t  can vary  t o  a l a r g e  e x t e n t .  However, a s  t h e  

t o t a l  amount of blood i n  domestic sheep was found t o  be  1/12 of 

t h e  body weight ( M i l l e r  and West, 1967) ,  it i s  n o t  l i k e l y  t h a t  

i n  d e e r  t h e  b l e d  weight  d i f f e r s  by more than  t h a t  amount from 

the  l i v e  weight. 

I n  1975, between January 22nd and January 25th ,  6 w i ld  f e -  

male fawns were k i l l e d  f o r  t h i s  s tudy  i n  t h e  Adam and Eve r i v e r  

v a l l e y s  nea r  Kelsey Bay on Vancouver I s l a n d ,  -- t h e  same a r e a  

where t h e  o r i g i n a l  b reed ing  s tock  f o r  t h e  exper imenta l  herd had 

been c o l l e c t e d .  These animals  were weighed immediately a f t e r  

dea th  and t h e i r  weigh ts  were recorded.  None o f  them were pregnant  

and no corpora  a l b i c a n t i a ,  corpora  l u t e a  o r  Graaf ian  f o l l i c l e s  

were found i n  t h e i r  o v a r i e s .  

The va lues  f o r  t h e  w i ld  fawns and long  y e a r l i n g s  from North 

West Bay and t h e  w i ld  fawns from Kelsey Bay a r e  p re sen ted  i n  a 

g raph ic  comparison wi th  t h e  exper imenta l  animals.  A s  noted e a r -  



l ier  (Figure  7 ) ,  t h e  exper imenta l  animals  who conceived as fawns 

and gave b i r t h  a s  y e a r l i n g s  w e r e  s i g n i f i c a n t l y  h e a v i e r  a t  125,  

175 and 225 days  than  t h o s e  who d i d  no t .  Although it could be 

argued t h a t  t h e  weight  d i f f e r e n c e  a t  225 days of age was due t o  

phys io log ica l  changes caused by t h e  i n i t i a t i o n  of  pregnancy 

(most precocious  animals  conceived be fo re  r each ing  t h i s  a g e ) ,  

t h e  s i g n i f i c a n t  weigh t  d i f f e r e n c e  between t h e  2 groups a t  125 and 

175 days cannot  be d i spu ted .  The range of  weigh ts  (max.: 34.9 

kg) of wi ld  N. W .  Bay fawns k i l l e d  between 170 and 175 days* of  

age overlapped t h e  range of  p recoc ious  (min. : 24.0 kg) and non- 

precocious  exper imenta l  fawns (min.: 21.8 k g ) .  This ,  however, 

i s  perhaps somewhat mis lead ing  (F igure  1 2 ) .  Some o f  t h e s e  high 

va lues  w i t h i n  t h e  range of  weights  can a lmost  c e r t a i n l y  be  

a t t r i b u t e d  t o  e r r o r s  of age e s t i m a t i o n  under f i e l d  c o n d i t i o n s  a s  

some of them equa led  weights  of  1 1/2 yea r  o l d  does  from t h e  same 

area. Normally, a l l  b l a c k - t a i l e d  d e e r  have f u l l y  developed,  per-  

manent f i r s t  i n c i s o r s  a t  15  - 18 months of  age and a  complete s e t  

of  permanent i n c i s o r s  a t  20 - 21 months (Brown, 1961) .  Therefore ,  

y e a r l i n g s  of  t h i s  age a r e  u s u a l l y  n o t  mis taken f o r  fawns i f  they  

have changed t e e t h  a t  t h e  normal t i m e .  But Robine t te  - -  e t  a l .  

(1957) found f o u r  t o  t e n  months v a r i a t i o n  i n  t h e  age of  mule d e e r  

a t  t h e  t i m e  o f  replacement f o r  most t e e t h .  I t  is ,  t h e r e f o r e ,  

p o s s i b l e  t h a t  some long y e a r l i n g s  had n o t  y e t  r ep l aced  t h e i r  fawn 

d e n t i t i o n  when s h o t  and w e r e  counted as fawns. 

-- - --- 

*The weights  o f  t h e  N. W. Bay fawns over  a pe r iod  o f  5  days  
r a t h e r  than  t h e  weight  a t  175 days  of  age w e r e  used f o r  compari- 
son i n  o r d e r  t o  e l i m i n a t e  t h e  v a r i a t i o n  between d a i l y  samples. 



Figure  12 - Comparison of  body weights  of w i ld  and exper imenta l  

fawns of  d i f f e r e n t  ages  du r ing  t h e  mating season.  

Experimental  Fawns (1973 - 1975) 

Age: Known age o r  age c a l c u l a t e d  from weight  
a t  c a p t u r e  (y=2.29+0.168xt where y  = weight 
a t  c a p t u r e  i n  kg and x  = age i n  days. 

Weight: Measured 

Wild Fawns and Year l ings ,  North West Bay (1954 - 
1965) 

Age: Ca lcu la t ed  from mean d a t e  o f  b i r t h  a t  
N.  W .  Bay = June 14 th  (Thomas, 1970) : 
November 6 t h  = 145 days o r  510 days ,  
r e s p e c t i v e l y .  

Weight: Ca lcu l a t ed  from e v i s c e r a t e d  weight 
(y= .0602 + 1 , 3 7 1 4 ~ ~  where y  = b l e d  weight 
i n  kg and x = e v i s c e r a t e d  weight  i n  kg; 
Anderson, pe r s .  comm. ) 

Wild Fawns, Kelsey Bay (1975) 

Age: Ca lcu la t ed  from mean d a t e  of b i r t h  a t  
Kelsey Bay = June 9 t h  ( t h i s  s tudy )  : 
January 22nd = 227 days.  

Weight: T o t a l  weight immediately a f t e r  dea th ,  
measured. 

Graphic  symbols f o r  mean, range and S.D. as i n  

F igu re  7. 



The mean weight  of t h e  precoc ious  exper imenta l - fawns  was 

s i g n i f i c a n t l y  h ighe r  ( t  = 5.03, 105 d . f . ,  P < 0.01) t han  t h a t  

o f  t h e  w i ld  N. W .  Bay fawns between 170 and 175 days  of  age 

(x = 23.1, S . D .  = 3.35, n = 9 2 ) .  The mean weight  of  t h e  non- 

p recoc ious  exper imenta l  fawns was a l s o  s i g n i f i c a n t l y  h ighe r  than 

t h a t  of  t h e  w i ld  N.  W. Bay fawns between 170 and 175 days  of  age 

( t  = 3.85, 103 d . f . ,  P < 0 .01 ) .  But compared t o  t h e  w i l d  N.  W .  

Bay long y e a r l i n g s  a t  540 days  of age t h e  precoc ious  exper imenta l  

fawns were very  s i g n i f i c a n t l y  l i g h t e r  a t  175 days  o f  age ( t  = 

6.59,16 d . f . ,  P < 0.01) and s o  were t h e  non-precocious experimen- 

t a l  fawns (t = 6.39, 11 d . f . ,  P < 0 .01 ) .  

A t  225 days  t h e  range of weigh ts  of  p recoc ious  exper imenta l  

fawns (min.: 25.9 kg) d i d  j u s t  o v e r l a p  t h e  range of  w i l d  Kelsey 

Bay fawns k i l l e d  between t h e  age of 227 and 230 days  (max.: 25.9 

k g ) ,  b u t  t h e  mean weight  of  t h e  former was s i g n i f i c a n t l y  h ighe r  

t han  t h a t  o f  t h e  l a t t e r  ( t  = 5.44, 18 d . f . ,  P < 0.01) .  The mean 

weight  of  t h e  non-precocious fawns a t  225 days  o f  age was also 

s i g n i f i c a n t l y  h i g h e r  than t h a t  of  t h e  w i ld  Kelsey Bay fawns be- 

tween 227 and 230 days of age ( t  = 2.99, 17  d . • ’ . ,  P < 0.01) ,  

a l though  t h e i r  ranges  of  weight  d i d  ove r l ap .  

I n  summarizing t h e s e  f i n d i n g s ,  i t  may be s a i d  t h a t  i n  l a t e  

f a l l  and e a r l y  w i n t e r ,  a t  t h e  t i m e  when most p recoc ious  concep- 

t i o n s  occur red ,  t h e  fawns a t t a i n i n g  precoc ious  puber ty  reach  a 

h ighe r  average weight  than  t h e  non-precocious c a p t i v e  and t h e  

w i l d  fawns. Although t h e r e  was a cons ide rab le  o v e r l a p  i n  weights  

o f  p recoc ious  and non-precocious c a p t i v e  fawns, t h e  o v e r l a p  was 

much less between non-precocious c a p t i v e  and wi ld  fawns and on ly  
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minimal - i f  e x i s t e n t  (see p r e v i o u s  d i s c u s s i o n  o f  fawn a g i n g  

i n  t h i s  s e c t i o n )  - between p r ecoc ious  c a p t i v e  and w i l d  fawns. 



GENERAL DISCUSSION AND CONCLUSIONS 

One of the  major problems of exper imenta l  work wi th  l a r g e  

wi ld  m a m m a l s  is  t h e  r e s t r i c t i o n  t o  sma l l  sample s i z e s .  This  

r e s u l t s  from t h e  d i f f i c u l t i e s  and c o s t s  of c o l l e c t i n g  breed ing  

s tock  from the  w i l d  and of subsequent  housing and maintenance of  

t h e  exper imental  animals .  I n  a d d i t i o n ,  sample s i z e s  are neces- 

s a r i l y  s m a l l  when one i s  working on t h e  r ep roduc t ion  of  a season- 

a l l y  breeding s p e c i e s  w i th  on ly  1 b i r t h  p e r  y e a r  and wi th  l i t ters  

of 1 o r  2 young. The r e s u l t s  ob t a ined  i n  such s t u d i e s  may n o t ,  

i n  many cases ,  o f f e r  s t a t i s t i c a l l y  s i g n i f i c a n t  d a t a  and t h u s  can 

sometimes only be  taken  as an i n d i c a t i o n  of phenomena and pro- 

cesses involved.  A l l  t h i s ,  of course ,  a p p l i e s  t o  a s tudy  on 

reproduc t ion  i n  dee r .  

I n  s p i t e  of t h i s  r e s t r i c t i v e  s t a t emen t ,  q u e s t i o n  number 1. 

asked a t  t h e  beginning of  t h i s  s tudy ,  namely whether b reed ing  i n  

female b l a c k - t a i l e d  d e e r  under 1 yea r  of  age occu r s  on ly  i n  rare 

cases of  r ep roduc t ive ly  anomalous animals  o r  r e g u l a r l y  under 

c e r t a i n  cond i t i ons  of  c a p t i v i t y ,  has  been c l e a r l y  answered. P re -  . 

coc ious  puber ty  occur red  i n  everyone of  t h e  4 y e a r s  of  s tudy:  

1973 i n  13  of  20  (65%) of  a l l  normally developed,  h e a l t h y  female 

fawns, 1974 i n  3 of  7  (45%)  and 1976 i n  5  of  7 (71%) .  I n  1975, 

when on ly  4 fawns were k e p t  on t h e  same h igh  p r o t e i n  d i e t  as i n  

t h e  o t h e r  3  y e a r s  of  t h i s  s tudy ,  puber ty  was a t t a i n e d  by 1 of  

t h e s e  4 (25%) .  No nega t ive  e f f e c t  of p recoc ious  puber ty  on sub- 

sequent  r ep roduc t ion  was seen  f o r  up t o  3 y e a r s  a f te rwards .  A l l  
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precoc ious  does who su rv ived  and had a c c e s s  t o  bucks produced 

h e a l t h y  twins a s  2 yea r  o l d s  and, i n  t h e  c a s e  of  t h e  1973 an imals ,  

as 3 yea r  olds.  The b i r t h  weights  o f  t h e  fawns born t o  y e a r l i n g s  

which conceived as fawns e q u a l l e d  and surpassed  t h a t  of  fawns 

born t o  o lder  does  (Table  X I I I ) .  Although t h e  sample s i z e s  were 

r a t h e r  small ,  it appeared t h a t  p recoc ious  females  remained 

l i g h t e r  than t h e  non-precocious ones (Table  X I 1 1  ) , presumably 

due to  growth r e t a r d a t i o n  by e a r l y  pregnancy and l a c t a t i o n .  I t  

i s  n o t  known whether t h i s  weight  d i f f e r e n c e  d i s a p p e a r s  later  i n  

l i f e .  Two ques t ions  followed: 

2. Is t h e  sho r t en ing  of  t h e  t i m e  necessary  t o  reach  puber ty  by 

a t  least  ha l f  ( a t t a i n m e n t  o f  puber ty  i n  p recoc ious  c a p t i v e  black-  

t a i l e d  dee r  a t  1/2 y e a r  of age,  i n  w i ld  ones  a t  1 1 / 2  y e a r s  of  

age o r  o l d e r )  i n  t h e  female fawns caused by n u t r i t i o n a l  f a c t o r s ?  

3.  I f  it i s  caused by n u t r i t i o n a l  f a c t o r s ,  is  t h i s  r e f l e c t e d  i n  

t h e  achieved weights?  

Although b l a c k - t a i l e d  d e e r  fawns do n o t  normally breed  i n  

t h e  w i ld ,  it is  known t h a t  a percen tage  o f  y e a r l i n g s  reaches  

puber ty  and t h a t  t h i s  percen tage  i s  i n f l u e n c e d  by range condi- 

t i o n s  (Taber,  1953: Taber and Dasmann, 1957, 1958; Cowan, 1956) .  

I n  w h i t e - t a i l e d  d e e r ,  where w i ld  fawns f r e q u e n t l y  a t t a i n  puber ty  

(Table  11), it w a s  observed t h a t  good range c o n d i t i o n s  i n c r e a s e  

t h e  percen tage  of  b r e e d e r s  (Cheatum and Morton, 1946; Cheatum 

and Sever inghaus ,  1950) .  However, it must be  r e a l i z e d  t h a t  range 

q u a l i t y  is  u s u a l l y  n o t  measured i n  t e r m s  of  t h e  a c t u a l  amount o f  

d i g e s t i b l e  n u t r i e n t s  t h a t  a r e  a v a i l a b l e  t o  d e e r  i n  a c e r t a i n  

a r e a ,  b u t  r a t h e r  by i n d i r e c t  i n d i c a t o r s  such as t h e  browse s p e c i e s  
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p r e s e n t ,  topography, c l i m a t e  and s o i l  q u a l i t y .  These f a c t o r s  

are then  c o r r e l a t e d  - a p o s t e r i o r i  t o  t h e  f e r t i l i t y  and f ecund i ty  

of t h e  deer  popu la t ions  p r e s e n t  (Cheatum and Sever inghaus ,  1950) .  

