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Abstract 
t 

Three stages of P a d f i c  h w r m g  oocytes,  late v i t e l l ~ g e n i c ~  ovulat ing and ovulated,  were 

- -- -__ 
tirammed h i s t o l o m y - d  hist&hwnically, L a t e  v i t e l logenes i s  was  do-nted by 

means ,o,f alkali-labile pratem p h o s p h a r k  (ALPPI assay o f  swwn atd  l ive r  tfsstte i n  males  - 

and females,  and gonadal tissue in females ,  ALPP l e v e l s  b o t h  in male  and female l i v e r s  
- 

reman* cons tan t  over  t h e  study periad bu t  t h e r e  were  s ignif icant  d i f fe rences  in va lues  

between males and females+ ALPF values 5er male %rum were constantr but ttwse 4%~ - 

females  d k l i n e d .  Female gonad va lues  beclined (110 m g l l  t o  15 .mgA)  during ovulation. 

Hepatosomatic mdices  f o r  males were  cons tan t  during t h e  ovulation period, bu t  those f o r  
. 

/' 

Females declined (1 '6% to,.O,Yla), 
-,. 

1 

P a n f i c  herring e g g s  underwent t w o  hydrat ions* During ovulation,  Mois ture  va lues  

increased from 67% to  76% misture. The second m r r e d  following fe r t i l i za t ion  and 
- - - --- - - - 

- p-p - - - 

during water-hardening with a f u r t h e r  i n u e a s e  t o  83% mdis ture ,  Unfert i l ized e g g s  

dehydrated to 74% p i s t u r e  when exposed to  hydration wate r  of the same salinity used f o r  - 
'I' fer t i l ized eggs ,  

PAS-staining localized glycogerr in the vitel logenic egg' cytoplasm and demonstra ted the 

dlstrlbutt& of m u m s a a h a r i d e s  in all s tages .  The th in  adhes ive  ep i l ayer  found on the egg 

sur face  in w u l a t i n g  and subsequen t  s t a g e s  w a s  PAS-negative, sugges t ing  t h a t  tlus 

adhesive layer Is mostly p r o t e i n a c e w s ,  U d i n e ' p b s p h a t a s e  w a s  localized in  f o l l i d a r  

cells ,  
d 

but not in sugges t ing  that- t h e  former 
-- -p -- 

& wstttute the locations of  vi te l lq len in  dephosphorylatidn and p w s i b l y  c leavage - 

into phosvitin and hpoatellin, I 

SEH anb TEN sMies derrrrsnstrated t b t  egg rreembranes consist of f i v e  l a y e r s  in  late 
f. 

v l t e l l o g e n ~ c  and t rans i t ion& stages, These l a y e r s  are the extenus, d i s t a l  in te r l ayer ,  
\ b 



inrernus, proximal i n t e r l a y e r  and the sub- in ternus .  The proximal  and d i s t a l  mterlayers d o  
--. - - - - - - - 

- 

nat a p p e a r  to have been desmbed e l sewhere .  A th i& e lec t ron-dense  l a y e r  was depos i t ed  

i ' jr': 
nn the e x t e r n a l  s u r f a c e  of the externus dur ing  ovula?;on. -. f 

A mechan~cal m a n s  o f  achievmg egg  membrane semipermeabi l i ty  dur ing  the f i r s t  hydra t ion  .: - 
by m e a n s  of m m p r e s s m m o f  t h e  p o r e s  in  the i n t e r n u s  was s u g g e s t e d  by TEM F e G ~ l t s .  B o t h  

e 

m a l e  and f e m a l e  l i v e r  t i s s u e s  conta ined  e lec t ron-dense  and e lec t ron- lucent  hepa tocy te s ,  - . 
however t h e  latter were s c a r c e  i n  ma le  livers b u t  c o n s t i t u t e d  o v e r  half  o f  t h e  f e m a l e  l i ve r  

t15sue,  Male  and f e m a l e  h e p a t o c y t e s  con tamed  s e c r e t o r y  vacuoles.  I n  ovula t ing  f ema les ,  
I 

s e c r e t o r y  - vacuo le s  w e r e  larger and more  abundant: and w e r e  a s s o a a t e d  w t h  Golgi 
</- 
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a 

' s eve ra l  t e l w s t s .  Much of t he  emphasis has been placed on -&tically important groups 

such as t h e  s a l r n ~ n i d s + k q , ~  Flugeh 19Mar 1964b; Hurley and Fisher, 19463 Beams and U* ' 

i * 

Kessel, 1373; Hara and Hirr, 13783 Nagahama et dltt 1978: Stehr and Hawkes, 1979; 

Campbell and Idler, 198% van Boheman et all, 1981; uan Bohman & &,, 1982; Heigand and -- 

Idler, 1%; G r w t  and Alderdice, 4.9851, and on s p e d e s  t h a t  a r e  easily maintained under a 

4 - / 
, laboratory conditionst such as the killifish, Fundulus k t e r o d i t u s  , (e,g,, Anderson, 1968; 

1 4 .  

Wallace, l983)t t h e  goldfish, Carassius auratus ( e,g tl' K h o ,  1975; Nagahama et al,,'l976; 

Khoo,  1979; Nagahama et &el 1933; Kagaea eJ a& 15~84): the catfish, Heteropneustes 
' 

fossi l is  req,, Nath and Sundararaj, 1981; Sunda'raraj and Nath, 1381f, t he  ~edaka ,  Urvzias 
- 

lat ioes kg,, Tesorsero, 1977at 1977bt Iwamatsut 1980; Iwamatsu and Ohtat 1981) and for 

several other spxieo, In  view -& the emlugid importance of clirpeids to trcphic dynamics 
- 

-- 

i n  coastal ecosystems (Howston and Haegele, 19801, the i r  phylogenetic po2ition and 

long-standing emnomic importance (Whitehead, 1%5)+ and recent e f fo r t s  at domestication 

and artifidad propagation '(Morita, 198151, it is remarkable tha t  v i t e l lqenes i s  and .- 
> 

ovulation have not b m  more thoroughly investigated for t h i s  grot$ of teleosts,  Among 
./- / 

w i t h  m l m g  m a m e  populatmns and t h e  difficulty of rnaint&ing dupeids  for long 

periods under laboratory m d l t i m s ,  Recently developed technology has fadlitat&&ne 

t i m e s e r i e s  sampling from discrete populatims of sexually maturing herring. - - -- . ---- 

herring, Oocyte provisiwring, or exogenous vi te l lqenes is ,  ma@ration and ovulation 
- 



, '  A synchroniza t ion  and  u l t r a s t r u c t u r a l  c h a n g e s  h a v e  been  examined.  
B 

9 ? 
WSTF4BVTION AND LIFE HISTORY 

I .  

7 

P a a f i c  he r r ing  populations Ore- vdl-stributed a long  t h e  c o n t i n e n t a l  s h e l v e s  and  cbastal 
* 

w a t e r s  f rom t h e  n o r t h  c o a s t  of Mexico, no r thward  t o  t h e  ~ e a u f o r r - & a ,  t h e n c e  southward-  

d o n g  t h e  As ian  a n d  Korean  c o a s t s ,  They  a r e  a l s o  distributed along the  Arc t i c  coasts a f  
, D 

A s i a  and Nor th  Amer ica  ( B l a x t e r ,  1955:- Hay. 1 W 5 ) ,   heir c e n t r e  o f  a h u n d a n q  a long  t h e  ' 

e a s t e r n  Pacific r im  lies a long  t h e  B r i t i s h  Columbia c o a s t  f r o m  F b g e t  Sound in  t h e  s o u f h  t o  I 

Dixon E n t r a n c e  in the n o r t h  IHours ton  and  Haege le ,  1380h , , 

Adul t  P a a f i c  her r ing  f e e d  in  t h e  s u m m e r  m o n t h s  in s h e l f  w a t e r s  o f f  t h e  w e s t  c o a s t  o f .  
< 

V a n c w v e r  I s l a n d  a n d  H e t a t e  S t r a t ,  A f e w  popu la t i ons  r e m a n  In l a r g e r  in land  b o d l e s  of  
P' 

h a t e r  s u c h  as G e o r g l a  S t r a t  and c o a s t a l  f j o r d s ,  B e t w e e n  Oc tobe r  and December,  h e r r i n g  

form i n t o  l a r g e  a g g r e g a t i o n s  and  begin their i h o r e w a r d  m i g r a t i o n s  t o  t h e i r  n e a r - s h o p -  

spawning  grounds ,  Upon reaching  the vic in i ty  o f  t h e i r  spawn& grounds ,  b r eed ing -  
C 

p o p u l a t i o n s  i n h a b i t  d e e p  channe l s ,  Dur ing  t h e  d a y b g h t  h o u r s  t h e y  ~ i s e  t o t t h e  s u r f a c e  to 

'r 1 

f eed  on zooplankton  popu la t i ons  at d u s k  (~ l ax t e r ,  1355), Feed ing  g radua l ly  s l o w s  and  

e v e n t u a l l y  s t o p s  p r i o r  t o  spawning+ Following g a m e t e  m a t u r a t i o n  in  over -winte i ing  areas, 

Paaflc he r r lng  e n t e r  the s h a l l o w s  w h e r e  t h e y  s p a w n  on m a r i n e  inacvophytes;- Spawning i s  a 

m a s s  e v e n t  w i th  all member s  of a spawning  popula t ion  d e p o s i t i n g  t h e i r  g a m e t e s  i n  f rom 

one-20 s e v e r a l  d a y s  (Hour s ton  and Haege le ,  I%%), G a m e t e  ma tu ra t i on  is synchronous  

#'= among expe r i enced  s p a w n e r s  b u t  s econda ry  and t e r t i a r y  spawning  w a v e ~ ~ a e p a r a t e d  by 10 
f 

c 

t o  15 days ,  may occur,  He r r ing  involved  in  t h e  ' s econda ry  waved are s m a l l e r ,  and  
". 

-> - presumab ly  younger  (Hay,  1 9 8 5 ~ +  

CDCYTE PROVISIOl?ING fi 

In m o s t  teleasts, t h e  o v a r y  1s a hollow pa i r ed  o rgan  c o n s i s t i n g  o f  oogonia ,  o o c y t e s  and 

t n e l r  su r round ing  fo l l i c l e  cells, s u p p o r t i n g  t i s s u e  o r  s t r o m a  and vascu la r  and  n e r v o u s  
*< 

tlssue ( N a g a h m a ,  1?83), Wallace & t d  Selman 11381) summar ize  three o v a r i a n  t y p e s  



c l a s s l f l ~ d  according to tric ~ a t t e r n s  uf o w t e  development, I n  f i s h  w i t h  synchronous 

oiaf les ,  all of t h e  a o c y t e ~ ,  czre formed, mature and ovulate i n  mison,  Synchronous 

oiir:es are Found r n  speoez that soawn once and then die, such a s  the anadromous 

- i n r o r n y n c b ~ ~  speces ,  Most t ~ l e o s t s  have group-synchronous ovaries which contam at 

i2ast t w i ~  pcpu;atlons of g o c y r t ~ s  at s o r e  time i n  thelr re~roGuctive cycle, A f a r l y  

sjnrhrsnous 3opulatlon o' natgfing o o q t e z  tdeflned as  a clutchi and a more heterogenous 
* - 

p c p u i a n m  o f  smaller oscj tes  from which  the 'dutch is recru~ted are observable in such 

olizf ies+ Paslflc hernng oeiorig t r ~  t h i s  group, I n  f l s h  w i t h  asynchronous ovaries, oocytes 
- -- 

t* - 
i.1 331 SrageS of development UE present at the same time, 

5 d ~ r : r i g  early develop.ment, sagonla pfdi fera te  b y  means of mitotic division and become 

primarj oocytes whgn the chromos~mes enter rrteiotlc division, Division stops a t  the 

alpiotene srage of t k .  f l r ~ t  meigtic propha= .(Wallace and Selrnan, 1981). most . 
fib i:ct~s ieatvre of the remaning development 15 the accumulatlctn of yolk material wlttun 

t?e O Q C ~ ~ E ,  The  First o i k  constituents to  appear are t h e  yolk veside.5 fated to  become 

t k  xfr ica l  alveoii, Anderson (1 70%) demonstrated t h e  asmatlon of veside  formation 

anl tne Intern% synthetic structures of the oocyte and concluded that. glycoprotein 

s j n r h e s l s  and veside formatran were endogenous (within the- oocyte), L-ipld accumulation 

commsrices after the s ta r t  o f  yolk veslde formation, Its appearance can be considered t o  

rn3.r. trle z6nmenceme~t of endogenous vi~eilogenesls (Sharkley a n d  Kmgt 19771 Weigand? 

, - - -  
5 Tn? yolk globules w h ~ h  ultimately expand t o  become the most abundant storage 

p m l m  m nos t  teleost eggs form contuvvently wi th ,  but after  the s t a r t  of t k  formation 

JF y2;k v e ~ i d e ~ ,  Their endogenous o r q m  from the fusion o f  numerous small coated 
\ 

kesicies w h ~ h  f ~ r s t  appear penphra l ly  In the ooplasm has b e e n  confirmed by several 

c ~ l t ~ a s t w r t u r d  studies (e,g4, Droller and  Roth, 1956; Anderson? 1368; Shackley and King, 

1="7)+ Even though yo14 glmuie precursors are synthesized endogenously, it i s  cgcclear if 
1 

a p p ~ e c a ~ i e  endoge-dus vltei lqenesis  ocarrs, Immediately after  the formation of 



precursor  yolk globules ,  exogenous v i te l logenes is  commences (Wallace and Selman, 1981; 

Ng and Id le r ,  1983)+ 

Vitellogenin is a female  spec i f ic  lipophosphoprotein* Its occurrence in t h e  blood plasma 

coincides with t h e  appearance of  yolk g lobules  in t h e  oocyte (Aida g al, 1?7Zt ci ted in Ng 

and Id le r ,  1983). Vitellogenin is comprised o f  a lipid-containing f rac t ion ,  l ipovitel l in  and 

a phosphorylated pro te in  f rac t ion ,  phosvi t in* Mano and Lipman (1966a) observed t h a t  

t h e r e  a r e  s e v e r a l  fo rms  of  phosvi t in which d i f f e r  in  t h e i r  amount of phosphorylation as 

well as in o t h e r  ways* A t  t h e  s t a r t  of exogenous v i te l logenes is ,  non-phosphorylated 

p hosvi t in  is incorporated by t h e  oocytes*  The  deg ree  of  p hosphorylation inc reases  as 

vi te l logenes is  proceeds* The  h ighes t  phosphorus l e v e l s  are observed  in t h e  latter s t a g e s  

of  development pr ior  t o  ovulat ion (Manot 19C19, 1?70h The  hormonal cont ro l  of  hepa t ic  

v i te l logenes is  h a s  recent ly  been elucidated by s e v e r a l  a u t h o r s  (e+g+, Wallace and Selman, 

198 1 : Kagawa & a&, 1982; Nag ahama & a& 1982; Nag ahamat 1983h 

I n  t h e  p re sen t  s t u d y t  oocyte provisioning in t h e  later s t a g e s  o f  oogenes i s  was examined by 

means  of alkali-labile pro te in  phosphorus a s s a y  of female  serum, gonad and l iver*  Serum 

and l iver  t i s s u e s  of  ma le s  s e rved  as cont ro ls*  The  site of  re-manufacture o f  vi tel logenin 

i n t o  phosvi t in and l ipovitel l in  w a s  inves t iga ted  by means  of  alkal ine phosphatase  

localization, Mucosaccharide and glycogen localization within t h e  developing oocyte were 

inves t iga ted  by means  o f  PAS s ta in ing ,  

L a t e  development and ovulation synchronization are appa ren t  in  t h e  r e s u l t s  of B r e t t  and 

Solmie (1982) and Kreiberg & a,&, (1982)+ They measured temporal  changes in 

gonadosomatic  ind ices  f o r  Pac i f ic  herring impounded under  a va r i e ty  of s toclung d e n s i t i e s  

and o t h e r  f ac to r s*  In  t h e  p r e s e n t  s tudy ,  gonadosomatic  and hepatosomatic  indices,  and egg  

mois ture  content  have been measured t o  assess t h e  deg ree  of  maturat ion and ovulation 

synchronization + 



I lURlNG LAT-E VITELLOGENESIS A N D O V U L A T I O N  

U l t r a s t r u c t u r a l  c h a n g e s  In f e m a l e  h e p a t o c y t e s  r e l a t e d  to  v i t e l l o g z n e s i s  h a v e  b e e n  

d e s c r i b e d  try P e u t e  et all,  :IF781 f o r  t h e  z e b r a f i s h ,  B r a c h y d a n i o  r e r r o ,  a n d  by van Bohemen 

e! ii;, !iO3lr f o r  r a m b o w  :rout,  S a l m o  g a i r d n e r i .  U l t r a s t r u c t u r a l  c h a n g e s  a s s o d a t e d  w i t h  

j i ~ e l l o g e n e s i s  f o r  b o t n  s p e a e s  m d u d e d  the p f o l i f e r a t i o n  o f  r o u g h  e n d o p l a s m i c  r e t i c u l u m ,  

fie e n l a r g e m e n t  o f  G o l g l  bZaie5 a n d  t@ d e v e l o p m e n t  o f  e l e c t r o n - d e n s e  G o l g i  i n c l u s i o n s ,  

Fr,r t h e  z ~ b r a f i s h ,  e i e c t l o n - d e n s e  a n d  e l e c t r o n - l u c e n t  h e p a t o c y t e s  w e r e  i d e n t i f i e d ,  
.. 

