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A BSTRACT 
^ ■ y C Ù A J  V /

R o s e la n d ,  K r i s t in e ,  M . A . , tÔ W  Zoology

M orphology  of the P ro n g h o r n  O v a r y  (A n t i lo c ap ra  a m e r i c a n a  O rd)

D i r e c t o r ;  G e o rg e  W e ise l

M orp h o lo g ica l  c h a r a c t e r i s t i c s ,  r e l a t iv e  h o rm o n a l  p ro d u c t io n ,  
and  ovula t ion  in c id en c e s  of o v a r i e s  of p ro n g h o rn  (A n t i lo c ap ra  
a m e r i c a n a ) w e r e  e lu c id a ted  l a r g e l y  by  m ic r o s c o p i c  exam in a t io n  
of s t a in e d  s e c t io n s  of o v a r i e s  f r o m  2 6 does .

N u m b e r s  of v e s i c u l a r  fo l l ic le s  i n c r e a s e d  in p r e - e s t r u s  and 
e s t r u s ,  but a v e r a g e  d i a m e t e r s  of th e s e  fo l l i c le s  and th e i r  
s t a n d a r d  dev ia t ions  did not d i f fe r  m a r k e d ly  th roughou t  the y e a r .

In a t r e s i a ,  the  f a te s  of the ovum and zona p e l lu c id a  w e r e  
v a r i a b l e ,  and w e r e  p o o r  in d ic a to r s  of the  s ta g e  of a t r e s i a .

Two in s t a n c e s  of po lyovula t ion  w e r e  found in o v a r i e s  f r o m  two 
d i f fe re n t  does .  In each  c a s e ,  the  fo l l ic le  had  two n o r m a l  ova.

L u te a l  c e l l s  of the  c o rp u s  lu teu m  began  d e g e n e ra t in g  at 
p a r tu r i t i o n .  The s t r u c t u r e  w as  c o n s id e re d  a c o rp u s  a lb ican s  
a f t e r  about 4 w e e k s ,  when no lu te a l  c e l l s  r e m a i n e d  and m any  of 
the  s p a c e s  f o r m e r l y  occup ied  by  th e s e  g la n d u la r  c e l l s  w e r e  
d e l in e a te d  by  la cu n ae .  The c o r p o r a  a lb ic a n t ia  could be d i s t i n ­
g u ished  f r o m  o ld e r  c o r p o r a  fo r  4 m on ths  and s o m e t i m e s  lo n g e r .

It w as  h y p o th e s ized  tha t  su p e ro v u la t io n ,  the  ou ts tand ing  
f e a t u r e  of the p ro n g h o rn  ovary ,  w as  a m e c h a n i s m  s e rv in g  to 
p ro v id e  the  s p e c ie s  with l a r g e  am o u n ts  of lu te a l  t i s s u e ,  which  
in tu r n  would p ro v id e  l a r g e  am o u n ts  of p r o g e s t e r o n e  fo r  m a i n ­
t e n a n c e  of the  p ro lo n g ed  p r e g n a n c y  c h a r a c t e r i s t i c  of the  
p ro n g h o rn .

With  one p o s s ib le  excep t ion ,  no a c c e s s o r y  c o r p o r a  lu te a  w e r e  
found. The  excep t ion  w as  the o c c u r r e n c e  of a  p ro b ab le  s i l en t  
h ea t  in  one doe.

One fawn d ef in i te ly  w as  b r e d  a t  4 m on ths  of age .  Two o th e r s  
had  old c o r p o r a  a lb ic a n t ia  a s  y e a r l i n g s ,  ind ica t ing  tha t  they  
ovu la ted  and p ro b a b ly  a l s o  w e r e  b r e d  as  faw ns .
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C H A PTE R  I 

INTRODUCTION

An im p o r ta n t  too l  f o r  in te l l ig en t  m a n a g e m e n t  of g am e  s p e c i e s  

i s  knowledge of t h e i r  r e p r o d u c t iv e  phys io logy .  M ost  in fo rm a t io n  on 

r e p r o d u c t iv e  funct ion  of a r t i o d a c ty l s ,  a g roup  which  in c lu d es  m an y  

im p o r ta n t  g am e  a n i m a l s ,  h a s  b ee n  a s c e r t a i n e d  f r o m  d o m e s t ic  a n im a l s ,  

in which  s e le c t iv e  b r e e d i n g  m a y  have  a l t e r e d  r e p r o d u c t iv e  c h a r a c t e r ­

i s t i c s .  S tud ies  of the  o v a r i e s  of w ild  ungu la tes  have  b ee n  m o s t ly  

m a c r o s c o p i c .  S pec ies  s tu d ied  inc lude  m u le  d e e r  (O doco ileus  

h e m io n u s  h e m io n u s ) (S ea r s  1955, R ob ine t te  et  a l .  1955), w h i t e - t a i l e d  

d e e r  (O. v i r g i n i a n u s ) (Chea tum  and S ev e r in g h a u s  1950, Haugen and 

T r a u g e r  1962), b l a c k - t a i l e d  d e e r  (O. h em io n u s  c o lu m b ia n u s ) (Golley 

1957), m o o se  (A lce s  a l c e s ) (M a rk g re n  1969), kob (Adenota  kob ) 

(M o r r i s o n  1971), and p r o n g h o rn  (A n t i lo c a p ra  a m e r i c a n a ) (O 'G ara  

1968, 1969). M ic ro s c o p ic  s tu d ie s  have  b een  m a d e  of o v a r i e s  of 

im p a la  (A e p y c e ro s  m e l a m p u s ) (Kayanja  1969), wapit i  (C e rv u s  

c a n a d e n s i s ) (M o r r i s o n  1960), and b l a c k - t a i l e d  d e e r  (T hom as  1970).

T h is  s tudy  of the m i c r o a n a t o m y  of p ro n g h o rn  o v a r i e s  w as  

u n d e r ta k e n  to  su p p le m e n t  knowledge of r e p r o d u c t iv e  p r o c e s s e s  f o r  

p o s s i b l e  m a n a g e m e n t  p u r p o s e s  and to  add  to  the  body of in fo rm a t io n

1



co n c e rn in g  c o m p a r a t iv e  h is to lo g y  and  m o rp h o lo g y  of the  m a m m a l i a n  

o v a ry .  Knowledge of p r o n g h o rn  r e p r o d u c t io n  w as  g r e a t l y  expanded  by 

B r o m l e y  (1967) and O ’G a r a  (1968). The  p r o n g h o rn  i s  u nusua l  in i t s  

r e p r o d u c t i v e  s t r a t e g y .  Two to se v en  ova a r e  ovu la ted  and f e r t i l i z e d ,  

but  in n e a r l y  a l l  c a s e s ,  p a r t u r i t i o n  r e s u l t s  in tw ins .  O 'G a r a  w as  

p r i m a r i l y  c o n c e rn e d  with u t e r in e  ch anges  th roughou t  the  y e a r  and 

em b ry o n ic  and f e ta l  d eve lopm en t .  He s tu d ied  o v a r i e s  m a c r o s c o p ic a l l y  

to  d e t e r m in e  t im e  of f o l l i c u la r  m a tu ra t i o n  and ovula t ion ,  n u m b e r  of 

ova p ro d u ced ,  and dev e lo p m en t  and r e g r e s s i o n  of c o r p o r a  lu te a  d u r in g  

and a f t e r  p re g n a n c y .  Using s e l e c t e d  o v a r i e s  of the  s a m e  s p e c im e n s  

w ith  w hich  O 'G a r a  w o rk e d ,  the sp ec i f ic  o b je c t iv es  of th is  in v e s t ig a t io n  

w e r e  to d e t e r m in e  the:

1. m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  of the p ro n g h o rn  ovary;

2. r e l a t i v e  h o r m o n a l  p ro d u c t io n  of v a r io u s  o v a r ia n  

s t r u c t u r e s  as  in d ica ted  by t h e i r  m orphology ;  and

3. ovula t ion  in c id en ce  by a n a ly s i s  of c o r p o r a  a lb ic a n t ia  in  

contex t  with  o th e r  o v a r ia n  f e a t u r e s .



C H A PTE R  II

METHODS

H is to lo g ica l  p r e p a r a t i o n s  of o v a r i e s  f r o m  2 6 p ro n g h o rn s  

t a k e n  on the N a t iona l  B ison  Range ,  M oiese ,  M ontana,  and Y ellow stone  

N at iona l  P a r k ,  w e r e  ex a m in ed .  O v a r i e s  w e r e  f ixed  a p p ro x im a te ly  

30 m in u te s  a f t e r  dea th  in A FA  and su b se q u e n t ly  s t o r e d  in 70% e thanol .  

A n im a ls  w e r e  iden t i f ied  by  n u m b e r ,  and ag e s  and da ta  on r e p r o d u c t iv e  

cond i t ion  w e r e  r e c o r d e d  (O 'G a ra  1968). Sec t ions  r e p r e s e n t i n g  nine 

a n i m a l s  (s ix  f r o m  Y ellow stone  P a r k  and th r e e  f r o m  the  B iso n  Range)  

w e r e  p r e v io u s l y  p r e p a r e d  by  O 'G a r a  and su p p le m e n ted  m y  m a t e r i a l .  

T h e  a n im a l s  v a r i e d  in  age c l a s s e s  f r o m  0-1 y e a r  to  9+ y e a r s .  In a l l  

bu t  a few c a s e s ,  bo th  le f t  and r ig h t  o v a r i e s  w e r e  s tud ied .

F o r  h is  m a c r o s c o p i c  ex am in a t io n ,  O 'G a r a  (1968) m a d e  c r o s s -  

s e c t io n a l  s l i c e s  th ro u g h  the  o v a r i e s  at  about 1 m m  in t e r v a l s  to  p e r m i t  

m e a s u r e m e n t  and counting  of c o r p o r a  lu tea .  T h e s e  s l i c e s  d ivided 

ea ch  o v a r y  into f ive  to  s e v e n  p ie c e s .  E ac h  p ie ce  w as  em b ed d ed  in 

p a r a p l a s t  and s e c t io n e d  a t  8 m i c r o n s .  Two s l i d e s  with  5 to  10 s e c t io n s  

w e r e  m ad e  of each  p ie ce ,  y ie ld ing  10 to  14 s l i d e s  and 50 to  140 r e p r e ­

s e n ta t iv e  s e c t io n s  p e r  o v a ry .  Sec t ions  f r o m  a l l  o v a r i e s  w e r e  s ta in e d  

w ith  h em a to x y l in  and eos in .  S e lec te d  s e c t io n s  w e r e  s ta in e d  w ith  f a s t



g r e e n ,  o t h e r s  w ith  a t r i c h r o m e  s ta in  deve loped  by  G a r y  M atson  of 

M a t s o n ' s  A ud iov isua l  and M ic ro s c o p ic  in Mill town, M ontana.

O v a r ie s  f r o m  five a n im a l s  w e r e  s e c t io n e d  and m ounted  in 

t h e i r  e n t i r e ty  to  b e t t e r  v i s u a l iz e  the t h r e e - d i m e n s i o n a l  c h a r a c t e r i s t i c s  

of the  s t r u c t u r e s .

When ex am in in g  and m e a s u r i n g  s e c t io n s ,  I found it use fu l  to  

s e t  m i c r o s c o p e  s l id e s  on top of one a n o th e r  to d e t e r m in e  which  

s t r u c t u r e s  w e r e  w hich  in  co n secu t iv e  s l i d e s ,  and which s e c t io n  

show ed  the  m a x im u m  s iz e  of the  s t r u c t u r e .  D i a m e te r s  w e r e  taken  by 

f ind ing  the  g r e a t e s t  d i a m e t e r ,  adding the l e a s t  d i a m e t e r  p e r p e n d i c u l a r  

to  it , then  d ividing the  su m  by  two, a s  su g g e s ted  by  M o s s m a n  and 

Duke (1973) f o r  s t a n d a rd iz a t io n  of c o m p a r a t iv e  s tu d i e s .  F o r  fo l l i c le s ,  

m e a s u r e m e n t  w as  f r o m  b a s e m e n t  lam in a ;  th e c a e  o r  ca p su le  w e r e  not 

inc luded .  A c a l i b r a t e d  o c u la r  m i c r o m e t e r  w as  u se d  fo r  m e a s u r i n g  

s t r u c t u r e s .