I n  many c a s e s  t h e  s t a t e d  o b s e r v a t i o n  t h a t  a  range i s  of good 

q u a l i t y  and t h a t  on t h i s  range t h e  d e e r  have a h igh  r ep roduc t ive  

rate cannot be taken  as i r r e f u t a b l e  ev idence  t h a t  n u t r i t i o n a l  fac-  

t o r s  i n f luence  r ep roduc t ion ,  as t h e  range was probably c l a s s i f i e d  

as "good" by t h e  o b s e r v a t i o n  of  a h igh  r ep roduc t ive  rate of  t h e  

d e e r  i n  t he  f i r s t  p l a c e  (Taber ,  1953) .  However, exper imenta l  work 

on n u t r i t i o n  i n  penned w h i t e - t a i l e d  d e e r  showed conc lus ive ly  t h a t  

p r o d u c t i v i t y  and puber ty  a t t a inmen t  i s  r e l a t e d  t o  n u t r i t i o n :  on 

q u a n t i t a t i v e l y  inadequa te  r a t i o n s  6  of  13  female y e a r l i n g s  d i d  n o t  

breed and fawn produc t ion  of y e a r l i n g s  and a d u l t s  w a s  reduced 

( V e r m e ,  1969).  The l a t t e r  r e s u l t  w a s  a l s o  ob ta ined  by p r o t e i n  

reduc t ion  (Murphy and Coates ,  1966) . 
I t  i s  most l i k e l y  t h a t  t h e  a c c e l e r a t i o n  o f  puber ty  observed 

i n  t h i s  s tudy  was a l s o  due l a r g e l y  t o  n u t r i t i o n a l  f a c t o r s .  There 

w a s  a cons ide rab le  d i f f e r e n c e  i n  f eed  p r o t e i n  c o n t e n t  and d i g e s t -  

i b i l i t y  ( r e f e r e n c e s  s e e  page 94) between t h e  f eed  of  c a p t i v e  fawns 

on h igh  p r o t e i n  d i e t s  and wi ld  fawns on l a te  f a l l  fo rage .  Other 

environmental  f a c t o r s ,  such a s  l i g h t  and tempera ture ,  w e r e  n o t  

a l t e r e d  i n  comparison t o  c o n d i t i o n s  i n  t h e  wi ld .  The r e sea rch  en- 

c l o s u r e  i n  Maple Ridge was s i t u a t e d  w e l l  w i t h i n  t h e  l i m i t s  of t h e  

n a t u r a l  d i s t r i b u t i o n  of  b l a c k - t a i l e d  d e e r  (Alaska t o  C a l i f o r n i a ) ,  

and t h e  c a p t i v e  dee r  were s u b j e c t  t o  t h e  same climatic cond i t i ons  

as w i l d  dee r .  The on ly  o t h e r  f a c t o r s ,  a p a r t  from n u t r i t i o n ,  t h a t  

had been a l t e r e d  w e r e  space and t h u s  degree  of  s o c i a l  c o n t a c t  and, 
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perhaps, a c t i v i t y .  The 1 h e c t a r e  r e s e a r c h  e n c l o s u r e  conta ined  

from 32 t o  ove r  50 d e e r  a t  any g iven  t i m e  du r ing  t h e  4 y e a r s  of  

study.  This  d e n s i t y  was many t i m e s  g r e a t e r  t han  i n  f ree- ranging  

b l ack - t a i l ed  d e e r  which occupy i n d i v i d u a l  home ranges  w i th  a  max- 

imum diameter of 640 - 1,280m and du r ing  t h e  fawning season ter- 

r i t o r i e s  which are s e p a r a t e d  by a t  least  137m (Dasmann and Taber, 

1956).  I t  is  conce ivab le  t h a t  t h i s  h igh  d e n s i t y  could have caused 

stress which i s  known t o  de l ay  puber ty  ( C h r i s t i a n ,  1960, 1961; 

Hagino, 1968) through t h e  r e l e a s e  of  a d r e n a l  c o r t i c o s t e r o i d s .  

However, i n  t h i s  s tudy  an a c c e l e r a t i o n  of pube r ty  was observed i n  

comparison t o  w i l d  dee r .  I t  i s  p o s s i b l e ,  however, t h a t  stress may 

have delayed e a r l y  puber ty  i n  c e r t a i n  ca ses .  This  d e l a y  could 

have been s u f f i c i e n t  f o r  t h e  i n c r e a s e  i n  d a y l i g h t  hours  t o  p reven t  

t h e  occurrence of puber ty  a l t o g e t h e r  f o r  t h a t  b reed ing  season.  I n  

c e r t a i n  "short-day" breed ing  s p e c i e s  puber ty  can on ly  be a t t a i n e d  

when the  day l e n g t h  has  decreased  t o  a  c e r t a i n  c r i t i c a l  l e v e l  (e.g.  

domestic sheep,  Hammond Jr . ,  1944; Hafez, 1952) ,  and t h i s  has  also 

been p o s t u l a t e d  f o r  b l a c k - t a i l e d  d e e r  (L insda l e  and Tomich, 1953) .  

While t h e o r e t i c a l l y  t h e  p o s s i b i l i t y  e x i s t s  t h a t  t h e  r e s t r i c -  

t i o n  of l i v i n g  space may have delayed puber ty  through stress due 

t o  t h e  i n t e n s i f i c a t i o n  of  s o c i a l  i n t e r a c t i o n s  (a l though  no e v i -  

dence was found f o r  t h i s  p resumpt ion) ,  it a l s o  may have c o n t r i -  

bu ted  t o  t h e  a c c e l e r a t i o n  of puber ty  due t o  an energy-saving 

decrease  i n  a c t i v i t y .  

The n u t r i t i o n  of  t h e  c a p t i v e  d e e r  remained e q u a l l y . h i g h  

throughout  t h e  yea r ,  b u t  t h e  n u t r i t i o n a l  va lue  o f  t h e  fo rage  o f  

w i ld  d e e r  i s  known t o  change d r a s t i c a l l y  from a  maximum i n  l a t e  
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s p r i n g  t o  a minimum i n  la te  w i n t e r  as deduced from t h e  annual  

change i n  c rude  p r o t e i n  c o n t e n t  throughout  t h e  range of  t h e  

s p e c i e s  (Vancouver I s l a n d :  Gates ,  1968, Rochel le ,  p e r s .  comm., 

1976; Oregon: E inarsen ,  1946; C a l i f o r n i a :  B i s s e l l  and S t rong ,  

1955; Colorado: Die tz  -- e t  a l . ,  1958) .  A s  a r u l e ,  t h e  p r o t e i n  

con ten t  of p l a n t s  i s  h i g h e s t  dur ing  t h e  growing pe r iod  and lowest  

dur ing  t h e  dormant p e r i o d  (Hellmers,  1940) .  On Vancouver I s l a n d  

thd  p r o t e i n  c o n t e n t  changed from an average maximum of  17% - 19% 

t o  an  average minimum of  6%. I n  a d d i t i o n  t h e  d i g e s t i b i l i t y  of 
1 

crdde p r o t e i n  i n  browse p l a n t s  du r ing  t h e  w i n t e r  was found t o  

r d g e  from 10.7% t o  48.5% i n  d i g e s t i o n  exper iments  on mule d e e r  

i n  Utah (Smith, 1957) a s  compared t o  78.5% i n  a l f a l f a ,  86.5% i n  

o a t s  and 88.4% i n  b a r l e y  f e d  t o  c a t t l e  (Morrison,  1948) .  

I t  is t h u s  c l e a r ,  from t h e  above o b s e r v a t i o n s ,  t h a t  t h e  l e v e l  

o f  p r o t e i n  n u t r i t i o n  g e n e r a l l y  a v a i l a b l e  i n  f a l l  and w i n t e r  t o  

w i ld  deer  i s  cons ide rab ly  d i f f e r e n t  t o  t h e  l e v e l  of  p r o t e i n  n u t r i -  

t i o n  a v a i l a b l e  t o  exper imenta l  d e e r  i n  t h i s  s tudy  (Table V I I ) .  

However, t h i s  does  n o t  n e c e s s a r i l y  mean t h a t  t h e  same d i f f e r e n c e  

e x i s t e d  i n  t h e  amount of  p r o t e i n  t h a t  w a s  a c t u a l l y  a s s i m i l a t e d ,  

as rumen microbe? can s y n t h e s i z e  p r o t e i n  from non-prote in  n i t r o g e n  

compounds. I t  i$ i n s u f f i c i e n t l y  known t o  what degree  t h i s  can 

counte rba lance  d i f f e r e n c e s  i n  feed  p r o t e i n  conten t .  
I 

Some l i g h t  $as shed on t h i s  problem by Bissel l ' s  (1959) d i s -  
I 

covery t h a t  t h e  rumen c o n t e n t s  o f  b l a c k - t a i l e d  d e e r  e a t i n g  n a t u r a l  

browse i n  C a l i f o r n i a  conta ined  2 t o  3 t i m e s  as much p r o t e i n  a s  

had b e e s  c a l c u l a t e d  from fo rage  p l a n t  ana lyses  (6,% - 7 % ) .  But 
I 

Bissell 's  ( ibidem) r e s u l t s  can be c r i t i c i z e d  on a ~ t  least 2 grounds, 



both  of which would dec rease  t h e  d i f f e r e n c e  between ' fo rage  and 

rumen p r o t e i n :  A. The t h e o r e t i c a l  p r o t e i n  c o n t e n t s  of t h e  

rumens were based on v e g e t a t i o n  ana lyses  which d i d  n o t  t a k e  i n t o  

account  s e l e c t i v e  f eed ing  on p l a n t  p a r t s  w i t h  h igh  p r o t e i n  con- 

t e n t .  B. The p r o t e i n  c o n t e n t s  of  t h e  rumens were c a l c u l a t e d  

from t h e  t o t a l  rumen n i t r o g e n  con ten t s .  Thus t h e  n i t r o g e n  con- 

t e n t  of u r e a  and o t h e r  non-protein n i t r o g e n  compounds was i n -  

c luded i n  the  a n a l y s i s .  But t h e s e  compounds can on ly  be u t i l i z e d  

f o r  p r o t e i n  s y n t h e s i s  t o  a c e r t a i n  degree  by rumen microbes. 
I I 

Blackburn (1964) has  no ted  t h a t  on ly  a maximum of  50% of  d i e t  

p r a t e i n  can be r ep l aced  by thhse  compounds. Therefore ,  B i s s e l l n  s 
I 2  

c a l c u l a t i o n  of p r o t e i n  from rumen n i t r o g e n  could be a cons ide rab le  

over-es t imat ion.  B i s s e l l  ( ibidem) found o n l y  a  s l i g h t  d i f f e r e n c e  

I1 between t h e  p r o t e i n  percen tage  o f  a l f a l f a  p e l l e t s  and t h a t  of t h e  

rumen c o n t e n t  of  d e e r  who had been f e d  e x c l u e i v e l y  on t h e s e  pe l -  I 0  

Ilk 

lets.  One has  t~ draw t h e  c o n c l u s i ~ n  t h a t  t h e  d i f f e r e n c e  i n  d e e r  

on a browse d i e t  i s  due e i t h e r  t o  u t e a  recycking through s a l i v a ,  

w h k h  i s  i n c r e a s e d  a t  low p r o t e i n  d j e t s  (Kay, 1963) and/or u r i n e  

i n g e s t i o n  (Smith -- e t  a l . ,  1975) ,  o r  t o  t h e  s e l e c t i v e  feed ing  be- 

hav iour  of  t h e  dee r .  The l a t t e r  e x p l a n a t i o n  is  endorsed by Brown 

(1961) who found l in  f eed ing  exper iments  on b l a c k - t a i l e d  d e e r  w i t h  

n a t u r a l  browse t h a t  t h e  n u t r i t i v e  va lue  o f  mgny s p e c i e s  du r ing  

t h e  w i n t e r  

some cases 

w a s  SQ low a s  t o  cause s eve re  weight  l o s s e s  and, i n  

, even d e a t h  i n  t h e  exper imenta l  animals  which d i d  nod 
I 

I 

have t h e  opportu+ty t o  f eed  s e l e c t i v e l y .  T r a i l i n g  b l ackbe r ry  ~ 
I 

(Rubus u r s i n u s ,  Qhamisso and S c h l e c h t ) ,  which conta ined  t h e  high- 
l 

est percen tage  ob p r o t e i n  (average 10.63%) , w a s  t h e  on ly  na turaq  



browse s p e c i e s  on which d e e r  w e r e  a b l e  t o  main ta in  t h e i r  body 

weight.  According t o  Einarsen  (1946) , b l a c k - t a i l e d  dee r  a r e  n o t  

a b l e  t o  su rv ive  on d i e t s  con ta in ing  less than 5% p r o t e i n  which 

i s  s i m i l a r  t o  t h e  minimal p r o t e i n  requirement  of  w h i t e - t a i l e d  

d e e r ,  suggested by McEwen e t  a l .  (1957) t o  be 7  - 9%. -- 
Although p r o t e i n  i s  g r e a t l y  reduced i n  t h e  w i n t e r  fo rage  of  

w i ld  deer ,  t h i s  r educ t ion  i s  n o t  balanced by an i n c r e a s e  i n  o t h e r  

n u t r i e n t s .  Diedz -- e t  a l .  (1958) found i n  5  key browse p l a n t s  o f  

mule deer  i n  Colorado  t h a t  t h e  e a s i l y  d i g e s t i b l e  ca rbohydra tes  
i 

I I I 

decreased s l i g h t l y  i n  t h e  w i n t e r  (N-free e x t r a c t  from 58.44% t o  
I I 

57.84%) whi le  r e l a t i v e l y  i n d i g e s t i b l e  ca rbohydra tes  i nc reased  
I * 

(crude f i b e r  from 19.69% t o  23.88%).  Crude f a t  was found t o  
1 

i n c r e a s e  s l i g h t l y  (from 4.9% t o  5 . 2 5 % ) ,  however, it should be 
I 

) p o i n t e d  o u t  t h a t  crude f a t  i s  a  poor measure of  food q u a l i t y  as I i t  

it inc ludes  s o l u b l e  compounds such a s  r e s i n s  and waxes which are 
1 ( 

of  l i t t l e  o r  no n u t r i t i v e  va lue .  Abel l  and G i l b e r t  (1974) have 1 Iyl 

noted  t h a t  "adequate l e v e l s  of crude p r o t e i n  i n  t h e  d i e t  of d e e r  

a f f e c t  p o s i t i v e l y  o t h e r  impor tan t  n u t r i t i o n a l  a s p e c t s  [such a s ]  

d iges t i ib le  energy ,  d i g e s t i b i l i t y  of  non-prote in  c o n s t i t u e n t s  and 

maintehance of  a  h e a l t h y  popula t ion  of  rumen microbes" (p .  522) .  

F i b e r  c o n t e n t ,  on t h e  o t h e r  hand, i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  
I 

d i g e s e i b i l i t y  - and food i n t a k e ?  

In an exper iment  on roe  d e e r  be ing  f e d  n a t u r a l  browse through- 

o u t  t h e  yea r ,  Drozdz and Os ieck i  (1973) found t h a t  a) t h e  d i g e s t -  

i b i l i t y  of  d ry  matter decreased from 87% i n  May t o  34% i n  January 

and t h e  food i n t a k e  decreased  from 6009 d r y  matter i n  summer t o  

3,50g d ry  matter i n  w i n t e r ,  and b )  t h e  crude f i b e r  c o n t e n t  i n -  



c r e a s e d  from 13.9% in May t o  40.7% i n  January and t h e  crude pro- 

t e i n  c o n t e n t  decreased from 19.8% i n  May t o  8.0% i n  January.  This  

i n d i c a t e s  t h a t  these  d e e r  d i d  n o t  c o u n t e r a c t  t h e  d e t e r i o r a t i o n  of 

t h e  n u t r i t i v e  value of n a t u r a l  fo rage  by an i n c r e a s e  i n  consump- 

t i o n .  

