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INTRODUCTION

A lth o u g h  many p h a s e s  o f  th e  d ev e lo p m en t o f  th e  egg y o lk  

o f  t h e  d o m e stic  fow l have been s t u d i e d  i n  co m p le te  d e t a i l  i n  

some a s p e c t s ,  t h e r e  a r e  s t i l l  a number o f  im p o r ta n t  p o i n t s  

t h a t  n ee d  f u r t h e r  c l a r i f i c a t i o n .  The p ro b lem s to  be con­

s i d e r e d  in  t h i s  t h e s i s  a r e  t h r e e :

1 .  R a te  o f  y o lk  s e c r e t i o n  by th e  fow l d u r in g  th e
r a p i d  g ro w th  o f  t h e  f o l l i c l e

2 . The o r i g i n  and c h e m ic a l  c o m p o s i t io n  o f  th e
v i t e l l i n e  membrane

S . E n v iro n m e n ta l  f a c t o r s  w hich may in d u c e  o v u la ­
t i o n .

The egg o f  t h e  d o m e s tic  fo w l i s  p ro d u ced  f o r  t h e  g r e a t e r  

p a r t  i n  th e  seven  t o  e l e v e n  day  p e r io d  b e f o r e  l a y i n g .  The 

ovum a t  t h e  b e g in n in g  o f  t h i s  p e r i o d  i s  a s m a l l  b e a d l ik e  body 

on th e  o v a ry  seven  to  n in e  mm. i n  d ia m e te r ,  w e ig h in g  abou t 

o n e - f o u r t h  gram . D u rin g  t h e  n e x t  s i x  t o  t e n  d ay s  i t  grows 

r a p i d l y  u n t i l  when i t  i s  shed  from  t h e  o v a ry  i t  i s  25-35  mm. 

i n  d ia m e te r  and w eighs from  te n  t o  tw en ty  g ram s. The o v id u c t  

s e c r e t e s  th e  album en, membranes and s h e l l  a ro u n d  th e  y o lk  

d u r in g  t h e  l a s t  24 t o  30 h o u rs  b e f o r e  the  egg i s  l a i d ,  p r o ­

d u c in g  a c o m p le te  egg o f  f i f t y  t o  s i x t y  g ram s.

The fo rm a t io n  o f  th e  m a tu re  y o lk  and o v u l a t i o n  a r e  o f  

fu n d a m e n ta l  im p o r ta n c e  in  t h e  egg p r o d u c t io n  o f  th e  fow l and 

a r e  e v i d e n t l y  q u i t e  com plex in  t h e i r  p h y s i o l o g i c a l  mechanism. 

The f o r m a t io n  o f  th e  a lbum en, membranes and s h e l l  i s  i n  con­

t r a s t  a  r e l a t i v e l y  s im p le  m e c h a n ic a l  r e f l e x  r e a c t i o n  a c c o rd in g  

to  P e a r l  ( 2 8 ) .  Any sm a l l  body p a s s in g  th ro u g h  th e  o v id u c t
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s t i m u l a t e s  th e  s e c r e t i o n  o f  album en, m em branes, s h e l l  and 

l a y i n g  i n  n o rm a l se q u e n c e .

The g ro w th  o f  t h e  ovum o f  th e  fow l h a s  been  s t u d i e d  by 

many w o rk e rs .  M arza & Marza (24) have rev ie w e d  th e  s u b j e c t  

from  a  h i s t o l o g i c a l  and h i s t o c h e m ic a l  p o in t  o f  v iew . Conrad 

& S c o t t  (7) r e c e n t l y  have rev ie w e d  t h e  work on th e  co m p le te  

f o rm a t io n  o f  t h e  egg and i t s  p a r t s #

REVIEW OF LITERATURE

The deve lopm en t o f  th e  ovum. The deve lopm en t o f  th e  

p r i m o r d i a l  germ c e l l  i n t o  t h e  m a tu re  ovum h as  been  d e s c r ib e d  

i n  s e v e r a l  p u b l i c a t i o n s .  The a u t h o r s  have been a b l e  to  

i d e n t i f y  t h e  p r im o r d i a l  germ c e l l s  d u r in g  th e  e a r l y  em bryonic  

c e l l  d i v i s i o n s  and  t o  f o l lo w  them  in  t h e  fo w l.  S w if t  ( 4 3 ) ,  

F i r k e t  (13) and G-oldsmith (16) found th e  p r i m o r d i a l  germ 

c e l l s  a n t e r i o r  and a n t e r o l a t e r a l  to  t h e  p r i m i t i v e  s t r e a k  i n  

t h e  embryo a f t e r  tw e lv e  h o u rs  o f  i n c u b a t i o n .  These c e l l s  

m ig r a te  i n t o  th e  mesoderm when i t  i s  formed and w i th  th e  d e ­

ve lopm en t o f  th e  v a s c u l a r  sy s tem  a r e  t r a n s p o r t e d  i n  th e  b lo o d  

t o  th e  g e r m in a l  r i d g e s .  As the  g e rm in a l  r i d g e  d e v e lo p s  i n to  

t h e  s tro m a  o f  th e  o v a ry  and th e  g e rm in a l  e p i th e l iu m  form s th e  

s e x u a l  c o rd s  o f  th e  f i r s t  and se co n d  p r o l i f e r a t i o n  th e  germ 

c e l l s  m ig r a te  o u tw a rd ,  f i n a l l y  com ing t o  r e s t  i n  th e  c o r t e x  

o f  th e  ovary#

G-oldsmith (16) found  a s l i g h t  d e g e n e r a t io n  w hich he con­

s i d e r e d  s y n a p s i s  on th e  f i f t e e n t h  day  o f  i n c u b a t i o n .  The 

c e l l s  soon r e c o v e r  t h e i r  o r i g i n a l  s i z e  and a r e  now p r im a ry  

ova.
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The p r im a ry  ova undergo  a  l e n g th y  deve lopm en t up to  th e  

m a t u r a t i o n  p e r i o d  j u s t  b e f o r e  o v u la t io n *  As has  been  p o in te d  

o u t  by M arza & M arza ( 2 4 ) ,  d u r in g  t h i s  t im e  th e  ovum grows 

from  15 to  20 m ic ro n s  on th e  t w e n t i e t h  day  o f  i n c u b a t i o n  to  

2 .5  t o  3*5 c e n t i m e t e r s  i n  th e  m a tu re  ovum* T h is  i s  a  g row th  

o f  a p p r o x im a te ly  2 ,0 0 0  t im e s  i n  d ia m e te r .

In  t h e  tw o -d a y - o ld  c h i c k ,  f o l l i c u l a r  c e l l s  d e r iv e d  from  

th e  g e r m in a l  e p i th e l i u m  a r e  b e g in n in g  to  form a ro u n d  th e  ova 

a s  th e  f i r s t  i n d i c a t i o n  o f  th e  f o l l i c u l a r  r i n g .  At 5 days  

t h e y  a r e  d e f i n i t e l y  e n c lo s e d  by th e  f o l l i c u l a r  c e l l s  a c c o r d ­

in g  t o  H o l l  ( 1 8 ) .  The e a r l i e r  s t a g e s  o f  ova a r e  o f t e n  c a l l e d  

th e  e x t r a - f o l l i c u l a r  s t a g e ,  an d ,  a f t e r  th e  f o rm a t io n  o f  th e  

f o l l i c l e s ,  t h e  i n t r a - f o l l i c u l a r  s t a g e .

A cc o rd in g  t o  th e  many works on n u c l e a r  c h a n g e s ,  th e y  a r e  

i n t e n s i f i e d  d u r in g  th e  e x t r a - f o l l i c u l a r  p e r io d  and a t  th e  end 

o f  th e  i n t r a - f o l l i c u l a r  p e r i o d .  D uring  t h e  r e s t  o f  th e  

i n t r a - f o l l i c u l a r  p e r io d  n u c l e a r  changes a r e  v e r y  s l i g h t .

The n u c le u s  i s  c e n te r e d  d u r in g  th e  e a r l i e r  e x t r a - f o l ­

l i c u l a r  s t a g e s .  S h o r t l y  a f t e r  t h e  b e g in n in g  o f  th e  i n t r a -  

f o l l i c u l a r  s t a g e  th e  n u c le u s  moves to t h e  s u r f a c e  and comes 

t o  l i e  c lo s e  to  th e  v i t e l l i n e  membrane. The n u c le u s  l i e s  in  

a  t h i c k e n i n g  o f  t h e  p e r i p h e r a l  l a y e r  o f  t h e  p ro to p la s m  known 

a s  t h e  g e rm in a l  d i s c .  As th e  g e rm in a l  d i s c  i n c r e a s e s  i n  ex­

t e n t  and  t h i c k n e s s ,  an  in f lo w  o f  p ro to p la s m  in to  t h e  d i s c  

must ta k e  p l a c e .  The n u c le u s  becomes e l l i p t i c a l  and l a t e r  

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

membrane, t h e  i n n e r  s u r f a c e  re m a in in g  convex. B a r te lm e z  (2)
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found  t h a t  t h e  p o i n t  to  w h ich  t h e  n u c le u s  m ig r a t e s  i s  away 

from  th e  s u r f a c e  o f  th e  o v a ry ,  and th e  n u c le u s  comes t o  l i e  

a j a c e n t  t o  t h e  p e d i c l e  o f  th e  f o l l i c l e  when th e  l a t t e r  p r o ­

j e c t s  from  th e  s u r f a c e  o f  th e  ovary*

The n u c le u s  i n c r e a s e s  i n  s i z e  w ith  t h e  g row th  o f  th e  

ovum; i n  t h e  y o u n g e s t  ovum i t s  d ia m e te r  i s  a b o u t  9 m ic ro n s ,  

i n  th e  r i p e  ovum i t  i s  f l a t t e n e d  and  may m easu re ,  a c c o r d in g  

t o  S o n n en b ro d t ( 4 0 ) ,  455 m ic ro n s  in  d ia m e te r  and 72 m ic ro n s  

i n  t h i c k n e s s ,  B ram b ell  (5) found  t h a t  t h e  n u c le o p la s m ic  

r a t i o  d e c r e a s e s  a c c o r d in g  to  t h e  developm ent o f  th e  ovum.

The n u c le u s  i s  t w o - t h i r d s  o f  th e  c e l l  i n  ova o f  30 t o  50 

m ic ro n s  i n  d ia m e te r  and o n ly  o n e - h a l f  o f  t h e  c e l l  i n  ova 50

to  70 m ic ro n s  i n  d ia m e te r .  A f u r t h e r  d e c r e a s e  i n  t h i s  r a t i o

t a k e s  p l a c e  a s  t h e  ovum g row s , e s p e c i a l l y  d u r in g  t h e  l a s t  

r a p i d  g ro w th  p e r i o d .

Growth o f  th e  ovum. The g ro w th  o f  th e  ovum i s  n o t  u n i ­

fo rm  a f t e r  i t s  f o r m a t io n .  While changes in  r a t e  o f  g row th  

a r e  known to  o c c u r ,  t h e  g ro w th  r a t e  and l e n g t h  of tim e i n  

t h e  v a r io u s  g ro w in g  p h a s e s  a r e  n o t w e l l  known. C e r t a i n  mor­

p h o l o g i c a l  c h a r a c t e r i s t i c s  a re  found to  be c o r r e l a t e d  w i t h  

t h e  ova o f  d e f i n i t e  s i z e s ,  b u t  t h e  l e n g th  o f  t im e  th e s e  

c h a r a c t e r i s t i c s  a r e  p r e s e n t  i s  known o n ly  th r o u g h  changes 

t h a t  o c c u r  when th e  ova a r e  l a r g e r  i n  s i z e .  P e r io d s  o f  r e s t  

a r e  th o u g h t  to  o c c u r  a t  c e r t a i n  s i z e s .

A lo n g  s lo w  g row th  p e r io d  of th e  f o l l i c l e  up to  ab o u t

6mm. in  d ia m e te r  f o l lo w e d  by a  s h o r t  r a p i d  g ro w th  p e r io d  has  

been  o b s e rv e d .  The g row th  r a t e  d u r in g  th e  f i r s t  p a r t  o f  th e
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s lo w  g ro w th  p h ase  i s  n o t  w e l l  known* A number o f  th e  f o l ­

l i c l e s  a p p e a r  to  grow a f t e r  h a t c h in g  u n t i l  th e y  a r e  80 m ic ro n s  

i n  d ia m e te r*  B ram b e ll  (5) found t h a t  a  number o f  f o l l i c l e s
•v

s to p p e d  a t  t h i s  s i z e  and d id  n o t  c o n t in u e  g ro w th  f o r  s e v e r a l  

weeks o r  more*

Of th e  g ro w th  r a t e  from  80 m ic ro n s  to  a p p r o x im a te ly  3 

mm. i n  d ia m e te r  v e r y  l i t t l e  i s  known. A f t e r  p e d i c u l a t i o n  

when t h e  f o l l i c l e  may be m easu red  more e a s i l y  i n  th e  f r e s h  

s t a t e  t h e  g ro w th  r a t e  i s  b e t t e r  known. Rom anoff1 s (38) 

m e asu rem e n ts ,  ta k e n  o f  a l l  th e  f o l l i c l e s  found  on th e  o v ary  

o f  a hen  l a y i n g  a t  a  h ig h  r a t e  o f  egg p r o d u c t io n ,  show th e  

ch a n g es  in  g ro w th  r a t e  a f t e r  p e d i c u l a t i o n  v e ry  w e l l .  These 

d a t a  a r e  g iv e n  i n  T ab le  I  and a r e  shown p a r t i a l l y  p l o t t e d  i n  

C h a rt  I .

A slow  g ro w th  p e r io d  from  when th e  f o l l i c l e  p e d i c u l a t e s  

a t  12 m i l l ig r a m s  up to  128 m i l l ig r a m s  may be observed% T his  

w ould a p p e a r  t o  c o v e r  13 days  and g iv e  an a v e ra g e  r a t e  o f  

y o lk  d e p o s i t i o n  o f  a p p ro x im a te ly  n in e  m i l l ig r a m s  p e r  day .