D uring  l o n g - t e r m  s to r a g e  of o v a r ia n  t i s s u e  in e thanol ,  a s  

w e l l  as  in the  em bedd ing  p r o c e s s ,  sh r in k a g e  o c c u r s .  My data  

p r e s e n t e d  h e r e  d i f fe r  f r o m  tha t  taken  in the f ie ld  on the  s a m e  o v a r i e s  

by  O 'G a r a  (1968).



C H A P T E R  III 

RESULTS

S u rfac e  E p i th e l iu m  and T u n ic a  A lbuginea

T he  p r o n g h o rn  o v a r y  has  a s im p le ,  s ing le  l a y e r  of s u r f a c e  

e p i th e l iu m ,  g e n e r a l ly  cuboidal ,  o v e r  a  thin s t r o m a .  The  tun ica  

a lbug inea ,  as  ty p ic a l  of a r t i o d a c ty l s ,  excep t  the  p ig  (Sus s c r o f a ) and 

m o u s e  d e e r  (T ra g u lu s  j a v a n i c u s ) (M o ssm an  and Duke 1973), i s  th ick  

and f ib ro u s ,  r a n g in g  f r o m  0.10 to 0.35 m m  in  depth.  The a v e r a g e  

f o r  m o s t  o v a r i e s  w as  0.16 to  0.20 m m  and c r y p t s  w e r e  o c c a s io n a l ly  

o b s e rv e d .  O v a r i e s  f r o m  two does  had  s e v e r a l  of th e s e  inden ta t ions  

f r o m  the  s u r f a c e  l ined  w ith  f la t t en ed  s u r f a c e  e p i th e l iu m ,  but s i m i l a r  

s t r u c t u r e s  w e r e  r a r e  in o th e r  s p e c im e n s .

C o r te x  and M edulla

P ro n g h o rn  o v a r i e s  have  a v e r y  d is t in c t  f ib ro u s  o u te r  zone of 

the  c o r t e x  c o n t r a s t e d  w ith  the  i n n e r  zone and m ed u l la .  As in n e a r l y  

a l l  adu l t  m a m m a l i a n  o v a r i e s ,  the  b o r d e r  b e tw e en  m e d u l la  and c o r t e x  

is  in d i s t in c t  and is  u se d  only fo r  g e n e r a l  to p o g ra p h ic a l  r e f e r e n c e .  

V e s i c u l a r  fo l l i c le s  and c o r p o r a  lu te a  f r e q u e n t ly  ex tended  in to  the  

m e d u l la ,  and l a r g e  b lood and lym p h  v e s s e l s  a r e  s o m e t i m e s  p r e s e n t



in the  r e g io n s  of the  c o r te x .  The  s t r o m a  of the  c o r t e x  c o n s i s t s  of 

s p in d l e - s h a p e d  f ib ro b l a s t s  in  a dense  m a t r i x  of co l lag en ic  and 

r e t i c u l a r  f i b e r s .  The  s t r o m a  of the  m e d u l la  i s  i r r e g u l a r ,  dense  

connec t ive  t i s s u e  and i s  cont inuous with  the h i lu s .

I n t e r s t i t i a l  T i s s u e

M o s s m a n  and Duke (1973) d e s c r ib e d  i n t e r s t i t i a l  g land t i s s u e  

a s  any en d o c r in e  ce l l s  tha t  o c c u r  in  o r  c lo s e ly  with  the m a m m a l ia n  

o v a r y  and tha t  a r e  not p a r t  of a th e c a l  gland o r  a  lu te a l  g land.  T h ey  

f u r t h e r  sp e c i f i e d  tha t  unlike th e c a l  and lu te a l  g land c e l l s ,  i n t e r s t i t i a l  

gland c e l l s  o r d in a r i l y  do not d e g e n e ra te  a f t e r  a  func t iona l  pe r iod ;  

in s t e a d ,  th e y  d e d i f f e ren t ia te ,  e i th e r  to  r e m a i n  a s  in d i f fe ren t  s t r o m a l  

c e l l s  o r  to r e d i f f e r e n t i a t e  l a t e r  into the  s a m e  o r  s o m e  o th e r  c e l l  type .  

Of the  s e v e r a l  types  of i n t e r s t i t i a l  gland t i s s u e  d e s c r ib e d  in  the 

m a m m a l i a n  o v a ry ,  only a v e r y  s m a l l  am oun t  of one type ,  th e ca l ,  w as  

o b s e rv e d  in the p ro n g h o rn  o v a r i e s .  T h e c a l - ty p e  i n t e r s t i t i a l  g land 

t i s s u e  deve lops  f r o m  the th e c a  in t e rn a  and th e c a l  gland of a t r e t i c  

s e c o n d a r y  and v e s i c u l a r  f o l l i c le s .  In m o s t  c a s e s ,  the  th e c a l  gland 

c o n s i s t e d  of s m a l l ,  c y t o p la s m - p o o r  c e l l s  a r r a n g e d  about d eg e n e ra t in g  

f o l l i c l e s .  T h e c a l  g lands  w e r e  b e s t  deve loped  du r ing  e s t r u s  and e a r l y  

p r e g n a n c y - - t h a t  i s ,  a t  the t im e  of g r e a t e s t  fo l l i c u la r  a t r e s i a .

R e te

T he  r e t e  o v a r i i  in the p ro n g h o rn  is  a  n e tw o rk  of fine s p a c e s



and  tubu le s  l ined  with  an i r r e g u l a r  e p i th e l iu m  lo c a te d  at  the o v a r ia n  

h i lu s  and  often ex tend ing  f a r  in to  the o v a r ia n  m e d u l la .  The r e t e  is  

c o n sp icu o u s .  In tubu le s  w ith  d i a m e t e r s  of 20 m ic r o n s  o r  l e s s ,  a 

s in g le  l a y e r  of cuboidal  ep i th e l iu m  w as  the r u le .  T he  l a r g e s t  

tu b u le s ,  th o se  with  d i a m e t e r s  of 30-50 m i c r o n s ,  had p s e u d o s t r a t i f i e d  

ep i th e l iu m .

Ova

In the  p ro n g h o rn ,  oogonia a r e  in d is t in g u ish ab le  f r o m  c e l l s  of 

the  g e r m i n a l  ep i th e l iu m  on the s u r f a c e .  When oogonia a t ta in  a 

d i a m e t e r  of about 20 m i c r o n s ,  they  a r e  at  the p r i m a r y  oocyte s ta g e  

and  r e a d i ly  r e c o g n iz e d .  T h is  c o m p a r e s  c lo s e ly  to  19 m ic r o n s  in the  

im p a la  (Kayanja 1969). Although te c h n ic a l ly  g e r m  c e l l s  r e m a i n  

o ocy tes  unti l  a f t e r  ovula t ion ,  it is convenien t  to  r e f e r  to  a l l  f e m a le  

g e r m  ce l l s  in the  o v a r y  a s  ova (M o ssm an  and  Duke 1973), Ova grow 

a s  fo l l i c le s  develop.  In the  p r i m o r d i a l  s tag e ,  the  ovum a v e ra g e s  

22 m ic r o n s ,  in the  p r i m a r y  fo l l ic le  31 m i c r o n s ,  in the s e c o n d a r y  

fo l l ic le  83 m i c r o n s ,  in  the  v e s i c u l a r  fo l l ic le  92 m i c r o n s .  Ova grow 

v e r y  l i t t le ,  if a t  a l l ,  in the v e s i c u l a r  fo l l ic le .  The nuc leus  of the  

ovum is 12 m i c r o n s  in  p r i m o r d i a l  f o l l i c le s ,  i n c r e a s in g  to a  m a x im u m  

of 2 8 m i c r o n s  in v e s i c u l a r  f o l l i c le s .  In the  l a t t e r ,  the  a v e r a g e  

n u c le o lu s  is 6 m i c r o n s .  In h i s to lo g ic a l  s e c t io n s ,  n o r m a l  oocyte  

c y to p la s m  a p p e a r s  u n i fo rm ly  g r a n u l a r .



8

A zone p e l lu c id a  is f i r s t  p r e s e n t  in s e c o n d a r y  fo l l i c le s .  In 

s o m e  p r i m a r y  fo l l i c le s ,  it  f o r m s  in s e g m e n t s  be tw een  ad jacen t  

f o l l i c u l a r  c e l l s ,  a s  opposed  to f o rm a t io n  in  a  u n i fo rm  l a y e r  s u r r o u n d ­

ing the  ovum. T h ic k n e s s  is about 4 m i c r o n s .  A d jacen t  to the  zona 

p e l lu c id a  is  the  c o ro n a  r a d ia t a ,  a l a y e r  of s l ig h t ly  d i f fe re n t ia ted  

g r a n u lo s a  c e l l s  th a t  a r e  so m ew h a t  c o lu m n a r .

T ab le  1 s u m m a r i z e s  data  on ova and t h e i r  fo l l i c le s .

F o l l i c l e s

F o u r  f o l l i c u la r  s t a g e s  a r e  r e c o g n iz e d  (Fig .  1). P r i m o r d i a l  

fo l l i c le s  c o n s i s t  of an oocyte  s u r ro u n d e d  by s im p le  sq u am o u s  e p i th e ­

l iu m .  P r i m a r y  f o l l i c le s ,  w ith  low c o lu m n a r  ep i th e l iu m  a ro u n d  the 

oocyte ,  a v e r a g e  a d i a m e t e r  of 0.05 m m .  S eco n d a ry  fo l l ic le s  have  a 

double  o r  s t r a t i f i e d  cuboidal  ep i th e l iu m  of g r a n u lo s a  w ith  d i a m e t e r s  

a v e ra g in g  0.17 m m .  V e s i c u l a r  (Graafian)  f o l l i c le s ,  with  f lu id - f i l led  

s p a c e s  tha t  even tua l ly  c o a le s c e  o r  have  a l r e a d y  c o a le s c e d  to  f o r m  an 

a n t r u m ,  exhibi t  a t r e m e n d o u s  am o u n t  of growth ,  a t ta in ing  a m a x im u m  

of 3.58 m m .  The  a n t r u m  u s u a l ly  f o r m s  when the  fo l l i c u la r  d i a m e t e r  

i s  about  0.40 m m ,  which  c o m p a r e s  c lo s e ly  with  a n t ru m  fo rm a t io n  in 

the  0.40 m m  fo l l ic le  of the  im p a la  (Kayanja 1969) and 0.50 m m  in the  

cow (M ar ion  et  a l .  1968).

The  n u m b e r  of v e s i c u l a r  f o l l ic le s  p e r  o v a ry  v a r i e s  c o n s i d e r ­

ab ly ,  a p p a re n t ly  a function of age ,  t im e  of y e a r ,  and ind iv idua l



Table 1, F o l l ic u la r  and ovular growth in nine o v a r ie s .

F o l l icu la r  s tage

P r im o rd ia l P r i m a r y Secondary V es icu la r

Mean fo l l icu lar  d iam ete r  (mm) w  — 0.05 0.17 0.98
Standard deviation “  — 0.01 0.07 0.62
Range — — 0.04-0.06 0.08-0.29 0.19-3.58

Mean an t ra l  d ia m e te r  (mm) *— — — — ^  — 0.70
Standard deviation — — — — ^  — 0.55
Range — — -  - -  - 0.05-2.14

Mean cum ular  d iam e te r  (mm) — — — — — 0.17
Standard deviation -  — -  — 0.14
Range — — — — — — 0.10-0.24

Mean ovular  d ia m e te r  (microns) 22.0 31.3 83.4 92.3
Standard deviation 2.83 7.57 23.3 15.4
Range 20.0-24.0 26.0-40.0 44.0-108 64 .0-120

Mean n u c lea r  d ia m e te r  (microns) 13.0 17.0 24.0 25.0
Standard deviation 1.41 4.36 0.00 2.00
Range 12.0-14.0 14.0-22.0 All 24.0 24.0-28.0

Mean zona pellucida d ia m e te r  (microns) — — — — 3.60 3.67
Standard deviation — — — — 0.90 0.91
Range — — -  — 2.00-4.00 2.00-6.00

CD



F ig .  1. F o l l i c u l a r  s t a g e s  and  a t r e s i a .