I t  w a s  a l s o  found i n  t h e  s tudy  by ~ i e t z  e t  a l .  (1958) t h a t  -- 
caro tene*  decreased from 85.89 i n  t h e  summer t o  17.81 micrograms 

p e r  gram i n  t h e  win te r .  The r a t i o n s  of  t h e  c a p t i v e  d e e r  i n  t h i s  

s tudy  always contained 3,300 I . U .  v i t amin  A p e r  kilogram. 

A s  would be expected,  t h e  s u p e r i o r  n u t r i t i o n  o f  t h e  c a p t i v e  

fawns du r ing  l a t e  f a l l  and w i n t e r  r e s u l t e d  i n  h ighe r  weights  due 

t o  t h e i r  cont inued ( a l b e i t  slow) growth when compared t o  wi ld  

fawns a t  t h e  same t i m e  of t h e  yea r  (F igu re  1 2 ) ,  a l though  r e s t r i c t -  

ed  movement caus ing  a  dec rease  i n  energy expend i tu re  may have been 

a  c o n t r i b u t i n g  f a c t o r .  I t  was shown i n  exper iments  on white-  

t a i l e d  d e e r  fawns t h a t  a  f eed  r a t i o n  wi th  h igh  ( U l l r e y  e t  a l . ,  
7 -  

1967: 20.2%; Ki rkpa t r i ck  e t  -- a l . ,  1975: 18.2%) c rude  p r o t e i n  

l e v e l s  d i d  indeed produce s i g n i f i c a n t l y  h ighe r  weight g a i n s  than 

r a t i o n s  w i th  low (Ul l r ey  -- e t  a1 . , 1967 : 12.7% and 7.8% ; 

Kiqkpat r ick  e t  a l . ,  1975: 9.6%) l e v e l s .  I t  i s  n o t  l i k e l y  t h a t  -- 
w i l d  fawns grow d i f f e r e n t l y  from c a p t i v e  fawns du r ing  t h e  e a r l y  

p e r i o d  o f  t h e i r  l i v e s ,  a s  t h e i r  f eed  and t h a t  of  t h e  nu r s ing  dams 

i s ,  a t  t h a t  t i m e ,  abundant i n  q u a n t i t y  and equa l  i n  q u a l i t y  t o  

t h e  f e e d  of t h e  exper imenta l  d e e r  (Gates ,  1968; ~ o c h e l l e ,  pers .  

corn . ,  1976).  

*Carotene i s  changed by t h e  body i n t o  v i tamin  A which i s  
impor tan t  f o r  reproduc t ion .  
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The growth of  w i ld  fawns s t a g n a t e s  du r ing  t h e  t i m e  of yea r  

when n u t r i t i o n  i s  low and energy l o s s  i s  high.  I n  t h e  c a p t i v e  

fawns, growth cont inued  dur ing  t h e  w i n t e r  b u t  a t  a  r a t e  lower 

t han  t h a t  dur ing  t h e  summer. This r educ t ion  of  t h e  growth r a t e  

was probably due t o  lower metabolism. I t  cannot  be a t t r i b u t e d  

t o  a t t a inmen t  of  puber ty  a s  i t  occur red  i n  a l l  fawns, p recoc ious  

and non-precocious. Metabolism i s  g e n e r a l l y  lower i n  d e e r  du r ing  

t h e  w i n t e r  as w a s  i n d i c a t e d  by a lower f a s t i n g  metabol ic  r a t e  

du r ing  t h e  w i n t e r  i n  experiments on w h i t e - t a i l e d  d e e r  ( S i l v e r  

e t  a l . ,  1969, 1971; Thompson e t  a l . ,  1973) . The lower energy -- -- 
demand l e a d s  t o  vo lun ta ry  r e s t r i c t i o n  of feed  consumption (black-  

t a i l e d  deer :  Bandy, 1955; wh i t e - t a i l ed  dee r :  French e t  a l . ,  -- 
1960; Long e t  -- a l . ,  1965; Behrend, 1966; Fowler e t  a l . ,  1967; -- 
U l l r e y  -- e t  a l . ,  1967; Thompson e t  a l . ,  1973, K i rkpa t r i ck  e t  a l . ,  

-7 -- 
1975) . 

I f  a t t a i n e d  weight i s  a  d e c i s i v e  f a c t o r  i n  t h e  a t t a inmen t  

of puber ty  i n  b l a c k - t a i l e d  dee r ,  a  weight d i f f e r e n c e  du r ing  t h e  

mating season n o t  on ly  between t h e  c a p t i v e  and t h e  w i ld  fawns b u t  

a l s o  between t h e  precoc ious  and t h e  non-precocious c a p t i v e  fawns 

should have been apparen t .  This w a s  indeed shown by comparisons 

of weights  o f  p recoc ious  and non-precocious c a p t i v e  fawns a t  125, 

175 and 225 days  of age and by comparison of  t h e  weights  of t h e s e  

fawns w i t h  t h o s e  of  w i ld  fawns dur ing  t h e  mating season.  I t  i s  

impor tan t  t h a t  on ly  weights  of  animals  of t h e  same popu la t ion  

were compared s i n c e  l o c a l  popula t ions  of  b l a c k - t a i l e d  d e e r  i n  

d i f f e r e n t  environments reach  very d i f f e r e n t  u l t i m a t e  body s i z e  

(Cowan and Wood, 1955; Bandy, 1955) .  
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A s  t h e  observed weight d i f f e r e n c e s  between precoc ious  and 

non-precocious experimental  fawns d i d  n o t  e x i s t  i n  e a r l y  l i f e  

( a t  25 and 75 days)  when most of t h e  fawns' n u t r i t i o n  w a s  sup- 

p l i e d  by mi lk ,  i t  i s  l i k e l y  t h a t  it was caused by a d i f f e r e n t i a l  

i n t a k e  of  n u t r i e n t s  (e .g .  d i f f e r e n c e  i n  beginning and degree  of  

vo lun ta ry  r e s t r i c t i o n  o f  consumption) a f t e r  weaning. This  i s  

a l s o  i n d i c a t e d  by the  f a c t  t h a t  t h e  growth p a t t e r n s  of  p recoc ious  

and non-precocious fawns i n  e a r l y  l i f e  ( t o  i n f l e c t i o n  p o i n t )  w e r e  

i d e n t i c a l  (Table  XV).  However, t h e  p o s s i b i l i t y  e x i s t s  t h a t  d i f -  

f e r e n c e s  i n  d i g e s t i v e  o r  metabol ic  e f f i c i e n c y  played a r o l e  i n  

t h e  achievement of d i f f e r e n t i a l  weights .  

The comparison of t h e  weights  a t  t h e  end of t h e  breed ing  

season as percentage of t h e  a d u l t  weigh ts  of  bo th  groups y i e l d e d  

e s s e n t i a l l y  t h e  same r e s u l t  a s  t h e  comparison of a b s o l u t e  

weights:  t h e  precocious  fawns were s i g n i f i c a n t l y  h e a v i e r  (Table  

XVI). However, t h i s  i s  probably due, a t  l e a s t  i n  p a r t ,  t o  t h e  

f a c t  t h a t  t h e i r  a d u l t  weights  a r e  lower (Table  X I I I ) .  

Comparisons of c a p t i v e  (precoc ious  - and non-precocious) and 

wi ld  fawns showed a s i g n i f i c a n t  weight d i f f e r e n c e  a t  175 and 225 

days. Weights a t  e a r l y  ages  could n o t  be compared as wi ld  fawn 

weights  w e r e  n o t  a v a i l a b l e  f o r  animals  under 145 days of age.  

But, a s  s t a t e d  b e f o r e ,  i t  i s  n o t  l i k e l y  t h a t  w i ld  fawns grow 

d i f f e r e n t l y  from c a p t i v e  fawns dur ing  t h e  e a r l y  p a r t  of  t h e i r  

l i v e s .  However, t h e i r  b i r t h  weights  might be d i f f e r e n t  due t o  

a d i f f e r e n c e  i n  t h e  n u t r i t i o n  of t h e  dam dur ing  pregnancy. 

Although t h e  weights  of  p recoc ious  fawns were s i g n i f i c a n t l y  

h i g h e r  du r ing  t h e  mat ing season than  t h e  weights  of  non-precocious 
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fawns ( c a p t i v e  and w i l d ) ,  t h e  f a c t  t h a t  t h e  weights  -of  a l l  3 

groups showed cons iderab le  o v e r l a p  (F igure  12) p rec ludes  t h e  pos- 

s i b i l i t y  of  a  simple t h r e s h o l d  e f f e c t  of  weight  on puber ty  a t t a i n -  

ment. Rather ,  it i n d i c a t e s  t h a t  t h e  c r i t i c a l  weight  of  t h e  popu- 

l a t i o n  i s  r ep re sen ted  by a  range w i t h i n  which each animal has  its 

own i n d i v i d u a l  c r i t i c a l  weight.  For  example, one fawn may n o t  

have reached i t s  i n d i v i d u a l  c r i t i c a l  weigh t  a t  25 kg whi le  ano the r  

one has  reached it a l r e a d y  a t  22 kg. 

That  weight pe r  s e  i s  a  good i n d i c a t o r  o f  t h e  s ta te  of  somat- 

i c  development and t h u s  r e l a t e d  t o  t h e  a t t a i n m e n t  o f  puber ty ,  was 

n o t  on ly  shown by t h i s  s tudy  b u t  a l s o  by work on o t h e r  m a m m a l s  

(see r e f e r e n c e s  i n  "Resu l t s  and Discuss ion" ,  s e c t i o n  C. Growth) . 
The conc lus ions  reached were i d e n t i c a l :  puber ty  can on ly  be  

a t t a i n e d  above a  c e r t a i n  s p e c i e s - s p e c i f i c  c r i t i ca l  weight  ( r ep re -  

s en t ed  by a  r a n g e ) ,  a t  whatever age t h i s  c r i t i c a l  weight  i s  reached. 

The 1973 experiment of  a  r educ t ion  of  food i n t a k e  t o  70% 

(Table X I )  f o r  1 group of fawns, which was expected t o  r e s u l t  i n  

a reduced weight i n c r e a s e  enhancing t h e  lower a b s o l u t e  weights  

and t h u s  a lower percen tage  of  p recoc ious  fawns i n  t h e  low i n t a k e  

(-low weight)  group,  d i d  n o t  achieve t h i s  r e s u l t .  The low i n t a k e  

group and t h e  c o n t r o l  group showed t h e  same weight i n c r e a s e  and 

t h e  percen tage  of  p recoc ious  b reede r s  was a c t u a l l y  h i g h e r  i n  t h e  

low i n t a k e  (-low weight*) group a l though n o t  s i g n i f i c a n t l y  so .  

This  r e s u l t  can be exp la ined  by t h e  sample s i z e  as smaller fawns 

can sometimes a t t a i n  puber ty  ear l ier  than  l a r g e r  ones due t o  t h e  

*The l i g h t e s t  fawns had been s e l e c t e d  f o r  t h i s  group. 
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p rev ious ly  mentioned range i n  i n d i v i d u a l  c r i t i c a l  weights .  A s  

t h e  weight  i n c r e a s e  was t h e  same f o r  bo th  groups,  i t  was con- 

c luded t h a t  t h e  c o n t r o l  fawns v o l u n t a r i l y  r e s t r i c t e d  t h e i r  food 

i n t a k e  t o  approximately 70%, and t h a t  t h i s  amount of  food con- 

t a i n e d  s u f f i c i e n t  n u t r i e n t s  t o  a l low those  fawns t h a t  had passed 

t h e i r  i n d i v i d u a l  c r i t i c a l  weight t o  a t t a i n  puber ty .  I f  t h i s  ex- 

per iment  was t o  be  repea ted ,  t h e  f eed  i n t a k e  should  be r e s t r i c t e d  

earl ier  and t o  a  g r e a t e r  degree  i n  o r d e r  t o  have t h e  exper imenta l  

fawns d u p l i c a t e  t h e  growth p a t t e r n  and t h e  weights  of w i ld  fawns 

i n  late f a l l  and win te r .  Also,  t h e  food i n t a k e  of  t h e  c o n t r o l  

group should be measured. 

The 1975 experiment of  a  s tep-by-s tep r e d u c t i o n  of  crude pro- 

t e i n  (from 20% t o  7%)  i n  t h e  feed  r a t i o n s  of  6 exper imenta l  fawns* 

d i d  n o t  r e s u l t  i n  weight g a i n s  t h a t  were d i f f e r e n t  from those  of 

4 fawns i n  a c o n t r o l  group whose feed  was main ta ined  a t  a 20% 

crude p r o t e i n  l e v e l .  The energy l e v e l s  of t h e  p r o t e i n  reduced 

r a t i o n s  w e r e  mainta ined c o n s t a n t  and t h e  q u a n t i t a t i v e  food con- 

sumption was n o t  r e s t r i c t e d .  Therefore ,  it must be concluded t h a t  

t h e s e  low p r o t e i n  l e v e l s  w e r e  s t i l l  s u f f i c i e n t  t o  a l low t h e  same 

growth a s  i n  t h e  c o n t r o l  animals ,  due t o  t h e  h igh  energy c o n t e n t  

and d i g e s t i b i l i t y  of t h e  commercial feed.  I t  i s  a l s o  p o s s i b l e  

t h a t  t h e  low p r o t e i n  animals compensated f o r  t h e  l o w  p r o t e i n  

l e v e l s  t o  some degree  by e a t i n g  more. A s  a r e s u l t ,  t h e  low pro- 

t e i n  animals  could  o b t a i n  s u f f i c i e n t  energy f o r  maintenance from 

t h e  non-protein c o n s t i t u e n t s  of t h e i r  r a t i o n s  and had s u f f i c i e n t  

*Of t h e s e  on ly  5 were of Kelsey Bay s t o c k  and were used i n  
weight  g a i n  comparisons. 
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d i g e s t i b l e  p r o t e i n  a v a i l a b l e  f o r  growth i n  s p i t e  o f  - t h e  low crude 

p r o t e i n  l e v e l s  i n  t h e  exper imenta l  r a t i o n s .  I t  can be surmised 

t h a t  t h e  high d i g e s t i b i l i t y  of t h e  i n g r e d i e n t s  of  t h e  exper imenta l  

r a t i o n s  provided t h e  low p r o t e i n  exper imenta l  d e e r  w i th  amounts 

of d i g e s t i b l e  p r o t e i n  t h a t  exceeded those  i n  n a t u r a l  browse du r ing  

t h e  dormant pe r iod  of  t h e  v e g e t a t i o n .  This  i s  shown i n  F igure  13  

which is  desc r ibed  i n  g r e a t e r  d e t a i l  l a t e r  i n  t h e  t e x t .  Increased  

consumption and, probably;  i nc reased  u rea  r e c y c l i n g  i n  comparison 

t o  t h e  h igh  p r o t e i n  group can be assumed t o  have i n c r e a s e d  t h e  

p r o t e i n  a c t u a l l y  a v a i l a b l e  t o  t h e  low p r o t e i n  group t o  some de- 

g ree .  

