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IMRODTTCJTIOU

The egg o f  t h e  d o m e s tic  fo w l h as been  a  c l a s s i c a l  

s u b j e c t  f o r  t h e  s tu d y  o f  v e r t e b r a t e  em bryo logy  d u r in g  th e  

p a s t  two c e n t u r i e s .  The p o p u l a r i t y  o f  th e  h e n 's  egg f o r  

t h i s  p u rp o se  h a s  been  and s t i l l  i s  l a r g e l y  due t o  two f a c t s :  

(1 )  C h ick en s  a r e  r a i s e d  a lm o s t  u n i v e r s a l l y  and  c o n s e q u e n tly  

eg g s  a r e  a v a i l a b l e  th ro u g h o u t th e  y e a r ;  (2 ) T h is  ty p e  o f  eg g , 

u n l ik e  th o s e  o f  th e  mammals, can  be in c u b a te d  a r t i f i c i a l l y  

and  th e  embryo s tu d i e d  a t  any  d e s i r e d  s ta g e  o f  d e v e lo p m e n t.

S in c e  t h e  egg o f  th e  d o m e s tic  hen h as  been  u se d  so 

commonly, one w ould n a t u r a l l y  e x p e c t t h a t  a l l  s t a g e s  i n  i t s  

d e v e lo p m e n ta l h i s t o r y  would have  b e en  s tu d ie d  i n  g r e a t  d e t a i l .  

I t  i s  s u r p r i s i n g  to  f i n d ,  t h e r e f o r e ,  t h a t  v e ry  l i t t l e  pub­

l i s h e d  m a t e r i a l  h a s  been  p r e s e n te d  on th e  e a r l y  s t a g e s  o f  

em bryon ic  d e v e lo p m e n t. T h is  i s  e s p e c i a l l y  t r u e  o f  such  

p r o c e s s e s  a s  o c c u r  d u r in g  m a tu r a t io n ,  f e r t i l i z a t i o n  and 

e a r l y  c le a v a g e .

Van Durme (62) i n  d i s c u s s in g  th e  s u i t a b i l i t y  o f  d i f f ­

e r e n t  b i r d s '  eg g s f o r  e a r l y  e m b ry o lo g lo a l  s t u d i e s  gave  t h r e e  

r e a s o n s  why sh e  p r e f e r r e d  to  u se  t h e  eggs o f  s m a l le r  b i r d s  

su ch  a s  t h e  p ig e o n  and sp a rro w . In  h e r  o p in io n  s m a l le r  b i r d s  

a r e  more e a s i l y  h a n d le d , r e q u i r e  l e s s  s p a c e ,  and  r e p r e s e n t  

l e s s  in v e s tm e n t  th a n  th e  d o m es tic  h e n . The f a c t  t h a t  many 

z o o lo g ic a l  l a b o r a t o r i e s  a r e  n o t e q u ip p e d  f o r  th e  h o u s in g  and 

c a r e  o f  su c h  l a r g e  b i r d s  a s  t h e  d o m es tic  fow l d o u b t le s s  h as 

b een  a  c o n t r i b u t i n g  f a c t o r  i n  o a u s in g  many i n v e s t i g a t o r s  to
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ch o o se  t h e  eggs o f  s m a l le r  b i r d s  f o r  e x p e r im e n ta l  m a te r ia l*

To o b ta in  e g g s  i n  th e  m a tu r a t io n  a n d  f e r t i l i z a t i o n  s t a g e s  o f  

d e v e lo p m e n t, t h e  b i r d s  m ust b e  s a o r i f i e e d  s in c e  th e s e  s t a g e s  

n o rm a lly  o c c u r  e i t h e r  b e fo r e  o r  soon  a f t e r  o v u la t io n *  S in o e  

i t  i s  im p o s s ib le  to  p r e d i o t  t h e  e x a c t  tim e  o f  e i t h e r  o v u la ­

t i o n  o r  f e r t i l i z a t i o n ,  t h e  ohanoes o f  o b ta in in g  an  egg  a t  a  

d e s i r e d  s ta g e  o f d ev e lo p m e n t a r e  r e l a t i v e l y  s l i g h t*  T h is  

m eans t h a t  i n  a  s tu d y  o f t h i s  n a tu r e  many b i r d s  m ust be s a o r i ­

f i e e d  i n  o r d e r  to  s e c u re  a  co m p le te  s e r i e s  o f  th e  v a r io u s  

s t a g e s  o f  developm en t*  T h is n e c e s s a r i l y  e n t a i l s  n o t  o n ly  a  

g r e a t  amount o f  tim e  and  l a b o r  b u t  c o n s id e r a b le  expense  a s  

w e ll*

In aa n u ch  a s  t h e  p ro c e s s e s  o f m a tu r a t io n  a n d  f e r t i l i z a ­

t i o n  i n  t h e  h e n 's  egg have n o t  been  a d e q u a te ly  d e s c r ib e d ,  i t  

h a s  been  assum ed by some a u th o r s  t h a t  m a tu r a t io n  and f e r t i l ­

i z a t i o n  a r e  e s s e n t i a l l y  t h e  same fo r  a l l  b i r d s .  T h is  assum p­

t i o n  i s  p ro b a b ly  j u s t i f i e d  f o r  g e n e r a l  p u rp o s e s  o f  p r e s e n t in g  

a n  un b ro k en  a c c o u n t o f  th e  d e v e lo p m e n ta l p ro c e s s e s *  N e v er­

t h e l e s s  i t  i s  im p o r ta n t  to  have a  co m p le te  d e s c r i p t i o n  o f  a l l  

p h a s e s  o f  d ev e lo p m en t i n  th e  h e n 's  egg s in o e  i t  i s  so commonly 

u se d  i n  d e s c r i p t i v e  and  e x p e r im e n ta l  em bryology o f  v e r t e b r a t e s .  

I t  w ould a l s o  b e  o f  i n t e r e s t  to  l e a r n  d e f i n i t e l y  i f  th e  p r o ­

c e s s e s  o f  m a tu r a t io n  and f e r t i l i z a t i o n  a r e  t h e  same i n  two 

g ro u p s  o f  b i r d s  su ch  a s  th e  d o m es tic  fo w l a n d  p ig e o n , w h ich

d i f f e r  so  g r e a t l y  In  t h e i r  b re e d in g  h a b i t s ,  t im e  o f  o v u la t i o n ,  

r a t e  o f  p r o d u c t io n ,  and s i z e  o f  egg*

The p u rp o s e s  o f  th e  a u th o r  i n  u n d e r ta k in g  th e  p r e s e n t
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s tu d y  w ere  tw o fo ld  -  (1 ) T© s tu d y  th e  p r o c e s s e s  d u r in g  

m a tu r a t io n ,  f e r t i l i s a t i o n  a n d  e a r l y  c le a v a g e  i n  th e  h e n ’ s 

QSS o r d e r  t o  c o m p le te  th e  know ledge o f t h e  e a r l y  s t a g e s  

o f  d ev e lo p m en t o f  th e  c h ic k ,  and (8 ) I f  p o s s i b l e ,  to  d e v e lo p  

a  te c h n iq u e  w hereby  i n f e r t i l e  hen  e g g s  c o u ld  be  a r t i f i c i a l l y  

im p re g n a te d  and in d u c e d  t o  d e v e lo p  u n d e r  c o n t r o l l e d  l a b o r a ­

t o r y  o e n d io i t io n s  o u t s id e  o f  th e  h e n ’ s body* Suoh a  

te c h n iq u e  o b v io u s ly  w ou ld  b e  o f  much v a lu e  to  s tu d e n t s  o f  

em bryo logy  s in o e  e a r l y  s ta g e s  o f developm en t c o u ld  be ob­

t a i n e d  and  s tu d ie d  a t  w i l l ,

REVIEW OF LITERATURE

B e fo re  e n t e r in g  i n to  a  d e t a i l e d  d i s c u s s io n  o f  th e  work 

c o n n e c te d  w ith  th e  p r e s e n t  s tu d y  i t  may be  h e lp f u l  to  re v ie w  

b r i e f l y  some o f th e  p h y s io lo g ic a l  p ro c e s s e s  w hich  o c c u r  d u r in g  

t h e  fo rm a t io n  o f  th e  h e n 's  egg*

The o r i g i n  o f  th e  p r im o r d ia l  germ  c e l l s  i n  th e  c a se  o f  

t h e  c h ic k  h a s  been  s tu d ie d  by S w if t  ( 6 1 ) ,  F i r k e t  ( 8 0 ) ,  Woodger 

( 7 0 ) ,  G o ld sm ith  ( 8 3 ) ,  an d  W i l l i e r  (68)*  A cco rd in g  to  S w if t

(6 1 ) an d  Woodger ( 7 0 ) ,  th e  p r im o r d ia l  germ  c e l l s  a r i s e  i n  th e  

a n t e r i o r  and  l a t e r a l  p o r t io n s  o f  th e  b la s to d e rm  o u t s id e  th e  

embryo# The germ  c e l l s  a r i s e  d u r in g  th e  p r im i t iv e  s t r e a k  

s t a g e  up u n t i l  th e  tim e  th e  embryo h a s  d e v e lo p ed  t h r e e  som ites*  

The* germ  c e l l s  re m a in  i n  t h i s  p o s i t i o n ,  a c c o rd in g  to  S w if t  (6 1 ) ,  

u n t i l  t h e  mesoderm e x te n d s  to  th e  a n t e r i o r  and l a t e r a l  p o r t io n s  

o f  th e  b la s to d e rm  (a b o u t 10 so m ite  s t a g e ) .  The germ  c e l l s  a r e  

th e n  c a r r i e d  by  th e  b lo o d  to  th e  a r e a  o f  gonad fo rm a tio n #  H ere
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th e  germ  c e l l s  u n d e rg o  f u r t h e r  developm ent b e g in n in g ,  

a o o o rd in g  t o  M arza and  M arsa ( 3 5 ) ,  a b o u t t h e  t e n t h  d a y  o f  

i n c u b a t io n .  A t t h i s  s ta g e  t h e  germ  c e l l s  a re  known a s  p r i ­

m ary oogon ia*  E ach  p r im a ry  oogonium  m u l t i p l i e s  r a p i d l y ,  

g iv in g  r i s e  t o  e ig h t  d a u g h te r  c e l l s ,  one o f  w h ic h , a c c o rd in g  

t o  H unsen  ( 4 0 ) ,  i s  d e s t in e d  to  become t h e  eg g . The o th e r  

se v e n  o e l l s ,  a o o o rd in g  to  Munsen ( 4 0 ) ,  p ro d u ce  th e  f o l l i c u l a r  

e p i th e l iu m  w hich  s u r ro u n d s  t h e  eg g .

The e i g h t - f o l d  m ult i p l i  o a t  io n  o f  th e  o r i g i n a l  o o g o n ia  

t a k e s  p la e e  p r i n c i p a l l y  a t  t h e  p e r ip h e r y  o f  th e  o v a ry , th e  

d a u g h te r  o e l l s  now b e in g  known a s  se c o n d a ry  oogon ia*  These 

se c o n d a ry  o o g o n ia  e e a se  d iv id in g  a b o u t th e  t w e n t y - f i r s t  day  

o f  in c u b a t io n .  A d e t a i l e d  s tu d y  o f  th e  g ro w th  and n u c le a r  

c h a n g e s  o f  t h e  p r im a ry  an d  s e c o n d a ry  o o g o n ia  o f  t h e  fo w l was 

made by d 'H o lla n & e r  ( 1 6 ) ,

F o llo w in g  th e  p e r io d  o f  m u l t i p l i c a t i o n  th e  se co n d a ry  

o o g o n ia  become w hat i s  te rm e d  f i r s t  o r d e r  o o c y te s*  In  th e  

o v a ry  o f  th e  young h a tc h e d  c h ic k s  th e s e  f i r s t  o r d e r  o o c y te s  

u n d e rg o  d ev e lo p m en t and c o n tin u e  to  do so u n t i l  tim e  o f  ovu­

l a t i o n *  T h is  l e n g th y  d ev e lo p m en t o f  th e  o o c y te s  in v o lv e s  

many n u c le a r  and  c y to p la s m ic  c h a n g e s , suoh  a s  v a r i a t i o n  i n  

s i z e ,  p o s i t i o n  and  s t a i n i n g  q u a l i t i e s  o f  th e  n u c le u s  and 

v a r i a t i o n s  i n  c o m p o s it io n , s t r u c t u r e ,  and am ount o f  c y to ­

p la s m ic  m a te r i a l s *  T hese c h an g es  have been  s tu d ie d  i n  d e t a i l

by  s e v e r a l  i n v e s t i g a t o r s  in c lu d in g  H o ll  ( 2 8 ) ,  H a rp e r  ( 2 5 ) ,  

Itoyez ( 2 4 ) ,  S o n n e n b ro d t ( 5 9 ) ,  B a r te lm e z  ( 2 ) ,  Van Durme ( 6 2 ) ,  

And B ra m b e ll (8 )*  B u rin g  t h i s  l a s t  s ta g e  o f  g ro w th  w h ich  i s
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te rm ed  th e  i n t r a f o l l i c u l a r  p e r io d  by  M arza and  M arza ( 3 5 ) ,  

t h e  young o o o y te  i n c r e a s e s  more th a n  2000 t im e s  i n  d ia m e te r ,  

i .  e . ,  from  a b o u t  f i f t e e n  to  tw e n ty  m io ro n s  t o  a p p ro x im a te ly  

3*5 c e n t im e te r s .

Seen  a f t e r  fo r m a t io n ,  th e  young o o c y te s  become s u r ­

ro u n d ed  by  a  l a y e r  o f  f l a t  c e l l s  w hich i s  known a s  th e  f o l l i ­

c u l a r  e p i th e l iu m .  The f o l l i c l e  w a l l  w hioh  a c t s  a s  a  p r o t e c ­

t i v e  c o v e r in g  o f  th e  ovum w h ile  i t  i s  in  th e  o v a ry , i s  

com posed o^ t h r e e  l a y e r s .  B eg in n in g  w ith  th e  o u te rm o s t l a y e r ,  

th e y  a r e  known a s  (1 ) th e  e x t e r n a l  t h e c a ,  (2 ) th e  i n t e r n a l  

t h e c a ,  and  (3 )  t h e  f o l l i c u l a r  e p i th e l iu m . The f o l l i c u l a r  

e p i th e l iu m  i n  l a r g e r  f o l l i c l e s  l i e s  n e x t  to  th e  v i t e l l i n e  

membrane end s e p a r a t e s  th e  ovum p ro p e r  from  th e  r e s t  o f  th e  

o v a r ia n  t i s s u e .  A l l  th e  m a t e r i a l  w h ich  g o e s  to  form  th e  y o lk  

m a t e r i a l  o f  th e  ovum m ust p a s s  th ro u g h  t h i s  m em brane. A cco rd ­

in g  t o  M arza an d  M arza ( 3 5 ) ,  t h i s  membrane e x h i b i t s  g r e a t  

s e l e c t i v e  p e r m e a b i l i t y  to  m a t e r i a l  p r e s e n t  i n  th e  b lo o d .

The v a r io u s  s ta g e s  o f  y o lk  fo rm a tio n  have been  s t u d i e d  

i n  b ird s *  eggs by s e v e r a l  i n v e s t i g a t o r s ,  in c lu d in g  Tan Burme

(62 ) and  M arza and  M arza ( 3 5 ) .  A cco rd in g  to  th e  l a t t e r  a u th o r s ,  

y o lk  fo rm a t io n  c a n  be d iv id e d  i n t o  t h r e e  p h a s e s .  The f i r s t  i s  

c h a r a c t e r i z e d  by th e  a p p e a ra n c e  o f  f a t  g lo b u le s  i n  th e  oop lasm  

o f  th e  o o o y te ;  th e  se c o n d  by th e  a p p ea ra n c e  o f  t r a n s p a r e n t  

v a c u o le s  an d  th e  fo rm a tio n  o f  y o lk  m a t e r i a l  w i th in  th e s e

v a c u o le s ;  th e  t h i r d  by t h e  a p p e a ra n c e  o f  th e  y e llo w  y o lk .

The o v a ry  o f  th e  p u l l e t  p r i o r  to  tim e  o f  s e x u a l  m a tu r i ty  

a p p e a rs  a s  a  m ass o f  im m ature f o l l i c l e s  w h ich , a c c o rd in g  to
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C onrad  a n d  S o o t t  ( 1 1 ) ,  ra n g e  from  m ic ro s c o p ic  s i z e  t o  a b o u t 

s i x  mm. i n  d ia m e te r .  The in d iv i d u a l  o o o y te s  o r f o l l i c l e s  

a r e  nov i n  w h a t i s  te rm e d  t h e  se c o n d  p h a se  o f  g row th*  A t 

t h i s  p e r io d  o f developm ent th e  o o o y te s  c o n ta in  no y e llo w  

y o lk  m a t e r i a l  su ch  a s  i s  fo u n d  i n  o ld e r  o n es d u r in g  th e  

t h i r d  and l a s t  s ta g e  o f  g ro w th . S h o r t ly  b e f o r e  th e  p u l l e t  

b e g in s  p r o d u c t io n ,  c e r t a i n  o f th e s e  o o c y te s  e n t e r  i n to  th e  

t h i r d  p h a se  o f  y o lk  f o rm a t io n .  As one o f  th e s e  o o c y te s  ma­

t u r e s  and  i s  l i b e r a t e d  from  th e  o v a ry  a n o th e r  young ovum 

e n t e r s  t h e  t h i r d  p h a se  o f  g ro w th  so t h a t  i n  th e  ovary  o f a  

la y in g  b i r d  s e v e r a l  f o l l i c l e s  can be found w hich  d i f f e r  

g r e a t l y  i n  s i z e .  A c co rd in g  t o  Conrad and S o o t t  (11) th e r e  

a r e  e ig h t  t o  t e n  f o l l i c l e s  i n  th e  t h i r d  p h a se  o f  g ro w th  a t  

an y  g iv e n  t im e .  D u rin g  t h i s  t h i r d  p e r io d  of y o lk  fo rm a tio n  

th e s e  few  f o l l i c l e s  g r e a t l y  in c r e a s e  in  r a t e  o f  g ro w th  w h ich  

h a s  b een  e s t im a te d  by H id d le  (55) to  b e  tw e n ty - f iv e  t im e s  

f a s t e r  th a n  t h a t  o f  th e  p re v io u s  l e v e l .  The y e llo w  y o lk  ma­

t e r i a l  i s  l a i d  doiCL i n  th e  fo rm  o f  a l t e r n a t e  r i n g s  o f  l i g h t e r  

y e l lo w - c o lo r e d  and  d a rk e r  y e l lo w - c o lo r e d  y o lk  m a t e r i a l .  R id d le  

(54 ) , C^age and Cage ( 2 1 ) ,  R odgers (57) and  o th e r s  have demon­

s t r a t e d  t h a t  th e  c o n c e n tr ic  r i n g s  o f l i g h t e r  and d a rk e r  y e llo w  

y o lk  m a t e r i a l  c o u ld  be d i f f e r e n t i a l l y  c o lo re d  by f e e d in g  a  r e d  

a n i l i n e  d y e , Sudan I I I ,  to  la y in g  h e n s . R id d le  (54) and (55) 

by  t h i s  m ethod w as a b le  to  c a l c u l a t e  th e  amount o f y o lk  d e p o s­

i t e d  i n  a  g iv e n  t im e .  He found  t h a t  a p p ro x im a te ly  two gram s 

o f  y o lk  m a t e r i a l  w ere  d e p o s i te d  d a i l y  i n  t h e  ova d u r in g  th e  

t h i r d  o r  l a s t  s ta g e  o f  y o lk  f o r m a t io n .  W arren  and C onrad (63)
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u se d  a  m o d i f i c a t io n  o f  t h a t  m ethod in  t h e i r  s tu d y  on th e  

g ro w th  o f t h e  h e n 's  ovum, T hese l a t t e r  a u th o r d  i n j e c t e d  th e  

dye d i r e c t l y  i n to  t h e  b lo o d  s tre a m  o f  th e  h en ,

The n u c le u s ,  w h ic h  f o rm e r ly  o c c u p ie d  a n  a p p ro x im a te ly  

c e n t r a l  p o s i t i o n  i n  th e  ovum, moves to w a rd  th e  p e r ip h e r y  a s  

m ore and m ore y o lk  m a te r i a l  i s  d e p o s i te d  i n  t h e  ovum. As th e  

n u c le u s  m ig r a te s  to w ard  th e  p e r ip h e r y  o f  th e  ovum i t  l e a v e s  

b e h in d  a  f l a s k - s h a p e d  m ass of l i g h t - c o l o r e d  y o lk  m a t e r i a l ,  

th e  s p h e r i c a l  p o r t i o n  o f  w hich  i s  i n  th e  c e n t e r  o f  th e  ovum. 

T h is  f l a s k - s h a p e d  s t r u c t u r e  i s  known a s  t h e  l a t e b r a .

As th e  o o c y te  a p p ro a c h e s  m a tu r i t y ,  i .  e . ,  d u r in g  th e

l a s t  f o r t y - e i g h t  h o u rs  o f i t s  s o jo u rn  i n  th e  o v a ry , t h e r e  a r e  

m arked c h an g e s  w h ich  o e c u r  i n  th e  l a r g e  n u c le u s  o r g e rm in a l  

v e s i c l e *  The n u c le a r  c h an g e s  w h ich  o c c u r  d u r in g  t h i s  b r i e f  

i n t e r v a l  o f  t im e  have n o t b e e n  a d e q u a te ly  d e s c r ib e d  f o r  th e  

h e n 's  eg g . T hese n u c le a r  c h a n g e s ,w h ic h  w i l l  be  d i s c u s s e d  i n  

d e t a i l  i n  t h i s  p a p e r ,  a r e  c o n c e rn e d  w i th  th e  m a tu r a t io n  p r o ­

c e s s ,  w hereby  th e  num ber o f  chrom osom es i n  th e  egg  i s  re d u c e d  

from  a  d i p l o i d  t o  a  h a p lo id  num ber. D u rin g  th e  l a s t  f o r t y -  

e i g h t  h o u rs  o f  th e  grow th  o f  th e  ovum th e  n u c le a r  w a l l  o f  th e  

g e rm in a l v e s i c l e  b e g in s  to  d i s i n t e g r a t e  a l lo w in g  th e  f l u i d  

c o n te n ts  o f  th e  g e rm in a l v e s i c l e  to  e sca p e  i n to  th e  su r ro u n d ­

in g  p ro to p la sm *

A t l e a s t  one o f  t h e  two p o la r  b o d ie s  i s  e x tru d e d  from  

th e  egg  p r i o r  to  th e  tim e  o f  o v u la t io n .  H a rp e r (25) s tu d ie d  

and  d e s c r ib e d  th e s e  s t r u c t u r e s  i n  th e  egg  o f  th e  p ig e o n  and 

l a t e r  Yen Durme (62) p u b l is h e d  a  d e t a i l e d  a cc o u n t o f  th e  same 

s t r u c t u r e s  i n  t h e  eggs o f th e  p ig e o n , sw allo w , sp a rro w , and
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g r e e n  f i n c h .  Thus f a r  no d e s c r i p t i o n  h a s  been made o f p o l a r  

body  fo rm a t io n  in  t h e  h e n 's  egg*

When th e  ovum o f  a  h en  r e a c h e s  a  s i z e  o f  a p p ro x im a te ly  

t h i r t y - s e v e n  mm. i n  d ia m e te r  or e ig h t e e n  to  tw e n ty - tw o  g ram s 

i n  w e ig h t ,  t h e  w a l l s  o f  th e  f o l l i c l e  r u p t u r e  a lo n g  a  p re fo rm e d , 

n o n - v a s o u la r  l i n e  c a l l e d  th e  s t ig m a . T h is p r o c e s s ,  c a l l e d  

o v u la t i o n ,  a l lo w s  th e  ovum to  le a v e  th e  f o l l i c l e  and  e n te r  

e i t h e r  th e  o v id u c t  o r th e  body  c a v i ty .  G oste  (13 ) was among 

th e  f i r s t  i n v e s t i g a t o r s  to  o b s e rv e  and  r e p o r t  th e  p r o c e s s e s  

a t t e n d in g  o v u la t i o n .  I t  was h is  o p in io n  t h a t  th e  r u p t u r e  o f  

th e  m a tu re  o v a r ia n  f o l l i c l e  was b r o u g h t  a b o u t by th e  p r e s s u r e  

e x e r t e d  by th e  w a l l s  o f ‘h ie  in fu n d ib u lu m  p o r t io n  o f  th e  o v i ­

d u c t  a s  i t  e n c lo s e d  th e  f o l l i e l e  j u s t  p r i o r  to  o v u la t io n .  In  

t h i s  m anner t h e  egg w as th o u g h t  t o  b e  d i r e c t e d  i n t o  th e  o v i ­

d u c t .  B a r te lm e z  (3 ) a ls o  r e p o r t e d  t h a t  i n  th e  c a s e  o f th e  

p ig e o n  th e  in fu n d ib u lu m  e n c lo s e d  th e  m atu re  f o l l i c l e  j u s t  

p r i o r  to  o v u l a t i o n .  G u r t i s  ( I S ) ,o n  th e  o th e r  h an d , b e l i e v e d  

t h a t  th e  r u p t u r e  o f  th e  f o l l i c l e  w as c h i e f ly  due to  th e  i n ­

c r e a s e d  I n t e r n a l  p r e s s u r e  w i t h in  th e  ovum.

