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We may c o n c l u d e  t h a t  t h e  cod  h a s ,  by  mar ine  f i s h  s t a n d a r d s ,  

a  c o n v e n t i o n a l  e g g  and l a r v a l  deve lopmen t  b u t  i t  h a s  r i g h t l y  

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

h a n d l i n g  o f  b r o o d s t o c k  and f o r  t h e  u s e  o f  optimum c o n d i t i o n s  

f o r  f e r t i l i z a t i o n  and i n c u b a t i o n .  It  i s ,  a t  p r e s e n t ,  q u i t e  un- 

c e r t a i n  t h e  e x t e n t  t o  which p o o r  l a r v a l  s u r v i v a l  i s  r e l a t e d  t o  

t h e  q u a l i t y  o f  e g g s  ( u s i n g  q u a l i t y  i n  a  most g e n e r a l  way) o r  

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

s h o r t - t e r m  s u c c e s s  i n  r e a r i n g  may b e  f o l l o w e d  by  f a i l u r e  i n  t h e  

l o n g e r  term. The u s e  o f  m o r t a l i t y  a s  a  c r i t e r i o n  f o r  f a i l u r e  o r  

s u c c e s s  may n o t  b e  s e n s i t i v e  enough and s u b - l e t h a l  e f f e c t s  may 

h a v e  t o  b e  e v a l u a t e d  o v e r  l o n g e r  p e r i o d s .  

I t  is of  g r e a t  i m p o r t a n c e  t o  s t u d y  egg  q u a l i t y  f o r  t h r e e  

r e a s o n s :  f i r s t  t o  p r e v e n t  w a s t e - o f - t i m e  r e a r i n g  p o o r  q u a l i t y  

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

t h e  s t a t e  o f  e g g s  i n  t h e  s e a .  It h a s  t o  b e  s a i d ,  however ,  t h a t  

we a r e  n o t  a t  p r e s e n t  c e r t a i n  w h e t h e r  p o o r  egg  q u a l i t y  i s  main- 

l y  a  phenomenon o f  t h e  r e a r i n g  t a n k .  

T h e r e  i s  a  d e g r e e  o f  s u b ~ e c t i v e n e s s  i n  t h e  a s s e s s m e n t  o f  e g g  

q u a l i t y .  A weak c h o r i o n  l e a d s  t o  i n f e c t i o n  and p e r h a p s  damage 

by waves b u t  i t  may make i t  e a s i e r  f o r  t h e  l a r v a  t o  h a t c h .  

Q u a n t i f i a b l e  s t a n d a r d s  s h o u l d  b e  s e t  above which egg  q u a l i t y  i s  

a c c e p t a b l e  and below which i t  i s  u n a c c e p t a b l e .  I n  o t h e r  words  

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



o t 3 e r  f a c t o r s  s h o u l d  b e  e s t a b l i s h e d  i n  o r d e r  t o  d e c i d e  w h e t h e r  

t o  a c c e p t  o r  r e j e c t  a  b a t c h  o f  e g g s .  Egg q u a l i t y  may a l s o  h a v e  

o t h e r  m e a n i n g s ,  f o r  example  i n  t e r m s  o f  normal  chromosomes o r  

i n  t h e  p r e s e n c e  and a b s e n c e  o f  t r a c e  s u b s t a n c e s .  Such c r i t e r i a  

a r e  more d i f f i c u l t  t o  s t u d y ,  r e q u i r i n g  s u b t l e  b i o c h e m i c a l  ana -  

l y s e s  and i t  must a l w a y s  b e  k e p t  i n  mind t h a t  v e r y  s p e c i a l i z e d  

and t ime-consuming t e c h n i q u e s  s h o u l d  o n l y  b e  u s e d  i f  s i m p l e r  

t e s t s  p r o v e  i n a d e q u a t e .  

