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ABSTRACT 

K j ~ r s v i k ,  E., S t e n e ,  A. a n d  L s n n i n q , S . ,  1984 .  M o r p h o l o g i c a l r  
p h y s i o l o g i c a l  and g e n e t i c a l  s t u d i e s  of egg q u a l i t y  i n  cod 
( Godtin mohhua L.) .  I n :  E. D a h l ,  D.S .Danie l ssen ,  E .Boksness  
a n d  E. S o l r m d a l  ( E d i t o r s ) ,  The P r o p a g a t i o n  o f  Cod Gadus 
mohiziia L. F l ~ d e v i g e n  r a p p o r t s e r .  1, 1984:  67-86.  

The development of cod eggs from v a r l o u s  p a r e n t  f l s h e s  was 
s t u d i e d .  F e r t i l i z a t i o n  s u c c e s s ,  a n d  p r o p o r t i o n  o f  n o r m a l l y  
deve lop ing  embryos and l a r v a e  v a r i e d  a c c o r d i n g  t o  t h e  q u a l i t y  of 
t h e  e g g s .  Eggs f r o m  poor  q u a l i t y  c u l t u r e s  h a d  a  s i g n i f i c a n t  
i n c r e a s e  i n  y o l k  o s m o l a r i t y  d u r i n g  t h e  f i r s t  24 h  a f t e r  
f e r t i l i z a t i o n ,  and m a i n t a i n e d  h i g h e r  osmot ic  v a l u e s  th roughout  
t h e  d e v e l o p m e n t  r h a n  e g g s  o f  g o o d  q u a l i t y .  F e r t r l i z a t i o n  i n  
d i f f e r e n t  s a l i n i t i e s  a f f e c t e d  y o l k  o s m o l a r i t y  f o r  a l l  egg  
c u l t u r e s ,  whereas a  t r a n s f e r  t o  d i f f e r e n t  s a l i n i t i e s  24 h  a f t e r  
f e r t i l i z a t i o n  d i d  n o t .  T h e  c h o r i o n  of  e g g s  f r o m  good q u a l i t y  
c u l t u r e s  was  s t r o n g e r  t h a n  t h a t  f r o m  poor  c u l t u r e s .  Heavy 
i n f e c t i o n  weakened t h e  chor ion ,  

Cod eggs c o l l e c t e d  from t h e  p l a n k t o n  were compared w i t h  eggs 
i n c u b a t e d  i n  t h e  l a b o r a t o r y .  C h o r i o n  s t r e n g t h  was  s i m i l a r  t o  
t h a t  o f  good q u a l i t y  e g g s ,  a n d  v a r i e d  g r e a t l y  i n  b o t h  g r o u p s .  
The p e r c e n t a g e  o f  m o r p h o l o g i c a l l y  a b n o r m a l  cod  e g g s  f r o m  t h e  
p l a n k t o n  samples were  a s  h igh  a s  20 % when e a r l y  deve lopmenta l  
s t a g e s  were  predominant ,  b u t  d e c r e a s e d  t o  a b o u t  5 % when embryos 
a t  a  more advanced s t a g e  were more common. 

Chromosome s t u d i e s  of  e a r l y  embryos from good egg c u l t u r e s  
r e v e a l e d  f e w  a b n o r m a l  m r t o s e s ,  High p e r c e n t a g e s  of  a b n o r m a l  
m i t o s e s  were  o f t e n  found i n  bad l a b o r a t o r y  c u l t u r e s ,  even chough 
t h e  e a r l y  embryos appeared  normal .  A s u r p r i s i n g l y  l a r g e  number 
of  a b n o r m a l  m i t o s e s  w a s  a l s o  f o u n d  i n  n o r m a l  l o o k i n g  e m b r y o s  
from t h e  p lankton  samples.  



in rearlna exoer-ments wirn marine flsb specles rela-clvelv 

llrrie atLentlon has rls?erto been pald o possrble effects of 

vsrylnq egq yuallry. Gamete quallty mav be affected by 

enilrorme-iral fac-cors corcerrilrg rbe parerr 5lsf-es. Fooa 

aV7d:lab1l iy sr-ess from bardlino and rrancfer remoerature 

1rqh-c and water akalrry are s ~ c h  facrors (Brllard et al. 1981). 

Results from oarallel exc-rlmei-tts wrrn frsn eggs from dlfferenr 

£€%ales ofren seep to vary corslderaolv, rhls may be doe to 

small varlatrons In rncubarlon rechnrques. PS condltlons that 

may affect gamere qualrty ca? oe dlfflcult to control, early 

rnforrnatron on egg quallty is rmportant. 

In  a  p r e v l o u s  s t u d y ,  s t o r a g e  of cod eggs and c h a r a c t e r r s t l c  

e a r l y  differences due  t o  v a r y l n g  q u a l l t y  of  egg c u l t u r e s  w e r e  

o u t l l n e d  (K]mrsvlk a n d  L @ n n l n g ,  1 9 8 3 ) .  The p r e s e n t  s t u d y  1s a n  

a t t e m p t  t o  a c h l e v e  a  f u r t h e r  c h a r a c t e r l z a t l o n  of egg  q u a l i t y ,  

and a  b e t t e r  understanding of t h e  l m p l l c a t l o n s  t h e s e  e a r l y  egg 

q u a l x t y  c r l t e r l a  h a v e  f o r  t h e  f u r t h e r  embryonic a n d  l a r v a l  

d e v e l o p m e n t .  Eggs f r o m  s e v e r a l  f e m a l e s  w e r e  f o l l o w e d  f r o m  

f e r t l l l z a t l o n  t o  hatching. The e g g s  w e r e  e x p o s e d  t o  v a r l o u s  

s a l l n l t l e s ,  I n  o r d e r  t o  determine whether  t h e  response  t o  t h e s e  

cou ld  be c o r r e l a t e d  w l t h  egg q u a l l t y .  F l n a l l y ,  eggs rncuba ted  rn 

t h e  l a b o r a t o r y  w e r e  compared  w l t h  e g g s  c o l l e c t e d  f r o m  t h e  

p l a n k t o n .  