The i r r e g u l a r i t i e s  n o te d  i n  th e  p l o t t e d  d a ta  f o r  t h i s  p e r io d  

m ig h t be due  t o  i r r e g u l a r i t i e s  o f  y o lk  f o r m a t io n ,  o r  a  b e ­

g in n in g  o f  s e g r e g a t i o n  o f  f o l l i c l e s  in to  g ro u p s  t h a t  would 

form  a s i n g l e  c l u t c h  o f  e g g s .  R id d le  (31) found  t h a t  th e  

f o l l i c l e s  from  3 .0  mm. t o  6 .0  mm. i n  d ia m e te r  grew  o n ly  one 

t w e n t y - f i f t h  a s  f a s t  a s  t h e  f o l l i c l e s  d u r in g  th e  l a t e r  r a p i d  

g row th  p e r i o d .
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T ab le  I .  M easurem ent o f  ova on o v ary  o f  hens  in  h ig h  r a t e
o f  p r o d u c t io n

S e r i e s
o f
ova

(growth o f  fo w l* s  ovum

R a t io
h/ w

A verage
w e ig h t
( i n
g ra m s)

P e r c e n t ­
age
d ry
m a t t e r

H e ig h t  
( i n  mm.)

W idth 
{in  mm.)

A f t e r  l a y i n g 17 .650 52 .36 1 4 .5 3 9 .0 .37

B e fo re  l a y i n g 17 .076 52 .7 6 1 6 .0 3 5 .5 . 45
1 15.029 5 4 .5 4 2 3 .5 3 2 .5 .7 2
2 1 0 .7 8 2 5 3 .2 0 2 0 .5  : 2 9 .5 .69
3 5 .5 7 2 51 .05 1 7 .0 2 3 .5 .7 2
4 2 .287 4 8 .1 5 1 2 .0 1 7 .5 .7 1
5 .608 3 9 .3 0 7 .5 1 0 .5 .7 1
6 .250 1 8 .5 7 6 .0 8 .5 .73
7 .199 17 .6 0 5 .5 7 .5 .75
8 .157 1 5 .1 8 5 .2 5 7 .0 .77
9 .1 4 4 1 4 .4 5 5 .0 6 .5 .78

10 .128 1 4 .2 5 4 .2 5 5 .5 .81
11 .1 2 2 1 4 .1 2 3 .5 4 . 5 .80
12 .115 1 3 .4 7 3 .2 5 4 .0 .86
13 .095 11 .9 0 3 .0 3 .7 5 • 86
14 .089 1 4 .4 3 3 .0 3 .5 .86
15 .083 13 .58 3 .0 3 .5 .8 6
16 .071 1 1 .3 2 3 .0 3 .5 .86
17 .065 15 .3 1 3 .0 3 .5 .86
18 .063 1 3 .3 1 3 .0 3 .5 .8 6
19 .058 1 2 .8 0 3 .0 3 .5 .86
20 .045 — 3 .0 3 .5 .86
21 .0 4 2 — 3 .0 3 .5 .86
22 .035 — 2.75 3 .2 5 .8 5
23 .016 — 2 .7 5 3 .0 .92
24 .013 — 2.75 3 .0 .9 2
25 .012 - - 2 .5 2 .75 .91
26 .012 — 2 .5 2 .7 5 .9 1
27 .012 — 2 .5 2.75 .9 1
28 .012 —— 2 .5 2.75 .9 1

From Romanoff (38)* Bioohem. J o u r . 25 , 994 (1 9 3 1 ) .
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The p l o t t e d  d a t a  a l s o  show an in c r e a s e d  g ro w th  r a t e  

a f t e r  t h e  f o l l i c l e  h a s  p a s s e d  128 m i l l ig r a m s  in  w e ig h t .

From t h e  p l o t t e d  d a t a  t h i s  would a p p e a r  t o  be a  s i n g l e  g row th  

c y c le  up to  th e  co m p le ted  m a tu re  f o l l i c l e ,  b e g in n in g  s lo w ly  

and i n c r e a s i n g  r a p i d l y .  R id d le  ( 3 2 ) ,  who h a s  s t u d i e d  t h i s  

l a t t e r  r a p i d  g ro w th  p e r i o d ,  s e p a r a t e s  th e  c y c le  i n t o  two 

p a r t s .  The f i r s t  p a r t  i s  from 6 mm. to  9 mm. in  d ia m e te r  and 

th e  seco n d  from  9 mm. i n  d ia m e te r  up to  th e  m a tu re  f o l l i c l e .  

R id d le  (32 found  a  d a i l y  i n c r e a s e  o f  from  0 .2 5  t o  0 .5  mm. i n  

d ia m e te r  p e r  day i n  t h e  g ro w th  from 6-10  mm. Marza & Marza

(24) s t a t e  t h a t  t h i s  p h a se  may l a s t  from  one to  f i v e  d a y s  o r  

may be c o m p le te ly  l a c k i n g .  R id d le  (32) o b se rv e d  s t r a t i f i c a ­

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

The f i n a l  r a p i d  g ro w th  p hase  has  been s t u d i e d  more th a n  

t h a t  o f  any  o f  th e  o t h e r  g ro w th  c y c l e s .  R id d le  (31) found  

t h a t  th e  f a t  s o lu b l e  dye Sudan I I I  was t r a n s m i t t e d  i n t o  th e  

y o lk  o f  th e  ovum. A f t e r  f e e d i n g  th e  dye a d e f i n i t e  r i n g  was 

l e f t  in  t h e  y o lk  m a t e r i a l .  By r e p e a t i n g  t h e  f e e d i n g  a f t e r  a  

d e f i n i t e  t im e  i n t e r v a l  t h e  d i s t a n c e  be tw een  th e  two r i n g s  

c o u ld  be u s e d  a s  a  m easurem ent o f  th e  r a t e  o f  y o lk  f o rm a t io n  

f o r  t h a t  t im e  i n t e r v a l .  R id d le  (31) fou n d  by u s in g  t h i s  

method t h a t  d u r in g  th e  f i n a l  g ro w th  c y c le  a two mm. in c r e a s e  

in  th e  r a d i u s  o f  th e  ovum to o k  p la c e  i n  24 h o u r s .  He a l s o  

s t a t e s  t h a t  t h e  r a p i d  g ro w th  c y c le  may l a s t  from  f i v e  to  

e i g h t  d a y s .

S t i e v e  (42) a t te m p te d  t o  m easu re  th e  g ro w th  r a t e  d u r in g  

th e  f i n a l  g ro w th  o f  t h e  f o l l i c l e  by m e asu r in g  th e  f o l l i c l e s
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o f  h en s  t h a t  w ere i n  a d e f i n i t e  r a t e  o f  egg p r o d u c t io n .  . He 

th o u g h t  t h a t  t h e  d i f f e r e n c e  in  s i z e  be tw een  th e  f o l l i c l e s  

would g iv e  an  i n d i c a t i o n  o f  t h e  d a i l y  g ro w th  r a t e .  In  g e n e r ­

a l  he c o n f irm e d  K id d le  (31) on t h e  r a t e  o f  g ro w th  d u r in g  th e  

f i n a l  r a p i d  g ro w th  p e r i o d .  He c o n c lu d e d ,  how ever, t h a t  t h e  

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

was q u i t e  v a r i a b l e .  F o l l i c l e s  m igh t grow r a t h e r  s lo w ly  one 

day  and q u i t e  r a p i d l y  t h e  n e x t .

W arren  & Conrad  (47) have r e c e n t l y  s t u d i e d  th e  g row th  

o f  t h e  ovum d u r in g  th e  f i n a l  r a p i d  g row th  s t a g e .  They i n ­

j e c t e d  a c o l l o i d a l  s u s p e n s io n  o f  Sudan I I I  i n t r a v e n o u s l y  a t  

2 4 -h o u r  i n t e r v a l s  and c a l c u l a t e d  t h e  r a d i u s  in c re m e n ts  and  

i n c r e a s e  i n  w e ig h t  from  th e  d i s t a n c e s  m easu red  betw een  th e  

r i n g s  form ed i n  t h e  y o lk .  By th e  i n j e c t i o n  o f  th e  dye 

s h a r p e r  ed g es  w ere found  on th e  r i n g s  so t h a t  m easurem en ts  

c o u ld  be made more a c c u r a t e l y .  By m aking i n j e c t i o n s  a t  1 2 -  

h o u r  i n t e r v a l s  no d i f f e r e n c e  i n  th e  r a t e  w i t h i n  th e  d a i l y  

c y c le  c o u ld  be o b s e rv e d .

From th e  n i n t h  to  th e  f o u r t h  day  b e fo re  o v u l a t i o n  th e  

r a t e  o f  y o lk  g ro w th  was found  to  i n c r e a s e ,  w i th  a d e c r e a s e  

i n  t h e  r a t e  a f t e r  the  t h i r d  d a y .  Some grow th  co u ld  be d e ­

t e c t e d  even w i t h i n  an hour o f  o v u l a t i o n .

A d i f f e r e n c e  i n  g ro w th  r a t e  o f  th e  ova was n o t  o b s e rv e d ,  

f o r  d i f f e r e n t  ova from t h e  same h en s  o r  o f  d i f f e r e n t  h e n s .  

They s t a t e  t h a t  d i f f e r e n c e s  i n  m a tu re  y o lk  s i z e  m igh t be

a t t r i b u t e d  to  l e n g t h  of th e  p e r io d  o f  g row th  r a t h e r  t h a n  to  

t h e  d i f f e r e n c e  in  r a t e  o f  g ro w th . D i f f e r e n c e s  i n  r a t e  o f
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QBB  p r o d u c t io n  d id  n o t  seem to  i n f l u e n c e  th e  r a t e  o f  g ro w th  

o f  t h e  i n d i v i d u a l  f o l l i c l e s *

P h a s e s  o f  y o lk  f o r m a t io n * The g ro w th  o f  th e  ovum i s  

due p r i m a r i l y  to  t h e  r a t e  o f  d e p o s i t i o n  o f  y o lk .  The y o lk  

g l o b u l e s  d e p o s i t e d  a r e  found  to d i f f e r  h i s t o l o g i c a l l y  a s  th e  

ovum g ro w s . The a p p e a ra n c e  o f  th e  d i f f e r e n t  l a y e r s  o f  f a t  

g l o b u l e s  and v a c u o le s  form ed d u r in g  t h e  s low  g ro w th  p e r i o d  

has  been  d e s c r ib e d  by Van Durme (45) * In  t h i s  s tu d y  i t  was 

found  t h a t  l a y e r s  o f  f a t  g l o b u l e s  and v a c u o le s  were d e p o s i t e d  

i n  d e f i n i t e l y  a r r a n g e d  f o rm a t io n s  i n  th e  ooplasm  o f  ova o f  

v a r i o u s  s i z e s .  T hree  p h a s e s  o f  y o lk  fo rm a t io n  a r e  d i s t i n ­

gu ish ed *

In  th e  s m a l l  ovum o f  a b o u t  100 m ic ro n s  i n  d ia m e te r  th e  

v i t e l l i n e  body o r  y o lk  n u c le u s  o f  B a lb i a n i  may be o b s e rv e d .

An a c c u m u la t io n  o f  m i to c h r o n d r i a  and G o lg i  e le m e n ts  have 

been  o b s e rv e d  a t  th e  p e r i p h e r y  o f  th e  body by Van Durme (45) 

and B ram b e ll  ( 5 ) ,  When th e  ovum has  re a c h e d  200 m ic ro n s  i n  

s i z e  th e  body o f  B a l b i a n i  b e g in s  to  d i s i n t e g r a t e .  When th e  

ovum i s  from  300 to  1 ,0 0 0  m ic ro n s  i n  d ia m e te r  a  l a y e r  o f  f a t  

g l o b u l e s  was o b se rv e d  a ro u n d  t h e  p e r ip h e ry *  T h is  l a y e r  b e ­

comes o n ly  d im ly  v i s i b l e  i n  ova o f  1 t o  2 mm* i n  d ia m e te r  

(Marza & M arza, 2 4 ) .  T h is  c o m p le te s  the  f i r s t  p h ase  o f  y o lk  

fo rm a t io n  a s  c l a s s i f i e d  by Van Durme (4 5 ) .

The second p h ase  b e g in n in g  in  ova o f  2 mm* d ia m e te r  

c o n s i s t s  o f  t r a n s p a r e n t  v a c u o le s  i n  th e  c e n t e r  o f  th e  ovum 

s u r ro u n d e d  by a  g r a n u l a r  c o r t i c a l  l a y e r .  Round y o lk  g lo b u le s  

a r e  form ed in  th e  v a c u o le s  a f t e r  th e  ovum i s  a b o u t  3 mm. i n
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d ia m e t e r ,  Marza <5b M arza (£4) o a l l  t h e  round  y o lk  g l o b u l e s  

form ed i n  t h i s  m anner p r i m o r d i a l  y o lk  to  d i s t i n g u i s h  i t  from  

t h e  y o lk  form ed l a t e r .  Yolk i s  n o t  form ed w i t h i n  t h e  ovum 

u n t i l  a f t e r  p e d i c u l a t i o n  o f  th e  f o l l i c l e *  T h is  f a c t  h as  n o t  

b e e n  p o in t e d  o u t  p r e v i o u s l y  b u t  th e  a u th o r  t h i n k s  i t  i s  a  

p o i n t  to  be c o n s id e r e d  i n  th e  developm ent o f  th e  ovum* In  

th e  f u r t h e r  g row th  o f  th e  ovum from  3 .0  to  6 ,0  mm. i n  d ia m e te r  

t h e  c o r t i c a l  g r a n u l a r  l a y e r  w i th  th e  o e n t r a l  p o r t i o n  o f  p r i ­

m o r d ia l  y o lk  seems to  c o n t in u e .

W ith t h e  b e g in n in g  o f  th e  r a p i d  g ro w th  p e r io d  i n  ova o f  

from  6 t o  9 mm. i n  d ia m e te r  l a y e r s  o f  p r i m o r d i a l  y o lk  m ixed 

w i th  w h i te  y o lk  g l o b u le s  a r e  l a i d  down, a c c o r d in g  t o  M arza & 

M arza ( 3 4 ) .  They s t a t e  t h a t  t h e  w h ite  y o lk  g l o b u le s  form ed 

a t  t h i s  t im e  a r e  d i f f e r e n t  from  th e  p r i m o r d i a l  y o lk  and  th e  

t r u e  y e l lo w  y o lk  t h a t  i s  to be form ed l a t e r .

