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PANEL DISCUSSION 

The future of cod farming and the possibility of restocking 

local coastal cod populations. 

Chairman: Dr. J.C. Gamble 

l Gamble 

Good afternoon, ladies and gentlemen, it is my privilege to 

c h a ~ r  this concluding session of the symposium in which we are 

all going to have the opportunity to air our views whether 

for, against or indifferent, on the future of cod farming and 

the possibility of restocking local coastal cod populations. 

The discussions will take the following format: 

First of all the subject will be introduced by Dr. Victor 

Øiestad, Institute of Marine Research, Bergen and then the 

other members of this panel will say a few things about their 

own particular specialitites. After that the meeting will be 

open to the audience. 

The order of speaking of the other panel members will be: 

Mr. Ø .  Ulltang, Institute of Marine Research, Bergen, Norway; 

Dr. N. Ryman, Department of Genetics, Stockholm University, 

Stockholm, Sweden; Mr. P. Solemdal, Institute of Marine 

Research, Bergen, Norway; Mr. B. Braaten, Austevoll Marine 

Aquaculture Station, StorebØ, Norway; Dr. A. Jones, Shearwater 

Fish Farming, Abingdon, England. 

Øiestad 

The main purpose of our activity is to improve the economy 

in the coastal fishery. Some of the speakers have concentrated 

on the large offshore cod stocks, such as the North Sea and 

the Northeast Arctic cod stocks, but for the present discus- 

sion, we will consider the local cod stock along the Norwegian 

l 



c o a s t .  We want t o  s e e  f i r s t l y  i f  i t  is p o s s i b l e  t o  r e s t o c k  

t h e s e  p o p u l a t i o n s .  

l The second alm is  t o  improve t h e  r e c r e a t i o n a l  v a l u e  of t h e  

I Norwegian c o a s t .  F i s h i n g  i n  l a r g e  a r e a s  of t h e  Norwegian c o a s t  

is now n o t  r e a l l y  r e c r e a t i o n a l ,  b u t ,  a s  we have more and more 
l l e i s u r e  t i m e ,  which many people  l i k e  t o  u s e  f o r  f i s h i n g ,  t h e r e  
I 

l could  be  a  c o n f l i c t  between t h e  f i shermen and t h o s e  j u s t  d o i n g  
l 
l i t  f o r  f u n .  T h i s  c o n f l i c t  might b e  reduced i f  we succeed  i n  
i 
I r e s t o c k i n g  l o c a l  c o a s t a l  w a t e r s  w i t h  cod .  

i It i s  a  paradox t h a t  f i s h e r y  b i o l o g i s t s  a r e  s o  concerned 
l 

I when d e a l i n g  w i t h  t h e  q u e s t i o n  of  r e s t o c k i n g  o r  a r t i f i c i a l  r e -  

I c r u i t m e n t ,  y e t  n o t  c o  w o r r i e d  when s t o c k s  a r e  b e i n g  d e p l e t e d .  

I We a l s o  know t h a t  more o r  l e s s  i r r e g u l a r l y  most f i s h  s t o c k s  
I 

p roduce o u t s t a n d i n g l y  l a r g e  y e a r c l a s s e s ,  which might i n  some 

1 way b e  c o n s i d e r e d  a s  a  t y p e  of  r e s t o c k i n g .  I have never  heard  
1 

l anyone r e g r e t t i n g  t h e s e  s t r o n g  y e a r c l a s s e s ,  t h e y  o n l y  r e g r e t  

t h a t  t h e y  a r e  c o  seldom. For  i n s t a n c e  f o r  t h e  N o r t h e a s t  A r c t i c  
I 
i cod t h e r e  have been s i x  y e a r s  wi th  minimum r e c r u i t m e n t .  I sup- 

pose t h e  dream of most f i s h e r y  a d m i n i s t r a t o r s ,  and probably  

t h e  f i s h e r m e n ' s  t o o ,  would be  a  s t a b l e  h i g h  r e c r u i t m e n t  of i m -  

p o r t a n t  f i s h  s t o c k s .  