However, t h e r e  i s  no reason t o  b e l i e v e  t h a t  t h i s  t o t a l l y  

e l imina t ed  t h e  d i f f e r e n c e  between t h e  2  groups. The crude pro- 

t e i n  c o n t e n t  i n  t h e  f eed  of  t h e  high p r o t e i n  group w a s  2 t o  3  

t i m e s  h ighe r  t h a n  t h a t  of t h e  low p r o t e i n  group (Table  X I I ) .  A l -  

though t h e  q u a n t i t a t i v e  f eed  i n t a k e  of  t h e  two groups w a s  n o t  

measured, no dramat ic  i n c r e a s e  i n  consumption of  t h e  low p r o t e i n  

group w a s  n o t i c e d  when t h e  crude p r o t e i n  c o n t e n t  of  t h e  f eed  was 

lowered. Furthermore,  U l l r e y  e t  -- a l .  (1967) d i d  ach ieve  weight  

d i f f e r e n c e s  i n  w h i t e - t a i l e d  d e e r  fawns on h igh  and low crude 

p r o t e i n  d i e t s  which were s i m i l a r  t o  d i e t s  i n  t h i s  s tudy  a l though 

compensatory f eed ing  w a s  p o s s i b l e .  Obviously,  t h e s e  fawns had 

been unable  t o  compensate t o  any l a r g e  degree  f o r  expe r imen ta l ly  

p r e s c r i b e d  d i f f e r e n c e s  i n  f eed  (c rude)  p r o t e i n .  I t  i s  l o g i c a l  

t h e r e f o r e  t o  assume t h a t  t h e  b l a c k - t a i l e d  d e e r  fawns used i n  t h i s  

s tudy  d i d  n o t  respond e n t i r e l y  d i f f e r e n t l y .  The f a c t  t h a t  t h e  

b l a c k - t a i l e d  d e e r  fawns d i d  n o t  show d i f f e r e n c e s  i n  weight  g a i n s  
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whi le  t h e  wh i t e - t a i l ed  d e e r  fawns d i d  can be exp la ined  mainly by 

t h e  w h i t e - t a i l e d  deer fawns being s e p a r a t e d  from t h e i r  dams a t  

t h e  beginning of  the exper iment  and having t o  depend e n t i r e l y  on 

t h e  exper imenta l  r a t i o n s .  I n  c o n t r a s t ,  t h e  b l a c k - t a i l e d  d e e r  

fawns on t h e  low p ro t e in  d i e t  i n  t h i s  s tudy  were l e f t  wi th  t h e i r  

dams u n t i l  they  were n a t u r a l l y  weaned a t  t h e  end o f  October ( 3  

mother-ra ised fawns) o r  weaned from t h e  b o t t l e  on October 1st (3  

hand-ra ised fawns) .  Smith -- e t  a l .  (1975) no ted  t h a t  fawns b e n e f i t  

from nur s ing  prolonged i n t o  f a l l .  I n  a d d i t i o n ,  t h e  energy l o s s  

of t h e  w h i t e - t a i l e d  dee r  fawns i n  t h e  exper iment  o f  U l l r e y  -- e t  a l .  

(1967) w a s  much g r e a t e r ,  a s  t h e s e  workers r e p o r t e d  much lower 

temperatures  dur ing  t h e i r  experiment (September 27th - October 

10th:  average high 16 F ,  average low 2 F; December 20 th  - 
January 3rd: average h igh  - 3 F,  average low - 10 F) t han  those  

recorded i n  1975 f o r  t h e  l o c a t i o n  where t h e  p r e s e n t  exper iment  w a s  

done (Appendix D )  . I t  i s ,  t h e r e f o r e ,  l i k e l y  t h a t  t hose  whi te-  

t a i l e d  d e e r  had t o  use a  h ighe r  p ropor t ion  of  t h e i r  f eed  p r o t e i n  

f o r  maintenance s o  t h a t  i n s u f f i c i e n t  p r o t e i n  was l e f t  f o r  growth. 

A s  U l l r ey  -- e t  a l .  (1967) d i d  n o t  mention t h e  amount o f  d i g e s t i b l e  

energy p e r  kg of  feed,  it i s  a l s o  p o s s i b l e  t h a t  t h i s  w a s  less 

than t h e  d i g e s t i b l e  energy of t h e  f eed  of t h e  exper imenta l  b lack-  

t a i l e d  d e e r  i n  t h i s  s tudy  ( 3,167 kcal /kg)  . 
A s  i n  t h i s  s tudy  none of 6  fawns on a  low p r o t e i n  d i e t  b u t  a 

h igh  percen tage  of  38 fawns on h igh  p r o t e i n  d i e t s  (1973 - 1976) 

a t t a i n e d  puber ty  whi le  t h e  weight g a i n s  w e r e  n o t  s i g n i f i c a n t l y  

d i f f e r e n t ,  it w a s  concluded t h a t  more p r o t e i n  i s  necessary  f o r  

t h e  a t t a inmen t  of  puber ty  than  f o r  maximal growth. The achieved 
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growth of  t h e  low p r o t e i n  group was assumed t o  be maximal because 

it was equa l  t o  t he  growth of t h e  c o n t r o l  group on an - ad l i b i t u m  

d i e t  of 3,167 kcal /kg d i g e s t i b l e  energy and 20% crude p r o t e i n .  

Bandy (1955) cons idered  feed con ta in ing  2,854 kcal/kg d i g e s t i b l e  

energy and 15.4% crude p r o t e i n  adequate f o r  n u t r i t i o n  of black- 

t a i l e d  d e e r  fawns. From the requirements  of sheep and c a t t l e ,  

i t  w a s  i n f e r e d  t h a t  a  growing r a t i o n  f o r  mule d e e r  should c o n t a i n  

10% - 12% crude p r o t e i n  (Cowan, 1956) . The f eed  of t h e  c o n t r o l  

group g r e a t l y  exceeded these  va lues .  

. The occurrence of  precocious  puber ty  i n  fawns on h igh  pro- 

t e i n  b u t  n o t  i n  t hose  on low p r o t e i n  i s  i n  accordance w i t h  t h e  

f i n d i n g s  i n  mice by Vandenbergh -- e t  a l .  (1972) who found young 
I 

m i c e  t o  mature s i g n i f i c a n t l y  l a t e r  on an 8% than  on a 1 6 %  o r  2 4 %  

p r o t e i n  d i e t ,  and a l s o  wi th  t h e  f i n d i n g s  of  Murphy and Coates  I I 

(1966) i n  a  s m a l l  number of a d u l t  w h i t e - t a i l e d  d e e r ,  which i n d i -  
I 

/II 
c a t e d  t h a t  p roduc t ion  of fawns was reduced by lower l e v e l s  of 

p r o t e i n .  

A s  f a i l u r e  t o  a t t a i n  puber ty  was concluded from f a i l u r e  t o  

,g ive  b i r t h  ( excep t  1976) ,  f e t u s  r e s o r p t i o n  could have r e s u l t e d  i n  

c l a s s i f y i n g  some precoc ious  fawns a s  non-precocious. I f  t h i s  had 

occur red  i n  the low-protein group i t  would mean t h a t  t h e  conclu- 

s i o n  of t h e  p r o t e i n  r educ t ion  exper iment  would have t o  be  a l t e r e d :  

i n s t e a d  of a c r i t i c a l  p r o t e i n  l e v e l  p o s t u l a t e d  t o  be  necessary  

" f o r  t h e  a t t a i n m e n t  of  puber ty"  i t  would have t o  be p o s t u l a t e d  

t o  be necessary  " f o r  t h e  completion of t h e  f i r s t  pregnancy". I n  

f u t u r e  work on d e e r  reproduc t ion  x-ray t e s t s  and t h e  occur rence  

of p a r t u r i t i o n  should be combined t o  c l a r i f y  t h i s .  
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K i r k p a t r i c k  -- e t  a l .  (1975) and Abler  e t  a l .  (1976) r epo r t ed  -- 
on an exper iment  i n v e s t i g a t i n g  t h e  i n f l u e n c e  o f  energy and pro- 

t e i n  on growth and puber ty  a t t a inmen t  i n  w h i t e - t a i l e d  d e e r  fawns. 

Twenty-four fawns w e r e  d iv ided  i n t o  3 weight  groups (heavy,  

medium, l i g h t ) .  Two fawns from each group w e r e  t hen  ass igned  

f o r  20 weeks t o  1 of 4 d i e t s :  1. High energy - high  p r o t e i n ,  

2. h igh  energy - low p r o t e i n ,  3 .  low energy - high  p r o t e i n ,  

4 .  low energy - low p r o t e i n .  I t  was found t h a t  weight  g a i n s  

were s i g n i f i c a n t l y  g r e a t e r  i n  fawns on h igh  p r o t e i n  d i e t s ,  b u t  no 

s i g n i f i c a n t  e f f e c t  of  energy on weight growth was found. However, 

t h e  low energy - low p r o t e i n  d i e t  produced t h e  smallest weight  

ga in .  The d i g e s t i b l e  energy of t h e  h igh  energy r a t i o n s  (3,052 

and 3,075 kcal /kg)  was s i m i l a r  t o  t h e  d i g e s t i b l e  energy of  t h e  

r a t i o n s  i n  t h i s  s tudy  (3,167 kca l /kg ) ,  whi le  h igh  p r o t e i n  w a s  

18.2% and l o w  p r o t e i n  9.2%, compared t o  20% and 15% - 10% - 7% 

- 10% i n  t h i s  s tudy.  

I n  t h e  p rev ious ly  mentioned s tudy  on w h i t e - t a i l e d  d e e r  t h e  

i n f l u e n c e  o f  n u t r i t i o n  on puber ty  a t t a inmen t  was a l s o  i n v e s t i g a -  

t ed .  I t  w a s  found t h a t  a l l  6  animals on t h e  h igh  energy - high 

p r o t e i n  d i e t  and 3  of 5  on t h e  h igh  energy - low p r o t e i n  d i e t  

(1 had d i e d )  had a t  l e a s t  1 obse rva t ion  o f  1.0 ng/ml o f  proges- 

t i n s  (presumed t o  be i n d i c a t i v e  of o v u l a t i o n ) ,  b u t  t h a t  none of 

3  fawns on low energy - high  p r o t e i n  ( 3  fawns had d i e d )  and none 

of  5 fawns on low energy - low p r o t e i n  (1 fawn had d i e d )  had 

such p r o g e s t i n  l e v e l s .  I t  w a s  concluded by Abler  e t  a l .  (1976) -- 
t h a t  p r o t e i n  had no apparen t  a f f e c t  on p r o g e s t i n  c o n c e n t r a t i o n s  

and a t t a inmen t  o f  puber ty .  I f  t h i s  w a s  so ,  an exp lana t ion  would 
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have t o  be found f o r  t h e  appa ren t ly  o p p o s i t e  f i n d i n g  i n  t h i s  

s tudy .  However, t h e  au tho r  i s  of t h e  op in ion  t h a t  t h e  conc lus ion  

from t h e  w h i t e - t a i l e d  d e e r  s tudy  can be c r i t i c i z e d  because 

1. n o t  pregnancy b u t  t h e  a r b i t r a r y  va lue  of 1 ng/ml p r o g e s t i n s  

w a s  used a s  i n d i c a t i o n  f o r  t h e  a t t a inmen t  of  puber ty ,  

2 .  blood samples w e r e  t aken  on ly  a t  2 and 4 week i n t e r v a l s  and, 

t h e r e f o r e ,  most l i k e l y  a t  very  d i f f e r e n t  s t a g e s  of  t h e  e s t r o u s  

c y c l e  ( i n  b l a c k - t a i l e d  d e e r  8-9 day accord ing  t o  Thomas, 1970) ,  

3 .  only  3 fawns remained i n  t h e  low energy - high  p r o t e i n  d i e t  

group which, i f  t h e  h e a v i e r  animals  had d i e d  [Abler  e t  a l .  (1976) -- 
do n o t  mention t h i s ] ,  cou ld  account  f o r  t h e  f a i l u r e  o f  t h e  re -  

maining fawns i n  t h i s  group t o  a t t a i n  puber ty .  

I f  t h a t  exper iment  w e r e  t o  be r epea t ed  w i t h  b l a c k - t a i l e d  

dee r ,  it would be adv i sab le  t o  use  l a r g e r  numbers of d e e r  and a  I ,  I 

d i r e c t  i n d i c a t i o n  (pregnancy and/or p a r t u r i t i o n )  o f  puber ty  a t t a i n -  
I ,  

1: 
ment. One would then  e x p e c t  t o  o b t a i n  r e s u l t s  resembling those  

of  K i r k p a t r i c k ' s  e t  -- a l .  (1975) o b s e r v a t i o n s  on t h e  i n f l u e n c e  o f  

p r o t e i n  on growth: t h e  h igh  energy - high  p r o t e i n  r a t i o n  having 

t h e  g r e a t e s t  i n f l u e n c e  on puber ty  a t t a inmen t ,  t h e  low energy - 
low p r o t e i n  r a t i o n  t h e  l e a s t  i n f l u e n c e  and t h e  two o t h e r  r a t i o n s  

be ing  in t e rmed ia t e .  

A s  s t a t e d  e a r l i e r ,  f i n d i n g s  i n  s e v e r a l  mammalian s p e c i e s  and 

t h e  s i g n i f i c a n t  weight d i f f e r e n c e  between precoc ious  and non- 

p recoc ious  fawns found i n  t h i s  s tudy  l e a d  t o  t h e  conc lus ion  t h a t  

weight  (as an i n d i c a t o r  o f  somat ic  development) i s  r e l a t e d  t o  t h e  

a t t a i n m e n t  of puber ty ,  b u t  many wi ld  fawns and wi ld  y e a r l i n g s  

ach ieve  weights  du r ing  t h e  r u t t i n g  season t h a t  equa l  t hose  of  
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c a p t i v e  precocious  fawns (F igu re  1 2 )  y e t  t hey  do n o t  breed.  

Based on t h e  o b s e r v a t i o n s  of  Vandenbergh e t  a l .  (1972) i n  mice -- 
and t h e  f a i l u r e  of 6  fawns on a  low p r o t e i n  d i e t  t o  a t t a i n  

puber ty ,  it w a s  concluded t h a t  a  c e r t a i n ,  h igh  amount of p r o t e i n  

i s  e s s e n t i a l  f o r  t h e  a t t a inmen t  of puber ty .  However, almost  a l l  

2  yea r  o l d  w i ld  d e e r  do breed  a l though they  fo rage  on t h e  same 

low p r o t e i n  browse as fawns t h a t  do no t  b reed  and y e a r l i n g s  of 

which only a  c e r t a i n  percen tage  breeds .  