At th e  b e g in n in g  of t h e  f i n a l  r a p id  g row th  p e r io d  a s  

d i s t i n g u i s h e d  by R id d le  (3 2 ) ,  l a r g e  y o lk  g l o b u l e s  s i m i l a r  to  

th e  y e l lo w  y o lk  a r e  form ed w h ich  seem to  have i n c l u s i o n s  

l i k e  t h e  w h i te  y o lk  g l o b u l e s .  These have b ee n  o b se rv e d  and 

c a l l e d  by M arza & Marza (24) t r a n s i t i o n a l  y o lk .  The y e l lo w  

y o lk  form ed d u r in g  th e  l a s t  p e r io d  makes up th e  b u lk  o f  th e  

co m p le ted  y o lk  and i s  r e s p o n s i b l e  f o r  th e  i n c r e a s e  i n  d ia m e te r  

from  10 t o  a p p r o x im a te ly  35 mm, in  d ia m e te r .

The ch an g es  i n  a p p e a ra n c e  o f  t h e  ooplasm  w i th  t h e  changes  

i n  d ia m e te r  have been  t a b u l a t e d  and  a r e  g iv e n  i n  m o d if ie d  form  

i n  T ab le  I I  (from  M arza & M arza , 2 4 ) .
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T ab le  II*  The r e l a t i o n  be tw een  th e  d ia m e te r  o f  o v u le s  and 
th e  p h a s e s  o f  y o lk - f o r m a t io n  o f  th e  h e n 1s egg

P h a s e s  o f  
y o lk -  

f o rm a t io n
A ppearance  o f  th e  Ooplasm

D iam ete r  
o f  t h e  O vules 

( i n  mm.)

F i r s t  P h a se : B a l b i a n i  body
D is a g g r e g a t io n  o f  B a l b i a n i  

body
F a t  c o r t i c a l  l a y e r  
D i s p e r s i o n  o f  f a t - g l o b u l e s ; 

c o r t i c a l ,  v a c u o la r  l a y e r

0 .0 5 - 0 .2

0 . 2 - 0 . 3  
0 .3 - 1 .0

1 .0 - 2 .0

Second P h a s e : C o r t i c a l  g r a n u l a r  l a y e r ;
c e n t r a l  v a c u o la r  l a y e r  

C o r t i c a l  g r a n u l a r  l a y e r ;
p r i m o r d i a l  y o lk  ( i n t r a v a o u -  
o l a r )  l a y e r

2 .0 - 3 .0

3 . 0 - 6 . 0

T h ird  P h a se : W hite  y o l k - l a y e r s ;  p r im o r d i a l  
y o l k - l a y e r s ;  y o lk  o f  
t r a n s i t i o n  

W hite  c o r t i c a l  y o lk ;  y e l lo w  
y o lk ;  l a t e b r a ;  n u c le u s  o f  
P a n d e r

6 . 0 - 9 . 0  

1 0 .0 - 3 5 .0

From Marza & M arza (2 4 ) .  Q u a r t .  J o u r .  M ic ro s .  S o i . , 78, 1935.

Marza & M arza (24) p o i n t  o u t  t h a t  t h e  l a t e b r a  found  i n  

th e  m a tu re  ovum i s  abou t 6 mm. i n  d ia m e te r ,  t h a t  o f  th e  ovum 

a t  th e  b e g in n in g  o f  th e  r a p i d  g row th  c y c l e .  They a l s o  f i n d  

t h a t  th e  y o lk  l a y e r s  i n  t h e  l a t e b r a  a r e  s i m i l a r  to  th o s e  

found  i n  th e  6 mm. ovum and c o n c lu d e  t h a t  th e  l a t e b r a  con­

s i s t s  o f  th e  ovum a t  t h i s  t im e  unchanged and su r ro u n d e d  by 

th e  m ass o f  y e l lo w  y o lk  t h a t  i s  form ed l a t e r .  Ho one has  

a t t e m p te d  t o  e x p la in  th e  mechanism by w hich  th e  n eck  o f  t h e  

l a t e b r a  i s  formed l e a d i n g  to  th e  n u c le u s  o f  P a n d e r .

Some s p e c u l a t i o n  h a s  b een  made a s  to  th e  s i m i l a r i t y  o f  

th e  d i f f e r e n t  p a r t s  o f  th e  h e n 1s egg w i th  t h a t  o f  th e  eggs
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o f  d i f f e r e n t  a n im a ls .  M arza & M arza (24) c o n s id e r  t h a t  th e  

ovum up to  2 mm. h a s  t h e  t y p i c a l  a p p e a ra n c e  o f  t h e  a l e o i t h a l  

o v a . The ovum o f  6 mm. i n  d ia m e t e r ,  l i k e  th e  l a t e b r a  i n  th e  

m a tu re  y o lk ,  was c o n s id e r e d  by  Spohn & R id d le  (41) to  be 

s i m i l a r  t o  t h a t  o f  t h e  h o l o b l a s t i c  ova o f  t h e  a m p h ib ia .  The 

f i n a l  r a p i d  g ro w th  s t a g e  i s  o n ly  fo u n d  i n  t h e  ova o f  t h e  

c a r t i l a g e n o u s  f i s h e s ,  r e p t i l e s  and b i r d s  h a v in g  m e r o b l a s t i c  

c l e a v a g e .

The p igm ent o f  t h e  y o l k . The l i t e r a t u r e  on the  c o l o r ­

in g  m a t t e r  o f  th e  egg  y o lk  h a s  been  re v ie w e d  by  M attikow

( 2 5 ) .  P a lm e r  (26) found t h a t  t h e  b u lk  o f  th e  n o rm a l ly  o c c u r ­

r i n g  p ig m e n t was x a n th o p h y l l  d e r iv e d  from t h e  f e e d .  Z ea- 

x a n t h i n  i s  a l s o  found  and  W inton & W inton (51) s t a t e  t h a t  

t h e  r a t i o  o f  x a n th o p h y l l  to  z e a x a n th in  i s  a p p r o x im a te ly  7 :3 .  

G-illam & H e i lb r o n  (15) fo u n d  t h a t  c r y p to x a n th in  may be 

p r e s e n t  d e p e n d in g  upon t h e  d i e t .  C a p x a n th in ,  from  p im ie n to  

p e p p e r s ,  was a l s o  fo u n d  by Brown (6) t o  c o l o r  t h e  egg yolk*

H enderson  & W ilcke  (17) fo u n d  t h a t  a  hen was n o t  a b l e  

t o  w ith d ra w  Sudan I I I  from  th e  c o l o r e d  body f a t  to  c o lo r  t h e  

y o lk .  T h is  i s  o f  p r a c t i c a l  i n t e r e s t  s in c e  i t  i s  th o u g h t  

t h a t  t h e  r a t e  o f  egg p r o d u c t io n  was r e s p o n s i b l e  f o r  t h e  w i th ­

d ra w a l  o f  th e  p ig m e n ts  from  th e  b e a k ,  shanks  and s k i n  ob­

s e rv e d  i n  hens when l a y i n g  a t  a  h ig h  r a t e  o f  p r o d u c t i o n .

S t r a t i f i c a t i o n  in  t h e  y o l k * Thompson (44) i n  1859 m&de 

a  d ia g ra m  of t h e  egg w hich h a s  become c l a s s i c  i n  whioh i n  

t h e  y o lk ,  s t r a t i f i c a t i o n  o f  w h i te  a n d  y e l lo w  l a y e r s  a r e  

shown a b o u t  th e  l a t e b r a .  Some o b s e r v e r s  have b ee n  a b le  to  

f i n d  t h e s e  l a y e r s  w h ile  o t h e r s  doub t t h e i r  e x i s t e n c e .  The
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d i f f e r e n c e  was due to  the  p r e s e n c e  o r  a b s e n c e  of t h e  y e l lo w  

c o l o r i n g  m a t t e r ,  a c c o r d in g  to  B a l b i a n i  ( 3 ) .  Wasserman (4 9 ) ,  

w h i le  u n a b le  to  o b s e rv e  s t r a t i f i c a t i o n ,  fo u n d  l a y e r s  o f  

g l o b u l e s  o f  d i f f e r e n t  s i z e s .  R id d le  (31) th o u g h t  t h a t  a  

d a i l y  rhy thm  o f  n u t r i t i o n  and b lo o d  p r e s s u r e  was r e s p o n s i b l e  

f o r  t h e  y e l lo w  a n d  w h i te  y o lk  s t r a t i f i c a t i o n ,  y e l lo w  y o lk  

b e in g  form ed d u r in g  th e  p e r i o d  o f  h ig h  b lo o d  p r e s s u r e  and 

w h i te  y o lk  i n  t h e  n o c t u r n a l  p e r io d  of low b lo o d  p r e s s u r e .

R id d le  (31) s t a t e s  t h a t  th e  l a y e r  o f  w h i te  y o lk  o f  th e  h e n ' s  

egg  r e p r e s e n t s  t h e  r e s u l t  of y o lk  f o rm a t io n  u n d e r  su b o p t im a l  

c o n d i t i o n s .  Gage & Gage (14) fou n d  s t r a t i f i c a t i o n  o f  c o l o r  

i n  hens  f e d  w i th  Sudan I I I  mixed i n  t h e  f e e d .

Conrad  & W arren  (8) w ere u n ab le  to  f i n d  s t r a t i f i c a t i o n  

i n  eggs  from  h en s  f e d  a u n ifo rm  mash, b u t  d id  f i n d  them i n  

some fa rm  e g g s ,  and co u ld  p ro d u ce  them by v a r io u s  d i e t a r y  

r e g im e s .  They were a b l e  t o  p ro d u ce  eggs show ing th e s e  a l t e r ­

n a t e  l a y e r s  s im p ly  by r e s t r i c t i n g  t h e  f e e d in g  p e r io d  t o  s i x  

h o u r s  p e r  day  o r  by f e e d in g  a  mash p o o r  i n  th e  egg c o l o r i n g  

x a n t h o p h y l l s  su p p le m en ted  by a  sm a l l  amount o f  y e l lo w  c o rn  

o r  g r e e n  g r a s s  each  d a y .

F o l l i c u l a r  m em branes. The ovum and  t h e  c e l l s  a ro u n d  i t  

a r e  c a l l e d  t h e  f o l l i c l e .  The f o l l i c l e  i t s e l f  shows d e f i n i t e  

c e l l u l a r  s t r u c t u r e .  The c e l l s  w hich  a r e  i n  d i r e c t  c o n t a c t  

w i t h  th e  ovum a r e  t h e  f o l l i c u l a r  e p i t h e l i a l  c e l l s ,  D 'H o l la n d e r  

(12) c o n c lu d e s  t h a t  "they a r e  d e r iv e d  from  t h e  g e r m in a l  e p i ­

th e l iu m *

The c e l l s  o f  th e  f b l l i c u l a r  e p i th e l i u m  do t h e  work o f
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an  u l t r a - f i l t e r  o f  w hioh  p e r m e a b i l i t y  ch a n g es  s e v e r a l  t im e s  

d u r in g  t h e  g ro w th  o f  t h e  ovum, a c c o r d in g  to  Marza & M arza (£ 4 ) .

In  a  g e n e r a l  way v a r i a t i o n s  in  t h e  d e p th  o f  th e  f o l ­

l i c u l a r  c e l l s  have been  shown f o r  th e  h e n ’ s egg  by Loyez (£3) 

and B ra m b e ll  ( 5 ) .  F o l l i c u l a r  c e l l s  a r e  shown t h a t  i n c r e a s e  

i n  d e p th  an d  i n  number d u r i n g  th e  s lo w  p h a se  o f  f b l l i o l e  

g ro w th .  Loyez (S3) and B ram b e ll  (5) th o u g h t  t h a t  J u s t  b e f o r e  

p e d i c u l a t i o n  t h e  f o l l i c u l a r  e p i th e l i u m  r e a c h e s  a maximum 

d e p th  an d  t h a t  i t  e v e n  may become p l u r i s t r a t i f i e d ,  and  t h a t  

to w ard  th e  end  o f  t h e  ovum 's g row th  th e  d e p th  o f  th e  f o l ­

l i c u l a r  e p i t h e l i u m  d e c r e a s e s  g r e a t l y .  Marza & Marza (£4) 

found  t h a t  in  t h e  s lo w  g ro w th  p h ase  o f  y o lk  f o rm a t io n  th e  

f o l l i c u l a r  e p i th e l i u m  c e l l s  i n c r e a s e d  i n  d e p th  c o n t i n u a l l y .

The c e l l s  a r e  v e ry  f l a t  a t  th e  b e g in n in g  an d  become v e r y  deep  

a t  t h e  end  o f  t h e  slow  g ro w th  p e r io d  o f  t h e  ovum, becoming 

a s  much a s  19 m ic ro n s  t h i c k .  L u r in g  th e  t im e  th e  f o l l i c l e  

i s  from  1 .0  to  3 mm. i n  d ia m e te r  th e  c e l l s  m a in ta in  t h e i r  

d e p th  and a f t e r  th e  f o l l i c l e  p e d i o u l a t e s  t h e  c e l l s  s t a r t  to  

d im in i s h  i n  h e i g h t .  L u r in g  t h e  r ^ > i d  p e r io d  o f  g row th  th e  

d e p th  c o n t in u e s  t o  d e c r e a s e  and a t  th e  end  th e  c e l l s  a r e  n o t  

more th a n  3 .6  m ic ro n s  d e e p .  An in v e r s e  r a t i o  e x i s t s  betw een 

y o lk  f o rm a t io n  and th e  d ep th  of th e  c e l l s .  Marza & Marza 

(£4) c o n s i d e r s  t h a t  th e  c e l l s  a r e  n e v e r  s t r a t i f i e d  b u t  

p s u e d o s t r a t i f i e d  and n u c l e i  c o u ld  be o b se rv e d  a t  two d i f f e r ­

e n t  l e v e l s  in  th e  s i n g l e  l a y e r  o f  c e l l s .



15

T ab le  I I I .  D ep th  o f  f o l l i c u l a r  e p i t h e l i a l  c e l l s  d u r in g  
th e  t h r e e  p h a s e s  o f  y o lk  f o rm a t io n

D ia m e te r  o f  
ovum (mm.)

D ep th  i n  
m ic ro n s

D iam e te r  o f  
ovum (mm.)

D epth i n  
m ic ro n s

0 .0 3 3 .8 1 .5 1 9 .0
.0 5 4 .2 2 .0 1 7 .1
.10 5 .6 2 .5 1 9 .7
.1 5 8 .1 3 .0 1 7 .8
.2 0 9 .0 4 .0 1 7 .1
.2 5 9 .3 5 .0 10 . 3
.3 0 9 .6 6 .0 7 .1
.3 5 1 1 .7 7 .0 6 .9
.40 1 2 .2 8 .7 7 .0
.60 1 2 .0 9 .0 5 .9
.70 1 4 .7 1 0 .0 5 .1
.80 1 6 .7 2 0 .0 4 .1
.9 0 1 8 .5 2 5 .0 3 .6

1 .0 0 1 9 .3

M o d if ie d  from  M arza & M arza ( 2 4 ) .  Q u a r t .  J o u r .  M ic ro s .  
S c i . ,  78 , 1955.