A. P r i m o r d i a l  f o l l i c l e - - n o  e p i t h e l i u m  a r o u n d  o o c y te .  4 0 0x .

B .  P r i m a r y  f o l l i c l e .  400x .

C .  S e c o n d a r y  f o l l i c l e .  400x .

D. G ro w in g  v e s i c u l a r  f o l l i c l e  w i th  o o c y te .  M i t o s i s  i s  a c t i v e  
in  g r a n u l o s a ;  t h e c a  i n t e r n a  i s  w e l l  d e v e lo p e d .  lOOx.

E .  P o r t i o n  of v e s i c u l a r  f o l l i c l e  in  e a r l y  a t r e s i a .  G r a n u l o s a  
i s  p y k n o t ic  and  c e l l s  a r e  l o o s e n in g .  40x.

F .  P o r t i o n  of v e s i c u l a r  f o l l i c l e  in  m i d - a t r e s i a .  G r a n u l o s a  
i s  d i s p e r s i n g .  40x .

G. P o r t i o n  of v e s i c u l a r  f o l l i c l e  in  l a t e  a t r e s i a .  F e w  
g r a n u l e s u m  c e l l s  r e m a i n  on th e  f o l l i c u l a r  w a l l ;  t h e c a  
i n t e r n a  i s  d e d i f f e r e n t i a t i n g .  40x .

H. A t r e t i c  o o cy te  sh o w in g  l a m e l l a r  r i n g s .  400x.
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d i f f e re n c e s  In h o r m o n a l  l e v e l s .  O v a r ie s  w ith  the  m o s t  f o l l ic le s  w e r e  

f r o m  young adul t  a n im a l s  tak en  n e a r  the  p e a k  of b re e d in g  s easo n ;  one 

had  ovu la ted ,  a n o th e r  had  not.  F e w e s t  v e s i c u l a r  fo l l i c le s  w e r e  found 

in an old doe t a k en  in D e c e m b e r .  N u m b e r s  of th e s e  fo l l ic le s  often 

w e r e  quite  d i f fe ren t  in le f t  and r ig h t  o v a r i e s  f r o m  the s a m e  an im a l ,  

but the  a v e ra g e  s i z e s  of the  fo l l i c le s  tended  to be  c lo se  in o v a r i e s  of 

the  s a m e  p a i r .  A v e ra g e  d i a m e t e r s  and t h e i r  s t a n d a r d  dev ia t ions  did 

not d i f fe r  m a r k e d l y  (Table  2). The d i f fe re n c e s  p ro b a b ly  r e f l e c t  an 

i n v e r s e  r e la t io n s h ip  w ith  the  n u m b e r s  of fo l l i c le s  r a t h e r  than  s e a s o n a l  

v a r i a t i o n .  S e a r s  (1955) no ted  tha t  t h e r e  w as  no s ign i f ican t  d i f fe ren ce  

in s e a s o n a l  s i z e s  of the  fo l l ic le s  in  the  m u le  d e e r  o v a ry  in any  age 

c l a s s .  T h is  in fo rm a t io n  c o m p a r e s  v e r y  fav o rab ly  with  s e a s o n a l  

fo l l i c le  s i z e s  e n c o u n te re d  by  K a m m la d e  et a l ,  (1952). T hey  s ta te d  

tha t  if the  fo l l i c u la r  s i z e  is  the c r i t e r i o n  u se d  to  eva lua te  the  o v a r ia n  

a c t iv i ty  of the d o m e s t ic  sh eep ,  then  the  n o n b reed in g  s e a s o n  o v a r i e s  

a r e  j u s t  a s  a c t iv e  a s  the  o v a r i e s  a t  the  p ea k  of b r e e d in g  s e a s o n .

M itos is  i s  obvious in  g r a n u lo s u m  c e l l s ,  a l though on s u p e r ­

f i c i a l  e x a m in a t io n  p yknos is  could  be  m is t a k e n  fo r  ce l l  d iv is ion .  In 

g row ing  v e s i c u l a r  f o l l i c le s ,  the g r a n u lo s u m  l a y e r  r a n g e s  f r o m  five 

c e l l s  th ick ,  about  40 m i c r o n s ,  to  20 c e l l s  th ick ,  o r  160 m i c r o n s .  

T h ic k n e s s  f r e q u e n t ly  v a r i e s  within  a  s ing le  fo l l ic le .



Table 2. N um bers  and m ean  d ia m e te rs  of v e s icu la r  fo l l ic les .

# Ves. Foil .  Mean d iam ete r  (mm)
Coll. Coll. Age ------------------    Max L /M ax  R

# date c lass  L R L+R L St. dev. R St. dev. L+R St. dev. (mm)

20 8 Sep 2-3 38 59 97 1.1 0.6 0.9 0.6 1.0 0.6 2 A / 2 A

21 8 Sep 4-5 72 66 138 0.8 0.4 0.7 0.4 0.8 0.4 1.9/1 .6

23Y 18 Sep 2-3 25 26 51 1.4 1.0 1.7 0.9 1.6 0.9 3.2/3.1

38Y" 30 Sep 8-9 38 — — - - 0.9 0.5 — - — — - - " — 2.0 /  - -
46Y- 7 Oct 7-8 - - — — - “ " — - -  j __

129 11 Oct 6-7 25 23 48 1.1 0.4 0.9 0.4 1.0 0.4 2.2 /2 .3

49 15 Oct 1-2 42 50 92 0.9 0.5 1.0 0.6 1.0 0.5 2.6/3 .2

134 20 Oct 2-3 33 29 62 0.8 0.4 0.9 0.4 0.8 0.4 1.9/1 .6
59 4 Nov 3-4 31 16 47 1.2 0.7 1.2 0.5 1.2 0.6 2.8 /2 .1

74 2 Dec 4-5 14 24 38 0.8 0.5 1.3 0.9 1.1 0.8 2 .2 /3 .5
75 2 Dec 9+ 6 8 14 1.5 0.6 1.4 0.6 1.4 0.6 2 .4 /2 .4
85 10 Dec 6-7 13 12 24 1.3 0.6 1.2 0.6 1.3 0.6 2 .4 /2 .4
94 2 7 Jan 3-4 11 20 31 1.5 0.6 1.5 0.7 1.5 0.7 2 .7 /3 .0

95 " 2 7 Jan 1-2 20 - - — — 1.0 0.6 — — — — — — — — 2.0 /  - -
99 - 24 Feb 5-6 — — — - - — — — —  / —

100 " 24 Feb 0-1 — — 5 0.7 0.4 — — — — - -  / l . l
110 24 M ar 1-2 21 10 31 1.4 0.7 1.7 0.7 1.5 0.7 2 .4 /3 .0

112 21 Apr 5-6 18 2 20 1.7 0.5 1.7 0.8 1.7 0.5 2.6 /2 .2
CO



Table 2. (continued)

# Ves. Foil .  Mean d iam e te r  (mm)
Coll. Coll. Age ------------------    Max L /M ax R

# date c lass  L R L+R L St. dev. R St. dev. L+R St. dev. (mm)

113 21 Apr 2-3 26 36 62 0.9 0.5 1.2 0.7 1.1 0.6 2 .6/2 .7
116 19 May 3-4 23 12 35 1.6 1.0 1.0 0.7 1.2 0.8 2 .7 /2 .9
117 19 May 5-6 16 23 39 1.3 0.7 1.7 0.8 1.5 0.8 2 .9 /3 .6
118Y'' 3 Jun 2-3 — — - -  — — — — - -  — — / - -
12 OY' 3 Jun 3-4 - - - - - -  - -  - -  - -  - -  - -  - -  - - / - -

121 23 Jun 3-4 14 32 46 1.5 0.6 0.8 0.6 1.0 0.7 2 .8 /2 .9
123Y"*' 9 Ju l  6-7 — - -  — — — — — — — - -  / —
125 19 Ju l  2-3 23 19 42 1.4 0.6 1.3 0.6 1.4 0.6 2 .6 /2 .9

Y indicates an im als  f ro m  Yellowstone he rd .  All o ther  an imals  a r e  f ro m  the National 
Bison Range.

ind ica tes  l im i ted  study m a te r ia l ,  i . e . ,  incomplete ovar ie s .

CO
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T h e c a e

A djacen t  to the  b a s e m e n t  la m in a ,  the  th e c a  in te rn a ,  a l a y e r  

r i c h  w ith  c a p i l l a r i e s  f o r  n o u r i s h m e n t  of fo l l ic le  and egg, f i r s t  a p p e a r s  

in s e c o n d a r y  o r  e a r l y  v e s i c u l a r  fo l l i c le s .  C e l l s  tend  to be rounded  

and have m a n y  m i to t ic  f i g u r e s .  In the p r e - o v u l a t o r y  o r  r ip e  fo l l ic le ,  

the  th e c a  in t e rn a  deve lops  in to  a th e c a l  gland (M o ssm a n  and Duke 

1973), a  h igh ly  v a s c u l a r i z e d  zone of en d o c r in e  gland c e l l s  tha t  

d e g e n e r a te d  soon  a f t e r  ovula t ion .  M o s s m a n  and  Duke g e n e ra l i z e  tha t  

the  th e c a l  g land is  u su a l ly  only a few c e l l s  th ick ,  is  often i n t e r r u p t e d  

in  the  f a m i ly  C e rv id a e ,  and  is  of in t e r m e d ia t e  th ic k n e s s  in the f a m i ly  

Bov idae .  The  gland w as  20 m ic r o n s  th ick  in e lk  and 50 m ic r o n s  in 

bovine f o l l i c le s  (M arion  e t  a l .  1968). The  p ro n g h o rn  th e c a l  gland, 

h o w e v e r ,  is  m u c h  th i c k e r  - - a ty p ic a l  of a r t i o d a c ty l s  excep t  the goat 

(C a p r a  h i r c u s ) ( H a r r i s o n  1948). In t h r e e  p r e - o v u l a t o r y  fo l l ic le s  in 

s p e c im e n  #21, th ic k n e s s  of the th e c a l  g lands  i s  40-120  m ic r o n s ,  40 -  

72 m i c r o n s ,  and  50-12 0 m i c r o n s .  In t h r e e  grow ing  v e s i c u l a r  fo l l ic le s  

p r i o r  to  the p r e - o v u l a t o r y  s ta g e ,  a v e r a g e  th ic k n e s s  of the  th e c a l  

g lan d s  is  40, 64, and  56 m ic r o n s .  T h r e e  fo l l ic le s  in la te  a t r e s i a  w ith  

g r a n u lo s u m  c e l l s  shedd ing  into the a n t r u m  have th e c a l  g lands  of 40 

m i c r o n s  each .  O th e r  fo l l i c le s  in the  s a m e  s ta g e  of a t r e s i a ,  h o w ev e r ,  

have  th e c a l  g lands  of 0 -20  m i c r o n s .  If the  th e c a l  gland and th e c a  

i n t e r n a  of the  p ro n g h o rn  often d i s a p p e a r s  in a t r e s i a ,  i t  would exp la in  

w hy v e r y  l i t t le  th e c a l  i n t e r s t i t i a l  g land t i s s u e  is  found in  th is  s p e c i e s .
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In e a r l y  v e s i c u l a r  fo l l i c le s ,  a  th in  th e c a  e x t e r n a  of e longated  

c e l l s  f o r m s  a ro u n d  the  th e c a  in t e rn a .  Upon ovula t ion ,  the th e ca  

e x t e r n a  th ic k e n s ,  p ro b a b ly  b e c a u s e  of c o n t r a c t i l e  p r o p e r t i e s  of the 

c e l l s  of th is  zone (O’Shea 1971), but the  c e l l s  soon d i s p e r s e  and th is  

zone i s  no lo n g e r  a p p a re n t .

N u m e ro u s  blood and ly m p h a t ic  v e s s e l s  in  the  th e c a l  l a y e r s  

do not p e n e t r a t e  the  g r a n u lo s u m .  M o r r i s  and S ass  (1966) r e p o r t e d  

s i m i l a r  o b s e rv a t io n s  in th e  o v a r y  of the  ewe (Ovis  a r i e s ).