MATERIALS AND METHODS 

A d u l t  cod ( Gadun mczthua L.) w e r e  c o l l e c t e d  by t r a w l i n g  i n  

B a l s f j o r d e n  n e a r  Tromsa i n  n o r t h e r n  Norway. They were h e l d  f o r  a  

few days i n  l a r g e  s e a w a t e r  t a n k s  (34 o/oo, c. ~ O C ) .  Ripe gametes  

w e r e  o b t a i n e d  by  g e n t l e  s t r i p p i n g  o f  t h e  f i s h ,  a n d  o n l y  

a p p a r e n t l y  h e a l t h y ,  m a t u r e  f i s h  were  used .  The e g g s  w e r e  

f e r t i l i z e d  i n  s e a w a t e r  w i t h  e x c e s s  s p e r m ,  and  t r a n s f e r r e d  t o  

c l e a n  s e a w a t e r  a f t e r  a b o u t  I h. Egg c u l t u r e s  w e r e  h e l d  i n  4 1 

b e a k e r s  c o n t a i n i g  f i l t e r e d  s e a w a t e r  ( 3 4  o / o o ) .  They w e r e  



inspected d a l l y  f u r  d e a d  e g g s  x h l c h  Mere removed ,  a n d  the 

f l i i e r e d  s e a w a t e r  was c h a n g e d  e v e r y  2 d a y s .  C a r e  was c a k e n  t o  

keep t h e  e x p e r l m e n ~ a l  c o n d l t l o n s  a s  s r r n l l a r  a s  p o s s r h l e  f o r  a l l  

exper lments .  The e x p e r l m e n t s  were c a r r l e d  o u t  a t  abouc 5 'C. 

Fertilization and development  I n  d i f f e r e n t  s a l i n i t i e s  

Egg c u l t u r e s  w e r e  e x p o s e d  t o  s a i i n i t l e s  b e t w e e n  l 4  a n d  

4 8  o /oo  i n  t w o  ways:  

- One b a t c h  w a s  f e r c i l r z e d  a n d  r e a r e d  i n  t h e  d i f f e r e n t  

s a l i n i t i e s .  

- Another b a t c h  was f e r t i l i z e d  i n  normal s e a w a t e r  (34 o /oo) ,  and 

o n l y  n o r m a l  l o o k i n g  e g g s  w e r e  t r a n s f e r r e d  t o  t h e  d i f f e r e n t  

s a l i n i t i e s  24 h  a f t e r  f e r t i l i z a t i o n .  

Each b a t c h  c o n s i s t e d  of  e g g s  w h i c h  w e r e  i n c u b a t e d  i n  100  m 1  

g l a s s  d i s h e s ,  o t h e r w i s e  t h e y  were  t r e a t e d  a s  t h e  l a r g e r  egg 

c u l t u r e s .  F e r t i l i z a t i o n  p e r c e n t a g e  w a s  n o t e d  2 4  h  a f t e r  

f e r t i l i z a t i o n ,  t h e  number of dead  and  a b n o r m a l l y  d e v e l o p i n g  

embryos was noted every  second day. 

Yolk o s m o l a r i t y  d u r i n g  development  

The y o l k  o s m o l a r i t y  of  d r y  u n f e r t i l i z e d  e g g s ,  a n d  t h a t  o f  

f e r t i l i z e d  e g g s  a t  v a r i o u s  t i m e s  d u r i n g  d e v e l o p m e n t  w a s  

m e a s u r e d .  The m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  on e g g s  f e r -  

t i l i z e d  a n d  r e a r e d  i n  20 ,  3 4  and 41 o/oo.  M e a s u r e m e n t s  on  

e g g s  t r a n s f e r r e d  t o  t h e s e  s a l i n i t i e s  2 4  h a f t e r  f e r t i l i z a t i o n  

w e r e  c a r r i e d  o u t  a f t e r  1 0  d a y s .  The y o l k  s a m p l e s  w e r e  a n a l y z e d  

by  m e a s u r i n g  t h e  f r e e z i n g  p o i n t  d e p r e s s i o n  on a  C l i f t o n  

N a n o l i t e r  Osmometer (Ri i s -Ves te rgaard ,  1982; K j ~ r s v i k  e t  a l . , i n  

p r e s s ) ,  and only eggs which developed normal ly  were used. 

Egg d i a m e t e r  and chor ion  s t r e n g t h  

Diameter  and mechanica l  s t r e n g t h  of normal looking  eggs were 

measured a c c o r d i n g  t o  KjDrsvik and Lanning (1983) and Lanning e t  

a l .  ( i n  p r e s s ) .  S a m p l e s  w e r e  t a k e n  f r o m  u n f e r t i l i z e d  d r y  e g g s ,  



a n d  of  f e r t i l i z e d  eggs  f o r  up t o  5 d a y s  a f t e r  f e r t i l i z a t i o n ,  

Eggs c o l l e c t e d  from t h e  p l a n k t o n  were a l s o  measured, 

Egg c o l l e c t e d  from p l a n k t o n  

D u r i n g  t h e  s p a w n i n g  s e a s o n  i n  1 9 8 3 ,  p l a n k t o n  s a m p l e s  w e r e  

c o l l e c t e d  once a  week i n  t h e  i n n e r  p a r t  of B a l s f j o r d e n  ( s e e  a l s o  

F a l k - P e t e r s e n ,  1 9 8 2 ) .  I n  e a c h  h a u l ,  a  J u d a y  n e t  (mesh s i z e  540 

pm) w a s  t o w e d  n e a r  t h e  s u r f a c e  f o r  1 5  m i n u t e s ,  a t  a  s p e e d  of  C. 

0.5 k n o t .  The amount  of  c o d  e g g s  i n  e a c h  s a m p l e  w a s  e s t i m a t e d ,  

p e r c e n t a g e s  of  c o d  e m b r y o s  y o u n g e r  t h a n  5  d a y s  ( e m b r y o s  n o t  

v i s i b l e ) ,  and a l s o  p e r c e n t a g e s  of abnormal ly  deve lop ing  embryos 

w e r e  d e t e r m i n e d .  Eggs f r o m  t h e  p l a n k t o n  s a m p l e s  w e r e  a l w a y s  

t r e a t e d  a s  soon a s  p o s s i b l e  (by r e t u r n  t o  t h e  l a b o r a t o r y ,  a b o u t  

3  h a f t e r  c a p t u r e ) ,  t o  e n s u r e  t h a t  t h e  observed  a b n o r m a l i t i e s  i n  

c l e a v a g e  and development  were  p r e s e n t  b e f o r e  c a p t u r e .  Only l i v e ,  

f l o a t i n g  eggs were  examined f o r  a b n o r m a l i t i e s .  

Chromosome s t u d i e s  

The m i t o s e s  o f  a p p r o x i m a t e l y  3 d a y  o l d  e m b r y o s  w e r e  

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

l a b o r a t o r y  a n d  f r o m  e g g s  c o l l e c t e d  f r o m  t h e  p l a n k t o n .  Normal  

l o o k i n g  e g g s  w e r e  f i x e d  i n  C a r n o y  ( 6 : 3 : 1  a b s o l u t e  

ethanol:chloroform:acetic a c i d )  f o r  24 h  and s t o r e d  i n  96 % 

e t h a n o l  a t  5OC, B e f o r e  e x a m i n a t i o n ,  t h e  embryo  was  d i s s e c t e d  

f r o m  t h e  e g g  w i t h  a  n e e d l e  u n d e r  a  low power m i c r o s c o p e .  The 

embryo  w a s  s t a i n e d  i n  a c e t o - o r c e i n  ( D a r l i n g t o n  a n d  La Cour ,  

1 9 6 9 ) '  s q u a s h e d  on  a  m i c r o s c o p e  s l i d e ,  a n d  c e l l s  a n d  d i v i d i n g  

chromosomes  w e r e  e x a m i n e d  i n  t h e  l i g h t  m i c r o s c o p e .  I n  e a c h  

s a m p l e ,  b e t w e e n  1 2  a n d  17  e g g s  w e r e  e x a m i n e d ,  i . e .  1300-2030 

m i t o s e s  were  observed  p e r  sample. 