T h e r e  h a s  been  a  g r e a t  improvement  i n  t h e  a b i l i t y  t o  r e a r  

cod l a r v a e ,  p a r t l y  f rom t h e  improved " f e e l i n g "  f o r  what  makes 

up  a  s u i t a b l e  d i e t  and p a r t l y  f rom t h e  u s e  o f  l a r g e r  and l a r g e r  

c o n t a i n e r s  and e n c l o s u r e s  f o r  r e a r i n g ,  u p  t o  volumes a s  l a r g e  

a s  60 ,000  m 3 .  I t  i s  n o t  q u i t e  c l e a r  why l a r g e  volumes a r e  s o  

e f f e c t i v e  and o n e  must  assume t h a t  a t  l e a s t  o n e  f a c t o r  i s  t h e  

r e d u c e d  w a l l  e f f e c t .  It i s  a l s o  s i g n i f i c a n t  t h a t  many s u c c e s s -  

f u l  e x p e r i m e n t s  h a v e  b e e n  done  i n  t h e  open  a i r  where  t h e  s e n -  

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

i n t e n s i t y ,  i s  g r e a t e r  and t h e  l i g h t  r e g i m e  n o r m a l .  T h i s  may 

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

norma l  i n t r a - s p e c i f i c  i n t e r a c t i o n  ( d e n s i t i e s  a r e  100-1000 t i m e s  

l o w e r  t h a n  i n  s m a l l  t a n k s )  and m o s t  i m p o r t a n t ,  p r e v e n t  e x c e s -  

s i v e  a g g r e g a t i o n  o f  t h e  l a r v a e  and t h e i r  f o o d  ( n o t  f o r g e t t i n g  

t h a t  some d e g r e e  o f  i l l - d e f i n e d  " p a t c h i n e s s "  may b e  a  good  

t h i n g ,  a t  l e a s t  o f  t h e  f o o d ,  i f  n o t  o f  t h e  l a r v a e ) .  I t  seems 

t h a t  t h e  i d e a l  l i g h t  c o n d i t i o n s  a r e  t h o s e  where  t h e r e  i s  s u f f i -  

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

a c t i v i t y  l e v e l  t o  a  p o i n t  where  e n e r g y  is w a s t e d .  P e r h a p s  t h e  

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

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

T h e r e  a r e  s t i l l  some m y s t e r i e s  a s s o c i a t e d  w i t h  f e e d i n g .  

p u t t e r ' s  Theory  ( t h a t  f i s h  l a r v a e  c a n  u t i l i z e  d i s s o l v e d  o r g a n i c  

m a t t e r )  h a s  o n c e  more emerged f rom p a s t  h i s t o r y .  We c a n n o t  b e  

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

b a c t e r i a  by  o s m o r e g u l a t o r y  d r i n k i n g  and w h e t h e r  t h e y  c a n  u t i -  

l i z e  t h e s e  s o u r c e s  o f  f o o d .  

I t  may b e  wor th  l i s t i n g  some o f  t h e  c o n c l u s i o n s  o f  t h e  

r e a r i n g  and on-growing t r i a l s :  

1. The l i g h t  t h r e s h o l d  f o r  e a r l y  l a r v a l  f e e d i n g  i s  0 . 1  l u x .  



2.  Feeding s h o u l d  s t a r t  b e f o r e  day  5  s i n c e  t h e  l a r v a  i s  t h e n  

consuming i t s  own body t i s s u e s .  

3. One s t u d y  s u g g e s t e d  t h a t  l a r v a e  need about  5  n a u p l i i / l  

f o r  good growth and s u r v i v a l ,  a  d e n s i t y  somewhat lower t h a n  

t h a t  quoted  from e a r l i e s t  exper iments  i n  s m a l l  t a n k s .  Other  

s t u d i e s  s u g g e s t e d  even lower c o n c e n t r a t l o n s .  

4. I f  Artemia i s  used  t h e  s o u r c e  may b e  i m p o r t a n t  and 

secondary  f e e d i n g  of  Artemia w i t h  a l g a e  such  a s  Isochrysis 

may b e  d e s i r a b l e .  

5 .  Very good s u r v i v a l  r a t e s ,  a s  h i g h  a s  50% a t  day  35 ,  a r e  

now p o s s i b l e ,  e s p e c i a l l y  i n  l a r g e  e n c l o s u r e s .  