B a r te lm e z  (2) fo u n d  t h a t  t h e  ovum had a  v e r y  d e f i n i t e  

p o s i t i o n  o f  f o rm a t io n  w i t h i n  th e  f o l l i c l e  and w i t h i n  th e  

o v a ry .  Two a x e s  may be o b s e rv e d  i n  th e  f o l l i c l e ,  e s p e c i a l l y  

a f t e r  p e d i c u l a t i o n ;  one th r o u g h  th e  n u c le u s  and p e r p e n d i c u l a r  

t o  t h e  s u r f a c e  o f  t h e  o v a ry ,  and t h e  o t h e r  th r o u g h  th e  lo n g  

a x i s  o f  t h e  f o l l i c l e ,  s i n c e  i t  i s  n o t  s p h e r i c a l .  On th e  

p e r p e n d i c u l a r  a x i s  t h e  n u c l e u s  and th e  g e rm in a l  d i s c ,  w i th  

t h e  l a t e b r a ,  a r e  found  from  th e  o v a ry  s u r f a c e  o u tw ard . The 

lo n g  a x i s  l i e s  on t h e  a n t e r i o r - p o s t e r i o r  a x i s  o f  t h e  b i r d .

The s t i g m a ta  f o l lo w s  th e s e  a x e s  and  a b i l a t e r a l  symmetry i s  

found  a lo n g  i t .

O u ts id e  t h e  f o l l i c l e  c e l l s  t h e  a d ja c e n t  s tro m a  have a 

c o n c e n t r i c  a r r a n g e m e n t  fo rm in g  th e  t h e c a  f o l l i c u l i .  P e a r l  

& B o r in g  (29) o b s e rv e d  t h a t  t h i s  i s  s e p a r a t e d  in to  an  i n n e r
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and  a n  o u t e r  l a y e r ,  B a r te lm e z  (2) found  a  v e r y  v a s c u l a r  

l a y e r  s e p a r a t i n g  th e  t w . A membrane p r o p r i a  h a s  b een  ob ­

s e rv e d  t h a t  s e p a r a t e s  t h e  f o l l i c u l a r  from  t h e  t h e c a .  W ith in  

t h e  f o l l i c u l a r  e p i t h e l i u m  i s  a n o t h e r  f i b r o u s  membrane w i t h i n  

w h ich  i s  fo u n d  a  zona r a d i a t a  w hich  i s  p e n e t r a t e d  by  num erous 

p o r e s  ( H o l l ,  18} w hich  a r e  th o u g h t  to  c o n t a i n  p r o to p la s m ic  

f i l a m e n t s  from  th e  f o l l i c u l a r  c e l l s  w hich u n i t e  w i t h  th e  

p r o to p la s m ic  l a y e r  o f  t h e  ovum u n d e r ly in g  t h e  zona r a d i a t a .

The v i t e l l i n e  membrane. The v i t e l l i n e  membrane a s  found  

on th e  egg y o lk  h as  b een  s t u d i e d  by L ieberm ann  (21) and 

L e c a l l i o n  ( 2 0 ) .  l i e b e r m a n n  (21) c o n s id e r e d  from  c h e m ic a l  

a n a l y s i s  t h a t  i t  was k e r a t i n o u s  i n  c o m p o s i t io n ,  l i l l i e  (22) 

s t a t e s  t h a t  t h e  zona r a d i a t a  i s  a  p r im ord ium  o f  t h e  v i t e l l i n e  

membrane, l e c a l l i o n  (20) found  t h a t  i t  c o n s i s t e d  o f  t h r e e  

d e f i n i t e  l a y e r s .  The co m p le te  membrane i s  a p p ro x im a te ly  15 

m ic ro n s  i n  t h i c k n e s s .  The i n n e r  l a y e r ,  to w ard  t h e  y o lk ,  i s  

t h e  t h i n n e s t  o f  th e  t h r e e ,  an d  i s  a b o u t  t h r e e  m ic ro n s  t h i c k .

The m id d le  l a y e r  i s  two o r  t h r e e  t im e s  a s  t h i c k  as  t h e  i n t e r n a l  

o n e . I t  i s  c e l l u l a r  i n  s t r u c t u r e ,  th e  c e l l s  h a v in g  an e p i ­

t h e l i a l  fo rm . The n u c l e i  o f  th e  c e l l s  a r e  J u s t  r e c o g n i z a b l e ,  

and  th e  c y to p la s m  v a c u o la t e d .  The e x t e r n a l  l a y e r  i s  f i b r o u s .

He a l s o  r e c o g n iz e d  s m a l l  d e g e n e r a te  n u c l e i  t a n g e n t i a l  t o  th e  

s u r f a c e  o f  t h e  ovum.

A t r e t i c  ovum. C e r t a i n  ova th r o u g h o u t  t h e  g ro w th  p e r io d

o f  t h e  ovum, o r  a t  any  age o f  th e  b i r d ,  b e g in  to  b r e a k  down 

and be r e s o r b e d .  These a r e  c a l l e d  a t r e t i c  f o l l i c l e s .  The 

r e a s o n  f o r  t h i s  f o rm a t io n  i s  unknown. S t i e v e  (42) found
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t h a t  l a r g e  a t r e t i o  f o l l i c l e s  c o u ld  be produo ed by t a k i n g  

h e n s  t h a t  had b een  l a y i n g  d a i l y  and rem oving  th e  f e e d  f o r  

24 hours*

O v u la t i o n * W hile  th e  e x a c t  s t im u lu s  n e c e s s a r y  to  c a u se  

o v u l a t i o n  i n  th e  fo w l h a s  n o t  y e t  been fou n d  s e v e r a l  p e r t i n e n t  

f a c t s  have b e e n  n o te d  r e l a t i v e  to  n o rm a l o v u la t io n *

W arren  & S c o t t  (48) d i s c o v e r e d  t h a t  o v u l a t i o n  o c c u rs  on 

t h e  a v e ra g e  30 m in u te s  a f t e r  t h e  l a y i n g  o f  a n  eg g , i f  a n o th e r  

egg i s  t o  be l a i d  i n  t h e  c lu tc h *  They fo u n d  t h a t  i t  was n o t  

a  s t im u lu s  p ro d u c e d  from  t h e  o v i p o s i t i o n  i t s e l f 9 T h is  th e y  

p ro v e d  e x p e r i m e n t a l l y  by th e  rem o v a l o f  t h e  egg p r e m a tu re ly  

from  t h e  u t e r u s .  O v u la t io n  was fo u n d  to  o c c u r  a t  t h e  r e g u ­

l a r  t im e  and n o t  a t  t h e  t im e  o f  th e  rem oval o f  t h e  egg.

O v ip o s i t i o n  o c c u r s  w i th  r e g u l a r i t y  i n  th e  d o m e s tic  fow l 

and d epends  upon t h e  l e n g t h  o f  c l u t c h .  I n  eggs l a i d  i n  a  

lo n g  c l u t c h ,  say  t e n  eggs o r  m ore, o v i p o s i t i o n  w i l l  t a k e  

p l a c e  a t  d e f i n i t e  24 -  t o  2 5 -h o u r  i n t e r v a l s  be tw een  e g g s . At 

t h e  l a t t e r  p a r t  o f  t h e  c y c le  th e  i n t e r v a l  w i l l  l e n g th e n  u n t i l  

th e  l a s t  egg i s  l a i d  i n  th e  a f t e r n o o n .  Eggs l a i d  in  s h o r t  

c y c l e s  may show a s  much a s  30 h o u rs  be tw een  e g g s . P h i l l i p s  

& W arren  (30) fou n d  t h a t  the  l e n g t h  o f  t im e  betw een  o v i p o s i ­

t i o n  and o v u l a t i o n  was i n c r e a s e d  when th e  l e n g th  o f  i n t e r v a l  

be tw een  eggs was i n c r e a s e d .

An i n h i b i t i n g  a c t i o n  seems t o  o p e r a te  i n  t h e  en v iro n m e n t

on o v u l a t i o n  i n  t h e  l a t t e r  p a r t  o f  t h e  day so  t h a t  o v i p o s i t i o n  

may t a k e  p l a c e  w i th o u t  o v u l a t i o n .  T h is  means t h a t  a  day  i s  

s k ip p e d  and  a  new o v u l a t i o n  t a k e s  p l a c e  a t  su ch  a t im e  t h a t  

a  new c l u t c h  i s  s t a r t e d  i n  th e  m orning  h o u r s .
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W arren & S c o t t  (48) found  t h a t  u n d e r  t h e  i n f l u e n c e  o f  

c o n t in u o u s  l i g h t i n g  t h e  te n d e n c y  to  l a y  i n  c l u t c h e s  i s  r e ­

d u ce d ,  o v u l a t i o n  and o v i p o s i t i o n  t a k i n g  p l a c e  a t  any  t im e  i n  

t h e  24 h o u r s .  T ha t l i g h t  o r  d a r k n e s s  a f f e c t s  t h e  t im e  o f  

o v u l a t i o n  was e x p e r i m e n ta l l y  p ro v e n  by th e  r e v e r s a l  o f  l i g h t  

from  t h e  n o rm a l rh y th m . By u s in g  a r t i f i c i a l  l i g h t s  a t  n i g h t  

i n  a  room d a rk e n e d  in  t h e  day  hens  c o u ld  be in d u c e d  t o  l a y  

a t  n i g h t .

P h i l l i p s  & W arren (30) w ere a b l e  to  o b s e rv e  o v u l a t i o n  

by o p e r a t i n g  on h en s  u n d er  a n a e s t h e s i a .  They were u n ab le  t o  

b r i n g  ab o u t n o rm a l o v u l a t i o n  by i n c r e a s i n g  th e  p r e s s u r e  i n  

t h e  ovum. O v u la t io n  was found  to  o c c u r  even  a f t e r  t h e  ovum 

was removed from  th e  o v a ry .  They advanced  the  t h e o r y  t h a t  

th e  n o rm a l r u p t u r e  o f  th e  s t i g m a t a  n e c e s s a r y  f o r  o v u l a t i o n  

was b ro u g h t  a b o u t  by c o n t r a c t i o n  o f  m usc le  f i b e r s  i n  t h e  f o l ­

l i c l e  w a l l .  They w e re ,  how ever, u n a b le  to  c a u se  o v u la t i o n  

by e l e c t r i c a l  s t i m u l a t i o n  o f  th e  s i d e s  o f  th e  f o l l i c l e s .
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EXPERIMENTAL METHODS AND PROCEDURES

Owing to  t h e  f a c t  t h a t  t h e  e x p e r im e n ta l  work c o n s i s t s  o f  

t h r e e  d i s t i n c t  p h a s e s ,  a s  o u t l i n e d  in  t h e  i n t r o d u c t i o n ,  i t  

w ould seem b e s t  f o r  c l a r i t y  and c o n t i n u i t y ,  to  g iv e  t h e  e x ­

p e r i m e n t a l  m e th o d s , r e s u l t s ,  a n d  c l i s c u s s io n  o f  each p h ase  

in d e p e n d e n t ly .

R a te  o f  Yolk F o rm a tio n

E x p e r im e n ta l  p r o c e d u r e . New H am pshire  and B a r re d  

P lym outh  Rock h en s  w ere k e p t  i n  l a y i n g  b a t t e r i e s  and f e d  th e  

r e g u l a r  s t a t i o n  mash f o r  e i g h t  h o u rs  o r  more p e r  d ay . In  

o r d e r  t o  o b s e rv e  th e  r a t e  o f  g row th  of th e  o v a , th e  b i r d s  

w ere  g iv e n  a g e l a t i n e  c a p s u le  c o n t a in i n g  a p p ro x im a te ly  10 

m i l l ig r a m s  o f  O i l  Red 0 m ixed i n  one c u b ic  c e n t i m e t e r  o f  

c o rn  o i l  e v e ry  24 h o u rs  a c c o r d in g  to  a  method r e c e n t l y  d e s ­

c r i b e d  by D enton  ( 1 0 ) .  The O i l  Red 0 dosage  was a d m in i s t e r e d  

th r o u g h o u t  th e  e x p e r im e n t .  The y o lk s  showed a com ple te  

s e r i e s  o f  r i n g s  a f t e r  h a r d - b o i l i n g  and s e c t i o n i n g .  They were 

c u t  i n  th e  ap p ro x im a te  m id d le  a t  r i g h t  a n g le s  to th e  n e c k  o f  

t h e  l a t e b r a ,  so t h a t  th e  n e c k  would n o t  i n t e r f e r e  i n  t h e  

m easu rem en ts .  These m easu rem en ts  were made u n d e r  th e  m ic ro ­

sc o p e ,  u s in g  t h e  m e c h a n ic a l  s t a g e  w i th  a  m i l l i m e t e r  s c a l e  

and v e r n i e r .  M easurem ents w ere t a k e n  from th e  o u t e r  s u r f a c e  

o f  th e  s e c t i o n e d  y o lk  to  t h e  i n s i d e  o f  th e  f i r s t  r i n g  and 

be tw een  th e  i n n e r  s i d e s  o f  th e  f o l lo w in g  r i n g s .  A com ple te  

s e r i e s  o f  r e a d i n g s  was made a c r o s s  t h e  y o lk  and  an o 'th e r  a t  

r i g h t  a n g l e s ,  making f o u r  s e p a r a t e  m easurem en ts  o f  th e



20

t h i c k n e s s  o f  each  la y e r *  In  m aking th e  c a l c u l a t i o n s  f o r  th e  

t h i c k n e s s  o f  th e  d a i l y  i n c r e a s e  i n  r a d i u s  t h e s e  f o u r  m e a su re ­

m en ts  w ere  a v e ra g e d .

P r e l i m i n a r y  o b s e r v a t i o n s ,  b e f o r e  m easurem ent o f  th e  r i n g s  

was u n d e r t a k e n ,  w ere made to  o b s e rv e  v a r i a t i o n  i n  t h e  number 

o f  r i n g s .  A l l  th e  eggs from  tw en ty -tw o  h en s  w ere opened f o r  

a  p e r i o d  o f  more th a n  t h r e e  m onths i n  o r d e r  t o  lo o k  f o r  v a r i ­

a t i o n  i n  number o f  r i n g s .  L a y e r  t h i c k n e s s  m easu rem en ts  w ere 

made f o r  a  p e r i o d  o f  ov er  a month on e i g h t e e n  h e n s .