I t  is ,  t h e r e f o r e ,  suggested t h a t  it is  an i n t e r a c t i o n  of  

p r o t e i n  i n t a k e  and achieved weight  which de te rmines  whether 

female b l a c k - t a i l e d  d e e r  a t t a i n  puber ty  ( i f  t h i s  i n t e r a c t i o n  re -  

s u l t s  i n  body weight and p r o t e i n  va lues  above a  c r i t i c a l  l e v e l  

du r ing  the  mating s e a s o n ) ,  and t h a t  h e a v i e r  females  r e q u i r e  less 

I1 I p r o t e i n  dur ing  t h e  p r e - r u t t i n g  and r u t t i n g  season than  l i g h t e r  

ones  i n  o rde r  t o  a t t a i n  puber ty  (F igure  1 3 ) .  The l o g i c  of  t h i s  I,a 

' 11, 
sugges t ion  i s  t h a t  a f t e r  t h e  completion of t h e  r a p i d  phase of  

growth i n  e a r l y  l i f e  much less p r o t e i n  i s  needed f o r  t h e  growth 

of new t i s s u e s  and t h u s  becomes a v a i l a b l e  f o r  o t h e r  p roces ses ,  

i nc lud ing  reproduc t ion .  Growth has  p r i o r i t y  ove r  reproduc t ion  

i n  t h e  a l l o c a t i o n  o f  p r o t e i n .  I n  a d d i t i o n  (and/or a l t e r n a t i v e l y )  

it i s  p o s s i b l e  t h a t  t h e  s t i m u l a t i o n  t h r e s h o l d  of  t h e  hypothalamic- 

hypophyseal-gonadal system i s  p r o g r e s s i v e l y  lowered by t h e  pro- 

g r e s s i o n  o f  t h e  somat ic  development. This  would e x p l a i n  why on ly  

a c e r t a i n  percen tage  o f  y e a r l i n g s  b u t  a lmost  a l l  does  over  2  y e a r s  

of age (except  on extremely poor ranges ,  r e f e r e n c e s  see " I n t r o -  

duc t ion"  ) a t t a i n  puber ty .  

I t  w a s  found ( U l l r e y  -- e t  a l . ,  1967: K i rkpa t r i ck  e t  a l . ,  1975) -- 



Figu re  1 3  - I n f l u e n c e  o f  body weigh t  and p r o t e i n  i n t a k e  on 

pube r ty  a t t a i n m e n t  i n  w i ld  and expe r imen ta l  d e e r .  



PROTEIN 
EXP. FAWNS 
(1975) 

- 
X: 28.25 lWc HIGH PROTEIN 

EXP. FAWNS (1975) I 

high protein in the of low ~rotein a d 
low wild exp. fawns exp fawns high 

5 

PROTEIN ( intake in g per kg body weight / 24 hours) 

PC : Critical amount of protein during pre-rutting and rutting season 
(in excess of protein which is necessary for growth) 

Wc: Critical weight, range of individual variations 

Wild Deer: Approximate weight ranges during rutting season 
(Brown, 1961; N.W. Bay: F&W Branch) 

Experimental Fawns: Weight at end of experiment 1975 (March) 
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t h a t  t h e  weight  of young d e e r  i s  d i r e c t l y  c o r r e l a t e d  t o  f eed  

p r o t e i n  l e v e l s ,  s o  t h a t  p r o t e i n  probably i n f l u e n c e s  t h e  a t t a i n -  

ment of  puber ty  i n  2 ways: i n d i r e c t l y  by a f f e c t i n g  o v e r a l l  

growth, and d i r e c t l y  by a f f e c t i n g  t h e  f u n c t i o n  of  t h e  endocr ine  

system ( p a t t e r n  of s y n t h e s i s  and/or r e l e a s e  of  p i t u i t a r y  

gonadotrophins  and response of  t h e  ovary t o  t h e  l a t t e r :  Lamming, 

1969) .  The d i r e c t  e f f e c t  of  n u t r i t i o n  on t h e  endocr ine  system 

has  long  been known i n  domest ic  sheep and has  been used t o  i n -  

crease t h e  o v u l a t i o n  r a t e  through " f l u s h i n g " ,  i .e .  p rov id ing  t h e  

sheep wi th  a sudden b u r s t  o f  f eed  o f  h igh  n u t r i t i v e  va lue  p r i o r  

t o  mating (Al len  and Lamming, 1961; Coop, 1966) .  

Although t h e  obse rva t ion  made i n  t h i s  s tudy  t h a t  most fawns 

conceived la ter  than o l d e r  females (F igu re  5 )  cannot  be con- 

s i d e r e d  conc lus ive  (due t o  t h e  p o s s i b l e  d e l a y  o f  puber ty  by 

stress i n  1973 when most fawn concept ions  o c c u r r e d ) ,  t h e  obser-  

v a t i o n s  on fawns and y e a r l i n g s  of  w h i t e - t a i l e d ,  b l a c k - t a i l e d  and 

mule d e e r  i n  t h e  w i ld  i n d i c a t e  c l e a r l y  t h a t  young female d e e r  

b reed  l a t e r  i n  t h e  season than a d u l t s  ( r e f e r e n c e s  see "Introduc-  

t i o n " )  . 
A s  it w a s  found i n  b l a c k - t a i l e d  d e e r  t h a t  w i ld  fawns and 

y e a r l i n g s  do n o t  i n c r e a s e  i n  weight  du r ing  and f o r  some t i m e  

a f t e r  t h e  mat ing season (F igure  1 2 ) ,  and a s  t h e  low q u a l i t y  of 

fo rage  (energy and p r o t e i n  va lues )  does n o t  improve du r ing  t h a t  

t i m e  due t o  t h e  dormant s tate of  t h e  browse p l a n t s ,  it must be 

concluded t h a t  a t h i r d  f a c t o r  i s  involved i n  puber ty  a t t a i n m e n t  

which has  h i g h e r  v a l u e s  a t  t h e  end of  t h e  mating season than  a t  

i t s  beginning.  This  f a c t o r  i s  almost  c e r t a i n l y  t h e  l e n g t h  o f  
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t h e  dark per iod  of  t h e  day. The s e a s o n a l i t y  of  b reed ing  i n  

black- ta i led dee r  and o t h e r  no r the rn  d e e r  s p e c i e s  i s  a  w e l l -  

known fact  ( a d u l t  b l a c k - t a i l e d  d e e r  b reed  i n  November - December, 

i n  exceptional  c a s e s  b reed ing  i s  p o s s i b l e  u n t i l  March accord ing  

t o  Thomas, 1970) ,  b u t  much l e s s  is  known about  t h e  i n f l u e n c e  o f  

t h e  photoperiod on t h e  o n s e t  of e s t r u s  i n  females  t han  i n  males 

(Cervus elaphus: Jaczewski ,  1954; Capreolus  capreo lus :  Bubenik, 

1966; 1 8  s p e c i e s  and subspec ies :  Lau, 1968; Odocoileus 

vi rginianus:  French -- e t  a l .  , 1960) . 
That a  c e r t a i n  c r i t i c a l  l e n g t h  of t h e  dark  p e r i o d  o f  t h e  

day is  necessary t o  a l low e s t r u s  t o  occur  i n  female d e e r  can be 

surmised from t h e  season a t  which e s t r u s  has  been observed,  from 

t h e  f ind ings  i n  male d e e r ,  and by i n f e r e n c e  from f i n d i n g s  i n  

female domestic sheep which a l s o  breed i n  f a l l .  Ex tens ive  re -  

s ea rch  in  sheep (reviewed by Dyrmundsson, 1973) showed t h a t  

e s t r u s  can on ly  be reached a t  a  c e r t a i n ,  s h o r t  day length .  This  

i s  also t r u e  f o r  t h e  o n s e t  of puber ty  i n  sheep,  b u t  t h e  t h re sh -  

o l d  of  s t imu la t ion  ( l e n g t h  of  dark pe r iod )  i s  g r e a t e r  f o r  lambs 

than  f o r  a d u l t  e w e s  and f a l l s  wi th  i n c r e a s i n g  age (Hammond, 1944) . 
I f  t h i s  i s  a l s o  t r u e  f o r  d e e r ,  t h i s  would e x p l a i n  why young d e e r  

breed l a t e r  i n  t h e  season than a d u l t s .  The c r i t i ca l  f a c t o r  i s  

probably n o t  a c e r t a i n ,  c r i t i c a l  l e n g t h  o f  t h e  dark p e r i o d  of t h e  

day p e r  se b u t  t h e  l e n g t h  of t i m e  f o r  which t h e  animals  are ex- 

posed t o  days w i th  dark p e r i o d s  above t h e  c r i t i ca l  l e v e l .  This  

would e x p l a i n  t h e  breed ing  of young d e e r  a t  a  t i m e  a f t e r  December 

2 1 s t  when t h e  day l e n g t h  i s  a l r e a d y  i n c r e a s i n g ,  a l though  they  

d i d  n o t  b reed  a t  a t i m e  w i t h  corresponding day l e n g t h  be fo re  

December 21s t .  
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I n  t h i s  c o n t e x t  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t - o n e  fawn 

born i n  1974 (#O-B) was remarkable a s  i t  w a s  one o f  t h e  earl iest  

fawns born (May 22nd - on ly  2 o t h e r  b i r t h s  occur red  e a r l i e r  i n  

t h i s  s tudy)  b u t  i t  was t h e  l a t e s t  e v e r  t o  breed ( January  30th.  ) 

I t  i s  tempting t o  s p e c u l a t e  t h a t  t h i s  animal ,  had it been born 

a t  t h e  t i m e  which i s  normal f o r  t h e  m a j o r i t y  of  fawns, namely 

mid-June, would n o t  have reached t h e  i n d i v i d u a l  c r i t i c a l  weight 

necessary  t o  a t t a i n  puber ty  be fo re  t h e  i n c r e a s e  i n  d a y l i g h t  

hours  would have s h u t  o f f  t h e  endocr ine  system t h a t  causes  

puber ty  i f  t h a t  weight  i s  reached.  The extreme d a t a  f o r  t h i s  

p a r t i c u l a r  animal c e r t a i n l y  suppor t  such a hypothes i s .  

A v i s u a l  i n t e r p r e t a t i o n  of t h e  i n f l u e n c e  o f  weight ,  p r o t e i n  

and photoper iod i s  g iven  i n  F igu re  1 4 .  A s  body weight  i n c r e a s e s ,  

t h e  c r i t i c a l  v a l u e s  of t h e  s t i m u l i  ( p r o t e i n  and darkness )  neces- 

s a r y  t o  e l i c i t  puber ty  a r e  dec reas ing  t o  a  c e r t a i n  p o i n t .  Below 

t h e s e  minimum c r i t i c a l  l e v e l s  does  cannot  a t t a i n  pube r ty  no 

matter how h igh  t h e i r  body weight.  

I t  i s  s t i l l  unproven whether a  c e r t a i n  d a i l y  a l l o t m e n t  o f  

p r o t e i n  du r ing  a pe r iod  ( t h e  d u r a t i o n  and t iming  o f  which i s  un- 

known) of  t h e  p r e - r u t t i n g  and r u t t i n g  season i s  neces sa ry  i n  o r d e r  

t o  s t i m u l a t e  t h e  endocr ine  system d i r e c t l y  a s  suggested i n  

F igu re  13. However, t h i s  sugges t ion  i s  supported by t h e  f a c t  t h a t  

" p r o t e i n s  o r  any amino a c i d s  consumed i n  exces s  of  an an ima l ' s  

needs are n o t  s t o r e d  f o r  f u t u r e  use  b u t  are d i sposed  of qu ick ly"  

(Pe r ry ,  1966; p. 2 0 ) .  

The use  of  c o n t r o l l e d  environments w i l l ,  i n  t h e  f u t u r e ,  per-  

m i t  r e s e a r c h  on t h e  i n f l u e n c e  of  l i g h t  on pube r ty  a t t a inmen t  and 



Figure  1 4  - Proposed model d e s c r i b i n g  a t t a inmen t  o f  puber ty .  

Hypothesis:  dee r  can only  breed w i t h i n  t h e  shaded 

area ( l i m i t e d  by W ,  P and L) of  t h e  space.  

F igu re  1 3  p r e s e n t s  a  c ros s - sec t ion  of  p a r t  of  t h i s  

mode 1. 



P: Critical amount of protein during pre-rutting and rutting 
period (in excess of protein which is necessary for growth). 

W: Critical body weight 

L: Critical daylength 

For W and perhaps also for P and L exists a 
range of individual variations. 
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e s t r u s  i n  female d e e r  and hope fu l ly  prov ide  answers t o  some of  

the  remaining q u e s t i o n s ,  e .g .  i s  puber ty  e l i c i t e d  as soon as a 

c e r t a i n  c r i t i ca l  s h o r t  day l e n g t h  i s  reached o r  is  t h e  s t imu lus  

t h e  cumulat ive  e f f e c t  of  darkness .  I t  w i l l  a l s o  f a c i l i t a t e  

r e sea rch  on f a c t o r s  i n f l u e n c i n g  puber ty  a t t a inmen t  and repro-  

duc t ion  i n  g e n e r a l  i n  o t h e r  s e a s o n a l l y  breed ing  s p e c i e s .  For 

only i f  pho tope r iod ic  c o n d i t i o n s  equa l  t hose  of  t h e  breed ing  

season of  t h e  s p e c i e s  can t h e  e f f e c t  of  o t h e r  f a c t o r s  become 

c l e a r .  

There is  no doubt t h a t  female b l a c k - t a i l e d  d e e r  ach ieve  

weights du r ing  t h e  second summer of  t h e i r  l i v e s  t h a t  f a r  exceed 

the  c r i t i ca l  weight neces sa ry  f o r  puber ty  a t t a inmen t .  The sum- 

m e r  browse a l s o  prov ides  them wi th  s u f f i c i e n t  p r o t e i n  above t h e  

maintenance requirements  s o  t h a t  t h e  c r i t i c a l  p r o t e i n  l e v e l  i s  

reached. Y e t  t hey  have t o  w a i t  f o r  t h e  days t o  s h o r t e n  t o  a  

c e r t a i n  l e n g t h  be fo re  t h e  o t h e r  e s s e n t i a l  f a c t o r s  can a s s e r t  

t h e i r  i n f luence .  

Meticulous husbandry was necessary  t o  raise t h e  weight  of 

t h e  c a p t i v e  fawns used i n  t h i s  s tudy  above t h e  c r i t ica l  l e v e l  a t  

a  t i m e  w i t h i n  t h e  proper  day l e n g t h  l i m i t s ,  and commercially pro- 

duced f eed  w a s  needed t o  provide n u t r i t i o n  w i t h  p r o t e i n  above 

t h e  c r i t i ca l  l e v e l  a t  t h a t  t i m e  of  yea r .  Under t h e s e  c o n d i t i o n s  

a  l a r g e  percen tage  of  c a p t i v e  female fawns a t t a i n e d  puber ty  

r e g u l a r l y ,  t h e  weights  of  t h e  precoc ious  and t h e  non-precocious 

fawns w e r e  s i g n i f i c a n t l y  d i f f e r e n t .  I n  a d d i t i o n ,  fawns on a  low 

p r o t e i n  d i e t  which approximated t h e  s easona l  d e c l i n e  i n  n a t u r a l  

dee r  fo rage  f a i l e d  t o  a t t a i n  puber ty .  These r e s u l t s  i n  combina- 



1 1 4  

t i o n  wi th  t he  r e s u l t s  of o t h e r  workers l e d  t o  a  h y p o t h e t i c a l  

model d e s c r i b i n g  t h e  i n f l u e n c e  of body weight ,  p r o t e i n  and photo-  

pe r iod  on puber ty  a t ta inment .  
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Fawn r e t r i e v a l  i n  b l a c k - t a i l e d  dee r  

(Odocoileus hemionus columbianus) 

C. C. Muel ler  and D. R.  Wooldridge 

Department of B i o l o g i c a l  Sc iences  

Simon F r a s e r  U n i v e r s i t y  
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The mechanism o f  fawn r e t r i e v a l  by t h e  materna l  doe,  involv-  

i n g  e i t h e r  a dropped (stress s i t u a t i o n )  o r  bedded (non- s t r e s s  

s i t u a t i o n )  fawn is  one of  s e v e r a l  t ypes  of  s u r v i v a l - s p e c i f i c  be- 

hav iour  p a t t e r n s  which have been cons idered  i n  ungula te  behaviour.  