6 .  M o r t a l i t y  may b e  caused  a t  an a r t i f i c i a l l y  h i g h  l e v e l  by 

such pa thogens  a s  Vibrio and Trichodina. Immunlzation may 

b e  p o s s i b l e  b u t  i t  may b e  b e t t e r  t o  " l i v e  wi th"  d i s e a s e  pro-  

b l e m ~ .  Such m o r t a l i t i e s  a r e  compensated f o r  by reduced preda-  

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

t a n k s  a s  young s t a g e s  i n  s i e v e d  n a t u r a l  p l a n k t o n  g i v e n  a s  food .  

I n  s u c c e s s f u l  exper iments  m o r t a l i t y  r a t e s  a r e  f a r  below t h e  

l e v e 1  of around lO%/day found a t  s e a  f o r  l a r v a e  and 22%/day f o r  

eggs .  I n  g e n e r a l  i t  can  b e  s a i d  t h a t  none o f  t h e  m o r t a l i t y  mea- 

surements  s u p p o r t e d  t h e  i d e a  of  massive l o s s e s  of  l a r v a e  a t  

f ~ r s t  f e e d i n g  a s  p o s t u l a t e d  by H j o r t .  

7 .  A s  f a r  a s  growth i s  concerned many exper iments  r e p o r t  

s i z e - h l e r a r c h y  e f f e c t s .  I t  is n o t  c e r t a i n  whether  t h i s  is  a  

tank phenomenon b u t  i t  may l e a d  t o  c a n n i b a l i s m  by l a r g e r  cod on 

s m a l l e r  cod l a r v a e .  I t  s u g g e s t s  t h a t  s o r t i n g  f o r  s i z e  should  b e  

an i m p o r t a n t  p a r t  o f  cod husbandry.  

8 .  A s  f a r  a s  on-growing of  O-group cod is  concerned optirnum 

t e m p e r a t u r e s  a r e  around loOc. Very remarkable  growth r a t e s  

have been r e p o r t e d  i n  E n g l i s h  and Norwegian exper iments  (500 g  

i n  42 weeks and 2  kg i n  21 months r e s p e c t i v e l y ) .  These v a l u e s  

a r e  2-6 t i m e s  t h e  growth r a t e  of wi ld  cod.  

There a r e  s e r i o u s  problems w i t h  on-grown cod.  There i s  a  5-6 

month check i n  growth a s  t h e y  come i n t o  spawning c o n d i t i o n ,  

s u g g e s t i n g  t h a t  some form of gonadectomy o r  o t h e r  t y p e  of  i n h i -  

b i t i o n  o f  m a t u r a t i o n  i s  d e s i r a b l e .  Some of t h e  growth o c c u r s  a s  

e x c e s s i v e  l i v e r  weight  which i s  w a s t e f u l  and may make marke t ing  

d i f f i c u l t .  N e v e r t h e l e s s ,  t h e  convers ion  r a t e  i s  good,  2 kg of  



c a p e l i n  a s  f o o d  g i v i n g  a b o u t  1 kg of  c o d .  I f  t h e  economics  a r e  

r i g h t  t h e  f a r m i n g  o f  c o d  seems a  f e a s i b l e  p r o p o s i t i o n  i n  t h e  

n e a r  f u t u r e .  A t  p r e s e n t ,  however ,  a  p r o d u c t i o n  c o s t  o f  c a g e -  

c u l t u r e d  c o d  o f  25 Kr/kg w h o l e s a l e  i s  p r e d i c t e d ,  w e l l  above  an  

economic l e v e l .  

T u r n i n g  now t o  t h e  w i l d  s t o c k s  of  cod  - e x t e n s i v e  work h a s  

b e e n  r e p o r t e d  on  s p a w n i n g ,  e g g s  and l a r v a e ,  j u v e n i l e  d i s t r i -  

b u t i o n  and s t o c k  s e p a r a t i o n  o f  l a r v a e ,  j u v e n i l e s  and  a d u l t s ,  

b u t  o n l y  a  few p a p e r s  d e a l t  w i t h  t h e  management o f  w i l d  s t o c k s .  