I assume most of  you a r e  f a m i l i a r  w i t h  f l u c t u a t i n g  s t o c k  

and r e c r u i t m e n t  c u r v e s .  The s t r a t e g y  might  be  t o  e s t a b l i s h  t h e  

p o p u l a t i o n  we want t o  e x p l o i t  a t  a  h i g h  l e v e l  by i n t r o d u c i n g  

e x t r a  r e c r u i t s  t o  s t a b i l i z e  t h e  r e c r u i t m e n t .  

We a r e  now f a c i n g  a  s i t u a t i o n  where t h i s  dream of  f i s h e r y  

a d m i n i s t r a t o r s  might be  a  r e a l i t y  f o r  l o c a l  cod s t o c k s .  

The f i r s t  c o n d i t i o n  f o r  t h e  r e a l i z a t i o n  of a  s t a b l e  high 

r e c r u i t m e n t  is a c c e s s  t o  l a r g e  numbers of r e a r e d  f r y .  I f  we 

r e a l l y  have evolved a  method f o r  mass r e a r i n g  cod f r y  i n  a  

pond we s h o u l d ,  w i t h i n  a  few y e a r s ,  be  a b l e  t o  produce s e v e r a l  

m i l l i o n  cod f r y .  Depending on i n t e r e s t  from t h e  Government and 

o t h e r s ,  i t  might be  i n c r e a s e d  t o  some t e n  m i l l i o n s ,  perhaps  

some hundred m i l l i o n s ,  which a c c o r d i n g  t o  D r .  Olsen a r e  t h e  

l 
numbers r e q u i r e d  f o r  r e p l a c i n g  t h e  n a t u r a l  r e c r u i t m e n t  of t h e  

I l o c a l  cod s t o c k s  ~ n  t h e  t h r e e  n o r t h e r n  c o u n t i e s  of Norway. 
l 

There a r e  a  number of a s p e c t s  t o  be  c o n s i d e r e d  i f  we i n t e n d  

t o  s t a r t  a  r e s t o c k i n g  programme i n  l o c a l  a r e a s  o r  i n  a  r e g i o n .  



I n i t i a l l y  w e  s h o u l d  c o n s i d e r  t h e  o p t i m a l  s i z e  o f  t h e  f r y  re- 

l e a s e d ,  s i n c e  w e  a r e  u s i n g  a  f a i r l y  l a r g e  t a g  we a r e  r e s t r i c t -  

ed  t o  a  f a i r l y  l a r g e  s i z e  o f  cod  f r y ,  f u r t h e r m o r e  15-20 cm cod  

f r y  a r e  less exposed  t o  p r e d a t i o n  f rom o t h e r  f i s h .  D r .  R i l e y  

men t ioned  y e s t e r d a y  t h a t  t h e y  had a  f a i r l y  h i g h  r e t u r n  o f  

l - g r o u p  cod  t a g g e d  o f f  The N e t h e r l a n d s  c o a s t ,  a p p r o x i m a t e l y  20 

p e r c e n t  t o  d a t e ,  wh ich  migh t  e v e n t u a l l y  i n c r e a s e  t o  4 0  p e r c e n t  

l - g r o u p  cod a r e  a p p r o x i m a t e l y  a t  t h i s  s i z e  (15-20 c m ) .  

Dr .  B l a x t e r  d u r i n g  a  m e e t i n g  i n  O s t e n d e  i n  1975  had s t r e s -  

s e d  t h e  i m p o r t a n c e  o f  t h e  b e h a v i o r  of  t h e  r e l e a s e d  f r y .  He had 

i n d i c a t i o n s  t h a t  l a b o r a t o r y  r e a r e d  £ r y  were  v e r y  n a i v e  and 

u n a b l e  t o  t a k e  c a r e  o f  t h e m s e l v e s  i n  t h e  open s e a .  A s  i n d i -  

c a t e d  by  M r .  Moksness e a r l i e r  t o d a y ,  t h e  b e h a v i o u r  o f  cod  

r e a r e d  i n  b a s i n s  e n a b l e d  norma l  g rowth  and p r o b a b l y  a  f a i r l y  

no rma l  s u r v i v a l  r a t e  d u r i n g  t h e  ongrowing  s t a g e .  F u r t h e r m o r e  