I n  c h r o m o s o m e  s t u d i e s  o f  f i s h  e m b r y o s ,  3  t y p e s  o f  

chromosomal a b e r r a t i o n s  a r e  g e n e r a l l y  encounte red  ( s e e  Fig. 1, 

and a l s b  ~ r o s b y  Longwell ,  1977) :  

a )  Belz~ed n n n ~ h a s e s  - i . e .  d e l a y e d  d i v i s i o n s  o f  some of  t h e  

c e n t r o m e r e s , b u t  t h e  chromosomes  w i l l  i n  m o s t  c a s e s  r e a c h  t h e  



p o l e s  a t  l a t e  t e l o p h a s e ,  

b 1 - chromosomes, o r  p a r t s  of t h e s e  remain  i n  o r  near  

t h e  e q u a t o r i a l  plane.  
c )  AnaPhase - some of t h e  chromosomes do n o t  d i v i d e ,  b u t  

r e m a i n  i n  t h e  e q u a t o r i a l  p l a n e ;  o t h e r s  d o  n o t  d i v i d e  p r o p e r l y ,  

b u t  form a b r i d g e  between t h e  d i v i d i n g  chromosomes. 

Such f r a g m e n t s  and b r i d g e s  a r e  i n d i c a t i v e  of s e v e r e  chromosomal 

damage i n  f i s h  embryos, and can  r e s u l t  i n  i r r e g u l a r  d i s t r i b u t i o n  

of chromosome m a t e r i a l  t o  t h e  daughter c e l l s  (Crosby Longwell ,  

1977) . 
I f  a n  embryo  h a d  more  t h a n  25 % d e l a y e d  a n a p h a s e s  i t  w a s  

c l a s s i f i e d  a s  b e i n g  o f  p o o r  q u a l i t y .  T h i s  l i m i t  w a s  d e c i d e d  
s i n c e  e m b r y o s  w i t h  l e s s  t h a n  2 5  % a b e r r a t i o n s  had  few o r  no 

f r a g m e n t s  and b r i d g e s .  

F i g .  1. Examples  of chromosome a b e r r a t i o n s  i n  f i s h  e m b r y o s .  
A: n o r m a l  a n a p h a s e ,  B: f r a g m e n t s ,  C: a n a p h a s e  b r i d g e s  and  
f ragments .  

RESULTS 

Egg c u l t u r e s  w e r e  c l a s s i f i e d  a s  of  good  q u a l i t y  o r  o f  p o o r  

q u a l i t y  a c c o r d i n g  t o  t h e  c r i t e r i a  e a r l i e r  o u t l i n e d  ( K j s r s v i k  and 

Lsnning,  1983). To p o i n t  o u t  some major  d i f f e r e n c e s  t h a t  a r e  due 

t o  q u a l i t y *  we f o l l o w e d  t h e  b e s t  a n d  t h e  p o o r e s t  egg c u l t u r e s  

d u r i n g  development  t o  ha tch ing .  



F e r t i l i z a t i o n  and development  i n  d i f f e r e n t  s a l i n i t i e s  

D r f f e r e a c e s  r n  f e r t l l i z a t r o a  p e r c e n t a g e  b e t w e e n  t h e  egg  

c u l t a r e s  a r e  illustrated I n  F l g .  2 ,  a n d  t h e s e  d l f f e r e a c e s  a r e  

a l s o  r e f l e c t e d  r n  t h e  c u r v e s  s h o w l n g  h a c c h l n g  s u c c e s s .  I n  a l l  

c u l t u r e s ,  g a s t r u l a t l o n  s t a r t e d  3-4 days a f t e r  f e r t l l r z a t r o n ,  t h e  

b l a s t o p o r e  c l o s e d  a f t e r  8 d a y s ,  a n d  5 0  % o f  t h e  l a r v a e  had  

h a t c h e d  a f c e r  l 8  d a y s .  One c u l t u r e  had a n  I n c o m p l e t e  c o r t r c a l  

r e a c t r o n .  Traces  of c o r t r c a l  a l v e o l r  were v i s l b l e  th roughout  t h e  

b l a s t u l a  s t a g e ,  b u t  t h e  f e r t l l l z a t r o n  p e r c e n t a g e  was r a t h e r  

h l g h ,  and t h e  b l a s t u l a e  appeared  n o r p a l .  However, from t h e  c u r v e  

showrng  h a t c h r n g  s u c c e s s  ( same f r g u r e ) ,  r t  1s o b v r o u s  t h a t  t h e  

c o n d r t r o n  o f  t h l s  c u l t u r e  was  r a t h e r  p o o r .  The f e r t l l r z a t l o n  

p r o c e s s  t h u s  seems t o  r e f l e c t  t h e  subsequent  " h e a l t h  c o n d r t r o n "  

of  a n  egg c u l t u r e .  

sni ~NITY SALINITY (so) 

Fig. 2. F e r t i l i z a t i o n  and h a t c h i n g  of eggs from f o u r  f e m a l e  cod. 
The eggs were f e r t i l i z e d  and r e a r e d  i n  v a r i o u s  s a l i n i t i e s ,  

r , A : good q u a l i t y  c u l t u r e s ,  o : poor  q u a l i t y  c u l t u r e ,  
A : c u l t u r e  w i t h  incomplere c o r t i c a l  r e a c t i o n .  

F e r t i l r z a t i o n  pecen tage  v a r r e d  both between eggs from 

d r f f e r e n t  f e m a l e s  and b e t w e e n  e g g s  f e r t r l r z e d  r n  d l f f e r e a t  

s a l l n r t r e s  ( s e e  a l s o  F l g .  2 ) .  A l l  c u l t u r e s  had f e r t l l l z a t l o n  

naxrrna l n  3 4  o /oo ,  b u t  t h e  proportion of f e r t l l l z e d  e g g s  r n  3 4  

o/oo ranged from 3 6  t o  90 %. 



I n  d r l u t e d  s e a w a t e r ,  t h e  f e r t r b r z a t r o n  Ft d e c r e a s e d  f o r  a l l  

c u l t u r e s .  I n  g o o d  cultures, m o s t  c n f e r t r l r z e d  e g g s  w e r e  

u n a c c l v a t e d  (r .e ,  t h e  c o r t r c a l  r e a c t r o n  had no t  t aken  p l a c e ) ,  I n  

t h e  poor  q u a l r t y  c u l t u r e s  on t h e  o t h e r  h a n d ,  t h e r e  w a s  a l a r g e  

p r o p o r t r o n  of a c t r v a t e d  eggs among t h e  u n f e r t r l z z e d  eggs. 