I t  s e e m s ,  f o r  example ,  t h a t  t h e  NE A r c t i c  and Nor th  Sea  cod  

s t o c k s  c o u l d  b e  i n c r e a s e d  by  a s  much a s  250 ,000  t o n n e s  by  i n -  

c r e a s e  o f  mesh s i z e .  C o n s i d e r i n g  f i r s t ,  however ,  t h e  s e a  s u r -  

v e y s  on t h e  spawning  g r o u n d s ,  i t  seems t h a t  r e p r o d u c t i v e  s t r a -  

t e g y  is  f a r  f rom c l e a r  i n  t h e  c o d .  Whi l e  a t  I c e l a n d ,  L o f o t e n  

and Georges  Bank a  d i s t i n c t  e a r l y  s p r i n g  spawning  s e a s o n  is  

f o u n d ,  t h i s  i s  n o t  t r u e  o f  t h e  Nova S c o t i a n  S h e l f  where  spawn- 

i n g  c a n  b e  f o u n d  i n  many months  and  e s p e c i a l l y  i n  t h e  w i n t e r  a t  

v e r y  low t e m p e r a t u r e s .  Peak spawning  may b e  l e s s  i m p o r t a n t  t h a n  

t h e  r a n g e  o f  spawning  t i m e  which is  o f  t h e  o r d e r  o f  two months  

i n  t h e  f i r s t  t h r e e  g r o u p s .  F o l l o w i n g  C u s h i n g ' s  match-mismatch 

h y p o t h e s i s  a  l o n g i s h  spawning  s e a s o n  may g i v e  t h e  b e s t  c h a n c e  

of  some l a r v a e  c o - e x i s t i n g  w l t h  an  optimum f o o d  s u p p l y ,  b u t  i t  

must b e  a c c e p t e d  t h a t  t h i s  i s  a  l e s s  t e n a b l e  h y p o t h e s i s  on t h e  

Nova S c o t i a n  S h e l f  e v e n  a l l o w i n g  f o r  a  l o n g  i n c u b a t i o n  p e r i o d  

a t  t h e  low w i n t e r  t e m p e r a t u r e s .  

Egg and l a r v a l  s u r v e y s  have  become i n c r e a s i n g l y  e f f i c i e n t  

w i t h  r e s p e c t  t o  v e r t i c a l  d i s t r i b u t i o n  s t u d i e s .  The i n t r o d u c t i o n  

o f  s u b m e r s i b l e  p l a n k t o n  pumps and e l a b o r a t e  c l o s i n g  n e t s  s u c h  

a s  t h e  Mocness n e t  h a v e  a l l o w e d  much more c o m p r e h e n s i v e  d a t a  t o  

b e  a c q u i r e d .  E v i d e n c e  f o r  d i e 1  v e r t i c a l  m i g r a t i o n  o f  l a r v a e  is  

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

A ma jo r  problem e x i s t s  i n  q u a n t i f y i n g  t h e  n u t r i t i o n a l  s t a t e  

of  cod  l a r v a e  i n  t h e  s e a ,  i n  o r d e r  t o  d e c i d e  w h e t h e r  s t a r v a t i o n  

is  o c c u r r i n g  o r  how v i a b l e  t h e  l a r v a e  a r e .  A f i r s t  a s s e s s m e n t  

of  t h i s  may b e  made by compar ing  t h e  q u a n t i t y  o f  f o o d  a v a i l a b l e  

i n  t h e  s e a  d u r i n g  t h e  l a r v a l  s e a s o n  w i t h  t h e  ru l e -o f - thumb den-  

s i t y  o f  50 n a u p l i i / l  q u o t e d  f rom r e a r i n q  e x p e r i m e n t s .  The s e a  

s u r v e y s  of  m i c r o z o o p l a n k t o n  show maximum v a l u e s  of  50  p r e y / l  on  



Georges  Bank i n  ca lm c o n d i t i o n s  and 20 n a u p l i i / l  a t  L o f o t e n .  