E i x r r o n - l u c e n t  h e p a t o c j t p 5  c o n t a i n e d  l e s s  d e n s e  c y t o p l a s m  a n d  t h e  r o u g h  e n d o p l a s m i c  

reticulum a p p e a r e d  t o  r -ons l s t  o f  d i l a t e d  s a c c u l e S ,  I n  additlo;, t h e r e  w a s  a p r o l i f e r a t i o n  

o f  n u d e a v  p o r e s  in z e b r a f i s h  h e p a t o c y t e s t  F o r  both s p e d e s ,  g lycogen  and l i p i d  

accurnulatmn accompanies tke o n s e t  o f  v i t e l l o g e n e s i s ,  b u t  these g r a d u a l l y  d i s s a p e a r e d ,  
4 .  

.md w e r e  absent i n  h e p a t r q k s  o f  late v l t e l l o g e n i c  f e m a l e s *  F o l l o w i n g  o v u l a t i o n  a n d  

s s a w n x g  i n  b o t h  species, n e p a t o c j t e  s t i u c t u r e  r e g r e s s e d  t o  p r e - v i t e l l o g e n i c  

cor?t ' igurat ionst  I n  t h e  p r e s e n r :  s t u d y ,  h e p a t o c y t e s  s a m p l e d  f r o m  late v i t e l l o g e n i c ,  

o v z i a t l n g  a n d  f ~ l l y  o v u i a t e d  female livers a r e  z m p a r e d ,  In a d d i t i o n ,  f e m a l e  h e p a t o c y t e s  

For Pair, ;e=:lrl a r e  c o m p a r e d  w i t h  :hose s a m p l e d  from m a l e s  d u r i n g  t h e  s a m e  p e r i o d ,  

S e , = ~ r d  a u t i l o r ~  n a v e  e x a m m e a  u l t r a s ~ r u c t u r a l  c h a n g e s  in  w c y t e s  at v a r l o u s  s t a g e s  o f  

- -. d = y ~ : c ; r l n e n t ,  Tne s t r u c t u r e  and d e v e l o p m e n t  oc t h e  e g g  m e m b r a n e  h a v e  b e e n  I n v e s t i g a t e d  

1- s d , ~ @ r r i d ~  b y  Fiugel, i1'?64a!:' H u r i e y  ma F l s h e r ,  (1946) ;  B e a n s  a n d  K r e s s e l ,  (1973);  
'P 

3'2.77 a.93 E3v rr.es, l0-'01; arid b j  b o o t  a n d  A l d e r d i c e ,  11"85), O t h e r  a u t h o r s  h a v e  .--= 

+ar:sr,  s. ssc,:e ae.;e;opment& change5 in  F u n d u l u s  h e t e r d i t u s ,  ( A n d e r s o n ,  19681 



and Ohta, 19 811, I n  t h e  pre5ent study, ultrastructural changes i n  oocytes from late 

vitellogerrlc, ovulating and ovulated~.ovaries were examined by scanning and tranrmlssion - 
electron microscopy. I n  addition, fertilized .water-hardened eggs were  examined by 

t-ransmlssion electron rnlno.scopy, 



M a t e r i a l s  and  M e t h o d s  

FISH CAPTURE AND IMPOUNDMENT 

Paafic her r ing  w e r e  cap tu red  by pu r se - se ine  in  t h e  Gulf I s l a n d s  s o b t h  o f  Nanaimo, B r i t i s h  

C ~ f u m b i a  In J a n u a r y  and e a r l y  F e b r u a r y  of  1784, and t r a n s p o r t e d  by t a n k  b a r g e  t o  the 
. ,  

~ a o f k ~ i o i o ~ i c a l  S t a t i o n  e x p e r i m e n t a l  f i s h  f a r m  in  D e p a r t u r e  Bay n e a r  Nanairno. S e v e r a l  
B 

f l s h n g  and t r a n s f e r  events were  r equ i r ed  to secure abwt 50 t a n n e s  o f  f i s h  i n  a s i n g l e  

m a s t e r  impoundment* W - s a m p l e s  were t a k e n  in  3 hour s  f rom t h e  m a s t e r  impoundment on 
A- 

February 9, 1984, and t r a n s f e r r e d  t o  two 3 m e t e r  cubic impoundments ,  To make t h e  

t r a n ~ f e r 5 ,  the web a f  the master u n p u m d m e n t  was pul led  f r o m  the w a t e r ,  concen t r a t ing  

' t h e  f i s h  nea r  t h e  s u r f a c e ,  F i s h  were randomly d ip-ne t ted  i n  g r o u p s  of  t e n  t o  50 f i s h  and . 
placed m t h e  head of  a s l u i c e  con taming  f lowing wa te r ,  T h i s  p r o c e s s  w a s  cont inued u n t i l  

approximate ly  1,500 f i s h  had been  s lu i ced  t o  e a c h  of  t h e  s m a l l  impoundments,  Each  s m a l l  
* 

tmpmndmen t  w-rpyered  wi th  a p r o t e c t i v e  n e t  t o  p r e v e n t  b i rd  p r e d a t i o n *  A sample w a s  

t a k e n  f rom t h e  impoundments  on t h e  Following d a y  t o  test sampl ing  r o u t i n e s ,  T h e  f i s h  

were al lowed t o  recover  f o r  a per iod  o f  o n e  week p r io r  t o  t h e  commencement o f  sampl ing ,  

Consistent wi th  t h e  behavmur  o f  wild unimpounded f i s h ,  t h e  impounded f i s h  w e r e  n o t  f e d  
t 

t h roughou t  the sampl lng  pe r iod ,  

SAMPLING ROUTINE 

S a q l l n g  w a s  conducted on F e b r u a r y  16 and 23; March 1, 5,  8, 9, 10, 12, 13, 14, 15, It-,  19, - 

1; and 29; and Apr i l  5 and 12, F o r  e a c h  sampl ing  day ,  t h e  fo l lowing r o u t i n e  was obse rved*  

T h e  rmpoundment web was rased, concen t r a t ing  t h e  f i s h  n e a r  t h e  s u r f a c e ,  F i s h  w e r e  

drpped f rom the m p w n d r n e k t  at r a n d m  and placed in 25 1 p l a s t i c  p a i l s  conta in ing  sea 

water of  the same s a l r n i t y  and t e m p e r a t u r e  as t h a t  found in  the impoundment,  Sampling 

continued untll 415 t o  60 i s h  had been  placed in e t x h  of t w o  pa i l s f  The pails w e r e  t h e n  -'! 
takm t o  l abo ra to ry  f a a l i t l e s  provided  at the  Padfic Biologica l  S t a t i o n ,  All f i s h  w e r e  

i e t h a r g l c  on a r r l v a l  at t h e  lab a f t e r  t h e  t e n  minute  t r i p  d u e  t o  anoxic  m n d i t i o n s  du r ing  



&&spor t .  T h e  f i s h  i n  o n e  p a d  w e r e  revived  us ing  'compressed a r .  The unrevrved pa i l  o f  
- -- 

f i s h  wan empt ied  i n t o  a large s i n k  where  fis< under  100 g ,  and injured o r  d i s e a s e d  f i s h  

t 

w e r e  removed f rom t h e  sample ,  Ten male  and f ema le  f i s h  w e r e  t a k e n  randomly f rom t h e  

d rernaming f l s h ,  F o r  late v l t e i l o g e n i c  and t r a n s i t i o n a l  f i s h ,  s e x  w a s  d e t e r m i n e  by malclng 

a s m a l l  i n a s i o n  i n  t h e  l a t e r a l  body wal l  and examining t h e  g o n a d s  d i r ec t ly ,  Sex  f o r  m a t u r e  

f i s h  was de te rmined  by t h e  n a t u r e  o f  t h e  g a m e t e s  s p o n t a h e o u s l y  ex t rud ing  f rom the 

u r o g e n i t d  papi l la ,  The f i s h  in t h e  f i n a l  s a m p l e  were  n m b e r e d  f rom 1 t o  10 f o r  each s e x  

f o r  i den t i f i ca t ion  in s u b s e q u e n t  s t e p s ,  Follawing s t a n d a r d  l e n g t h  measu remen t s ,  e x c e s s  

s l i m e  and m o i s t u r e  w e r e  damp-towelled f rom each  f i s h  p r io r  t o  weighing, Each f i s h  w a s  

t h e n  ti-turoughly dried and t k -  biood col lec ted  by ampu ta t ion  o f  t h e  tkil fol lowed by 

d r a m i n g  t h e  blood f r o m  the cauda l  v e s s e l s  i n t o  1,s ml d i s p o s a b l e  polypropylene cen t r i fuge  

viais ,  Blood s e r u m  w a s  s e p a r a t e d  by cen t r i fuga t ion  and s t o r e d  on d ry  ice. Gonads  $&re ' , 

dissected f rom e a c h  f l s h  and werghed, Ovar ian  sub-samples  w.ere t a k e n  f rom e a c h  f e m a l e  
-- -- - -- - - 

f r o m  t h e  same pos i t i on  in  each  ova ry  and s t o r e d  on d r y  ice, L l v e r s  f o r  b o t h  m a l e s  and 

f e m a l e s  were  ca re fu l ly  d i s s e c t e d ,  t a h n g  c a r e  t o  e x a s e  all of  t h e  t i s s u e ,  L i v e r s ,  including 

g a i l  b l a d d e r s ,  were  weighed f o r  each  f i s h  and s t o r e d  on d r y  i ce ,  All  t i s s u e  s a m p l e s  excep t  

s e r u m  w e r e  t a k e n  in dup l i ca t e ,  U n e  ta t w o  g ram ova r i an  s a m p l e s  w e r e  t a k e n  f r b a c h  

f e r n a l ~  in t r i p l i c a t e  and placed in pre-weighed p l a s t i c  weighing b o a t s  and re-weighed f o r  

s v o s & e n t  m o i s t u r e  d e t e r m n a t i o n ,  - 

F o r  5 sampling d a y s  s t a r t i n g  on March 19, e g g s  were  f e r t i l i z e d  and water -hardened f o r  

f o u r  h o u r s  In sea wate r ,  E g g s  w e r e  a l s o  exposed  t o  sea water For f o u r  hour s  without 

*r t i l iza t ion ,  P e r c e n t  m a i s t u r e  c o n t e n t  f o r  f e r t i l i zed  water -hardened and unfer t i l ized  
i 

7- 
water -hardended e g g s ' w e r e  de t e rmined  by  t h e  same methad u s e d  f o r  ova r l an  samples ,  

Ovar ian  s a m p l e s  were  f i r e d  f o r  enzyme h i s tochemis t ry  i n  80'1~ e thano l ,  R o u t m e  per fus ion  

f i x a t i o n  f o r  scanning  and t r a n s m i s s i o n  e l ec t ron  microscopy is p r e s e n t e d  un'der 

"Scannmg E lec t ron  M i c r o s c ~ y " ~  below + 



ALKALI-LABILE PHOSPHORUS ASSAY 

S p e a e s  s p e a f i c  rad~oammunoassay methods have been developed (eg, i d l e r  e t  al., 19791 
9 

Opreslra and Wiley, 1984) fo r  vitel logenmt however, t h e  validity o i  using d i rec t  
/ 

alkali-labile phosphorus determination in es t imat ing female-specific phosphoprotein 

(vlteJlogenin1 has  been verif ied by Emersen and P e t e r s e n  (1976) and more recent ly  by 

Tinsley (19851, The method of d i rec t  determination of alkali- labile phosphryus w a s  used 

In t h e  p resen t  s t u d y  because  of t h e  ease with which it could be  modified t o  acmmodate  t h e  

processing of large  numbers of s a p p i e s  o f  d i f fe ren t  tissues over  a re la t ive ly  s h o r t  period 

of tune,  The method adopted w a s  modified from t h o s e  a t e d  by Mart in  and Dot ty  (1949) and. 

Wallace and J a r e d  (19671, 

Samples of l iver  o r  gonad tissue (02  t o  0.3 g )  were weighed i n t o  150 by 1 5  mm c u l t w e  

tubes and homogenized in s u f f i a e n t  g l a s s  d i s t i l l ed  water  t o  bring t h e  volume t o  5 ml, 

Serum samples  (0,05 t o  0,25 ml)  were  s imilar ly  diluted t o  5 ml. F ive  ml of cold (1  t o  3 '~)  

10% t r ichloroacetlc aad ~ T C A I  was added, The t u b e s  were  vor texed and t h e  mixture w a s  

n s l d  at ?*c overnight. The rnlxture was  incubated in a water  ba th  at 9 0 ' ~  f o r  30 mint 

centrifuged at 3000 g f o r  1 0  min, and decantedt  retaining t h e  p r e a p i t a t e  i n  the original  

tube. The p rec ip i t a te  was vor texed with 10 ml of e thanol ,  held at 90% f o r  5 - min, 

centrifuged at 3000 g t  and the s u p e r n a t e  decantedt  followed by t h e  same t r e a t m e n t  wi th  . 
mixed s o l v e n t s  (ethanol : e t h e r  : acetone : chloroformt 2 : 2 : 2 : I )  without heating,  The 

prec ip i t a te  was then dissolved,  and the alkali- labile phosphorus l ibe ra ted  by incubation at 

100% f o r  15 min In 1 rnl of 2N NaOH. The solut ion was a m l e d  in an ice b a t h  and 

n e u t r a l n e d  b y  adding I rnl of 2N HC1, Five  ml ~f an equa l  volume mixture of i sobutyl  

dtcohol and toluene was addedt followed by 2 ml of a f resh ly  prepared equal  volyme 

mixture of rnolybdate and s i l ica- tvngsta te  ' Martin and Dot ty t  1949) reagen t s*  L., 
, Alkali-labile phosphorus w a s  ex t rac ted  by vigorowb4&&g e- t u b e  15 times 

followed by centrifugation at 3000 g f o r  5 minutes  ' to  s e p a r a t e  aqueous  and organic  phases ,  



4 

The r ema inde r  of  t h i s  s p e c t r o p h o t o m e t r i c  de terminat ion '  was conducted according to the 

P method o f  Mar t in  and D o t t y  11949). P r e p a r e d  s t a n d a r d s  r anged  f rom 1 , l  t o  36 mg/l  
z* 

phosphorus ,  S t a n d a r d s  and r e a g e n t  b l a n k s  w e r e  run wi th  e a c h  set o f  s amples .  T h e  method 

w a s  t e s t e d  on compos i t e  t i s s u e  s a m p l e s  f rom P a a f i c  her r ing  and r a n b o w  t r o u t  p r io r  t o  its 

appl ica t ion  t o  s t u d y  samples ,  

EGG MOISTURE DETERMINATION 

Pre-weighed ovar ian ,  f e r t i l i z e d  water -hardened,  and un fe r t i l i zed  water -hardened samples 

w e r e  d r i ed  in  a g l a s s  d e ~ s i c a t o r  under  vacuum over* D r i e r i t e  ( a n h i d r o u s  calcium s u l f a t e y  - 
overn igh t ,  Dr ied  s a m p l e s  were  weighed a d  t h e  pe rcen t  m o i s t u r e  de t e rmined ,  Hydra t ion  

w a t e r  s a l i n i t i e s  w e r e  de t e rmined  by (Standard  Methods ,  1975). 