No e g g s  c o u l d  b e  f e r c r l r z e d  r n  1 4  o /oo .  I f  e g g s  w e r e  

t r a n s f e r r e d  .co l 4  o /oo  24 h  cif t e r  f e r t r l r z a t r o n , t h e y  d e v e l o p e d  

s l o w l y  a n d  r a t h e r  r r r e g u l a r l y ,  and  d r e d  w r t h l n  4  d a y s  (1.e. 

b e f o r e  g a s t r u l a t r o n ) .  F e r t r l r z a t r o n  and suosequent  development  

i n  48 o/oo seemed l e t h a l  f o r  poor c u l t u r e s ,  whereas good q u a l r t y  

eggs  survrved .  We d e s c r r b e  t h e r e f o r e ,  development  I n  s a l r n r t r e s  

b e t w e e n  20  and  4 1  o/oo. A 1 1  e g g s  i n c u b a t e d  r n  s a l l n r t r e s  l o w e r  

t h a n  3 4  o/oo, developed on t h e  bot tom of t h e  containers. 

DAYS AFTER i 

c FERTILIZED IN MEDIA i I-TRAYSFERRE'3 TO F.4EDlfi-1 

F i g .  3. D e v e l o p m e n t  o f  Cod e g g s  f r o m  a  good q u a l i t y  c u l t u r e  i n  
t h r e e  d i f f e r e n t  s a l i n i t i e s .  The eggs were e i t h e r  f e r t i l i z e d  i n  
t h e  i n c u b a t i o n  media,  o r  f e r t i l i z e d  i n  normal s e a w a t e r  (34 o/oo) 
and t r a n s f e r r e d  t o  t h e  media 24 h  a f t e r  f e r t i l i z a t i o n .  

I n  a  good q u a l i t y  c u l t u r e  ( F i g .  3 ) ,  t h e r e  was  n o t  much 

d i f f e r e n c e  between eggs f e r t i l i z e d  i n  d i f f e r e n t  s a l i n i t i e s ,  and 

t h o s e  t r a n s f e r r e d  t o  them 24 h  a f t e r  f e r t i l i z a t i o n ,  In  h igh  and 

n o r m a l  s a l i n i t i e s ,  t h e r e  was l i t t l e  m o r t a l i t y  a n d  a b n o r m a l  

d e v e l o p m e n t .  Eggs f e r t i l i z e d  i n  2 0  o /oo  d e v e l o p e d  a p p a r e n t l y  

normal ly  up t o  m i d - g a s t r u l a ,  t h e r e a f t e r  t h e i r  development  was 



r e t a r d e d  a n d  s o m e w h a t  i r r e g u l a r .  Eggs t r a n s f e r r e d  t o  t h i s  

s a l i n i t y  s e e m e d  t o  d e v e l o p  n o r m a l l y  a l m o s t  up  t o  c l o s u r e  

o f  t h e  b l a s t o p o r e .  However ,  a l l  e g g s  i n  20  o f o o  d i e d  b e f o r e  

c l o s u r e  o f  t h e  b l a s t o p o r e .  

D A Y S  AFTER 
C FERTILIZED IN MEDIA -4 

I :  : 
3 5  8 14 1(8 

FERTILIZATION 
+TRANSFERRED TO MEDIA 4 

Fig. 4. Development of cod eggs from a  poor q u a l i t y  c u l t u r e .  
( 0 ) :  somewhat i r r e g u l a r  embryos. 

The poor q u a l i t y  c u l t u r e  (Fig. 4) showed a  marked d i f f e r e n c e  

between eggs f e r t i l i z e d  i n ,  and eggs t r a n s f e r r e d  t o  t h e  v a r i o u s  

s a l i n i t i e s .  T h i s  d i f f e r e n c e  was d u e  t o  a  low f e r t i l i z a t i o n  

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

f i r s t  2 4  h. The p e r c e n t a g e  o f  n o r m a l  d e v e l o p m e n t  w a s  h i g h e r  i n  

41 o/oo t h a n  i n  34 o/oo, p robably  due t o  g r e a t e r  buoyancy i n  t h e  

h igher  s a l i n i t y .  No eggs i n  t h e  s m a l l  g l a s s  c o n t a i n e r s  s u r v i v e d  

i n  34 o /oo ,  a n d  d u r i n g  d e v e l o p m e n t  a  d e c r e a s i n g  buoyancy  w a s  

observed ,  a s  w e l l  a s  b a c t e r i a l  con tamina t ion .  Oddly enough, eggs 

cou ld  s u r v i v e  i n  20 o/oo, b u t  eggs i n  t h i s  s a l i n i t y  d i d  n o t  have 

many b a c t e r i a  a t t a c h e d  t o  t h e  c h o r i o n .  I n  g e n e r a l ,  we h a v e  

observed  t h a t  eggs from poor q u a l i t y  c u l t u r e s  a r e  more s u b j e c t e d  

t o  d e c r e a s i n g  buoyancy and b a c t e r i a l  c o n t a m i n a t i o n  than  a r e  eggs 

f r o m  good  c u l t u r e s .  The s u r v i v a l  i n  20  o /oo  i n  t h i s  c u l t u r e  

seems t h e r e f o r e  r a t h e r  an excep t ion .  

The c u l t u r e  w h i c h  showed a n  i n c o m p l e t e  c o r t i c a l  r e a c t i o n  

(Fig. 5) a l s o  showed a n  i n c r e a s i n g  p r o p o r t i o n  of a b n o r m a l i t i e s  



d u r i n g  d e v e l o p m e n t ,  A l t h o u g h  mosc of the blastulae seemed 

normal ,  t h e  more advanced embryos were I r r e g u l a r  and o f t e n  ben t .  

I n  3 4  o/oo ,  o n l y  3 0  % o f  t h e  e m b r y o s  h a t c h e d  n o r m a l l y .  Most  of  

t h e  l a r v a e  w e r e  b e n t ,  a n d  many d i d  n o t  s u r v i v e  h a t c h i n g .  A 

t e n d e n c y  t o  s i n k  w a s  o b s e r v e d  d u r i n g  d e v e l o p m e n t  a l s o  i n  t h i s  

c u l t u r e .  

D A Y S  AFTER FERTILIZATION 

+--FERTILIZED IY MEDIA- *TRANSFERRED TO MEDIA-' 

F i g .  5. Deve lopment  of  cod  e g g s  f r o m  a  c u l t u r e  w i t h  i n c o m p l e t e  
c o r t i c a l  r e a c t i o n .  