D e n s i t i e s  o f  5-10 p r e y / l  a r e  much more common. G u t - c o n t e n t  

s t u d i e s  o f  w i l d  l a r v a e  show 100% f e e d i n g  i n c i d e n c e  a t  5-20 

p r e y / l  and  t h e  Beyer -Laurence  model shows t h a t  20 p r e y / l  s h o u l d  

g x v e  50% s u r v i v a l  f o r  cod  l a r v a e .  Hence t h e  r e a r i n g  e x p e r i m e n t s  

may t e n d  t o  o v e r - e s t i m a t e  t h e  f o o d  d e n s i t y  r e q u i r e m e n t s  f o r  c o d  

l a r v a e  i n  t h e  s e a .  

T h e r e  may, however ,  o f t e n  b e  c o n d i t i o n s  where  p r e y  d e n s i t y  

is  much l o w e r  and h e r e  t h e  " p a t c h i n e s s "  c o n c e p t  is  c i t e d  t o  ex-  

p l a i n  l a r v a l  s u r v i v a l  and g r o w t h .  L i t t l e  h a s  b e e n  s a i d  a b o u t  

t h e  r e q u i r e d  s c a l e  o f  t h e  p a t c h e s ,  f o r  i n s t a n c e  w h e t h e r  t h e y  

a r e  o p t i m a l  when o f  cm, m o r  km d i m e n s i o n s ?  P e r h a p s  t h e  model- 

lers s h o u l d  a d d r e s s  t h e m s e l v e s  t o  t h i s  p r o b l e m .  

N u t r i t i o n a l  s t a t e  migh t  a l s o  b e  a s s e s s e d  by  m o r p h o l o g i c a l  

and w e i g h t  measuremen t s  s u c h  a s  t h e  c o n d i t i o n  f a c t o r .  T h e r e  

a r e ,  however ,  s e r i o u s  p r o b l e m s  i n  t h a t  most p l a n k t o n  s a m p l e r s  

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

s u b s e q u e n t  f i x a t i o n .  Any d a t a  b a s e d  on W / L ~  i s  t h u s  c u s p e c t ,  

e s p e c i a l l y  i f  r e l a t e d  to d a t a  f rom c o n t r o l l e d  t a n k  s t a r v a t i o n  

e x p e r i m e n t s .  A t t e m p t s  have  b e e n  made t o  a v o i d  t h i s  p rob lem b y  

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

mulae  i n v o l v i n g  d r y  w e i g h t  and myotome h e i g h t ,  s t a n d a r d  l e n g t h  

p l a y i n g  a  minor  p a r t .  Such f o r m u l a e  r e q u i r e  a l s o  t h e  a g e  o f  t h e  

l a r v a e .  Whi l e  t h i s  is o b t a i n e d  o v e r  t h e  f i r s t  2-3 weeks ( b y  de -  

t a i l e d  a n a l y s i s  o f  t h e  p a t t e r n  o f  y o l k  r e s o r p t i o n )  a g e  e s t i -  

m a t e s  on o l d e r  s t a g e s  r e q u i r e  t h e  u s e  o f  o t o l i t h  r i n g  number .  

From t h e  p a p e r s  i n  t h e  symposium i t  seems t h a t  a  d a i l y  r a t e  

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

t h e  v e r y  young l a r v a e  and i n  much l a t e r  s t a g e s .  A t  t h e  most  

e s s e n t i a l  s t a g e s  of  m i d - l a r v a l  1 i E e  t h e r e  d o e s  n o t  seem t o  b e  

d a i l y  r i n g  d e p o s i t i o n  and g r o w t h  r a t e  may b e  t h e  main d e t e r m i n -  

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

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

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

a c c o u n t  t h e  f o l l o w i n g  f a c t o r s :  

1. Are t h e  b e s t  c o u n t i n g  methods  b e i n g  employed - s h o u l d  

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

become a  r o u t i n e  t e c h n i q u e ?  



2 .  Any p h o t o p e r i o d i c i t y  e x p e r i m e n t s  on r i n g  f o r m a t i o n  s h o u l d  

i n v o l v e  l i g h t  f l u x  measuremen t s ;  s e a  e x p e r i m e n t s  s h o u l d  a l l o w  

f o r  p o s s i b l e  e f f e c t s  o f  h i g h  l i g h t  £ l u x  on a  2 4  h o u r  b a s i s  i n  

t h e  p o l a r  summer. 