ALKALINE PHOSPHATASE LOCALIZATION 

Eigh ty  p e r c e n t  e thanol - f ixed  t h e n  i n f i l t r a t e d  

and embedded in p a r a f f i n  (56'~) wi th in  24 h w r s  o f  co l lec t ion ,  and s t o r e d  at 4%. Trimmed 

t i s s u e  b locks  wer 4 so;ked i n  d i s t i l l e d  w a t e r  ove rn igh t  t o  f a c i l i t a t e  10 f m  'msctioning4 A 

modified Gomori  m e t  hod w a s  u s e d  as fo l lows ,  Sec t ions  here d e p a r a f  f inized in  chloroform 
/- 

?-. /+ 

and hydra t ed  in g raded  e t h a n o l  s o l u t i o n s  fo l lowed by a 45 m i n ' k u b a t m n  at 37% in an 
.- 

s o l u t i o n  cons i s t i ng  o f  30bml  o f  s o l u t i o n  A, (1.2 g CaC12; 0.5 g MgS04.7H201 6.1 g 
> 

hydroxymethyaminomethanet d i s t i l l e d  w a t e r  t o  make 1 1) and 50 ml o f  s o l u t i o n  B (1% 

s o l u t i o n  o f  sodium beta-g lycerophosphatef  w i th  t h e  pH ad jus t ed  t o  9;8 w i t h  0 , l N  HCl, The 
I 

s e c t i o n s  w e r e  t h e n  washed in d i s t i l l e d  wa te r ;  2% coba l t  n i t r a t e  f o r  5 mint washed in  

d i s t i l l e d  w a t e r ;  2*/. yellow ammonium s u l f i d e  f o r  2 mint washed iri d i s t i l l e d  water :  

c o u n t e r s t a i n e d  w i t h  eos in :  d e h y d r a t e d  in graded e t h a n o l s ,  c l ea red  in xy iene  and mounted. 

Con t ro l  s e c t i o n s  w e r e  dry-hea ted  t o  1 0 0 ' ~  p r i o r  t o  p rocess ing  t o  d e s t r o y  enzyme ac t iv i ty ,  

CARBOHYDmTE AND MUCOSACCHARIDE LOCALIZATION 

F ixa t ion  and sec t ion ing  w a s  achieved as f o r  a lka l ine  p h u s p h a t a s e  local izat ion.  

Depwaf f in i zed  s e c t i o n s  were  t r e a t e d  wi th  alcoholic pe r iod ic  a a d  (1 g per iodic  acid 



d i s s o l v e d  In 100 ml of 90% e t h a n o l )  f o r  2 h w r s  fol lowed by  a 5 min w a s h  i n  90% e t h a n o l  

and a quick hydration to d i s t i l l e d  wa te r .  S e c t i o n s  were  t h e n  t r e a t e d  wi th  ~ c h i f f ' s  kde& 

for 10 min. S e c t i o n s  w e r e  t r a n s f e r r e d  th rough  t h r e e  1-mi; c h a n g e s  o f  s u l f i t e  s o l u t i o n  (5 

m l  10'f. K2S205, 5 ml IN  HClj  w a t e r  to m a k  100 ml), washed i n  running  w a t e r  f o r  5 mint and  
d 

m t e r s t a i n e d  in f a s t  g r e e n  (1% f a s t  g r e e n  in 2% acetic a d d t  d i l u t e d  1:10 w i t h  d i s t i l l e d  
' . 

w a t e r  f o r  u se ) ,  dehydra t ed  i n  g raded  e t h a n o l s j  c l ea red  and mounted ,  C o n t r o l  s e c t i o n s  w e r e  

;a- 

t r e a t e d ,  w i th  f r e s h  human s a l i v a r y  m y l a s e ,  O n e  con t ro l  and  one e x p e r i m e n t a i  s l i d e  w e r e  

not  coun te r s t a ined  f o r  cornparrson pu rposes .  S e c t i o n s  f o r  b o t h  a l k a l i n e  p h o s p h a t a s e  and  
I 

PAS methods  were  viewed and photographed us ing  a C a r l  Zeiss P h o t m i c r o s m p e t y  

Exposures  were  made on Kodak 35 mm t y p e  5060 Panatomic-X f i lm  developed in  Kodak 

HC-I10 deve lape r ,  Color e x p o s u r e s  w e r e  made  on Kodak t y p e  5 0 1 8  Ektachrome f i lm w i t h  

E-b process ing ,  

SCANNING ELECTRON MICROSCOPY 

T i s s u e  f ixa t ion  f o r  bo th  t r a n s m i s s i o n  and scann ing  microscopy w a s  achieved by pe r fus ion  

f i r a t l o n  according t o  t h e  methud o f  Hinton (1975) modified as f o l l o w s  to  a m m a d a t e  

P a d f ~ c  herr ing ,  T h e  osmola r i ty  ,of her r ing  p l a s m a  was measured  a n d  t h e  r e s u l t s  u sed  to 

a d p s t  the osmola r i ty  o f  t h e  p e r f u s a t e ,  The p e r f u s a t e  s o l u t i o n  w a s  p r e p a r e d  by d i s so lv ing  

428 g sodium cacody la t e  and  25 ml of  3% g lu ta ra ldehyde  to a t o t a l  volume of 95 ml in  

d i s t i l l e d  w a t e r ,  T h e  pH w a s  ad jus t ed  t o  7,4 w i t h  Ot lN~HCl .  D i s t i l l e d  w a t e r  w a s  added to 

bring the total volume t o  100 ml, T h e  osmola r i ty  w a s  ad jus t ed  t o  440 m 0 8  w i t h  NaCl (about  

Fish t o  b e  pe r fused  w e r e  t a k e n  f rom t h e  r ev ived  pa i l  o f  f i s h  and  k i l led  by a series o f  

tSlows t o  t h e  head  wi thou t  rclpturing t h e  vascu la r  s y s t e m t  e s p e d a l l y  t h e  g i l l  tissue. The 
.a 

f i s h  w e r e  placed in s u p i n e  p o s i t i o n s  in  V-shaped g r o o v e s  ca rved  in  s ty ro foa rn  blocks,  The 

s t y ~ o f o a m  s u p p o r t s  provided convenient  pinning substrate dur ing  s u b s e q u e n t  o p e r a t i o n s ,  

The pe r fus ion  a p p a r a t u s  consisted of a 50 ml  r e s e r v o i r  connected  to 1 S m of polyethylene 



t ub ing  (lt22 mm 0 4 D ,  arid 0J6 mm I,Dd heat f l a r e d  at t h e  free end ,  The r e s e r v o i r  was 

suspended  1 m e t r e  above  t h e  f i s h ,  

T h e  h e a r t  and v e n t r a l  a o r t a  w e r e  exposed  by an  i n a s i o n  in the mid-ventral  body wal l t  a 

moi s t ened  wh i t e  c o t t o n  t h r e a d  w a s  p a s s e d  b e n e a t h  t h e  bu lbus  and a l o o s e  thumb knot  

appl ied ,  The f l a r e d  f r e e  end  o f  the cannula  w a s  i n s e r t e d  th rough  an incision in  t h e  

v e n t r i d e , ' i n t o  t h e  bulbusz The cannu la  w a s  s e c u r e d  in t h e  bulbus  wi th  t h e  co t ton  t h r e a d ,  
J 

P e r f u s i o n  w a s  s t a r t e d  immedia te ly  and  cont inued f o r  1 0  t~ 15 min, pe r fus ion  had 

c e a s e d ,  t h e  s u t u r e s  and cannula, w e r e  removed f rom t h e  f i s h ,  co lora t ion  

appea r ing  on t h e  w h i t e  v e n t r a l  body s u r f a c e  indica ted  s u c c e s s f u l  pe r fus ion ,  P e r f u s e d  

f i s h  were wrapped in  w e t  p a p e r  towel l ing  and al lowed to  f i x  f o t  a n  add i t i ona l  hourt  , $  

F o r  scanning  e l ec t ron  microscopy,  ova r i an  s a m p l e s  were  d i s s e c t e d  f rom t h e  f i s h  and s t o r e d  
'Y 

in t h e  p e r f u s a t e  f i x a t i v e  f o r  30 min t o  1 hour, Samples  w e r e  t h e n  r i n s e d  in 2 changes  f o r  

10 mln e a c h  o f  r i n s ing  b u f f e r  c a n s i s t i n g  o f  2,14 g sodium cacody la t e  d i s so lved  in  90 ml of  

d l s t l l l e d  w a t e r  wi th  t h e  pH ad jus t ed  t o  7,4 wi th  0 , l N  HC1 and t h e  osmola r i ty  ad jus t ed  to 

440 mas with  NaCl ( a b u t  1h gl, The r ln s lng  bu f fe r  w a s  rep laced  wl rh  #so4 f i x a t i v e  

f o r  1 hour t  Part A o f  t h e  f i x a t i v e  c o n s i s t e d  o f  1 g o f  0s04 d i s so lved  in 50 ml o i  d i s t i l l e d  

, w a t e r " a 3 l e  p a r t  B c o n s i s t e d  of 836 g sodium cacodyla te  d i s so lved  in  90 in1 of  w a t e r  . 

fo l lowed by pH ad jus tmen t  t o  74, addi t ion  o f  2 g o f  s u c r o s e  and d i lu t ion  t o  109 m l  w i t h  
t 

d i s t i l l e d  w a t e r ,  One  p a r t  of each  so lu t ion  w a s  mixed t o  produce t h e  f i n a l  1% 0s04 

seconda ry  f i x a t i v e ,  Following f i x a t i o n ,  tissues w e r e  r i n s e d  in 2 changes  o f  r i n s ing  b u f f e r ,  

d e h y d r a t e d  in g raded  e t h a n o l s  and s t o r e d  i n  s t o p p e r e d  v i a l s  i n  100•‹/. e t h a n o l ,  

Ovar i an  s a m p l e s  w e r e  dr ied  by replac ing  t h e  100•‹f. e t h a n o l  wi th  amyl acetate in  a g raded  

series and drying t h e  s a m p l e s  i n  a c r i t i ca l  poin t  a p p a r a t u s  which u s e s  C 0 2  r e p l a m e n t  of 

m y 1  a c e t a t e ,  Mounted e g g s  and  ovar ian  t i s s u e  were  gold coa ted  p r io r  t o  viewing in an 

ETEC Autoscan  scanning  i l e c t r o n  microscope w i t h  t h e  acce l e ra t ing  p o t e n t i a l  set to 20 k ~ .  
E x p o s u r e s  were  made  un I l f o r d  FP4 120 ro l l f i lm,  developed in Kodak HC 110 developer  and 



printed on I l ford  var iable  c o n t r a s t  paper,  

TRANSMISSION ELECTRON MICROSCOPY 

Sample tissues were  dissected from perfused f i s h  and all except  ova'rian tiss&s were 
,- 

mrnced under pe r fusa te  f i x a t i v e  then rinsed in buffer,  post - f i red in ~ S O ~ ,  r insed again - 
and dehydrated in graded e thanols ,  For  s o f t  t i s s u e s  t h e  e thano l  was  replaced wi th  

,propylene oxide in 3 changes  of 109% and in f i l t r a ted  f o r  1 hour each in 20:1, 10:1, 5:1 and -. 
.qi 

1:l mixtures  of propylene oxide in Spurr (1963) medium hardness  epoxy embedding res in*  

T l s s u e s  were allowed t o  r n f i l t r a t e  overnight in the' 1:l mixture  with t h e  s t o p p e r  removed 

from t h e  vial  t o  permit  evaporat ion of t h e  propylene oxide, I n f i l t r a t e d  t i s s u e s  were  

or lented in f r e s h  medium and cured at 7 0 ' ~  overnight in a vacuum oven wRh a * v e r y  low 
b 

vacuum applied. Kidney, op t i c  nerve,  r e t ina ,  white k d  d a r k  skeletal muscle, in tes t ine , ,  

l iver  and ovarian t i s s u e s  were  t h u s  processed t o  ver i fy  of preservat ion of t h i s  

vascular p o r f u s ~ o n  technique* Liver t i s s u e s  from females ,  and ovarian 

tissues were  subsequent ly  taken as e&er imenta l . t i s sues*  

Cured and trimmed blacks  were 'srlver'  sect ioned (65 t o  $5 nm) with g l a s s  knives, s t a i n e d  

with alkaline lead c i t r a t e  s t a t n  formulated as follows, Lead atrate (1 g) was suspended in 

distilled wate r  t o  make 100 ml, To make t h e  f i n a l  s t a i n ,  1ml of  1N NaOH and 9 ml of wa te r  

was combined with 10 ml .of t h e  suspension and mixed in a CO f r e e  environmentt  Sec t ions  2 

were s ta ined  f o r  10 min followed by r ins ing in dis t i l led  wa te r  and viewing in a Phi l l ips  EM 

3W t ransmiss ion e lect ron microsmpe with t h e  accelerating po ten t i a l  set t o  80 ,kV* Eggs 

from ovarian tissue were  t r e a t e d  identically except  that t h e  t ime  in each in f i l t r a t ion  w a s  
. . 

extended t o  i day and Spurr's. hard formulation was  used* Photpgraphic exposures  were  

made or, Kadak type 4489 elect rpn microscope film, developed i n  Kodak D- 19 developer and -- 

prmted  on Uford var iab le  m n t r a s t  paper,  i 

CALCUUTION Am STATISTICS 

C m u t e r  programs were  wri t ten  t o  fanlit ate the calculation of alkali- labile pbospttcnust 



egg moistures and gonadosomatic and hepat~somatic'indices+ Correlation, ANQVA and 
f--= 

Student's-t test programs were written and applied to various data. Conventional 

algorithms were used in statistical programs (Scalzo and Hughes, 1975; Coulmbe, 1983). 