Yolk o s m o l a r i t y  d u r i n g  development  

Yolk o s m o t i c  v a l u e s  f o r  eggs f e r t i l i z e d  and r e a r e d  i n  20 ,  3 4  

and 41 o/oo a r e  shown i n  Fig.6. A s i g n i f i c a n t  d i f f e r e n c e  i n  yo lk  

o s m o l a r i t y  was  o b s e r v e d  a c c o r d i n g  t o  egg q u a l i t y .  I n  3 4  o/oo ,  

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

o s m o l a r i t y  d u r i n g  t h e  f i r s t  h o u r  a f  t e r  f e r t i l i z a t i o n ,  b u t  

t h e r e a f t e r  v a l u e s  d e c r e a s e d  somewhat d u r i n g  development. Eggs of 

p o o r  q u a l i t y  had  a  l a r g e r  i n c r e a s e  i n  y o l k  o s m o l a r i t y  a f t e r  

f e r t i l i z a t i o n .  Like t h e  good q u a l i t y  eggs,  eggs of poor q u a l i t y  

a l s o  h a d  a  d e c r e a s e  i n  o s m o t i c  v a l u e s  d u r i n g  s u b s e q u e n t  

development. However, v a l u e s  were a lways  h igher  t h a n  f o r  eggs  of 

good q u a l i t y .  

F e r t i l i z a t i o n  i n  d i f f e r e n t  s a l i n i t i e s  a f f e c t e d  y o l k  

o s m o l a r i t y  f o r  bo th  good and poor q u a l i t y  eggs ,  and t h e  o s m o t i c  



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

i n c r e a s i n g  s a l i n i t y ,  T r a n s f e r  t o  d i f f e r e n t  s a l i n i t i e s  2 4  h a f t e r  

f e r t i l i z a t i o n  d i d  n o t  seem t o  a f f e c t  y o l k  o s m o l a r i t y  much, a s  

m e a s u r e m e n t s  m a d e  l 0  d a y s  a f t e r  t r a n s f e r  d i d  n o t  r e v e a l  

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

( s e e  T a b l e  l ) .  
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D A Y S  AFTER FERTILIZATiON 

,- GOOD QUALITY EGGS-̂ --I -POOR QUALITY EGGS 

F i g .  6 .  Yolk o s m o l a r i t y  of  e g g s  f e r t i l i z e d  and  r e a r e d  i n  2 0 ,  3 4  
a n d  41 o/oo. 

Egg d i a m e t e r  and c h o r i o n  s t r e n g t h  

D i a m e t e r  v a r i e d  b e t w e e n  t h e  c u l t u r e s  ( F i g .  7 ) '  b u t  egg  

d i a m e t e r s  a r e  known t o  v a r y ,  bo th  between d i f f e r e n t  f e m a l e s  and 

a l s o  d u r i n g  t h e  s p a w n i n g  s e a s o n  ( S o l e m d a l ,  1 9 7 0 ) .  Good q u a l i t y  

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

f e r t i l i z a t i o n ,  whereas poor q u a l i r y  eggs d i d  not .  



Mean yolk o s m o l a r l t y  of  cod e g g s  f r o m  good a n d  poor  q u a l r t y  
c u l t u r e s ,  m e a s u r e d  l 0  d a y s  a f t e r  f e r t r i r z a t r o n ,  The e g g s  w e r e  
f e r t l l r z e d  r n  3 4  o/oo, and t r a n s f e r r e d  t o  2 0 ,  3 4  and 4 1  5/00 
24 h a f c e r  E e r t r l r z a t r o n ,  

S a l i n i t y  Good Poor 
q u a l i t y  q u a l i t y  

!o/oo#' (m0s m)  

Furthermore, t h e  c h o r l o n  s t r e n g t h  of  a l l  e g g s  r n c r e a s e d  

a f t e r  f e r t r l r z a t r o n ,  b u t  c h e  r n c r e a s e  rir t h e  p o o r  q u a l r t y  

c u l t u r e  was only about  6 5  % of t h a t  r n  t h e  good q u a l r t y  c u l t u r e  

( F r g .  7 ) .  S t r e n g t h  d e c r e a s e d  somew h a t  d u r r n g  d e v e l o p m e n t  f o r  

bo th  c u l t u r e s .  We d r d  noc measure c h o r l o n  s t r e n g t h  f o r  more than  

5 days ,  a s  very  few egps  from t h e  poor c u l t u r e  s u r v r v e d ,  and r h e  

eggs underwent  an r n c r e a s r n g  b a c t e r r a l  con tamrna t ron .  

B a e t e r l a  weaken t h e  m e c h a n r c a i  s t r e n g t h  of  t h e  c h o r r o n ,  

whreb r s  r l l u s t r a t e d  f o r  one egg c u l t u r e  I n  Flq. 8. Durrng e a r l y  

development ,  t h e  eggs were  c l e a n  and had  a  mean s t r e n g t h  of 

1 4 2 g . L a t e r , s o m e  o f  t h e  e g g s  g o t  a n  r n c r e a s r n g  bacterial 

c o n t a m r n a t r o n ,  and t h i s  r e s u l t e d  r n  a  weakening of t h e  I n f e c t e d  

eggs compared wrch t h e  c l e a n  eggs. 

I n  some poor q u a l r t y  c u l t u r e s ,  p a r t r c u l a r l y  a t  t h e  beg lnnrng  

a n d  end  o f  t h e  s p a w n r n g  s e a s o n ,  t h e  c h o r r o n  o f  many e g g s  

r e m a r n e d  s o f t  a n d  b e c a m e  r a t h e r  s w o l l e n  r ~  c o n t a c t  w r t h  

s e a w a t e r .  The r e s i s t a n c e  of  t h e s e  e g g s  was  n e a r  z e r o .  Most o f  

t h e s e  eggs cou ld  n o t  be f e r t r l r z e d ,  and t h o s e  t h a t  d i d  deve loped  

abnormal ly .  
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DAYS AFTER FERTILIZATION 

Fig. 7. Egg d i a m e t e r  and c h o r i o n  s t r e n g t h  d u r i n g  development  of 
e g g s  f r o m  good  ( 0 )  a n d  poor  ( 0 )  q u a l i t y  c u l t u r e s .  

2 5 10 15 
BAYS AFTER iERTI i iZATLON 

Fig. 8. Chorion s t r e n g t h  of cod eggs d u r i n g  development. Some of 
t h e  eggs from t h i s  c u l t u r e  became contamina ted  by b a c t e r i a ,  w i t h  
a  subsequent  d e c r e a s e  i n  mechanical  r e s i s t a n c e  (----). 