R e s u l t s : The number o f  l a y e r s  found  v a r i e d  from  s i x  t o

t e n .  T h is  d i f f e r e n c e  i n  th e  number o f  r i n g s  i s  s l i g h t l y  

more t h a n  m ig h t  be e x p e c te d  from  R id d le  1s (31) w ork, s in c e  

he s t a t e s  t h a t  t h e  n o rm a l r a p i d  g ro w th  p e r i o d  i s  from f i v e  

to  e i g h t  d a y s .  Some b i r d s ,  we n o t e d ,  d i f f e r e d  c o n s i s t e n t l y  

i n  t h e  number o f  r i n g s ,  l a y i n g  s i x -  o r  s e v e n - r in g e d  y o lk s  

w h i le  t h e  o t h e r s  p ro d u ced  y o lk s  c o n t a i n i n g  e i g h t  t o  t e n  r i n g s .  

The y o lk  w e ig h t ,  how ever, rem a in ed  a p p r o x im a te ly  th e  same. 

R e p r e s e n t a t i v e  sam ples  a p p e a r  i n  P l a t e  I ,  F ig u r e  1 , A, f o r  

th e  s i x - r i n g e d  and F ig u r e  1 ,  B, f o r  t h e  e i g h t - r i n g e d  y o lk .

The d i f f e r e n c e  i n  th e  t h i c k n e s s  o f  t h e  l a y e r s  i s  v e ry  o b v io u s ,  

a s  d e m o n s t r a te d  i n  P l a t e  I .

The c o n s i s t e n c y  o f  t h e  t h i c k n e s s  o f  r i n g ,  th e  c o n s t a n t  

number o f  r i n g s ,  a s  a  p h y s i o l o g i c a l  c h a r a c t e r i s t i c  o f  each  

b i r d  i s  shown in  T ab le  IV, a r e p r e s e n t a t i v e  sam ple o f  th e  

m easu rem en ts  o f  th e  l a y e r s  f o r  a  s i n g l e  b i r d .
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T a b le  IV* M easurem ents  o f  d a i l y  i n c r e a s e  i n  r a d i u s
o f  y o lk  o f  same b i r d

Y olk  ‘ 
w t. Number

o f

M easurem ents  o f  l a y e r  t lh ic k n e s s  from  o u t e r  
l a y e r  to w ard  c e n t e r  

(Average o f  f o u r  m easu rem en ts  i n  mm.)
gms. r i n g s 1 2 : 3 4 : 5 : 6 7

1 5 .6 10 0 .5 5
•

1 .3 5 : 1 .4 3
•

1 .6 8 :
•

1 .8 5 : 1 .4 0 1 .4 5
17*9 7 1 .2 3 1 .2 0 : 1 .6 0 2 .0 8 : 2 .0 3 : 4 .9 3 1 .5 3
1 6 .0 7 0 .8 8 1 .6 0 : 1 .8 5 2 .4 8 : 1 .8 3 : 1 .8 3 1 .6 5
1 7 .1 7 0 .9 8 1 .1 8 : 1 .4 3 1 .8 3 : 2 .1 3 : 3 .0 8 2 .3 5
1 6 .1 7 .6 3 1 .0 8 : 1 .5 0 1 .8 0 : 2 .0 0 : 2 .3 3 2 .9 3
1 6 .3 7 .5 8 1 .9 3 : 1 .3 5 2 .0 3 : 2 .6 8 : 2 .2 5 2 .2 7
1 6 .0 8 .4 8 1 .1 0 : 1 .3 3 1 .9 8 : 2 .1 0 : 2 .5 3 2 .6 2
1 6 .5 7 .48 1 .2 8 :

•
•

1 .4 5 1 .7 0 :
•
•

2 .6 8 :
♦
•

2 .4 3 2 .0 8

The d i f f e r e n c e  o f  t h e  y o lk s  o f  one hen  from  a n o t h e r  i n  

t h e  t h i c k n e s s  o f  t h e  l a y e r s  i s  shown i n  T ab le  V. The accumu­

l a t i v e  r a d i u s  in c re m e n ts  f o r  t h e  same hens a r e  p l o t t e d  i n  

C h a r t  I I#

T ab le  V. M easurem ents  o f  d a i l y  in c r e a s e  in  r a d i u s  
o f  y o lk  o f  d i f f e r e n t  b i r d s

Av. 
y o lk  

wt • 
gms.

Av.
number

o f
r i n g s

M easurem ents o f  l a y e r  th i c k n e s s  from o u te r  
l a y e r  to w ard  c e n t e r  

(Average i n  mm.)
1 2 : 3 4 5 : 6 7

1 7 .0 6 .3 3 .89 1 .3 1 :  1 .5 3 1 .9 3 2 .2 9 :  2 .6 4 1 .9 5
1 6 .4 7 .7 5 .7 2 1 .3 4 :  1 .8 3 1 .9 4 2 .1 5 :  2 .59 2 .1 1
1 1 .4 6 .3 3 .4 1 0 .9 0 :  1 .2 3 1 .7 1 2 .1 9 :  2 .60 2 .6 2
1 6 .5 9 .0 0 .8 1 1 .2 7 :  1 .4 4 2 .8 8 1 .7 9 :  1 .5 5 1 .7 6

D i s c u s s i o n * In  v iew  o f  the  c o n f l i c t i n g  r e p o r t s  by 

S t i e v e  (42) and Conrad & W arren (47) on th e  d a i l y  g row th  r a t e  

d u r in g  t h e  f i n a l  r a p id - g r o w th  p h ase  o f  th e  ovum we c o n s id e r e d  

i t  im p o r ta n t  to  r e  s tu d y  th e  g ro w th  d u r in g  t h i s  phase* As was 

p o i n t e d  o u t  i n  t h e  i n t r o d u c t i o n ,  S t i e v e  c o n s id e r e d  r a t e  o f  

g ro w th  d u r in g  t h e  r a p id -g ro w th  p h ase  q .u ite  v a r i a b l e *  H is
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o b s e r v a t i o n s  on th e  number o f  f o l l i c l e s  i n  th e  r a p id - g r o w th  

p h a se  i n  d i f f e r e n t  hens  w ere few . The number o f  f o H i d e s  

and  t h e i r  w e ig h t  i n  th e  o v a ry  w ould , m o re o v e r ,  g i v e  o n ly  an  

a p p ro x im a te  p i c t u r e  o f  norm al g ro w th ,  s in c e  i t  would depend  

upon th e  f u t u r e  egg p r o d u c t io n  o f  th e  b i r d ,  an  unknown 

q u a n t i ty *  W arren & C onrad  (47) s t a t e  t h a t  d i f f e r e n c e s  i n  

y o lk  s i z e  be tw een  t h e  y o lk s  o f  a  s i n g l e  b i r d  and  y o lk s  o f  

d i f f e r e n t  b i r d s  a r e  p r o b a b ly  n o t  th e  r e s u l t  o f  more r a p i d  

g ro w th .  They c o n c lu d e  t h a t  l a r g e r  y o lk s  a r e  p ro d u ced  by a 

l o n g e r  p e r io d  o f  g ro w th .  They d id  n o t  a t t e m p t  to  m easu re  

t h e  d i f f e r e n c e  i n  l e n g t h  o f  t im e  o f  th e  r a p id - g ro w th  p e r io d *

As t h e  e x p e r im e n ta l  r e s u l t s  p o i n t  o u t ,  a  d i f f e r e n c e  i n  

l e n g t h  o f  th e  r a p id - g r o w th  p h a se  was found f o r  b o th  th e  same 

hen  and  be tw een  one hen and a n o t h e r .  T h is  v a r i a t i o n ,  w h ile  

r e a d i l y  o b s e rv e d ,  i s  n o t  e x tre m e , b e in g  o n ly  from s i x  t o  t e n  

d a y s .  The l e n g t h  o f  th e  r a p id - g r o w th  phase  seems to  be 

c h a r a c t e r i s t i c  o f  t h e  i n d i v i d u a l  h en , a l t h o u g h  a v a r i a t i o n  

o f  from  s i x  to  t e n  days  was found  f o r  d i f f e r e n t  b i r d s ,  th e  

v a r i a t i o n  f o r  a  s i n g l e  hen was found  to  be n o t  more th a n  one 

o r  two d a y s .

We a t t e m p te d ,  by c o u n t in g  back  from  th e  day  o f  o v u l a t i o n ,  

t o  f i n d  t h e  num ber o f  f o l l i c l e s  i n  th e  r a p id - g ro w th  p h ase  on 

d i f f e r e n t  d ay s  i n  th e  same b i r d .  We found  a d e f i n i t e  c y c le  

o f  i n c r e a s e  in  num ber, w hich would c o r re sp o n d  to a  c y c le  o f

y o lk  f o r m a t io n .  These y o lk - f o r m a t io n  c y c l e s  w hich  p re c e d e  a 

l a y i n g  c y c l e  may be due to  i n c r e a s e d  a c t i v i t y  o f  th e  p i t u i ­

t a r y  g la n d  o f  t h e  h en . Laskow ski (19) found an  i n c r e a s e  in
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t h e  b lo o d  o f  t h e  s e r u m - v i t e l l i n  and p h o s p h o - l i p o id  f r a c t i o n  

a f t e r  t h e  i n f e c t i o n  o f  t h e  g o n a d o t ro p ic  hormone from  th e  

p i t u i t a r y .  The re m a rk a b le  s t i m u l a t i o n  o f  th e  f o l l i c l e  g row th  

i n  th e  fo w l by t h i s  hormone has  been d e m o n s t r a te d  by B a te s ,  

L a h r ,  & R id d le  ( 4 ) .  Roepke & Hughes (37) found  a s i m i l a r  

i n c r e a s e  o f  t h e  s e rum -v i t  e l l  i n  i n  t h e  b lo o d  o f  a c t i v e  l a y i n g  

h e n s ,  w h i le  Roepke & B u a h n e l l  (36) i d e n t i f i e d  t h e  s i m i l a r i t y  

b e tw e en  th e  s e r u m - v i t e l l i n  and th e  o v a - v i t e l l i n .  The l a r g e s t  

number o f  f o l l i c l e s  c a l c u l a t e d  from  th e s e  e x p e r im e n ts  a s  

p r e s e n t  a t  one t im e  was s i x .  I t  s h o u ld  be p o s s i b l e ,  how ever, 

f o r  a  b i r d  h a v in g  a  t e n - d a y - p e r i o d  o f  r a p i d  g ro w th  and l a y i n g  

d a i l y  t o  have t e n  f o l l i c l e s  i n  t h e  r a p id - g r o w th  phase#

W hile  th e  d i f f e r e n c e  in  r a t e  o f  y o lk  f o r m a t io n  p e r  day 

i s  n o t  e x tre m e ,  more v a r i a t i o n  i s  n o te d  th a n  m ig h t  be ex ­

p e c t e d  from  th e  s t a t e m e n t s  o f  W arren  & Conrad ( 4 7 ) .  The 

d i f f e r e n c e s  i n  th e  c u m u la t iv e  i n c r e a s e  i n  r a d i u s  f o r  th e  

l a r g e s t  and s m a l l e s t  y o lk s  o f  two d i f f e r e n t  b i r d s  i s  p l o t t e d  

i n  C h a r t s  I I I  and  IV. They show t h e  d i f f e r e n c e  i n  th e  r a t e  

o f  y o lk  d e p o s i t i o n  i n  the  ova.

In  o r d e r  to  b r in g  o u t t h i s  d i f f e r e n c e  more c l e a r l y  th e  

a v e ra g e  d i f f e r e n c e  f o r  d a i l y  i n c r e a s e  i n  r a d i u s  h as  been 

c a l c u l a t e d  f o r  t e n  y o lk s  h e a v i e r  th a n  18 grams and  f o r  e ig h t  

y o lk s  o f  l e s s  t h a n  15 gram s. These c a l c u l a t i o n s  a r e  g iv e n  

i n  T ab le  VI an d  p l o t t e d  as  c u m u la t iv e  in c re m e n ts  o f  th e  

r a d i u s  i n  C h a r t  V. These com puted d a t a  d e m o n s tra te  c l e a r l y  

th e  f a c t  t h a t  w i th  a d i f f e r e n c e  o f  5 .4 5  grams in  a v e ra g e  

y o lk  w e ig h t  th e  d i f f e r e n c e  in  th e  number o f  r i n g s  i s  v e ry
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s m a l l ,  o n ly  0 .4 4  o f  a r i n g .  The m ost im p o r ta n t  f a c t o r  f o r  

y o lk  s i z e  i s  n o t  l e n g t h  o f  rap icL -grow th  p h a se  h u t  d i f f e r e n c e  

i n  d a i l y  r a t e  o f  g ro w th .

T a b le  VI. C om parison o f  d a i l y  i n c r e a s e  in  r a d i u s  o f  
y o lk s  a v e r a g in g  l e s s  th a n  15 gram s and th o s e  

a v e ra g in g  more th a n  18 gram s

: Av. 
:num- 

y o l k : b e r

M easurem ent o f  l a y e r  t h i c k n e s s  from  
o u t e r  l a y e r  to w ard  c e n t e r  

( in  mm.)
w t. : o f  

grcs. : r i n g s
•

i  : 
•

2 ; 3 ; 4 ; 5 ; « « » •
6  : 7  ; • • 8

U nder 15 grams

I S . 1 4 :  7 .0 6 0 .6 8 :
• • • •

1 .3 7 :  1 .3 3 :  1.74*: 1.93*:• • • *• « • *
Over 18 grams

• » * *
2 .4 6 :  2 .1 2 :« • • •

1 .8 6

1 8 .5 9 :  7 .50 0 .9 1 :
» i • *

1 .2 8 :  1 .6 0 :  1 .9 8 :  1 .9 7 :* * * # • • • *

• •
2 .2 6 :  2 .3 8 :• * • +

2 .2 3

T hat th e  l e n g t h  o f  th e  r a p id - g r o w th  p h ase  i s  n o t  a to o  

s h a r p ly  d e f in e d  c h a r a c t e r i s t i c  f o r  th e  i n d i v i d u a l  hen  h u t 

may he s u b j e c t  to  changes i s  shown i n  C h a r t  VI. H ere th e  

number o f  l a y e r s  i n  t h e  y o lk  i s  found to  d e c r e a s e  w i th  an  

i n c r e a s e  i n  t h e  l e n g t h  o f  th e  c l u t c h  i n  which th e  y o lk  i s  

fo rm e d . S in c e  t h e  y o lk  s i z e  i s  n o t  red u ce d  d u r in g  t im e s  o f  

heavy  p r o d u c t io n  an i n c r e a s e d  r a t e  o f  y o lk  fo rm a t io n  f o r  th e  

i n d i v i d u a l  f o l l i c l e  and a te n d e n c y  to red u ce  t h e  number o f  

f o l l i c l e s  i n  th e  r a p id - g r o w th  p h ase  would f o l lo w .