i n  a pond s y s t e m  t h e  i n d i v i d u a l  cod  i s  e x p o s e d  t o  c a n n i b a l i s m  

and t o  p r e d a t i o n  by  b i r d s .  They s h o u l d  t h e r e f o r e  b e  f a i r l y  

f a m i l i a r  w i t h  t h e  need  t o  e v a d e  p r e d a t i o n .  They c a n  m a i n t a i n  

s t a t i o n ,  a s  we saw d u r i n g  t h e  v i d e o f i l m ,  i n  t h e  incoming  t i d e  

w a t e r ,  and s o  t h e y  a r e  f a m i l i a r  w i t h  swimming i n  a  s t r e a m .  

They f e e d  on t h e  n a t u r a l  z o o p l a n k t o n ,  s o  a r e  a b l e  t o  f i n d  

t h e i r  own f o o d .  They t h u s  p r o b a b l y  g e t  more t r a i n i n g  t h a n  t h e y  

u s u a l l y  would h a v e  i n  a  n a t u r a l  h a b i t a t .  I t h i n k  a l t o g e t h e r  

t h a t  c o d  f r y  p roduced  by  t h i s  method s h o u l d  b e  v e r y  w e l l  

a d a p t e d  f o r  a  l i f e  i n  t h e  open s e a .  

We u s e d  a  F l o y  a n c h o r  t a g  on t h e  cod l a s t  y e a r  and we migh t  

c o n s i d e r  o t h e r  methods  which we were  recommended t o  l o o k  a t ,  

s u c h  a s  a  min i  f l a g  t a g  p roduced  i n  B r i t a i n .  Then we h a v e  t o  

f i n d  an  a p p r o p r i a t e  r e l e a s e  me thod ,  and I t h i n k  t h a t  t h e  

r e l e a s e  method s h o u l d  b e  more o r  l e s s  l i k e  p l a n t i n g  a  f o r e s t .  

T r e e s  d o n ' t  e a t  e a c h o t h e r ,  b u t  t h e y  need  some s p a c e .  And i f  

you a r e  p l a n t i n g  p i n e  o r  s p r u c e  i n  an  a r e a  where  you p l a n t e d  

t h e  same p i n e  o r  s p r u c e  some y e a r s  a g o ,  t h e y  w i l l  d i e  d u e  t o  

l a c k  o f  l i g h t .  The same s i t u a t i o n  migh t  b e  f o r  f i s h .  A s  t h e  

f i s h  a r e  v e r y  l o c a l  we s h o u l d  n o t  r e l e a s e  cod £ r y  i n  t h e  same 

a r e a  y e a r  a f t e r  y e a r ,  b u t  p e r h a p s  change  t o  new a r e a s  o r  w a i t  

u n t i l l  t h e  o l d e r  f i s h  have  e n t e r e d  d e e p e r  o r  o t h e r  l o c a l i t i e s  

I hope a t  l e a s t  t h a t  we w i l l  h a v e  a  s p e c i a l  g r o u p  l o o k i n g  a t  



t h i s  a s p e c t  of  t h e  programme. 

I t  is e a s y  t o  imagine t h a t  a  r e l e a s e  of  a  l a r g e  p o p u l a t i o n  

of  cod f r y  would have some impact  on t h e  n a t u r a l  p o p u l a t i o n  o f  

cod i n  t h e  a r e a ,  and a l s o  on o t h e r  f i s h  p o p u l a t i o n s .  We know 

t h a t  cod is  a  c l e v e r  p r e d a t o r  e a t i n g  mainly f i s h ,  and t h a t  i t  

might t h r e a t e n  some o t h e r  v a l u a b l e  f i s h  s p e c i e s  i n  t h e  a r e a .  

A l t e r n a t i v e l y  i t  might  mainly s t i c k  t o  f i s h  s p e c i e s  t h a t  a r e  

l e s s  v a l u a b l e  t h a n  cod.  There  w i l l  a l s o  b e  an impact  on o t h e r  

food s u p p l i e s  f o r  t h e  cod i f  you r e l e a s e  a  l a r g e  p o p u l a t i o n .  