Eggs c o l l e c t e d  from p l a n k t o n  

I n  t h e  p l a n k t o n  s a m p l e s ,  t h e r e  s e e m e d t o b e  a  peak i n  number 

of  cod  e g g s  a t  t h e  end  o f  March ( F i g .  91, and  t h e  p e r c e n t a g e  of  

cod eggs younger t h a n  5 days(embryo no t  v i s i b l e )  d e c r e a s e d  j u s t  

b e f o r e  t h e  number of c o d  e g g s  d e c r e a s e d .  T h i s  i n d i c a t e s  t h a t  

m o s t  of t h e  s p a w n i n g  i n  B a l s f j o r d e n  t o o k  p l a c e  d u r i n g  March,  



F i g .  9. 
d a y s  01 
embryos 

Number o f  e g g s  ( e ) ,  p e r c e n t a g e  of  c o d  e g g s  l e s s  t h a n  5 
.d ( r ) , a n d  p e r c e n t a g e  of  m o r p h o l o g i c a l l y  a b n o r m a l  c o d  

( A ) from p l a n k t o n i c  samples i n  B a l s f j o r d e n  1983. 

which is a l s o  i n  agreement  w i t h  our c a t c h e s  of mature  cod t h i s  

s p r i n g .  

The lower c u r v e  i n  Fig. 9 shows t h e  p e r c e n t a g e  of abnormal ly  

d e v e l o p i n g  c o d  e g g s  f r o m  t h e  p l a n k t o n  s a m p l e s .  When e a r l y  

deve lopmenta l  s t a g e s  p redomina te ,  t h e  p e r c e n t a g e  is a s  high a s  

2 0 ,  w h e r e a s  i t  d r o p s  down t o  a b o u t  5 % when embryos  a t  a  more  

advanced s t a g e  a r e  more common. 

Mechanical  s t r e n g t h  of p l a n k t o n i c  eggs (Table 2) was s i m i l a r  

t o  good l a b o r a t o r y  c u l t u r e s ,  w i t h  mean v a l u e s  r a n g i n g  b e t w e e n  

120  a n d  1 4 0  g. T h e r e  was  n o  d i f f e r e n c e  b e t w e e n  e a r l y  a n d  l a t e  

deve lopmenta l  s t a g e s .  



TABLE 2 

Mean v a l u e s  of c h o r i o n  s t r e n g t h  measured from cod eggs found i n  
p l a n k t o n i c  samples  from B a l s f j o r d e n .  

2-16 3 2 - c e l l  t o  La te  g a s t r u l a  
c e l l  mid-gas t ru la  t o  h a t c h i n g  

Mean 
b u r s t i n g  12023 4  12 024 l 
p r e s s u r e  

( 4 )  

Chromosome s t u d i e s  

The m l t o s r s  of  a r t l f l c l a l l y  f e r t r l r z e d  e g g s  of  different 

q u a l l t y  were compared. Labora tory  eggs were a l s o  compared w l t h  

e g g s  f r o m  c h e  p l a n k t o n ,  The r e s u l t s  a r e  s u m m a r r z e d  i n  T a b l e  3 ,  

T h e r e  was  a  marked  d r f f e r e n c e  b e t w e e n  t h e  good  and  t h e  p o o r  

q u a l r c y  c u l t u r e s .  I n  t h e  good q u a l r t y  c u l t u r e ,  t h e  e ~ b r y o s  had  

f e w  a b n o r m a l  m l t n s e s  ( r a n g e  7-30 % ,  s e e  a l s o  Frg.  I O A ) .  The 

aberrations were de layed  anaphases ,  and no f r a g m e n t s  o r  br l d g e s  

w e r e  o b s e r v e d ,  Whether  s u c h  d e l a y e d  a n a p h a s e s  a r e  n o r m a l  o r  

repairable by t h e  c e l l s  we d o  n o t  know, b u t  t h r s  phenomenon 

seemed t o  be p r e s e n t  r n  most eggs ,  rndependent  of t h e  q u a l l t y .  

I n  eggs of poor q u a l l t y ,  a l s o  In  t h e  c u l t u r e  w r t h  incomplete 

c o r t l c a l  r e a c t r o n ,  t h e  embryos had a  h lgh  p e r c e n t a g e  of a b v i o r ~ a l  

m l t o s e s  ( r a n g e  11-60 'B) .  Both f r a g m e n t s  and  b r l d g e s  w e r e  

commonly o b s e r v e d  ( F r g .  l 0 B ) ,  Thus e v e n  t h o u g h  t h e  e m b r y o s  

examlned appeared  m o r p h o l o g ~ c a l l y  normal ,  s e v e r e  a b n o r m a l l t l e s  

cou ld  be observed  from t h e  chromosomes. 

Eggs f r o m  p l a n k t o n  r e s e m b l e d  t h e  good  q u a l i t y  e g g s  t o  a  

c e r t a r n  e x t e n t ,  b u t  t h e  e m b r y o s  had a  more  v a r r a b l e  q u a l ~ t y  

according t o  t h e  p e r c e n t a g e  of abnormal  m r t o s e s  ( range  6-60 %).  

In p l a n k t o n r c  eggs ,  de layed  anaphases  were predominant, b u t  some 

e g g s  had  s e v e r e  chromosome damages  s u c h  a s  f r a g m e n t s  a n d  

b r l d g e s .  



TABLE 3 

a e s u l t s  from chromosome s t u o i e s  OR a r t r f x c l a l l y  f e r t ~ l ~ z e d  eggs 
o f  good q u a l l t y ,  p o o r  q u a l l t y ,  a n d  on e g g s  w l t h  ~ n c o r n p l e t e  
c o r  t i c a l  reaction. Eggs c o l l e c t e d  f r o m  t h e  p l a n k t o n  w e r e  
a l s o  1 n c l u d e d . 1 :  d e l a y e d  a n a p h a s e s ,  2 : a n a p h a s e  b r x d g e s ,  3 :  
chromosome f ragments .  **: commonly observed,  *: observed ,  -: noc 
observed .  

Embryos Embryos M i t o s e s  Abnormal  H i t o t i c  
examined of poor counted  m i t o s e s  a b e r r a t i o n s  

q u a l i t y  ( % p e r  ---------- 
(bl) ( % )  (N) embryo) 1 2  3 

Good q u a l i t y  17 6  1300 7-30 **  - - 
Poor q u a l i t y  25 8 4 2000 11-60 r *  * *  * *  
Incomplete  
c o r t . r e a c t i o n  7 8 6 6  0 0  20-70 r *  **  * *  
Plankton  2 7 l 5  2000 6-50 ** * * 

Plg. 1 0 .  N l t o t x c  d l v l s r o n s  ~n  3 d a y  o l d  cod e m b r y o s  ( l 5 0 0  X). 
A: n o r m a l  a n a p h a s e  of  a n  embryo  f r o m  a  good q u a l r t y  c u l t u r e .  
B: a n a p h a s e  w i t h  f r a g m e ~ t s  of a n o r m a l  l o o k l n g  embryo  f r o m  a  
poor quality c u l t u r e .  