White, e t  a l .  (White, M . ,  F. Knowlton, and W. Glazener;  J. Wildl .  

Manage., 36 ( 3 )  ; 897-905, 1972) desc r ibed  t h i s  behaviour  i n  t h e  

w h i t e - t a i l e d  deer ,  Odocoileus hemionus v i r g i n i a n u s ,  as a d i r e c t  

approach by t h e  doe t o  w i t h i n  approximately two hundred meters 

of  t h e  fawn, followed by a random s e a r c h  and f eed  p a t t e r n .  They 

no ted  t h e  neck-out, ears-up a t t i t u d e  of  t h e  approaching doe,  and 

a t t r i b u t e d  t h i s  t o  t h e  a l e r t n e s s  o f  t h e  doe. They a l s o  no ted  t h e  

occas iona l  use  of a s o f t  "mewing" sound e m i t t e d  by t h e  doe i n  

o r d e r  t o  e l i c i t  a response from t h e  concealed fawn. Downing and 

McGinnes (J. Wildl.  Manage., 33 (3 )  : 711-714, 1969) no ted  t h e  

high-bounding drop s i g n a l  employed by t h e  doe i n  o r d e r  t o  concea l  

h e r  fawn. L insda le  and Tomich ( A  Herd of  Mule D e e r ,  567pp., 1953) ,  

i n  o b s e r v a t i o n s  on t h e  Mule dee r ,  0. h. hemionus, no ted  t h e  neck- - - 
o u t ,  ears-up a t t i t u d e  o f  an approaching mother, and b r i e f l y  

mentioned t h e  p o s s i b i l i t y  t h a t  a fawn might recognize  i t s  mother 

by i n d i v i d u a l - s p e c i f i c  body a t t i t u d e s .  

Observat ions  w e r e  made on t h e  Columbian b l a c k - t a i l e d  d e e r ,  

0. - h. - columbianus, a t  t h e  Un ive r s i t y  o f  B r i t i s h  Columbia Research 

F o r e s t ,  n e a r  Haney, B. C . ,  and a t  Kelsey Bay, on no r the rn  Vancouver 

I s l a n d ,  B. C. A p rev ious ly  undescr ibed r e t r i e v a l  o r  "pick-up" 

behaviour  w a s  observed on f i v e  occas ions .  Sound moni tor ing equip- 

ment p laced  a t  t h e  fawn drop  s i t e  i n d i c a t e d  t h a t  no sound w i t h i n  

t h e  range of  200 t o  16,000 Hz. was used by t h e  doe o r  fawn i n  
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reunion during t h e s e  o b s e r v a t i o n s ,  e i t h e r  i n  fawn l o c a t i o n  o r  

i n  t h e  ac tua l  pick-up. 

The doe approached t h e  fawn i n  two d i f f e r e n t  ways, depending 

on whether she was p i ck ing  up a dropped o r  a bedded fawn. When 

r e t r i e v i n g  a dropped fawn, t h e  doe approached from downwind, i n  

a zig-zag search p a t t e r n  ( I l l u s t r a t i o n  1) . She then  c i r c l e d  t h e  

fawn, g iv ing  no v i s i b l e  i n d i c a t i o n  of i t s  whereabouts. Foot 

stomping and s n o r t i n g  were e x h i b i t e d  and appeared t o  be p o s s i b l e  

predator-provoking a c t i o n s .  I n  t h r e e  observed i n s t a n c e s ,  t h e  

fawn was again c i r c l e d  by t h e  doe, who o c c a s i o n a l l y  s topped c i r -  

c l i n g  t o  feed. The doe then  approached t h e  fawn's l o c a t i o n  

d i r e c t l y ,  with h e r  neck o u t s t r e t c h e d  and h e r  e a r s  up and forward,  

and maintained t h i s  p o s i t i o n  f o r  approximately  two t o  t e n  seconds 

whi le  s tanding  over  t h e  fawn. Th i s  body a t t i t u d e  was very s i m i -  

l a r  t o  t h e  agg res s ive  s t a n c e  r epo r t ed  by Cowan and G e i s t  (J. 

M a m m a l . ,  42 :  522-526, 1961) ,  and might have c o n s t i t u t e d  a f i n a l  

cha l l enge  t o  any p o s s i b l e  i n t r u d e r s  i n  t h e  a r ea .  The doe then  

lowered h e r  head, main ta in ing  t h e  neck-out, ears-up a t t i t u d e ,  and 

s t a r e d  d i r e c t l y  a t  t h e  fawn f o r  one t o  f i v e  seconds. The fawn 

then  responded by r i s i n g  and fol lowing t h e  mother. 

I n  t h e  i n s t a n c e s  of  r e t r i e v a l  concerning a bedded fawn, t h e  

doe d i d  n o t  e x h i b i t  t h e  agg res s ive ,  d e f e n s i v e  behaviour  desc r ibed  

above. Pick-up was s i m p l i f i e d ,  and involved a d i r e c t  approach t o  

t h e  fawn's  l o c a t i o n  ( I l l u s t r a t i o n  2) . I n  one smooth movement, 

t h e  doe o u t s t r e t c h e d  h e r  neck,  r a i s e d  h e r  ears, and looked down 

i n t e n t l y  a t  h e r  fawn. The fawn responded by r i s i n g  and fo l lowing  

h e r  mother, o r  s u c k l i n g  h e r  f o r  a few moments. 
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I t  was concluded from t h e s e  obse rva t ions  t h a t  t h i s  "po in t -  

ing" a t t i t u d e  ( e a r s  up, neck o u t s t r e t c h e d )  i n  t h e  b l a c k - t a i l e d  

deer is  n o t  simply an exp res s ion  o f  a l e r t n e s s  o f  t h e  r e t u r n i n g  

doe, b u t  r a t h e r  an i n n a t e  s i g n a l  f o r  t h e  fawn t o  rise. This  

p a t t e r n  of behaviour  a l lows  t h e  doe t o  determine t h e  t i m e  o f  t h e  

fawn's r e t r i e v a l ,  p r even t ing  t h e  fawn from r i s i n g  a t  an inoppor- 

tune t i m e ,  p o s s i b l y  r e v e a l i n g  i t s  l o c a t i o n  t o  a nearby p reda to r .  

A v i s u a l l y  o r i e n t e d  s i g n a l  such a s  t h i s  would a l s o  f a c i l i t a t e  

f ami ly - spec i f i c  reunion o f  doe and fawn by e n a b l i n g  t h e  doe t o  

s c r u t i n i z e  a fawn p r i o r  , t o  a c t u a l  pick-up. 
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LEGENDS TO FIGURES 

Figure  1 - Doe behaviour  du r ing  r e t r i e v a l  and pick-up of  a 

dropped fawn : 

approaching v i c i n i t y  of  fawn; 

s n o r t i n g  and stamping; agg res s ive  behaviour ;  

c i r c l i n g  fawn; no i n d i c a t i o n  of  fawn's  

p o s i t i o n ;  

neck o u t ,  e a r s  up a t t i t u d e ;  

"po in t ing"  and s t a r i n g  a t t i t u d e ;  fawn rises. 

1 1  Figure  2 - Doe behaviour  du r ing  r e t r i e v a l  and pick-up o f  a 

1; bedded fawn: 
Bl, 

b 1, 1) d i r e c t  and r e l axed  approach towards fawn; 
L(I 

;I 2 )  s topping  i n  f r o n t  of fawn, e a r s  up, fawn may 

s t a r t  t o  respond; 

3 )  "po in t ing"  and s t a r i n g  a t t i t u d e ,  less r i g i d  

than  i n  F igu re  1; fawn rises. 
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ABSTRACT 

Female b l a c k - t a i l e d  dee r  fawns w e r e  hand-ra ised u n t i l  f ou r  

months of age and bred  t o  bucks i n  t h e i r  f i r s t  f a l l .  Over 50% 

conceived and subsequent ly  gave b i r t h  t o  s i n g l e  fawns. Concep- 

t i o n s  occurred l a t e r  than f o r  w i ld  a d u l t s  b u t  a t  weigh ts  which 

e q u a l l e d  t h e  weights  o f  t h e  h e a v i e s t  w i ld  fawns. A high  propor- 

t i o n  o f  t h e  fawns born t o  fawn does  d i e d  due t o  presumed l a c t a -  

t i o n  f a i l u r e ,  F u r t h e r  work i s  con t inu ing  on t h e  f a c t o r s  govern- 

i n g  puber ty  a t t a inmen t  i n  t h i s  s p e c i e s .  

INTRODUCTION 

There i s  p l e n t i f u l  evidence t h a t  n u t r i t i o n a l  s t a t u s  can 

a f f e c t  reproduc t ive  succes s  and t h e  age a t  which d e e r  f i r s t  breed 

(1, 2 ,  3 ,  4 ) .  Ovulat ion r a t e s ,  b i r t h  r a t e s  and t h e  p ropor t ion  

of  y e a r l i n g s  which breed a r e  a l l  known t o  be r e l a t e d  t o  range 

cond i t i ons .  There has  been i n d i r e c t  evidence of  concept ions  i n  

fawns i n  t h e  w i ld .  Robine t te  e t  a l .  ( 2 )  found corpora  l u t e a  -- 
scars i n  7 o f  167 y e a r l i n g  mule dee r  (0. h. hemionus) which - - 
i n d i c a t e d  concept ions  a s  fawns b u t  none had given b i r t h ,  I n  

a d d i t i o n  no pregnanc ies  w e r e  found i n  107 fawn tracts, Brown ( 3 )  

r e p o r t s  t h r e e  cases of fawn b l a c k - t a i l e d  d e e r  g i v i n g  b i r t h  i n  

c a p t i v i t y  and mentions ano the r  i n s t a n c e  of  a p o s s i b l e  concept ion  

i n  a w i l d  fawn where pregnancy w a s  n o t  completed. Thomas and 

Smith (5 )  r e p o r t e d  a s i n g l e  i n s t a n c e  of a w i l d  doe from Vancouver 

I s l a n d  w i t h  a corpus  a l b i c a n s  i n  November whose age w a s  d e t e r -  

mined from t e e t h  t o  be 1 1/2 y e a r s  o l d .  I n  a d e t a i l e d  s tudy  of  
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b reed ing  on Vancouver I s l a n d ,  Thomas r e p o r t e d  no corpora  a l b i -  

c a n t i a  i n  t h e  o v a r i e s  i n  116 y e a r l i n g  females and no corpora  

l u t e a  i n  59 fawns ( 6 ) .  I n  t h e  d e e r  u n i t  a t  t h e  Un ive r s i t y  of 

B r i t i s h  Columbia two c a p t i v e  fawns were no ted  a s  having ovu la t ed .  

One was unmated, t h e  o t h e r  produced a l i v e  o f f s p r i n g  ( 5 ,  7 ) .  

On t h e  b a s i s  of t h e  above in format ion  a p r o j e c t  was com- 

menced i n  1973 t o  i n v e s t i g a t e  f u r t h e r  t h e  r o l e  o f  n u t r i t i o n  i n  

puber ty  a t t a inmen t  i n  t h i s  s p e c i e s .  The hypo thes i s  was set  up 

t h a t  b l a c k - t a i l e d  fawn does do n o t  ach ieve  s u f f i c i e n t  weight  i n  

t h e  w i l d  by t h e  t i m e  of b reed ing  i n  November. F u r t h e r ,  t h a t  

under most range cond i t i ons  a s u f f i c i e n t  weight  t o  breed i s  

reached when they  a r e  18 months o l d .  Therefore  i f  growth r a t e s  

could be  maximised under c a p t i v e  r e a r i n g  c o n d i t i o n s ,  fawns could  

ach ieve  s u f f i c i e n t  weigh ts  t o  b reed  i n  t h e i r  f i r s t  f a l l .  

METHODS 

During June,  1973 23 99 fawns w e r e  c ap tu red  w i t h i n  t e n  days  

of  b i r t h .  20 of  t h e s e  were taken from Vancouver I s l a n d ,  most ly  

from n e a r  Kelsey Bay. They w e r e  hand-raised f o r  f o u r  months and 

weaned October 1st. This  w a s  a much longe r  pe r iod  of b o t t l e  feed- 

i n g  than  used by Bandy ( 9 )  whose animals  w e r e  weaned a t  an average 

age of  two months. The condensed cows milk used was lower i n  f a t  

and p r o t e i n  concen t r a t i on  than  t h e  milk o f  t h e  doe ( 8 ) .  However 

t h e  lactose concen t r a t i on  was cons ide rab ly  h igher .  From 1st 

October 20 of  t h e s e  fawns w e r e  k e p t  i n  s i n g l e  pens. From 28th 

October a 1 1/2 yea r  o l d  buck (whose semen had m o t i l e  sperm) was 

in t roduced  t o  each fawn doe f o r  pe r iods  o f  up t o  twenty minutes 
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p e r  day depending on t h e  s t a t e  of s exua l  i n t e r e s t .  A f t e r  Decem- 

b e r  18 th  t h e  fawns were r e l e a s e d  i n t o  a 2 1 / 2  a c r e  compound which 

was a l r e a d y  occupied by s e v e r a l  o t h e r  bucks and a few females.  

RESULTS 

While i n  the  i n d i v i d u a l  pens,  6 o f  t h e  20 fawn does  exhib- 

i t e d  e s t r u s  between October 28 and December 18. I n d i v i d u a l s  

showed e s t r u s  between 1 and 5 t i m e s  du r ing  t h i s  per iod .  E s t r u s  

w a s  n o t  seen  on consecut ive  days  and t h e r e  w a s  no r e g u l a r  c y c l i c  

p a t t e r n  o f  r e p e a t  of  e s t r u s .  During e s t r u s  t h e  fawn does s tood  

t o  t h e  buck who was observed t o  e j a c u l a t e .  Subsequent observa- 

t i o n s  showed one b i r t h  which could have r e s u l t e d  from a concep- 

t i o n  under t h i s  mating regime. 

Of t h e  20 fawn does kep t  i n  i n d i v i d u a l  pens and then  r e -  

l e a s e d  i n t o  the  compound, 10 i n d i v i d u a l s  conceived,  One pregnant  

fawn doe w a s  l o s t  due t o  a c c i d e n t  s o  t h a t  9 p a r t u r i t i o n s  subse- 

q u e n t l y  occurred.  A l l  l i t t e r s  were of  s i n g l e  fawns. 

Conceptions occur red  a t  weights  ranging  from 25.5 t o  33.5 Kg. 