? 
Arcslne transformation was applred to ratro data prior to its processing in statistical- 

> < 

- 
tests (Zar, 17741, Statistical significance was accepted at the highly significant ( 9 6  

level, 



R e s u l t s  

FISHING AND IMPOUNDMENT 
'% 

Mortal i ty  re la ted t o  the t r a n s f e r  operat ion was es t imated  at 5% based on a u w n t  of dead - - 
f i s h  remove& *om the impoundments o n e  week a f t e r  t r a n s f e r ,  Most  of t h e  in i t i a l  

mor ta l i t i e s  su f fe red  predator  o r  n e t  damage prior tb capture ,  Open wounds became 

infected result ing in t h e  d e a t h  o f  the f i s h +  Subsequent morta l i ty  was  es t imated  at less -- 
than 1% per week, There  w a s - n o  eyidence of p reda to rs  ( o t t e r s  w d  mink) having en te red  

t h e  impoundments during t h e  sampling period, 

The  impoundment stocking dens i ty  was es t imated  at appror imately  1 kglm3+ T h i s  d e n s i t y  

3 3 
was well below 20 kg/m dens i ty  for shor t - term confinement and below 10 kg/m (Gill is  

1979) and 8 kgim3 (Kreiberg et ale, !982) sugges ted  f o r  long-term confinement* The 

behavlour of the impounded7 herring w a s  typical  of t h a t  previously described f o r  low 

dens it'^ s tockmg (Gillis, 19791 B r e t t  and Solmie, 1982; Gil l i s  et al., 1982). Pacific herring 

normally c e a s e  feeding during t h e  f i n a l  s t q e s  o f  maturation and spawning (Hourston and T 

Haegele,  1Y80)* The impounded exper imental  Fish did no t  appear  t o  feed*  However, when 
1. 

mpepods  and o ther  zooplankton were  evident  in t h e  impoundment on April  5 and April 12, 

The impounded herring resumed feeding even though t h e  f e m a l e s  w e r e  still r ipe ,  

GONADOSOMATIC AND HEPATOSOMATIC IXDICES (GSI1 HSI) 

The GSI f o r  females  Vose from 15% at t h e  beginning of t h e  s t u d y  period t o  approximately 
4 

27% a f t e r  ovulation (Figure 1),  The  GSI f o r  males  r o s e  from 19% t o  23% during t h e  same 

per-lad, Both fo r  males and f e r n d e s ,  the pre-ovulatory r i s e  in GSI was  s ignif icant  and the 
. . 

post-ovulatory var iabi l i ty  in GSI va lues  f o r  both  males  and females  w a s  n o t  s ignif icant*  

The mean GSI values  f o r  M e s  were a lways  lower than t h o s e  f o r  females, extmpt f o r  the 

f i r s t  sampling day,  

A t  the begining of the le period female  mean HSI values were twice  as high as mean 
i 

s- - 



Figure 1 *  
/- 

indices f o r  male and femde P a a f i c  herring, - 
The gonadosorflatic index is t h e  percentage o f  to ta l  somatic weight (including gonads) 

comprised of gonad 'weightt Each plotted point represents  theGrnean for' t en  f i sh .  The 

vertical  bars  a r e  standard errors  of  t h e  mean values ,  



Figure 1. -. 

-- 

16 23 1 5 8 10 12 16 19 22 29 5 12 w 

Fe b. 1 March I April 

Time, (days) 



v a l u e s  for males i f  igwe 2 f t  Hean v a l u e s  for  femal- wwc always higher  than those for 

m a l e s  Mean HSI v a l u e s  f o r  males rmnamed  r e l a t i v e l y  c o n s t a n t  o v e r  t h e  s ampl ing  per iod .  

T h e r e  w a s  n o  s t a t i s t i c a l  s i gn i f i cance  in t h e  va r i ab i l i t y  o f  ma le  values, The p rec ip i tous  

d e c h n e  in  v a l u e s  f o r  f e m a l e s  o v e r  t h e  pre-ovula tory  per iod  tFeb,  1C t o    arch 9) w a s  

s i g n i f r a n t  b u t  t h e  v a r i a b i l i t y  f o l h d g  ovu la t i on  up t o  March  29 w a s  n o t  s ign i f i can t .  
,-- - - -- - 

ALKALI-LABILE PHOSPHORUS , 

A find test o f  t h e  modif led method usl.ng a compos i t e  s a m p l e  ~f he r r ing  o v a r l e s  confirmed 

t h e  s u l t a l l ~ t y  of  t h e  me thad  (n=10; r a n g e ,  37,4 t o  42,s mg/l; s t a n d a r d  d&atlon, 1,47 mg/l t  

:mean, 40+0 mg/l ;  S t anda rd  e r r o r  o f  t h e  mean,  0,47 mg/l), T h e  p r e s u m p t i v e  late v i t e l l ogen ic  

I n c r e a s e  In f e m a l e  gonad ALPP  w a s  n o t  s lgn l f l can t  b u t  t h e  d e d m e  dur lng  popula t ion  
' 

ovulation w a s  significant iF lgu re  3)+ T h e  d e d m e  in v a l u e s  f o r  f e m a l e  s e r u m  and l i ve r  o v e r  

t h e  t o t a l  s a m p l e  pe r iod  w e r e  b o t h  'significan-t, During t h e  late v i t e l l ogen ic  and ovu la t i on  

p e r i o d s ,  mean v a l u e s  f o r  Female s e r u m  w e r e  a l w a y s  h igher  t h a n  t h o s e  f o r  femalk,  l i ve r  and  t 

-* -. 

b o t h  m d e  tissues; mean va lues  f o r  f e m a l e  l i v e r  were  a l w a y s  higher t h a n  t h o s e  f b r  ma le  

l i ve r :  mean v a l u e s  f o r  male  s e r u m  w e r e  a l w a y s  h igher  t h a n  t h o s e  f o r  ma le  l i v e r s ,  

EGG MOISTURE DETERMINATION 

Herring e g g s  unde rwen t  t w o  d l s t i n c t  hydrations (F igu re  41, T h e  f l r s t  occurred dur lng  

o v u l a t i o n t  P e r c e n t  m o i s t u r e  Inc reased  f rom 613% t o  76% and r e m a n e d  at the l a t t e r  l e v e l  

c n t d  t h e  e g g s  w e r e  spawned  and f e r t l l u e d *  Immedia te ly  fo l lowmg f e r t l l r z a t i o n  the e g g s  
L t 

hydra t ed  t~ approximately 83% moisture, Spawned b u t  un fe r t l l l z ed  e g g s  dehydra t ed  t o  

a p p r o x m a t e l y  74% m o i s t u r e ,  - The  d i f f e r e n c e  be tween  o v u l a t e d ,  fertilized water -hardened ,  

=a m F e r t ~ e d  water -hardened  m a i s t u r e  was s i g n i f i c a n t t  The amount  o f  w a t e r  t a k e n  up 

a8Jrlng the second hydration w a s  n o t  c o r r e l a t e d  wi th  t h e  s a l i n l t y  of  t h e  hyd ra t ion  w a t e r  ( r  
- 

l imi ted  r a n g e  of s a l i n i t i e s  t e s t g d  (23.00 t o - 2 8 . 5 5  p a r t s  p e r  

wate? l o s t  by un fe r t i l i z ed  e g g s  was also n o t  c o r r e l a t e d  wi th  



I ba 

Figure 2." 

&patowmat ic  indxes  f o r  male and female  Paaflc herring,  

Tne nepatasomat lc  m a e x  :s t h e  percentage o f  t o t a l  somat lc  weight (including l lver  and 

gonads) that is comprised of h v e r  t i s s u e ,  Liver welghts  included t h e  weight o f  t h e  ga l l  

b l a d d ~ ~  which  was m v a r i a b i y  fu l l ,  Each plotted p o m t  r e p r e s e n t s  the  mean f o r  t e n  f i sh ,  

The  ~ ~ e r t i c a i  Sacs are standara e r r o r s  of  the rnearrvalues, 
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Figure 4. 

, ,  Percent moisture content for ovaries, qnd fertilized and unfertiliqsd , water-hardened eggs 

of Paafic herring, 

Each plotted point represents the mean for 10 fish, The value for each fish i s  the mean of  

trrplicate determinations, Each point therefore represents 30 determinations, 
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, ALKALINE PHOSPHATASE LQCALIZATION 

S e d i o n i n g  w a s  gre&ly f a d l i t a t e d  by soak ing  tr immed b locks  in  d i s t i l l e d  w a t e r  ove rn igh t ,  

Block s o f t e n i n g  did n o t  i n t e r f e r e  w i t h  a lka l ine  p h o s p h a t a s e  o r ~ P A S  reac t ions ,  Chloroform 

w a s  used  as t h e  t r a n s i t i o n a l  vehic le  during in f i l t r a t i on .  Ovu la t ed  e g g s  d id  n o t  i n f i l t r a t e  
i 

as expec ted .  T h e  chlorofqrm d i f f u s e d  f r e e l y  f rom t h e  egg b u t  t h e  p a r a f f i n  f a i l ed  t o  

i n f i l t r a t e ,  r e s u l t i n g  i n  sh runken  and deformed s e c t i o n s  o f  ovu la t ed  e g g s ,  L a t e  
I 

v l t e l l q e n i c  d ovu la t ing  e g g s  i n f i l t r a t e d  normally,  Alkal ine  p hosp h a t a s e  a c t i v i t y  w a s  +, 
local ized in  g r a n u l o s a  and t h e c a l  cells (F igu re  51, Alkal ine  p h o s p h a t a s e  a c t i v i t y  w a s  

f u r t h e r  local ized i n  t h e  m a r g i n s  o f  t h e  g r&ulosa  c e l l s  where  t h e y  t auch  t h e  e x t e r n u s  

of the egg membrane ( F i g w e  61, T h e  g r a n u l e s  in  t h e  g r a n u l o s a  ce l l s ,  and the t heca l  c e l l s  
\ 

d 
.J 

1 

a p p e a r e d  heavily s t a i n e d ,  Alkal ine  p h o s p h a t a s e  w a s  a b s e n t  f rom oocy te  microvilli  and 

o t h e r  o o G t e  s t r u c t u r e s ,  A lka l ine  p h o s p h a t a s e  w a s  no t  l o m i z e d  in  s e c t i o n s  of  ovu la t ed  

e g g s +  

CARBOHYDRATE AND MUCDSACCHARIDE LOCALIZATION 
\ 

Glycogen was local ized i n  the q l a s m  b e t w e e n  yolk  g lobu le s  ( F i g u r e s  7 and 8), Glycogen 

depos i t i on  w a s  pa r t i cu l a r ly  heavy in t h e  v i a n i t y  o f  t h e  germinal  v e s s i d e  (F igu re  7b), 

M u c ~ s a c c h a r i d e  w a s  a b s e n t  f r o m  t h e  yo lk  g lobules ,  t h e  e x t e r n u s  and t h e  d i s t a l  i n t e r l a y e r ,  
- - 

-= but w a s  p r e s e n t  i n  t h e  co r t i ca l  g r a n u l e s ,  t h e  g rahu losa  l a y e r  and t h e  proximal  i n t e r l a y e r  

( F i g u r e  81, The  g r a n u l e s  in  t h e  g r a n u l o s a  cells were  n o t  s t a n e d  w i t h  e i t h e r  S c h i f f s  

r e a g e n t  o r  f a s t  g r e e n ,  T h e  cy top la sm immediately sur rounding  the g r a n u l e s  s t a n e d  

s t r o n g l y  PAS-posi t ive,  The i n t e r n u s  and sub - in t e rnus  s t a i n e d  weakly PAS-pos i t iue l  The 

a d h e s i v e  l a y e r  be tween  t w o  a d h e r e n t  eggs s t a i n e d  PAS-negative (F igu re  59, Glycogen 

loca l iza t ion  w a s  c m f i r m e d  by  TEH r e s u l t s  (Figure 10h 

ELECTRON MICROSCOPY 

U l t r a s t r u c t u r a l  e x w i n a t l o n  of  iudney,  o p t i c  ne rve ,  r e t i n a ,  w h i t e  and d a r k  skeletal muscle, 

i n t e s t i n e ,  l i ve r  and wanan tissue revea led  t h a t  t h e  whole f i s h  vascu la r  per fusron  method 



Figure 5. 

Alkaline p h o s p h a t a s e  loca l iza t iont  (Modified Gwnor i  and  eos in) .  

5at A late vi te l logenic  o o c y t e  which w a s  h e a t  t r e a t e d  p r io r  t o  s h i n i n g  t o  d e s t r o y  enzyme 

ac t lv l ty .  egg membrane (Ern), germinal  v e s i c l e  v) and u n s t a i n e d  g r a n u l o s a  (g) 

a r e  v is ib le ,  (70X) 
P 

5b, A late v i t e l logen lc  oocy te  which was s t a i n e d  wi thout  p r i o r  h e a t  t r e a t m e n t .  G r a n u l o s a  

cells (g) s t a n  black,'showing t h e  loca t lon  o f  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y ,  (70x1 

5c4 An o v u l a t m g  oocy te  whlch w a s  h e a t  t r e a t e d  p r i o r  to s t a i n i n g  to d e s t r o y  enzyme 

ac t iv i ty ,  Granu losa  cells l g )  are uns t a ined ,  T h e  germinal  v e s i c l e  (gv) is m m p l e t i n g  

its meiot ic  d iv i s lbns  in  t h i s  s ec t ion ,  (70x1 

5d, A sec t ion  of  t h e  s a m e  oocy te  as 5c which w a s  n o t  h e a t  t r e a t e d  p r i o r  to s t a i n i n g ,  

Granu losa  c e l l s  (g) s t a i n  black,  showing t h e  loca t ion  o f  a l k a l i n e  p h o s p h a t a s e  ac t iv i ty .  

The  dividing germinal  v e s i c l e  ( g w )  is a l s o  a p p a r e n t  in t h i s  s e c t i o n t  (70x1 





Alkal ine  p h o s p h a t a s e  loca l iza t iont  magnif ied v i ewt  (Modified Gomori  and eos in ) ,  

Thls section o f  a late v i t e l l q e n i c  w c y t e  s h o w s  a l k a l i n e  p h o s p h a t a s e  . ac t iv i ty  i n  the 

granulona  (&)( and thpcal (t h) cells. Wzym a c t i v i t y  is a b s e n t  f r o m  oocy te  microvil l i  

loca ted  w i t &  t h e -  egg membrane p o r e s ,  A l s o  a p p a r e n t  i n  t h i s  s e c t i o n  are t h e  t h r e e  

p r m a p a l  l a y e r s  o f  t h e  egg membrane, t h e  e x t e r n u s  (El, i n t e r n u s  (1) and sub- in t e rnus  

(SIj, as wel l  as two add i t iona l  l a y e r s t  the p r o x i q a l  i n t e r l a y e r  (pi) and d i  i n t e r l a y e r  P' 
d i Yolk v e s i c l e s  (y GI and yolk g l o b u l e s  ( y g l are a l s o  v is ib le .  (140~k) 





Mucosaccharide and glycogen : local izat iont  (PAS and fast green) ,  

?a+ T h i s  late vi te l logenic  spc t ion  w a s  t r e a t e d  wi th  f r e s h  human s a l i v a r y  a m y l a s e  p r i o r  to - .  

PAS-staining, PAS-reactiv,ity was de te rmined  f r o m  color  micrographs  o f  t h i s  sec t ion;  The 

germinal  v e s i c l e  (gv) and yolk g lobu le s  (yg? w e r e  PAS-negat ive  whi le  yolk  v e s i d s  

l y v )  w e r e  s t r g n g l y  PAS-posi t ive,  The egg membrane (Em) and,granulosa  cells (g) 

were weakly pos i t i ve t  The e x t e r n u s  (El of  t h e  egg  membrane  and t h e  g r a n u l o s a  cells 

appeaG d a r k  in t h i s  s ec t ion  d u e  t o  t h e i r  s t r o n g  a f f i n i t y  f o r  t h e  f a s t  g r e e n  coun te r s t a in .  