The b e n t h i c  p o p u l a t i o n  mlght i n  p a r t i c u l a r  have problems w i t h  

t h e  r e p r o d u c t i o n .  A s  i n d i c a t e d  f o r  t h e  P a c i f i c  cod ,  t h e  l a r g e  

p o p u l a t i o n  d e p l e t e d  t h e  shr imp f i s h e r y  and t h e r e  might b e  some 

e f f e c t s  a long  t h e  same l i n e  d e s t r o y i n g  t h e  f i s h e r y  f o r  

PandaZus boreaZzs i n  some a r e a s  a l o n g  t h e  Norwegian c o a s t .  

C e r t a i n l y  we have t o  moni tor  t h e  growth of  t h e  r e l e a s e d  cod ,  

and a s  i n d i c a t e d  by M r .  Moksness, t h e  growth p a t t e r n  i n  t h e  

s m a l l  r e l e a s e  i n  FlØdevigen was t h e  same a s  f o r  t h e  w i l d  

p o p u l a t i o n .  

Migra t ion  could  b e  a  f a c t o r  p a r t i c u l a r l y  when t h e  f i s h  

mature.  They could  m i g r a t e  t o  spawn i n  s p e c i a l  spawning p l a c e s  

o r  e m i g r a t e  th rough  s h o r t a g e  of food .  They might perhaps  ex- 

t e n d  t h e  a r e a  by m i g r a t i n g  t o  o t h e r  p l a c e s  wi th  more food .  I t  

is  v e r y  i n t e r e s t i n g  t o  look  a t  t h e  q u e s t i o n  whether  t h e  f i s h  

w i l l  r e c r u i t  t o  t h e  n a t u r a l  spawning p o p u l a t i o n  i n  t h e  a r e a .  I 

suppose  we should  u s e  cod from t h e  same a r e a  a s  brood s t o c k  

and most p robably  t h e  pond cod a r e  t a l k i n g  t h e  same language  

a s  t h e  n a t u r a l  p o p u l a t i o n ,  s o  t h e r e  w i l l  b e  no problems of 

communication. 

The f i s h i n g  p a t t e r n  w i l l  c e r t a i n l y  b e  looked a t  c l o s e l y .  A s  

i n d i c a t e d  by M r .  Moksness p r a c t i c a l l y  a l l  t a g  r e t u r n s  i n  

FlØdevigen were from s p o r t s  f i s h e r m e n ,  and t h a t  might b e  t h e  

s i t u a t i o n  i n  o t h e r  p a r t s  of  Norway, b u t  t h e  t a g  we i n t e n d  t o  

u s e  i n  t h e  f u t u r e  w i l l  have more i n f o r m a t i o n  t h a n  t h e  t a g  used  

by u s  i n  t h a t  p a r t i c u l a r  exper iment .  There was no i n f o r m a t i o n  

about  where t o  send t h e  t a g .  The f u t u r e  t a g  used  w i l l  i n d i c a t e  

where t o  send i t  and perhaps  a l s o  t h e  s i z e  of a  reward.  I t  was 

a l s o  s t r e s s e d  e a r l i e r  t h a t  t h e  g e n e t i c s  of t h e  p o p u l a t i o n  

s h o u l d  be  monitored c l o s e l y ,  s o  a s  t o  minimize t h e  d i f f i -  



c u l t i e s  f o r  cod i n  t h e  f u t u r e  t o  r ema in  i n  a  d e f i n e d  a r e a .  

W e  s h o u l d ,  most i m p o r t a n t l y ,  e v a l u a t e  t h e  t a g  r e t u r n s  t o  

l o o k  a t  t h e  economy o f  a  c o a s t a l  r a n c h i n g  programme on cod .  A s  

i n d i c a t e d  by Dr .  R i l e y  w e  c o u l d  p e r h a p s  h a v e  a s  much a s  20-40% 

r e t u r n  o f  r e l e a s e d  cod .  P e r h a p s  we s h o u l d  w a i t  til1 e a r l y  

J a n u a r y  t o  r e l e a s e  them a s  we w i l l  h a v e  n o  O-group m o r t a l l t y !  