W hile  making th e  s tu d y  o f  th e  r a t e  o f  y o lk  f o rm a t io n  

o b s e r v a t i o n s  were a l s o  made on s t r a t i f i c a t i o n  i n  th e  c o l o r  

d u r in g  th e  r a p id - g r o w th  p h a s e .  The s ta te m e n t  o f  Cage &

Cage (14) t h a t  s t r a t i f i c a t i o n  was fo u n d  in  y o lk s  from hens  

b e in g  f e d  c o m p le te ly  on fe e d  c o n ta in in g  Sudan I I I  does n o t
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a p p e a r  t o  be r e e o n o i l i a b l e  w i t h  th e  c o n c lu s io n s  o f  C onrad 

& W arren  ( 8 ) t h a t  s t r a t i f i c a t i o n  was ca u sed  by a s h o r t  f e e d ­

in g  p e r i o d  o r  a  s h o r t  d a i l y  e x p o su re  to  y o l k - c o l o r i n g  p ig m e n ts .

Hens were f e d  on a mash c o n t a i n i n g  th e  dye O i l  Red 0 .

The f e e d  was b e f o r e  them a t  a l l  t im e s  a s  th e y  s to o d  in  th e  

b a t t e r y .  R e p r e s e n t a t i v e  y o lk s  p ro d u ced  a r e  shown in  F ig u re  1 ,  

C, and D. A v e r y  d i s t i n c t  s t r a t i f i c a t i o n  may be n o te d .

O th e r  h en s  w ere p la c e d  on a r a t i o n  c o n t a in i n g  10 p e r c e n t  co rn  

g l u t e n  m eal and 1 0  p e r c e n t  o f  h ig h  q u a l i t y  a l f a l f a  l e a f  m eal 

known to  c a r r y  y o lk  p ig m e n ts .  Y olks p ro d u ced  by th e s e  h e n s ,  

w h ich  were a l s o  k e p t  i n  b a t t e r i e s ,  w ere a l s o  found  to have 

a s l i g h t  s t r a t i f i c a t i o n .

In  some o th e r  h en s  s t r a t i f i c a t i o n  o f  y o lk  m a t e r i a l s  

c o u ld  be o b se rv e d  even  i n  c o l o r l e s s  y o lk s ,  showing t h a t  some 

b a s i c  d i f f e r e n c e  i n  th e  y o lk  m a t e r i a l  m ig h t  p a r t i a l l y  acco u n t 

f o r  t h e  s t r a t i f i c a t i o n  o f  th e  c o l o r  i f  i t  were p r e s e n t .

The d i f f e r e n c e  i n  r a t e  o f  a b s o r p t i o n  o f  f a t s  from  th e  

d i g e s t i v e  t r a c t  from  o t h e r  m a t e r i a l  and t h e  f a c t  t h a t  a s  

found  by H enderson  & W ilcke  ( 1 7 ) ,  t h e  hen i s  n o t  a b l e  to  

w ith d ra w  p ig m e n ts  from  th e  body f a t  f o r  i n c l u s i o n  in  t h e  egg, 

may a c c o u n t  f o r  s t r a t i f i c a t i o n  o f  th e  p igm ent i n  t h e  yolk*



PLATE I

. 8

d
D

L
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' F i g u r e  2 .  S e c t i o n  o f  L a r g e  F o l l i c l e  W a l l .  
H e m a t o x y l i n  S t a i n
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O r ig in  o f  th e  V i t e l l i n e  Membrane

E x p e r im e n ta l  m e th o d s . M ierosoop io  s e c t i o n s  were made 

o f  t h e  o v a ry ,  l a r g e r  f o l l i o l e  w a l l s ,  and  th e  v i t e l l i n e  mem­

b ran e  from  y o lk s  o f  eggs which have been  l a i d ,  u s in g  th e  

custom ary  p a ra f f in -e m b e d d in g  method. These s e c t i o n s  were 

s t a i n e d  w i th  alum h em a to x y l in  and w i th  M a l lo r y Ts t r i p l e  

s t a i n .  Some v i t e l l i n e  membranes were a l s o  o b ta in e d  immedi­

a t e l y  a f t e r  o v u la t i o n ,  in  o r d e r  t o  p r e v e n t  any change caused  

by th e  s e c r e t i o n s  o f  t h e  o v id u c t  t h a t  m ig h t occur in  t h e  mem­

b ra n e .  We a l s o  found  i t  p o s s ib le  to  o b t a in  p a r t s  o f  th e  

membrane a f t e r  a r t i f i c i a l  r u p tu r e  o f  t h e  f o l l i c l e  a lo n g  th e  

s t i g m a ta .

R e s u l t s  and d i s c u s s i o n . A t y p i c a l  s e c t i o n  o f  th e  f o l ­

l i c u l a r  w a l l  o f  a l a r g e  ovum i s  shown in  P l a t e  I ,  F ig u re  2.

The p s e u d o - s t r a t i f i c a t i o n  o f  th e  f o l l i c u l a r  e p i th e l iu m  may 

be o b se rv e d  a s  d e s c r ib e d  by Marza and  Marza (2 4 ) .  The t h i n  

membrane l i n i n g  th e  in n e r  s u r f a c e  o f  th e  e p i th e l iu m  shows in  

F ig u re  2. A membrana p r o p r i a  o u t s id e  o f  t h e  f o l l i c u l a r  e p i ­

th e l iu m  may be se e n  i n  some s e c t i o n s .  Both o f  th e s e  membranes 

were b ro u g h t  o u t  more c l e a r l y  by s t a i n i n g  w ith  M a l lo ry 1 s 

t r i p l e  s t a i n ,  th e  membranes t a k i n g  up th e  a n i l i n e  b lu e  o f  th e  

s t a i n .  In  t h e  th e c a  i n t e r n a  and e x te rn a  numerous c o n n e c t iv e  

t i s s u e  f i b e r s  were a l s o  found  t o  s t a i n  b lu e  w i th  M3alloryf s 

t r i p l e  s t a i n .  These f i b e r s  may be o b se rv e d  in  P l a t e  I I ,

F ig u re  1 .  Smooth m uscle c e l l s  were n o t  found in  e i t h e r  th e  

t h e c a  i n t e r n a  o r  e x t e r n a ,  as. d e s c r ib e d  by P h i l l i p s  & W arren

(3 0 ) .  I t  i s  w e l l  a p p r e c i a t e d  how e a s i l y  a few muscle c e l l s
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F i g u r e  1 .  S e c t i o n  o f  L a r g e  F o l l i c l e  W a l l .  
M a l l o r y ' s  T r i p l e  S t a i n

F i g u r e  S .  S e c t i o n  o f  C a l i x  o f  F o l l i c l e  
a f t e r  O v u l a t i o n .  M a l l o r y ' s  T r i p l e  S t a i n
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m ight be d i f f i c u l t  to  f i n d  w i th o u t  s p e c i a l  m ethods u sed  f o r  

t h e i r  i d e n t i f  i c a t i o n  i n  such  a mass o f  c o l la g e n o u s  f i b e r s .

We fbund th e  s e o t io n s  made of th e  v i t e l l i n e  membrane o f  

eggs d id  n o t  c o n t a i n  c e l l u l a r  s t r u c t u r e ,  c o n t r a r y  to  t h e  

r e p o r t s  o f  L e o a i l l o n  ( 2 0 ) ,  # 1 0  c la im s  to  have found c e l l u l a r  

s t r u c t u r e  be tw een  two f i b r o u s  l a y e r s .  In  o r d e r  t o  f u r t h e r  

co n f irm  th e  f a c t  t h a t  p e rh a p s  th e  i b l l i c u l a r  e p i th e l iu m  w ith  

th e  two membranes on e i t h e r  s i d e  o f  i t  was n o t  shed a s  th e  

v i t e l l i n e  membrane, s e o t io n s  were made of th e  f o l l i c u l a r  

w a l l  a f t e r  o v u l a t i o n .  The c a l i x  o f  th e  f o l l i c l e  was found 

to  c o n ta in  f r e e  in  i t s  c a v i t y  c e l l s  from  th e  f b l l i c u l a r  e p i ­

th e l iu m  and t h e  membrane p r o p r i a  was s t i l l  fou n d  on th e  

f o l l i c l e  w a l l .  T h is  i s  shown in  P l a t e  I I ,  P ig u re  2, th u s  

le a v in g  th e  in n e r  c o l la g e n o u s  f i b r o u s  l a y e r  a s  t h e  o n ly  p a r t  

t h a t  was removed w i th  the ovum a t  o v u la t io n .

We a t te m p te d  to  d e te rm in e  th e  c h a r a c t e r  o f  th e  p r o t e i n  

i n  t h e  v i t e l l i n e  membrane by u s in g  the  methods d e s c r ib e d  by 

A lm quis t ( l )  i n  h i s  s tu d y  o f  th e  s h e l l  m a t r ix .  The v i t e l l i n e  

membrane a s  found  in  th e  egg was n o t  d ig e s t e d  by p e p s in  i n  

l / l O  N H y d ro c h lo r ic  a c id  s o l u t i o n ,  a s  would be c h a r a c t e r i s t i c  

o f  a  c o l la g e n o u s  membrane. Membranes from ova ta k e n  from th e  

body c a v i t y  b e f o r e  b e in g  exposed to  t h e  s e c r e t i o n s  o f  th e  

o v id u c t  were found , however, to be d ig e s t e d  by p e p s in  and 

s o lu b le  in  50 p e r c e n t  a c e t i c  a c i d ,  b o th  c h a r a c t e r i s t i c  o f

c o l l a g e n .
We a ls o  made and m easured s e c t i o n s  of f r e s h l y  o v u la te d  

y o lk  membranes. I t  was found t b a t  th e  membranes o f  th e  egg
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y o lk s  were a p p ro x im a te ly  1 0 0  m icrons i n  t h i c k n e s s ,  w h ile  th e  

t h i c k n e s s  o f  th e  f r e s h l y  o v u la te d  y o lk s  was o n ly  55 m ic ro n s ♦ 

Membranes from  f o l l i c l e s  t h a t  were removed by r u p t u r i n g  were 

even t h i n n e r ,  a v e r a g in g  o n ly  4 3 ,5  m ic ro n s .

From t h i s  woik on th e  v i t e l l i n e  membrane, i t  was con­

c lu d e d  t h a t  th e  membrane i n  t h e  f r e s h l y  o v u la te d  y o lk  i s  o f  

c o l la g e n o u s  f i b e r s .  When th e  y o lk  i s  ta k e n  up by th e  o v i ­

d u c t  t h e  f i b e r s  s w e l l ,  from  th e  a l k a l i n i t y  o f  th e  s e c r e t i o n s  

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

and  th e  mucin s e c r e t i o n s  o f  t h e  o v id u c t  a r e  a l s o  p r e c i p i ­

t a t e d  on t h e  s u r f a c e  of  t h e  membrane due t o  i t s  s l i g h t  

a c i d i t y .  Romanoff (38) h as  p o in te d  out t h a t  th e  ova have an  

a c i d i t y  o f  pH 5 .9 .

These f i n d i n g s  a r e  o f  i n t e r e s t  i n  r e g a r d  t o  f e r t i l i z a ­

t i o n .  The membrane i s  o n ly  a  t h i n  f r a g i l e  c o l la g e n o u s  l a y e r  

a t  t h e  tim e th e  sperm a re  th o u g h t  to  p e n e t r a t e  i t .  The l a t e r  

th ic k e n i n g ,  and to u g h e n in g  by th e  mucin f i b e r s  p r o t e c t  th e  

y o lk  a g a i n s t  r u p tu r e  w h ile  in  th e  o v id u c t .
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E x p e r im e n ta l  F a c t o r s  In d u c in g  O v u la t io n

The fow l has  been found  to  o v u la te  on a n  a v e ra g e  w i th in  

30 m in u te s  a f t e r  o v i p o s i t i o n .  T h is  te n d e n c y  was s tu d i e d  by 

P h i l l i p s  & W arren (30) and  t h e i r  f in d in g s  co n f irm ed  by o t h e r s .  

As was p o in te d  o u t  in  th e  i n t r o d u c t i o n  th e  tim e o f  o v u la t io n  

seems t o  be more fu n d am en ta l  th a n  t h a t  o f  o v i p o s i t i o n ,  and 

i n d i r e c t l y  s e t s  th e  t im e  o f  o v i p o s i t i o n .  In  t h i s  s tu d y  we 

have assumed th e  tim e o f  o v i p o s i t i o n  to  be a p p ro x im a te ly  th e  

same a f t e r  a  p e r io d  o f  a d ju s tm e n t  and  th e  b e g in n in g  of a new 

c l u t c h .  P r e v io u s ly  con firm ed  e x p e r im e n ta l  woik seems to  

j u s t i f y  t h e  a s su m p tio n .

E x p e r im e n ta l  p r o c e d u r e . T w en ty -fo u r  Hew Hampshire hens 

and B a rred  Plym outh Rock p u l l e t s  were k e p t  i n  a  f o u r - d e c k  

la y in g  b a t t e r y  and f e d  th e  r e g u l a r  s t a t i o n  l a y in g  mash. The 

b a t t e r i e s  were l o c a t e d  i n  a s m a ll  i s o l a t e d  room o f  a p p r o x i ­

m a te ly  10 x  15 f e e t .  The s in g l e  window was c o m p le te ly  

co v e red  o v e r  and th e  o n ly  l ig h b  i n  t h e  room was t h a t  p roduced  

by two 2 0 0  w a t t  e l e c t r i c  l i g h t  b u lb s  in  r e f l e c t o r s  ab o u t  f i v e  

f e e t  above the b a t t e r i e s .  The l i g h t s  were tu rn e d  on and o f f  

m a n u a lly .  Feed and w a te r  were a lw ays a v a i l a b l e  ex c e p t  when 

s t a t e d  o th e rw is e .