A t r e t i c  F o l l i c l e s

I o b s e rv e d  the following s t a g e s  in p ro n g h o rn  fo l l ic le s

(F ig .  1):

G r o w i n g - - m i t o s i s  v e r y  ac t ive ;
T r a n s i t i o n a l - - s o m e  m i t o s i s ,  g r a n u lo s u m  c e l l s  loosening ;  
E a r l y  a t r e s i a - - m i t o s i s  v e r y  slow o r  c e a s e s ,  g ra n u lo s u m  

c e l l s  lo o se n ed ,  pyknotic  nucle i ;
M i d - a t r e s i a - - n o  m i t o s i s ,  g r a n u lo s a  d i s p e r s in g ;
L a te  a t r e s i a - - o n e  o r  no l a y e r s  of g r a n u lo s u m  c e l l s  r e m a i n  

on a n t r u m  p e r ip h e r y ,  g r a n u lo s u m  c e l l s  f loa t ing  in 
a n t ru m ,  th e c a l  g land d ed i f fe ren t ia t in g  in som e;

V e ry  la te  a t r e s i a - - n o  def in i te  b o r d e r ,  f ine web of connec t ive  
t i s s u e  w ith  few c e l l s  f i l l s  f o r m e r  a n t r a l  space ;

V ery ,  v e r y  l a te  a t r e s i a - - n o  def in i te  b o r d e r ,  d ense
con n ec t iv e  t i s s u e  with  few nuc le i  f i l l s  f o r m e r  a n t r a l  
s p a c e .

In a l l  o v a r i e s  t h e r e  a r e  m a n y  m o r e  a t r e t i c  f o l l i c le s  than  

g row ing  o nes .  S o m e t im e s ,  e s p e c i a l l y  in p r o e s t r u s ,  e s t r u s ,  and 

e a r l y  p re g n a n c y ,  a l l  v e s i c u l a r  fo l l i c le s  a r e  a t r e t i c .  F o r  e x a m p le ,  

in #20R t h e r e  a r e  59 v e s i c u l a r  fo l l i c le s ,  55 of w hich  a r e  a t r e t i c .



16

In #2 3L, a l l  v e s i c u l a r  fo l l i c le s  a r e  a t r e t i c .  K ayan ja  (1969) no ted  the 

s a m e  phenom enon  in im p a la .

Some f e a t u r e s  of a t r e t i c  fo l l ic le s  a r e  qu ite  v a r i a b le .  D eg e n ­

e r a t i o n  of the ovum can beg in  at  any  s tag e  and i s  a p o o r  in d ic a to r  of 

the  le v e l  of a t r e s i a ,  as  a l s o  no ted  by M a r io n  et a l .  (1968) in the  bovine 

o v a ry .  Some a t r e t i c  ova a p p e a r  to  c o n s i s t  of l a m e l l a r  r in g s .  T h e r e  

a r e  p a r t i c u l a r l y  good ex a m p le s  of su ch  ova in #85. The fa te  of the 

zona p e l lu c id a  in a t r e s i a  show s m uch  v a r i a t i o n .  The zona is  

e x t r e m e l y  th in ,  o r  in d is t in c t ,  o r  n o n -e x i s t e n t  in  a l l  s t a g e s  of a t r e s i a .

In s o m e  in s t a n c e s ,  h o w ev e r ,  the zona is  p e r s i s t e n t  a f t e r  the  ovum has  

d e g e n e ra te d  and  f o r m s  a r in g  a ro u n d  an em p ty  sp a c e .  The zona i s  not 

a r e l i a b l e  in d ic a to r  of the  d e g r e e  of a t r e s i a .  The c o ro n a  r a d ia ta ,  

c l o s e s t  of the g r a n u lo s u m  ce l l s  to the  ovum, shows the  l a s t  ev idence  of 

m i t o s i s  in  a t r e t i c  f o l l i c le s .  As p r e v io u s ly  s ta te d ,  a t r e s i a  of s e c o n d a r y  

and v e s i c u l a r  fo l l i c le s  s o m e t i m e s  r e s u l t s  in deve lopm en t  of i n t e r s t i t i a l  

g land t i s s u e  f r o m  th e c a  in t e rn a  o r  th e c a l  g land.  L u te a l - ty p e  c e l l s  a r e  

p r e s e n t  in la te  a t r e t i c  fo l l i c le s  in two o v a r i e s .  No o th e r  in s t a n c e s  of 

lu te in iz a t io n  of a t r e t i c  fo l l i c le s  to  f o r m  p o s s ib le  a c c e s s o r y  c o r p o r a  

lu te a ,  and su b se q u en t ly  c o r p o r a  a lb ica n t ia ,  w e r e  found.

P o ly o v u la r  F o l l i c l e s

Two does  ea ch  had  one fo l l ic le  w ith  two ova. One w as  in 

e a r l y  a t r e s i a  and ova o c c u r r e d  opposi te  each  o th e r ,  each  w ith  i t s  own
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c u m u lu s  a p p e a r e d  n o r m a l  in a l l  r e s p e c t s .  The o th e r  fo l l ic le  w as  in 

m i d - a t r e s i a  w ith  one ovum f loa t ing  in the  a n t r a l  s p a c e  and the  o th e r  

s t i l l  ten u o u s ly  a s s o c i a t e d  w ith  i t s  d i s p e r s i n g  c u m u lu s .  P o ly o v u la r  

fo l l i c l e s  a r e  found in m a n y  m a m m a l i a n  s p e c i e s .  A m ong  a r t io d a c ty l s ,  

such  f o l l i c le s  have  b e e n  r e p o r t e d  in b l a c k - t a i l e d  d e e r  (Thom as 1970) 

and im p a la  (Kayanja 1969).

L u te a l  Glands

The c o rp u s  lu te u m  of the  p ro n g h o rn  is  a so l id  s p h e ro id a l  

m a s s  of l a r g e  p o ly h e d ra l  g land c e l l s  and s m a l l e r  fu s i fo rm  o r  s te l l a te  

c e l l s .  B e c a u s e  of the g la n d u la r  n a t u r e  of the  c o rp u s  lu teum ,  it m a y  

be  m o r e  ap t ly  t e r m e d  a lu te a l  gland, as  s u g g e s te d  by  M o s s m a n  and 

Duke (1973) (Fig .  2).

P r i o r  to  ovula t ion ,  the  g r a n u lo s u m  c e l l s  of the  cum ulus  

lo o s e n  and f r e e  the  ovum, which  a long  with  i t s  co ro n a  c e l l s  f lo a ts  in 

the  a n t r u m  and is  ovu la ted .  At tha t  t im e ,  the  fo l l i c u la r  l iquid  is  a l so  

d i s c h a rg e d ,  and a s  a r e s u l t  of the  change in  i n t e r n a l  p r e s s u r e ,  the 

w a l l s  of the fo l l ic le  co l la p s e  and the  g r a n u lo s u m  l a y e r s  b ec o m e  

fo lded .  In #21, co l le c te d  8 S e p te m b e r ,  at  the ovula t ion  poin t  m an y  

e r y t h r o c y t e s  a r e  s c a t t e r e d  in w ith  the g r a n u lo s u m  and th e c a l  c e l l s  and 

even  into  s u r ro u n d in g  s t r o m a l  c e l l s .  No lu te a l  c e l l s  a r e  p r e s e n t .  A 

s p e c i m e n  ta k en  a p p r o x im a te ly  2 w eek s  a f t e r  ovula t ion ,  #38, show s a 

f o rm in g  c o rp u s  lu teum  with  lu tea l  c e l l s .  Although t h e r e  i s  r a m p a n t



F i g .  2. C o r p o r a  l u t e a  an d  e a r l y  c o r p u s  a l b i c a n s .

A. S e c t io n  of c o r p u s  l u t e u m  3 w e e k s  p r i o r  t o  p a r t u r i t i o n .
N o te  tw o  ty p e s  of c e l l s .  lOOx.

B .  C o r p u s  l u t e u m  i m m e d i a t e l y  p o s t p a r t u m .  L a r g e  p o l y h e d r a l  
c e l l s  a r e  d e g e n e r a t i n g  a n d  s t r u c t u r e  i s  s h r i n k i n g .  lOOx.

C .  C o r p u s  l u t e u m  3 w e e k s  p o s t p a r t u m .  F e w  l u t e a l  c e l l s  
r e m a i n ;  n u c l e i  of s o m e  l u t e a l  c e l l s  c a n  be  s e e n  in  
l a c u n a e .  lOOx.

D. New c o r p u s  a l b i c a n s ,  a p p r o x i m a t e l y  5 w e e k s  p o s t p a r t u m .  
No l u t e a l  c e l l s  r e m a i n ,  a  few  l a c u n a e  r e m a i n .  40x.

E .  D e ta i l  of D. lOOx,
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con fu s io n  in  the  l i t e r a t u r e  co n c e rn in g  the  o r ig in  of lu te a l  c e l l s ,  those  

of the  p ro n g h o rn  s e e m  to o r ig in a te  only f r o m  the  g r a n u lo sa .  

W a r b r i t t o n  (1934) s tudy ing  the  d o m e s t ic  ewe and C o r n e r  (1919) 

s tudy ing  sw ine ,  c o n c u r  in th i s ,  but s t a te  tha t  o th e r  e l e m e n ts  of the 

c o rp u s  lu teu m  do co m e  f r o m  the th e c a  i n t e r n a .  C o r n e r  c o n s id e r s  

s m a l l e r  c e l l s  of the  c o rp u s  lu te u m  to be  m odif ied  ep i th e l ia l  c e l l s  of 

the  th e c a  in t e rn a ,  T h o m a s  (1970) s t a t e s  tha t  in  the  b l a c k - t a i l e d  d e e r  

s m a l l e r  c e l l s  of the  c o r p o r a  lu te a  a r e  d e r iv e d  f r o m  l e s s  d i f fe re n t ia ted  

c e l l s  of the th e c a l  reg io n .

T he  p o ly h e d ra l  g land c e l l s  g row f r o m  a m e a n  d i a m e t e r  of 

16 m ic r o n s  in  S e p te m b e r  to  a m a x im u m  of 36 m i c r o n s  in  May. 

V acu o la t io n s  a r e  p r e s e n t  th roughou t  th is  p e r io d .  The nuc le i  a r e  

8 m ic r o n s  th roughou t  p re g n a n c y .  N ucleo l i  a r e  c l e a r l y  v is ib le ,  and 

n u c l e a r  c y to p la sm  a p p e a r s  g r a n u l a r .  The  s m a l l e r  f u s i f o rm  ce l l s  do 

not  g row  du r in g  p re g n a n c y .  The m e a n  leng th  i s  7 m ic ro n s ;  the  width 

i s  u s u a l ly  about the  s a m e  as  the  d i a m e t e r  of the  n u c leu s ,  w hich  is  

4 m i c r o n s .  T h e s e  n u c le i  a r e  u su a l ly  e longa te ,  but s o m e t i m e s  rou n d ed ,  

l ike  th o se  in  connec t ive  t i s s u e  of the  th e c a l  gland.

O 'G a r a  (1968) d e s c r ib e d  the g row th  of lu te a l  g lands  in  th e s e  

s p e c im e n s .  G rowth  w as  r a p id  du r ing  the  f i r s t  m onth ,  s low ed  o r  

c e a s e d  in w in te r  m on ths ,  and i n c r e a s e d  aga in  in  e a r l y  s p r in g  unti l  a 

m a x im u m  w as  r e a c h e d  at  p a r tu r i t i o n ,  the  end of May o r  beg inn ing  of 

Ju n e .  As w ith  v e s i c u l a r  fo l l i c le s ,  t h e r e  is  a te n d en cy  to w ard  d e c r e a s e
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of m e a n  d i a m e t e r s  of lu te a l  g lands  as  t h e i r  n u m b e r  with in  an o v a ry  

i n c r e a s e s  (Table  3).

V e s s e l s  of the  th e c a l  g land grow into the  lu te a l  gland, 

f o rm in g  a co m p lex  n e tw o rk  rang ing  f r o m  m inu te  c a p i l l a r i e s  to v e s s e l s  

of a m i l l i m e t e r  o r  m o r e  in d i a m e t e r .

In s o m e  in s t a n c e s ,  a  f ib ro u s  ca p su le  s u r r o u n d s  the  lu tea l  

g land.  M ost  often in c o m p le te ,  the ca p s u le  h as  few ce l l s  and a m ean  

th ic k n e s s  of 20 m i c r o n s .  T h is  ca p su le  does not develop f r o m  the 

th e c a  e x t e rn a .