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

g a t e d .  

A s  you w i l l  s e e  t h i s  a c t i v i t y  s h o u l d  demand a  new i n s t i t u t e  

a t  a b o u t  t h e  same s i z e  a s  t h e  i n s t i t u t e  we have  i n  Bergen .  I 

d o u b t  € h a t  o u r  Government would b e  w i l l i n g  t o  pay a n o t h e r  200 

p e o p l e .  Bu t  n e v e r t h e l e s s  I t h i n k  t h a t  many f i s h e r y  b i o l o g l s t s  

would l i k e  t o  p a r t i c i p a t e  i n  s u c h  a  programme. The number of 

b a s i c  q u e s t l o n s  i n  f i s h e r y  s c i e n c e  rnight h a v e  an  answer  and I 

hope Norwegian and f o r e i g n  s c i e n t i s t s  t o g e t h e r  w i l l  e s t a b l i s h  

a  work ing  g r o u p  on t h i s  s u b j e c t ,  p r e f e r a b l y  w i t h i n  I C E S .  

P e r s o n a l l y  I t h i n k  we a r e  h e a d i n g  f o r  a  new s t r a t e g y  i n  

f i s h e r y  management.  Most human a c t i v i t i e s  a r e  c h a n g i n g  r a p i d -  

l y ,  i n c l u d i n g  t h e  f i s h e r i e s ,  and we w i l l  a lways  b e  i n  a  t r a n s -  

i t i o n a l  p o s i t i o n  be tween  y e s t e r d a y  and tomorrow.  The c u l t u r e -  

b a s e d  f i s h e r y  on cod migh t  n e e d  some y e a r s  t o  p r o v e  i t s  p ro -  

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

and p e r h a p s  we migh t  d u r i n g  t h i s  p e r i o d  change  t h e  a p p r o a c h  t o  

a  number o f  q u e s t i o n s .  F o r  some o t h e r  s p e c i e s  t h a n  c o d ,  

a l t e r n a t i v e  methods  t h a n  r e l e a s e  o f  f r y  migh t  b e  a p p l i c a b l e .  

T h e r e f o r e  I would recommend t h a t  t h e  Government e s c a l a t e s  t h e  

r e s e a r c h  on e c o l o g i c a l  r e l a t i o n s  i n  t h e  s e a ,  s i n c e  we migh t  

d i s c o v e r  o t h e r  me thods  f o r  c o n t r o l l i n g  t h e  p o p u l a t i o n  s i z e  of 

main s p e c i e s .  

I h a v e  p r o p o s e d  a  l o n g  t e r m  alm which i s  a s t r a t e g y  where  

man, t o  a  l a r g e  e x t e n t ,  d e c i d e s  t h e  s t r e n g t h  o f  d i f f e r e n t  

s p e c i e s  by  u s e  o f  a  number o f  d i f f e r e n t  rnethods n o t  i n  u s e  

t o d a y .  T h i s  migh t  sound  v e r y  u n p r e c i s e  and g e n e r a l  b u t  t h e  

message  i s  t h a t  we s h o u l d  b e  p a i d  t o  t h i n k  u n t r a d i t i o n a l l y  and 

we s h o u l d  b e  p e r m i t t e d  t o  t e s t  o u t  new a p p r o a c h e s  t o  o l d  p ro -  

b l ems .  T h i s  w i l l  c o s t  money, b u t  t h e r e  w i l l  c e r t a i n l y  b e  a  

h i g h  payback on t h e s e  i n v e s t m e n t s .  



U l l t a n g  

I w i l l  d u r i n g  my f i v e  m i n u t e s  now t r y  t o  summarize  v e r y  

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

l a r g e  s c a l e  r e s e a r c h  s t a r t s  on a  r e g u l a r  b a s i s .  Come o f  t h e s e  

f a c t o r s  were  a l r e a d y  men t ioned  by  Dr .  Ø i e s t a d ,  and I w i l l  d o  

i t  v e r y  b r i e f l y .  