To d e te rm in e  t h e  e f f e c t  o f  f e e d in g  a lo n e  on o v u la t io n  

we k e p t  th e  l i g h t s  on f o r  th e  f u l l  24 h o u rs ,  fe e d in g  p a r t  o f  

th e  b i r d s  f o r  th e  1 2 -h o u r  n i g h t  p e r io d  and th e  o t h e r s  f o r  th e  

1 2 -h o u r  day p e r io d .  O ther b i r d s  having fe e d  a v a i l a b l e  f o r  

th e  e n t i r e  24 hours  were r e t a i n e d  f a r  c o n t r o l s  a t  th e  same 

t im e .  In  t h i s  way we hoped to e l im in a te  any  e f f e c t  on o v u la t io n
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t h a t  m ig h t he b ro u g h t  a b o u t  by l i g h t  and darkness*

In  a l a t e r  ex p e rim en t th e  b i r d s  were g iv e n  a d a rk  p e r io d  

e a ch  day t o  compare t h e  r e l a t i v e  s t r e n g t h  o f  t h e  e f f e c t  o f  

f e e d in g  w ith  t h e  e f f e c t  o f  l i g h t  and d a rk n e s s .  A f t e r  t h e  

d a rk  p e r io d  p a r t  o f  th e  b i r d s  were f e d  f o r  th e  f i r s t  h a l f  o f  

t h e  l i g h t  p e r io d  an d  p a r t  f o r  t h e  seco n d  h a l f  o f  th e  l i g h t  

p e r io d .

R e s u l t s * Hens exposed  t o  l i g h t  24 h o u rs  d a i l y  w i th  

f e e d  a lw ays a v a i l a b l e  showed a  te n d e n c y  to l a y  a t  any tim e 

w i th in  th e  24 hours* T h is  r e s u l t  c o n f irm s  th e  work o f  

W arren & S c o t t  (48) on th e  e f f e c t  o f  c o n t in u o u s  l i g h t i n g .

When t h e  hens were fe d  fo r  h a l f  o f  th e  24 h o u rs  th e y  

soon became accustom ed  to  th e  d a i l y  rhy thm . They r e s t e d  and 

s l e p t  d u r in g  th e  p e r io d  when f e e d  was n o t  a v a i l a b l e .  Some 

tim e was r e q u i r e d  f o r  a d ju s tm e n t ,  b u t  t h i s  was u s u a l l y  accom­

p l i s h e d  w i th in  a  week o r  t e n  d ay s .

A r e p r e s e n t a t i v e  sam ple o f  th e  egg p ro d u c t io n  in  r e l a ­

t i o n  to  t h e  f e e d in g  p e r io d  i s  g iv en  in  T ab le  VII*

Table  V II .  Egg p r o d u c t io n  o f  hens under  c o n t in u o u s  
l i g h t i n g  fe d  1 2  h o u rs  d a i l y

---------------------------------------------------- 5 T g E t “ f e d ------------------------------------------------------------------
r ' O '  - o i n ’o n o  f y o r f f  o  is  g o  o  <s w  u n r o ' i r  y i n r

O H O O O O O O H O U O N O O D O O O O O O O O O U D I  

0 P 0 0 U J T 0 P 0 0 N 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

" " Pay fe d
U D 0 o"0' 0 0 0 (T 'O O' 0 p p t) !d 'p p p 0 P P 3i:p 0  0  0  0  0

O P O P O P O P O P O P O O O O O O O O O O O P O O O O O O O  

O O P O P O H P O O H O P O P O O O P O P P O P O P O P O P O  

I) a egg l a i d  d u r in g  day* H -  egg l a i d  d u ring  n i g h t .
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A te n d e n c y  to  l a y  d u r in g  th e  p e r io d  o f  f e e d in g  may he 

observed*  The d a t a  on th e  e f f e c t  o f  f e e d in g  under  c o n t in u o u s  

l i g h t i n g  have been c o l l e c t e d  and summarized i n  Table V III*

T ab le  V I I I .  Summary o f  d a t a  on c o n t in u o u s  l i g h t i n g

D a i ly
f e e d in g

p e r io d

Eggs 
l a i d  a t  

n ig h t

Eggs 
l a i d  

d u r in g  day
24 hou r ................... B i

23
73

36
52
2 1

8  A.M. -  8  P .M . . .  
8  P.M. -  8  A .M .. .

In  t h e  ex p e rim en t to  compare t h e  r e l a t i v e  s t r e n g t h  o f  

l i g h t  and d a rk n e s s  w i th  f e e d in g  a l l  th e  b i r d s  were g iv e n  a 

d a rk  p e r io d  from 10 A*M* t o  4 P.M. d a i l y .  H a l f  o f  th e  b i r d s  

were th e n  f e d  from 4 P.M. t o  11 P.M. and th e  o th e r  h a l f  from 

11 P.M. to 10 A.M. A lth o u g h  t h i s  sc h e d u le  l e f t  p a r t  o f  th e  

b i r d s  w i th  a s h o r t  f e e d in g  p e r io d  i t  was above th e  s i x  hours  

n e c e s s a r y  f o r  egg p r o d u c t io n .  The d a rk  p e r io d  d u r in g  th e  

day was used to  b re a k  up any norm al d i u r n a l  rhy thm s t h a t  r 

m igh t overshadow th e  e f f e c t  o f  f e e d in g .

F o r  a  s h o r t  t im e  a t  t h e  b e g in n in g  o f  th e  e x p e r im e n t ,  a 

few eggs were l a i d  d u r in g  th e  d a rk  p e r i o d .  T h is ,  however, 

d id  n o t  l a s t  lo n g .  R e p r e s e n ta t iv e  d a ta  on th e  e f f e c t s  o f  

d a rk n e s s  and f e e d in g  on t im e  o f  egg p r o d u c t io n  a r e  g iv e n  in  

T ab le  I I .
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T ab le  IX. Egg p r o d u c t io n  o f  hens w ith  d a rk  p e r io d  
and f e d  d u r in g  p a r t  o f  l i g h t  p e r io d

Fed in  f i r s t  p a r t  o f  l i g h t  p e r io d

S O S O F O F O F F O F O F O F O F O F

F O F O S O F F O F F S O F O F O O S O

O O O O S O F S F O O F O F O O F O F O

S 0 S 0 0 8 0 S 0 0 0 F 0 F 0 F 0 F 0 F

Fed i n  l a t t e r  p a r t  o f  l i g h t  p e r io d

F F F O F F O S S F F S F F S O O O O O

F F O O O S O O S S F O S F O F O F O  0

F F S F F O S S F O S F F O S F O S F O

O O O O O O S O O S F F O S F F O S F F

A l l  eggs p ro d u ced  in  l i g h t  p e r io d .
S s  eggs p ro d u ced  when n o t f e d .
F « eggs p ro d u ced  when on f e e d .

The d a t a  f o r  t h i s  ex perim en t have been  c o l l e c t e d  and

summarized in  T ab le  X.

T ab le  X. Summary o f  d a ta  w i th  dark  p e r io d  and
fe d  d u r in g  p a r t  o f  l i g h t  p e r io d

D a i ly D a i ly Siggs Eggs
l i g h t e d f e e d in g l a i d  a t l a i d  d u r in g

p e r io d p e r io d n ig h t day

4 P .M .-10 A.M. 4 P .M .-11  P.M. 72 33
4 P .M .-10 A.M. 11 P.M . - 8  A.M. 59 41

D is c u s s io n . W arren & S c o t t  (48) have shown t h a t  d a rk ­

n e s s  and  l i g h t  may c o n t r o l  o v i p o s i t i o n  and o v u la t io n .  However, 

th e  a u th o r  th o u g h t  t h a t  o t h e r  f a c t o r s  or d i u r n a l  rhythm s 

m igh t be a  f a c t o r .  Welsh (50) has  p o in te d  o u t  t h a t  o f t e n  

o t h e r  d iu r n a l  rhythm s than  th o s e  due to l i g h t  and d a rk n e s s
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may be found  in  a n im a ls ,  and t h a t  th e  e f f e c t  o f  l i g h t  i s  

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

A lth o u g h  a te n d e n c y  f o r  f e e d in g  to  i n f lu e n c e  th e  t im e  

o f  o v u la t io n  was o b se rv ed  i n  th e  d a t a  w i th  c o n t in u o u s  l i g h t s ,  

i t  was n e c e s s a r y  to  t e s t  t h e  d a t a  s t a t i s t i c a l l y .  T h is  has 

been  done by u s in g  th e  c h i - s q u a r e  t e s t .

I f  we assume t h a t  f e e d in g  does no t have an  in f lu e n c e  

upon th e  t im e  o f  l a y i n g  th e  same number o f  eggs s h o u ld  be 

p roduced  i n  f e e d in g  and f a s t i n g  p e r io d s .  The c h i - s q u a r e  

t e s t  f o r  tw o fo ld  c l a s s i f i c a t i o n  i s  a p p l i c a b l e  to th e s e  d a t a .  

The o b se rv ed  f r e q u e n c i e s  a r e  g iv en  i n  T ab le  X I. C a lc u la ­

t i o n  o f  c h i - s q u a r e  y i e l d s  a v a lu e  o f  X^ = 3 7 .5 2 9 .  T h is  

i n d i c a t e s  t h a t  t h e  p r o b a b i l i t y  o f  f e e d in g  n o t  i n f l u e n c i n g  

t im e  o f  o v u la t i o n  i s  e x tre m e ly  sm all*

A s i m i l a r  a n a l y s i s  o f  t h e  r e s u l t s  w ith  a  d a rk en e d  p e r io d  

i s  g iv e n  i n  T ab le  X I I .  (See page 34 f o r  t a b l e s  XI and X I I . )

C a lc u l a t i o n  o f  c h i - s q u a r e  g iv e s  a v a lu e  o f  X^ = 1 5 .7 1 1 .  

On th e  a ssu m p tio n  t h a t  t h e r e  i s  no e f f e c t  on t im e  o f  o v u la ­

t i o n  a v a lu e  o f  X2  = 6 .6 3 5  would o c c u r  o n ly  once in  100 

t im e s .  The v a lu e  found , 1 5 .7 1 1 ,  i n d i c a t e s  t h a t  th e  p r o b a b i l ­

i t y  t h a t  t h e r e  i s  no e f f e c t  o f  t im e  o f  f e e d in g  on t im e  o f  

o v u la t i o n  i s  e x c e e d in g ly  rem o te .

I t  would a p p e a r  from th e s e  r e s u l t s  t h a t  d a rk n e s s  and 

l i g h t  o n ly  in f lu e n c e  o v u la t io n  t h r o u ^ i  d a rk n e s s  p r e v e n t in g  

th e  b i r d  e a t i n g .  A lthough f e e d in g  h as  been found to  be more 

im p o r ta n t  th an  l i g h t  a s  a s t im u lu s ,  one shou ld  be c a u t io u s  

a g a i n s t  assum ing  t h a t  i t  was e a t in g  i t s e l f  t h a t  was the
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c a u s e .  F e ed in g  and a c t i v i t y  a r e  so o l o s e l y  r e l a t e d  t h a t  i t  

i s  p o s s i b l e  t h a t  a c t i v i t y  and n o t  f e e d in g  may be th e  s t im u ­

l u s  f o r  o v u la t io n .

T ab le  X I. O bserved f re q u e n c y  o f  eggs l a i d  d u r in g  f e e d in g  
and n o n - fe e d in g  p e r i o d s ,  by b i r d s  l i g h t e d  4 P .M .-10 A.M.

Time o f  
fe e d in g

Eggs l a i d  : Eggs l a i d  
4 P.M. -11  P.M. :11 P.M. - 8  A.M. Tot a l

4 P .M .-1 1  P.M. 72 : 33 105
11 P.M . - 8  A.M. 41 : 59 1 0 0

Tot a l ............ 113 : 92’ --------- 205------

T h e o r e t i c a l  e x p e c te d  f re q u e n c y

4 P .M .-11  P.M.
♦  •

57 .9  i 4 7 .1 105
11 P.M . - 8  A.M. 5 5 .1  : 44 .9 1 0 0

Tot a l  . . . . . . 113 : 97T~ ..........."iroEr .......

Table X II .  O bserved f re q u e n c y  of eggs l a i d  a t  n i g h t  and  by 
day by  b i r d s  l i g h t e d  24 h o u rs  d a i l y  b u t  f e d  a t  

n i g h t  or by day r e s p e c t i v e l y

Time o f  
f e e d in g

Eggs l a i d  
a t  n ig h t

Eggs la ic t  
by day T o ta l

R ig h t  ................. 73 2 1 94
Pay  ...................... 23 52 75

Tot a l  • • • . . . 96
•
*

75 ” TS'9“

E x p ec ted  f re q u e n c y

N igh t .............. . :  5 3 .4 : 40 .6  : 94
P a y ................... : 3 2 .4 75

T O ta l .......... . :  9 6 .0 73 .0  : 169
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SUMMARY

E x p e r im e n ta l  s t u d i e s  have been made in  th r e e  d i f f e r e n t  

p h a se s  o f  t h e  fo rm a t io n  o f  th e  ovum o f  th e  d o m e s tic  fowl#

The l e n g th  of th e  f i n a l  r a p id -g ro w th  p e r io d  was o b se rv e d  

t o  v a ry  betw een  s i x  and te n  d a y s .  The le n g th  of th e  f i n a l -  

g row th  p e r io d  seems to  be o h a r a o t e r i s t i o  f o r  a hen a t  l e a s t  

w h ile  i n  a  s i n g l e  p hase  o f  egg p r o d u c t io n .  The l e n g th  of 

th e  f i n a l  g row th  phase  was found  to d e c re a s e  w ith  i n c r e a s e  

in  c lu tc h  l e n g t h l

The r a t e  o f  y o lk  fo rm a t io n  p e r  day was found to be 

v a r i a b l e .  W hile some v a r i a t i o n  i n  l e n g t h  o f  t h e  f i n a l  g row th  

p e r io d  was o b se rv e d ,  th e  r a t e  o f  y o lk  fo rm a t io n  was found to  

be r e s p o n s i b le  f o r  t h e  g r e a t e r  p a r t  of th e  normal v a r i a t i o n  

found i n  y o lk  w e ig h t .

The v i t t l l i n e  membrane was found to  be formed from th e  

c o l la g e n o u s  membrane which l i n e s  th e  f o l l i c u l a r  e p i th e l iu m .  

The c o l la g e n o u s  membrane becomes sw o llen  when i n  c o n ta c t  

w ith  th e  s e c r e t i o n s  o f  th e  o v id u c t .  Mucin s e c r e t e d  by th e  

o v id u c t  i s  p r e c i p i t a t e d  on th e  c o l la g e n o u s  membrane which 

th ic k e n e d  and s t r e n g th e n e d  i t .