P h i l l i p s  and  W arren (51 ) w ork ing  on th e  m ec h an ic s  o f  

o v u la t io n  i n  th e  fo w l c o n c lu d e d  t h a t  th e  c o n t r a c t i o n  of m uscle  

f i b e r s  w h ich  th e y  found  p r e s e n t  i n  t h e  f o l l i c u l a r  w a l l  was 

l a r g e l y  r e s p o n s ib l e  f o r  o v u la t io n .  W arren and  S o o t t  (65) 

u s in g  an  o p e r a t iv e  te c h n iq u e  on tw e lv e  a n e s t h e t i z e d  hens w ere  

a b le  t o  d i r e c t l y  o b se rv e  t h e  p r o c e s s e s  a t te n d in g  o v u la t io n .  

T hese  o b s e r v a t io n s  l e d  them  to  c o n c lu d e  t h a t  (1 ) th e  in f u n d i ­

bulum  o f  t h e  o v id u c t  seldom  e n c lo s e s  a  f o l l i c l e  a t  th e  tim e  o f  

o v u la t io n  an d  t h e r e f o r e  i s  n o t  th e  c a u s a t iv e  f a c t o r  o f t h i s
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p ro c e s s *  a n d  (2) th e  ovum d o es n o t a lw ay s  e n t e r  t h e  o v id u c t  

im m e d ia te ly  a f t e r  o v u la t io n *  s in o e  i n  t h e  c a se  o f t e n  o f  th e  

tw e lv e  b i r d s  u n d e r  o b s e r v a t io n  th e  ova w e re  s e e n  to  f a l l  in to  

th e  body c a v i t y ,  The ova vshich e n te r e d  th e  body  c a v i ty  w ere  

l a t e r  p ic k e d  up by th e  in fu n d ib u lu m . I t  sh o u ld  be  p o in te d  

ou t*  how ever* t h a t  t h e  b i r d s  u se d  by W arren  a n d  S c o t t  (65) 

w ere  u n d e r  th e  e f f e c t  o f a n e s t h e s i a  and  w ere ly in g  i n  an  a b ­

n o rm al p o s i t i o n  w h ile  t h e  o b s e r v a t io n s  w e re  t a k e n .  T hese 

o b s e r v a t io n s *  th e r e f o r e *  do n o t  n e c e s s a r i l y  mean t h a t  u n d e r 

n o rm a l c o n d i t i o n s  th e  same p e rc e n ta g e  o f  eggs a s  t h e y  r e p o r t e d  

f a l l  i n t o  t h e  body c a v i ty  b e fo re  e n te r in g  th e  o v id u c t .  The 

o r i e n t a t i o n  o f  th e  embryo w ith  r e s p e c t  t o  t h e  lo n g  a x i s  o f  th e  

egg  i s  o f  i n t e r e s t  i n  t h i s  c o n n e c t io n .

When t h e  b lu n t  end o f  a  f e r t i l e  egg  o f  a  b i r d  w hich  

h a s  been  in e u b a te d  fo r  a  few  days i s  h e ld  to  th e  l e f t  and 

th e  u p p e r  p o r t io n  o f  th e  s h e l l  rem oved, th e  embryo u s u a l ly  

w i l l  be fo u n d  l y in g  on i t s  l e f t  s id e  w i th  th e  head tu r n e d  to  

t h e  r i g h t  and  d i r e c t e d  away from  th e  o b s e r v e r .  T h is  o r i e n t a ­

t i o n  h as  been  n o te d  i n  v a r io u s  b i r d s '  eg g s by P an d e r ( 4 5 ) ,  

D a lto n  ( 1 5 ) ,  H a sw e ll ( 2 6 ) ,  F e re  ( 1 9 ) ,  P e e b le s  ( 5 0 ) ,  B lo u n t ( 5 ) ,  

P a t t e r s o n  ( 4 7 ) ,  and B a r te lm e z  ( 5 ) .  I t  i s  l o g i c a l  to  assum e 

t h a t  to  a t t a i n  t h i s  o r i e n t a t i o n  th e  ovum m ust e n t e r  th e  o v i ­

d u c t  i n  a  p re d e te rm in e d  m anner. B a r te lm e z  (5 ) r e p o r t e d  t h a t  

i n  t h e  c a s e  o f  th e  p i g e o n 's  egg a  d e f i n i t e  p o l a r i t y  c o u ld  be 

fo u n d  even  w h ile  th e  ovum w as s t i l l  in  th e  o v a ry  and Munsen 

(40 ) fo u n d  t h e  same t o  b e  t r u e  i n  t h e  c a se  o f th e  t o r t o i s e  

e g g . The l a t t e r  a u th o r  o b se rv e d  t h a t  th e  e c c e n t r i c  p o s i t i o n  

o f  th e  n u c le u s  and  t h e  o e n t r a l  p o s i t i o n  o f  w hat he te rm s  th e
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1fo y to o e n te r n w ere  t h e  e a r l y  lan d m ark s  o f p o l a r i t y *  I f  ova 

e n te r e d  th e  hody o a v i ty  w i th  th e  f re q u e n c y  r e p o r t e d  by 

W arren  and  S o o t t  (65) and l a t e r  w e re  p ic k e d  up a t  random  by 

th e  o v id u c t ,  one w ould e x p e c t  to  f in d  a  g r e a t e r  in o id e n o e  o f  

em bryos i n  i n v e r t e d  p o s i t i o n s  w ith  r e s p e e t  t o  th e  lo n g  a x i s  

o f  t h e  s h e l l*  H ow ever, i n  th e  e a s e  o f hen  e g g s , more th a n  

e ig h t y - e i g h t  p e r c e n t  ©f th e  f o r t y - e i g h t - h o u r  em bryos a re  

fo u n d  i n  a  p o s i t i o n  on t h e  y o lk  w h ich  i s  c o n s id e re d  a s  no rm al 

w i th  r e s p e c t  t o  th e  lo n g  a x i s  o f  t h e  s h e l l*

The tim e  o f  o v u la t io n  w i th  r e s p e o t  to  th e  tim e o f  l a y ­

in g  h a s  been  s t u d i e d  by s e v e r a l  i n v e s t i g a t o r s ,  in c lu d in g  

W arren  and  S c o t t  (66) and  (67) and  M cN ally and B y e r ly  (37)*

The fo rm e r i n v e s t i g a t o r s  fo u n d  t h a t  o v u la t io n  t a k e s  p la c e  on 

th e  a v e ra g e  30 m in u te s  a f t e r  tim e o f  la y in g  e x c e p t i n  c a s e s  

w here  t h e  egg i s  l a i d  i n  th e  l a t e  a f te rn o o n *  T hese  i n v e s t i ­

g a t o r s  fo und  t h a t  t h e r e  was a  ra n g e  o f f o u r te e n  to  s e v e n ty -  

f i v e  m in u te s  i n  t h e  tim e  o f  o v u la t io n  fo l lo w in g  la y in g  i n  th e  

g ro u p  o f  b i r d s  u n d e r o b s e rv a t io n *  M cN ally and  B y e r ly  (37) 

fo u n d  t h a t  i n  th e  c a s e  o f  t h i r t y - t i r o  hens k i l l e d  o n e - h a l f  hour 

a f t e r  l a y in g  tw e n ty , o r  62*4 p e r c e n t  o f  th e  b i r d s ,  had a l r e a d y  

o v u la te d *

The h i s t o l o g i c a l  s t r u c t u r e  o f  th e  o v id u c t  o f b i r d s ,  i n ­

c lu d in g  th e  o v id u c t  o f th e  d o m e s tic  hen , was s tu d i e d  by 

G iaeo m in i (22 ) an d  C ush ing  ( 1 4 ) ,  D e ta i le d  and e x h a u s t iv e  

s t u d i e s  o f  t h e  same s t r u c t u r e  i n  th e  d o m es tic  hen  w ere l a t e r  

made by P e a r l  and  C u r t i s  ( 4 9 ) f S u r fa c e  ( 6 0 ) , and R ic h a rd so n  

(5 3 )•  P e a r l  and  C u r t i s  (49) r e c o g n iz e d  f i v e  d i f f e r e n t  r e g io n s
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e£ th e  o v id u c t ,  nam ely  (1 ) th e  in fu n d ib u lu m , (2 ) th e  a lbum ens 

s e c r e t i n g  p o r t i o n ,  (3 ) th e  is th m u s , (4 ) th e  u t e r u s ,  and (5) 

th e  v ag in a*

The tim e  t h a t  an  egg  re m a in s  i n  th e  d i f f e r e n t  r e g io n s  

o f  th e  o v id u c t  h a s  been s t u d i e d  by a  num ber o f  w o rk e rs  in c lu d ­

in g  P a t t e r s o n  ( 4 7 ) ,  P e a r l  ( 4 8 ) ,  P e a r l  and C u r t i s  ( 4 9 ) ,  

Asmundson ( 1 ) ,  and  W arren  a n d  S o o t t  (65)*  P a t t e r s o n  (47) 

r e p o r t e d  t h a t  th e  ovum s p e n t  t h r e e  h o u rs  in  th e  g l a n d u la r  

p o r t i o n ,  two to  t h r e e  h o u rs  i n  t h e  is th m u s , and s i x t e e n  to  

s e v e n te e n  h o u rs  i n  th e  u te ru s *  P e a r l  (48) and P e a r l  and  C u r t i s  

(4 9 ) e s t im a te d  t h a t  an egg  re m a in s  i n  th e  a lbum en p o r t i o n  f o r  

t h r e e  h o u rs , l e s s  th a n  one hour in  th e  is th m u s , and  tw e lv e  to  

s i x t e e n  h o u rs  i n  t h e  u te ru s *  W arren and S o o t t  (65) and (67) 

found  t h a t  on a n  a v e ra g e  an  egg r e q u i r e d  e ig h te e n  m in u te s  to  

p a s s  th ro u g h  th e  in fu n d ib u lu m , two and  n i n e - t e n t h s  h o u rs  to  

t r a v e r s e  th e  a lb u m e n - s e c re t in g  p o r t i o n ,  and one an d  tw o - te n th s  

h o u rs  to  p a s s  th ro u g h  th e  is thm us*

The egg i s  f e r t i l i z e d  w h ile  i n  th e  in fu n d ib u lu m , th e  

sp e rm a to z o a  p e n e t r a t i n g  th e  r e l a t i v e l y  t h i n  v i t e l l i n e  membrane 

so o n  a f t e r  o v u la t io n *  A d e s c r i p t i o n  o f  th e  d i f f e r e n t  s t a g e s  

o f  f e r t i l i z a t i o n  i n  th e  p ig e o n  eg g  w as g iv e n  by H a rp e r  ( 2 5 ) ,  

B lo u n t ( 5 ) ,  and Van Durme (62)*  The l a s t  a u th o r  a l s o  h a s  

s t u d i e d  th e  same p r o o e s s  in  th e  eggs o f  th e  sw allo w , sp a rro w , 

and  g re e n  f in e h *  Wo oom parab le  s tu d y  has been  made o f  f e r t i l i ­

z a t io n  In  t h e  h e n 1 s egg .

As th e  e g g  p a s s e s  th ro u g h  th e  album en p o r t i o n  f o r t y  t o

f i f t y  p e r c e n t  b y  w e ig h t o f  i t s  t o t a l  a lbum en i s  a c q u i r e d ,
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a c c o rd in g  t o  P e a r l  and: C u r t i s  (49)*  D u rin g  t h i s  t im e ,  th e  

n e n - e e l l u l a r  v i t e l l i n e  membrane a l s o  i n c r e a s e s  i n  t h i c k n e s s

due to  a  d e p o s i t  o f t h i c k  a lbum en  on th e  s u r f a c e  o f  t h i s  

s t r u c t u r e ,  B e o a i l lo n  (81) and M cN ally ( 8 8 ) .  T h is  i n c r e a s e  

i n  t h i c k n e s s  may be a s  much a s  one h u n d red  p e r c e n t ,  a c c o rd in g  

t o  M cN ally ( 2 8 ) .

In  t h e  is th m u s  t h e  egg  r e c e i v e s  i t s  two s h e l l  m em branes, 

w h ic h , a c c o rd in g  to  J u l l  (29 ) a r e  com posed o f  m a tte d  o rg a n ic  

f i b e r s  o f  p r o t e i n .  The fo rm a t io n  o f  th e  f i r s t  two c le a v a g e  

fu rro w s  i n  t h e  h e n 's  egg a l s o  o e o u rs  w h ile  th e  egg i s  in  t h i s  

p o r t i o n  o f  th e  o v id u c t .  C o ste  ( 1 2 ) ,  V. K o H ik e r  (SO ), D uval 

(17 ) ( 1 8 ) ,  and P a t t e r s o n  (4 7 ) have s t u d i e d  th e  fo rm a tio n  o f  th e  

f i r s t  e le a v a g e  fu rro w  in  t h e  h e n 's  e g g , e s p e c i a l l y  a s  to  i t s  

d i r e c t i o n  w i t h  r e s p e c t  t o  t h e  lo n g  a x i s  o f  th e  f u tu r e  em bryo. 

C leav ag e  i n  t h e  p ig e o n  egg was s t u d i e d  by H a rp e r  ( 2 5 ) ,  B lo u n t 

( 5 ) ,  an d  Van Durme ( 6 2 ) .  The l a s t  a u th o r  a l s o  u se d  th e  eggs 

o f  t h e  sw a llo w , sp a rro w  an d  g re e n  f i n c h  in  h e r  s t u d i e s .

W hile i n  t h e  u t e r u s  th e  volum e o f w h ite  i n  t h e  egg i n ­

c r e a s e s  by n e a r l y  one h u n d red  p e r c e n t ,  P e a r l  and  C u r t i s  ( 4 9 ) ,  

The u t e r i n e  f l u i d  w hich i s  added  e n t e r s  th e  egg by o sm o sis  a n d , 

a c c o rd in g  t o  B e a d le ,  Conrad a n d  S o o t t  ( 4 ) ,  i s  e s s e n t i a l l y  a  

s o l u t i o n  o f in o r g a n ic  s a l t s .  The egg s lo w ly  r o t a t e s  in  th e  

u t e r u s ,  a c c o rd in g  t o  H ansen (24) and Conrad and P h i l l i p s  ( 1 0 ) ,  

w h ich  r e s u l t s  i n  t h e  t w i s t i n g  o f  s t r a n d s  o f m ucin f i b e r s  a t  

t h e  two en d 8 o f  th e  y o lk .  These two t w i s t e d  s t r a n d s  o f  f i b e r s  

a r e  known a s  t h e  e h a la z a e .  I t  i s  a l s o  i n  t h i s  p o r t io n  o f  th e  

o v id u c t  t h a t  t h e  egg  r e c e i v e s  i t s  c a lc a r e o u s  s h e l l  and  t h e
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s o - c a l l e d  bloom  i e h  i s  d e p o s i te d  on th e  o u te r  s u r f a c e  o f  

t h e  s h e l l*  D uring  th e  s o jo u r n  o f  t h e  egg i n  th e  u t e r u s  th e  

d e v e lo p in g  b l a s t o d i s c  p a s s e s  th ro u g h  a l l  th e  c le a v a g e  s t a g e s  

from  th e  e i g h t - o e l l  s t a g e  to  t h a t  fo u n d  a t  t h e  t im e  o f  

g a a t r & la t io n .

The egg  a s  i t  p a s s e s  th ro u g h  th e  o v id u c t  i s  fo rm ed  

u s u a l l y  w i th  t h e  s m a ll  end  c a u d a l b u t  may i n  some in s t a n c e s  

be  fo rm ed  w i th  t h e  b l u n t  end  d i r e c t e d  to w a rd  th e  c lo a c a ,  a s  

w as shown by O lsen  and  B y e r ly  (43)*  The same a u th o r s  in  a  

l a t e r  p u b l i c a t i o n  (4 4 ) p r e s e n te d  d a ta  show ing t h a t  th e  em bryos 

i n  n a t u r a l l y  l a i d  eggs a re  in v e r t e d  on th e  y o lk  i n  11*8 p e r c e n t  

o f  th e  e a s e s  w ith  r e s p e c t  t o  t h e  o r i e n t a t i o n  c o n s id e re d  a s  

n o rm a l. T hese d a ta  i n d i c a t e d  t h a t  m ost o f  th e  eggs c o n ta in in g  

su c h  i n v e r t e d  em bryos w ere form ed i n  t h e  o v id u c t  w i th  th e  l a r g e  

end  o f  t h e  s h e l l  d i r e c t e d  to w a rd  th e  c lo a c a .

MATERIALS AND METHODS

O r ig in  o f  e g g s  u s e d . M ost o f  th e  f e r t i l e  eggs u sed  i n  

th e  s tu d y  o f  m a tu r a t io n  and  f e r t i l i z a t i o n  w ere  c o l l e c t e d  from  

t h e  o v a r ie s  and  o v id u c t  o f  a g ro u p  o f  n a t u r a l l y  f e r t i l i z e d  

W hite  L eg h o rn  a n d  Rhode I s l a n d  Red hens w hich  w ere  b e in g  

s la u g h te r e d  fo r  o th e r  p u rp o s e s . The m a t e r i a l  was f ix e d  i n  

B e n in 's  a s  i t  was c o l l e c t e d .  A r e c o r d  was k e p t  o f  t h e  d a te  

and  tim e  o t  c o l l e c t i o n s ,  th e  p o s i t i o n  o f  th e  egg i n  t h e  o v i ­

d u c t  and  th e  p r e v io u s  l a y in g  s c h e d u le  o f  th e  b i r d .

The u t e r i n e  e g g s  u se d  f o r  o b ta in in g  th e  s e r i e s  o f no rm al 

c le a v a g e  s t a g e s  shown i n  P l a t e s  5 and  16 w ere s e c u re d  from  a
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m ass-m a ted  fL ock  o f  W hite  L egho rn  a n d  Rhode I s l a n d  Red h e n s . 

Seme o f  t h e s e  eg g s w e re  o b ta in e d  by p a l p a t i o n ,  u s in g  th e  

te c h n iq u e  d e s c r ib e d  by O lse n  a n d  B y e r ly  ( 4 3 ) .  The m a jo r i t y  

o f  th o s e  e g g s , ho w ev er, w ere o b ta in e d  by i n j e c t i n g  t h r e e  r a t  

u n i t s  o f  p o s t e r i o r  p i t u i t a r y  e x t r a o t  i n to  th e  l e g  m uso le  o f  

e a e h  b ird *  By t h i s  p ro o e d u re , d e s c r ib e d  by R id d le  (SO) and 

by B urrow s and  B y e r ly  ( 9 ) ,  i t  was p o s s ib l e  to  o b ta in  p re m a tu re  

eg g s  f i v e  h o u rs  a f t e r  th e  e s t im a te d  tim e  o f o v u la t i o n .  A f te r  

o b t a in in g  th e s e  p re m a tu re  u t e r i n e  e g g s , th e  p ro c e d u re  fo llo w e d  

w as t o  m ark t h e  a n t e r i o r  end  o f th e  b l a s t o d i s e  by i n s e r t i n g  a  

c o a r s e  h a i r  i n t o  th e  y o lk  n e a r  th e  f u t u r e  head  re g io n *  The 

s h e l l  m em branes and  a lbum en w ere n e x t  rem oved and  th e  y o lk  

p la o e d  i n  B o n in 's  f i x i n g  f l u id *

The i n f e r t i l e  u t e r i n e  e g g s  u se d  f o r  d e v e lo p in g  th e  

te c h n iq u e  o f  a r t i f i c i a l  im p re g n a tio n  a s  w e l l  a s  th o s e  u se d  

to  s tu d y  f r a g m e n ta t io n  w ere s e c u re d  from  b i r d s  w hich w ere 

k e p t  i n  i n d iv id u a l  c a g e s  o f l a y in g  b a t t e r i e s *  T hese b i r d s  

had  n o t  b e en  w i th  m a le s  f o r  more th a n  t h r e e  m onths p r i o r  t o  

th e  t im e  t h e i r  eg g s  w ere o b ta in e d  f o r  t h i s  s tu d y *  As an  ad d ed  

p r e c a u t i o n ,  eggs l a i d  by th e s e  b i r d s  w ere t e s t e d  f o r  f e r t i l i t y  

p r i o r  t o  th e  t im e  th e  b i r d s  w ere used* The f e r t i l i t y  t e s t ,  

w h ich  c o n s i s t e d  o f  in c u b a t in g  th e  eggs f o r  f o r t y - e i g h t  h o u rs  

and  th e n  exam in ing  th e  g e rm in a l  d i s c s  f o r  s ig n s  o f  d e v e lo p m e n t, 

showed t h a t  a l l  eggs l a i d  by th e  g ro u p  o f b i r d s  w ere i n f e r t i l e *  

T hese  p a r t i c u l a r  b i r d s  w ere  o b se rv e d  e ac h  h o u r i n  o r d e r  t o  know 

th e  a p p ro x im a te  tim e  when th e  p re v io u s  egg was l a i d .  From 

t h e s e  d a ta  i t  was p o s s ib l e  t o  e s t im a te  th e  tim e  of o v u la t io n
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o f  th e  n e x t  ovum. In  t h i s  r e g a r d  i t  w i l l  be r e o a l l e d  t h a t  

b o th  W arren  a n d  S o o t t  (66) and M oH ally and B y e r ly  (37) r e ­

p o r te d  t h a t  o v u la t i o n  o c c u rs  i n  th e  m a jo r i ty  o f  b i r d s  w i th in  

o n e - h a l f  h o u r a f t e r  l a y i n g .  T h e r e fo r e ,  by  knowing th e  tim e  

o f  o v u la t io n  and  th e  t im e  when t h e  p re m a tu re  a o f t - s h e l l e d  

egg  was o b ta in e d  from  t h e  u t e r u s ,  i t  w as p o s s ib l e  t o  e s t im a te  

t h e  ag e  o f  any  g iv e n  egg . T hese p re m a tu re  i n f e r t i l e  eggs 

w ere  o b ta in e d  betw een  th e  h o u rs  o f Z and  4 p .  m. on th e  a f t e r ­

noon  p re c e d in g  th e  day when th e y  n o rm a lly  would have been  l a i d .  

I n  o t h e r  w o rd s , t h e  i n f e r t i l e  e g g s  u se d  in  t h i s  p h a se  o f th e  

s tu d y  w ere  a p p ro x im a te ly  f i v e  to  se v en  h o u rs  o ld .