Mean n u m b e r s  of lu te a l  g lands  i n c r e a s e  f r o m  2.0 in fawns to 

5.7 in 5-6  y e a r  o lds  and t h e r e a f t e r  dec l ine  to  5.3 in does of 6-7  y e a r s  

and  o ld e r  (Table  4).

A c c e s s o r y  (or s e c o n d a ry )  c o r p o r a  lu tea  a r e  defined a s  lu te a l  

t i s s u e  o c c u r r in g  in  s t r u c t u r e s  tha t  did not c o n t r ib u te  v ia b le  ova, and 

a r e  d i s t in g u ish e d  by  t h e i r  s m a l l e r  s i z e .  In the o v a r i e s  s tud ied ,  no 

a c c e s s o r y  c o r p o r a  lu te a  w e r e  found. T h is  does not m e a n  tha t  they  do 

not e x i s t  in  the p ro n g h o rn ,  but if they  do, they  a r e  uncom m on.

C o r p o r a  Alb ic an t i  a

The lu te a l  gland beg ins  to dec l ine  at  p a r tu r i t i o n .  D e g e n e ra te d  

lu te a l  c e l l s  i m m e d ia t e l y  r e s u l t  in  r e d u c e d  s i z e  and  lo s s  of the r e g u l a r  

s p h e ro id  sh ap e  of the  lu tea l  gland. A f te r  about a m onth ,  no lu te a l  

c e l l s  r e m a in ;  the  f o r m e r  m a s s  of g la n d u la r  t i s s u e  s h r in k s  a ro u n d  the



Table 3, N um bers  and mean  d ia m e te r s  of c o rp o ra  lutea (CL) and co rp o ra  a lb lcantia  (CA).

Coll.
#

Coll.
date

Age
class # CL

Mean CL d iam e te r  
(mm)

# CA

Mean CA d iam e te r  
(mm)

CommentsCL St. dev. CA St. dev.

20 8 Sep 2-3 0 — — — — 7 1.22 0.36 p re-ovu la t ion
21 8 Sep 4-5 6 1.95 0.20 12 1.34 0.36 fo l . /CL ; ov. s i te s
23Y 18 Sep 2-3 0 — — -  - 5 2.14 0.26 pre-ovu la t ion
38Y- 30 Sep 8-9 4 3.70 0.09 24 1.89 0.17 fo l . /C L  stage
46Y- 7 Oct 7-8 6 3.80 1.10 — — — — —

129 11 Oct 6-7 4 4.67 0.17 4 1.48 0.39
49 15 Oct 1-2 5 4.54 0.36 2 1.63 0.19

134 20 Oct 2-3 3 4.91 0.14 2 1.08 0.10
59 4 Nov 3-4 6 4.78 1.00 7 1.28 0.22
74 2 Dec 4-5 5 5.15 0.28 14 0.87 0.34

75 2 Dec 9+ 6 4.55 0.74 8 1.13 0.17
85 10 Dec 6-7 7 3.84 0.95 12 0.75 0.20
94 27 Jan 3-4 5 5.66 0.63 8 1.76 0.36
95* 27 Jan 1-2 5 4.63 0.63 0 — — — —

99* 24 Feb 5-6 6 4.80 0.58 — — -  — — —

100* 24 Feb 0-1 2 5.05 0.07 0 — — — —

110 24 M ar 1-2 4 4.92 0.17 0 — — — —

112 21 Apr 5-6 5 4.50 0.54 20 0.93 0.35
DC



Table 3. (continued)

Coll.
#

Coll.
date

Age
c lass

Mean CL d iam e te r  
(mm)

Mean CA d ia m e te r  
(mm)

# CL CL St. dev. # CA CA St. dev. Comments

113 21 Apr 2-3 4 5.47 0.46 6 1.43 0.59
116 19 May 3-4 5 6.23 0.38 4 0.88 0.40
117 19 May 5-6 6 4.74 0.57 5 0.88 0.32

118Y- 3 Jun 2-3 3 7.30 2.12 — — — — — — p re p a r tu m
120Y 3 Jun 3-4 4 3.70 0.35 — — — — — — CL degenerat ing

121 23 Jun 3-4 3 2.20 0.34 — — — — * CL 3 weeks p o s t ­
p a r tu m

123Y- 9 Ju l 6-7 5 -- — — 5 2.10 0.17

125 19 Jul 2-3 2 2 1.49 0.24 CA both ^  mo. 
old

Y indicates  an im als  f ro m  Yellowstone herd .

* ind ica tes  l im i ted  study m a te r ia l ,  i . e . ,  incomplete ovar ies .

DO
CO
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T ab le  4. Mean n u m b e r s  of c o r p o r a  lu tea  (CL) and 
coi p o ra  a lb ic a n t la  (CA) by age c l a s s .

Age
c l a s s

# in 
s a m p le

Mean 
# CL St. dev.

Mean 
# CA St. dev.

0-1 1 2.0 0.0 0 0

1-2 3 4.7 0.6 0.7 1.1

2-3 5 2.0 1.9* 4.4 2,3

3-4 5 4.6 1,1 5,2 2.1

4-5 2 5.5 0.7 14.0 0.0

5-6 2 5,7 0.6 12.0 11.3

6-7 3 5.3 1.5 7.0 4.3

7-8 0 -- — — — — —

8-9 4.0* 18+

9+ 1 6.0 0.0* 8.0 0.0

>:=Biased s a m p le  r e s p o n s i b l e  fo r  m is le a d in g  
m e a n  v a lu e s .  O ’G a r a ' s  l a r g e r  s a m p le  g ives  4,3 fo r  
2 -3  y e a r  o lds ,  5.3 fo r  8 -9  y e a r  o lds  and 9+ y e a r s .

'̂’i'Data f r o m  one o v a ry  only.
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n u m e r o u s  blood v e s s e l s .  T h e s e  v e s s e l s ,  a f t e r  p e r s i s t i n g  ac t iv e ly  fo r  

abou t  10 m o n th s  ( f i r s t  in  the  th e c a  i n t e rn a  and th e c a l  gland n o u r i sh in g  

fo l l ic le  and ovum, then  in the  lu te a l  gland a s  n o u r i s h m e n t  and t r a n s ­

po r t  s y s t e m s  d u r ing  p reg n an c y ) ,  d e g e n e r a te  s lowly .  T h is  r e m n a n t ,  

the  c o rp u s  a lb ic a n s ,  da ted  f r o m  about 1 Ju ly  when lu te a l  c e l l s  a r e  no 

lo n g e r  p r e s e n t  (Fig ,  2), In a n im a l s  ta k en  in  the  S e p te m b e r  b r e e d in g  

s e a s o n  two types  of c o r p o r a  a lb ic a n t ia  can  be  d is t ingu ished .  The 2-3  

m o n th -o ld  s c a r s  a r e  r e l a t i v e l y  l a r g e  (F ig ,  3), T hey  often have 

la cu n a e  de l in ea t in g  the  s p a c e s  once occup ied  by the  lu tea l  g land c e l l s  

and a r e  g e n e r a l ly  l e s s  co m p ac t  than  the  o ld e r  type w hich  w e r e  s m a l l e r  

and  had no la cu n ae .  B e c a u s e  t h e r e  i s  l i t t le  ev idence  of a c c e s s o r y  

c o r p o r a  lu te a ,  t h e s e  a r e  p ro b a b ly  r e m n a n t s  of c o r p o r a  lu tea  of 

p r e v io u s  p r e g n a n c ie s .  None w e r e  found in  a n im a l s  tha t  could not 

have  had fawns,  and few w e r e  found in the  1-2 y e a r  age c l a s s .  T h e s e  

s c a r s  p ro b a b ly  p e r s i s t  f o r  a t  l e a s t  2 y e a r s  and qu ite  p o s s ib ly  lo n g e r .  

M o r r i s o n  (1960) and T h o m a s  (1970) b e l ie v e  th a t  th is  is  a l s o  the  c a s e  

in  e lk  and b la c k - t a i l e d  d e e r .  (See T ab le  3 fo r  n u m b e r s  and m e a n  

d i a m e t e r s  of c o r p o r a  a lb ic a n t ia  and T ab le  4 f o r  m e a n  n u m b e r s  of 

c o r p o r a  a lb ica n t ia  by  age c l a s s ,  )

C y s t i c  O v a r i e s

Two o v a r i e s  (#46L and #134R) w e r e  found to b e  c y s t ic .

W ith in  each  w as  a c y s t ic  v e s ic l e  l ined  with  a s in g le  l a y e r  of cubo ida l  

c e l l s  v e r y  l ike  g ra n u lo s u m  c e l l s  in a v e s i c u l a r  fo l l ic le ;  the u n d e r ly in g



F i g .  3. C o r p o r a  a l b i c a n t i a .

A. C o r p u s  a l b i c a n s  2 - 3  m o n th s  o ld ,  40x.

B .  D e ta i l  of A. lOOx.

C .  C o r p u s  a l b i c a n s  4 m o n th s  o ld .  T h i s  s c a r  i s  m o r e  c o m p a c t  
th a n  th e  c o r p u s  a l b i c a n s  in  A  an d  B .  40x.

D. D e ta i l  of C. lOOx.

E .  C o r p u s  a l b i c a n s  of 8 m o n t h s ,  h e a v i l y  p i g m e n t e d .  40x.

F .  D e ta i l  of E .  lOOx.
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l a y e r s  w e r e  a l s o  s i m i l a r .  O 'G a r a  (1968) r e p o r t e d  tha t  when f r e s h  

t h e s e  c y s t s  con ta ined  b ro w n is h  f lu id .  A p p a re n t ly  they  did not i n t e r ­

f e r e  w ith  r e p ro d u c t iv e  fu n c t io n - -o n e  had  two f u l l - s i z e d  c o r p o r a  lu tea  

and  the  o th e r  had  one l a r g e  c o r p o r a  lu tea  and e m b ry o s  in the u te r in e  

h o rn s .

S u m m a r y  of Annual O v a r i a n  Cyc le

Annual  o v a r ia n  ev en ts  in  the  B ison  Range p ro n g h o rn  can  be 

s u m m a r i z e d  a s  follows:

In S e p te m b e r  e s t ro g e n  p ro d u c t io n  by the  th e c a l  gland r e a c h e s  

a  p e a k  a s  the  p r e - o v u l a t o r y  fo l l ic le  n e a r s  the  s u r f a c e  of the  o v ary .

T h is  h igh e s t ro g e n  leve l ,  in d ica ted  by w e l l -d e v e lo p e d  th e c a l  gland 

c e l l s  h a s  t h r e e  e f fec ts  (Deane 1952, H am  1974). It p ro d u c e s  m a t ing  

b e h a v io r  in  the doe. V i r tu a l ly  a l l  does ,  excep t  faw ns ,  m a te  s u c c e s s ­

fu l ly  (O 'G ara  1968), Secondly, by  po s i t iv e  feedback ,  high l e v e l s  of 

b lood e s t ro g e n  c a u s e  i n c r e a s e d  p ro d u c t io n  of LH ( lu te in iz ing  h o rm o n e) ,  

c o n t ro l l e d  by the  h y p o th a la m u s ,  w hich  c a u s e s  ovula t ion  of two to se v en  

ova at  a p p r o x im a te ly  the s a m e  t im e  as  m a t ing .  D ila t ion  of lym ph  

v e s s e l s  in  the th e c a e  a t  th i s  t im e  in d ica te  tha t  p e rh a p s  i n c r e a s e d  

f lu id  p r e s s u r e  has  a m e c h a n ic a l  in f luence  on expu ls ion  of the  ovum.