O v u la t io n  i n  th e  fowl was found to  be s t i m u la t e d  by 

fe e d in g .  Hens exposed  to  co n t in u o u s  l i g h t i n g  were found to  

l a y  and o v u la te  w i th in  th e  d a i l y  p e r io d  in  w hich  th e y  were 

f e d .

Hens exposed  to a s h o r t  d a i l y  d a rk  p e r io d  and  fe d  o n ly  

d u r in g  p a r t  of th e  l i g h t  p e r io d  were found to la y  and o v u la te  

more i n  t h e  f e e d in g  p e r io d .  A c t i v i t y  and no t e a t in g  may be
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th e  s t im u lu s  f o r  l a y i n g  and o v u la t i o n .  D arkness  may i n h i b i t  

l a y i n g  and o v u la t io n  b ecau se  i t  r e d u c e s  a c t i v i t y ,  and f e e d in g  

may s t i m u l a t e  la y in g  and  o v u la t io n  b ecau se  i t  i n c r e a s e s  

a c t i v i t y .  D arkness  may o n ly  i n h i b i t  o v u la t i o n  more e f f e c t i v e l y  

th a n  f a s t i n g  b ecau se  i t  more e f f e c t u a l l y  red u o e s  a l l  a c t i v i t y ,  

some b i r d s  b e in g  as  a o t i v e  i n  l i g h t  when f a s t i n g  a s  when 

e a t i n g .



37

BIBL10 GRAPHY

(1) A lm q.uist, J ,  J .  P r o t e i n s  o f  th e  egg s h e l l*  P o u l t r y
S c ie n c e ,  13 : 375, 1934*

(2) B a r te lm e z ,  G. W. The h i l a t e r a l i t y  o f  th e  p i g e o n 's
egg. I .  A s tu d y  i n  egg o r g a n i z a t i o n  from th e  
f i r s t  g row th  period, of th e  o o c y te  to th e  b eg in n in g  
o f  c le a v a g e .  J o u r .  M orphology, 23: 269, 1912.

(3) B a lb i a n i ,  G. Leoons s u r  l a  g e n e r a t i o n  d es  v e r t e b r e s .
P a r i s :  1879, 279 p p .

(4) B a te s ,  R. W., E. I .  L ah r  and 0 . R id d le .  The g r o s s
a c t i o n  o f  p r o l a c t i n  and f b l l i c l e - s t i m u l a t i n g  
hormone on th e  m a tu re  o v a ry  and s e x  a c c e s s o r i e s  
o f  th e  fo w l.  Am. J o u r .  P h y s i o l . ,  I l l :  361-368 , 
1935. -----

(5) B ram b e ll ,  F . W. R, The o o g e n e s is  o f  t h e  fowl (G a llu s
b a n k iv a ) .  P h i l .  T ra n s .  Royal S o c . ,  London: 214, 
1 1 3 -151 , 1925. -----

( 6 ) Brown W. L. The in f lu e n c e  o f  p im ien to  p e p p e rs  on
t h e  c o l o r  o f  t h e  y o lk  o f  t h e  f o w ls .  J o u r .  B io l .  
Chem. , 1 2 2 : 655, 1938.

(7) Conrad, R. M ., & H. M. S c o t t .  F o rm a tio n  o f  t h e  egg
o f  d o m estic  fo w l.  P h y s io l .  R e v .,  18 ; 481-494,
1938.

(8 ) C onrad , R alph  M ., & P. C. W arren. The a l t e r n a t e  w h ite
and y e l lo w  l a y e r s  o f  y o lk  i n  h e n 's  ova . P o u l t r y  
S c i . ,  18: 220-224 , 1939.

(9) C onrad , R. M ., & P. C. W arren, The p r o d u c t io n  o f
d o u b le  y o lk ed  eggs in  th e  fow l. P o u l t r y  S c i . ,  1 9 ; 
9 -1 7 ,  1940.

(10) P e n to n ,  C. A. Some o b s e r v a t io n s  on f e e d in g  dyes to
l a y i n g  c h ic k e n s .  P o u l t r y  S c i .  ( In  P re s s )

(11) P u b u is s o n ,  H. C o n t r ib u t io n  a  1 ’ e tu d e  du v i t e l l u s .
A rch , de Z ool. Exp. e t  Gen. T4 S e r i e s  5 : 53, 1906.

(12) P 'H o l l a n d e r ,  F . R echerches  s u r  l 'o o g e n e s e  e t  s u r  l a
s t r u c t u r e  e t  l a  s i g n i f i c a t i o n  du noyau v i t e l l i n  
de B a lb ia n i  chez l e s  o is e a u x ,  A rc h iv .  d 'A n a t .
M i o r . , 7: 1905.



38

(13)

(14)

(15)

(16)

(17)

( 1 8 )

(19)

( 2 0 )

(21)

( 2 2 )

(23)

(24)

(25)

F i r k e t ,  J e a n .  Rec hero  he s su r  1 T o rganogenese  d es
g la n d s  s e x u e l l e s  chez  l e s  o i s e a u x .  A rch .d e  B io l* ,  
29 : 201-351 , 1914.

Gage, S. H. & S. P . Gage. Sudan I I I  d e p o s i t e d  i n  
th e  egg and t r a n s m i t t e d  t o  th e  c h ic k .  S c ie n ce  
Jf. S . ,  28 : 494-495 , 1908.

O illa m , A. E . & I .  M. H e i lh ro n .  V itam in  A a c t i v e  
s u b s ta n c e  i n  egg y o lk .  Biochem. J o u r . ,  29: 1064, 
1935. —

G o ld sm ith , J .  B. The h i s t o r y  o f  t h e  germ c e l l s  in  
th e  d o m es tic  fo w l .  J o u r .  M orphology and P h y s i ­
o lo g y ,  46 : 275-315 , 1928.

H enderson , E. W ., & H. L. W iloke . E f f e c t  o f  r a t i o n  
on y o lk  c o l o r .  P o u l t r y  S c i . ,  12 : 266, 1933.

H o l l , M. TTeber d i e  R e ifu n g  d e r  E i z e l l e  d es  Huhnes. 
S i t z u n g s b e r .  Akad. W iss . Wien, M a th . - n a t .  E L .,
Bd. 9£ , P a r t  3 , 1890. A cco rd in g  to  L i l l i e  (22)

Laskow ski, M ic h a e l .  The g o n a d o tro p ic  hormone and
th e  l e v e l  o f  b lo o d  phosphorus  in  t h e  hen . Biochem. 
J o u r . ,  32 : 1176, 1938.

L e o a i l l o n ,  M. A. S u r l a  s t r u c t u r e  e t  l a  s i g n i f i c a ­
t i o n  de l a  membrane q u i  enve loppe l a  sp h e re  
v i t e l l i n e  de l ’ o e u f  des  o i s e a u x .  C. R. Acad. S c i . ,  
1 5 0 : 240-242 .  ------

L ieberm ann , L. A rch . f .  d .  G-es. P h y s io l ,  ( P f lu g e r s )  
43 : 71, 1888.

L i l l i e ,  F . R. The developm ent o f  th e  c h ic k .  Hew 
York. Henry H o lt  & Go. 472 pp . 1919,

L oyez , M. R echerches  s u r  l e  developpem ent o v a r ie n  
des  o eu fs  m e ro b la s t iq u e  a v i t e l l u s  n u t r i t i f  
a b o n d a n t .  A rch . A nat. M i c r . , j3: 69, 1905-6 .

M arza, V. D . , & E, V. M arza. F o rm ation  o f  th e  h e n ’ s 
egg . Q u a r t .  J o u r .  M ic ros . S c i . ,  78: 133, 1935.

M attikow , M. A c r i t i c a l  rev iew  o f  th e  l i t e r a t u r e
on th e  c o l o r in g  m a t t e r  i n  egg y o lk .  P o u l t r y  S c i . ,  
11: 83, 1932 .



39

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

P a lm e r ,  E. S. X a n th o p h y l l ,  th e  p r i n c i p a l  n a t u r a l  
y e l lo w  p igm ent o f  th e  egg y o lk ,  "your. B io l .
Chem., 23: 261, 1915.

P a t t e r s o n ,  J .  Thomas. S tu d ie s  on th e  e a r l y  d e v e lo p ­
ment o f  th e  h e n ’ s egg. I .  H is to r y  o f  th e  e a r l y  
c le a v a g e  and th e  a c c e s s o r y  c le a v a g e .  J o u r .  
M orphology, 21 : 101-134 , 1910.

P e a r l ,  R. & P . M. S u r f a c e .  The n a t u r e  o f  th e  s t im u ­
l u s  w hich c a u s e s  a s h e l l  t o  be formed on a b i r d ’ s 
egg* S c ie n c e ,  jS9: 428, 1909.

P e a r l ,  R. & A. B o r in g .  Amer. J o u r .  A n a t . ,  23.
1918.

P h i l l i p s ,  R. E . , & P . C. W arren . O b s e rv a t io n s  
c o n c e rn in g  th e  m echan ics  o f  o v u l a t i o n  i n  th e  
fo w l.  J o u r .  E x p e r .  Z o o l . , _76: 117 , 1937.

R id d le ,  0 . On th e  fo rm a t io n ,  s i g n i f i c a n c e  and 
c h e m is t ry  o f  th e  w h ite  and y e l lo w  y o lk  o f  o v a . 
J o u r .  M o rp h o l . ,  2 2 :  455-485 , 1911.

R id d le ,  O sca r .  I .  The o c c u r re n c e  and m easurem ent 
o f  a sudden cha rge  i n  th e  r a t e  o f  g row th  o f  
a v ia n  ova* Amer. J o u r .  P h y s i o l . ,  41: 387, 1916.

R id d le ,  O sca r ,  & C. E. A nderson . V I I I .  The e f f e c t s  
o f  q u in in e  i n  t h e  p ro d u c t io n  o f  egg y o lk  and 
egg album en. Amer. J o u r .  P h y s i o l . ,  47 : 92 -102 , 
1918.

R id d le ,  O sca r ,  & G a rd in e r  C. B a s s e t .  V. The e f f e c t  
o f  a l c o h o l  on t h e  s i z e  o f  th e  y o lk  o f  th e  
p ig e o n ’ s egg . Amer. J o u r .  P h y s i o l . ,  41: 425, 
1916.

R o b e r t s ,  Rugh. O v u la t io n  i n  th e  f r o g .  I I .  F o l l i ­
c u l a r  r u p tu r e  to f e r t i l i z a t i o n .  J o u r .  E x p er . 
Z o o l . ,  71: 163-193 , 1935.

Roepke, R. R., & L. D. B u s h n e l l .  A s e r o l o g i c a l  com­
p a r i s o n  o f  th e  p h o sp h o p ro te in  of th e  serum o f  
t h e  l a y in g  hen and th e  v i t e l l i n  o f  th e  egg y o lk .  
J o u r .  Immunology, 30: 109, 1936.



40

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

Roepke, R. R . , & j .  s. Hughes. Phosphorus p a r t i t i o n  
in  th e  b lo o d  serum o f  l a y i n g  h en s .  J o u r .  B io l .  
Chem., 1 0 8 : 79, 1935.

Romanoff, A. L. Growth and o h em io a l c o m p o s i t io n  o f  
ovum o f  f u n c t io n in g  f o w l’ s o v a ry  ( g a l l u s  d o m e s t i -  
c u s ) .  Bioohem. J o u r . ,  25: 994, 1931.

SoBaafer, ,E. A. On th e  s t r u c t u r e  o f  th e  imm ature
o v a r ia n  ovum i n  t h e  common fow l and i n  t h e  r a b b i t ,  
e t c .  P ro c .  Roy. S o o . , London, 30 : 237, 1880.

S o n n en b ro d t. L ie  W achstum periode d e r  Oocyte des  
Huhns. A rch . f .  M ickr. A n a t . , 72: 415, 1908.

Spohn, A. A . ,  & 0 . R id d le .  S tu d ie s  on th e  p h y s io lo g y  
o f  r e p r o d u c t io n  i n  b i r d s .  Amer. J o u r .  P h y s i o l . ,  
41 : 397-408 , 1916.

S t i e v e ,  H. TJeber E xperim en t e l l ,  d u rch  v e r a n d e r t
a u s s e r  Bedingungen H e rv o rg e ru fe n e  R u c h b ild u n g sv o r -

fange am E i e r s t o c k  d es  Haushuhnes (G a l lu s  
o m e s t ie u s ) .  A rch. f .  E n tw ick lungsm ech . d e r  

O rg a n . ,  44 : 530, 1918.

S w if t ,  C. H. O r ig in  o f  th e  d e f i n i t i v e  s e x - c e l l s  i n  
th e  fem ale  c h ic k  and t h e i r  r e l a t i o n  to  th e  p r i ­
m o rd ia l  g e r m - c e l l s .  Amer. J o u r .  A n a t . ,  18: 
441 -470 , 1915.

Thompson, A. A r t i c l e  "Ovum" in  E noyc lop . o f  A n a t.  
and  P h y s io l* ,  Yol. 5 , London: 1859. From Marza 
& Marza (2 4 )•

Yan Lurme, M odeste . H o u v e l le s  r e c h e rc h e s  s u r  l a  
v i t e l l o g e n e s e  des  o e u fs  d f o is e a u x  aux  s t a g e s  
d Ta c o r o i s s e m e n t , de m a tu r a t io n ,  de f e c o n d a t io n  
e t  du d eb u t de l a  s e g m e n ta t io n .  A rch, de B i o l . ,  
29: 71, 1914.

W aldeyer, W. E i e r s t o c k  und E i .  L e ip z ig ,  1870.

W arren , L. G . , & R. M. Conrad. Growth o f  th e  h e n ’ s 
ovum. J o u r .  A g r i .  R e sea rc h ,  58: 875, 1939.

W arren, L. C . ,  & H. M. S c o t t .  In f lu e n c e  o f  l i g h t  
on o v u la t io n  in  th e  fo w l.  J o u r .  E x p er . Z o o l . ,
7 4 : 137 , 1936.



41

{43} Wassermann. A n a t. H e f te ,  BA. 2 , 1910, From Marza 
A M arza (2 4 ) .

(SO) W elsh, John E* B iu r n a l  Rhythms. Q u a r t .  Rev. B i o l . ,  
13s 123 -139 , 1938.

(31) Win to n ,  A. L . , & K. B. W i n t o n .  S t r u c t u r e  and com­
p o s i t i o n  o f  fooAs. Hew T ork . John W iley  & Sons. 
1937.