(F igure  1). I n  o r d e r  t o  compare t h e s e  weights  w i th  t h o s e  of w i l d  

fawns, w e  u t i l i z e d  d a t a  on 314 d re s sed  fawn weights  c o l l e c t e d  i n  

November of  va r ious  y e a r s  du r ing  t h e  N.W. Bay s tudy  and k i n d l y  

provided t o  us  by t h e  Nanaimo o f f i c e  of  t h e  B. C. F i s h  and Wild- 

l i f e  Branch. These w e r e  conver ted t o  t o t a l  body weights  by use 

2 of a r e g r e s s i o n  formula ( r  =.987) c a l c u l a t e d  by Allen Anderson 

(Wi ld l i f e  Research Cen t r e ,  F o r t  C o l l i n s ,  Colorado) f o r  56 mule 

d e e r  (0. - - h. hemionus) under 17 months of  age. This  formula i s  

y = 0,0602 + 1 . 3 7 1 4 ~  (where y = b l e d  weight  i n  kg and x = e v i s -  



c e r a t e d  weight ,  i n  k g ) .  The weights  of t h e  w i ld  fawns a r e  com- 

pared w i t h  t hose  of t h e  exper imenta l  fawns i n  f i g u r e  1. Many 

wi ld  fawns which do n o t  b reed  have achieved weights  which exceed 

t h e  minimum weight  a t  concept ion of  exper imenta l  fawns. This  

r e s u l t  exc ludes  t h e  p o s s i b i l i t y  o f  a  s imple  t h r e s h o l d  e f f e c t .  

W e  t h e r e f o r e  cons ide r  o u r  o r i g i n a l  hypo thes i s  d isproved.  

The average d a t e  of  concept ion i n  exper imenta l  fawn does 

k e p t  i n  pens i n  November and r e l e a s e d  i n t o  t h e  compound i n  mid- 

December w a s  cons ide rab ly  l a t e r  (Table  1) than t h e  u s u a l  b reed ing  

pe r iod  i n  t h e  w i ld  (November t o  mid-December; 3 ,  6 )  . 

TABLE I: B i r t h  and concept ion d a t e s  of  penned animals.  

F i r s t  b i r t h  
L a s t  b i r t h  
Average (N=10) 
* 

203 days  ( 3 )  

B i r t h  Date Est imated d a t e  
of  Conception* 

June 24 December 2  
August 8 January 19 
J u l y  24 January 2  

I n  a d d i t i o n  t o  t h e  above animals ,  t h r e e  exper imenta l  fawn does 

w e r e  r e l e a s e d  i n t o  t h e  compound and r a n  wi th  s e v e r a l  bucks from 

October 1st onwards. 2 of  t h e s e  conceived a t  t h e  end of November 

and t h e  o t h e r  i n  e a r l y  January.  I t  i s  t h u s  p o s s i b l e  t h a t  t h e  de- 

l ayed  breed ing  season  i n  t h e  10 penned and r e l e a s e d  fawns may have 

been due t o  t h e  exper imenta l  cond i t i ons .  This  p o s s i b i l i t y  i s  

being i n v e s t i g a t e d  du r ing  t h e  1974 season.  However, it i s  i n t e r -  

e s t i n g  t o  n o t e  t h a t  i n  w h i t e - t a i l e d  d e e r  (0. v i r q i n i a n u s )  where 

fawns breed f a i r l y  f r e q u e n t l y ,  t h e s e  fawns conceive about  two 

weeks l a t e r  t han  a d u l t s  (10) . 
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Although t h e r e  w a s  a  r e l a t i v e l y  h igh  concept ion and b i r t h  

rate r e s u l t i n g  from t h e  breed ing  of  fawn does ,  t h e  s u r v i v a l  of 

t h e i r  fawns w a s  poor.  Twelve fawns were born ( 1 3  concept ions ,  

1 pregnant  female a c c i d e n t a l l y  l o s t )  b u t  7 of  t h e s e  d i e d  between 

one and f o u r  and a h a l f  months o f  age. P o s t  mortems showed t h e s e  

fawns t o  be emaciated,  w i th  stomachs f u l l  o f  t h e  p e l l e t e d  r a t i o n  

b u t  w i th  no milk.  In  a d d i t i o n ,  weekly weighings showed t h a t  

t h e  weight  o f  t h e s e  fawns d i d  n o t  i n c r e a s e ,  and i n  most c a s e s ,  

decreased ,  p r i o r  t o  death .  These obse rva t ions  sugges t  s t r o n g l y  

t h a t  t h e  fawns d i e d  due t o  l a c t a t i o n  f a i l u r e  of t h e  mother. I t  

i s  u n l i k e l y  t h a t  l a c t a t i o n  f a i l u r e  was caused by inadequa te  

n u t r i t i o n  as t h e  fawn mothers were on an -- ad 1 i b . d i e t  o f  a l f a l f a  

and c a l f  s tar ter  p e l l e t s  ( 2 0 %  p r o t e i n ) .  An o l d e r  doe on t h e  same 

d i e t  s u c c e s s f u l l y  r a i s e d  twin fawns. Although t h e  fawn mothers 

commenced l a c t a t i o n  somewhat l a t e r  than  o l d e r  does,  t h e i r  l a c t a -  

t i o n  ceased a t  a t i m e  when o l d e r  does were s t i l l  l a c t a t i n g .  
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There are many r e p o r t s  of  t h e  n u t r i e n t  composit ion of  mamma- 

l i a n  milks (reviewed by Ben-Shaul, 1962; B l a x t e r ,  1961) . I n  t h e  

major i ty  of  c a s e s ,  w i t h  t h e  except ion  o f  t h e  work o f  Arman e t  -- a l .  

(1974) on r e d  d e e r  (Cervus e l aphus )  such r e p o r t s  d e s c r i b e  t h e  

composition of  s i n g l e  samples a t  an undesignated s t a g e  o f  l a c t a -  

t i o n .  The n u t r i e n t  c o n t e n t s  of smal l  numbers of  i r r e g u l a r  samples 

of milk from d e e r  of  t h e  genus Odocoileus have been r e p o r t e d  

(0. - v i rg in i anus :  Murphy, 1960; S i l v e r ,  1961; Youatt  e t  -- a l . ,  

1965; Jenness,  1974. 0. - hemionus: Hagen, 1951; Browman and 

Sea r s ,  1955; K i t t s  -- e t  a l . ,  1956; Jenness ,  1974) .  A s  p a r t  of  on- 

going s t u d i e s  on female puber ty  and r ep roduc t ion  o f  Columbian 

b l ack - t a i l ed  d e e r  (0. - - h. columbianus) w e  r e p o r t  h e r e  changes i n  

milk composition throughout  t h e  l a c t a t i o n  pe r iod .  

Three semi-tame does w e r e  removed from a ho ld ing  paddock i n  

A p r i l  1975 and k e p t  i n  i n d i v i d u a l  2.75 x 3.65 m pens,  A l f a l f a  

hay and 20% p r o t e i n  c a l f  s t a r t e r  p e l l e t s  w e r e  provided ad l i b .  -- 
wi th  f r equen t  supplements of  f r e s h  salmonberry (Rubus s p e c t a h i l i s )  

and willow ( S a l i x  s p . ) .  Doe 0 was t h r e e  o r  more y e a r s  o f  age and - 
gave b i r t h  t o  twin fawns on May 19. Doe 10 w a s  2 yea r s  o l d  and 

gave b i r t h  t o  a s i n g l e  fawn on June 5 .  Doe 1 w a s  1 yea r  o l d  

and gave b i r t h  t o  twin fawns on June 9 ,  one of  which was removed 

f o r  hand r e a r i n g  on June 10. Milk samples w e r e  t aken  each Mon- 

day, Thursday and Sunday p r i o r  t o  June 29. Samples t aken  w i t h i n  

7 day per iods  a f t e r  l a c t a t i o n  commenced w e r e  combined and ana- 

lyzed a s  one sample. A f t e r  June 30 samples w e r e  t aken  each  

Monday and Thursday. With two excep t ions ,  t h e s e  samples were 

combined i n t o  two-week bulk samples f o r  t h e  s e p a r a t e  i n d i v i d u a l s  

and s o  analyzed.  



Fawns w e r e  s e p a r a t e d  from does t h e  evening p r i o r  t o  t h e  day 

of sampling. Does w e r e  immobilized wi th  s u c c i n y l c h o l i n e  (Anec- 

t i n e ,  Burroughs Wellcome) i n j e c t e d  in t r amuscu la r ly  i n t o  t h e  

h indqua r t e r s .  Dosages ranged from 0.06 t o  0.115 mi l l ig rams/  

ki logram body weight ,  t h e  minimum dose be ing  most commonly used. 

The normal e f f e c t  was r e l a x a t i o n  o f  t h e  muscles o f  t h e  e x t r e m i t i e s  

and neck on ly ,  b u t  o c c a s i o n a l l y  r e s p i r a t o r y  a r r e s t  occur red .  

A r t i f i c i a l  r e s p i r a t i o n  w a s  then  adminis te red  and i n  a l l  i n s t a n c e s  

t h e  does  recovered w i t h  no f u r t h e r  compl ica t ions .  Once immobi- 

l i s e d ,  40 i n t e r n a t i o n a l  u n i t s  of oxytoc in  (Rogar/S.T.B., d i v i s i o n  

of BTI Products  I n c . )  were i n j e c t e d  i n t o  t h e  j ugu la r  ve in  t o  i n -  

duce milk let-down. Milking was done by hand. 

The udder of  t h i s  s p e c i e s  c o n s i s t s  o f  f o u r  s e p a r a t e  q u a r t e r s  

each w i t h  a s i n g l e  t e a t  cana l .  The p o s t e r i o r  q u a r t e r s  are much 

l a r g e r  t han  t h e  a n t e r i o r  and produce by f a r  t h e  l a r g e r  p ropor t ion  

of  t o t a l  milk ou tpu t .  U n t i l  t h e  22nd t o  25th week o f  l a c t a t i o n ,  

depending on t h e  f low from each doe, one p o s t e r i o r  q u a r t e r  and 

one a n t e r i o r  q u a r t e r  were emptied a t  each sampling. Pe t e r sen  

(1950) no ted  t h a t  t h e  composit ion o f  cows milk can change du r ing  

a s i n g l e  mi lk ing  due t o  the presence of  an a g g l u t i n i n  which causes  

c l u s t e r i n g  o f  t h e  f a t  g lobules .  Although it i s  n o t  known i f  t h i s  

phenomenon occu r s  i n  d e e r ,  as a p recau t ion  t h e  t o t a l  y i e l d  from 

t h e  two q u a r t e r s  was thoroughly mixed and a 20 cubic  cen t ime te r  

sample taken  f o r  a n a l y s i s .  A f t e r  t h e  22nd t o  25 th  week of lacta- 

t i o n  i n s u f f i c i e n t  milk was ob ta ined  by t h e  above method, so a l l  

four  q u a r t e r s  were emptied,  t he  milk  mixed and 20 c c  preserved.  

Towards t h e  f i n a l  s t a g e s  of l a c t a t i o n  it sometimes became neces- 
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sa ry  t o  ana lyze  less than 20 cc. Milk samples w e r e  p reserved  

with potass ium dichromate and k e p t  a t  4 " ~  u n t i l  analyzed.  

The p r o t e i n  c o n t e n t  was determined by t h e  dye b ind ing  method 

(Ashworth e t  a l . ,  1960) u s ing  s t a n d a r d  curves  from cow's milk.  -- 
The l a c t o s e  c o n t e n t  was analyzed by t h e  method of Trevlyn and 

Harr ison (1952) ,  u s ing  a - l a c t o s e  monohydrate a s  a  s t a n d a r d ,  and 

f a t  c o n t e n t  w a s  determined w i t h  t h e  Mojonnier milk tester 

(Mojonnier, 1925) . 
The changes i n  n u t r i e n t  composit ion of  t h e  milk are shown 

i n  Fig. 1. The l a c t o s e  c o n t e n t  i n c r e a s e d  s l i g h t l y  ove r  t h e  f i r s t  

month o f  l a c t a t i o n  and then  s t e a d i l y  dec l ined .  An a n a l y s i s  of  

va r i ance  f o r  each doe showed a  s i g n i f i c a n t  change (P<0.05) f o r  

does 0 and 10 b u t  n o t  f o r  t h e  y e a r l i n g  doe 1. I n  t h e  r e d  dee r ,  

Arman e t  al .  (1974) r e p o r t e d  mean l a c t o s e  c o n c e n t r a t i o n s  of be- -- 
tween 4 . 1  and 4 .7  g/100 m i l l i l i t e r s  which are s i m i l a r  t o  t h e  

va lues  r e p o r t e d  h e r e  f o r  t h e  f i r s t  two months o f  l a c t a t i o n .  The 

red d e e r ,  however, showed no d e c l i n e  i n  l a c t o s e  l e v e l s  as l a c t a -  

t i o n  progressed .  

T o t a l  p r o t e i n  c o n t e n t  i nc reased  s t e a d i l y  i n  t h e  milk o f  a l l  

does u n t i l  t h e  s i x t h  month o f  l a c t a t i o n .  An a n a l y s i s  o f  va r i ance  

showed s i g n i f i c a n t  changes (P<O.O5) i n  each doe u n t i l  t h i s  t i m e .  

The p r o t e i n  c o n t e n t  then d e c l i n e d  a t  s l i g h t l y  d i f f e r e n t  t i m e s  i n  

each doe. During t h e  i n c r e a s e  pe r iod  t o t a l  p r o t e i n s  ranged from 

6.5% t o  j u s t  o v e r  11%, va lues  s i m i l a r  t o  t hose  f o r  t h e  r e d  d e e r  

(Arman e t  a l . ,  1974) .  However, t h e r e  i s  no clear i n d i c a t i o n  i n  -- 
t h e  r ed  d e e r  d a t a  of a  d e c l i n e  i n  p r o t e i n  c o n t e n t  a t  t h e  end o f  

l a c t a t i o n .  



For each female t h e  percen tage  o f  f a t  i n c r e a s e d  suddenly 

e a r l y  i n  l a c t a t i o n ,  then  d e c l i n e d ,  and then s t e a d i l y  i n c r e a s e d  

u n t i l  t h e  s i x t h  month. Analyses of va r i ance  f o r  each  doe showed 

s i g n i f i c a n c e  (P<O. 05) u n t i l  t h i s  pe r iod .  The f a t  c o n t e n t  of  t h e  

milk of t h e  two younger does (1 and 10) then  suddenly dec l ined .  

The f a t  c o n t e n t  of t h e  milk o f  t h e  o l d e r  doe ( 0 )  dropped a l s o  

i n  weeks 26 and 27 b u t  then  recovered and s t a y e d  r e l a t i v e l y  h igh  

u n t i l  t h e  end o f  sampling i n  mid-January. The f a t  c o n t e n t  of 

r e d  d e e r  milk showed a s i m i l a r  p a t t e r n  of i n c r e a s e  b u t  t h e  abso- 

l u t e  va lues  w e r e  lower (Arman e t  -- a l . ,  1974) .  The percen tage  of  

f a t  (10-20%) r e p o r t e d  h e r e  i s  cons ide rab ly  h i g h e r  than t h a t  re- 

p o r t e d  p rev ious ly  f o r  s p o t  samples of  b l a c k t a i l e d  d e e r  milk  

(Hagen, 1951: 8 . 3 % ;  K i t t s  e t  -- a l . ,  1956: 10.2-10.5%). The abso- 

l u t e  va lues  and p a t t e r n  of change a r e  most l i k e  t hose  o f  t h e  Da l l  

sheep (Ovis d a l l i  d a l l i )  a s  r epo r t ed  by Cook e t  a l .  (1970) . Ben- - -- 
Shaul  (1962) sugges ted  t h a t  t h e  f a t  c o n t e n t  of  milk  i s  r e l a t e d  t o  

t h e  i n t e r v a l  between s u c k l i n g s  i n  comparisons between s p e c i e s .  