T he  th e c a  e x t e r n a  th ick en s ,  p ro b a b ly  b e c a u s e  of c o n t r a c t i l e  p r o p e r t i e s  

of s o m e  s m o o th  m u s c l e - l i k e  ce l l s  of th is  zone,  and m a y  a l s o  c o n t r ib u te  

to  f o l l i c u la r  r u p tu r e .  Soon a f t e r ,  the  th e c a  e x t e r n a  d e g e n e r a t e s .  At
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ovula t ion ,  b lood v e s s e l s  of the  th e c a e  r u p tu r e  to r e l e a s e  the R B C 's  

o b s e r v e d  in  the  a n t ru m .  T h e s e  R B C 's  and o th e r  blood p l a s m a  c o m ­

ponen ts  p ro v id e  n e c e s s a r y  m a t e r i a l s  f o r  the s t i g m a t i c  c lo t .  T h i rd ly ,  

the  i n c r e a s e d  p ro d u c t io n  of LH c a u s e s  lu te in iza t io n  of the g r a n u lo s u m  

c e l l s  w hich  f i l l  the  f o r m e r  a n t r a l  sp a c e .  T h e s e  b ec o m e  the  lu tea l  

g land ce l l s  w hose  funct ion  is  s t e r o id  s y n th e s i s  (P r ied k a ln s  and W e b e r  

1968), m o s t  c e r t a in ly  p r o g e s t e r o n e .  D ia m e te r  of the newly d i f f e r ­

en t ia ted ,  p o ly h e d ra l  c e l l s  is  16 m i c r o n s .  T h e r e  is  no ev idence  of 

c e l l u l a r  d iv is ion .  L e s s  d i f fe re n t ia ted  c e l l s  of the  th e ca e  a p p e a r  in the 

lu m e n  a f t e r  the g r a n u lo s u m  c e l l s  beg in  lu te in iza t io n  and d i f fe re n t ia te  

to  b e c o m e  the  s m a l l e r  ce l l s  of the c o rp u s  lu teum ,  w hose  p ro b ab le  

func t ion  is  l ip id  s t o r a g e  ( P r ie d k a ln s  and W e b e r  1968) of p r o g e s t e r o n e  

p r e c u r s o r s  (B lanche t te  1966). The  s i z e  of th e s e  c e l l s  is  a l i t t le  l e s s  

than  half  tha t  of the new, l a r g e ,  g la n d u la r  lu te a l  c e l l s .  F u l ly  d i f f e r ­

en t ia ted  ce l l s  of the  th e c a l  g land d e g e n e ra te .  V e s s e l s  of the  th e ca e  

beg in  invas ion  of the  fo rm in g  c o rp u s  and f o r m  a co m p lex  v a s c u l a r  

p lexus  w hich  n o u r i s h e s  the  new s t r u c t u r e  and s e r v e s  a s  a  t r a n s p o r t  

s y s t e m  f o r  the h o rm o n e  p ro d u c e d  th e r e in .  The  ovum is  f e r t i l i z e d  and 

b eg in s  c le av a g e .

In O c to b e r ,  lu te in iz a t io n  of the  g r a n u lo s u m  c e l l s  i s  c o m p le te  

and th e y  grow to a  d i a m e t e r  of 18-20 m i c r o n s .  T he  c o r p o r a  of the  

p r e v io u s  p r e g n a n c y  a r e  about m o n th s  old and have ta k e n  on the 

d e n s e ,  c o m p a c t  a p p e a r a n c e  of old c o r p o r a  a lb ica n t ia .  T h r e e  to fo u r
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w e e k s  a f t e r  concep t ion ,  i n t r a u t e r i n e  dea th  v ia  th r e a d  s tag e  knott ing 

o c c u r s  (O 'G ara  1969). The  c e l l s  d e e p e r  with in  the co rp u s  lu teum  a r e  

h y p e r t r o p h ie d .  C a v az o s  et a l .  (1969) found tha t  t h e r e  w as  a c lo se  

c o r r e l a t i o n  in swine be tw een  m o rp h o lo g ic a l  changes  dur ing  the  cyc le  

and the  le v e l  of p r o g e s t e r o n e  in  lu te a l  t i s s u e ,  and tha t  l a r g e r  ce l l s  

s e c r e t e d  m o r e  p r o g e s t e r o n e .  B r e e d  and C l a r k  (1970) a l so  found tha t  

t h e r e  w as  a quan t i t ive  c o r r e l a t i o n  be tw een  hea l thy  c o r p o r a  lu tea  and 

p r o g e s t e r o n e  s e c r e t i o n .

In la te  O c t o b e r / e a r l y  N o v em b e r ,  about 30 days a f t e r  

b r e e d in g ,  the  e m b ry o s  im p lan t  (O 'G ara  1969). During  N o v em b e r  the 

l a r g e  lu te a l  gland c e l l s  grow to a d i a m e t e r  of 24 m ic r o n s .

F iv e  to  s ix  w eek s  into ges ta t ion ,  in la te  N o v e m b e r / e a r l y  

D e c e m b e r ,  the second  m e c h a n i s m  fo r  in t r a u t e r in e  m o r t a l i t y  of 

e m b ry o s  i s  a f fec ted .  A ll  but two s ib l in g s  (one in each  u te r in e  horn)  

p r o x im a l  to the  c e rv ix  a r e  e l im in a te d  when n e c ro t i c  t ip s  grow f r o m  

th e m  and d i s ru p t  the  m e m b r a n e s  of any  e m b ry o s  not e l im in a te d  a t  the 

t h r e a d  s ta g e  (O 'G ara  1969), G lan d u la r  lu te a l  gland c e l l s  grow to a 

d i a m e t e r  of 28 m i c r o n s  and s o m e  show v ac u o la t io n  in D e c e m b e r .

By J a n u a r y ,  m an y  of the  g la n d u la r  lu te a l  c e l l s  a r e  v ac u o la ted  

and  the  m e a n  d i a m e t e r  is  30 m i c r o n s .  F o r  about 2j  m on ths  fol lowing 

th i s  s t a g e ,  g row th  of the  lu tea l  gland s low s  o r  c e a s e s .  In A p r i l ,  c e l l  

g row th  and t h e r e f o r e  lu te a l  g land s i z e  i n c r e a s e s .  The c e l l s  a t ta in  a 

d i a m e t e r  of 32 m ic r o n s .
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G la n d u la r  lu te a l  c e l l s  a t ta in  a m a x im u m  d ia m e t e r  of 36 

m i c r o n s  in May. At th is  s tag e ,  the co rp u s  lu teum  is  about tw ice  the  

d i a m e t e r  of the  fo l l ic le  f r o m  which it  developed. A f te r  a g es ta t io n  of 

about  2 55 days  ( I lepworth  and Blunt 1966), which is exceeded  in N o r th  

A m e r i c a n  w ild  ungula tes  only by e lk  and b ison ,  p a r tu r i t i o n  o c c u r s  at  

th e  end of May o r  in e a r l y  Ju n e .  T h e r e  is  l i t t l e  o r  no blood in the 

v e s s e l s  of the  lu te a l  g land.  L u tea l  c e l l s  c e a s e  h o rm o n e  p roduc t ion  

and  the  lu te a l  g land  beg ins  i t s  dec l ine  r igh t  a f t e r  p a r tu r i t i o n .  The 

s i z e  of the  lu te a l  g land d e c r e a s e s  im m e d ia te ly  and lo o s e s  i t s  so l id ,  

s p h e ro id a l  a p p e a r a n c e ,  tak ing  on a l e s s  r e g u l a r  shape .

D uring  June ,  the  lu te a l  ce l l s  continue to d eg e n e ra te  and the 

lu te a l  g land s h r in k s  f u r t h e r .

By the  f i r s t  of Ju ly ,  no lu te a l  c e l l s  a r e  le ft ,  a l though la cu n ae  

often  d e l inea te  t h e i r  f o r m e r  p o s i t io n s .  T h is  s ta g e  is  c o n s id e r e d  the  

beg inn ing  of the c o r p o r a  a lb ic a n t ia .  T h ey  cont inue to  s h r in k  th rough  

A ugust .  T o w a rd  the  end of A ugust ,  under  the in f luence  of FSH, th e r e  

is  an i n c r e a s e  in the  n u m b e r  of develop ing  fo l l i c le s ,  inc luding  the  

fo l l i c l e s  tha t  w il l  p ro d u ce  v iab le  ova fo r  the  next p reg n an c y .  M a rk g r e n  

(1969) n o te s  tha t  FSH s e c r e t i o n  is  lo w e r  in young u n g u la te s ,  and tha t  

the  n u m b e r  of ova shed  is  t h e r e f o r e  l e s s .  T h is  a g r e e s  with g e n e r a l ly  

lo w e r  c o r p o r a  lu te a  and c o r p o r a  a lb ic a n t ia  counts  in younger  a n i m a l s .  

'The th e c a  in te rn a ,  tlien the th e c a  e x t e rn a  d i f fe re n t ia te  f ro m  the 

s t r o m a l  c e l l s  of the  c o r t e x .  G ra n u lo su m  c e l l s ,  the p ro b ab le  func t ion



30

of w hich  is  p ro te in  s y n th e s i s  (P r ie d k a ln s  and W eb er  1968), p r o l i f e r a t e  

r a p id ly .

In the p r e - o v u l a t o r y  fo l l ic le  of e a r l y  S ep te m b e r ,  the  th e c a l  

g land  h a s  deve loped  f r o m  the th eca  in te rn a .  R e la t iv e ly  s m a l l  

q u a n t i t i e s  of LH s y n e rg iz e  w ith  FSH to s t im u la te  the  s e c r e t i o n  of 

e s t r o g e n  by the th e c a l  g land c e l l s .  The e s t ro g e n  leve l  bu i lds  to a 

p ea k  in p r e p a r a t i o n  f o r  e s t r u s  and ovulation fo r  the  b re e d in g  s e a s o n .



CH A PTER IV

DISCUSSION

F e a t u r e s  of the  A r t io d a c ty l  O v a ry

S e v e ra l  c h a r a c t e r i s t i c s  of the p ro n g h o rn  o v a ry  a r e  ind ica t ive  

of th is  s p e c i e s '  phy logene t ic  r e l a t io n s h ip s  with o th e r  a r t io d a c ty l s .

The in s t a n c e  of two c l a s s e s  of lu tea l  g land c e l l s  is  a p p a re n t  

in  a l l  a r t i o d a c ty l s .  It w as  f i r s t  m en tioned  by  C o r n e r  (1919) in swine .  

M o s s m a n  and Duke (1973) a l s o  r e p o r t  two ce l l  types  in the c o r p o r a  

lu te a  of p e r i s s o d a c t y l s  and c e ta c e a n s ,  and s ta te  tha t  th is  r e in f o r c e s  

ev id e n c e s  of r e l a t io n s h ip s  be tw een  th e se  g ro u p s ,  but it  is  r e m a r k a b l e  

tha t  su ch  a m in o r  f e a t u r e  should  p e r s i s t  f o r  so  long. P ro v o s t  (1962) 

a l s o  d e s c r ib e d  two types  of c e l l s  in the  c o r p o r a  lu te a  of the  b e a v e r ,  

but they  a r e  not so  s t r ik in g ly  d i f fe re n t  in m orpho logy  and s iz e  in  tha t  

s p e c ie s  a s  in the  w h a le s  and hoofed m a m m a l s .

Only one type of i n t e r s t i t i a l  gland t i s s u e  h as  b ee n  d e s c r i b e d  

in  a r t i o d a c t y l s - - t h e c a l - - a n d  t h e r e  is  v e r y  l i t t le  of tha t .  The function  

of t h e s e  c e l l s  is  s t e r o i d  s y n th e s i s ,  but  it  i s  not yet  known ju s t  w hich  

s t e r o i d s  th ey  a r e  r e s p o n s i b l e  f o r .  T hey  m a y  p ro d u ce  e s t r o g e n  in 

s m a l l  a m o u n ts  (Deane 1952), A lso ,  in the  p ro n g h o rn  it  i s  p o s s ib le  

tha t  the r e l a t i v e ly  l a r g e  am o u n ts  of e s t r o g e n  p ro d u ced  by the th e ca

31
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i n t e r n a  and th e c a l  gland p r e c lu d e  the n e c e s s i t y  f o r  d i f fe ren t ia t io n  of 

i n t e r s t i t i a l  g land t i s s u e  to  p ro d u ce  tha t  h o rm o n e .

O th e r  f e a t u r e s  of the  p ro n g h o rn  o v a ry  that  a r e  com m on  to a l l  

o r  m o s t  a r t io d a c ty l s  r e p o r t e d  in the  l i t e r a t u r e  a r e  a th ick  tunica  

a lb u g in ea  and a r e l a t i v e l y  l a r g e  a n t ru m  (Table 1 inc ludes  fo l l i c u la r  

and a n t r a l  d i a m e t e r s ) .