7b, A s e c t i o n  of  a late v i t e l logen ic  o o c y t e  which w a s . n o t  t r e a t e d  w i t h  s a l i v a r y  a m y l a s e  

-- pr ior  t o  PAS-staining,  Numerous  'glycagen g r a n u l e s  (gl) are a p p a r e n t  i n  the cytoplasm 

be tween  t h e  yolk  g lobules ,  Glycogen depos i t i on  is pa r t i cu l a r ly  heavy i n  t h e  v ic in i ty  o f  the ' ,  
germinal  ves i c l e t  (160X) 





Figure S 

< 
Mumsaccharide loca l iza t ion ,  en l a rged  view, (PAS and f a s t  g reen ) ,  

Th i s  s e c t i o n  of a late v i t e l logen ic  oocy te  was t r e a t e d  wi th  f r e s h  human s a l i v a r y  a m y l a s e  

prlar t o  staining, Yolk  g lobu le s  (yg) and g r a n u l o s a  ce l l  granule's (gr) s t a i n  

~ ~ s - n e ~ a t l v e ,  Yolk v e s l d e s  ( y v ) ,  t h e  p r  x l  a3 i n t e r l a y e r  and t h e  cy toplasm w 
l a t e i y  surrounding t h e  g r a n u l o s a  ' g r a n u l e s  a r e  PAS-posi t ive.  T h e  remaining egg 

membrane s t r u k t u r e s :  t h e  e x t e r n u s  (Elt i n t e r n u s  (I)t t h e  sub - in t e rnus  i S I )  and t h e  

dlstal i n  t e r l a y e r  (d i) s t a n  w e a k l y  PAS-po;;rlve, (70OX) 

Figure 9 .  

A 2 h e r e n t  eggs, (PAS and Cast green), 

-. 
t m  zsm of  adhes ion  is shown Dy t h e  .heavy a r rowrba tween  t h e  t w o  opposed  e x t e r n i  (E). . 

';LIZ :one srams PAS-negat ive ,  but  t h e  e x t e r n s  in  t h e  immedia te  v i c in i ty  af t h e  adhes ion  . , 

zone stuns weakly PAS-pos l t i ve .  The d a r k  m a t e r i a l  b e f u e e n  t h e  yo lk  globu!es l yg), is'. 

F A S - r ~ s l t l v e  glycogen In  ths amylase -un t r ea t ed  s e c t i o n *  t4QOX) 





Figure 10. 

Trmsmlssion ~lec t ron  m i n o g r a p h  of yolk globules and glycogen granules, 

Glycogen granules i g l l  are b c a t e d  In the cytoplasm b e t w e e n  membrane bound yolk * -* glob*~!es (yg). T h i s  rnlcrograph c r tn f r rms  glycogen  as the PAS-positive stanlng granules 
a 





A -  

u-sd praauced excellent m r a o s t r u r t u r a l  p r e s e r v a t i o n .  T h e  p e r f u s a t e  d id  n o t  i n i t i a t e  h laod - 

d o t t l n g ,  elrmlnat lng any r e q v r r e h e n t  f o r  p r io r  vascu la r  s y s t e m  f lv sh ing  o r  t h e  u s e  o f  

a n t l - d o t t i n g  a g e n t s ,  

Epoxy r e s rn  r n f l l t r a t m n  o f  late v l t e l logen lc  and ovula t ing  e g g s  occurred  as expec ted ,  b u t  

m f l l t r a t l o n  o f  eggs drd n o t ,  The propylene  ox ide  t r a n s r t i o n  v e t u d e  d i f f u & d  

readi ly  f r m  b u t  the r e s m  m f l l t r a t e d  less readi ly .  Ovu la t ed  e g g s  inva r i ab ly  

Si- traK and became d i s t o r t e d , ,  Snrunken e g g s  popped audib ly  dur ing  i n f i l t r a t i o n +  Popped 

e g g s  assumed thelr o r lg ina l  s h a p e s  and f l o a t e d ,  Longer residency tmes in  e a c h  g raded  

mix tu re  dld n o t  ach leve  s a t l d a c t o r y  m f l l t r a t l o n ,  Reasonab le  I n f i l t r a t i o n  w a s  achieved by  

puncturing flxed e g g s  iprlor t o  t tmr ln t roduct lon  t o  t h e  f l r s t  t r a n s i t i o n  s o l u t i o n t  I n t e r n a l  
* 

egg morphology was disrupted in the v l a n i t y  o f  t h e  puncture ,  b u t  s a t i s f a c t o r y  s e c t i o n s  

w e r e  t a k e n  from p o s i t m n s  d l r t a n t  f rom t h e  punc tu re l  

LATE Vf TELLOGENIC M O W O L O G Y  
f - 

-/ate vl te l logenlc  o o c y t e s  were  e n d o s e d  &thin fo l l i c l e s  w h ~ h  were  a t t a c h e d  t o  abundan t  

sdrfare oi t h e  f o l l i d e  F i g u r e  l l b h  T h e  f o l l i d e  w a s x o m p r i s e d  ,of t w o  l a y e r s ,  the o u t e r  

t~heca and t h e  Inner  g r a n u l o s a  l a y e r  ( F i g u r e s  I l c and 1 l d ) ,  

A t r t r : c  cocytes w e r e  p r e s e n t  In late v i t e l l q e n l c  o v a r i e s  (F igu re  I l a )  b u t  n o t  in  ovu la t ing  

ar n i v i a t e d  w a r l e s .  A t r e t l c  ~ocytes  w e r e  se ldom l a r g e r  t h a n  100 prn (F igu re  1 3 ,  A t r e t i c  

m q t e s  were a l s o  obse rved  in p a r a f f m  sections f o r  l i g h t  microscopy ( n o t  

~ l : u s t r a t e d ) ,  A t r e t l c  q t e s  were  comple te ly  covered  w i t h  theca l ,  but not g r a n d m a  cells, 

h:.e:ic o o q t e  thecd cells were  mdivldual ly  d i s t i n g u i s h a b l e  (F igu re  12b)+ PAS s t a i n i n g  

za:aCerlstlcs o f  the a t r e b c  m c y t e  membrane w e r e  iden t i ca l  to  those o f  the i n t e r n u s  and / 
si;o-lnternus oi late v l t e l l o g m c  o o c y t e s ,  

STRV ZTGRAL CHANGES DURING OVVLATION 

Several structural c k a n c e s  w a n i d  a w l a t i o n ,  b u t  the d e f i n i t i v e  e v e n t  w a s  t k  
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Figure 11, 

Scanning e l e c t r o n  micrographs  o f  late v i t e l logen ic  oocy te s ,  

l l a ,  S e v e r a l  o o c y t e s  a r e  shown,  A11 have  i n t a c t  t h e c a l  and g r a n u l o s a  l a y e r s ,  Abundant  

ova f l an  strwna tosi and a t r e t i c  w c y t e s  (do) are v i s ib l e ,  

1 l b ,  A s i n g l e  v i t e l l ogen ic  oo-cyte is shown w i t h  its a s s o c i a t e d  s t r o m a  and a t r e t i c  oocy te s ,  

A cal j i l iary ne twork  I d  is e v i d e n t  b e n e a t h  t h e  theca l  layer, 

1 l c 1  A s e c t ~ o n e d  v i t e l logen ic  oocyte 1s shown,  V i s ib l e  are t h e  germinal  ves i c l e  (qv), 

yolk IYL egg membrane (Em), g r a n u l o s a  c e l l s  t g l  and t h e c a l  l a y e r  tth), 

?!d, An en la rged  n e w  of t h e  egg membrane is shown,  The  e x t e r n u s  (El, i n t e r n u s  (I) and 

s u b - i n t e r n u s  (SI) are v i s ib l e ,  Membrane  p o r e s  (mp) a r e  v i s ib l e  in t h e  e x t e r n u s ,  





Figure 12. 

Scanning electron micrographs of atretic oocytes from a late vitellogenlc ovary. 

12a, This view shows several i t re t ic  oocytes faoh and their association with the 

ovarlan stroma (0s). The atretic oecytes vary in  size from 20 to 90 Prn 1r1 this field. 

The tneca of a single oocyte (Od is visible i n  the lower right corner. 

lZb,  Two atretlc oocytes are shown In t h l s  view. Paraffin sections for hght microscopy . 
revealed that these oocytes are covered w l t h  thecal but not granulosa cells. The viewer of 

these micrographs 1s seeing the external rjurface of the thecal cell layer, They are 

attached to the ovarian stroma+ 





J 

expulsion of t h e  o q t e  from t h e  f o l l i d e ' t o  become a f e r t i l e  egg, During t h e  ea r ly  s t a g e s  

of ovulation,  t h e  germinal ves ic le  completed its meiotic d ivis ions  and t h e  ves ic le  

d issocia ted (Figures  5 c  and Sd), A t r e t i c  oocytes  were  n o t  s e a  at tached t o  ovarian s t roma,  

The  e thano l  in which sarr,ples of ovulating ovary were. f ixed was turbid following f ixat ion,  

T h i s  turbidi ty  was  n o t  caused by dissociationr of t h e  foll icular or  s t romal  t i s s u e  as  t h i s  

t i s s u e  was  still in tac t ,  The t u r b i d  pa r t i c les  consis ted of detached a t r e t i c  oocytes  and 

minor amounts o f  unidentif iable debr is ,  R e n t s  and t e a r s  appeared in t h e  foll icular and 

s t r o m a l  t i s s u e  (Figure 13a)  and t h e  oocytes  were -expelled from t h e  f o l l ~ c l e  (Figure 13bL 

The  margin of the' fo l l ic le  const r ic ted t h e  emerging oocyte, The sur face  t e x t u r e  of the 

emerging oocyte was  deeply indented (Figure 13c) and each indentation (formerly occupied 
5 

by a s ing le  granulosa  cel l )  contained numerous irregularly d i s t r ibu ted  pores ,  The f i r s t  

hydration occurred following m r g e n c e  from t h e  follicle, -The eggs  apparently swelled,  

s ince  much of t h e  e x t e r n a l  and in te rna l  t e x t u r e  of t h e  egg membr'ane was  smooth ( ~ i g b r e  
/ 

13d), The egg assumed a more spher ical  appearance (Figure 14aL \ 

M i o o p y l e s  were eas i ly  observed in  ovulated e g g s  (Figure 14bh Er te ina l ly  , t h e  microp yle  - 
w a s  located at t h e  c e n t e r  of a 50 pm diameter  crater-l ike depress ion (Figure 15a). The 

e x t e r n a l  d iameter  of t h e  opening averaged 1 .Z pm (Figure 15b). In ternal ly ,  the  mioopylhr  

opening was located at t h e  apex of a conical mound with  a b a s e  diameter ,of  25 l m  (Figure 

15cL The diameter  of t h e  in+rr(al opening averaged 0.5 pm (Figure 1Sd). The micropylar 
u 

canal was  lined wi th  annular r i d g e s  (Figure 15b)+ 1 

A f i n e  f ib r i l l a r  network and pa tches  of egg membrane mater ia l  were  p resen t  on tl-re 

proximal s u r f a c e s  of t h e  ce l l s  (Figure Its), During ovulation t h e  f ibr i l lar  network and the 

proximal membrane of t h e  cel l  were  t h e  f i r s t  t o  degrade (Figure  1 t b h  Internal ly ,  late' 

Litel logenic granulosa  ce l l s  were  filled with g ranu les  (Figure 17a), RER was  located in the 

cytoplasm lining t h e  margins of t h e  granules ,  During ovulation,  granulosa  g ranu les  were 

less abundant,  and t h e  RER assumed s tacked p rof i l e s  alor?g the d i s t a l  margins o fv the  cells 
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Figure 13. 

Scanning e l ec t ron  micrographs  o f  ovula t ing  oocy te s*  

13a ,  S e v e r a l . o o c y t e s  ( O m )  are shown  e n d o s e d  within f o l d s  o f  ova r i an  s t r o m a  io5). 

Several r e n t s  are v i s ib l e  in  t h e  strma and t h e c a l  l a y e r s *  T h e  oocyte iden t i f i ed  by t h e  

heavy a r  as p a r t l y  emerged f r o m  t h e  degene ra t ing  ernbranous  t i s s u e .  A t r e t i c  /" 

13b,  The  merging oocy te  i d e n t i f i e d  in  1 2 a  is en la rged  in  t h i s  view, T h e  o o c y t e  a p p e a r s  i , 
cons t r i c t ed  by t h e  theca l  t i s s u e  (t'h) i n  t h e  e q u a t o r i a l  reg ionf  s u g g e s t i n g  t h a t  t h e  t k c a  

may con t a m  s o m e  con t r ac t i l e  t i s s u e .  4 

13c, T h i s  view s h o w s  an  en la rgemen t  o f  t h e  e x t e r i o r  s u r f a c e  o f  t h e  e x t e r n u s *  Numerous  

deprissions a r e  apparent .  Each  d e p r e s s i o n  w a s  fo rmer ly  occupied by  a s i n g l e  y b u l o s a  

ce l l ,  Membrane p o r e s  (mp) are i r r egu la r ly  d i s t r i b u t e d  wi th in  e a c h  & p r e s s i o n +  

13d, A s a c t i o n  o f  t r a n s i t i o n a l  oocy te  is shown, Yolk  h a s  been  removed,  V i s i b l e  are t h e  

e x t e r n u s  (E), i*ernus (1) and sub- in t e rnus  (SIh T h e  l amina r  n a t u r e  o f  t h e  i n t e r n u s  

and sub - in t e rnus  a r e  d e a r l y  v i s i b l e  in  t h i s  f o r t u i t o u s  sec t ion .  Membrane  p o r e s  Imp) 

are v i s i b l e  i n  all t h r e e  l a y e r s ,  The i n t e r i o r  s u r f a c e  of t h e  sub - in t e rnus  is' a l s o  shown wi th  

r egu la r ly  a r r anged  i n t e r n a l  p o r e  open ings*  A s i n g l e  v )  is s e e n  emerging  

from t h e  s u b - m t e r n e  





Scannlng e lect ron micrographs of ovulated eggs.  

14a, The egg shown (Eg) is fully ovulated and h a s  completed its f i r s t  hydratio6. The 

egg has taken on a more spherical appearance. The posit ion o f  t h e  minopyle  (mi) is 
. - 

shown wlthm a shallow c r a p r ,  Note  t h e l i g h t  circular a r e a  on t h e  s u r f a c e  o f  the e x t e r n u s  . 

sur rwndlng  the micropyle c r a t e r t  
- 

14b, The mzcropyle reglon is shawn In magnified view, The  depress ions  in t h e  s u r f a c e  o f  

t h e  e x t e r n u s  a r e  less a q p a r e n t  than t h e  s a m e  S t ruc tu res  in t r ans i t iona l  eggs ,  but are still 
- 

vts&fe+ External ~tpwtlngs of egg r&rane  p o r e s  can a l s o  b e  seen, 
t 

14cl A f'rartured sect ion o f  t h e  egg membrane is shown, Vis ible  are t h e  e x t e r n u s  (Elt 

drstal in te r l ayer  (d i), in te rnus  (I), p r o m a 1  rnter layer  (p i) and t h e  sub- internus  (SIh 

t.I&nbrane pores  (mp) can be  seen  ~n t h e  ex te rnus ,  The laminar n a t u r e  of t& i n t e r n u s  

and sub-mternus  a r e  a l s o  visible, 
\ 





7 
Figure 15, 

S w n t n g  e l ec t ron  of e x t e r n a l  a k  In t e rna l  m i a o p y l e  open ings  o f  ovu la t ed  . 
w95. 