DISCUSSION 

I n  o u r  p r e v i o u s  p a p e r  { K j e r s v i k  a n d  L e n n i n g ,  19831 ,  p o o r  

q u a l i t y  e g g s  w e r e  f o u n d  t o  h a v e  a  l o n g  ( c .  30 m i n )  a n d  o f t e n  
i n c o m p l e t e  c o r t i c a l  r e a c t i o n .  The p r e s e n t  s t u d y  i n d i c a t e s  t h a t  a  

comple te  c o r t i c a l  r e a c t i o n  is n e c e s s a r y  f o r  normal  development .  

A l s o ,  i n  c o n t r a s t  t o  good  q u a l i t y  e g g s ,  p o o r  q u a l i t y  e g g s  

u n d e r g o  no s i g n i f i c a n t  i n c r e a s e  i n  e g g  d i a m e t e r ,  h a v e  h i g h e r  

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

s t r e n g t h .  We f e e l  t h a t  t h e s e  phenomena a r e  l i n k e d .  

The r a p i d  f o r m a t i o n  of a  p e r i v i t e l l i n e  s p a c e  i n  good c u l t u r e s  

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

l a y e r  (Yamamoto, 1 9 6 1 ) .  A s  t h e  c o r t i c a l  r e a c t i o n  i s  s l o w  o r  

i n c o m p l e t e  i n  poor q u a l i t y  c u l t u r e s ,  it might  l e a d  t o  a  s m a l l e r  

p e r i v i t e l l i n e  space ,  and is probably  a l s o  t h e  c a u s e  of t h e  l a c k  

of i n c r e a s e  i n  egg d i a m e t e r .  

A p ro longed  f e r t i l i z a t i o n  p r o c e s s  may a l s o  a f f e c t  membrane 

c h a r a c t e r i s t i c s .  The v i t e l l i n e  membrane i n  t e l e o s t  eggs changes 

from h i g h  t o  a  very low p e r m e a b i l i t y  s h o r t l y  a f t e r  f e r t i l i z a t i o n  

( P o t t s  a n d  Rudy, 1 9 6 9 ;  L o e f f l e r  and  L o v t r u p ,  1 9 7 0 ;  P o t t s  a n d  

Eddy, 1 9 7 3 ) .  U n f e r t i l i z e d  cod  e g g s  i n  t h e  o v a r y  a r e  s t r o n g l y  

h y p o o s m o t i c  t o  s e a w a t e r  ( D a v e n p o r t  e t  a l . ,  1 9 8 1 ) .  A g r e a t e r  

i n c r e a s e  i n  y o l k  o s m o t i c  v a l u e s  i n  f e r t i l i z e d  poor q u a l i t y  eggs 

t h a n  i n  g o o d  e g g s  may t h e r e f o r e  b e  a  r e s u l t  o f  a  l o n g e r  

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

w i l l  t e n d  t o  l o o s e  w a t e r  t o  t h e  h y p e r o s m o t i c  s e a w a t e r .  The 

s a l i n i t y  w i l l  a f  f  e c t  bo th  f e r t i l i z a t i o n  r a t e  and development  of 

t e l e o s t  e g g s  ( H o l l i d a y ,  1 9 6 9 ) ,  a n d  i n  t h i s  r e s p e c t  c o d  e g g s  

seemed t o  r e s p o n d  r a t h e r  l i k e  e g g s  o f  p l a i c e  ( Pleu/ronet ten 

p!.atenna), be ing  q u i t e  t o l e r a n t  t o  h igh  s a l i n i t i e s .  A s  w i t h  t h e  

e g g s  o f  p l a i c e  ( H o l l i d a y  a n d  J o n e s , 1 9 6 7 ) ,  f e r t i l i z a t i o n  a n d  

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

c o r r e s p o n d i n g  d i f f e r e n c e s  i n  yolk o s m o l a r i t y .  However, t h e  poor 

c u l t u r ;  a l w a y s  had h i g h e r  v a l u e  t h a n  t h e  good one.  T r a n s f e r  t o  
v a r i o u s  s a l i n i t i e s  2 4  h  a f t e r  f e r t i l i z a t i o n  d i d  n o t  seem t o  

a f f e c t  yo lk  o s m o t i c  v a l u e s  much. The v i t e l l i n e  membrane i n  poor 

q u a l i t y  eggs must t h e r e f o r e  reach low p e r m e a b i l i t y  w i t h i n  2 4  h. 



Small o r  n o  c h a n g e s  I n  y o l k  osmotic v a l u e s  w e r e  a l s o  o b s e r v e d  

when lumpsucker  ( C y c l o p R e e d n  lumpt in  L,) eggs were t r a n s f e r r e d  t o  

v a r l o u s  s a l i n i t i e s  1 h a£ t e r  f e r t i l i z a t i o n ( K j 0 r s v i k  e t  a l . ,  i n  

p r e s s ) .  

I n  a d d i t i o n ,  e g g  c u l t u r e s  o f  b o t h  c o d  ( K j ~ r s v i k ,  

u n p u b l i s h e d )  a n d  l u m p s u c k e r  ( K j ~ r s v i k  e t  a l . ,  i n  p r e s s )  e v e n  

l e s s  v i a b l e  t h a n  t h o s e  p r e s e n t e d  h e r e ,  showed i n c r e a s i n g  y o l k  

o s m o t i c  v a l u e s  d u r i n g  d e v e l o p m e n t  u n t i l  a l l  e g g s  w e r e  dead .  

A b n o r m a l l y  d e v e l o p e d  e m b r y o s  had  v a l u e s  up t o  6-700 mOsm, 

s i g n i f y i n g  t h a t  osmoregula tory  mechanisms had broken down. 

When cod e g g s  a r e  t r a n s f e r r e d  t o  s e a w a t e r ,  t h e y  h a r d e n  

d u r i n g  t h e  f i r s t  24 h  ( K j ~ r s v i k  a n d  L ~ n n i n g ,  19833 ,  a n d  i t  i s  

t y p i c a l  f o r  poor c u l t u r e s  t o  harden l e s s  t h a n  good c u l t u r e s .  The 

harden ing  p r o c e s s  is probably  dependent  on enzymes which might  

be s t o r e d  i n  t h e  c o r t i c a l  l a y e r  (e.g. O h t s u k a ,  1 9 6 0 ;  L ~ n n i n g  e t  

a l . ,  i n  p r e s s ) ,  a n d  l e s s  c h o r i o n  s t r e n g t h  i n  p o o r  q u a l i t y  

c u l t u r e s  c a n  b e  d u e  t o  e n z y m e  r e a c t i o n s  n o t  f u n c t i o n i n g  

p r o p e r l y .  LOW c h o r i o n  s t r e n g t h  c o u l d  make i t  e a s i e r  f o r  t h e  

l a r v a e  t o  h a t c h ,  b u t  w i l l  a l s o  make t h e  embryo  l e s s  p r o t e c t e d  

a g a l n s t  m e c h a n i c a l  damage.  Cod e g g s  s a m p l e d  f r o m  t h e  p l a n k t o n  

had h i g h  c h o r i o n  s t r e n g t h ,  b u t  u n l i k e  l a b o r a t o r y  r e a r e d  e g g s  