A c c e s s o r y  C o r p o r a  L u tea

E x cep t  fo r  a few lu te a l - ty p e  c e l l s  in two a t r e t i c  f o l l ic le s ,  no 

a c c e s s o r y  lu te a l  t i s s u e  w as  o b s e rv e d  in the p ro n g h o rn .  N e i th e r  have 

a c c e s s o r y  c o r p o r a  b een  r e p o r t e d  in o v a r i e s  of swine ,  b iso n  (B ison  

b i s o n ), cow (Bos t a u r u s ), goat ,  sheep ,  kob (M o ssm an  and Duke 1973). 

A c c e s s o r y  c o r p o r a  a r e  r e p o r t e d ly  r a r e  in w h i te ta i l s  (Haugen and 

T r a u g e r  1962), m ule  d e e r  (S ea rs  1955), and m o o s e  (M ark g re n  1969), 

High in c id en c es  of a c c e s s o r y  c o r p o r a  a r e  given by T h o m as  (1970) fo r  

b l a c k - t a i l e d  d e e r  (47%), H alazon  and B u e ch n e r  (1956) and M o r r i s o n  

(1960) f o r  w ap it i  (66 and 60%, r e s p e c t iv e ly ) ,  and Douglas  (1966) fo r  

r e d  d e e r  (C e rv u s  e l a p h u s ) (37%). T h is  in d ic a te s  tha t  in a r t i o d a c ty l s ,  

a c c e s s o r y  c o r p o r a  lu te a  s e p a r a t e  the c e rv id s  f r o m  the bov ids .  It is  

a l s o  p o s s ib le  tha t  confus ion  o v e r  the  t e r m  " a c c e s s o r y  c o r p o r a  lu te a "  

and  the  la ck  of m ic r o s c o p ic  ex am in a t io n  of su ch  s t r u c t u r e s  in s o m e  

s p e c i e s  have  p r e v e n te d  m o r e  a c c e s s o r y  c o r p o r a  f ro m  be in g  r e p o r t e d  

in the l i t e r a t u r e ,  IT t h e r e  is any ev o lu t io n a ry  ad van tage  to th is
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s e e m in g l y  e x c e s s  lu te a l  t i s s u e ,  p e rh a p s  it is  p ro v id ed  in the p r o n g ­

h o r n  by the  c o m p a r a t iv e ly  l a r g e  am ount of lu tea l  t i s s u e  tha t  r e s u l t s  

f r o m  s u p e ro v u la t io n .

S uper  ovula t ion

T he  o u ts tand ing  f e a t u r e  of p ro n g h o rn  rep ro d u c t io n  i s  s u p e r ­

ovu la t ion  - - the  ovula t ion  of m an y  m o r e  eggs  than  can  be s u c c e s s fu l ly  

g e s ta t e d .  The p ro n g h o rn  s h a r e s  th is  c h a r a c t e r i s t i c  with  the South 

A f r ic a n  lo n g - e a r e d  e lephan t  sh rew  (E lephan tu lu s  m y u r u s ) (Hors t  and 

G i l lm an  1941) and the  p la in s  v i s c a c h a  (L a g o s to m a s  m a x im u s ) (Weir  

1971), two o th e r  m a m m a l s  exhib it ing  even m o r e  r e m a r k a b l e  s u p e r ­

ovula t ion  than  A n t i lo c a p ra  a m e r i c a n a .

O ’G a r a  (1968) s t a t e s :

The e v o lu t io n a ry  s ig n i f ic an c e  of lo s ing  a l a r g e  n u m b e r  of 
c o n c e p tu s e s  s e e m s  r a t h e r  o b s c u re .  P o s s ib ly  the  p ro n g h o rn  
once  had g r e a t e r  n u m b e r s  of young, but in c o m p a r a t iv e ly  r e c e n t  
t i m e s  p r e d a t io n  o r  o th e r  p r e s s u r e s  have  m a d e  two p r e c o c io u s  
o f fsp r ing  of g r e a t e r  s u r v iv a l  va lue  than  a  l a r g e r  n u m b e r  of 
s m a l l e r  and l e s s  deve loped  young.

A d d r e s s in g  the s i tu a t io n  f r o m  a d i f fe ren t  angle ,  M o s s m a n  and Duke

(1973) sugges t :

C o n ce iv a b ly  the  f ive to  eight eggs ovu la ted  and f e r t i l i z e d  by  the 
p ro n g h o rn  an te lo p e  . . . a r e  i n s u r a n c e  th a t  a t  l e a s t  one o r  two 
w i l l  s u c c e s s f u l ly  im p lan t  . . . The m o r e  r e a s o n a b le  i n t e r p r e t a t i o n  
would s e e m  to be tha t  . . . it i s  r e l a t e d  to  so m e th in g  o th e r  than  
l i t t e r  s i z e .

Two o th e r  c h a r a c t e r i s t i c s  of p ro n g h o rn  r e p ro d u c t io n  b e a r  ex am in a t io n .  

I 'Trst,  the  s p e c i e s  has  an  e x t r e m e l y  long g e s ta t io n  fo r  an a n im a l  of i t s
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s i z e ,  only b iso n  and w apit i  in N o r th  A m e r i c a  exceed  it. This  

p r o b a b ly  n e c e s s a r i l y  evolved along with the s o c ia l  b e h a v io r  d e s c r ib e d  

by  B r o m l e y  (196 7) b e c a u s e  of h ab i ta t  r e q u i r e m e n t s ,  and could dem and  

a  l a r g e ,  cont inuous  supp ly  of p r o g e s t e ro n e  fo r  m a in te n an ce  of p r o ­

longed  p r e g n a n c y .  Second, the co rp u s  lu te u m  does not d eg e n e ra te  

unti l  p a r t u r i t i o n  and in f ac t  r e a c h e s  i t s  m a x im u m  s iz e  ju s t  p r i o r  to  

th a t  event ,  ind ica t ing  a n e c e s s i t y  fo r  i n c r e a s in g ly  l a r g e  am oun ts  of 

p r o g e s t e r o n e  r ig h t  up to the  b i r t h  of the fawns.  If fo r  so m e  r e a s o n  a 

s p e c i e s  r e q u i r e s  a  c o n s id e r a b le  am ount  of p r o g e s t e r o n e ,  s u p e r - 

ovu la t ion  and  su b se q u en t  f o rm a t io n  of lu tea l  g lands  is  a  w ay  to get it .  

P o s s ib ly ,  o th e r  f e a t u r e s  of p ro n g h o rn  r e p ro d u c t iv e  phys io logy  m a y  be 

d i r e c t ly  o r  in d i r e c t ly  r e l a t e d  to  o v a r ia n  s t r u c t u r e s - - t h e  a ty p ica l ly  

th ic k  th e c a l  g land,  la c k  of i n t e r s t i t i a l  gland t i s s u e ,  o r  l a ck  of 

a c c e s s o r y  c o r p o r a  lu te a ,  as  m en t ioned  p re v io u s ly .

The  two ex p lan a t io n s  fo r  su p e ro v u la t io n  a r e  not m u tu a l ly  

ex c lu s iv e .  A n c e s to r s  of o u r  p r e s e n t - d a y  p ro n g h o rn s  could have had  

the  c a p a c i ty  to  g e s ta t e  l a r g e  n u m b e r s  of young when e n v i ro n m e n ta l  

p r e s s u r e s  changed  to  m ak e  such  r e p r o d u c t iv e  s t r a t e g y  u n re w a rd in g .  

N a tu r e  c o n s e r v a t iv e ly  u t i l iz ed  the  e x c e s s  lu te a l  t i s s u e  p ro v id ed  by  

s u p e ro v u la t io n  to  b e s t  advan tage  u n d e r  dynam ic  cond i t ions .

A n a ly s i s  of R e p ro d u c t iv e  P e r f o r m a n c e

O v a r ia n  a n a ly s i s  a s  d i s c u s s e d  by Clieatum (1949), G olley
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(1957), Haugen and T r a u g e r  (1962), T h o m as  (1970), and o th e r s  is  

m e a n t  to  be  a u se fu l  tool  fo r  in v es t ig a t io n  of r e p ro d u c t iv e  p e r f o r ­

m a n c e ,  Ovula t ion  inc idence ,  o r  the  n u m b e r  of eggs each  doe ovu la tes  

d u r in g  p r e g n a n c y -p ro d u c in g  e s t r u s ,  is  d e te rm in e d  by counting the 

c o r p o r a  a lb ic a n t ia  r e s u l t in g  f r o m  c o r p o r a  lu tea  of the p r e v io u s  

p r e g n a n c y .  Two a s s u m p t io n s  a r e  n e c e s s a r y  fo r  s u c c e s s  of the  

t e c h n i q u e - - t h e  c o r p o r a  a lb ic a n t ia  in  ques t ion  m u s t  p e r s i s t  unti l 

hun t ing  s e a s o n ,  when s p e c im e n s  a r e  l ike ly  to  be obta ined,  th ey  m u s t  

be  d i s t in g u ish a b le  f r o m  any o th e r  c o r p o r a  a lb ican t ia  tha t  a r e  not the  

r e s u l t  of c o r p o r a  lu te a  of p reg n an c y ,  and f r o m  c o r p o r a  of e a r l i e r  

y e a r s .

In the  p ro n g h o rn ,  bo th  of th e s e  c r i t e r i a  a r e  s a t i s f i e d ,  but we 

know b e f o r e  we s t a r t  tha t  n e a r l y  a l l  in c id en c es  of p a r tu r i t i o n  p ro d u ce  

tw ins ,  and tha t  ovu la t ion  inc idence  w i l l  be m uch  h ig h e r  than the  two 

fawns tha t  r e s u l t .  B e c a u s e  of th e se  d i f fe re n c e s  be tw een  p ro n g h o rn s  

and o th e r  g am e  a n i m a l s ,  e x a m in a t io n  of o v a r i e s  f r o m  p ro n g h o rn  does  

k i l l ed  d u r in g  hunting  s e a s o n s  would not s e r v e  a s  the m a n a g e m e n t  too ls  

th a t  C h e a tu m 's  (1949) m e th o d s  p ro v id ed  f o r  o th e r  s p e c i e s .  H ow ever ,  

r e s u l t s  of th is  m o rp h o lo g ic a l  s tudy  of the o v a r i e s  coupled  w ith  

C h e a tu m 's  b a s ic  m e thod  of exam in ing  c o r p o r a  a lb ic a n t ia  can  be 

u t i l i z e d  to  d e t e r m i n e  ovula t ion  in c id en c es  of the  does w hich  w e r e  

u s e d  in th is  s tudy .

To  a id  in th is  a n a ly s i s ,  a l l  c o r p o r a  f o r  each  p a i r  of o v a r i e s
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a r e  g r a p h e d  a c c o rd in g  to  t h e i r  d i a m e t e r s  (Fig,  4). B e ca u se  of the 

l a c k  of ev idence  fo r  a c c e s s o r y  c o r p o r a  lu tea  and subsequen t  c o r p o r a  

a lb ic a n t ia ,  it i s  hyp o th e s ize d  tha t  the r e s u l t in g  c lu m p s  r e p r e s e n t  

p r e v io u s  b l e e d in g  s e a s o n s  (M o rr iso n  1960, T h o m as  1970). S e v e ra l  

f a c t o r s  m u s t  be kept in  m ind ,  however:

1. C o r p o r a  a lb ic a n t ia  s i z e s  and sh a p es  can be  d i s to r t e d  by 
g row ing  fo l l i c le s ,  c a u s in g  o v e r lap  of g roup ings .

2. F aw n s  can  be expec ted  to b r e e d  l a t e r  than  y e a r l in g s  and 
a d u l ts ,

3. Many c o r p o r a  lu te a  in a s ing le  o v a ry  tend to d e c r e a s e  the 
m e a n  d i a m e t e r  and thus the m ean  d i a m e te r  of the 
r e s u l t in g  c o r p o r a  a lb ica n t ia .

4. S ilent hea t  and r e c u r r e n t  e s t r u s  have not been  ru led  out 
in the p ro n g h o rn  (O 'G ara  1968).