I n  s p e c i e s  whose milk has  a h igh  f a t  c o n t e n t ,  s u f f i c i e n t  energy 

i s  t r a n s m i t t e d  a t  each feed ing  t o  a l low a long  i n t e r v a l  t o  t h e  

subsequent  feed ing .  This  r e l a t i o n s h i p  would s e e m  a l s o  t o  ho ld  

i n  b l a c k - t a i l e d  d e e r  a s  t h e  f a t  c o n t e n t  o f  milk i n c r e a s e s  du r ing  

l a c t a t i o n  ( f i g .  1) . I n  a s e p a r a t e  s tudy  of  s u c k l i n g  behaviour ,  

w e  have no ted  t h a t  t h e  i n t e r v a l  between s u c k l i n g s  i n c r e a s e s  as 

l a c t a t i o n  proceeds.  

The end o f  l a c t a t i o n  i n  t h e  two younger does w a s  preceded 

by sudden drops  i n  f a t  and p r o t e i n  con ten t .  This co inc ided  

roughly wi th  t h e  t iming  o f  reduced milk y i e l d  as i n d i c a t e d  by 
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t h e  amount ob ta ined  by hand milking.  The o l d e r  doe ( 0 )  a l s o  

appa ren t ly  reduced h e r  y i e l d  a t  t h i s  t i m e  b u t  d i d  n o t  d ry  up and 

mainta ined an ongoing s m a l l e r  y i e l d .  Fu tu re  work i s  in tended  t o  

document changes i n  m i l k  y i e l d s  i n  t h i s  s p e c i e s .  

W e  have shown (Mueller  and S a d l e i r ,  1975) t h a t  a  h igh pro- 

p o r t i o n  o f  fawns of t h i s  s p e c i e s  w i l l  breed under c a p t i v e  con- 

d i t i o n s  a l though such breed ing  does n o t  occur  i n  w i l d  popula t ions .  

I t  i s  of  i n t e r e s t  t h a t  doe 1, which conceived a t  6 months of age 

and gave b i r t h  a t  12 months, w a s  a b l e  t o  produce milk o f  q u a l i t y  

e q u i v a l e n t  t o  two o l d e r  does throughout  a  complete l a c t a t i o n .  

The t h r e e  d i f f e r e n t l y - a g e d  does each produced milk  w i t h  s i m i l a r  

p a t t e r n s  o f  n u t r i e n t  composit ion.  

During t h i s  s tudy  t h e  s o l i d  food i n t a k e  of  fawns was n o t  re- 

corded,  One of  us (C.C.M.)  has  f r e q u e n t l y  s een  fawns e a t i n g  s o l i d  

food a t  one week of  age and ruminat ing a t  36 t o  7 3  ( X  = 50) days  

of  age. Ongoing work w i l l  a t t empt  t o  d e s c r i b e  t h e  i n c r e a s e  i n  

s o l i d  food i n t a k e  of  fawns. 

This  i n v e s t i g a t i o n  was made p o s s i b l e  by r e s e a r c h  g r a n t s  t o  

RMFSS from t h e  Nat iona l  Research Counci l  o f  Canada and t h e  B r i t i s h  

Columbia F i s h  and W i l d l i f e  Branch. W e  wish t o  thank G. C h r i s t i e  

and G. Arnantea (Dairyland Co. ) , T. Chow ( B r i t i s h  Columbia Agricul-  

t u r e  Dept., Dairy Branch) and D r .  S .  Nakai (Dept. of  Food Sc ience ,  

Un ive r s i t y  of  B r i t i s h  Columbia) f o r  c a r r y i n g  o u t  t h e  milk ana lyses .  

W e  e s p e c i a l l y  wish t o  exp res s  a p p r e c i a t i o n  t o  M r .  and M r s .  C .  

Gadsby f o r  t h e i r  ongoing p r a c t i c a l  a s s i s t a n c e  w i t h  t h i s  p r o j e c t .  



F i g u r e  1 - Changes i n  n u t r i e n t  composi t ion  o f  t h e  mi lk  o f  

t h r e e  n u r s i n g  b l a c k - t a i l e d  d e e r .  Doe 1 and Doe 10 

cea sed  l a c t a t i o n  on weeks 26 and 27 r e s p e c t i v e l y .  

Doe 0  con t i nued  l a c t a t i o n  a f t e r  sampl ing ceased.  
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Appendix D 

Rela t ion  between l o c a l  temperature  ( d a i l y  maxima and 

minima) and breeding i n  female b l a c k - t a i l e d  deer .  

Location:  U. B .  C. Research F o r e s t ,  Maple Ridge, 

B r i t i s h  Columbia. 

According t o  Linsda le  and Tomich (1953)  co ld  t ends  t o  

i n c r e a s e  r u t t i n g  a c t i v i t y ,  and extremely warm days may 

reduce a c t i v i t y  s o  a s  t o  make t h e  r u t  s c a r c e l y  d i s -  

c e r n i b l e .  However, extremely co ld  weather may r e t a r d  

breeding a c t i v i t y  (Brown, 1961) . 
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Appendix E 

Fawn b i r t h  d a t a  - o n l y  Ke l sey  Bay stock 



Fawn b i r t h  d a t a  - o n l y  K e l s e y  Bay s t o c k  

A .  Twin f a w n s  

H e a r t  g i r t h  H i n d f o o t  l e n q t h  T a g  # Sex B i r t h  D a t e  W e i g h t  Age o f  Dam U o f  P a r -  
( y e a r s )  t u r i t i o n  

W r l o h t  of 
Dam 

17 -8  
23-C 
24-B 

K-A 
K -B 
I -B 

17-C 
22-C 
22-D 
2  3-E 
14-C 

E-C 
F-8 

24-D 
24-C 
16 -8  
16-C 

F-A 
2  -B 
2-C 
3-C 

22-E 

2-E f 6-6-76 2 . 8  3  3  5 0 . 0  
16-E f 9-6-76 2 . 9 5  3  3  4 1 . 8  

5-C f 3-6-75 3 .0  3 0 . 5  2 3 . 5  2  2  4 0 . 5  
2-D f 6-6-76 3 .0  3  3 5 0 . 0  

15-E f 13-6-76 3 . 0 5  3  3  5 1 . 8  

23-D m  13-6-76 2 .0  3  3  4 3 . 6  
18-B m  10-6-76 2 . 2  3  2  5 4 . 5  
I -A m  9-6-75 2 . 2  2 7 . 6  2 2 . 2  1 1 38 .2  

14 -8  m  25-5-75 2 . 4  2 9 . 5  2  2  38 .2  
22-B m  28-5-75 2 . 4  2  2  4 1 . 8  
21-A-B m  8-6-76 2 . 3 5  2 9 . 2  22 .9  2  1 4 3 . 2  
2 3 - 8  m  17-6-75 2 . 4 5  2 9 . 5  2 1 . 3  2  2  3 8 . 4  
24-A m  9-6-75 2 . 4 5  2 7 . 3  2 1 . 9  2  1 4 0 . 9  

E-B m  9-6-75 2 . 5  2  2  37 .7  
18-C m  10-6-76 2 . 5  3  2  5 4 . 5  
15-C m  29-5-75 2 . 5 5  2 8 . 3  2 2 . 0  2  2  4 5 . 0  

3-8 m  20-6-75 2 .6  3 0 . 2  2 3 . 2  2  2  3 9 . 1  
8-B m  27-5-75 2 .6  2 9 . 2  2 2 . 9  2  2  40 .5  

21-A-A m  8-6-76 2 . 6  2  1 43 .2  
11-E m  18-6-76 2 . 6 5  3  3  

8-C m  27-5-75 2 . 8  30 .5  2 3 . 8  2  2  4 0 . 5  
11-8 m  6-6-75 2 . 9 5  2 2  4 8 . 0  
15-B m  29-5-75 3 .0  3 0 . 5  2 2 . 9  2  2  45 .0  
15-D m  13-6-76 3 . 0 5  3  3 5 1 . 8  
11-C m  6-6-75 3 . 1  2  2 4 8 . 0  
16-D m  9-6-76 3 . 1 5  3  3  4 1 . 8  

5  -8 m  3-6-75 3 . 1 5  3 1 . 1  2 3 . 8  2  2 4 0 . 5  
11-D m  18-6-76 3 . 2  3  3  

8. S l n g l e  f a w n s  

J-A f 21-6-75 2 . 5 5  2  1 4 2 . 7  
3  -A f 2-8-74 2 . 5 5  1 1 36 .4  

19-A f 12 -6 -75  2 . 5 5  2 9 . 5  2 2 . 2  2  1 4 2 . 5  
18-A f 7-6-75 2 . 6 5  2 8 . 6  2 2 . 9  2  1 4 8 . 2  
16-A f 26-6-74 2 . 7  1 1 36 .6  * 

5  -A f 8-8-74 2 . 7 5  1 1 3 1 . 8  ** 
17-A f 31-7-74 2 . 8  1 1 3 7 . 3  * 
21-A f 21-7-74 2 . 8 5  1 1 3 7 . 3  * 

2  -A f 21-7-74 3 . 1  1 1 4 0 . 0  * 

10-A m 5-6-75 2 . 3 0  2 8 . 6  
E-A m 24-5-75 3 . 1 5  3 0 . 5  

11-A m  25-7-74 3 . 3 0  
14-A m 23-6-74 3 .30  
15-A m 9-6-74 3 .40  
16-C-A m 8-7-76 3 .50  

W e i g h t  i n  k i l o g r a m s ,  m e a s u r e m e n t s  i n  c e n t i m e t e r s ,  
A l l  m e a s u r e m e n t s ,  u n l e s s  i n d i c a t e d  o t h e r w i s e ,  
w i t h i n  24  h o u r s  o f  b i r t h .  

S e p t .  11 
* *  A p r i l  5  

* * *  J u l y  1 4  



Appendix F 

Life h i s t o r i e s  and breed ing  r eco rds  

of exper imenta l  does ,  1 9 7 3  - 1 9 7 6 .  
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Appendix G 

P r o t e i n  l e v e l s  of major browse s p e c i e s  i n  summer 

and w i n t e r  on Vancouver I s l a n d ,  B r i t i s h  Columbia. 

Rochel le ,  J. ( p e r s .  comm., 1976) 



Vancouver I s l a n d :  Winter  Crude P r o t e i n  Leve l s  o f  
Major Winter  Forage P l a n t s  i n  P e r c e n t  o f  Oven Dried Weight 

Western Hemlock (Tsuga he t e rophy l l a ,  S a r g e n t )  5 

Western Red Cedar (Thu j a  p l i c a t a ,  Don) 5 

S a l a l  ( G a u l t h e r i a  s h a l l o n ,  Pursh)  

Blueber ry  (Vaccinium a l a s k a e n s e ,  Howell) 7 

Red Huckleberry (Vaccinium pa rv i fo l i um,  Smith)  7 

Sword Fe rn  (Polys t ichum muniturn, P r e s l e y )  9 

Lichen ( A l e c t o r i a  sp .  ) 

Vancouver I s l a n d :  Maximum (approx . ,  cu tove r  and t imbered 
area combined) Leve l s  o f  Crude P r o t e i n  i n  P e r c e n t  and 
M i  

Douglas F i r  (Pseudotsuga m e n z i e s i i ,  Franco)  10 June 

Western Hemlock (Tsuga h e t e r o p h y l l a ,  S a r g e n t )  8 June 

Western Red Cedar (Thuja  p l i c a t a ,  Don) 6 A p r i l  

B lueber ry  (Vaccinium a l a s k a e n s e ,  Howell) 19  May 

Red Huckleberry  (Vaccinium pa rv i fo l i um,  Smith) 20 May 

S a l a l  ( G a u l t h e r i a  s h a l l o n ,  Pursh)  12-13 June 

Sword Fern  (Polys t ichum muni t u m ,  P r e s l e y )  16-20 June 

Fireweed (Epilobium angus t i • ’  o l ium,   inn;) 25 May 

Bracken Fern  (P t e r i d ium aqui l inum,  Kuhn) 35 May 



Appendix H 

Misce l l aneous  o b s e r v a t i o n s  du r ing  t h e  cou r se  o f  t h i s  s t u d y .  
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1. A suspec t ed  c a s e  of monozygotic twins  

I n  1975 a pr imiparous  2 yea r  o l d  doe of  Washington s tock  

gave b i r t h  t o  male twins  w i th  i d e n t i c a l  p a t h o l o g i c a l  d e f o r m i t i e s .  

(Brachygnathia  i n f e r i o r ,  deformation o f  d i s t a l  p a r t s  of  a l l  f o u r  

l e g s ,  depigmentation on l e f t  abdomen and c h e s t ) .  The t o t a l  

i d e n t i t y  o f  t h e s e  fawns sugges t s  t h a t  they w e r e  monozygotic 

twins.  The b i r t h  of  monozygotic twins  i n  b l a c k - t a i l e d  d e e r  i s  

a rare occurrence as i n d i c a t e d  by t h e  p ropor t ions  of  homo- and 

he te ro-sexua l  p a i r s  of twins  (Table  X I V )  and t h e  r a t i o  of cor-  

pora  l u t e a  t o  number of fawns p e r  doe ( c l o s e  t o  1:1, Taber and 

Dasmann, 1957) . 
2. Compensatory weight growth 

Two fawns whose e a r l y  growth was s e v e r e l y  r e t a r d e d  due t o  

c o c c i d i o s i s  ( t i m e  t o  double b i r t h  weight :  #16-E -- 4 2  days ,  

#15-E -- 45 days)  showed remarkable compensatory weight  growth 

a f t e r  t hey  had rega ined  t h e i r  h e a l t h .  From 25 t o  175 days (125 

days r e s p . )  of age t h e  fo l lowing  weights  ( i n  kg) w e r e  recorded 

a t  50 day i n t e r v a l s :  #16-E -- 4.8, 11.6,  21.3, 27.0; #15-E -- 
4.5, 12.6, 25.5. Both animals ,  t h e r e f o r e ,  achieved above average 

weights  i n  s p i t e  o f  t h e i r  e a r l y  i l l n e s s  b u t  n e i t h e r  one a t t a i n e d  

puber ty  (816-E: u l t r a s o n i c  f e t a l  p u l s e  d e t e c t i o n  a f t e r  Lindahl ,  

1971, w a s  n e g a t i v e  a t  274 days of  age;  #15-E: k i l l e d  by buck a t  

164 days  of age,  o v a r i e s  were i n f a n t i l e ) .  This  is  i n  accordance 

wi th  Cowan and Wood's (1955) s t a t emen t  t h a t  "a  se tback  when 

growth rate i s  h igh  is  l i k e l y  t o  l e a d  t o  animals t h a t  d e p a r t  from 

t h e  norm of  t h e  s p e c i e s "  (p .  335) because p h y s i o l o g i c a l  t i m e  is  

i r r e c o v e r a b l e  a l though  s i d e r e a l  t i m e  may be , regained (McMeekan 

and Hammond, 1940) .  
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