15a. T h i s . v i e w  shows the e x t e r n a l  m i n o p y k s p e n i n g  (mi )  l oca t ed  at t h e  c e n t e r  of a 

sttallow, 50 pm d iame te r  c r a t e r 4 i k F 3 e p r e s s i o n r  Egg membrane pores (mp) a r e  v i s i b l e  in 

this field, 

15b,'& enlarggd v i w  the ertrmal opening o f  the m i n o p y l e %  shown. The d i a m e t e r  of 

apex  o f  a conical mound whrch h a s  a d r a n k t e r  of 25 - Vrn at r t s  b a s e ,  The wrinkled 
> 

appea rance  of  t h e  i n t e r n a l  surface o f  t h e  sub - in t e rnus  can be s e e n  tn t h i s  f t e l d ,  

i5d* An en la rged  view o f  t h e  rn t e fna l  opening o f  t h e  m i n o p y l e  i s+shown,  T k  opening is 

approximate ly  G,5 Prn in d i a m e t e r l  
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Figure I&+ 

Scanning electron micrographs o f  gran&sa cells* 

Iha ,  T h i s  layer of granulasa cells was peeled from a late vitellogenic oocyte* The 

under-surface of t h e  granulosa cells i s  shown, An extensive fibrillar network ( f r r )  is 

seen on the under-surface o f  the cells and i n  the spaces between cells. 
- 1 

b Thls  layer of granufosa cells was peered from an ovulating oocyte, The 

!under-svrface of  the granvlosa cells is shown The membranes and fibrillar network tiave 
' 

d~ssapeared revealing the granulosa granules CgrIt Many of the granules are dished or 

mrfented on one s ~ d e *  Ip 





Figure 17, 

Transmissmn elect ron micrographs of late v i te l logan i rand  ovulating oocytes.  (3,000X) 

W l o n s  o f  late v i t e l logmic  and ov la t ing ,oocytes  a r e  shown in 17a and l'tB, respectively.  \ t 
The observable  s t r u c t u r e s  a r e  t h e  thecal  ce l l s  (th), b a q e m t  rne'mbrane (brn), * - 
granulosa cells (g), granulosa  cell g ranu les  (grh (4%) in the 

Y 

vltellogenlc egg, the epl layer  iep in t h e  ovulating egg, e r t e r ; \ u s ( ~ ) ,  d i s t a l  in te r l ayer  
f 

(d i), in te rnus  (I), proximal in te r l ayer  (p i), microvilli with membrane pores ,  

sub-mternus  (SI), yolk ves ic les  ( y v )  and yolk globules  (yg \ Membrane p o r e s  are a 

\i rn rn dl three h a p r  membrane l a y e r s  in bo th  sec t ions ,  In  17bt t h  ep i l ayer  & vis ible  on 

the external surface  o f  t h e  e x t e r n u s  and the pores  of t h e  in te rnu  a r e  open* The space  I 
between the sub-internus and t h e  yolk cytoplasm in 17b is a r t i f a c t u a l  \r 





The membrane o f  Pacif ic  herring late vitel logenic oocy tes  c o n s i s t s  of f i v e  l ayers*  (Fig.ures * 

17a,  13d and 14c)+' The sub- internus  was  located nex t  t o  t h e  ooplasm and w a s  separa ted  

from it by t h e  plasma membrane, The  sub-internus was  laminar in s t r u c t u r e *  The 

laminat ions  were compacted when compared with t h o s e  of t h e  in ternus* P o r e s  in the 

sub-internus ran re la t ive ly  s t r a i g h t ,  taking t h e  s h o r t e s t  r o u t e  from t h e  w p l a s m  t o  the - 

nex t  layer.  ~ i c r o v i l l i ,  or ig inat ing from t h e  oocyte were  observab le  in the pores+  The 

s t r u c t u r e  of the sub-interpus did n o t  change appreciably during o r  a f t e r  ovulation (Figures  
1 

17b and 18aL - 

The sub-internus w a s  s e p a r a t e d  from t h e  i n t e r n u s  by a th in  l ayer  o f  loosely  packed 

f ib rous  material  (Figure 17b). Th i s  l a y e r  was  described as t h e  proximal in te r l ayer ,  

A th i rd  l ayer  was observed e x t e r n a l  tothe proximal i n t e r l a y e r  (Figure 17ah  This  l ayer  
- 

( t h e  in te rnus )  was s imilar  in s t a in ing  charac te r i s t i c s  to t h e  sub- internus  (Figures  6 and 8). 

It w a s  a l s o  laminar in nature .  The i n t e m u s  w a s  s l igh t ly  th icker  than t h e  sub- internus  in 

all sec t ions  examined, b u t  t h e  laminat ions  were  more widely-spaced and f e w e r  in  number, 

Pores wlthin t h e  i n t e r n u s  took  indirect ,  possibly helical p a t h s  (Figure 17a) in  late 

vitel logenic oocytes,  During the ear ly  s t a g e s  of ovulation,  t h e  pore  s t r u c t u r e  w a s  

unchanged (Figure 17bL However, during t h e  f i r s t  hydrat ioq which o w r e d  a f t e r  t h e  
7 -- 

1. 

expulsion of the oocyte,  the pore  s t r u c t u r e  collapsed* I n t e r n u s  p o r e s  were  n o t  observed in 
' 

ful ly  ovulated o r  fer t i l ized egg s e c t i o n s  (Figure 186 and 18bh I n  ovulated and fer t i l ized 
L 

egg sec t ions ,  t h e  i n t e r n u s  w a s  the same th ickness  or s l igh t ly  th inner  than  'the 

An addit ional thin in te r l ayer  was  observed between t h e  i n t e r n u s  and e x t e r n u s  (Figures  17a 
, 

and 17bL This  l ayer  (d i s ta l  in te r l ayer )  was  approximately twice  as thick as the proximal 

in te r l ayer  and consis ted of granular  material (Figure 1?a)+ There  were  no changes  

observed in t h i s  l a y e r  during o w l a t i o n *  
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Figure 1s. 

T r a n s m i s s i o n  e l e c t r o n  micrographs  of ovu la t ed  and f e r t i l i z e d ,  water -hardened  e g g s ,  

i3,rJOOX) $ 

1 

S e c t i o n s  of ovu la t ed  and  f e r t i l i z e d ,  wat.er-hardened e g g s  are shown  in  18a and lEb , 

r e s p e c t i v e l y ,  O b s e r v a b l e  s t r u c t u r e s  inc lude  t h e  e p i l a y e r  (e p ), e x t e r n u s  ( E l ,  d i s t a l  

' i n t e r l a y e r  (di), i n t e r n u s  (I), Proximal  I n t e r l a y e r  (pi)  and s u b - i n t e r n u s  (ST);  The 

e r t e r n u s  i n  t h e  ovu la t ed  egg h a s  t a k e n  on  a 'spongy' appea rance ,  Membrane p o r e s  are 
8 

v i s i b l e  i n  t h e  e x t e r n u s  and  sub - in t e rnus  o f  b o t h  s e c t i o n s ,  N o t e  however  t h a t  t h e  p o r e s  

are nut a b 5 e r v a b l e  i n  t h e  i n t e r n u s  m e i t h e r  s e c b o n s ,  
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Figure 19, 

- - 
Transmiss ion  e l e c t r b n  micrographs  o f  proximal  and d i s t a l  i n t e r l a y e r s  o f  ovu la t ing  w c y t e s ,  

and e p i l a y e r s  o f  ovu la t ed  and f e r t i l i z e d  water -hardened e g g s ,  

19a ,  T h e  d i s t a l  i n t e r l a y e r  (d i) is shown at high magnif icat ion t o  c o n s i s t  of  numerous  

s m a l l  g r a n u l e s ,  ' ~ l s o  v i s i b l e  in t h i s  f i e l d  are t h e  e x t e r n u s  (E), i n t e rnws  (I), r e m n a n t s  of  

mirrovl l l i  imvd and an e g g  membrane  p o r e  (mp)+ (45,OOOX) q 

1?b, T h e  proximal i n t e r l a y e r  (pi)  is shown i n  high magnif icat ion t o  c o n s i s t  o f  f i b r o u s  

m a t e r i a l ,  A l s o  v i s Q l e  i n ,  t h i s  s e c t i o n  are t h e  i n t e r n u s ,  sub - in t e rnus  and microvilli .  * 

19c, T h i s  magnif ied view of t h e  s u r f a c e  o f  the e x t e r n u s  (El s h o w s  t h e  ep i l aye r  (ep) in  

an ovu la t ed  egg ,  T h i s  e p i l a y e r  is r e s p o n s i b l e  for t h e  f o r m a t i ~ n  o f  t h e  s u b s t a n c e  that 

r e n d e r s  spawned  her r ing  e g g s  s t r o n g l y  a d h e s i v e ,  (13,900X) 

19d, The e p i l a y e r  i n  , t h i s  s e c t i o n  o f  a f e r t i l i z e d ,  water -hardened egg  h a s  been' a c t i v a t e d ,  
3 

r ende r ing  t h e  egg  s t r o n g l y  a d h e s i v e ,  (ZlrOOOX) 
r' 





A f i f t h  l a y e r  was  t h e  outer-most l a y e r  in fate vitel logenic oocy tes  ( f igwe i7a). P o r e s  in 
s 

t h i s  l ayer  were  s t r a i g h t  and l a r g e r  in diameter  than  t h o s e  in e i t h e r  the i n t e r n u s  o r  
I 

I 

sub-internus,  Staining charac te r i s t i c s  of t h i s  Layer d i f fered markedly from t h o s e  of all 

o t h e r  l ayers ,  T h i s  l ayer  w* mt laminated and appeared M o g e n o u s  in s t ruc tu re .  The 

.. e x t e r n u s  appeared unchanged in t h e  ovulating oocyte s e c t i o n s  but  appeared spongy in 

4. 

s e c t i o n s  of fully ovulated e g g s  (Figure 18aL The spongy t e x t u r e  developed during t k  

latter s t a g e s  of ovulation,  In  s e c t i o n s  of fer t i l ized e g g s  (Figure 18b) t h e  spongy t e x t u r e  

w a s  n o t  observed,  

During t h e  ea r ly  s t a g e s  of ovulationt a s i x t h  layer  was  deposi ted on to  the ex te rna l  

s u r f a c e  of t h e  egg (Figure 17b)+ ~h i s ' e~ i l ake r  (Figure 19c) appeared f l a t  and compressed in 

_ ovulated eggs ,  

The  t e r m s  'sub-internus', ' internus '  and 'externus '  appear  e l sewhere  in t h e  l i t e r a t u r e  

(Groot and Alderdice, 1983, and a r e  dpprupriately applied t o  t h e  observed l a y e r s  in P a a f i c  

herring, The t e r m s  'proximal in ter layer ' ,  'd is ta l  in ter layer '  and 'epilayer'  a r e  used here  in 

t h e i r  descr ipt ive  context  and a r e  no t  considered names for t h e  var ious  l ayers ,  
r f 

/ 
Yolk v e s s i d e s  were  prominent in the peripheral  ooplasm in all s t a g e s  ex&ed e x q t  

, .~ 

fe r t i l i zed  eggs ,  Yolk v e s s i d e s  in  ovulated e g g s  cor t ica l  alveoli ,  

The egg  expanded a f t e r  fer t i l iza t ion on c o 4 a c t  with sea water ,  smoothing both  ex te rna l  
F 

t'--fhqepilayer was  act ivated (Figure and i n t e r n a l  membrane t e x t u r e  ( F i g w e  20a and 20d 
i 

19d) and t h e  e g g s  became s t rong ly  adhesive. Debr is  a c p u l a t e d  on t h e  su r face  of the 

eggs, (Figure  20b) and t h i s  accumulated mate r ia l  conslst& mostly of sperm ce l l s  (Figure 
\ 

20dt Equator ia l  sperm d iamete r s  were  approximately O , B ~ @ I  + 
\ 1 
---= 

INTERNUS AND SUB-INTERNUS LAMINATIONS . 

T k  nwnber of i n t e r n u s  laminat ions  i n b e a s e d  from a mean of 7 in late vitel logenic ooqtes 

t o  8 in ovulated s t a g e s ,  The nwnber of laminations in the sub-internus increased fram a 
r 
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Figure 20. 

P 

Scanning e l ec t ron  micrographs  o f  f e r t i l i zed ,  water -hardened e g g s ,  
/ 

ZOa, T h r e e  a d h e r e n t  e g g s  a r e  shown in  t h i s  view, 

20b. An en la rgemen t  of t h e  p i n t  be tween  t w o  a d h e r e n t  e g g s  is shown,  D e b r i s  (dl is 

shown adher ing  t o  t h e  e x t e n o r  s u r f a c e  o f  t h e  e x t e r n u s ,  T h e r e  is a pa r t i cu l a r ly  h2avy 

accumulation n e a r  t h e  joint ,  T h e s e  e g g s  have  completed t h e i r  second hydra t ion ,  T h e  egg  

s u r f a c e  is s m o o t h  and f e a t u r e l e s s ,  

2 0 ~ .  An en la rgemen t  o f  t h e  ' adherent  d e b r i s  r e v e a l s  t h a t  it c o n s i s t s  mos t ly  o f  s p e r m  
- 

,- 
cells. T h e  head o f  each  sperm is a b o u t  1 . 2 ~ ' i n  l e n g t h  and 0,8Y in d i ame te r .  

20d. A sectional view o f  a joint b e t w e e n  t w o  a d h e r e n t  e g g s  is shown+ T h e  t h r e e  major 

layers of  t h e  egg  membranes  are n o t  a p p a r e n t  in t h i s  ~ i e w ,  
- 

--- 





Figure 2 1  + 

% 

Transmiss ion  e l ec t ron  micrographs of  l i v e r s  f rom ma les  and f e m a l e s  for  late v i td logen ic , -  

c r u l a t ~ n g  and ovula ted  s t a g e s ,  14,700X) 
i 

Female l l ve r  sections from late vi te l logenic ,  ovula t ing  and o v u l a t e d ' s t a g e s  are shown i n  - -  - 
21a, -21b and 22c r e spec t ive ly ,  S e c t i o n s  21dt  21e and 21f w e r e  t a k e n  f rom male  l i v e r s  

, sa-npled a t  the s a m e  t t m e  as the for f e m a l e s *  Female  tissues w e r e  dominated by 
J 

' electron l u m n t  h e p a t o y t e s  IL hi i n  all stage5 while ma le  l i v e r s  w e r e  dominated by 
/ 

(Dh), While vacuo le s  were  found in  ~ a s t  male  and f e m a l e  

l a r g e  se~fetory vacuoles fvf were found only i n  late vitellqettic female 

in t h e s e  s e c t i d s  ,are n u d e i  IN), n u d e o l i  (.Nu)+ 
/ 

/= / 
mitochondr ia  (rnb 'and abundan t  rough endoplasmic  reticulum (Rer). 





Figure 22- 

, 
Transmission electron micrographs of Golgi a s s o d a t i o n s  in late vitel logenic and ovulated 

hepatocytes, 

22al I n  t h l s  sect ion of a .hepatocyte from a iate vitel logenic l iver ,  t h e  Golgi a p p a r a t u s  
iY 

(€3) is associa ted with a la rge  s e u e t o r y  vacuole (v)+ Golgi bodies  at t h i s  s t a g e  contain 
> 

dus;ters o f  small, electron-dense granules ,  Also evident  in t h i s  sec t ion  are mitochondria 
P 

i mi and tubular rough enboplawnic ret iculwn (Rer) with expanded lumens,  (40,000X) 

22b, Golgl s t r u c t u r e s  rn hepatocytes sectioned from ovulating and ovulated l i v e r s  were  
- ..A_* 4' 

not  assmated with l a rge  senetory vacuoles. Also vis ible  in this sect ion a r e  t h e  n u d e u s  

(N, and nucleolus (Nu)+ ( t 7 , O O O X )  
1F' 
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mean of 17 t o  19 in late and ovulated s t a g e s  respectively.  I n  troth ins tances ,  

the presumptive i n a e & e  w a s  nb$ s ignif icant  , 

HEPATIC CHANGES DURING e 

R' Liver t i s s u e  f?qm both 'male  and fernh f i s h  contained t w o  d i s t inc t  t y p e s  of hepatocytes  

(Figure 21 1. Electron-dense h e p a t o q t e s  general ly  had abundant but compres'sed RER and 

srk.11, poorly-defined Golgi s t ruc tu re .  Electron-lucent hepatocytes  had abundant RER 

with di la ted p rof i l e s  and large ,  well-defined Golgr bodies. The  nuclei o f  bo th  cell  t y p e s  

contamed one o r  more nucleolit Those  in female  ce l l s  were larger ,  and well-defined+ 
d/Lr - \ 

Nuclei from both male and female  hepatocytes  contained chromatin accumulahons 

tmmediately beneath  t h e  nuclear ,membranes, Female l ive r  t i s s u e  d i f fe red  from t q t  of 
5 \ 

males  pr indpal ly  in t h e  ratio of electron-lucent t o  electron-dense hepatocytes.  O 

Electron-dense h e p a t o g t e s  dominated male l iver  t i s sue .  Female  l ive r  t i s s u e s  were  

domurated by electron-lucent hepatocytes  f o r  all t h r e e  s t a g e s  (Figures  21al 21b and 2113. 