A r t  i f i  c i a l  im pr e g n a t  i  o n . S e v e r a l  p ro c e d u re s  w ere t r i e d  

In  d e v e lo p in g  a  s a t i s f a c t o r y  m ethod o f  a r t i f i c i a l l y  im p reg ­

n a t i n g  i n f e r t i l e  e g g s . One p ro c e d u re  was to  rem ove th e  s h e l l  

m em branes an d  a lbum en . The y o lk  w as th e n  p la c e d  in  a s m a ll  

p o r e e l a i n  c u p , and  a  d ro p  of u n d i lu te d  semen d e p o s i te d  on th e  

g e rm in a l  d i s c .  The p o r c e l a i n  cup c o n ta in in g  th e  y o lk  was th e n  

p la c e d  i n  a  c o v e re d  d i s h  w i th in  an  in c u b a to r  f o r  f i f t e e n  m in­

u t e s  an d  k e p t  a t  105° F . A f t e r  t h i s  i n t e r v a l  th e  album en was 

a g a in  r e p l a c e d  and  th e  egg a llo w e d  to  in c u b a te  f o r  th e  l e n g th  

o f  t im e  d e s i r e d .  O th e r  m ethods v faich  w ere s l i g h t  m o d if ic a ­

t i o n s  o f t h a t  j u s t  d e s o r ib e d  w ere a l s o  t r i e d .  T hese m o d if ic a ­

t i o n s  c o n s i s t e d  o f  su c h  p ro c e d u re s  a s  w ash ing  th e  v i t e l l i n e  

membrane w i th  e i t h e r  norm al s a l i n e  o r  R in g e r 's  s o l u t i o n  fo l lo w ­

in g  rem o v a l o f  th e  a lbum en a n d  b e f o r e  im p re g n a tio n  and  in  u s in g  

d i f f e r e n t  ty p e s  o f  c o n ta in e r s ,  in c lu d in g  p o r t i o n s  o f  egg s h e l l  

f o r  in c u b a t in g  th e  y o lk .
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The m ost s u c c e s s f u l  m ethod found to  d a te  o o n s i s t e d  o f

s im p ly  i n j e c t i n g  one d ro p  o f  a  one to  f i f t y  d i l u t i o n  o f  f r e s h

sem en b e n e a th  th e  v i t e l l i n e  membrane n e a r  one edge o f th e

b l a s to d i s c *  An o r d in a r y  hypoderm ic s y r in g e  f i t t e d  w i th  a

Ho* 27 g au g e  n e e d le  p ro v e d  s a t i s f a c t o r y  f o r  t h i s  p u rp o se*  A

m o d if ie d  R i n g e r 's  s o l u t i o n  o f  th e  c o m p o s itio n  d e s o r ib e d  by

B o n n ie r  a n d  T ru ls s o n  (6 ) w as u se d  a s  a  d i l u e n t  f o r  t h e  semen*

T h is  s o l u t i o n  w as o f  th e  fo l lo w in g  c o m p o s it io n :

In  1 0 ,0 0 0  oc* o f  w a te r  w ere d i s s o lv e d :

HaCl 6 8 ,0 0  g ram s
KOI 1 7 .3 3  gram s
OaClo 6*42 gram s
MgSC^ 2*50 gram s
HaHCOg 24*50 gram s

U sin g  t h i s  m ethod o f  a r t i f i c i a l  im p re g n a tio n , th e  p re m a tu re  

egg  w as k e p t  p r a c t i c a l l y  i n t a c t  s in c e  i t  was o n ly  n e c e s s a r y  

t o  o u t  a  s m a ll  c i r c u l a r  h o le  a b o u t o n e - h a l f  in c h  in  d ia m e te r  

i n  th e  s h e l l  membrane p ro v id in g  i t  was made d i r e o t l y  o v e r th e  

g e rm in a l  d is e *  A f t e r  im p re g n a tio n  th e  e g g ,w i th  i t s  mem branes 

i n t a c t  e x c e p t  f o r  t h e  a n a l l  a p e r t u r e ,  w as p la c e d  In  a  sm a ll  

p o r c e l a i n  cup w hich  a c te d  a s  a  h o ld e r .  The cup c o n ta in in g  th e  

egg w as th e n  p la c e d  w i th in  a  c o v e re d  d i s h  in  w h ich  a  h ig h  r e l a ­

t i v e  h u m id ity  was m a in ta in e d *  The egg was th e n  In c u b a te d  f o r  

th e  d e s i r e d  l e n g t h  o f  tim e  a t  a  te m p e ra tu re  o f 105° F . The 

s h e l l  m em branes and  album en w ere  th e n  rem oved and th e  y o lk  

f i x e d  i n  B o u in 's *

A f t e r  f i x a t i o n ,  th e  e n t i r e  y o lk  w ith  t h e  e x c e p tio n  o f  

th o s e  b l a s t o d i s c s  w hich  w ere  to  b e  p h o to g ra p h e d , w ere rem oved 

from  th e  f i x a t i v e  s o l u t io n  and p la c e d  in  s i x t y  p e rc e n t  a lc o h o l*
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The g e rm in a l  d i s c  w as th e n  c a r e f u l l y  rem oved b y  c u t t i n g  

a ro u n d  i t  w i th  a  s m a ll  p a i r  o f  s c i s s o r s *  The g e rm in a l  d i s c  

was t h e n  p la c e d  i n  s e v e n ty  p e r c e n t  a lc o h o l  fo llo w e d  l a t e r  by 

th e  h ig h e r  a l c o h o l s  and  x y lo l  and  f i n a l l y  em bedded i n  p a r a f f i n .

S t a in s  u s e d * D e l a f i e l d 's  h e m a to x y lin , H e id en h e im f s 

i r o n  h e m a to x y lin , a n d  F e u lg e n ’ s  s t a i n s  w ere u se d  i n  t h e s e  

s t u d i e s .  In  a l l  c a s e s  th e  t i s s u e s  w ere s t a in e d  a f t e r  th e y  

w ere s e c t io n e d .  H e id e n h e im 's  i r o n  h e m a to x y lin  p ro v ed  v e ry  

helpfia.1 i n  s tu d y in g  s t r u c t u r e s  o f  th e  g e rm in a l  v e s i c l e ,  t h e  

m i t o t i c  f i g u r e s  a n d  th e  p o l a r  b o d i e s .  D e l a f i e l d 's  h e m a to x y lin  

was u s e f u l  f o r  s tu d y in g  th e  g r o s s  s t r u c t u r e s  o f  s e c t i o n s  o f  

th e  g e rm in a l  d i s c  and  th e  u n d e r ly in g  y o lk  m a t e r i a l .  The y o lk  

g r a n u le s  a r e  n o t  s t a in e d  a s  d a r k ly  w ith  t h i s  s t a i n  a s  when 

H e i& en h eim 's  i r o n  h e m a to x y lin  i s  u se d . F e u lg e n 's  s t a i n ,  b e ­

c a u se  o f i t s  s p e c i f i c i t y  f o r  c h ro m a tin  m a t e r i a l ,  w as u se d  i n  

d e te rm in in g  th e  p re s e n c e  o r  a b se n c e  o f  c h ro m a tin .

T is s u e  c a r r i e r . D i f f i c u l t y  was e n c o u n te re d  i n  th e  

e a r l i e r  p a r t  o f  th e s e  s t u d i e s  due t o  b re a k a g e  o f  some o f  th e  

t i s s u e s  a s  th e y  a r e  b e in g  t r a n s f e r r e d  from  one r e a g e n t  to  

a n o th e r .  To overcom e t h i s  d i f f i c u l t y ,  th e  d e v ic e  shown in  

f i g .  55 was d e v e lo p e d . T h is  c o n s i s t e d  o f  a f l a t ,  c i r c u l a r  

p l a t e  o f  n o n - c o r r o s iv e  m e ta l  w hich  w as f i t t e d  w i th  a  s e r i e s  

o f  35 s m a ll  cham bers ( o n e - h a l f  in c h  i n  d e p th  and  o n e - h a l f  

in e h  i n  d ia m e te r )  made o f  t h e  same m a t e r i a l .  The p e r f o r a t e d

d i s c  was so  d e s ig n e d  a s  t o  f i t  i n  a  s m a l l - s iz e d  p e t r i  d i s h .

The t i s s u e s  to  be  d e h y d ra te d  w ere  p la c e d  in  th e  s m a ll  p e r ­

f o r a t e d  cham bers w i th  an  accom panying m a rk e r . T h is  t i s s u e
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c a r r i e r  sav ed  much t im e  and  e f f o r t  i n  t h a t  a  l a r g e  num ber o f  

t i s s u e s  c o u ld  be changed  from  one s o l u t i o n  to  a n o th e r  w ith  

one o p e r a t i o n .  The g r e a t e s t  a d v a n ta g e , how ever, was t h a t  

onoe suoh f r a g i l e  t i s s u e s  w ere  p la c e d  i n  t h e i r  r e s p e c t i v e  

co m p artm en ts  th e y  w e re -n o t  h a n d le d  a g a in  u n t i l  th e  tim e  o f  

embedding*

P h o to g ra p h in g  whole m o u n ts . In  th e  s tu d y  o f w hole 

m oun ts , t h e  y o lk  c o n ta in in g  t h e  b l a s t o d i s c  to  b e  p h o to g ra p h e d  

w as t r a n s f e r r e d  from  th e  f i x i n g  f l u i d  t o  s i x t y  p e rc e n t  a lc o h o l .  

The v i t e l l i n e  membrane was t h e n  c a r e f u l l y  rem oved from  t h a t  

a r e a  o f  th e  y o lk  im m e d ia te ly  o v e r  th e  g e rm in a l  d isc *  T h is  

o p e r a t io n  l e f t  th e  g e rm in a l  d i s c  i n t a c t  and i n  i t s  no rm al 

p o s i t i o n  upon t h e  y o lk .  The p o s i t i o n  o f  th e  m arker was th e n  

d e te rm in e d  an d  th e  a n t e r i o r  p o r t io n  o f  th e  b l a s to d i s c  m arked 

w i th  l a b o r a t o r y  in k .  The b l a s t o d i s c  c o u ld  th e n  be e i t h e r  

p h o to g ra p h e d  w h ile  on th e  y o lk  o r rem oved and p la c e d  in  a  

d e p r e s s io n  s l i d e  an d  p h o to g rap h ed *  In  o a s e s  w here th e  g e r ­

m in a l  d i s c  was rem oved , i t  was fo u n d  a d v is a b le  to  c o v e r  th e  

t i s s u e  w ith  f i f t y  p e r c e n t  a lc o h o l  a n d  a  c o v e r  g l a s s  b e f o r e  

p h o to g ra p h in g . B oth  p ro c e d u r e s  o f  h a n d lin g  t h i s  ty p e  o f  ma­

t e r i a l  w ere  u se d  b u t  th e  l a t t e r  was p r e f e r r e d  due to  e a s e  i n  

h a n d lin g  th e  t i s s u e .

I t  w as fo u n d  v e ry  h e lp f u l  i n  th e  c a s e  o f  c le a v a g e  

s t a g e s  to  s t a i n  t h e  b l a s t o d i s c  b e fo re  p h o to g ra p h in g . G e n tia n  

v i o l e t  s t a i n  p ro v ed  u s e f u l  f o r  t h i s  p u rpose*  The b l a s t o d i s c  

t o  he  p h o to g ra p h e d  w as f i r s t  o v e r s t a in e d ,  th e n  d e s t a in e d  w ith  

f i f t y  p e r c e n t  a lc o h o l  u n t i l  a  p o in t  was re a c h e d  w here m ost o f
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t h e  e o lo r  w as rem oved  from  t h e  u p p e r s u r f a c e s  o f  t h e  o e l l s  

bh$ some s t i l l  re m a in e d  i n  th e  d e a v a g e  fu rro w s*  T h is  

c r e a t e d  a  m arked c o n t r a s t  b e tw een  th e  o le a v a g e  fu rro w s  and 

th e  c e l l s  p ro p er*  The c e l l s  i n  some b l a s t o d i s o s  w h ich  w ere 

b a r e l y  v i s i b l e  i n  an  u n s ta in e d  c o n d i t io n  c o u ld  e a s i l y  be seen  

by  t h i s  method* A l l  p h o to m ic ro g ra p h s  o f w hole m ounts shown 

i n  p l a t e s  5 a n d  6 w ere  ta k e n  a t  m a g n i f ic a t io n s  o f tw e lv e  to  

tw e n ty -o n e  tim es*

RESULTS AND DISCUSSION

N u c le i  o f  im m ature o o c y te s * The n u c le u s  o r  g e rm in a l  

v e s i e l e  i n  t h e  s m a l l e s t  f o l l i c l e s  o f th e  a d u l t  o v a ry  i s  l o ­

c a te d  n e a r  t h e  c e n t e r  o f  th e  d e v e lo p in g  oocy te*  At t h i s  s ta g e  

o f  g ro w th  th e  n u c le u s  i s  r e l a t i v e l y  l a r g e  i n  com p ariso n  to  th e  

t o t a l  volum e o f  th e  f o l l i c l e *  The c h ro m a tin  m a t e r i a l  i n  th e  

n u c le u s  s t a i n s  d e e p ly  w i th  su ch  b a s ic  s t a i n s  a s  D e l f i e l d ' s  

h e m a to x y lin  and  H e id e n h e in ^ s  i r o n  h em ato x y lin *  In  p l a t e  1 ,  

f ig *  1 ,  i s  shown a  v e ry  young o o o y te  w ith  i t s  r e l a t i v e l y  l a r g e  

n u c le u s*  T h is  o o o y te  was *09 mm* i n  d ia m e te r  w h ile  i t s  n u c le u s  

m easu red  *026 mm. T h is  m eans t h a t  th e  n u c le u s  in  f o l l i c l e s  o f  

t h i s  s t a g e  o f  g ro w th  r e p r e s e n t s  a p p ro x im a te ly  6*4 p e r c e n t  o f  

th e  t o t a l  volume o f  th e  oocy te*

In  f ig *  Z i s  shown a  c r o s s  s e c t i o n  o f a  s l i g h t l y  o ld e r  

ooey te*  The d ia m e te r  o f th e  f o l l i c l e  in  t h i s  c a s e  was *41 mm*

w h ile  t h a t  o f  i t s  n u c le u s  was *09 mm* The n u c le u s  t h e r e f o r e  a t  

t h i s  s t a g e  o f  d ev e lo p m en t r e p r e s e n t s  a p p ro x im a te ly  1*6 p e rc e n t

o f  th e  t o t a l  volum e o f  th e  oocyte*  T h is  means t h a t  d u r in g  

th e s e  e a r l y  s ta g e s  o f  g ro w th , th e  n u c le u s ,  a l th o u g h  in c r e a s in g
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i n  s i z e ,  d o e s  so  a t  a  s lo w e r  r a t e  th a n  th e  e y to p la s m ie  m a te r ­

ia l*

F ig s*  1 a n d  Z a l s o  show a n o th e r  m arked change in  th e  

n u c l e i  o f  f o l l i c l e s  a t  t h e s e  s ta g e s  o f  grow th* T hese two 

f o l l i c l e s  w e re  s t a in e d  s im u l ta n e o u s ly  in  H e id e n h e im 's  i r o n  

h em a to x y lin *  n e v e r t h e l e s s  th e  c h ro m a tin  m a t e r i a l  in  th e  

n u c le u s  o f  th e  y o u n g e r f o l l i c l e  s t a i n s  more d e e p ly  th a n  t h a t  

o f  th e  o l d e r  o o cy te*  T h is  s h i f t  in  s t a i n i n g  r e a c t i o n  from  a 

b a s o p h i l i c  t o  a  more a c i d o p h i l i c  c o n d i t io n  w as c o n s id e r e d  by 

B ra c k e t  ( ? )  t o  be  due to  th e  p ro d u c t io n  o f  th y m o n u e le ie  a c i d  

d u r in g  t h e  c o u rs e  o f  y o lk  fo rm a tio n *

In  f ig *  3 i s  shown a f o l l i c l e  a t  a  s t i l l  l a t e r  s ta g e  

o f  developm en t*  In  t h i s  c a se  th e  f o l l i c l e  ha? a  d ia m e te r  o f  

1*7 mm* w h ile  t h a t  o f i t s  n u c le u s  m easu re s  *28 mm* The 

n u c le u s  or g e rm in a l  v e s i c l e  i n  an  o o c y te  o f  t h i s  s iz e  i s  

fo u n d  i n  an e c c e n t r i c  p o s i t i o n  hav ing  m ig ra te d  from  th e  more 

c e n t r a l  p o s i t i o n  shown in  f ig *  2 to w a rd  th e  p e r ip h e r y  o f  th e  

c e l l*  The s h i f t  i n  th e  s t a i n i n g  r e a c t i o n s  o f  th e  n u c le u s  o f  

ova o f  t h i s  s i z e  i s  even more p ro n o u n ced  th a n  was th e  c a se  o f  

th e  f o l l i c l e  shown i n  f ig *  2* In  f o l l i c l e s  o f t h i s  s i z e  b o th  

t h e  c h ro m a tin  m a t e r i a l  and  th e  n u c le a rp la s m  a p p e a rs  t o  s t a i n  

l e s s  i n t e n s e ly  th a n  i n  th e  s t a g e s  o f grow th  r e p r e s e n te d  in  

f ig s *  1 a n d  2*

The g e rm in a l  v e s i c l e  o f  m atu re  f o l l i c l e s . In  f ig *  5 

i s  shown a  m ed ian  c r o s s  s e c t i o n a l  v iew  o f  th e  b l a s t o d i s c  o f  

a n  o o o y te  w h ich  was rem oved from  th e  o v a ry  f o r t y - e i g h t  h o u rs  

p r i o r  t o  th e  e s t im a te d  tim e  o f  o v u la tio n *  The g e rm in a l  v e s i c l e
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a s  show n i n  t h i s  p h o to m ic ro g ra p h  h a s  m ig ra te d  t o  one edge 

o f  t h e  f o l l i c l e  and now l i e s ,  a s  n o te d  by  L i l l i e  ( 3 2 ) ,  in  

th e  o e n te r  o f  a  th to k e n e d  m ass o f  p ro to p la s m  known a s  th e  

g e rm in a l  d isc *  In  f o l l i c l e s  o f t h i s  s i z e  ( a p p ro x im a te ly  

t h i r t y - t h r e e  mm* i n  d ia m e te r )  th e  g e rm in a l  v e s i o l e  a lm o s t 

i n v a r i a b l y  assum ed  th e  sh a p e  shown i n  f ig *  5* The o u te r  

s u r f a c e  o f  th e  g e rm in a l  v e s i o l e  i s  f l a t t e n e d  a g a i n s t  th e  

v i t e l l i n e  membrane w h ile  i t s  in n e r  s u r f a c e  rem a in s  convex  in  

shape*  The g e rm in a l  v e s i e l e  a s  shown i n  f ig *  5 i s  su r ro u n d e d  

by  a  d e f i n i t e  n u c le a r  membrane* The i n t e r i o r  s t r u c t u r e  o f  

th e  g e rm in a l  v e s i o l e  o f  n e a r ly  m a tu re  f o l l i c l e s  a p p e a rs  to  be 

com posed o f  a  f i n e  n e tw o rk  o f d e l i c a t e  f ib e r s *  W ith in  t h i s  

n e tw o rk  o f  f i b e r s  i s  a  c l e a r  n u c le a r  sa p  w h ich  a t  t h i s  s t a g e  

o f  g ro w th  i s  q u i t e  r e s i s t a n t  to  n e a r ly  a l l  n u c le a r  s t a in s *

In  s e c t i o n s  s t a i n e d  i n  D e l a f i e l d 's  h e m a to x y lin , f o r  ex am p le , 

t h e  s u r ro u n d in g  p ro to p la s m  s t a i n s  d e e p ly  w h ile  t h e  g e rm in a l  

v e s i c l e  r e t a i n s  i t s  o r i g i n a l  g r a y i s h  c o lo r*

W ith in  th e  m esh w o rk  o f  th e  g e rm in a l  v e s io le  a t  t h i s  

s t a g e  o f  d ev e lo p m en t a r e  found s c a t t e r e d  s t r a n d s  o f  c h ro m a tin  

w h ich  c an  be  s e e n  i n  c e r t a i n  w e l l  s t a i n e d  s e c t io n s  o f  t h i s  

s t r u c tu r e *  In  l a t e r  s t a g e s ,  to  b e  d i s c u s s e d  l a t e r ,  th e  

c h ro m a tin  i s  l e s s  s c a t t e r e d  an d  i s  fo u n d  n e a r  th e  c e n te r  o f  

th e  g e rm in a l  v e s ie le *

The g e rm in a l  v e s i c l e  in  m a tu re  f o l l i c l e s  i s  r e l a t i v e l y  

l a r g e  i n  co m p a riso n  to  th e  b la s to d i s c *  In  th e  c a s e  of tw e n ty  

sp e c im en s  t h e  a v e ra g e  s i z e  o f  th e  g e rm in a l  v e s i c l e ,  a s  s e e n  in  

c r o s s  s e c t i o n ,  w as fo und  to  be  350 m ic ro n s  in  w id th  an d  105 

m ic ro n s  i n  dep th*  V a r ia t io n s  o f  210 to  400 m ic ro n s  in  w id th
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an d  90 t o  110 m ie ro n s  i n  d e p th  w ere  fo u n d .

As v iew ed  from  th e  s u r f a c e ,  th e  g e rm in a l v e s i c l e  a p ­

p e a r s  t o  h e  n e a r l y  c i r c u l a r  i n  sh a p e . I t s  r e l a t i v e  p o s i t i o n  

an d  s i a e  i n  r e l a t i o n  to  th e  s u r ro u n d in g  p ro to p la sm  ean h e  

ju d g e d  from  th e  p h e to m is re g ra p h  da own i n  f i g .  4 . In  t h i s  

p a r t i c u l a r  e a s e  t h e  g r e a t e s t  d ia m e te r  o f  th e  g e rm in a l  v e s i o le  

w as fo u n d  t o  h e  300 m ie ro n s .

A c r o s s  s e c t i o n a l  v iew  o f th e  b l a s t o d l s c  o f  a  f o l l i c l e  

ta k e n  fro m  t h e  o v a ry  a p p ro x im a te ly  tw e n ty - fo u r  h o u rs  p r i o r  to  

th e  e s t im a te d  tim e  o f  o v u la t io n  i s  shown i n  f i g .  6 . The w a l ls  

o f  th e  g e rm in a l  v e s i c l e  a s  shown i n  t h i s  p h o to m ic ro g ra p h  a r e  

b e g in n in g  t o  d i s i n t e g r a t e .  T h is  d e g e n e r a t io n  o f  th e  n u c le a r  

w a l l  i s  i n d i c a t e d  hy t h e  v a c u o le s  w h ich  have form ed on e i t h e r  

s id e  o f  th e  u p p e r s u r f a c e  o f  t h e  g e rm in a l  v e s i o l e  and  a l s o  hy 

th e  f a c t  t h a t  th e  c o n te n t s  o f  th e  g e rm in a l  v e s i o l e  e re  b e g in n in g  

t o  s p re a d  l a t e r a l l y .  I t  w i l l  h e  o b se rv e d  by  com paring  f i g u r e s  

4  an d  6 t h a t  th e  in n e r  s u r f a c e  o f  th e  g e rm in a l v e s i o l e  o f  th e  

o l d e r  egg  h a s  f l a t t e n e d .

In  t h e  p h o to m ic ro g ra p h  shown in  f i g .  7 o f  p l a t e  2 , th e  

d e g e n e ra t io n  o f  th e  g e rm in a l  v e s i c l e  a p p e a rs  to  b e  even i n  a  

more ad v an ced  s t a t e  th a n  t h a t  shown in  f i g .  6 . The u p p e r s u r ­

f a c e  o f  th e  g e rm in a l v e s i c l e  h a s  s e p a r a te d  from  th e  s u r ro u n d in g  

p ro to p la s m  l e a v in g  a  v a c u o la te d  a r e a  w h ich  i s  p a r t i a l l y  f i l l e d  

w i th  a  b la c k  r e s i d u e .  T h is  r e s id u e  w hich  i s  d e r iv e d  from  th e

d i s i n t e g r a t e d  g e rm in a l  v e s i c l e  re s e m b le s  c h ro m a tin  a s  to  c o lo r  

when s t a i n e d  w ith  H e id c n h e im 's  i r o n  h e m a to x y lin . T h is  m a t e r i a l , 

h o w ev er, p ro b a b ly  i s  n o t c h ro m a tin  s in c e  i t  i s  n o t  c o lo r e d  when 

F e tG g en f s  s t a i n  i s  u se d .
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I n  f i g ,  8 i s  shown a  c r o s s  s e o t io n a l  v iew  o f  th e  

b l a s t o d i s c  o f  a  m a tu re  f o l l i c l e .  T h is  f o l l i c l e  was rem oved 

from  th e  o v a ry  o f  a  hen j u s t  p r i o r  to  t h e  tim e  o f  o v u la t io n .  

T h is  p h o to g ra p h  c l e a r l y  show s th e  u l t im a te  f a t e  o f th e  g e rm in a l 

v i s i e l e .  I t s  w a l l s  a t  t h i s  s t a g e  have c o m p le te ly  b ro k e n  down 

a l lo w in g  t h e  f l u i d  c o n te n ts  t o  s p re a d  l a t e r a l l y  in  a t h i n  

s h e e t  b e n e a th  t h e  v i t e l l i n e  m em brane. The m a te r i a l  from  th e  

g e rm in a l v e s i o l e  i n  t h i s  in s ta n c e  was found  in  more th a n  

s e v e n ty - f iv e  s e c t i o n s  c u t  t e n  m ic ro n s  i n  t h i c k n e s s .

By co m p arin g  f i g u r e s  5 , 6 and  8 i t  w i l l  b e  o b se rv e d  

t h a t  t h e  p ro to p la s m  o f  th e  g e rm in a l  d i s c , a s  w e l l  a s  th e  con­

t e n t s  o f  th e  g e rm in a l  v e s i  c l e , h a s  sp re a d  l a t e r a l l y .  T h is  

th in n in g  a n d  sp re a d in g  o f  t h e  p ro to p la sm  and  t h e  c o n te n ts  o f  

th e  g e rm in a l  v e s i o l e  i s  u n d o u b te d ly  a s s o c i a t e d  w i th  t h e  i n ­

c r e a s e d  i n t e r n a l  p r e s s u r e  w i th in  t h e  f o l l i c l e  and w ith  th e  

w eakening  o f  th e  f o l l i c l e  w a l l .