F i r s t l y ,  o n e  o f  t h e  c r i t i c a l  q u e s t i o n s  which we r e a l l y  d o  

n o t  know t h e  answer  o f  is what  happens  w i t h  t h e  r e l e a s e d  f i s h  

be tween  t i m e  o f  r e l e a s e  and  t h e  t i m e  o f  r e c r u i t m e n t  t o  t h e  

f i s h a b l e  s t o c k .  How many a r e  d y i n g  and f u r t h e r ,  o f  wha t  c a u s e s  

a r e  t h e y  d y i n g ?  W 1 1 1  t h e y  b e  r a t h e r  s t a t i o n a r y ,  1 . e .  s t a y  a t  

t h e  same l o c a l i t y  where  t h e y  were  r e l e a s e d ?  The answer  t o  t h a t  

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

r e l e a s e .  

S e c o n d l y ,  how w i l l  t h e y  mix w i t h  t h e  n a t u r a l  p o p u l a t i o n ?  

W 1 1 1  t h e y  mix w i t h  t h e  n a t u r a l  p o p u l a t i o n  t o  an  e x t e n t  t h a t  

makes i t  p o s s i b l e  o r  s e n s i b l e  t o  t r e a t  them a s  one  management 

u n i t ?  I f  t h e  answer  i s  y e s  t h e  q u e s t i o n s  a r e  t h e n :  What mecha- 

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

g rowth  i n  t h e  n a t u r a l  p o p u l a t i o n ,  and how w i l l  an  i n p u t  o f  a  

s i g n i f i c a n t  number o f  r e c r u i t s  i n f l u e n c e  t h e s e  mechanisms? I 

t r i e d  d u r i n g  my t a l k  t h i s  morning t o  i l l u s t r a t e  t h e  i m p o r t a n c e  

o f  knowing t h e  form o f  t h e  y i e l d  c u r v e  o f  t h e  n a t u r a l  popu- 

l a t i o n  f o r  c a l c u l a t i n g  t h e  g a i n  b y  r e l e a s i n g  O-group f i s h .  I 

t h i n k  t h a t  t h i s  c a n n o t  b e  s t e s s e d  t o o  much. I f  you want  t o  b e  

s u r e  o f  g e t t i n g  enough g a i n  f rom y o u r  p r o d u c t i o n ,  you n e e d  t o  

have  some i d e a s  o f  b o t h  t h e  form o f  t h e  y i e l d  c u r v e  o f  t h e  

n a t u r a l  p o p u l a t i o n  and o f  where  you a t  p r e s e n t  a r e  on t h a t  

c u r v e .  

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

r a t h e r  s m a l l  l o c a l  s t o c k s .  The problem i n  t h o s e  c a s e s  I t h i n k ,  

w i l l  b e  what e f f e c t  b u i l d i n g  u p  o f  a  cod s t o c k  t o  a  much 

h i g h e r  new l e v e l ,  w i l l  t h a t  h a v e  on t h e  e s t a b l i s h e d  e c o s y s t e m  

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

h i s t o r i c  p e r i o d  and e s t a b l i s h e d  a  c e r t a i n  l e v e l  a round  which 

i t  f l u c t u a t e s .  We d o  n o t  know how t h e s e  l e v e l s  were  e s t a b -  

l i s h e d ,  f o r  example  w e  d o  n o t  know why t h e  cod s t o c k  i n  an  

a r e a  i s  f i v e  t i m e s  l a r g e r  t h a n  t h a t  o f  t h e  t h e  haddock s t o c k .  



B u t ,  i f  by  p u t t i n g  a r t i f i c i a l l y  p r o d u c e d  cod  i n t o  s u c h  an  

a r e a ,  you d o u b l e  t h e  c o d  s t o c k  f o r  example ,  some e f f e c t s  on 

t h e  r e s t  o f  t h e  s y s t e m  w i l l  have  t o  b e  e x p e c t e d .  