Female vttel logentc hepatocytes  contained l a rge ,  well-developed vacuoles while ovulating 

and ovula?ed hepatacytes  contained small ,  I r regular  vacuolest  Golgi s t r u c t u r e s  i n  late 

vltei logenic nepatocytes  were always a s s o d a t e d  with vacuoles (Figure 22a) while those 

from ~ v u l a t e d  hepatocytes  were not  a ssoc ia ted  with vacuoles and were  more commonly 

found near  t h e .  nucleus (Figure  22b1, 



OOCYTE PROVISIONING 

Cent ra l  to  l i f e  is t h e  necess i ty  t o  reproduce*.  Natura l  s e l e ~ t i o ~  f a v o u r s  t r a i t s  t h a t  

maximize t h e  production of  f i t  zygotes ,  Organisms have evolved t o  adopt  t w o  general  
Z 

approaches  t o  t h e  p r o d u d i o n  of zygotes ,  The f i r s t  approach a s s u m e s  t h a t  t h e  G m b e r  of 

zygotes  produced is_improved by inves t ing in t h e  l a r g e s t  p o s s i b l e  number of adequate ly  
/ ', 

/- 

provisioned gametes*  Because  organisms have a f i n i t e  amount of energy avai lable  t o  

i n v e s t  in gametes ,  a cr i t ica l  balance mus t  b e  maintained between gamete  numbers and t h e  

provisioning afforded to each gamete,  Some s p e d e s  have evolved t o  produce many smal l  

eggs*  Zygotes produced by t h i s  means  a r e  genera l ly- jus t  adequate ly  provisioned, smal l ,  

and v l ~ l n e r a b l e  t o  a d v e r s e  environmental  condit ions* Post-zygotic morta l i ty  is high* 
b 

O t h e r  s p e a e s  place l a rge r  inves tment  in post-zygotic ca re*  The chance of  producing l a r g e  

numbers of  f i t  zygotes  is sacr i f iced f o r  t h e  advantage of a s s u r e d  production of at least a 

few, The t r end  f o r  s p e c i e s  in t h i s  group is t o  reduce t h e  inves tment  in gametes* The  

t r end  is apparen t  in th?  seaperch  Cymatoqaster  a q a r e a a t a  where  5 t o  20 e g g s  a r e  

f e r t i l '  ed and incubated in te rna l ly  un t i l  s e v e r a l  large ,  fu l ly  developed juveniles emerge 7' 
( ~ a r k  5 &., 1980). F o r  t h e  rock b a s s ,  Ambloplites r u p e s t r i s  abou t  500 e g g s  are 

spawned .by t h e  female ,  fer t i l ized ex te rna l ly  in a n e s t  const ructed by the male, and 

incubated and defended in t h e  n e s t  f o r  f i v e  d a y s  un t i l  hatching (Gross  and Nowell, 1Y80)* 

T h e r e  are except ions  such as S e b a s t e s  ruberrimus where fe r t i l i za t ion  of hundreds of 

thousands .  of e g g s  is in te rna l ,  as is incubation un t i l  hatching (Har t ,  1973: pp* 442-443, 

fecundi ty  of  2,7 million in an 8,7 kg specimen),  

Paci f ic  herring produce about  twen ty  thousand o r  more eggs ,  Af te r  spawning, . both  males  

and females  l e a v e  t h e  spawning a r e a  and migrate  t o  o f f s h o r e  s w n m e r  feeding a r e a s *  
# 

Zygotes a r e  l e f t  to develop unat tended,  The energy f o r  metabolism and growth required to 

s u s t a i n  t h e  zygote  un t i l  it begins  feeding must  b e  contained within the i r  r e se rvo i r  of yolk. 
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L 
\ > ' For Pacific herring t h e  m a t t e r  of appropr ia te  gamete  provisioning is of critical importance* 

\>. t 
i 

$caus5hacific herring c e a s e  feeding prioreto f ina l  gamete  maturat ion (Gillis, 1979Ij and 
\-/' 

w i l l  not  s t a r t  feeding again unt i l  a f t e r  spawning, t h e  raw mate r ia l s  f o r  oocyte 

provisioning during late v i t e l logenes i s  must comes from s t o r e d  energy* 

v m u m m E s I s  IN PAcmc H m m &  + 

Vitellogenin is an alkali- labile ph'osphorylated protein found in females  and es t rogenized 

males (Emersen and P e t e r s e n ,  1Y7b; Wallacet 1978; Nath  and Sundararaj* 1981 )+ T k  va lues  

repor ted in Figure  3 f o r  male t i s s u e s  resu l t ed  from non-vitellogenin sources  of 
1 

alkali-labile phosphorus+ Hepa tocy tes  have previously been ident i f ied  as t h e  site of 

exogenous vi te l logenesis  in response  t o  17-beta e s t r a d i o l  sec re t ion  in t h e  ovary and the 

vascular s y s t e m  h a s  been ident i f ied  as t h e  t r anspor ta t ion  r o u t e  from t h e  l iver  t o  the 

ovary (Wallacet 197% Sundararaj  and Nath, 1981; Ng and Id le r ,  1983)* The  low ALPP l e v e l s  

in l iver  t i s s u e  (Figure 4) sugges ted  t h a t  vitr l logenin - w a s  sec re ted  i n t o  the vascular  
/ 

s y s t e m  very quickly follow$ng its s y n t h e s i s  and phosp horylation + Higher ALPP l e v e l s  in 

I female serum sugges t  mechanism was  less e f f i c ien t  t h a n  t h e  

i hepatocyte sec re to ry  mechanism, o r  t h a t  t h e  vascular s y s t e m  acted as a s t o r e  f o r  * 

vltellogenin reducing t h e  s y n t h e t i c  inhibition t h a t  s tor ing vitel logenin in hepatocytes  may 

have generated* Ul t ras t ruc tu ra l  conf igurat ions  in hepa tocy tes  sampled from late 

vitel logenic.  l i v e r s  were  t o n s i s t e n t  wi th  changes described f o r  zebraf ish  (Peu te  et aLj 

1978) and r a n b a w  . t rout  (van Bohemen et ale, 19811, For  P a a f i c  herring, electron-lucent 

fA . 
. r a t h e r  than electron-dense hepatctcytes appear  t o  have been respons ib le  f o r  vitel logenin 

synthesis* This  conclusion was supported by t h e i r  abundance in female  l i v e r s  during late > 
vl te l logenesis ;  t h e i r  s c a r a t y  in male l i v e r s  during all s t a g e s  examined: t h e i r  abundant 

d i la ted RER; and t h e  presence pf l a r g e  sec re to ry  vacuoles with which well-developed and 

l a r g e  Golgi bodies  were assoc ia ted ,  Golgi bodies  have recent ly  been shown to b e  t h e  

s b u c t u r e  t h a t  concentra tes  artd s e c r e t e s  v i t e l l q e n i n  in f rog  hepatocytes  m e r b e n e r  et a l ~  



-, 

19341, a t 

The site of dephosphorylation ofvl te l logenin  was  the layer  of foll icular ce l l s  surrounding 

each oocyte as indicated by a lkal ine  phosphatase  s ta ining r e s u l t s  (Figures  5 and 61, 

Alkaline phospha tase  was  localized in theca l  and granulosa  cells. Staining was  heavies t  in 

t h e  proximal &ex of t h e  granulosa  ce l l s  and granulosa  granules.! These  findings 

sugges ted  t h a t  t h e  apex of  t h e  cell  is the cite of mos t  of t h e  dephosphorylation of 

vitel logenint  In addit ion,  granulosa  RER was well developed,,,during t h e  late vitellogenic 

period dnd appeared closely assoc ia ted  with membrane-bound granulosa  granules.  There  is 

some evidence t h a t  vitel logenin r a t h e r  than  its d e v a g e  products may be incorporated by 

oocytes  (Selman and Wallace* 1983). In  P a e f i c  herring however alkaline phosphatase  
!\ 

act iv i ty  in foll icular ce l l s  arid widespread exocytotic ac t iv i ty  from t'he b a s e s  of granulosa  

c e l l s  suppor ted t h e  conclusion t h a t  at least during late vi te l logenesis ,  vitellogenin was  
1 

dephosphorylated withih t h e  foll icular cells, 

- T h e . s i t e  o f  cleavage of vitel logenin i n t o  its cons t i tuen t s  (phosvitin and l ipovitel l in) h a s  

not been fully explained in o t h e r  s t u d i e s ,  nor did t h e  p r e s e n t  s t u d y  provided any 

supplementary i n s i i h t s l  Bergink and Wallace (1974) have demonstra ted t h a t  t h e  

conversion of vitel logenin i n t o  yolk p ro te ins  involves proteolyt ic  sp l i t t ing  in suseptible,  

r eg ions  of t h e  molecule+ I n  addit ion* lnoue & a,, (1971) have shown. t h a t  

vitellogenin-derived phosphate  is monesterif ied t o  s e r i n e  and t h a t  a lkal i  l ibera t ion of 

phosphate  i n d u d e s  the l o s s  of s e r i n e  from t h e  vitel logenin molecule. Liberation of 

alkali-labile phosphorus may accompany proteolyt ic  cleavage, I f  t h i s  is s o  then f o r  late 

vitel logenic P a a f i c  herring,  . foll icular ce l l s  become poss ib le  sites f o r  -the cleavage of 

vitel logenin i n t o  yolk prote ins ,  Th i s  speculation is supported by Selman and Wallace's 

.(1383) finding t h a t  r n a a m l e c u l e s  are rapidly incorporated i n t o  yolk globules+ Also, 

. protein synthet ic  s t r u c t u r e s  w e r e  a b s e n t  from t h e  ooplasm of Pacif ic  herring* If, however, 

s e p a r a t e  enzymes are responsible  f o r  dephosphorylation and proteolyt ic  sp l i t t ing  of 



vitel logenin,  then  t h e  site of  t h e  c leavage of vitel logenin i n t o  phosvi t in  and l ipovitel l in 
- 

r e m n s  specula t ive* % 

RER was a b s e n t  from t h e  ooplasm, Cloplasrh mitochondria, when observed,  contained 

dl la ted  a s t e r n a e  and t h e  s p a c e  between inner  and o u t e r  limiting membranes w a s  @ s o  

dilated, Granular ma te r i a l  within t h e  ooplasm consis ted  of  glycogen g ranu les*  Oocyte 

reticulum was a l w a y s  smooth. ConcentriCally ar ranged membranes were  commonly observed 

in  t h e  ooplasm, Ooplasm organe l l e  conf igurat ions  and s t r u c t u r e s  are i n  keeping wi th  t h s e  

repor ted  fo r  s t e ro id  p roduang  t i s s u e s  (Nagahama @ a& 13761, sugges t ing  t h a t  for Paci f ic  

herring,  t h e  ooplasm is a p o d i b l e  site f o r  t h e  s y n t h e s i s  of  17-beta e s t r a d i o l *  Steroid  

produang u l t r a s t r u c t u r e  was not  observed in  granulosa  ce l l s*  Although a few i so la ted  
I 

f ragments  of SER were observed in  s o m e  thecal cells, s t e r o i d  producing u l t r a s t r u c t y r e  w a s  
\ 

a b s e n t .  Thecal ce l l s  s p e a a l i z e d  f o r  t h e  production of s t e r o i d s  were  no t  observed d&ng 
3 

ths s t u d y  f o r  Paci f ic  herring* 
/J  

Yolk p ro te ins  a r e  shunted t o  t h e  microvilli  of  t h e  oocytk by t h e  g ranu losa  cells by means  

i ' af rmcropmocytos~s  lJlroller and Roth,  19SSf Anderson,  ,1968: Shackley and Kipg, 1Y77h 
\ 

Miaoplnocy tos i s  w a s  observed in a l l  s e c t i o n s  of  vitel logehic oocy tes  in P a a f i c  herring '. ', -- 
i n d  a p p e a r s  t o  b e  a s s o d a t e d  wi th  t h e  f ib r i l l a r  ne twork  of  the granu losa  cells* 

i 

A t  the s t a r t  of ovulation,  vi tel logepin production ceased and t h e  hepa tocy tes  began to 

assume t h e i r  p r e - v i t e l l q e n i c  o r g v e l l e  conf iqurat ions ,  \ During t h i s  period t h e  gonads  o f  . 

both  males  and females  enlarged maikedly.  ema ale gonads  enlarged more  rapidly than  , 

those o f  males,  Two phenomena were  assoc ia ted  with t h i s  rapid  inc rease - fo r  ovaries.  
1 

F i r s t l y ,  by comparing t h e  gonadoswnat ic  index f o r  f emales  (Figure 1 )  wi th  ovar ian  ALPP 

l e v e l s  E i g u r e  3, it w a s  evident  t h a t  f o r  t h e  population, s o m e  vi te l logenes4s  m t i n u e d  

trs occur over  the period of  popula tmn ovulation* Because  ovar ian  ALFF l e v e l s  appeared  to 

reach a m n i w r n  at t h e  same t i m e  t h a t  f emale  gmadosornat ic  indices  reached a maximum, it 

was concluded t h a t  f o r  an individuai  f emale  herr ingt  v i t e l logenes i s  ceases n e a r  the t i m e  of 



the o n s e t  of ovulation* This  conclusion was  supported b y  u l t ras t ruc tu ra l  evidence* The 

granulosa  ce l l s  became detached from t h e  ex te rnus  and began t o  degrade ea r ly  in t h e  , 

process  of ovulation* I f  v i te l logeneois  continued during,the ea r ly  , s t a g e s  of ovul%tion, - - - 
then it w w l d  be  expected t h a t  ALPP l e v e l s  would s t a y  at t h e  higher va lues  beyond t h e  

t ime when all of t k  f e m a l e s  in t h e  population had ovulated,  Secondly, mois ture  uptake 

during t h e  f i r s t  hydration accounted f o r  mos t  of t h e  increase  (discussed subsequent ly) ,  ' 

There  remains  the quest ion of t h e  f a t e  of t h e  phosphate  l ibe ra ted  from vitel logenin in the 

f o l l i m l a r  ce l l s t  From .the work o f  Mano and Lipman (196&a and i966b), Inoue et all, (1971 

and Craik  (1982) it is apparen t  t h a t  vitel logenin a r r i v e s  at t h e  oocyte with more 

p k s p h o r u s  than can be  accounted fo r  in yolk phosvi t ins  and lipovitellin. This  is 

especia l ly  true for marine spawning t e l e o s t s  which have less yolk phosphorus than . 
f resh-water  spawning t e l e o s t s  by a fac to r  of 10 (Craik, 1382), These  a u t h o r s  offered 

some speculation p n  t h e  f a t e  of t h e  res idua l  phosphate,  Some of t h e  phosghate  is 

e v l d e n t l i  used f o r  t h e  p k s p h o r y l a t i o n  of phosvitin before .  incorporation in to  y ~ l k  

r e s e r v e s  (Mano and L p  , 1966b)t I n  addition, some o f -  t h e  res idual  phosphate  may be  

- associated with t h e  f i r s t  hydration* The evidence f o r  t h i s  contention came from the 

p r e s e n t  s tudy ,  Presumably+ t h e  osmotic p r e s s u r e  within t h e  ovary during the f i r s t  

hydration w a s  s imilar  t o  t h a t  of the surrounding water*  T h e  p rocess  of the f i r s t  hydration 

w a s  t h e r e f o r e  presumed t o  b e  energy consuming, Some of t h e  res idua l  phosphate  may have , 

been associa ted wi th  wa te r .up take  during the f i r s t  hydration,  Other  energy cansurning 

p r o c e s s e s  t h a t  occurred during ovulation were  t h e  degradation of a t r e t i c  oocytes,  fo l l ic les  

and strorna* S o h  of t h e  phosphate  may have been a s s o d a t e d  with t h e s e  p rocesses  
- 

Wal lace+  1978; Wallace and  Selman, 1881 1, P a d f i c  herring , e g g s  dehydrated on m n t a c t  with 
- 

sea wate r  (in t h e  absence of cor t ica l  a lveolar  release of colloids),  the re fore  Craik's (1982) 
v 

a m t e n t i o n  t h a t  r es idua l  phosphate  may b e  assac ia ted  k i t h  t h e  massive  water   take 
'. 