C ro ss  s e c t io n s  o f  t h e  g e rm in a l  d i s c s  o f  f o l l i c l e s  r e ­

moved from  th e  o v a ry  a  few h o u rs  p r i o r  to  t im e  o f o v u la t io n  

show a n a l l  a r e a s  of c h ro m a tin  m a te r ia l  n e a r  th e  c e n te r  o f th e  

g e rm in a l  v e s i c l e .  The c h ro m a tin  th r e a d s  a t  t h i s  p e r io d  o f  

developm en t a r e  e x tre m e ly  v a r i a b l e  i n  shape  and  s i z e  ( f i g u r e s  

9 ,  10 and  1 1 ) ,  In  one in s ta n c e  th e  chrom osomes a p p e a re d  to  

be a r r a n g e d  i n  t e t r a d s , a  s t a g e  p r e p a r a to r y  to  th e  f i r s t  

m a tu r a t io n  d i v i s i o n .  The t e t r a d s  w e re  found  i n  a  sm a ll g ro u p  

n e a r  one edge o f  t h e  g e rm in a l  v e s i c l e .  I t  was p o s s ib le  to  

c o u n t e ig h te e n  o f  th e s e  s t r u c t u r e s ,  th e  m ost o f vuhich a p p e a r  

i n  th e  p h o to m ic ro g ra p h  shown in  f i g .  1 2 , O nly s l i g h t  v a r i a t i o n s  

i n  sh ap e  and  s i z e  w ere  n o te d  among t h e  in d iv id u a l  t e t r a d s .
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I f  th e  ohromosomea shown in  f i g .  12 a r e  in  a  t r u e  t e t r a d  

c o n d i t i o n ,  i t  w ould i n d i c a t e  t h a t  in  t h e  fo w l t h e r e  a r e  a t  

l e a s t  e ig h te e n  p a i r s  o f  chrom osom es. W ilson  ( 6 9 ) ,  i t  w i l l  

he  r e c a l l e d ,  h a s  shown t h a t  th e  num ber o f  t e t r a d s  i n  a  g iv e n  

s p e c i e s  i s  a lw ay s  o n e - h a l f  t h e  u s u a l  num ber o f  chrom osomes 

f o r  t h a t  s p e c i e s .

F o rm a tio n  o f  f i r s t  p o l a r  body . A s t i l l  l a t e r  s ta g e  in  

th e  m a tu r a t io n  p r o c e s s  i s  shown i n  f i g u r e s  1 3 , 14 and  1 5 .

T hese p h o to m ic ro g ra p h s  ta k e n  o f  tw o s u c c e e d in g  s e c t i o n s  th ro u g h  

th e  g e r m in a l  v e s i o l e  o f  a  m atu re  o v a r ia n  f o l l i o l e  show an  e a r l y  

a n a p h a se  s ta g e  i n  t h e  fo rm a t io n  o f  t h e  f i r s t  p o l a r  body. The 

chrom osom es a p p e a re d  in  two s e c t i o n s  and  i n  th e s e  p h o to m ic ro ­

g ra p h s  a r e  shown i n  t h e  p ro c e s s  o f b e in g  draw n t o  o p p o s i te  

ends o f  th e  s p in d le .  The s p i n d l e ,  a lth o u g h  n o t v i s i b l e  in  

e i t h e r  o f  th e  t h r e e  p h o to g ra p h s , c o u ld  be s e e n  by c a r e f u l  

f o c u s in g  and  was fo u n d  t o  b e  l y in g  w i th  i t s  lo n g  a x i s  a t  r i g h t  

a n g le s  t o  t h e  s u r f a c e  o f  th e  eg g . The r e c o n s t r u c te d  draw ing  

shown b e lo w  was made o f  th e  two s e c t i o n s  o f  t i s s u e  to  show th e  

r e l a t i v e  s i z e  and  p o s i t i o n  o f  th e  chrom osom es.

F ig .  A. Re c o n s t r u c t  i S F o f  
t h e  s p in d le  o f  th e  f i r s t  
p o l a r  body shown in  f i g s .

1 3 , 1 4 , and 15 .
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In  p l a t e  3 ,  f i g u r e  1 6 , i s  shown a o ro s s  s e c t i o n a l  view  

o f  th e  g e rm in a l  d i s c  o f  a  m a tu re  f o l l i c l e  w h ic h  was rem oved 

fro m  th e  o v a ry  a b o u t one h o u r p r i o r  to  th e  e s t im a te d  tim e  o f  

o v u l a t i o n .  T h is  p h o to g ra p h  show s th e  f i r s t  p o l a r  body w hioh 

h a s  b e e n  e x tru d e d  from  th e  egg ly in g  in  a  s m a ll  d e p r e s s io n  in  

th e  p ro to p la s m  im m e d ia te ly  b e n e a th  th e  v i t e l l i n e  membrane*

What a p p e a rs  t o  be  th e  s p in d le  fo rm a tio n  o f  th e  seco n d  p o la r  

body i s  shown a  s h o r t  d i s t a n c e  to  th e  l e f t  o f  th e  p o la r  body*

The p o l a r  body i n  t h i s  e a s e  w as fo u n d  to  b e  seven  m ic ro n s  in  

l e n g t h ,  t h r e e  m ie ro n s  i n  d e p th ,  and  t e n  m ic ro n s  o r  l e s s  i n  

t h i c k n e s s .  I n  t h i s  p a r t i c u l a r  c a se  th e  c y to p la sm  made up th e  

l a r g e s t  p r o p o r t io n  o f  th e  p o la r  body*

In  f i g .  20 i s  shown a  e r o s s  s e c t i o n a l  v iew  o f  th e  

b l a s t o d i s e  o f  a n o th e r  m a tu re  o v a r ia n  f o l l i c l e *  In  t h i s  t i s s u e  

o n ly  s m a ll  i s o l a t e d  p o r t io n s  o f  th e  g e rm in a l  v e s i c l e  c o u ld  be 

found* In  th e  tw o s m a ll  v a c u o le s  shown in  f ig *  20 w h ioh  w ere 

f i l l e d  w i th  m a t e r i a l  from  th e  g e rm in a l v e s i o l e ,  w ere found  

ffwwiii p o r t i o n s  o f  c h ro m a tin  m a te r ia l*  In  th e  c a se  o f  th e  

s m a l l e r  v a c u o le ,  th e  c h ro m a tin  was p r e s e n t  i n  t h r e e  s e c t i o n s  

o f  t i s s u e  and m ig h t p o s s ib ly  be  i n t e r p r e t e d  a s  an e a r l y  s ta g e  

i n  th e  fo rm a t io n  o f  th e  f i r s t  p o l a r  body* The s m a lle r  quan­

t i t y  o f  c h ro m a tin  shown i n  th e  second  v a c u o le  in  f i g .  20 p r o ­

b a b ly  r e p r e s e n t s  p o r t io n s  o f  t h i s  m a t e r i a l  from  th e  d i s i n t e g r a t e d  

g e rm in a l  v e s i c l e  w h ic h  was n o t  in v o lv e d  in  th e  m a tu ra t io n  p ro c e ss*  

W ilso n  (69 ) i n  d i s c u s s in g  th e  f a t e  o f  some o f  th e  c h ro m a tin  ma­

t e r i a l  i n  t h e  eggs o f  o th e r  a n im a ls  s t a t e s  11 I t  i s  a v e ry  i n t e r ­

e s t i n g  and im p o r ta n t  f a c t  t h a t  d u r in g  th e  g ro w th  and m a tu ra t io n
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o f  th e  ovum a  l a r g o  p a r t  o f  th e  c h ro m a tin  o f  th e  g e rm in a l  

v e s i o l e  may he l o s t  e i t h e r  by p a s s in g  o u t  b o d i ly  i n to  th e  

c y to p la s m , by c o n v e rs io n  i n t o  supernum ery  o r  a c c e s s o ry  

n u c l e o l i  w hioh  f i n a l l y  d e g e n e ra te ,  o r  by  b e in g  c a s t  o u t and  

d e g e n e r a t in g  a t  t h e  t im e  th e  p o l a r  b o d ie s  a r e  fo rm e d ."

In  f i g u r e s  1 7 , 18 and  19 a r e  shown c ro s s  s e c t i o n a l  

v iew s o f  th e  g e rm in a l  d i s e s  o f th r e e  new ly  o v u la te d  y o lk s .

She e g g s  from  w h ic h  th e s e  t i s s u e s  w ere  o b ta in e d  w ere  fo u n d  

i n  t h e  body  c a v i t i e s  o f -three h en s  n o t  a s  y e t  h a v in g  been  

p ic k e d  up by th e  in fu n d ib u lu m . In  each  o f  t h e s e  p h o to m ic ro ­

g ra p h s  a  f i r s t  p o l a r  body i s  shown ly in g  in  a  s n a i l  d e p re s s io n  

i n  th e  p ro to p la s m  n e a r  th e  c e n t e r  of t h e  g e rm in a l  d i s c  and  im­

m e d ia te ly  b e n e a th  th e  v i t e l l i n e  membrane. The p o la r  body shown 

i n  f i g .  17 w as fo u n d  t o  b e  tw e n ty  m ic ro n s  i n  l e n g t h ,  sev en  an d  

s i x - t e n t h s  m ic ro n s  i n  d e p th ,  an d  more th a n  t e n  m ic ro n s  i n  

w id th .  The one shown in  f i g .  18 m easu re s  tw e lv e  and e i g h t -  

t e n t h s  m ic ro n s  in  l e n g th ,  s i x  m ie ro n s  i n  d e p th  and t e n  m ic ro n s  

i n  w id th .  The p o l a r  body  shown in  f i g .  19 i s  t h e  l a r g e s t  o f  

th e  t h r e e ,  m e a su r in g  tw e n ty - e ig h t  and tw o - te n th s  m ic ro n s  in  

l e n g t h ,  e ig h t  and  f i v e - t e n t h s  m ic ro n s  i n  d e p th ,  and  more th a n  

t e n  m ic ro n s  i n  w id th .  The d im e n s io n s  o f th e  th r e e  p o l a r  

b o d ie s  shown i n  f i g u r e s  1 7 , 18 and 19 w ere l a r g e r  th a n  th e  

p o l a r  body fo u n d  in  t h e  o v a r ia n  f o l l i c l e  and shown in  f i g .  1 6 . 

T h is  would s u g g e s t  t h a t  t h e  p o l a r  b o d ie s  i n c r e a s e  i n  s i z e  

a f t e r  b e in g  e x p e l le d  from  th e  e g g . Van Durme (68) a l s o  n o te d  

th e  d i f f e r e n c e  i n  s i z e  o f  th e  f i r s t  p o l a r  b o d ie s  fo u n d  in  th e  

o v a ry  and  th o s e  fo und  i n  th e  in fu n d ib u lu m  o f  th e  p ig e o n  and 

th e  sw a llo w . I t  i s  o b v io u s  from  f i g u r e s  1 7 , 18 and  19 t h a t
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t h e  p o l a r  b o d ie s  i n  d i f f e r e n t  h e n s 1 eggs v a ry  a  g r e a t  d e a l  

i n  s i z e  and sh a p e . In  g e n e r a l ,  how ever, i t  ean  b e  s a id  t h a t  

t h e  p o l a r  b o d ie s  i n  h e n s 1 eg g s a re  o v a l  i n  fo rm , e lo n g a te d ,  

and  m ore o r  l e s s  p o in te d  a t  e i t h e r  end . In  th e  e a se  o f  th e  

p ig e o n  and  t h e  sw a llo w , th e  p o l a r  b o d ie s  a r e  on th e  a v e ra g e  

a b o u t o n e - t h i r d  th e  s i z e  o f  th o s e  found  in  t h e  c h ic k e n  e g g . 

Tan Durme (6 2 ) who s t u d i e d  th e  p o l a r  b o d ie s  in  th e  p ig e o n  and 

sw allow  r e p o r t e d  t h a t  in  th e  p ig e o n  th e  g r e a t e s t  d ia m e te r  o f  

th e  p o l a r  body w as sev en  m ie ro n s . In  th e  e a se  o f  th e  sw allow  

two f i r s t  p o l a r  b o d ie s  w ere  fo u n d . One p o la r  body had a  

d ia m e te r  o f  s e v e n  m ie ro n s  w h ile  th e  g r e a t e s t  d ia m e te r  o f  th e  

se eo n d  w as a p p ro x im a te ly  f i f t e e n  m ic ro n s .

The p o l a r  b o d ie s  o f  th e  h e n 's  egg  n o t  o n ly  a r e  d i f f e r ­

e n t  i n  sh a p e  an d  s i z e  b u t  a l s o  v a ry  g r e a t l y  in  th e  a p p a re n t  

am ount o f  e h ro m a tin  m a t e r i a l  w hich  th e y  c o n ta in .  F o r  exam ple , 

th e  p o l a r  body  shown in  f i g .  1 8 , a l th o u g h  th e  s m a l le s t  o f  th e  

t h r e e ,  c o n ta in s  n e a r ly  tw ic e  a s  much c h ro m a tin  a s  e i t h e r  o f  

th e  o t h e r  tw o shown in  f i g u r e s  17 and  1 9 . The shape an d  l o ­

c a t i o n  o f  th e  e h ro m a tin  w i th in  th e  d i f f e r e n t  p o l a r  b o d ie s  a r e  

a l s o  o f  i n t e r e s t .  In  f i g .  17 the  c h ro m a tin  i s  a r ra n g e d  in  

th r e a d s  w h ich  a r e  q u i t e  e v e n ly  d i s t r i b u t e d  th ro u g h o u t th e  

p o l a r  body. In  t h e  p o l a r  body shown in  f i g .  18 th e  c h ro m a tin  

m a t e r i a l  a p p e a rs  t o  b e  s u b d iv id e d  and i s  fo u n d  in  sm a ll  more 

o r  l e s s  c i r c u l a r  p a tc h e s  w hich  a re  d i s t r i b u t e d  e v e n ly  th ro u g h ­

o u t  th e  p o l a r  body. The c h ro m a tin  shown in  f i g .  1 9 , on th e  

o th e r  h a n d , a p p e a rs  i n  t h e  form  o f  a  n a rro w  band a b o u t th e  

p e r ip h e r y  o f  t h e  p o l a r  body w i th  th e  g r e a t e s t  q u a n t i t y  b e in g
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c o n c e n t r a te d  n e a r  t h e  u p p e r s u r f a c e  o f  t h i s  s t r u c t u r e .  O nly 

one c a s e  w as e n c o u n te re d  ( f i g ,  18) w here t h e r e  was more 

e h ro m a tin  th a n  c y to p la s m io  m a t e r i a l  i n  th e  p o l a r  body. In  

some o f  t h e  p h o to g ra p h s  r e p o r t e d  by Van Burme (62) f o r  p o la r  

b o d ie s  i n  t h e  p ig e o n  and sw allo w , a lm o s t  th e  e n t i r e  b u lk  o f  

th e  p o l a r  body a p p e a r s  to  b e  e h ro m a tin  m a t e r i a l ,  The p o l a r  

b o d ie s  o f  th e  h e n 's  egg  shown in  f i g u r e s  1 6 , 17 and  18 w ith  

r e s p e e t  to  t h e  am ount o f  c h ro m a tin  m a t e r i a l  more n e a r l y  resem ­

b le  th o s e  shown by  H a rp e r  (25) f o r  th e  p ig e o n . In  shape  and 

s i z e ,  how ever, t h e  p o l a r  b o d ie s  more c l o s e l y  re se m b le  th o s e  

d e s c r ib e d  by Van Burme f o r  th e  p ig e o n  and th e  sw allo w .

The seco n d  p o l a r  body and f e r t i l i z a t i o n . The second  

p o l a r  body in  t h e  h e n 's  egg i s  e x tru d e d  a s h o r t  tim e  a f t e r  

o v u la t i o n  and  f o l lo w in g  th e  e n tr a n c e  o f t h e  sp e rm a to zo a .

S in c e  f e r t i l i z a t i o n  and th e  fo rm a t io n  o f  th e  se c o n d  p o la r  

body a r e  i n t i m a t e l y  c o n n e c te d , th e s e  two phenomena w i l l  be 

d i s c u s s e d  t o g e t h e r .

I t  w i l l  be r e c a l l e d  t h a t  th e  s p in d le  f o r  th e  second  

m a tu r a t io n  d i v i s i o n  i s  form ed w h ile  th e  egg i s  s t i l l  i n  th e  

o v a ry  and J u s t  p r i o r  to  o v u la t io n ,  f i g .  1 5 . The seco n d  p o la r  

body a f t e r  r e a c h in g  t h i s  s t a g e  of i t s  fo rm a tio n  p a s s e s  so  to  

sp e a k  in to  a  do rm an t c o n d i t io n  and o n ly  p ro c e e d s  w ith  i t s  

d ev e lo p m en t f o l lo w in g  th e  e n tr a n c e  o f  th e  sperm . The sperm  

i n  a l l  p r o b a b i l i t y  p ro v id e s  th e  s t im u lu s  w hich  i s  n e c e s s a ry  

t o  in d u e e  f u r t h e r  d e v e lo p m e n t.

In  f i g .  21 i s  shown an  e a r ly  s t a g e  in  th e  p ro c e s s  o f  

f e r t i l i z a t i o n .  In  t h i s  c r o s s  s e c t i o n a l  v iew  o f  th e  b l a s t o d i s c  

t h e  m ale  and  fem ale  p ro n u o le i  a r e  in  c lo s e  p ro x im ity  to  each
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O th e r  a n d  t o  t h e  e h ro m a tin  m a t e r i a l  whose u l t im a te  f a t e  i s  

t o  be e x tru d e d  from  th e  egg w ith  t h e  second  p o la r  body. The 

egg  i n  vfaieh  t h i s  s t a g e  w as found  was ta k e n  from  th e  body 

c a v i ty  o f  a  hen  w hioh  was k i l l e d  f o r t y - f i v e  m in u te s  a f t e r  

la y in g *  T h is  i s  th e  same egg a s  t h a t  r e p r e s e n te d  in  f i g ,  19, 

The f i r s t  p o l a r  body w as fo u n d  eiggat s e a t  io n s  o r  e ig h ty  m icrons 

fro m  th e  s e c t i o n  shown i n  f ig *  21* I f  we c o n s id e r  t h a t  o v u la ­

t i o n  i n  t h i s  e a s e  to o k  p la o e  t h i r t y  m in u te s  a f t e r  t h e  la y in g  

o f  t h e  h a r d - s h e l l e d  egg i t  would mean t h a t  t h e  egg had b een  

i n  th e  body e a v i t y  o f  t h i s  hen a p p ro x im a te ly  f i f t e e n  m inu tes*  

n e v e r t h e l e s s ,  i n  s p i t e  o f  t h i s  s h o r t  t im e ,  th e  sperm  had a l ­

r e a d y  p e n e t r a t e d  t h e  v i t e l l i n e  membrane and had  r e a c h e d  an 

ad v an ced  s t a g e  i n  i t s  c h a r a c t e r i s t i c  change in  p r e p a r a t i o n  to  

u n i t i n g  w i th  t h e  fem a le  p ro n u c le u s .

The n u c le u s  shown on th e  r i g h t  i n  t h i s  p h o to m ic ro g ra p h  

i s  c o n s id e r e d  to  b e  th e  fe m a le  component b e ca u se  o f  i t s  

p o s i t i o n  w i th  r e s p e c t  to  th e  p o l a r  body and due to  i t s  d d e p e r  

l o e a t i o n  I n  t h e  t i s s u e .  B oth  t h e  m ale and fem ale  p r o n u c le i  

shown i n  f i g .  20 a r e  o f a p p ro x im a te ly  t h e  same s i z e  and s h a p e . 

T hese  p r o n u e le i  m easu re  2 .2  m ic ro n s  i n  l e n g th  and 1 .6  m ic ro n s  

i n  w id th  and  b o th  a r e  "egg shaped® , i* e . ,  one end i s  b lu n t  

w h ile  th e  o p p o s i te  en d  i s  q u i t e  p o in te d *  The c h ro m a tin  

m a t e r i a l ,  a s  m ig h t be  e x p e c te d , makes up th e  g r e a t e r  p ro p o r ­

t i o n  o f  th e  two p r o n u c le i  and a t  t h i s  s ta g e  o f developm en t 

s t a i n s  i n t e n s e l y  w i th  i r o n  h e m a to x y lin . T here i s  a  c h a r a c t e r ­

i s t i c  h a z in e s s  i n  th e  a p p e a ra n c e  of th e  t i s s u e  s u r ro u n d in g  th e  

two p r o n u c le i  an d  th e  p o l a r  body. T h is  a p p e a rs  to  be  

c h a r a c t e r i s t i c  s in c e  th e  same c o n d i t io n  was fo u n d  i n  o th e r
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p r e p a r a t i o n s  w here p ro n u o le i  w ere p r e s e n t .

A n o th e r  m ale p ro n u c le u s  i s  shown in  f i g ,  22 . T h is  p r o -  

n u c le u s  was fo u n d  i n  a  o ro s s  s e c t i o n  o f  th e  b l a s to d i s o  o f  

a n o th e r  egg rem oved fro m  th e  body c a v i t y .  In  g e n e r a l  t h i s  

p ro n u c le u s  i s  o f  th e  same shape  and  s i z e  a s  th o s e  shown in  

f i g .  2 1 , The same h azy  a p p e a ra n c e  o f  th e  t i s s u e  i s  a ls o  

p r e s e n t .

D u rin g  th e  b r i e f  i n t e r v a l  be tw een  o v u la t io n  and f u s io n  

o f  th e  two p r o n u c l e i ,  th e  sperm  g o e s  th ro u g h  s e v e r a l  c h a r a c t e r ­

i s t i c  changes#  The head and  m id d le  p o r t io n  o f  th e  sperm  i s  

t r a n s fo rm e d  e v e n tu a l ly  i n to  an  o v a l n u c le u s ,  w h ich  i s  composed 

o f  a p p ro x im a te ly  e q u a l  p a r t s  o f  c h ro m a tin  and  nueleO plaS m io  

m a t e r i a l  and  w h ich  h a s  d e f i n i t e  n u c le a r  w a l l s .  The fo l lo w in g  

d iag ra m  shows a  few  o f  th e  t r a n s i t i o n a l  s t a g e s  o f  th e  sperm  

a f t e r  i t  e n t e r s  th e  egg and p r i o r  to  i t s  f u s io n  w i th  th e  f e ­

m ale com ponent.

L a t e r  s t a g e s  i n  th e  d e v e lo p m e n ta l p ro c e s s  w ere e n c o u n te re d  

i n  n a t u r a l l y  f e r t i l i z e d  e g g s  w hioh  w ere ta k e n  from  th e  in f u n d i ­

bulum  and  album en p o r t io n s  o f  t h e  o v id u c t .  P o la r  b o d ie s  w ere

F i g .  B. S ta g e s  in  th e  
t r a n s f o r m a t io n  o f  sperm  

h e a d s .
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found, i n  e g g s  from  th e s e  r e g io n s  b u t  beoause  o f th e  s i m i l a r i t y  

o f  th e  f i r s t  and  se co n d  p o la r  b o d ie s  i t  w as im p o s s ib le  to  d e ­

te rm in e  w ith  any  d e g re e  o f  c e r t a i n t y  w hioh was th e  f i r s t  and 

w hioh  was t h e  second* T h is  same d i f f i c u l t y  was e n c o u n te re d  

by Van Burme (62 ) i n  h e r  s t u d i e s  o f th e  two p o l a r  b o d ie s  in  

th e  e g g s  o f  th e  sw allow  and p igeon*  She r e p o r t e d  t h a t  th e  

f i r s t  and  s e c o n d  p o l a r  b o d ie s  i n  t h e s e  b i r d s  w ere a lm o s t 

i d e n t i c a l  in  a p p e a ra n c e  and  s i z e  and  th e r e  was no m o rp h o lo g ic a l 

d i f f e r e n c e  w hioh c o u ld  be u se d  to  d i f f e r e n t i a t e  th e  two*

A cco rd in g  t o  Van Durme (62) th e  f i r s t  p o l a r  body, 

w h ich  i s  e x tru d e d  w h ile  th e  egg i s  s t i l l  in  th e  o v a ry , h a s  

c o m p le te ly  d i s i n t e g r a t e d  by t h e  tim e  se g m e n ta tio n  b e g in s ,  i . e . ,  

a p p ro x im a te ly  t h r e e  and o n e - h a l f  h o u rs  a f t e r  th e  tim e  o f  

o v u la t io n *  T h is  w ould  mean t h a t  by  t h e  tim e  a n  i n f e r t i l e  

egg  re a c h e d  t h e  is th m u s  th e  f i r s t  p o l a r  body w ould n o t  be 

found  i n  s e c t i o n s  o f  th e  b l a s to d i s c *  T h e r e f o r e , i f  an  i n ­

f e r t i l e  u t e r i n e  egg c o u ld  be in d u c e d  to  resum e i t s  d e v e lo p m e n t, 

any  p o l a r  body found  l a t e r  w ould  l o g i c a l l y  have t o  be con­

s id e r e d  th e  se co n d  p o l a r  body .