Some o t h e r  i n t e r e s t i n g  r e s u l t s  and q u e s t i o n s  which h a v e  

emerged i n  t h e  s e a  e g g  and l a r v a l  s u r v e y s  a r e  l i s t e d  be low:  

1. Does t h e  i n c r e a s i n g  d e p t h  o f  cod e g g s  d u r i n g  m a t u r a t i o n  

d e m o n s t r a t e  a  m o r t a l i t y  f a l l - o u t ?  

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

w i d e s p r e a d  phenomenon? 

3 .  Can l a r v a e  u t i l i z e  p h y t o p l a n k t o n  s u c h  a s  ThaZassiosira 

f o r  f o o d ?  

4 .  What a r e  t h e  i m p l i c a t i o n s  f o r  t h e  a p p a r e n t  c o m p e t i t i o n  

be tween  c o d  and  c a p e l i n  l a r v a e  o f f  S.W. I c e l a n d ?  

5. What a r e  t h e  main p r e d a t o r s  o f  cod  e g g s  and l a r v a e  and 

how c a n  t h e s e  b e  a s s e s s e d  i n  v i e w  o f  t h e  r a p i d  d i g e s t i o n  o f  

l a r v a l  p r e y  b y  most p r e d a t o r s ?  

6 .  Do spawning  c o d  e a t  t h e i r  own e g g s ?  

7 .  What is t h e  l a r v a l  e scapemen t  f rom t h e  new s a m p l e r s  s u c h  

a s  t h e  p l a n k t o n  pumps and  t h e  Mocness n e t ?  

8 .  Is i t  p o s s i b l e  t o  d e m o n s t r a t e  m i c r o s c a l e  p a t c h i n e s s  w i t h  

any  o f  t h e  p r e s e n t  p l a n k t o n  s a m p l e r s ?  

The s u b s t a n t i a l  body  o f  work on j u v e n i l e  c o d ,  a s  d e s c r i b e d  

i n  t h e  symposium p a p e r s ,  c o v e r e d  most of  t h e  Norwegian c o a s t  

and p a r t s  o f  t h e  s o u t h e r n  N o r t h  S e a .  A r a n g e  o f  s a m p l i n g  t e c h -  

n i q u e s  h a s  b e e n  u s e d  - b e a c h  s e i n e ,  Dan i sh  s e i n e ,  t r a w l  and  

t r a p  n e t  and a  r a n g e  o f  t e c h n i q u e s  s u c h  a s  t a g g i n g ,  o t o l i t h  

a n a l y s i s  and e l e c t r o p h o r e s i s  u s e d  t o  d e m o n s t r a t e  movements and 

s t o c k  s e p a r a t i o n .  I n  t h e  s o u t h e r n  Nor th  S e a  t h e r e  seems t o  b e  

r e g u l a r  o f f s h o r e - i n s h o r e  movements on a  s e a s o n a l  b a s i s  w i t h  

s a l i n i t y  p l a y i n g  a  r o l e  i n  d i s t r i b u t i o n .  The i n s h o r e  c o d  s t o c k s  

of S.E. Norway y i e l d  good a s s e s s m e n t s  o f  y e a r c l a s s  s t r e n g t h .  I n  

g e n e r a l  t h i s  work p r o v i d e s  a  sound  b a s i s  f o r  d e c i d i n g  p o t e n t i a l  

s i t e s  f o r  t h e  r e l e a s e  o f  r e a r e d  O-group c o d .  