B e c a u s e  of th e s e  f a c t o r s ,  e s t im a t io n s  of r e p ro d u c t iv e  p e r f o r m a n c e  

beyond one b r e e d in g  s e a s o n ,  excep t  in a few c a s e s ,  move p r o ­

g r e s s i v e l y  f a r t h e r  into the  r e a l m  of g u e s s w o rk .  A n im a ls  #20, 21, 

23Y, and 38Y w e r e  c o l le c te d  du r ing  o r  n e a r  the  b re e d in g  s e a s o n .  

E xp lana t ion  of the  a n a ly s i s  of t h e i r  ovula t ion  in c id en c e s  r e q u i r e s  

m o r e  ex ten s iv e  c o m m e n t  than  o th e r  s p e c im e n s  b e c a u s e  ovula t ing  

f o l l i c l e s ,  new c o r p o r a  lu tea ,  and old and new c o r p o r a  a lb ica n t ia  m a y  

a l l  be  found in the o v a r i e s .

Doe #20, co l lec ted  8 S e p te m b e r ,  w as  in the 2-3  y e a r  age 

c l a s s .  P r e - o v u l a t o r y  fo l l ic le s  and la c k  of fo rm in g  c o r p o r a  lu te a  

in d ic a te  tha t  she  had not ovula ted .  C o r p o r a  a lb ic a n t ia  to ta led  s e v e n .



F i g ,  4, D i a m e t e r s  of c o r p o r a  a l b i c a n t i a .
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T a b le  5. Ovulat ion  in c id e n c e s ,  §

Age c l a s s

C o l l .  # 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9  9+

20 5 2
21 (0 5 3) 4 6
23Y 0 5
38Y- (- - - 5 4 4 4) 3 6,4
46Y - - - - - - - - 6

129 (- - - - 2) 2 4
49 2 5

134 0 2 3
59 (1 2) 4 6
74 (1 8 3) 2 5
75 (- - - - - - - 1 6) 6
85 (- - 2 2 5 2) 7
94 (1 5 2) 5
95- - 5
99>:̂ - - - - - 6

100':: 2
110 0 4
112 (0 3 7 3 7) 5
113 0 5 4
116 (1 3) 5
117 (- - 3 2) 6
118Y=:^ - 3
120Y^' - - 4
121 - - 3
12 3 Y':' - - - - - 5
125 0 2

^T ab le  5 s u m m a r i z e s  ovula t ion  data .  P a r e n t h e s e s  en c lo se  
p o s s ib le  exp lana t ions  fo r  c o r p o r a  a lb ic a n t ia  of in e xp l ic i t  age; 
g ro u p in g s  of d i a m e t e r s  f o r  the  c o r p o r a  a lb ic a n t ia  in F ig .  4 a r e  the  
b a s i s  f o r  th e s e  ex p lana t ions .

Y in d ic a te s  a n im a l  f r o m  Y ellowstone  P a rk ;  a l l  o th e r  
a n i m a l s  f r o m  the B ison  Range,

in d ic a te s  l im i t e d  m a t e r i a l ,  i . e . ,  in c o m p le te  o v a r i e s .
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Two w e r e  r e l a t i v e l y  new, ind ica t ing  tha t  she  ovula ted  two ova a s  a 

1-2 y e a r  old. The r e m a in in g  f ive w e r e  of the o ld e r  type,  and r e p r e ­

s e n t e d  th a t  n u m b e r  of ova ovula ted  when she w as  a fawn.

Doe #21, ta k en  8 S e p te m b e r ,  w as  in the 4-5  y e a r  age c l a s s .

Six f o r m i n g  c o r p o r a  lu tea  s ign ify  tha t  she had ovula ted,  som ew ha t  

e a r l i e r  than  u sua l ,  tha t  s a m e  n u m b e r  of ova. C o r p o r a  a lb ican t ia  

t o ta le d  12. All of t h e s e  a r e  r a t h e r  d en se ,  but fou r  show s igns  of m o r e  

r e c e n t  o r ig in  than  the  o th e r s ,  ind ica t ing  tha t  th is  a n im a l  p ro d u ced  fou r  

v iab le  ova a s  a 3 -4  y e a r  old. T h e i r  a p p e a ra n c e  is  o ld e r  than  one 

m ig h t  expec t  fo r  a 2 -m o n th  old co rp u s  a lb ica n s ,  p ro b ab ly  the r e s u l t  of 

e a r l y  p a r t u r i t i o n  and d i s to r t io n  by p r e - o v u l a to r y  fo l l i c le s .  The 

r e m a in in g  s c a r s  a r e  not w e l l  c lum ped  on the  g raph ,  but t h e i r  a r r a n g e ­

m en t  su g g e s t s  tha t  th is  doe m igh t  have  ovula ted  th r e e  ova as  a 2-3  

y e a r  old and f ive ova a s  a 1-2 y e a r  old, o r  fo u r  a s  a 1-2 y e a r  old and 

one a s  a fawn.

Doe #23Y w as  ta k en  18 S e p te m b e r  and w as  in  the  2 -3  y e a r  age 

c l a s s .  A b sen ce  of c o r p o r a  lu te a  and p r e - o v u l a t o r y  fo l l ic le s  m e a n s  

tha t  sh e  w as  in p r e - e s t r u s .  F iv e  c o r p o r a  a lb ica n t ia ,  a l l  about 2 o r  3 

m o n th s  old, in d ica te  tha t  she  ovu la ted  tha t  m an y  ova as  a 1-2 y e a r  old 

and  p ro b a b ly  did not b r e e d  as  a fawn.

Doe #38Y w as  co l le c ted  on 30 S e p te m b e r  and w as  8 -9  y e a r s  

o ld.  Only one o v a r y  f r o m  th is  a n im a l  w a s  a v a i la b le  fo r  m i c r o s c o p i c  

s tudy .  One fo rm in g  c o r p o r a  lu tea  and f ie ld  da ta  in d ica te  r e c e n t
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ov u la t ion  of f o u r  ova. Six d eg e n e ra t in g  c o r p o r a  lu te a  with  lu te a l  ce l l s  

s t i l l  p r e s e n t  a r e  ev ident .  T h e s e  ind ica te  p a r tu r i t i o n  o r  s i l e n t  h ea t  

w i th in  the  l a s t  m onth .  T w en ty - fo u r  c o r p o r a  a lb ica n t ia  w e r e  counted  

in  th is  o v a ry .  Of th e s e ,  t h r e e  a p p e a r  to be 3-4  m onths  old, so  l a t e r  

p a r t u r i t i o n  in  S e p te m b e r  is  doubtful.  Neat  g roup ings  of c o r p o r a  

a lb ic a n t ia  d i a m e t e r s  on the g rap h  point t em p t in g ly  to  p a s t  ovulation 

h i s t o r y ,  but cannot be c o n s id e r e d  r e l i a b le .

The  r e m a i n d e r  of the  s p e c im e n s  w e r e  c o l lec ted  f r o m  

11 O c to b e r  to  19 J u ly  and p r e s e n t  c l e a r  c o r p o r a  lu tea  of p reg n an c y  

o r  young c o r p o r a  a lb ic a n t ia  to  s ign ify  ovula t ion  inc idence  of the  m o s t  

r e c e n t  b r e e d in g  s e a s o n .  O th e r ,  o ld e r  c o r p o r a  a lb ica n t ia  in  th e s e  

o v a r i e s  a r e  d iff icu lt  to  s e p a r a t e  in to  1) c o r p o r a  a lb ican t ia  which  

r e s u l t e d  f r o m  the ovu la t ion  of 13 m onths  ago, and 2) those  which 

r e s u l t e d  f r o m  e a r l i e r  b r e e d in g  s e a s o n s .



CH A PTER V

SUMMARY

O v a r ie s  of 26 p ro n g h o rn s  f ro m  the N ational  B ison  Range at 

M o ie se ,  M ontana ,  and Yellowstone N ationa l  P a r k  w e r e  p r e p a r e d  

h i s to lo g ic a l ly  and s tud ied  m ic ro s c o p ic a l ly .  T h e s e  o v a r i e s  w e r e  f ro m  

does  u se d  in a s tu d y  by  O 'G a r a  (1968), who r e c o r d e d  da ta  on t h e i r  

ag e s  and r e p ro d u c t iv e  s t a tu s ,  a s  w e l l  as  o th e r  in fo rm at ion .

The  following i s  a l i s t  of im p o r ta n t  f indings:

1. N u m b e r s  of v e s i c u l a r  fo l l ic le s  i n c r e a s e d  in p r e - e s t r u s  

and e s t r u s ,  but a v e r a g e  d i a m e t e r s  of th e s e  fo l l i c le s  and t h e i r  s t a n d a rd  

d ev ia t io n s  did not d i f fe r  m a r k e d ly  th roughout  the y e a r .

2. While a n u m b e r  of c h a r a c t e r i s t i c s  w e r e  used  to d e t e r m in e  

in which  s tag e  fo l l ic le s  w e r e  (growing, t r a n s i t i o n a l ,  e a r l y  a t r e s i a ,  

m i d - a t r e s i a ,  l a te  a t r e s i a ,  v e r y  la te  a t r e s i a ,  v e r y  v e r y  la te  a t r e s i a ) ,  

the  f a te s  of the ovum and zona p e l lu c id a  w e r e  v a r i a b l e  in  a t r e s i a  and 

w e r e  t h e r e f o r e  p o o r  i n d ic a to r s  of the  d e g r e e  of a t r e s i a .

3. Two in s t a n c e s  of po lyovula t ion  w e r e  o b s e rv e d .  T hey  w e r e  

in  o v a r i e s  f r o m  d i f fe ren t  a n im a l s  and both  fo l l i c le s  invo lved  had  two 

n o r m a l  ova.
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4. L u tea l  c e l l s  of the  co rp u s  lu te u m  began  d eg e n e ra t in g  a t  

p a r t u r i t i o n  and w ith in  a m onth  no lu te a l  ce l l s  could be s e en ,  m a rk in g  

the  s c a r  a s  a co rp u s  a lb ic a n s .  L acunae  w e r e  s e e n  in new c o r p o r a  

a lb ic a n t i a  d e l inea t ing  the  s p a c e s  f o r m e r l y  occupied  by the  lu tea l  c e l l s .

5. C o r p o r a  a lb ica n t ia  of 4 months  and s o m e t im e s  m o r e  w e r e  

d is t in g u ish a b le  f r o m  c o r p o r a  a lb ica n t ia  of p re v io u s  y e a r s ,

6. Two c l a s s e s  of lu te a l  gland c e l l s ,  th e c a l  i n t e r s t i t i a l  gland 

t i s s u e ,  r e l a t i v e l y  l a r g e  a n t ru m ,  and  th ick  tun ica  a lbug inea  a r e  i n d ic a ­

t ive  of the  s p e c i e s '  phy logene t ic  r e la t io n s h ip  to  o th e r  a r t io d a c ty l s .

7. Super  ovula t ion ,  the  ou ts tand ing  f e a t u r e  of p ro n g h o rn  

r e p ro d u c t io n ,  can  p e r h a p s  be  accoun ted  fo r  as  a) a  r e m n a n t  of a 

p r e v io u s  ten d en cy  to  p ro d u ce  l a rg e  n u m b e r s  of young a t  one t im e ,  o r  

b) a m e c h a n i s m  to p ro d u ce  l a r g e  am oun ts  of lu te a l  t i s s u e ,  which would 

in t u r n  p ro d u ce  l a r g e  am o u n ts  of p r o g e s t e r o n e  fo r  m a in te n an c e  of 

p r e g n a n c y  th roughou t  the  long g e s ta t io n  p e r io d .  T h e s e  two h y p o th e ses  

n ee d  not be m u tu a l ly  ex c lu s iv e .

8. An a n a ly s i s  of ovu la t ion  in c id en c e  r e v e a l e d  tha t  s i len t  

h ea t  p ro b a b ly  did o c c u r  in  one doe. If so ,  the  r e s u l t in g  c o r p o r a  lu te  a 

w e r e  th e  only  a c c e s s o r y  c o r p o r a  found in the  s tudy.

9. Of se v en  does  w hose  ovu la t ion  in c id e n c e s  a s  fawns could  

be d e t e r m in e d ,  one d ef in i te ly  b r e d  at 4 m o n th s  of age .  Two o th e r s  

ovu la ted  and p ro b a b ly  b r e d .
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