In  t h i s  p r e s e n t  s tu d y , a  te c h n iq u e  h as been  d e v e lo p e d  

w hereby  i n f e r t i l e  u t e r i n e  eggs im p re g n a te d  w ith  sperm  w i l l  

resum e t h e i r  developm ent*  T h is  te c h n iq u e ,  w hioh  w i l l  be 

d is c u s s e d  in  g r e a t e r  d e t a i l  l a t e r ,  h a s  made i t  p o s s ib le  to  

s tu d y  t h e  s t r u c t u r e  o f th e  se co n d  p o la r  body . I t  h a s  a l s o  

made i t  p o s s ib l e  to  d e te rm in e  w i th  c e r t a i n t y  w h e th e r  f e r t i l i ­

z a t i o n  o r  a t  l e a s t  th e  e n tr a n c e  o f  th e  sperm  i s  a  n e c e s s a r y  

s t e p  b e fo r e  th e  second  p o l a r  body can  be e x tru d e d *
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In  p l a t e  6 , f i g .  2 9 , i s  shown a  p h o to m ic ro g ra p h  w hioh 

w as t a k e n  o f  a  c ro s s  s e a t  io n  o f  th e  b l a s t o d i s c  o f  an  i n f e r t i l e  

u t e r i n e  egg  a f t e r  b e in g  im pregnated , w ith  a  one to  e ig h ty  d i l u ­

t i o n  o f  sperm  and th e n  in c u b a te d  f o r  tw e n ty - f iv e  m in u te s  a t  

105° F . The egg w h ioh  s u p p l ie d  t h i s  t i s s u e  was rem oved from  

th e  u t e r u s  o f  an  i n f e r t i l e  hen f i v e  h o u rs  a f t e r  th e  e s t im a te d  

tim e  o f  o v u la t io n *  In  t h i s  p h o to g ra p h , th e  se co n d  p o la r  body 

c an  be s e e n  i n  a  s m a ll  d e p re s s io n  in  t h e  p ro to p la s m  and  j u s t  

b e n e a th  th e  v i t e l l i n e  m em brane. P o r t io n s  o f  th e  second  p o la r  

body shown in  f i g .  39 w ere  p r e s e n t  in  t h r e e  s e c t i o n s  m aking 

t h i s  s t r u c t u r e  t h i r t y  m ic ro n s  in  w id th . The p o l a r  body a s  

s e e n  i n  c r o s s  s e c t i o n  was tw e lv e  m ic ro n s  in  l e n g th  and s i x  

m ic ro n s  i n  d e p th .  The c h ro m a tin  m a t e r i a l  made up a p p ro x im a te ly  

o n e - h a l f  t h e  t o t a l  volum e o f  t h i s  p o la r  body. To th e  l e f t  o f  

t h e  p o l a r  body i s  th e  l a r g e  egg n u o le u s  w h ich , ju d g in g  from  

i t s  s i z e ,  i s  th e  f u s io n  n u c le u s .  The n u c le u s  a p p e a rs  t o  be 

p r e p a r in g  f o r  th e  f i r s t  m i t o t i c  d i v i s i o n .

In  p l a t e  6 ,  f i g .  4 1 , i s  shown a n o th e r  se co n d  p o la r  

body w h ich  w as found  in  s e c t i o n s  o f  a  b l a s t o d i s c  from  an  

i n f e r t i l e  u t e r i n e  e g g . T h is  egg  w as im p re g n a te d  w ith  un­

d i l u t e d  sem en and th e n  in c u b a te d  f o r  f o u r  h o u rs . The p o la r  

body i n  t h i s  c a s e  i s  much l a r g e r  th a n  any o f  th o s e  p r e v io u s ly  

d i s c u s s e d .  In  t h i s  i n s t a n c e ,  th e  p o la r  body had n o t  been  

c o m p le te ly  e x tru d e d  from  th e  eg g . The g r e a t e s t  p o r t i o n  o f  

t h i s  p o la r  body i s  composed o f  c y to p la s m ic  m a t e r i a l .  The 

c h ro m a tin  m a t e r i a l  w hich  s t a in e d  d e e p ly  w ith  P e l f i e l d ' s  

h e m a to x y lin  i s  shown i n  a  s m a ll  com pact m ass n e a r  th e  c e n te r  

o f  th e  p o l a r  body .
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T hese  two p h o to g ra p h s  ( f i g u r e s  39 and  41) t h e r e f o r e  

b r in g  o u t  two im p o r ta n t  f a c t s ,  nam ely :

(1 )  The se co n d  p o la r  body i n  th e  c a s e  o f b i r d s '  

eg g s  i s  e x tru d e d  o n ly  a f t e r  th e  sperm  h a s  

e n te re d *

(2 ) The i n f e r t i l e  e g g  c a n  rem ain  in  a  dorm ant 

s t a t e  f o r  s e v e r a l  h o u rs  i n  t h e  o v id u c t  o f  

t h e  hen  and s t i l l  b e  c a p a b le  o f  u n d e rg o in g  

f u r t h e r  d e v e lo p m e n t.

H a rp e r  (25) r e p o r t e d  t h a t  in  th e  c a s e  o f  th e  p ig e o n  egg 

th e  se co n d  p o l a r  body  w as g iv e n  o f f  a f t e r  th e  e n t r a n c e  o f  th e  

sperm . Van Durme (62) on th e  o th e r  hand r e p o r t e d  t h a t  th e  ex­

p u l s io n  o f  th e  se c o n d  p o l a r  body i n  th e  c a se  o f  p ig e o n  e g g s  

w as n o t  d e p e n d e n t upon th e  p e n e t r a t i o n  o f  th e  sperm . The 

f i n d in g s  r e p o r t e d  i n  t h i s  p a p e r  t h e r e f o r e  c o n firm  H a rp e r ’ s 

o b s e r v a t io n  b u t  a r e  n o t  i n  a g reem en t w ith  th o s e  r e p o r te d  by 

Van Durme.

S e g m e n ta tio n  o f  n a t u r a l l y  f e r t i l i z e d  eggs

The g e rm in a l d i s c  o f  th e  h e n 's  egg a t  th e  t im e  i t  i s  

a b o u t to  un d erg o  c le a v a g e  a p p e a rs  in  a  s u r f a c e  v iew  a s  a  

w h i t i s h  c i r c u l a r  a r e a  w h ic h  i s  a b o u t th r e e  mm. in  d ia m e te r ,  

P a t t e n  ( 4 6 ) .  The l i g h t e r - c o l o r e d  c e n t r a l  p o r t io n  o f  th e  d i s c  

i s  su r ro u n d e d  by  a  som ewhat d a rk e r  a r e a  known a s  t h e  p e r i b l a s t .

T hese  d i v i s i o n s  can  be s e e n  in  th e  b l a s t o d i s c  shown i n  p l a t e  3 , 

f i g .  5 1 . In  th e  c a se  o f  th e  h e n ’ s egg se g m e n ta tio n  b e g in s  in  

th e  l i g h t e r - c o l o r e d  c e n t r a l  a r e a  o f  th e  b l a s t o d i s c .
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The t w o - c e l l  s t a g e * The f i r s t  c le a v a g e  p la n e  in  

n a t u r a l l y  f e r t i l i z e d  h e n s ' eggs u s u a l ly  a p p e a rs  w h ile  th e  

egg i s  i n  t h e  is th m u s , i .  e * , a p p ro x im a te ly  t h r e e  and  o n e -  

h a l f  h o u rs  a f t e r  th e  e s t im a te d  tim e  o f  o v u la t io n *  P a t t e r s o n  

(4 7 ) who h a s  s tu d i e d  th e  e a r l y  c le a v a g e  s t a g e s  i n  th e  h e n 's  

egg  fo u n d  t h a t  th e  f i r s t  fu rro w  a p p e a re d  a s  th e  egg was 

e n te r in g  th e  isthm us*  A lth o u g h  th e  is th m u s  i s  u s u a l ly  th e  

r e g io n  o f  th e  o v id u e t  w here s e g m e n ta tio n  b e g in s ,  c a s e s  w ere 

e n c o u n te re d  w here th e  f i r s t  c le a v a g e  o c c u r r e d  i n  th e  a lbum en- 

s e o r e t i n g  p o r t io n *

From s u r f a c e  v ie w , th e  f i r s t  c le a v a g e  p la n e  a p p e a rs  a s  

a  n a rro w  fu rro w  w h ich  in  some o a s e s  i s  p r a c t i c a l l y  s t r a i g h t  

w h ile  i n  o t h e r  in s t a n c e s  i t  i s  curved* The f i r s t  c le a v a g e  

fu rro w  u s u a l l y  o n ly  e x te n d s  p a r t  way a c r o s s  th e  c e n t r a l  p o r ­

t i o n  o f  th e  g e rm in a l  d isc *  Some c a s e s  a r e  e n c o u n te re d , 

how ever, a s  shown i n  p l a t e  4 ,  f ig *  £ 3 , w here th e  fu rro w  ex ­

te n d s  a lm o s t  a l l  t h e  way a c r o s s  th e  g e rm in a l d isc *

In  c r o s s  s e c t i o n ,  th e  c le a v a g e  fu rro w  a p p e a rs  a s  a  

r e l a t i v e l y  d eep  Y -shaped  g ro o v e  i n  th e  u p p e r  s u r f a c e  o f  th e  

p ro to p la sm *  C ro ss  s e c t i o n a l  v iew s o f  th e  f i r s t  c le a v a g e  

p la n e ,  a s  found  i n  two d i f f e r e n t  eggs a r e  shown i n  p l a t e  6 , 

f i g u r e s  35 a n d  36* One o f  th e s e  eg g s  was fo u n d  in  th e  a lbum en- 

s e c r e t i n g  p o r t i o n  w h ile  t h e  o th e r  w as ta k e n  from  th e  isthm us*  

The q u e s t io n  a r i s e s  in  a  d i s c u s s io n  o f  th e  f i r s t  

c le a v a g e  p la n e  a s  to  th e  r e l a t i o n s h i p  w hioh  e x i s t s  betw een th e  

d i r e c t i o n  o f  th e  f i r s t  fu rro w  and th e  f u t u r e  lo n g  a x i s  o f  th e  

embryo* Of th e  t h r e e  c a s e s  e n c o u n te re d  w here i t  w as p o s s ib le
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t o  d e te rm in e  th e  d i r e c t i o n  o f t h e  f i r s t  c le a v a g e  p l a n e ,  one 

o o in c id e d  e x a c t ly  w ith  th e  em bryonic a x i s .  A n o th e r  w as e n ­

c o u n te r e d  w here  th e  f i r s t  fu r ro w  was a t  r i g h t  a n g le s  to  th e  

lo n g  a x i s  o f  em bryo. In  th e  o th e r  c a s e  th e  f i r s t  c le a v a g e  

fu r ro w  d e v ia te d  from  th e  lo n g  a x is  o f  t h e  embryo by a b o u t  

f o r t y - f i v e  d e g re e s .  T hese o b s e r v a t io n s ,  how ever, do n o t  

n e c e s s a r i l y  mean t h a t  no r e l a t i o n s h i p  e x i s t s  b e tw e e n  th e  

f i r s t  c le a v a g e  fu r ro w  and  th e  lo n g  a x i s  o f th e  embryo s in c e  

i t  i s  known t h a t  th e  lo n g  a x is  o f  o v e r  f o r t y  p e r c e n t  o f  th e  

em bryos i n  h e n s 1 e g g s  d e v ia t e  from  th e  p o s i t i o n  c o n s id e re d  

a s  n o rm a l. P a t t e r s o n  (47 ) r e p o r t e d  t h a t  i n  th e  c a s e s  w h ich  

he o b s e rv e d  o n ly  one c a se  was e n c o u n te re d  w here th e  f i r s t  

c le a v a g e  fu rro w  and th e  lo n g  a x i s  o f  t h e  embryo c o in c id e d .

H i t h e r t o ,  o n ly  d raw in g s  o f  c le a v a g e  in  th e  h e n 's  egg 

have  been  m ade. T hese  d ra w in g s , a l th o u g h  c a r e f u l l y  m ade, f a i l  

t o  show th e  v a r i a t i o n s  w h ich  e x i s t  i n  t h e  l e n g th ,  sh a p e  a n d  

l o c a t i o n  o f  t h e  c le a v a g e  p la n e s  w hich  a r e  fo u n d  in  n a t u r a l l y  

f e r t i l i z e d  e g g s .  T h is  c r e a t e s  t h e  im p re s s io n  t h a t  c le a v a g e  

fu r ro w s  a lw ays fo rm  i n  a  d e f i n i t e  m anner an d  in  a c e r t a i n  s e t  

r e l a t i o n s h i p  w ith  r e s p e c t  t o  o th e r  c le a v a g e  p la n e s .  To show 

th e  v a r i a t i o n s  i n  th e  sh ap e  a n d  s i z e  o f  c e l l s  w h ich  a c t u a l l y  

e x i s t ,  p h o to g ra p h s  w ere o b ta in e d  o f  each  o f th e  e a r l y  c le a v a g e  

s t a g e s .  In  some c a s e s  s e v e r a l  p h o to g ra p h s  a re  shown o f  th e  

same c le a v a g e  s t a g e s .  T h is  was done to  show th e  m arked 

v a r i a t i o n s  i n  c le a v a g e  p a t t e r n s  w hich  a r e  commonly found  in  

d i f f e r e n t  e g g s  fro m  th e  same a n d  d i f f e r e n t  h e n s .

The f o u r - c e l l  s t a g e . The f o u r - c e l l  s t a g e  i s  p ro d u ced  

by  a  v e r t i c a l  d i v i s i o n  o f  th e  b la s to m e re s  o f  th e  t w o - c e l l  s t a g e .
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The c le a v a g e  fu rro w  w hioh  s u b d iv id e s  th e  f i r s t  two c e l l s  

c r o s s e s  th e  f i r s t  c le a v a g e  p la n e  a t  a p p ro x im a te ly  r i g h t  

a n g le s .  U s u a l ly  th e  seco n d  c le a v a g e  p la n e  m ee ts  th e  f i r s t  

a t  s e p a r a t e  p o i n t s  a lo n g  th e  f i r s t  fu r ro w . Such a c o n d i t io n  

i s  c l e a r l y  shown in  th e  two f o u r - c e l l  s t a g e s  shown in  p l a t e  

4 ,  f i g u r e s  24 an d  25*

In  th e  c a se  o f  t h e  f o u r - c e l l  s t a g e  shown i n  f i g .  24 , 

th e  c le a v a g e  i s  o c c u r r in g  n e a r  th e  c e n t e r  o f  th e  b l a s t o d i s c .  

U n f o r tu n a te ly  t h i s  specim en  was b ro k en  when i t  was rem oved 

from  th e  y o lk  f o r  p h o to g ra p h in g . The r e l a t i o n s h i p  o f  th e  

c le a v a g e  p la n e s  t o  t h e  b l a s t o d i s c ,  how ever, i s  s t i l l  d i s c e r n ­

i b l e .  I t  w i l l  be o b se rv e d  in  f i g .  25 t h a t  c le a v a g e  in  t h i s  

p a r t i c u l a r  egg  i s  t a k i n g  p la c e  n e a r  one edge o f th e  b l a s t o d i s c .  

D uval (17 ) o b se rv e d  s i m i l a r  c a s e s  in  h e n s 1 eggs w here th e  f i r s t  

two fu r ro w s  form ed in  an  e c c e n t r i c  p o s i t i o n  i n  th e  b l a s t o d i s c .  

He w as o f  th e  o p in io n  t h a t  t h i s  c o n d i t io n  was n o rm al f o r  th e  

hen  and  t h a t  t h i s  p o in t  o f  a c t i v e  c e l l  fo rm a tio n  m arked th e  

p o s t e r i o r  end o f th e  f u t u r e  em bryo. O nly a  few  such  e a s e s  a s  

t h a t  shown in  f i g .  23 w ere e n c o u n te re d  in  n a t u r a l l y  f e r t i l i z e d  

e g g s .

The e i g h t - c e l l  s t a g e .  In  f i g .  26 i s  shown an e a r l y  

e i g h t - c e l l  s t a g e .  Two p a r a l l e l  c le a v a g e  fu rro w s  whioh a re  

c o n n e c te d  by a  t h i r d  b u t  l e s s  d i s t i n c t  fu rro w  can be s e e n  i n  

t h i s  p h o to g ra p h . In  th e  c a s e  o f  t h i s  e g g , th e  c e l l  fo rm a tio n  

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

$he r e l a t i v e  l e n g th  o f  th e  fu rro w s  and th e  s i z e  o f  th e  c e l l s  

w i th  r e s p e c t  t o  th e  e n t i r e  b l a s t o d i s c  can  b e  r e a d i l y  ju d g e d

from  t h i s  p h o to g ra p h .
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The ru d im e n ta ry  a o o e s a o ry  c le a v a g e  w hich  i s  o f  common 

o c c u r re n c e  i n  t h e  c a s e  o f  th e  p ig e o n  egg w as n o t  o b se rv e d  in  

a n y  o f  thB c le a v a g e  s t a g e s  o o o u r r in g  i n  n a t u r a l l y  f e r t i l i z e d  

h e n s ’ e g g s . P a t t e r s o n  ( 4 7 ) ,  how ever, r e p o r t e d  f in d in g  such  a 

c o n d i t io n  i n  h e n s 1 e g g s  a t  th e  f o u r - c e l l  s ta g e  o f  d e v e lo p m e n t. 

T h is  a o o e sa o ry  o le a v a g e  was e n c o u n te re d  commonly in  eggs w hioh 

had b een  a r t i f i c i a l l y  im p re g n a te d  w ith  f r e s h ,  d i l u t e d  sem en, 

m  t h i s  e a s e ,  how ever, a s  w i l l  be d i s c u s s e d  l a t e r ,  th e  c o n d i­

t i o n  w as c a u se d  by i n j e c t i n g  a  l a r g e  num ber o f  sperm  in to  th e  

e g g .

The s i x t e e n -  to  t h i r t y - t w o - c e l l  o le a v a g e  s t a g e s . In  f i g .  

27 i s  shown a  b l a s t o d i s c  w i th  tw e n ty - tw o  c e l l s  v i s i b l e  from  a  

s u r f a c e  v ie w . In  t h i s  p h o to g ra p h  th e  fu r ro w s  w hich form  th e  

b o u n d a r ie s  o f  th e  l a r g e  m a rg in a l  c e l l s  a r e  shown to  have ex ­

te n d e d  to  su c h  an  e x t e n t  t h a t  th e  e n t i r e  b l a s t o d i s c  h as  become 

seg m en ted . The s m a l le r  c e n t r a l  c e l l s  i n  t h i s  c a s e  s t a n d  o u t 

p ro m in e n tly  i n  m arked c o n t r a s t  to  th e  l a r g e  m a rg in a l c e l l s .

In  t h i s  p a r t i c u l a r  spec im en  th e r e  a r e  tw e lv e  c e n t r a l  an d  te n  

m a rg in a l  c e l l s  w h ich  a r e  v i s i b l e  i n  th e  s u r f a c e  v ie w .

In  f i g u r e s  2 8 , 30 and  31 a r e  shown p h o to m ic ro g ra p h s  o f 

t h r e e  d i f f e r e n t  b l a s t o d i s o s  w h ich  have re a c h e d  th e  t h i r t y - t w o ­

c e l l  s ta g e  o f  d e v e lo p m e n t. The g r e a t  v a r i a t i o n s  w h ic h  a re  

found  in  p a t t e r n  o f  c e l l  fo rm a t io n  in  th e  d i f f e r e n t  eggs a r e  

shown i n  t h e s e  t h r e e  p h o to m ic ro g ra p h s . In  f i g .  28 th e  c e l l s  

a r e  q u i t e  l a r g e  and  in v o lv e  a p p ro x im a te ly  o n e - t h i r d  o f th e

a r e a  o f  t h e  b l a s t o d i s c .  In  f i g .  3 1 , on th e  o th e r  hand , s e g ­

m e n ta t io n  i s  l i m i t e d  to  a r e l a t i v e l y  s m a ll  c e n t r a l  r e g io n  w ith  

t h e  m a rg in a l  c e l l s  e x te n d in g  o n ly  a  s h o r t  d i s t a n c e  i n t o  t h e
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s u r ro u n d in g  p ro to p la sm *  In  f i g .  20 o le a v a g e  i s  t a k in g  p la o e  

n e a r  th e  c e n t e r  o f  th e  b l a s t o d i s c .  The c e n t r a l  c e l l s  i n  t h i s  

e a s e  a r e  r e l a t i v e l y  l a r g e ,  some o f  w h io h  a p p e a r  to  s u r p a s s  

c e r t a i n  o f  th e  m a rg in a l  c e l l s  i n  s i z e .

The 64* t o  8 4 0 - c e l l  o le a v a g e  s t a g e s . In  f i g u r e s  89 and 

28  o f  p l a t e  5 a r e  shown two b l a s t o d i s o s  each  o f  w h ic h  c o n ta in  

a p p ro x im a te ly  s i x t y - f o u r  c e l l s .  The v a r i a t i o n s  w hioh  ooour i n  

c e l l  sh a p e  an d  s i z e  i n  n a tu r e  a r e  a g a in  d e m o n s tra te d  in  th e s e  

p h o to m ic ro g ra p h s . In  th e  c a s e  o f  th e  t i s s u e  shown in  f i g .  28 

th e  c le a v a g e  p la n e s  in v o lv e  n e a r l y  th e  e n t i r e  s u r f a o e  o f  th e  

b l a s t o d i s c ,  th e  m a rg in a l  o e l l s  b e in g  r e l a t i v e l y  l a r g e  i n  com­

p a r i s o n  t o  th e  c e n t r a l  c e l l s .  In  f i g .  8 9 ,on th e  o th e r  h an d , 

o n ly  a b o u t t w o - t h i r d s  o f  th e  b l a s t o d i s c  i s  seg m en ted . In  t h i s  

e a s e  th e  m a rg in a l  o e l l s  a r e  r e l a t i v e l y  sm a ll  i n  co m p ariso n  to  

th e  l a r g e s t  c e n t r a l  c e l l s .

In  f i g u r e s  22 and  24  a r e  shown s t i l l  l a t e r  s t a g e s  in  th e  

d ev e lo p m en t o f th e  h e n 's  e g g . F ig .  22 shows a  b l a s to d i s c  i n  

w h ich  a b o u t  one h u n d red  c e l l s  a r e  v i s i b l e  i n  s u r f a o e  v iew . In  

t h i s  e a s e  t h e r e  a p p e a rs  to  be a t  l e a s t  s e v e n ty - f o u r  c e n t r a l  

o e l l s  and  tw e n ty - f o u r  o r  more m a rg in a l  c e l l s .  T h is  p h o to g ra p h  

i s  i n t e r e s t i n g  in  t h a t  i t  shows th e  g r e a t  v a r i a t i o n  w h ich  

e x i s t s  i n  th e  sh a p e  and s i z e  o f  th e  d i f f e r e n t  c e l l s  i n  b l a s t o -  

d i s e  a t  t h i s  s t a g e  o f  d e v e lo p m e n t. T h is same c o n d i t io n  i s  

shown i n  f i g .  34 w here  840 o r  even more c e l l s  a r e  v i s i b l e  i n  

s u r f a c e  v ie w . The m a rg in a l  c e l l s  shown in  t h i s  p h o to g ra p h  a r e  

s t i l l  r e l a t i v e l y  l a r g e  a t  t h i s  s ta g e  o f  d ev e lo p m e n t.
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A r t i f i c ia l  impregnation o f in f e r t i l e  eggs

I t  was p o in te d  o u t e a r l i e r  i n  t h i s  p a p e r  t h a t  th e  f i r s t  

m a tu r a t io n  d i v i s i o n  i n  th e  h e n f s egg o c c u rs  w h ile  t h e  egg i s  

s t i l l  i n  t h e  o v a ry . T he-sperm  e n t e r s  th e  egg  w i t h in  a  few 

m in u te s  a f t e r  o v u la t io n  and w h ile  th e  egg i s  i n  th e  i n f u n d i -  

bulum . T h is  i s  fo llo w e d  by th e  e x t r u s io n  o f th e  second  p o la r  

body» th e  f u s i o n  o f  th e  m ale and  fe m a le  p r o n u c le i  and th e  

a p p e a ra n c e  o f  th e  f i r s t  c le a v a g e  fu r ro w . Thus i n  t h e  c a s e  

o f  a  n a t u r a l l y  f e r t i l i z e d  h e n 's  egg t h e r e  i s  a  c o n tin u o u s  

c h a in  o f  u n in t e r r u p te d  d e v e lo p m e n ta l p r o c e s s e s  from  th e  tim e  

th e  e g g  e n t e r s  th e  o v id u c t  u n t i l  i t  i s  l a i d .  Such i s  n o t  th e  

e a s e ,  how ever, w i th  an  i n f e r t i l e  e g g . Such an  e g g , a f t e r  ex ­

t r u d in g  th e  f i r s t  p o l a r  b o d y , e n t e r s  w hat m ight b e  c o n s id e re d  

a  do rm an t c o n d i t i o n  w i th  no f u r t h e r  v i s i b l e  ch an g es  o c c u r r in g  

i n  th e  b l a s t o d i s c  u n t i l  th e  egg  h as e n te r e d  th e  u t e r u s .