( s e e  a l s o  K j ~ r s v i k  a n d  L ~ n n i n g ,  1 9 8 3 ) ,  t h e  p l a n k t o n i c  e g g s  d i d  

n o t  seem t o  d e c r e a s e  i n  s t r e n g t h  d u r i n g  d e v e l o p m e n t .  A l s o  

Pommeranz ( 1 9 7 4 )  f o u n d  t h a t  c h o r i o n  s t r e n g t h  I n  l a b o r a t o r y  

c u l t u r e s  of p l a i c e  (Pleufioneeten p l a t e n n a i  eggs d e c r e a s e d  d u r i n g  

development ,  and t h e  average  b u r s t i n g  p r e s s u r e  f o r  p l a i c e  eggs 

w a s  u s u a l l y  much h i g h e r  i n  t h e  n a t u r a l  t h a n  i n  t h e  t e s t  

m a t e r i a l .  D e c r e a s i n g  c h o r i o n  r e s i s t a n c e  m i g h t  t h e r e f o r e  b e  a  

l a b o r a t o r y  phenomenon,  i n f l u e n c e d  by f o r  e x a m p l e  b a c t e r i a l  

con tamina t ion .  

Poor q u a l i t y  e g g s  w e r e  l e s s  b u o y a n t  t h a n  good e g g s .  I t  

seemed t h a t  h igher  s a l i n i t i e s  r e s u l t e d  i n  a  b e t t e r  development  

of such c u l t u r e s ,  p robably  because of b e t t e r  buoyancy. Cod eggs 

a r e  susceptible t o  mechanical s t r e s s  ( R o l l e f s e n ,  1932) ,  and a r e  

a l s o  g e n e r a l l y  more s u b j e c t e d  t o  b a c t e r i a l  c o n t a m i n a t i o n  i f  they  

deve lop  near  t h e  b o t t o n .  

Problems w l t h  variation r n  egg q u a l l t y  1s r a t h e r  w e l l  known 



R' t :c p m r  C T J ~  I I r/ -aa mrrc , I , i ~ o -  1 3f 1 n-er-io rcri 17 and 

are e g q s  G u ~ u - i C  r a t u r - L L ]  qtreial'c 6- g o d  a ~a i I r r  l -  s 

ici-o-n ah '3ur  he i c i  ur , l  i " r v  r?r~r-i"rii! r a c r ~ r ~  - ? F  ( o r t ro :  tl-F 

m n r r a - l r g  o f  f i s ?  F T ~ S  a n d  l a r v l e  ~ V O ~ P  T c c n n i c a l  9 e p o r r  

1 9 7 6 1 .  T n e  J e s u l L s  f r o m  tbe  o l a n l ' o n  s u r v e ~ r s  ? ? d i c z + e d  a s u r -  

p r l s i n g i y  t - lg r  p e r c e n r a g e  o f  a h l o r m a l l t i e c  ,non7  t h e  e a r l y  e a g  

stage.,.  "he p e ' c e n r a g ~  of b b n - r m a l l , ~  d r v e l o ~ l n g  e g q s  i n  r h e  

p l a n k t o n  d e c r e a s e d  d- l a c r r  d n ~ c l o p m e r r a L  s t a q e s  became morc  

a b u n d a n t ,  i r a l c a r i n g  c h a r  c g g s  o r  p o o r  q ~ a i l r v  d i e  d ~ r i  q t h e  

e a r l y  e r b r y n n i c  d e v e i o p - n e P r .  

Chromosome c o n d r t i o n s  r n  normal lookrng  p l a n k t o n r c  cod eggs 

i n d i c a t e d  a  m i x t u r e  of  e g g s  of  d i f f e r e n t  q u a l r t y .  Not many 

s t u d i e s  d e a l  w r t h  chromosomal work on f r s h  eggs ,  bu t  e a r l y  egg 

s t a g e s  of  t h e  B l a c k  S e a  S c o r p r o n f r s h  r e a r e d  i n  t h e  l a b o r a t o r y  

h a v e  b e e n  f o u n d  t o  h a v e  a b o u t  1 2  % a b n o r m a l  m r t o s e s  ( I v a n o v ,  

1979).  Severe  chromosomal e r r o r s  occurring r n  f r s h  eggs  b e f o r e  

t h e  g a s t r u l a  s t a g e  a r e  s u p p o s e d  t o  be  l e t h a l  (Crosby  L o n g w e l l ,  

1977, 19831, and chromosome a b n o r m a l i t i e s  a t  t h e  e a r l y  embryonrc 

s t a g e  may t h e r e f o r e  be a sensitive r n d r c a t o r  of s u b l e t h a l  damage 

t o  t n e  embryo. 

I n  a  r e v i e w ,  R o s e n t h a l  and  A l d e r d i c e ( l 9 7 6 )  d i s c u s s  v a r i o u s  

r e s p o n s e s  of  e n v i r o n m e n t a l  s t r e s s  t o  m a r l n e  f r s h  e g g s  a n d  

l a r v a e .  They conc lude  thar. gonadal  t i s s u e  and t h e  e a r l y  embryos 

a r e  e s p e c r a l l y  s u s c e p t i b l e ,  and i n a t  s t r e s s  rnduced a t  a n  e a r l y  

s t a g e  may p o s s r b l y  r e s u l t  i n  r e d u c e d  f e r t r l i t y ,  e m b r y o n r c  

m a l f o r m a t i o n  and m a l f u n c t i o n s .  Our r e s u l t s  a l s o  show t h a t  even 

i f  many e m b r y o s  f r o m  poor  q u a l i t y  c u l t u r e s  seemed C O  d e v e l o p  

n o r m a l l y ,  t h e y  were  obvrous ly  f u a c t r o n i n g  q u r t e  d i f f e r e n t l y .  

Labora tory  organ isms  a r e  probably more s u s c e p t r b l e  t o  s t r e s s  

t h a n  " w i l d "  o r g a n i s m s ,  b u t  c o u l d  be  e a s i e r  t o  o b s e r v e .  Reduced 

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

f e r t r l i z a t i o n ,  and our  r e s u l t s  from t h e  p l a n k t o n  s o  f a r  i n d r c a t e  

t h a t  good q u a l i t y  eggs a r e  n o t  n e c e s s a r i l y  g u a r a n t e e d  i f  f r s h e s  

a r e  a l l o w e d  t o  spawn n a t u r a l l y .  F ind ing  a p p r o p r r a t e  methods f o r  

h a n d l r n g  of  f r s h  and  g a m e t e s  mus t  t h e r e f o r e  be  c o n s r d e r e d  

I m p o r t a n t ,  a s  musc e a r l y  a s s e s s m e n t  of egg q u a l r c y .  
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