I am, o f  c o u r s e ,  aware  o f  t h e  f a c t  t h a t  j u s t  by  s t a r t i n g  t o  

f i s h  t h e  s t o c k s  we changed  t h e  s y s t e m .  We r e a l l y  d o  n o t  know 

t o  what  e x t e n t  w e  changed  i t ,  b e c a u s e  we h a v e  n o  p r o p e r  d a t a  

f rom t h e  e a r l i e r  p e r i o d s .  But  when t r y i n g  t o  i n c r e a s e  a  s t o c k  

o f  c o d ,  which f e e d s  e x t e n s i v e l y  on f l s h ,  I f e e l  i t  is  u n s a t i s -  

f a c t o r y  j u s t  t o  answer  t h e  q u e s t i o n  by  s a y i n g  t h a t  we a l r e a d y  

have  changed  t h e  s y s t e m .  I t h i n k  t h i s  s h o u l d  b e  f u r t h e r  

e v a l u a t e d .  

F i n a l l y ,  s i n c e  I p r o b a b l y  h a v e  b e e n  i n t e r p r e t e d  t o  b e  

r a t h e r  s c e p t i c a l  a b o u t  t h e  p r o j e c t ,  I would l i k e  t o  c o n g r a t u -  

l a t e  my c o l l e a g u e s  i n ,  f o r  example  A u s t e v o l l ,  f o r  t h e  r e s u l t s  

t h e y  have  a c h i e v e d  s o  f a r  i n  p r o d u c i n g  t h e  cod  f r y .  I h a v e  

b o t h  now and i n  my t a l k  t h i s  morn ing  men t loned  some f a c t o r s  

which n e e d  c a r e f u l  e x a m i n a t i o n .  The p o i n t  i s  t h a t  some o f  

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

r e l e a s e .  

Ryman 

I am g l a d  f o r  t h i s  o p p o r t u n i t y  t o  s a y  s o m e t h i n g  a b o u t  t h e  

p o p u l a t i o n  g e n e t i c s  o f  c o d .  Because  o f  some p a r t i c u l a r  c i r cum-  

s t a n c e s  I was n o t  a b l e ,  u n f o r t u n a t e l y ,  t o  a c c e p t  t h e  i n v i -  

t a t i o n  t o  g i v e  a  s p e c i a l  p a p e r .  I am a  p o p u l a t i o n  g e n e t i c i s t  

and I t h i n k  t h a t  I am s u p p o s e d  t o  g i v e  my view on how p o p u l a -  

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

r e l e a s e  o f  l a r g e  numbers o f  a r t i f i c i a l l y  r e a r e d  cod .  T h l s  

g e n e r a l  q u e s t i o n  r e d u c e s  i n t o  two s e p a r a t e  q u e s t i o n s .  F i r s t ,  

what  is t h e  e f f e c t  on t h e  g e n e t l c  c o m p o s i t i o n  o f  n a t u r a l  popu- 

l a t i o n s ?  W i l l  r e l e a s e  o f  a r t i f i c i a l l y  p roduced  f i s h  d e s t r o y  

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

t i o n  o f  g e n e t i c a l l y  complex p o p u l a t i o n  s t r u c t u r e s ?  S e c o n d l y ,  

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

v i d e  t h e  b e s t  h a r v e s t ?  T h i s  f u r t h e r  r e d u c e s  t o  one  s i n g l e  

q u e s t i o n ,  I t h i n k .  Namely, what  d o  we know a b o u t  t h e  popu la -  
I t i o n  s t r u c t u r e  o f  t h e  A t l a n t i c  c o d ?  I want  t o  s t r e s s  t h a t  we 

d o  n o t  know e v e r y t h i n g ,  b u t  w e  know a  f ew t h i n g s ,  and I would 



l i k e  t o  summarize  what  I f e e l  t h a t  we know. 

What I want t o  s a y  is  t h a t  we u s u a l l y  l o o k  a t  n a t u r e  i n  a  

k i n d  o f  h i e r a r c h i c a l  s y s t e m .  A t  t h e  b a s e  we h a v e  i n d i v i d u a l s ,  

which combine i n t o  demes o r  p o p u l a t i o n s  e t c ,  u p w a r d s ,  and t h i s  

i s  assumed t o  r e f l e c t  some k i n d  o f  an  e v o l u t i o n a r y  r e l a t i o n -  

s h i p .  We c a n  now, p r i m a r i l y  by  t h e  u s e  o f  e l e c t r o p h o r e t i c  

t e c h n i q u e s ,  q u a n t i f y  t h e  amount o f  g e n e t i c  d i v e r s i t y  be tween  

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

i f  we u s e  a  l a r g e  number o f  r andomely  s e l e c t e d  l o c i  o r  g e n e s .  