The l e n g t h  o f  tim e  t h a t  an  i n f e r t i l e  h e n 's  egg can  r e ­

m ain  i n  t h i s  do rm an t s t a t e  an d  y e t  be c a p a b le  o f  u n d e rg o in g  

developm en t when t h e  p ro p e r  s t im u lu s  i s  a p p l ie d  h a s  n o t b een  

d e te rm in e d  p r e v i o u s ly .  A c c o rd in g  to  Morgan (39) th e  e g g s  o f  

so me o f  th e  lo w e r fo rm s o f an im al l i f e  can  rem ain  dorm ant f o r  

s e v e r a l  d a y s  and y e t  be  f e r t i l i z e d .  No p u b l is h e d  r e p o r t s  

c o u ld  be  found  i n  th e  l i t e r a t u r e  o f  any  a t te m p t  to  a r t i f i c i a l l y  

im p re g n a te  i n f e r t i l e  h e n s ' eggs a l th o u g h  t h i s  h a s  been  commonly 

p r a c t i c e d  i n  th e  c a se  o f  eggs o f  some lo w e r fo rm s.

One o f  th e  o b j e c t s  o f  th e  p r e s e n t  s tu d y  w as t o  d e v e lo p  

a  te c h n iq u e  w h ereb y  i n f e r t i l e  h e n s ' eggs c o u ld  be a r t i f i c i a l l y  

im p re g n a te d  and c a u se d  t o  resum e t h e i r  d e v e lo p m e n t. Some
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s u c c e s s  h a s  b e e n  a t t a in e d *

An e a r l y  s t a g e  o f  d e v e lo p m e n t in  an  a r t i f i c i a l l y  

im p re g n a te d  u t e r i n e  eg g  i s  shown i n  p l a t e  6 , f ig *  39 . T h is  

egg a f t e r  b e in g  im p re g n a te d  was in o u b a te d  a t  105° F . f o r  

tw e n ty  m in u te s*  In  t h i s  c a s e  a  1 -8 0  d i l u t i o n  o f  sperm  was 

u se d  and  t h e  im p re g n a tin g  f l u i d  w as p la c e d  b e n e a th  th e  v i ­

t e l l i n e  membrane n e a r  one edge o f th e  b la s to d i s c *  In  t h i s  

p h o to m ic ro g ra p h  th e  se co n d  p o l a r  body i s  shown in  a  d e p r e s s io n  

i n  th e  p r o to p la s m  j u s t  b e n e a th  th e  v i t e l l i n e  membrane* The 

l a r g e  f u s io n  n u c le u s  a p p e a rs  a l s o  i n  t h i s  p h o to g ra p h  a  s h o r t  

d i s t a n c e  be low  an d  to  th e  l e f t  o f  th e  seco n d  p o la r  body* The 

n u c le u s  i n  t h i s  e a s e  a p p e a rs  to  b e  p r e p a r in g  f o r  th e  f i r s t  

P ig m e n ta tio n  d iv is io n *

T h ere  i s  l i t t l e  q u e s t io n  t h a t  th e  deve lopm en t shown in  

t h i e  p h o to g ra p h  was i n i t i a t e d  by th e  sperm  w hioh  w as in je c te d *  

i n f e r t i l e  u t e r i n e  e g g s  i n j e c t e d  w i th  R in g e r ’ s  s o l u t io n  s e r v e d  

a s  c o n tr o ls *  T hese c o n t r o l  eggs*  a f t e r  b e in g  in c u b a te d  a t  

10 5 ° F* f o r  t h r e e  h o u rs  showed no s ig n s  o f  developm en t*

In  p l a t e  4  f ig *  23 i s  shown th e  f i r s t  o le a v a g e  fu rro w  

o f  a n  a r t i f i c i a l l y  im p re g n a te d  egg  a f t e r  tw e n ty - f iv e  m in u te s  

o f  in c u b a t io n  a t  105° F* The f i r s t  fu rro w  i n  t h i s  o a se  e x te n d s  

n e a r l y  a l l  t h e  way a c r o s s  th e  c e n te r  o f th e  b la s to d i s c *  In  

p l a t e  6 f i g .  4 0 , how ever, w h ioh  shows a n o th e r  e a r l y  o le a v a g e  

s t a g e ,  th e  fu rro w  i s  much s h o r t e r  a n d  o n ly  in v o lv e s  a  sm a ll 

p o r t i o n  o f  th e  b l a s t o d i s c .  In  t h i s  r e s p e c t  th e  o le a v a g e  shown 

i n  f ig *  40 re s e m b le s  th e  t w o - c e l l  c le a v a g e  s t a g e s  found in  

n a t u r a l l y  f e r t i l i z e d  eggs*

A n o th e r  p o in t  o f  I n t e r e s t  i n  c o n n e c tio n  w i th  th e
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a r t i f i c i a l l y  im p re g n a te d  e g g s  i s  t h e  a o o e s a o ry  o le a v a g e . The 

e x t r a  sp e rm a to z o a  have  e s t a b l i s h e d  an a r e a  o f  a o o e sa o ry  o le a v ­

ag e  a b o u t t h e  p e r ip h e r y  o f  each  o f  th e  two b l a s t o d i s o s  w hioh 

can  be  s e e n  i n  f i g u r e s  S3 a n d  4 0 . T h is  c o n d i t io n  w hioh i s  o f 

common o c c u r re n c e  i n  t h e  p ig e o n  egg  i s  r a r e l y  fo und  in  th e  e a se  

o f  n a t u r a l l y  f e r t i l i z e d  h e n s 1 e g g s . In  th e  c a s e  o f  th e  p ig e o n  

e g g , B lo u n t (5 )  a t t r i b u t e s  t h i s  o o n d i t io n  t o  th e  tw e n ty - f iv e  

o r  m ore e x t r a  sperm  w hioh e n t e r  th e  egg  p r i o r  to  th e  f u s io n  o f 

th e  m ale and  fe m a le  p r o n u o le i .

A c c e s s o ry  c le a v a g e  h a s  a l s o  b een  r e p o r t e d  a s  o e o u r r in g  

in  n a t u r a l l y  f e r t i l i z e d  h e n s 1 e g g s . P a t t e r s o n  (47 ) who r e p o r t e d  

t h i s  c o n d i t io n  in  o h ie k e n  eggs fo u n d  t h a t  th e  a o o e s s o ry  o le a v a g e  

fu r ro w s  a p p e a re d  a t  th e  f o u r - e e l l  s t a g e  o f d e v e lo p m en t a p p ro x i­

m a te ly  f o u r  h o u rs  a f t e r  t h e  e s t im a te d  tim e  o f  f e r t i l i z a t i o n .

T h is  c o n d i t io n  may o c c u r  i n  some n a t u r a l l y  f e r t i l i z e d  h e n s 1 

e g g s , b u t  was n o t  o b se rv e d  d u rin g  the  c o u rse  o f  t h i s  p r e s e n t  

s tu d y .

The f a c t  t h a t  a o o e s s o ry  o le a v a g e  i s  commonly found  in  

a r t i f i c i a l l y  im p re g n a te d  h e n s f eggs b u t  r a r e l y  o o e u rs  i n  

n a t u r a l l y  f e r t i l i z e d  e g g s  shows t h a t  t h i s  c o n d i t io n  i s  b ro u g h t 

a b o u t by t h e  su p e rn u m e ra ry  sperm . A lth o u g h  o n ly  one d ro p  o f  

a  1 -8 0  sperm  d i l u t i o n  w as i n j e c t e d  in to  eaoh  e g g , n e v e r th e l e s s  

t h i s  s m a ll  q u a n t i t y  e o n ta in e d  more th a n  f i v e  hundred  sperm .

T h is  o b s e r v a t io n  t h e r e f o r e  o o n firm s  th e  f in d in g s  o f  B lo u n t (5) 

who r e p o r t e d  t h a t  a c c e s s o r y  c le a v a g e  i s  c au sed  by th e  e x t r a

sperm  w hich  e n te r  th e  eg g .

The f a c t  t h a t  a o o e s s o ry  o le a v a g e  i s  o f  r a r e  o c c u rre n c e

i n  n o r a a l l y  f e r t i l i z e d  c h ic k e n  e g g s  i n d i c a t e s  t h a t  v e ry  few
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sperm  e n t e r  th e  h e n ’ s egg a t  th e  tim e  o f  f e r t i l i z a t i o n .  The 

l a r g e s t  num ber o f  sperm  n u c l e i  fo u n d  i n  eaeh  o f  t e n  d i f f e r e n t  

eg g s  fro m  t h e  in fu n d ib u lu m  w as t h r e e .  T h is  f in d in g  t h e r e f o r e  

i s  i n  a c c o rd  w i th  th e  o b s e r v a t io n s  made by P a t t e r s o n  (47) 

who r e p o r t e d  t h a t  u s u a l ly  o n ly  fo u r  to  f i v e  sperm  e n te r  th e  

egg  a t  th e  tim e  o f  f e r t i l i z a t i o n .

A n o th e r  p o i n t  o f  i n t e r e s t  i n  c o n n e c tio n  w i th  th e  s tu d y  

o f  a r t i f i c i a l l y  im p re g n a te d  e g g s  i s  th e  r a t e  a t  w h ich  d e v e lo p ­

m ent t a k e s  p la c e .  The f i r s t  c le a v a g e  p la n e  i n  n a t u r a l l y  

f e r t i l i z e d  e g g s  a p p e a rs  w h ile  t h e  eg g  i s  in  th e  is th m u s o r  i n  

o t h e r  w ords a p p ro x im a te ly  t h r e e  an d  o n e - h a l f  h o u rs  a f t e r  th e  

e s t im a te d  t im e  o f  f e r t i l i z a t i o n .  In  a r t i f i c i a l l y  im p re g n a te d  

e g g s , how ever, w h ere  th e  tim e f a c t o r  can be d e te rm in e d  a c c u ­

r a t e l y ,  th e  f i r s t  c le a v a g e  fu r ro w  a p p e a rs  i n  tw e n ty - f iv e  

m in u te s . In  o t h e r  w ords, i n  a r t i f i c i a l l y  im p re g n a te d  eggs 

th e  f i r s t  c le a v a g e  fu r ro w  form s i n  o n e -e ig h th  th e  tim e  t h a t  

i s  n o rm a lly  r e q u i r e d  f o r  t h i s  d e g re e  o f d e v e lo p m e n t. The 

d i f f e r e r t e e  i n  r a t e  o f  d ev e lo p m en t o f  a r t i f i c i a l l y  im p reg n a ted  

and n a t u r a l l y  f e r t i l i z e d  e g g s  i s  shown in  th e  fo l lo w in g  t a b l e :



4 3

TABLE I

Time t a b l e  o f  d i f f e r e n t  d e v e lo p m e n ta l s t a g e s  i n  n a t ­
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U te ru s 6 .3 5 .0  -  6 .5 29

7 3 2 - e e l l
s ta g e

it 6 .8 5 .8  -  7 .8

2 6 4 - c e l l
s ta g e

IT 7 .0 6 .5  -  7 .5

2 1 2 0 - c e l l
s ta g e

IT 7 .5 7 .0  -  8 .0

No d e f i n i t e  e x p la n a t io n  c a n  be o f f e r e d  a t  th e  p r e s e n t  

tim e  f o r  t h i e  g r e a t l y  a c c e l e r a t e d  r a t e  o f  dev e lo p m en t in  

a r t i f i c i a l l y  im p re g n a te d  e g g s . The two fo l lo w in g  c o n d i t io n s ,  

h o w ev er, may be  c o n t r i b u t i n g  f a c t o r s  and w i l l  be i n v e s t i g a t e d  

l a t e r .
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(1 ) The num ber o f sperm . Da th e  e a s e  o f  n a t u r a l l y  f e r t i l i z e d  

h e n s 9 eg g s  o n ly  t h r e e  o r  f o u r  sperm  n o rm a lly  e n t e r  th e  

egg* In  t h e  e a s e  o f  th e  a r t i f i c i a l l y  im p re g n a te d  eg g s

even when a  1 -8 0  d i l u t i o n  was u se d , s e v e r a l  hun d red  sperm  

w ere  i n j e c t e d  i n  th e  egg n e x t  to  th e  b l a s t o d i s o .  T h is  

d i f f e r e n c e  s u g g e s t s  two p o s s i b i l i t i e s ,  nam ely :

( a )  The sp e rm a to z o a  may o o n ta in  e i t h e r  an  emzyme, horm one, 

o r  some o t h e r  ch em ica l s u b s ta n e e  w hioh a o t s  a s  a 

c a t a l y s t ,  t h e r e b y  s p e e d in g  up developm ent*

(b ) The f u s i o n  o f  th e  m ale an d  fe m a le  p r o n u e le i  may o e cu r 

so o n e r  th a n  u n d e r  n a t u r a l  e o n d it io n s *  The l a r g e  

num ber o f  sperm  i n j e c t e d  in to  th e  egg w ould g r e a t l y  

i n c r e a s e  t h e  c h a n c e s  o f  a  sperm  b e in g  in  c lo s e r  

p r o x im i ty  to  th e  fem a le  p ro n u o le u s  th a n  would be

t h e  e a s e  u n d e r  n a t u r a l  e o n d it io n s *  In  su c h  a  e a s e  

i t  i s  l o g i c a l  to  assum e t h a t  th e  f u s io n  o f  th e  two 

p r o n u c le i  m ig h t o c cu r so o n e r  th a n  u n d e r n a t u r a l  

c o n d it io n s *

(2 ) The d i f f e r e n c e  i n  a c t i v i t y  o f th e  sp e rm . U nder no rm al 

c o n d i t i o n s ,  o n ly  t h e  head  and m id d le  p o r t io n  o f  each  

sp e rm a to zo a  e n t e r  th e  e g g ,  th e  t a i l  t a k in g  no p a r t  i n  th e  

f e r t i l i z a t i o n  p r o c e s s ,  McEwen (3 6 ) .  Such t a i l l e s s  p o r t io n s  

o f  sperm s w ould n a t u r a l l y  be much more s lu g g i s h  in  t h e i r  

m ovem ents th a n  f r e s h  sperm . In  th e  c a se  o f  th e  a r t i f i ­

c i a l l y  im p re g n a te d  e g g s ,  f r e s h  a c t i v e  sp e rm a to zo a  w ere  

i n j e c t e d  in to  th e  e g g . The d i f f e r e n c e  i n  th e  a c t i v i t y  o f  

th e  sperm  i n  t h e  n a t u r a l l y  f e r t i l i z e d  and  a r t i f i c i a l l y  

im p re g n a te d  e g g s  may t h e r e f o r e  be a  c o n t r ib u t in g  f a c t o r
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i n  t h e  in c r e a s e d  r a t e  o f d e v e lo p m e n t. In  t h i s  c o n n e c tio n  

t h e  o b s e r v a t io n  r e p o r t e d  by  W arren and K i l p a t r i c k  (64 ) i s  

o f  s p e c i a l  i n t e r e s t .  T hese a u th o r s  found t h a t  i f  a  B lack  

M in o rca  hen  w h ich  had b e e n  p r e v io u s ly  im p re g n a te d  w i th  

t h e  sem en o f  a  W hite  L egho rn  m ale w as a g a in  im p re g n a te d  

u s in g  th e  sem en o f  a  B lack  M inorca  m a le , th e  f r e s h  sperm  

w ould im m e d ia te ly  r e p l a c e  th e  o ld e r  W hite L eghorn  sem en, 

W a r re n 's  o b s e r v a t io n  show s t h e r e f o r e  t h a t  sperm  i n  th e  

o v id u c t  become l e s s  a c t i v e  w ith  a g e . The p o s s i b i l i t y  o f  

a  r ip e n in g  p r o c e s s  o c c u r r in g  in  th e  n u c le u s  o f  th e  egg 

due t o  a g in g  s h o u ld  a l s o  be  c o n s id e r e d .  I f  th e  n u c le u s  

d i d  u n d erg o  a  r ip e n in g  p r o c e s s  i t  m ig h t r e s u l t  i n  a c c e l ­

e r a t e d  n u c le a r  c h an g e s  upon e n tr a n c e  o f  th e  sperm . How ever, 

a a  m e n tio n e d  p r e v i o u s ly ,  a l l  th e  p o s s i b i l i t i e s  l i s t e d  a re  

o n ly  s p e c u l a t i v e  an d  e x p e r im e n ta l  p ro o f  i s  l a c k in g ,

P l a t e  7 ,  f i g u r e s  38 and 3 9 , shows th e  b l a s t o d i s o s  from  

two a r t i f i c i a l l y  im p re g n a te d  e g g s . B oth  o f th e s e  eggs a f t e r  

b e in g  im p re g n a te d  w e re  in c u b a te d  f o r  f i v e  and  o n e - h a l f  h o u rs  

a t  105° P , I t  i s  a p p a r e n t  fro m  th e s e  p h o to g ra p h s  t h a t  many c e l l s  

have b e en  fo rm ed  i n  t h i s  r e l a t i v e l y  s h o r t  sp ace  o f t im e , d u rin g  

w hich  n a t u r a l l y  f e r t i l i z e d  e g g s  undergo  o n ly  two or th r e e  

c le a v a g e s .  C e l l  f o r m a t io n  th e r e f o r e  h a s  ta k e n  p la c e  s e v e r a l  

t im e s  f a s t e r  th a n  i n  th e  c a se  in  n a t u r a l l y  f e r t i l i z e d  e g g s .

The c e l l s  found i n  a r t i f i c i a l l y  im p re g n a te d  eggs v a ry  

g r e a t l y  i n  sh a p e  and s i z e .  T hese v a r i a t i o n s  a r e  g r e a t e r  th a n  

th o s e  fo u n d  among th e  o e l l s  of n a t u r a l l y  f e r t i l i z e d  e g g s . In  

f i g .  4 3 , f o r  ex am p le , one  e s p e o i a l l y  l a r g e  c e l l  a p p e a rs  n e a r  

th e  c e n t e r  o f  th e  b la s to d e rm  i n  m arked c o n t r a s t  t o  th e  v e ry
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s m a ll  n e ig h b o r in g  c e l l s *  The same v a r i a t i o n  in  c e l l  s i z e  and 

sh a p e  e an  b e  s e e n  i n  t h e  b l a s t o d i s c  shown in  f ig *  3 8 .

F ig u re  45 show s a  c r o s s  s e c t i o n a l  v iew  o f  th e  b l a s t o -  

d i s c  shown i n  f ig *  43 . The v i t e l l i n e  membrane w as rem oved 

f o r  th e  p u rp o se  o f  o b ta in in g  th e  p h o to m ic ro g ra p h  shown i n  f i g .  

43 an d  t h e r e f o r e  d o es n o t  ap p ear*  T h is  p h o to g ra p h  show s an  

a r e a  o f  o e l l  fo rm a t io n  n e a r  th e  c e n t e r  o f  th e  b la s to d i s c *

The v a r i a t i o n s  i n  c e l l  s i z e  and  shape  w hioh w ere p o in te d  o u t 

i n  f ig *  43 can b e  s e e n  i n  t h i s  p h o to g rap h *  A se g m e n ta tio n  

c a v i ty ,a l t h o u g h  n o t  a s  d i s t i n c t  a s  th o s e  w hich  a re  fo u n d  i n  

n a t u r a l l y  f e r t i l i z e d  e g g s ,  n e v e r t h e l e s s  can  be  se en  in  fig * 4 5 *  

Two o f  th e  l a r g e  m a rg in a l  o e l l s  from  w h ioh  some o f  th e  s m a l le r

c e n t r a l  c e l l s  a r e  d e r iv e d  e an  a l s o  be seen  in  f ig *  45*

In  f ig *  46 i s  shown a  p h o to m ic ro g ra p h  o f  th e  g e rm in a l  

d i s c  o f  a n o th e r  a r t i f i c i a l l y  im p re g n a te d  egg* In  t h i s  c a s e  

th e  egg w as in c u b a te d  f o r  s e v e n  and o n e - f o u r th  h o u rs  a t  105°F* 

f o l lo w in g  im p re g n a tio n *  The d e v e lo p m e n t i s  much more advanced  

th a n  w as th e  e a s e  o f  th e  b l a s t o d i s c  shown in  f i g u r e s  43 and  44 

and  t h e r e  a p p e a rs  t o  b e  l e s s  v a r i a t i o n  in  s i z e  and  sh a p e  o f  

c e l l s *  On c lo s e  e x a m in a tio n  o f t h i s  p h o to g ra p h , how ever, i t  

e an  b e  s e e n  t h a t  t h e r e  i s  s t i l l  much v a r i a t i o n  i n  o e l l  s i z e

and  shape*  A lth o u g h  some v a r i a t i o n  e x i s t s  in  c e l l  s i z e  in

l a t e  c le a v a g e  s t a g e s  o f n a t u r a l l y  f e r t i l i z e d  e g g s , th e  v a r i a ­

t i o n s  w hioh  o c c u r  a r e  n o t a s  m arked a s  th o s e  shown in  f ig *  46* 

A t t h i s  s t a g e  of d ev e lo p m en t a l l  e v id e n c e  o f  a c c e s s o ry  c le a v ­

age  h a s  c o m p le te ly  d isa p p e a re d *

In  f i g u r e s  47 a n d  48 a re  shown o r o s s - s e e t l o n a l  v iew s 

o f  c e l l  fo rm a tio n  o f two o th e r  a r t i f i c i a l l y  im p re g n a te d  eggs*
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The o e l l s  In  t h i s  c a se  w ere im p re g n a te d  by p l a c in g  one d ro p  

o f  u n d i lu t e d  sem en on th e  v i t e l l i n e  membrane d i r e c t l y  o v e r  

t h e  b l a s to d i s o *  The eggs w ere th e n  in c u b a te d  f o r  d i f f e r e n t  

l e n g th s  o f t im e ,  th e  one r e p r e s e n te d  in  f ig *  47 f o r  f i v e  h o u rs  

and  f o r t y - f i v e  m in u te s ,  t h e  o t h e r  f o r  s i x  hours*  The c e l l s  

found  i n  e a e h  o f  th e s e  two eg g s a r e  more u n ifo rm  in  sh a p e  and 

s i z e  th a n  th o s e  w h ich  w ere  found  in  o th e r  a r t i f i c i a l l y  im p reg ­

n a te d  e g g s  b u t  s t i l l  a r e  n o t  a s  u n ifo rm  a s  th o s e  w h ich  form  

u n d e r  n a t u r a l  c o n d it io n s *  N u c le i  w ere  found  in  th e  c e l l s  o f  

b o th  t h e s e  a r t i f i c i a l l y  im p re g n a te d  e g g s , t h r e e  o f  w hich  can  be 

s e e n  i n  t h e  o e l l s  shown i n  f ig *  48* I t  i s  a p p a re n t  from  f ig *

47 t h a t  a  s e g m e n ta t io n  c a v i t y  h a s  b een  fo rm e d , w hioh  c lo s e l y  

r e s e m b le s  th o s e  v b ic h  a r e  fo u n d  i n  n a t u r a l l y  f e r t i l i z e d  eggs*

F ra g m e n ta t io n

I f  a n  egg  upon e n te r in g  th e  o v id u c t  i s  n o t f e r t i l i z e d  

i t  e n t e r s  i n t o  w h a t m igh t be c o n s id e re d  a dorm ant s t a t e .  Upon 

f i r s t  e n te r in g  th e  u t e r u s ,  th e  b l a s to d i s c  o f  such  an  egg  lo o k s  

l i k e  t h e  b l a s t o d i s c  o f e i t h e r  a  f e r t i l e  o r i n f e r t i l e  eg g  ta k e n  

from  t h e  a n t e r i o r  r e g io n  o f  th e  o v id u c t ,  i*  e . ,  i t  i s  unsegm en ted , 

e i r e u l a r  i n  s h a p e , and  a b o u t  t h r e e  mm* i n  d iam ete r*  Four to  f iv e  

h o u r8 a f t e r  e n te r in g  th e  u t e r u s ,  how ever, th e  b l a s t o d i s c  o f  th e  

I n f e r t i l e  egg  b e g in s  to  und erg o  f ra g m e n ta tio n *  D u rin g  t h i s  

p e r io d  o f  f r a g m e n ta t io n  th e  p ro to p la s m ic  b l a s to d i s c  f ra g m e n ts  

i n to  s m a ll  p i e c e s  w h ich  in  s u r f a c e  v iew  c lo s e ly  re se m b le  t r u e  

e e l l  fo rm a tio n *  The p ro to p la s m  d u r in g  f r a g m e n ta t io n  i s  p ro ­

g r e s s i v e l y  s u b d iv id e d  by f r a g m e n ta t io n  fu rro w s  w hich  c l o s e l y  

re se m b le  t r u e  c le a v a g e  fu rro w s*  T h is  f r a g m e n ta t io n  m ust be
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c o n s id e re d , a s  an  a b o r t i v e  ty p e  o f p a r th e n o g e n e s is  s in c e  some 

o f  t h e  c e l l - l i f e e  b o d ie s ,  a s  shown in  f i g .  5 4 , p o s s e s s  n u c l e i ,  

The l a r g e r  f r a g m e n ts  o f p ro to p la s m  d iv id e  an d  t h i s  a p p a re n t  

m u l t i p l i c a t i o n  i s  accom pan ied  i n  some i n s t a n c e s  a t  l e a s t  by 

o o r r e  sp e n d in g  n u c l e a r  d i v i s i o n s .  T h is  f r a g m e n ta t io n  o r 

p a r th e n o g e n e t ic  d ev e lo p m e n t c o n t in u e s  u n t i l  th e  e n t i r e  b l a s t o -  

d i s o  i s  se g m e n te d . The e x a c t  age  o f t h e  egg when f r a g m e n ta t io n  

o f  th e  b l a s t o d i s c  i s  c o m p le te d  h a s  n o t been d e f i n i t e l y  d e te r *  

m ined . H ow ever, i t  was fo u n d  t h a t  th e  b l a s t o d i s c  o f  i n f e r t i l e  

u t e r i n e  e g g s  w h ic h  w ere o b ta in e d  fro m  hens a t  1 1 :2 0  p .m . w ere 

s t i l l  u n d e rg o in g  f r a g m e n ta t io n .  T h is  means t h a t  th e  f i n a l  

s t a g e s  o f  f r a g m e n ta t io n  o c c u r  betw een  m id n ig h t and th e  norm al 

tim e  o f  l a y i n g .