* during the second hydration is n o t  s u p p o r t e d b y  t h e  f indings  of t h i s  s t u d y *  



Craik  (1982) a l s o  a n t e n d s  that phospha te  in marine-spawning 

teleosts b e c a d  most e s s e n t i a l  i o n s  a r e  par t icular ly  in 

coastal environments,  His contention i s  echinoid 

eggs of  a O h ~ s p h a t e  ac t ive  t r a n s p o r t  mechanism (Broo I&&, 17781. It is expected t h a t  - 
s imi lar  mechanisms may occur In marine-spawning t e l e o s t s  s u c h 4 a s  Paci f ic  herring* 

GVTJLATION HYDRATION 

L a t e  v i t e l logenes i s  ,may account f o r  some  of  t h e  weight i n c r e a s e  in f emale  o v a r i e s  during 

ovulation but  t h e  f i r s t ,  o r  ovulation hydration accounts f o r  mos t  of  t h e  inc rease ,  By 
-. 

compa~ipg  female  gonadosomatic indices  wi th  ovar ian  mois ture  l e v e l s  it w a s  ev iden t  t h a t  

inc reases  in ovarian mois tu re  c losely  para l le led  i n c r e a s e s  in t h e  gonadosomatic index, 

The gonadosomatic index fdr f e m a l e s  and egg mois tu re  were  po5it ively cor re la ted  (n = 170: 

r = 0t68; P < 0101)1 It W& t h e r e f o r e  conduded t h a t  v i t e l logenes i s  is a re la t ive ly  cons tan t  .- 

p h e n o m ~ n o n  and t h a t  the accelera t ion in  t h e  rate of  inc rease  in  OSI ev iden t  in  t h i s  s t u d y  

and t h o s e  of  B r e t t  and Solmie (1982) and Kreiberg et al*, (1Y821, r e s u l t  

mois tu re  uptake. T h i s  andusion w a s  suppor ted  by u l t r a s t r u c t u r a l  
6 

electron-lucent hepa tocy tes  which ;egressed during ovula t ion and by t h e  n e g a t i v e  

corre la t ion between female  hepatosomat ic  and gonadosomatic ind ices  (n = 170; r = -0tCtO; P 

c 0*01)1 

R e s u l t s  of  TEM inves t iga t ions  sugges ted  t h e  time o f  t h e  ovulation hydration. The 
- 

7 

swelling accompanying hydration t e n d s  to  smooth egg s u r f a c e  t e x t u r e +  By comparing the 
1 

'L 

s u r f a c e  t e x t u r e  of ovulating e g g s  (Figure 12c) wi th  t h a t  o f  ovula ted e g g s  (Figures 13b and 

1%) it was; conduded t h a t  hydration may have begun at t h e  t ime  when t h e  w c y t e  s t a r t e d  to  

emerge from t h e  foll icle,  but did n o t  run to  completion u n t i l  the e g g s  had ful ly  emerged* 
i 

FERTILIZATION HYDMTION 
t 

. The s m d  egg hydration auompanyied fe r t i l i za t ion  and water-hardening* H a r t  and Yu 

' (1980) have shown t h a t  t h i s  hydration is caused by t h e  high osmot ic  p r e s s u r e  assoc ia ted  



with t h e  r e l e a s e  o f  colloids from t h e  cor t ica l  a lveol i  immediately a f t e r  fer t i l iza t ion* This 
- 

process.  was  demonstra ted in t h e  p resen t  s tudy*  In te res t ing ly ,  unfert i l ized eggs 

dehydrated on exposure  t o  sea wate r*  Additional experimentation over a .wider sa l in i ty  
-. -- 

range than  t h a t  used in t h e  p r e s e n t  s tudy  will b e  required t o  inves t iga te  correlation 

between hydration/dehydration of fert i l ized/unfert i l ized eggs ,  
t 

EGG MEMBRANES 

The s t r u c t u r e  of t h e  P a d f i c  herring oocyte  membrane d i f f e r s  from t h o s e  repor ted 
V I 

elsewhere* Dumont and   rum met (1980) repor t  ? s t r a t a  in the egg membrane of Fundulus 

h r t e r o d i t u s ,  but  many of  t h e s e  appear  t o  be s imilar  ,to t h e  laminations of t h e  Padfic 

herring i n t e r n u s  and sub-lnternus,  Groot  and Alderdice (1985) repor t  t h r e e  l ayers  in 
? 

salmonld eggs*  T h e s e  appear  t o  be.  analogous t o  t h e  t h r e e  major l a y e r s  of herring egg .. 
membranes* For  t h i s  reason,  Groo t  and Alderdice's terminology (externus ,  in te rnus  and : 

' -  

sub-internus) have been used t o  descr ibe  P a a f i c  herring oocyte  and egg membranes* The 

proximal and d i s t a l  i n t e r l a y e r s  (descr ipt ive  terminology) d o  nut  @pear  t o  have been 
b 

described e lsewhere* Names f o r  t h e s e  l a y e r s  should awai t  some e l u a d a t i o n  concerning - 

their functiun(s)+ 

Light and electron microscopy have o sugges ted  t h e  o r ig ins  of t h e  egg membrane l ayers ,  
z 

Similar s t a in ing  characteristics between t h e  a t r e t i c  oocyte membrane and t h e  in te rnus  and 

sub- internus  of vitel logenic oocy tes  sugges ted  t h a t  t h e  latter t w o  layers were  sec re ted  

by the7paYte, These  observa t ions  suppor t  Anderson's (1967) c o ~ d u s i o n s .  The proximal -. 
i n t e r b y e r  lies between t h e  i n t e r n u s  and sub- internus  and mus t  t h e r e f o r e  also have been 

s e c r e t e d  by the o q t e .  The marked di f ference in s ta ining character is t ics-between the 

* i n t e r n a e  and the ex te rnus ,  and t h e  presence o f  e x t e r n u s  mater ia l  on t h e  b a s a l  sides of 
- 

granulosa  ce l l s  sugges ted  t h a t  the e x t e r n u s  was  sec re ted  by the granulosa  cells* 

Histological  s t u d i e s  o f  e a r l y  oocyte  development will be  required t o  cunfirm the or igins  o f  
I F' 

these layers*  C 

' .  



During t h e  ea r ly  s t a g e s  o f  ovulation an add t iona l  (s ix th)  l ayer  was  deposi ted on t h e  1 
externa l  su r face  of t h e  ex te rnus*  T h i s  'electron-den4e l ayer  (Figure 20b and 22c) w a s  

s imllar  t o  a thin l ayer  identif ied in salmpnid e g g s  by Groot and Alderdice (1985)+ t h e y  

concluded that t h i s  l ayer  t h a t  t h e y  called ex te rnus  caused t h e  t r ans i t ion  from a porous  
\ 

oocyte rfrembrane t o  a semi-permeable me, Their  cyndusion w a s  supported by the 
I 
I 

f annulated plugs  in t h e  ex te rna l  openings %the membrane pores. I n  P a a f i c  
I 

herring e g g s  t h e  t h m  epi layer  was  n o t  a s s o d a t e d  i t h  p lugs  o r  o t h e r  occluding 
\ 1 

/ 

r n e c h a n l s m ~ ~  ~ i s c o n t i n u l h e s  in the epi layer  were f requen t ly  observed,  Surface  

4 examination of t h e  e x t e r n u s  revealed t h a t  t h e  p o r e s  were  still oQen during ovulation 

; (Figure 17aL 

Changes occurred in t h e  t tun epi layer  on contact  with sea, water.  The  electron-dense 
/ -- - -- - 

epi layer  expanded, This  p r o c e s s  accompanied t h e  development o f  t h e  adhes ive  n a t w e  of  

herring eggs* Because of the location of t h e  epi layer ,  t h e  concurrence o f  the development 

> 
of adhes iveness  and t h e  s t r u c t u r a l  changes  in the ' ep i l ayer ,  it was  concluded t h a t  the 

expanded epllayer cons t i tu ted  the  adhes ive  substance* The adhes ive  s u b s t a n c e  s ta ined  - 

- 
PAS negat ive* However, the e x t e r n u s  in t h e  v i a n i t y  of t h e  ep i l ayer  s t a i n s  PAS pos i t ive  - in 

1 

some sect ions ,  T h e s e  observa t ions  sugges ted  t h a t  t h e  ac t iva ted  l a y e r  i t s e l f  w a s  

p ro te inaceaw,  but  t h a t  t h e  unactivated epi layer  was  rnucosaccharjde in n a t w e t  TEM 

observat ion of fer t i l ized water-hardened egg revealed t h a t  t h e  act ivat ion o f  the epi layer  

Y 

resu l t ed  in the adhesion of d e b r i s  to the s u r f a c e  of t h e  e x t e r n u s  (Figure 1414 Closer  

examination of t t u s  d e b r i s  Tevealed t h a t  it was  comprised a lmos t  en t i re ly  o f  sperm cells* 

These eggs were fer t i l ized in  a beaker  in t h e  laboratory* Sperm d e n s i t i e s  were  much 
-- 

h g h e r  than  those ant ic ipated f o r  n a t u r a l  spawning wate r s*  For  wild spawned eggs ,  it is 

less likely t h a t  large ar?a#nulations of  sperm'would occur* 

EGG SEMI-PERMEABILITY ...$ . * 
- 

It was m c l u d e d  from ths s t u d y  t h a t  t h e  ach ievepen t  of semi-permeabil i ty in the P a a f i c  
i ,  

F 



herring egg occurred in t h e  in te rnus*  Semi-permeability 'was achieved during t k  fir& 

hydration that accompanied ovulation and occurred as follows* During vi te l logenesis ,  the 
-.cr 

p o r e s  in t h e  i n t e r n u s  t o o k  indirect  t possibly helical- p a t h s  through t h e  i n t e r n u s  (Figures  
2 

20a 20b and 22bL During t h e  f i r s t  hydration following expulsion from t h e  foll icle,  the egg 

s t re tch ing  and compressing t h e  t o t a l  egg membrane, I n  response  t o  t h i s  
A - 

.-A+ 

s t re tch ing  and cornpression, t h e  p o r e s  in t h e  internus,collapsed,  probably rendering the 

membrane semi-permeable* 
This 

s t i o n  was  supported by t h e  following evidence, 
* 

F i r s t ,  t h e  p o r e s  of t h e  i n t e r n u s  w e r i  fully open in late vitel logenic and ovulating oo&es, 
, . 

,-= > 

but ful ly  occluded in all ovulated e g g s  examined*. Second, semi-permeability, was  indirectly 
' 

- 
demonstra ted twice  in the course  of t h i s  s tudy,  during t h e  p rocess  of paraff in  inf i l t ra t ion 

f o r  LM and in f i l t r a t ion  with epoxy res in  f o r  TEM* In both  ins tances  vitel logenic and - 
ovulating o o q t e s  i n f i l t r a t e d  e a s i l y  indicating t h a t  t h e  porous s t r u c t u r e  of t h e  oocyte 

membrane w a s  still open, T h e  re la t ive ly  l a r g e  paraffin and epoxy molecules moved eas i ly  

i n t o  t h e  oocyte through t h e  p o r e s  as the t r ans i t ion  vehicle .diffused o u t t  - Inf i l t ra t ion of 

ovula ted e g g s  by b o t h  media  o c w r e d  very slowlyt While t h e  re la t ive ly  l lgh t  transit lonaf 
" 

vehicles  d i f fused o u t  of t h e  egg, t h e  l a r g e  molecules of paraff in  and epoxy dif fused i n h s s  
-- 

readily.  The e g g s  shr ivel led .  Epoxy ln f i l t r a t inb  e g g s  f requent ly  popped, o r  resumed t k i r  

former  dimensions in  an explosive  (audible) manner, Evidently, t h e  p r e s s u r e  ins ide  t h e  egg  
f 

was  so reduced t h a t  t h e  v a p o w  p r e s s u r  tra?;;ilbn vehicle (propylene oxide) was ' 
f 

reached resul t ing in a violent  'p-g'* I f  t h e  epi layer  was  respons ib le  f o r  t k  achievement - 
1 

of semi-permeabil i ty,  then  inf i l t ra t ion d i f f i cu lges '  would have been encountered in 

ovulating as well as ovulated eggs ,  - '. 
However, i f  we assume t h a t  an inc rease  in mois ture  content  produted an ident ical  increase  - 3 . - -  

'& ' 
in egg  volume then t k  c a l m l a t e d  inc rease  in diameter  f o r  a 10% inc rease  i n  m o i s t w e  

was  m l y  35, This ine rease  seemed (mtuit ively) t o  be  insuff ic ient  tt3 col lapse  t h e  pore 

canals in the in te rnus*  Additional changes t h a t  accompanied late ovulation were  t k  



w g y  t e x t u r e  in the externus and t h e  merging o f  yolk globules to 
L .  

form larger mes, The {armer even t  may have f a a l i t a t e d  t h e  expansion of the i n t e r n u s  in  

response t o  w a t e r  uptake and chemicdl changes assiicist~d with changes  i n  in te rna l  egg 

s t r d u r e  may have resu l t ed  In an i n m e a r e  in egg diameter  l a r g e r  than  t h a t  calculated,  

Further experimentation,  including t h e  accurate  measurement, of egg diameter  inc reases  

t h a t  accompany ovulation, will be required t o  f u r t h e r  e l u d d a t e ,  the t rans i t ion  t o  
- 

\ 

. External  and ' internal  micrctpyle diameters ,  q d  sperm equa tor ia l  d iamete r s  were 1 2 !  0.5 

arid O & ~ J T I  respe&ively.  Although sperm penetra t ion was  no t  observed during t h i s  s tudy ,  \ 

. ~t was apparent  t h a t  sperm cells enter ing t h e  micropyle canal would become lodged and 

. h e l d  fast by  t h e  dnnular r idges,  rendering t h e  passage  impassable  t o  o ther  sperm, The 

3 lodged sperm cell  would b e  requirdd t o  dona te  its DNA from its within the canal.   his 

mechanism may be par t ly  responstble*for  t h e  preclusion of polyspermy, J 
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