R e l e a s e  o f  t a g g e d  r e a r e d  O-group c o d  n e a r  F lØdev igen  showed 

t h a t  t h e y  g rew a t  a b o u t  t h e  same r a t e  a s  w i l d  c o d  and r e m a i n e d  

n e a r  t h e  p o i n t  o f  r e l e a s e ,  b u t  i t  is  n o t  c l e a r  what t h e  c o d  

b i o m a s s  is i n  t h e  f j o r d s  and  t h e  e x t e n t  t o  which t h e  f j o r d s  



c o u l d  c a r r y  l a r g e r  s t o c k s .  I n  o t h e r  words  i s  t h e r e  e x c e s s  f o o d  

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

Shou ld  t h e  f j o r d s  h a v e  e x c e s s  c a r r y i n g  c a p a c i t y  t h e  s o c i a l  

e f f e c t s  o f  i n c r e a s i n g  t h e  s t o c k s  by  s e e d i n g  would b e  s u b s t a n -  

t i a l ,  b u t  t h e  i n c r e a s e  i n  employment would s t i l l  n o t  b e  g r e a t  

i n  c o u n t r y - w i d e  t e r m s .  It i s  c l e a r l y  o f  i m p o r t a n c e ,  however ,  t o  

e n s u r e  t h a t  when p l a n t i n g  o u t ,  t h e  n a t u r a l  p o p u l a t i o n  i s  b e i n g  

p r o p e r l y  managed. A l though  t h e  y i e l d  f rom p l a n t i n g  o u t  w i l l  b e  

g r e a t e r  d u r i n g  o v e r f i s h i n g ,  i t  may b e ,  i n  f a c t ,  more e f f i c i e n t  

t o  manage t h e  f i s h i n g  f o r  w i l d  s t o c k  t o  g i v e  t h e  maximum s u s -  

t a i n a b l e  y i e l d .  I f  f r y  a r e  t o  b e  p l a n t e d  o u t  t o  augment p o o r  

y e a r c l a s s e s ,  v e r y  l a r g e  numbers migh t  b e  r e q u i r e d  and e a r l y  

f o r e c a s t s  o f  p o o r  y e a r c l a s s e s  would b e  needed .  

S e v e r a l  p a p e r s  d e a l t  w i t h  e l e c t r o p h o r e t i c  s t u d i e s  on p o l y -  

morph ic  enzymes s u c h  a s  l a c t i c  d e h y d r o g e n a s e  and t h e i r  v a l u e  

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

younger  s t a g e s  o f  c o d .  T h e s e  a n a l y s e s  c a n  b e  c a r r i e d  o u t  on 

s i n g l e  e g g s  and l a r v a e .  The e v i d e n c e  s u g g e s t s  t h a t  e l e c t r o -  

p h o r e s i s  c o u l d  become a  p o w e r f u l  and r o u t i n e  t o 0 1  f o r  e s t i m a t -  

i n g  t h e  e x t e n t  o f  s t o c k  m i x i n g  and s o  b e  v a l u a b l e  i n  m e a s u r i n g  

f i s h i n g  e f f o r t .  G e n e t i c a l  m o n i t o r i n g  o f  t h i s  t y p e  h a s  a l s o  a  

good p o t e n t i a l  i n  f u t u r e  p r o p a g a t i o n  work on c o d ,  f i r s t ,  a s  a  

way o f  c h a r a c t e r i z i n g  t h e  b r o o d s t o c k  and c o n t r o l l i n g  i n b r e e d i n g  

and s e l e c t i o n  e x p e r i m e n t s ,  and s e c o n d l y  a s  a  g e n e t i c  marke r  f o r  

p l a n t e d - o u t  f r y .  

G e n e t i c a l  work d o e s ,  however ,  sound  a  r o l e  o f  w a r n i n g  f o r  

t h e  f u t u r e .  P l a n t i n g  o u t  of f r y  i n  an  u n c o n t r o l l e d  way may l e a d  

t o  an  u n d e s i r a b l e  d i l u t i o n  o f  l o c a l i z e d  g e n e  p o o l s .  On t h e  

o t h e r  hand i t  migh t  h a v e  d e s i r a b l e  e f f e c t s  o f  h e t e r o s i s .  I n  

f u t u r e  work ,  g e n e t i c  a s p e c t s  w i l l  have  t o  b e  wa tched  a s  t h e ,  

work on  cod  p r o p a g a t i o n  becomes i n c r e a s i n g l y  s u c c e s s f u l  and 

s o p h i s t i c a t e d .  