The c e l l - l i k e  s t r u c t u r e s  w h ich  a r e  fo rm ed  a s  th e  r e s u l t  

o f  f r a g m e n ta t io n  o f  th e  b l a s t o d i s c  o f  i n f e r t i l e  h e n s ' eggs 

re se m b le  i n  some r e s p e c t s  th e  c e l l s  w h ich  have a l r e a d y  b een  

d e s c r ib e d  f o r  a r t i f i c i a l l y  im p re g n a te d  e g g s . H ow ever, when 

a  c a r e f u l  s to d y  i s  made o f  th e  s e c t io n s  o f  th e  two ty p e s  o f  

b l a s t o d i s c s  t h e  f o l lo w in g  d i f f e r e n c e s  can  be o b s e rv e d :

(1 ) F ra g m e n ta t io n  u s u a l ly  b e g in s  a t  th e  m arg in  o f th e  

b l a s t o d i s c  w here  t h e r e  i s  a  c o n s id e r a b ly  s m a l le r  amount o f 

p ro to p la s m  p e r  u n i t  a r e a  th a n  a t  th e  c e n t e r .  The f i n a l  r e ­

s u l t  i s  th e  f o rm a t io n  o f  many s m a ll  c e l l - l i k e  b o d ie s  a t  th e  

p e r ip h e r y  o f  th e  d i s c  and fe w e r  but l a r g e r  o e l l s  a t  th e  c e n t e r

o f  th e  d i s c .  In  th e  c a se  o f a r t i f i c i a l l y  im p re g n a te d  e g g s , 

th e  f i r s t  c le a v a g e  fu r ro w s  u s u a l ly  form  n e a r  th e  c e n t e r  o f  th e

b l a s t o d i s c ,  f i g u r e s  22 and  4 0 . C o n se q u e n tly  the  c e l l s  in
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t h i s  r e g i o n  a r e  more num erous and s m a l le r  th a n  a t  th e  m arg in  

o f  t h e  b la s to d i s c #

(8 ) C e l l  f o rm a t io n  in  f ra g m e n te d  i n f e r t i l e  eggs does 

n o t  ta k e  p la c e  a s  r a p i d l y  a s  i n  th e  o ase  o f  a r t i f i c i a l l y  

im p re g n a te d  eg g s*  M ost i n f e r t i l e  e g g s  rem oved from  th e  u t e r i  

e f  h e n s  t e n  t o  e le v e n  h o u rs  a f t e r  th e  e s t im a te d  tim e  o f  

o v u la t io n  c o n ta in e d  r e l a t i v e l y  few  c e l l - l i k e  b o d ie s ,  f i g u r e s  

51 an d  58* In  c o n t r a s t  t o  t h i s ,  u n fra g m e n te d , i n f e r t i l e  eggs 

rem oved from  t h e  u t e r i  o f  h ens f i v e  h o u rs  a f t e r  o v u la t io n ,  

a r t i f i c i a l l y  im p re g n a te d  and  in c u b a te d  fo r  f i v e  t o  seven  h o u rs  

a t  105° F . , c o n ta in e d  s e v e r a l  h u n d red  c e l l s ,  f i g u r e s  4 3 , 44 , 

and  46*

A f t e r  th e  f r a g m e n ta t io n  o f  t h e  b l a s t o d i s c  i s  com p leted  

th e  num erous c e l l - l i k e  b o d ie s  c o n g re g a te  a t  th e  c e n t e r  o f  t h e  

b l a s t o d i s c ,  fo rm in g  t h e  s m a ll  den se  m ass o f  p ro to p la sm  w h ich  

i s  se e n  in  f r e s h l y  l a i d  i n f e r t i l e  eggs* The a p p e a ra n c e  o f  t h e  

b la s to d i& e s  o f  i n f e r t i l e  and  f e r t i l e  eggs a t  th e  tim e o f  l a y in g  

i s  show n i n  p l a t e  8 , f i g u r e s  49 and 50*

S e v e ra l  a t t e m p ts  w e re  made to  im p re g n a te  f r e s h l y  l a i d  

i n f e r t i l e  eggs* S e r i a l  s e c t i o n s  o f  th e s e  b l a s t o d i s c s  showed 

no i n d i c a t i o n s  o f  d ev e lo p m e n t even  a f t e r  th e  eg g s had b een  

in c u b a te d  f o r  a s  lo n g  a s  f i v e  hours* I t  i s  e v id e n t  t h e r e f o r e  

t h a t  th e  b l a s t o d i s c s  o f  n e w ly - la id  i n f e r t i l e  eg g s  have re a c h e d  

a  s ta g e  o f  d i s i n t e g r a t i o n  w here  th e y  a re  in c a p a b le  o f  re su m in g  

d ev e lo p m en t even  th o u g h  th e  p r o p e r  s t im u lu s  i s  a p p l ie d .

Two d i f f e r e n t  s t a g e s  o f  f r a g m e n ta t io n  in  p re m a tu re  i n ­

f e r t i l e  e g g s  a r e  shown in  f i g u r e s  51 and  58* In  f ig *  51 a
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f r a g m e n ta t io n  fu rro w  w h ich  m ig h t e a s i l y  be m is ta k e n  f o r  a  t r u e  

c le a v a g e  fu r ro w  i s  shown a t  one edge o f  th e  b l a s t o d i s c .  T h is  

f r a g m e n ta t io n  fu r ro w  w as found  i n  a n  i n f e r t i l e  egg  w hich  was 

o b ta in e d  from  th e  u t e r u s  o f  a  hen  a t  8 :0 0  p . m* th e  day  b e fo re  

i t  w ould  n o rm a lly  have  b e en  l a id *  T h is  w as e le v e n  h o u rs  a f t e r  

th e  e s t im a te d  tim e  o f  o v u la t io n  and s i x  h o u rs  a f t e r  th e  egg had 

e n te r e d  t h e  u te ru s *  T h is  p h o to g ra p h  a ls o  shows th e  b e g in n in g  

o f  a  se c o n d  f r a g m e n ta t io n  fu rro w  i n  th e  u p p e r p o r t io n  o f  th e  

b la s to d i s c *  A l a r g e  num ber o f  f a i n t  r a d i a l  fu rro w s  can  be se e n  

fo rm in g  a b o u t  th e  p e r ip h e r y  o f  th e  b la s to d i s c *  In  f ig *  58 i s  

shown a  l a t e r  s t a g e  o f  f r a g m e n ta t io n  in  an  i n f e r t i l e  egg* T h is  

egg  w as o b ta in e d  a t  7 :3 0  p* m. th e  day  b e fo re  i t  w ould have been  

l a i d  o r  t e n  h o u rs  a f t e r  th e  e s t im a te d  tim e  o f  o v u la t io n  and 

f i v e  h o u rs  a f t e r  th e  egg had  e n te r e d  th e  u te ru s *  The b l a s t o -  

d i s e  i n  t h i s  c a s e  h a s  been  s u b d iv id e d  by num erous f r a g m e n ta t io n  

fu r ro w s , th e  m a jo r i t y  o f  w hich  ru n  i n  a  r a d i a l  d i r e c t i o n .  T hree  

e x c e p t i o n a l l y  w ide  fh rro w s  a p p e a r  n e a r  th e  c e n t e r  o f  th e  b l a s t o ­

d is c *

S e v e ra l  p re m a tu re  i n f e r t i l e  eggs w hich  w ere o b ta in e d  

b e tw een  3 :0 0  and 4 :0 0  p* m* th e  day  b e fo re  th e y  w ere due to  

be l a i d  w ere  in c u b a te d  f o r  s h o r t  p e r io d s  o f  tim e  i n  o rd e r  to  

s tu d y  th e  fo rm a t io n  o f  th e  f r a g m e n ta t io n  fu rrow s*  These eggs 

w ere  rem oved fro m  t h e  in c u b a to r  a t  g iv e n  i n t e r v a l s  and s k e tc h e s  

made o f  t h e  b l a s to d i s c *  S k e tc h e s  made a t  te n -m in u te  i n t e r v a l s

show ing th e  p r o g r e s s iv e  d ev e lo p m en t o f  th e  f r a g m e n ta tio n  

fu r ro w s  i n  tw o o f  th e s e  i n f e r t i l e  eggs a r e  shown in  p l a t e s  9

a n d  1 0 .
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S e v e r a l  i n v e s t i g a t o r s  have s tu d ie d  th e  b l a s t o d i s c s  o f 

f r e s h l y  l a i d  i n f e r t i l e  h e n s ’ eggs and have r e p o r t e d  f in d in g  

p a r th e n o g e n e s is *  O e l la o h e r  (41) was th e  f i r s t  to  r e p o r t  w hat 

he th o u g h t  was p a r th e n o g e n e s i s  i n  i n f e r t i l e  hens* e g g s . He 

r e p o r t e d  f i n d i n g  n u c le a te d  o e l l - l i k e  b o d ie s  i n  th e  g e rm in a l  

a r e a  w h io h  he  c o n s id e r e d  to  be t r u e  c e l l s  b e ca u se  o f  t h e i r  

l o c a t i o n  a n d  t h e i r  a b i l i t y  t o  m u l t ip ly  by d i v i s i o n .  D uval (17) 

a l s o  o b s e rv e d  t h e s e  o e l l - l i k e  b o d ie s  in  f r e s h l y  l a i d  i n f e r t i l e  

eg g s  a n d  l i k e  O e l la o h e r  c o n s id e r e d  them to  be t r u e  c e l l s .  

L a e a i l l o n  (3 2 ) a l s o  r e p o r t e d  f in d in g  i n d i c a t i o n s  o f  d e f i n i t e  

p a r th e n o g e n e t i c  d ev e lo p m en t i n  f r e s h l y  l a i d ,  i n f e r t i l e  h e n s ’ 

e g g s . The l a s t  named a u th o r  made a  d e t a i l e d  s tu d y  o f  f r e s h l y  

l a i d ,  i n f e r t i l e  e g g s  a n d  p r e s e n te d  f i f t y - s i x  c a r e f u l l y  made 

d raw in g s  o f  th e  o e l l - l i k e  b o d ie s  w hich  he fo u n d . Some o f  

t h e s e  d ra w in g s  showed th e  c e l l - l i k e  b o d ie s  i n  th e  p ro c e s s  o f  

u n d e rg o in g  m i t o t i c  d i v i s i o n .

C e l l - l i k e  b o d ie s  i n  f r e s h l y  l a i d  i n f e r t i l e  h e n s ’ eg g s  

w ere  a l s o  o b s e rv e d  by B a r f u r th  (2 )*  T h is  a u th o r  c o u ld  f in d  

no n u c l e i  in  t h e s e  s t r u c t u r e s  and  t h e r e f o r e  c o n c lu d ed  t h a t  

th e y  w ere  n o t  t r u e  c e l l s  b u t  o n ly  th e  r e s u l t  o f  f r a g m e n ta t io n .  

L i l l i e  (33 ) a l s o  © in c lu d ed  t h a t  w h a t had b e en  r e p o r t e d  t o  be 

p a r th e n o g e n e s is  i n  h e n s ' eggs w as o n ly  a  ty p e  o f  f r a g m e n ta t io n .

Hay8 an d  H ie o la id e s  (27) exam ined s e c t i o n s  o f  th e

b l a s t o d i s c s  o f  f r e s h l y  l a i d  i n f e r t i l e  h e n s ' eggs f o r  e v id e n c e

o f  p a r th e n o g e n e s is *  T hese a u th o r s  fo u n d  no o e l l - l i k e  s t r u c t u r e s

i n  t h e i r  m a t e r i a l  and  c o n c lu d e d  t h a t  p a r th e n o g e n e s is  d oes n o t  
o c c u r  i n  th e  c a s e  o f  c h ic k e n  e g g s .
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S in c e  a l l  o f  th e s e  I n v e s t i g a t o r s  u se d  th e  b l a s t o d i s c s  

©£ e i t h e r  f r e s h l y  l a i d  i n f e r t i l e  eg g s  o r  i n f e r t i l e  eg g s w hich  

w ere  s e v e r a l  d a y s  o ld  i t  i s  n o t  s u r p r i s i n g  to  f in d  c o n f l i c t i n g  

o p in io n s  a s  to  w h e th e r  o r  n o t  p a r th e n o g e n e s is  o c c u rs  i n  h e n s ’ 

e g g s . I t  h a s  b e e n  shown i n  t h i s  s tu d y  t h a t  f r a g m e n ta t io n  o f  

th e  h l a s t o d i s o  i s  c o m p le te d  and  th e  o e l l - l i k e  b o d ie s  have 

c o n g re g a te d  i n  a  com pact m ass a t  th e  c e n t e r  o f th e  b l a s to d i s c  

( f i g .  4 9 ) p r e v io u s  to  t h e  t im e  th e  egg i s  l a i d .  I t  was f u r t h e r  

shown t h a t  t h e  b l a s t o d i s c  o f  an  i n f e r t i l e  egg h as re a c h e d  a 

s ta g e  o f  d i s i n t e g r a t i o n  by th e  tim e  th e  egg  i s  l a i d  w here i t  

i s  in c a p a b le  o f  u n d e rg o in g  f u r t h e r  d e v e lo p m e n t. I t  i s  im pro ­

b a b le  t h e r e f o r e  t h a t  i n f e r t i l e  eggs w ould undergo  developm en t 

upon b e in g  in c u b a te d  a s  h a s  been  r e p o r t e d  by O e lla o h e r  ( 4 1 ) ,

D uval ( 1 7 ) ,  a n d  L a e a i l lo n  ( 3 2 ) .  T h e re fo re  in  a  s tu d y  o f  

p a r th e n o g e n e s i s  o r f r a g m e n ta t io n  p re m a tu re  u t e r i n e  eggs sh o u ld  

be u s e d  r a t h e r  th a n  new ly  l a i d  o r  o ld e r  i n f e r t i l e  e g g s .

In  th e  c o u rs e  o f  t h i s  s tu d y  num erous c e l l - l i k e  s t r u c t u r e s  

have  b e e n  o b se rv e d  i n  c r o s s  s e c t i o n s  o f  b l a s t o d i s c s  o f  i n f e r t i l e  

u t e r i n e  e g g s  o b ta in e d  a t  1 1 :0 0  p . m. from  th e  u t e r i  o f  h e n s .

Some o f  t h e s e  c e l l - l i k e  b o d ie s  c o n ta in e d  n u c l e i  i n  w hich  c h ro m a tin  

r a t e r i a l  c o u ld  b e  o b se rv e d . T h is  shows t h a t  some s o r t  o f  t r a n s ­

i t i o n a l  p a r th e n o g e n e t ic  developm en t o c c u rs  i n  th e  c a se  o f  i n f e r ­

t i l e  b i r d s 1 e g g s .
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SUMR&RY

The p r e s e n t  s tu d y  h a s  d e a l t  w ith  th e  se q u e n c e s  o f  

d e v e lo p m e n ta l  c h a n g e s  vfeioh o c c u r  i n  t h e  h e n f s egg from  th e  

tim e  th e  egg  fo rm s i n  t h e  o v a ry  o f  th e  hen u n t i l  i t  r e a c h e s  

th e  u t e r u s .  I t  h a s  b een  shown t h a t  th e  n u c le u s  o f  th e  egg 

w h ic h  f i r s t  o c c u p ie s  a  c e n t r a l  p o s i t i o n  in  v e ry  young o o c y te s  

m ig r a te s  to w a rd s  th e  p e r ip h e r y  o f  c e l l  a s  th e  c e l l  i n c r e a s e s  

i n  s i z e .  F o r t y - e i g h t  h o u rs  p r i o r  to  th e  tim e o f  o v u la t io n ,  

th e  n u d e u s  o r  g e rm in a l  v e s i c l e  i s  fo u n d  in  an  ex trem e  e c c e n t r i c  

p o s i t i o n  n e a r  one e d g e  o f  th e  ovum a  few  m ic ro n s  b e n e a th  th e  

v i t e l l i n e  m em brane. The g e rm in a l v e s i c l e  a t  t h i s  p e r io d  i s  

r e l a t i v e l y  l a r g e  an d  i s  found  i n  th e  m id d le  o f  a  p e r i p h e r a l  

l a y e r  o f  p ro to p la s m  c a l l e d  th e  b l a s t o d i s c .  A p p ro x im a te ly  

tw e n ty - f o u r  h o u rs  b e fo re  th e  tim e o f  o v u la t io n  th e  w a l ls  o f  

th e  g e rm in a l  v e s i c l e  b e g in  to  d i s i n t e g r a t e .  As th e  i n t e r n a l  

p r e s s u r e  w i t h in  th e  f o l l i c l e  i n c r e a s e s  th e  g e rm in a l v e s ic le  

s p r e a d s  i n  a  l a t e r a l  d i r e c t i o n  an d  i t s  in n e r  s u r f a c e  becomes 

som ewhat f l a t t e n e d .  S h o r t ly  b e f o r e  o v u la t io n  th e  w a l l  o f  th e  

g e rm in a l  v e s i c l e  c o m p le te ly  b re a k s  down a llo w in g  th e  f l u i d  

e o n te n ts  o f  t h i s  s t r u c t u r e  to  s p re a d  l a t e r a l l y  i n  a  t h i n  s h e e t  

b e n e a th  th e  v i t e l l i n e  m em brane. Accom panying t h i s  breakdow n 

o f  th e  g e rm in a l  v e s i c l e  a re  o t h e r  m arked n u c le a r  c h an g es . The 

chrom osom es w h ieh  w ere  fo rm e r ly  fo u n d  i n  t h i n  th r e a d s  and 

s c a t t e r e d  th ro u g h o u t  th e  n u c le u s  a r e  now found c o n g re g a te d

n e a r  t h e  c e n t e r  o f  th e  g e rm in a l  v e s i c l e .  The f i r s t  m a tu ra ­

t i o n  d i v i s i o n  th e n  ooours*  th e  f i r s t  p o la r  body b e in g  e x tru d e d  

w h ile  t h e  e g g  i s  s t i l l  in  th e  o v a ry . The s p in d le  f o r  th e  

se co n d  m a tu r a t io n  d i v i s i o n  i s  th e n  form ed a f t e r  w h ich  tim e
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o v u l a t i o n  o c c u r s .  The eg g  i s  f e r t i l i z e d  when i t  e n t e r s  th e  

in fu n d ib u lu m  p o r t i o n  o f  th e  o v id u c t .  The seco n d  p o la r  body 

i s  e x t r u d e d  fo l lo w in g  th e  p e n e t r a t i o n  o f th e  sperm  and b e fo re  

th e  f u s io n  o f  th e  m ale and  fe m a le  p ro n u c le i  o c c u r s .  The f i r s t  

s e g m e n ta tio n  d i v i s i o n  o c c u rs  a s  t h e  egg e n te r s  th e  is th m u s p o r ­

t i o n  o f  th e  o v i d u e t .  T h is  i s  fo l lo w e d  in  a p p ro x im a te ly  f i f t e e n  

t o  t h i r t y  m in u te s  b y  th e  fo rm a t io n  o f th e  se co n d  c le a v a g e  fu rro w . 

Upon e n t e r i n g  th e  u t e r u s  p o r t i o n  o f  th e  o v id u c t  th e  egg u n d e r­

g o e s  f u r t h e r  d e v e lo p m e n t. In  t h i s  r e g io n  a l l  t h e  e a r ly  

c le a v a g e  s t a g e s  from  th e  s i x t e e n - c e l l  s ta g e  to  th e  8 4 0 - c e l l  

s ta g e  o c c u r  i n  a  sp a c e  o f  f o u r  h o u rs .

I f  a n  e g g  i s  n o t  f e r t i l i z e d  a s  i t  e n t e r s  th e  o v id u c t  i t  

p a s s e s  i n t o  w hat m ig h t be c o n s id e re d  a  dorm ant c o n d i t io n .  Ho 

f u r t h e r  v i s i b l e  c h a n g e s  o c c u r  in  t h e  b l a s to d i s c  u n t i l  th e  egg 

e n t e r s  th e  u te ru s *

F ra g m e n ta t io n  o f  th e  b l a s t o d i s c  b e g in s  a p p ro x im a te ly  

fo u r  t o  f i v e  h o u rs  a f t e r  th e  i n f e r t i l e  egg h as  e n te r e d  th e  u t e r u s .  

T h is  f r a g m e n ta t io n  c o n t in u e s  u n t i l  th e  b l a s t o d i s c  h as been  su b ­

d iv id e d  in to  many s m a l l  c e l l - l i k e  b o d ie s  some o f w hich  a re  

n u c le a te d  c l o s e l y  r e s e m b lin g  t r u e  c e l l s  i n  a p p e a ra n c e . These 

sm a ll  p o r t io n s  o f p ro to p la s m  c o n g re g a te  n e a r  th e  c e n t e r  o f th e  

b l a s t o d i s c  a s  a  d e n s e  w h ite  m ass , when th e  f r a g m e n ta t io n  o f  

th e  b l a s t o d i s c  h a s  b e e n  c o m p le te d . T h is  f r a g m e n ta t io n  o f th e  

p ro to p la s m  and t h e  c o n g re g a t io n  o f  th e  o e l l - l i k e  b o d ie s  a t  th e

c e n t e r  o f  th e  b l a s t o d i s c  ta k e s  p la c e  p r i o r  to  tim e  o f  l a y in g .

T h is  s tu d y  h a s  shown t h a t  when i n f e r t i l e  eggs have re a c h e d  

t h i s  s t a g e  o f d i s i n t e g r a t i o n  th e  p ro to p la sm  i s  in c a p a b le  o f
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f u r t h e r  d e v e lo p m e n t. I n f e r t i l e  eggs, how ever, ta k e n  from  

th e  u t e r u s  f i v e  t o  se v en  h o u rs  a f t e r  t h e  e s t im a te d  tim e o f 

o v u la t i o n  can he a r t i f i c i a l l y  im p re g n a te d  an d  in d u ee d  to  

u n d e rg o  f u r t h e r  developm ent*

CONCLUSIONS

The f o l lo w in g  o o n o lu s io n s  a r e  b a se d  upon th e  s tu d y  o f 

s e r i a l  s e o t i o n s  and  w hole mount p r e p a r a t i o n  o f  more th a n  

tv e  h u n d re d  b l a s t o d i s o s  o f  o v a r ia n  and o v id u c a l  eg g s i n  

v a r io u s  s t a g e s  o f  developm en t*

1 . The n u c le u s  o r  g e rm in a l  v e s i o l e  o f  th e  egg  o f  th e  

d o m e s tic  fo w l b e g in s  d i s i n t e g r a t i n g  a p p ro x im a te ly  tw e n ty -  

fo u r  h o u rs  p r i o r  to  th e  tim e  o f o v u la t io n .  As more y o lk  i s  

a d d e d , t h e r e  i s  an in c r e a s e  i n  th e  i n t e r n a l  p r e s s u r e  w i th in  

th e  f o l l i c l e  c a u s in g  th e  f l u i d  c o n te n ts  o f  th e  g e rm in a l  

v e s i c l e  t o  s p re a d  l a t e r a l l y  i n  a  t h i n  s h e e t  j u s t  b e n e a th  th e  

v i t e l l i n e  membrane* A t t h e  tim e  o f  o v u la t io n  o n ly  ru d im e n ts  

o f  t h e  g e rm in a l  v e s i o l e  can  be found*

2 . The f i r s t  p o l a r  body i s  e x tru d e d  and th e  s p in d le  

o f  t h e  seco n d  p o la r  body fo rm ed  b e fo re  o v u la t io n  occurs*

3 .  The f i r s t  p o l a r  body in c r e a s e s  in  s i z e  a f t e r  b e in g  

e x tru d e d  from  th e  egg* The f i r s t  p o l a r  b o d ie s  found in  

d i f f e r e n t  f r e s h l y  o v u la te d  y o lk s  v a ry  g r e a t l y  i n  s i z e  and 

s h a p e . T hose fo u n d  in  f r e s h l y  o v u la te d  y o lk s  a v e ra g e d  2 0 .3

m ic ro n s  in  l e n g t h ,  7 .4  m ic ro n s  i n  d e p th ,  and 10 m ic ro n s  in  

w id th .  T h is  i s  a p p ro x im a te ly  fo u r  t im e s  th e  s i z e  o f  th e  

same s t r u c t u r e s  found  i n  p ig e o n  e g g s .
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4 . The egg i s  n o rm a lly  f e r t i l i z e d  w i th in  f i f t e e n  

m in u te s  a f t e r  o v u la t i o n  and  w h ile  th e  egg i s  i n  t h e  in f u n d i -  

bu lum . T hese  s t u d i e s  have  shown t h a t  o n ly  t h r e e  o r f o u r  

sperm  e n t e r  th e  egg  a t  tim e  o f  f e r t i l i z a t i o n  w hich  i s  in  

a e o o rd  w i th  th e  o b s e r v a t io n s  o f P a t t e r s o n  (4 7 ) .

5* The se c o n d  p o l a r  body  i s  e x tru d e d  from  th e  egg 

a f t e r  th e  e n t r a n c e  o f  th e  sp e rm . T h is  f a c t  was d e m o n s tra te d  

i n  t h e  c a s e  o f  a r t i f i c i a l l y  im p re g n a te d  u t e r i n e  eggs a s  w e l l

a s  i n  e a s e s  o f  n a t u r a l  f e r t i l i z a t i o n .

6 .  The f i r s t  e le a v a g e  p la n e  a p p e a rs  in  s u r f a c e  view

a b o u t th e  tim e  th e  eg g  i s  a l t e r i n g  th e  is th m u s p o r t io n  o f  th e

e v id u e t  w h ieh  i s  a p p ro x im a te ly  t h r e e  and o n e - h a l f  h o u rs  a f t e r  

t h e  tim e  o f  o v u l a t i o n .  The f o u r -  an d  e i g h t - c e l l  c le a v a g e  

s t a g e s  a l s o  o c c u r  w h ile  t h e  egg  i s  in  th e  is th m u s . No 

a c c e s s o r y  c le a v a g e  w as o b se rv e d  a t  tw o -  and f o u r - c e l l  s t a g e s  

a s  w as r e p o r t e d  by P a t t e r s o n  (47}•

7 . I n f e r t i l e  u t e r i n e  e g g s  b e g in  f r a g m e n ta t io n  th r e e  

t o  f o u r  h o u rs  a f t e r  e n te r in g  th e  u t e r u s .  The f r a g m e n ta t io n  

fu r ro w s  s u b d iv id e  th e  p ro to p la s m  i n  much th e  same m anner a s  . 

t r u e  c le a v a g e  r e s u l t i n g  i n  th e  fo rm a t io n  o f n u c le a te d  and 

n o n -n u e le a te d  o e l l - l i h e  b o d ie s .  T hese  f ra g m e n ts  e v e n tu a l ly  

c o n g re g a te  a t  th e  c e n t e r  o f  th e  b l a s t o d i s c  fo rm ing  a  d e n se  

w h ite  m ass o f  p ro to p la s m . The b l a s t o d i s c s  o f  su ch  eg g s  a re  

in c a p a b le  o f  re su m in g  d ev e lo p m en t even th o u g h  th e  p ro p e r

s t im u lu s  i s  a p p l i e d .
8 .  I n f e r t i l e ,  n o n -f ra g m e n te d , u t e r i n e  eggs can  be

a r t i f i o i a l l y  im p re g n a te d  w ith  semen a n d  c a u se d  to  resum e 

*b he i r  dev e l  opm ent«
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LIST OP SYMBOLS USED

A. C. - A c c e sso ry  c le a v a g e

Ghr* - C hrom atin

F . M. - F o l l i c u l a r  e p i th e l iu m

F .  If* - Fem ale p ro n u c le u s

a .  V. - G e rm in a l v e s i c l e

M. H. - Male p ro n u o leu s*

If. - N u c le u s

Ov. - Ovum

r i - F i r s t  p o l a r  body

* 2 - Second p o l a r  body

S . C. - S e g m e n ta tio n  c a v i ty

T r . - T e tr a d s

V* V i t e l l i n e  membrane



PLATES
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EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 1

F ig*  1 -  C ro ss  s e c t i o n a l  v iew  o f  a  v e ry  young o v a r ia n  f o l l i ­

c l e  w i th  i t s  r e l a t i v e l y  l a r g e  and  c e n t r a l l y  l o c a t e d  

n u c le u s *  ( L ia .  o f  f o l l i c l e  *09 mm* L ia .  o f  n u c le u s  

*026 mm*) 720 x  

F ig*  2 -  C ro ss  s e c t i o n a l  v iew  o f  a  young o v a r ia n  f o l l i c l e *

(L ia*  o f  f o l l i c l e  *41 mm* L ia* o f  n u c le u s  *09 mm.) 

75 x

F ig .  3 -  C ro s s  s e c t i o n a l  v ie w  o f  a s l i g h t l y  o ld e r  o v a r ia n

f o l l i c l e  show ing  th e  n u c le u s  i n  an  e n a e n t r i o  p o s i ­

t i o n  w i t h in  t h e  egg* ( L ia .  o f  f o l l i c l e  1*7 mm*

L ia*  o f  n u c le u s  *35 mm.) 60 x  

F ig*  4  -  H o r iz o n ta l  s e c t i o n  o f  a  b l a s t o d i s c  o f  a  n e a r l y

m a tu re ,  o v a r ia n  f o l l i c l e  [33 mm. d ia * )  show ing th e  

r e l a t i v e  p o s i t i o n  a n d  shape  o f  t h e  l a r g e  g e rm in a l  

v e s i c l e  w i t h in  th e  b l a s t o d i s o  (G erm in a l v e s i o l e  

370 m ic ro n s  i n  d ia * )  75 x  

F ig*  5 -  C ro ss  s e c t i o n a l  v iew  o f  a  b l a s t o d i s c  o f  a  n e a r l y  

m a tu re  o v a r ia n  f o l l i c l e  show ing  th e  r e l a t i v e l y  

l a r g e  g e rm in a l  v e s i o l e  a t  th e  p e r ip h e r y  o f  th e  egg 

an d  i n  th e  c e n t e r  o f  th e  g e rm in a l  d i s c .  75 x  

F ig#  6 -  C ro ss  s e c t i o n a l  v iew  o f  g e rm in a l  d i s c  o f an  o v a r ia n  

f o l l i c l e  25 mm* i n  d i a .  show ing th e  i n i t i a l  s t a g e s  

in  th e  breakdow n o f  th e  w a l l s  o f  t h e  g e rm in a l  v e s i ­

c le *  75 x
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BERLMATIOBr OF PHOTOMICROGRAPHS OF PLATE 8

F ig .  7 -  C ro ss  s e c t i o n a l  v iew  o f  g e rm in a l  d i s c  o f  a  m a tu re

o v a r i a n  f o l l i c l e  ( s i z e  16 mm* d ia * )  show ing th e  d i s ­

i n t e g r a t i o n  o f  w a l l s  o f  th e  g e r m in a l  v e s i o l e  and  th e  

c h r o m a t in - l ik e  r e s id u e *  260 x  

F ig*  8 -  C ro ss  s e c t i o n a l  v ie w  o f  th e  g e rm in a l  d i s c  o f  a  m a tu re

o v a r i a n  f o l l i c l e  (27 mm* i n  d i a * ) J u s t  p r i o r  t o  o v u la ­

t i o n .  T h is  p h o to g ra p h  show s th e  g e rm in a l  v e s i c l e  

s p r e a d in g  l a t e r a l l y  i n  a  t h i n  s h e e t  h e n e a th  th e  v i ­

t e l l i n e  membrane* 75 x

F ig .  9 -  C ro s s  s e c t i o n a l  v iew  ©f th e  g e rm in a l  d i s c  o f  a  m a tu re

o v a r ia n  f o l l i c l e  (27 mm* d i a . )  w h ich  w as rem oved  fro m

th e  o v a ry  one h o u r p r i o r  to  th e  e s t im a te d  tim e  o f  ovu­

l a t i o n *  T h is  p h o to m ic ro g ra p h  show s t h e  c h ro m a tin  

m a t e r i a l  n e a r  t h e  c e n t e r  o f  t h e  d i s i n t e g r a t i n g  g e rm in a l  

v e s i c l e .  360 x  

F ig s*  10 an d  11 -  Same &s a b o v e . 360 x

F ig*  12 -  P h o to m ic ro g ra p h  o f  a h o r i z o n t a l  s e c t i o n  o f  th e  g e rm in a l  

v e s i c l e  o f a  m a tu re  o v a r ia n  f o l l i c l e  (36 mm. d i a . )

show ing e ig h te e n  t e t r a d s  n e a r  one ed g e  o f  t h i s  s t r u c ­

tu r e *  360 x

F i g s , 13 and  14 -  C ro ss  s e c t i o n a l  v iew s o f  two s u c c e s s iv e  s e c ­

t i o n s  o f  th e  b l a s t o d i s c  o f  a  m a tu re  f o l l i c l e  (37 mm* 

d i a . )  w h ich  w as rem oved  fro m  t h e  o v a ry  J u s t  p r i o r  t o  

tim e  o f  o v u la t io n *  T hese  p h o to g ra p h s  show t h e  a n a ­

p h a se  s ta g e  o f  th e  f o rm a t io n  o f  t h e  f i r s t  p o l a r  body,*. 

The lo n g  a x i s  o f  th e  s p in d le  l i e s  a t  r i g h t  a n g le s  to  

th e  s u r f a c e  o f  t h e  e g g . 730 x
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FXP1AH ATI ON OF PHOTOMICROGRAPHS OF PLATS 3

F ig .  15 -  C ro ss  s e c t i o n a l  v iew  o f  b l a s t o d i s c  o f  same egg  a s  

r e p r e s e n te d  in  f i g u r e s  13 and  14  show ing  a n o th e r

v iew  o f  t h e  fo rm a t io n  o f  t h e  f i r s t  p o l a r  b o d y . 720 x

F ig .  16 -  C ro ss  s e c t i o n a l  v iew  o f  g e rm in a l  d i s c  o f  a  m a tu re

o v a r ia n  f o l l i c l e  (36 mm. i n  d i a . ) show ing  th e  f i r s t  

p o l a r  body . The p o l a r  body h a s  b e en  e x tru d e d  fro m  

th e  egg and l i e s  i n  a  s m a ll  d e p r e s s io n  j u s t  b e n e a th  

th e  v i t e l l i n e  m em brane. 360 x

F i g s .  1 7 , 18 and  1 9 . C ro ss  s e c t i o n a l  v ie w s  o f  th e  b l& s to d i s e s

o f  t h r e e  f r e s h l y  o v u la te d  y o lk s  fro m  t h e  body  c a v i t y .

T hese  p h o to g ra p h s  show t h r e e  f i r s t  p o l a r  b o d ie s  l y in g

in  d e p r e s s io n s  i n  th e  p ro to p la s m  j u s t  b e n e a th  t h e  v i ­

t e l l i n e  m em brane. 720 x .

F i g .  20 -  C ro ss  s e c t i o n a l  v iew  o f  th e  g e rm in a l  d i s c  o f  a  m a tu re  

o v a r ia n  f o l l i c l e  (37 mm. i n  d i a . ) show ing c h ro m a tin  

m a t e r i a l  i n  e a c h  o f  th e  two s m a ll  v a c u o le s  b e n e a th  

th e  v i t e l l i n e  m em brane.

F ig .  21 -  C ro ss  s e c t i o n a l  v iew  o f  t h e  b l a s t o d i s c  o f  a  f r e s h l y  

o v u la te d  y o lk  show ing  th e  m ale  and  fe m a le  p r o n u c l e i  

n e a r  th e  se co n d  p o l a r  body  (m ale  a n d  fe m a le  p r© n u c le i  

2 .5  x  1 .8  m ic r o n s ) .  T h is  p h o to g ra p h  was t a k e n  o f  a  

s e c t i o n  o f  th e  same b l a s t o d i s c  a s  r e p r e s e n t e d  i n  

f i g .  1 9 . 360 x

F ig .  22 -  C ro ss  s e c t i o n a l  v iew  o f  a  s e c t i o n  o f  t h e  b l a s t o d i s c

o f  a  f r e s h l y  o v u la te d  y o lk  show ing  a  m ale  p r e n u c le u s .  

(The p r o n u c le u s  m easu red  2 x  1 .8  m ic ro n s )  360 x





60

EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 4

F ig .  23 -p B la s to d i s c  o f  c h ic k e n  egg  show ing f i r s t  c le a v a g e  

p la n e .  18 x

F i g s .  24 and  25 -  B l a s to d i s c s  o f  c h ic k e n  e g g s  show ing four** 

c e l l  s ta g e s *  E ggs w ere  rem oved  from  is th m u s  

p o r t i o n  o f  o v id u c t .  18 x  

F ig .  26 -  B la s to d i s c  o f  c h ic k e n  egg show ing  s i x  c e l l s .  Egg 

rem oved fro m  u t e r u s  a t  4 :3 0  p . m. o r  f i v e  h o u r s  

a f t e r  th e  e s t im a te d  tim e  o f  o v u la t i o n .  18 x  

F ig .  27 -  B la s to d i s c  o f  c h ic k e n  egg show ing  s i x t e e n  c e l l s *  

T h is  eg g  was o b ta in e d  f ro m  th e  u t e r u s  o f  a  hen a t  

1 :3 0  p .  m. o r  f i v e  h o u rs  a f t e r  t h e  e s t im a te d  t im e  

o f  o v u l a t i o n .  12 x  

F ig .  28 -  B la s to d i s c  o f  c h ic k e n  eg g  show ing a p p ro x im a te ly  

t h i r t y - t w o  o e l l s .  T h is  e g g  w as o b ta in e d  from  th e  

u t e r u s  o f  a  hen  a p p ro x im a te ly  s i x  and  o n e - h a l f  

h o u rs  a f t e r  th e  e s t im a te d  tim e  o f  o v u l a t i o n .  18 x
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EXPLMATIOH OF PHOTOHICRQG-RAPH OP P I  ATE 3

F i g s .  89 and  30 -  S egm ented  b l a s t o d i s c  o f  h e n s 1 e g g s  e a c h  

a p p ro x im a te ly  t h i r t y - t w o  c e l l s  * B o th  o f  t h e s e  

eg g s w ere  o b ta in e d  a t  3 :0 0  p .  m. o r  s i x  a n d  one-* 

h a l f  h o u rs  a f t e r  th e  e s t im a te d  t im e  o f  o v u l a t i o n .

18 x

F i g s .  31 and 38  -  B la s to d i s c  o f  h e n s 1 e g g s  show ing  a p p r o x i ­

m a te ly  s i x t y - f o u r  o e l l s .  The b l a s t o d i s c s  w e re  

s e c u re d  fro m  e g g s  rem oved  fro m  t h e  u t e r u s  s i x  and  

o n e - h a l f  h o u rs  and s e v e n  a n d  o n e » h a lf  h o u rs  a f t e r  

th e  e s t im a te d  t im e  o f  o v u l a t i o n .  18 x

F ig .  33  -  B la s to d i s c  show ing  a p p ro x im a te ly  one h u n d red  c e l l s  

in  s u r f a c e  v iew  ( s e v e n ty - f o u r  c e n t r a l  and  tw e n ty -  

f o u r  m a rg in a l  c e l l s ) .  T h is  b l a s t o d i s c  w as fro m  

an  eg g  w h ic h  w as o b ta in e d  a t  3 :1 0  p .  m. o r  s i x  and 

t w o - t h i r d s  h o u rs  a f t e r  th e  e s t im a te d  tim e  o f  

o v u l a t i o n .  18 x

F ig .  34  -  B la s to d i s c  show ing  a l a t e  c le a v a g e  s t a g e  ( p r o b a b ly  

360 c e l l s ) .  T h is  e g g  w as o b ta in e d  a t  4 :0 0  p .  m. o r  

s e v e n  a n a  o n e - h a l f  h o u rs  a f t e r  t h e  e s t im a te d  t im e  

o f  o v u l a t i o n .  18  x
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EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 6
*

T ig s .  35 and 36 -  C ro ss  s e c t i o n a l  v iew s o f  th e  f i r s t  c le a v a g e

p la n e  o f  two d i f f e r e n t  n a t u r a l l y  f e r t i l i z e d  e g g s .

One o f  t h e s e  e g g s  was s e c u r e d  f ro m  t h e  a lb u m en - 

s e c r e t i n g  p o r t i o n  an d  one fro m  th e  is th m u s*  320 x  

F ig .  37 -  C ro ss  s e c t i o n a l  v iew  o f  a  b l a s t o d i s c  w h ic h  show ed 

t h i r t y - t w o  c e l l s  in  s u r f a c e  v ie w . 75 x  

F ig .  33 -  C ro ss  s e c t i o n a l  v iew  o f  a  b l a s t o d i s c  o f  a  n a t u r a l l y  

f e r t i l i z e d  eg g  w h ich  w as o b ta in e d  f ro m  th e  u t e r u s  

a t  7 :1 5  p .  m. o r  e le v e n  h o u rs  a f t e r  th e  e s t im a te d  

tim e  o f  o v u l a t i o n .  T h is  p h o to g ra p h  shew s a  v e ry  

l a t e  c le a v a g e  s t a g e .  75 x  

F ig .  39 -  C ro ss  s e c t i o n a l  v iew  o f  a  s e o t io n  o f  a  b l a s t o d i s c  

from  an a r t i f i c i a l l y  im p re g n a te d  e g g  sh o w in g  th e  

seco n d  p o l a r  body an d  th e  l a r g e  f u s i o n  n u c le u s .

T h is e g g  was in c u b a te d  a t  105° F . f o r  tw e n ty  

m in u te s .  720 x

F ig .  40 -  B la s to d i s c  o f  an  a r t i f i c i a l l y  im p re g n a te d  eg g  a f t e r  

tw e n ty - f iv e  m in u te s  in c u b a t io n  show ing  f i r s t  c l e a v ­

age  p la n e .  T h is  p h o to g ra p h  a l s o  show s a c c e s s o r y  

o le a v a g e  ab o u t th e  p e r ip h e ry  o f  th e  b l a s t o d i s c .  12 x  

F ig .  41 -  C ro ss  s e c t i o n a l  v iew  o f  t h e  b l a s t o d i s c  o f  a n o th e r  

a r t i f i c i a l l y  im p re g n a te d  e g g  show ing  a  l a r g e  p o l a r  

b o d y . The ro u n d  d a rk  m ass shown n e a r  t h e  c e n t e r  o f  

t h i s  p o l a r  body i s  c h ro m a tin  m a t e r i a l .  320 x  

F ig .  42 -  B la s to d i s c  o f  a n  a r t i f i c i a l l y  im p re g n a te d  e g g  show ing  

a p p ro x im a te ly  s i x t e e n  c e l l s .  T h is  e g g  was i n c u b a te d  

f o r  t h i r t y  m in u te s  a t  105° F . 18 x
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F ig .

F ig .

F ig .

F ig .

F ig s

EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 7

43 -  B la s to d i s c  o f  an a r t i f i c i a l l y  im p re g n a te d  eg g

show ing l a t e  c le a v a g e .  T h is  e g g  w as in c u b a te d  

f o r  f i v e  h o u rs  and  t h i r t y - f o u r  m in u te s  a t  10 5 °  P . 

fo l lo w in g  im p re g n a t io n . 18 x

44  -  B la s to d i s c  o f  an a r t i f i c i a l l y  im p re g n a te d  e g g

show ing l a t e  c le a v a g e .  T h is  e g g  w as in c u b a te d  

f o r  f i v e  a n d  o n e - h a l f  h o u rs  a t  10 5 ° F . f o l lo w in g

im p re g n a t io n .  18 z

45  -  C ro ss  s e c t i o n a l  v iew  o f  th e  b l a s t o d i s c  show ing

c e l l  f o r m a t io n .  75 x

46 -  B l a s to d i s c  o f  an  a r t i f i c i a l l y  im p re g n a te d  e g g

a f t e r  b e in g  in c u b a te d  f o r  se v e n  h o u rs  and  

e le v e n  m in u te s  a t  105° F . 21 z  

47 and  4 8 . C ro ss  s e c t i o n a l  v ie w s  o f  two b l a s t o d i s c s  

o f  a r t i f i c i a l l y  im p re g n a te d  e g g s  show ing  c e l l  

f o r m a t io n .  T h ese  u t e r i n e  e g g s  w e re  im p re g n a te d  

by p l a c i d  t h e  sperm  upon th e  v i t e l l i n e  membrane 

d i r e c t l y  o v e r  th e  g e rm in a l  d i s c .  The e g g s  w ere  

th e n  in c u b a te d  f o r  f i v e  a n d  o n e - h a l f  h o u r s .  75 x
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F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

EXPLANATION OF PHOTOMICROGRAPH OF PIATE 8

49 -  P h o to g ra p h  o f  th e  y o lk  o f  a  f r e s h l y  l a i d  i n f e r t i l e

egg show ing  th e  d e n s e » w h i te  m ass o f  p ro to p la s m  

i n  th e  c e n t e r  o f  t h e  g e rm in a l  d i s c .  T h is  c o n d i­

t i o n  w h ioh  i s  a  r e s u l t  o f  f r a g m e n ta t io n  i s  c h a r ­

a c t e r i s t i c  f o r  n e a r l y  a l l  n ew ly  l a i d  i n f e r t i l e  

e g g s . N a tu r a l  s i z e .

50 -  P h o to g ra p h  o f  th e  y o lk  o f  a  f r e s h l y  l a i d  f e r t i l e

egg show ing t h e  a p p e a ra n c e  o f  th e  b l a s t o d i s c  a t  

th e  tim e  o f l a y i n g .  N a tu r a l  s i z e .

51 -  B la s to d i s c  o f  an i n f e r t i l e  u t e r i n e  egg  sh o w in g  th e

b e g in n in g  o f  f r a g m e n ta t io n .  T h is  e g g  was o b ta in e d  

a t  8 :0 0  p . m. o r  t e n  h o u rs  a f t e r  t h e  e s t im a te d  tim e  

o f  o v u la t i o n .  12 x

52 -  B la s to d i s c  o f a n o th e r  i n f e r t i l e  u t e r i n e  egg  show ing

f r a g m e n ta t io n .  T h is  e g g  w as o b ta in e d  a t  8 :5 0  p .m . 

o r  t e n  h o u rs  a f t e r  th e  e s t im a te d  tim e  o f  o v u l a t i o n .  

18 x .

55 -  C ro ss  s e c t i o n a l  v iew  o f  th e  f ra g m e n te d  b l a s t o d i s o  o f  

a n  i n f e r t i l e  egg show ing  th e  c e l l - l i k e  s t r u c t u r e s .  

T h is  egg w as o b ta in e d  from  th e  u t e r u s  a t  11:5Q p .  m. 

o r  f i f t e e n  h o u rs  a f t e r  th e  e s t im a te d  tim e  o f  o v u la ­

t i o n .  75 x

54 -  C ro ss  s e c t i o n a l  v iew  o f  t h e  b l a s t o d i s o  o f  t h e  same

i n f e r t i l e  u t e r i n e  egg  shown i n  5 5 . T h is  p h o to g ra p h  

shows one o f  t h e  many o e l l - l i k e  b o d ie s  o f  t h i s  

b l a s to d i s c *  The n u c le u s  c an  be s e e n  i n  t h i s  

p a r t i c u l a r  c e l l .  720 x
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EXPLANATION OF PLATE 9

D raw ings show ing  th e  p r o g r e s s iv e  fo rm a t io n  o f  f r a g ­

m e n ta t io n  fu rro w s  in  th e  b l a s t o d i s o  o f  an  

i n f e r t i l e  eg g .
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EXPLANATION OF PLATE 10

D raw ings show ing  th e  p r o g r e s s iv e  fo r m a t io n  o f  f r a g ­

m e n ta t io n  fu rro w s  i n  th e  b l a s t o d i s c  o f  a  

second  i n f e r t i l e  egg*
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EXPLANATION OE PLATE 11 

C a r r i e r  u se d  to  t r a n s f e r  t i s s u e s



PLATE 11
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