T h i s  p e r m i t s  u s  t o  t e l l  how much d i f f e r e n t  v a r i o u s  p o p u l a t i o n  

s e g m e n t s  a r e  f rom one  a n o t h e r .  

T h e r e  is  o n l y  o n e  s t u d y  o f  t h i s  k i n d  t h a t  I am aware  o f ,  

made by  G r a n t  and S t å h l ,  who e s t i m a t e d  g e n e t i c  d i s t a n c e s  be-  

tween and w i t h i n  t h e  two s p e c i e s  o f  c o d ,  A t l a n t i c  and P a c i f i c  

cod .  The g e n e t i c  d i s t a n c e s  o b s e r v e d  b,etween t h e  two s p e c i e s  is 

a b o u t  what  is u s u a l l y  found  among t r u e  s p e c i e s .  T h e r e  a r e  two 

s a m p l e s  r e p r e s e n t i n g  t h e  A t l a n t i c  cod f rom Georges  Bank and 

f rom t h e  B a l t i c  S e a .  I t  is  v e r y  c l e a r  t h a t ,  compared t o  d i f -  

f e r e n c e s  be tween  s p e c i e s  t h e r e  a r e  o n l y  v e r y  s m a l l  d i f f e r e n c e s  

be tween  t h o s e  two s a m p l e s  f rom e a c h  p a r t  o f  t h e  A t l a n t i c  

Ocean.  R e c e n t l y  we h a v e  c o n c l u d e d  some s t u d i e s  i n  c o o p e r a t i o n  

w i t h  Mork and some o t h e r  p e o p l e ,  j u s t  t o  d e l i n e a t e  t h a t  b r a n c h  

o f  A t l a n t i c  cod  i n  a  l i t t l e  more d e t a i l .  I w i l l  g i v e  you some 

r e s u l t s  f rom t h a t  s t u d y ,  t o o .  I wan t  t o  men t ion  t h a t  t h e  n e x t  

f ew examples  g i v i n g  g e n e t i c  d i s t a n r e  s c a l e s  c a n n o t  b e  compared 

w i t h  t h i s  one ,  b e c a u s e  t h o s e  d i s t a n c e  s c a l e s  a r e  b a s e d  on 

d i f f e r e n t  sets o f  l o c i  t h a t  h a v e  b e e n  s e l e c t e d  j u s t  t o  p r o v i d e  

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

u n b i a s e d  g e n e t i c  d i s t a n c e  v a l u e s .  

The r a n g e  o f  t h e  p o p u l a t i o n s  w e  h a v e  l o o k e d  a t  c o v e r  t h e  

w e s t  p a r t  o f  t h e  A t l a n t i c  t h r o u g h  G r e e n l a n d ,  I c e l a n d  and  some 

d i f f e r e n t  s a m p l i n g  l o c a t i o n s  i n  S c a n d l n a v i a .  I t  is  v e r y  

o b v i o u s ,  t o  s t a r t  w i t h ,  t h a t  t h e  p o p u l a t i o n  i n  t h e  B a l t i c  S e a  

is  t h e  p o p u l a t i o n  t h a t  d e v i a t e s  most f rom e v e r y t h i n g  e l s e .  The 

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

G r e e n l a n d  and t h e  G u l f  o f  Main s a m p l e s  c l u s t e r ,  and a r e  d i f -  

f e r e n t  from t h e  r e s t ,  b u t  a l l  t h e  o t h e r  p o p u l a t i o n s  g i v e  j u s t  

one  s i n g l e  c l u s t e r .  I t h i n k  t h i s  p i c t u r e  r e i n f o r c e s  t h e  p r e v i -  



ous  one ,  namely, t h e r e  a r e  a b s o l u t e l y  very s m a l l  d i f f e r e n c e s  

i n  t h e  A t l a n t i c  cod.  I would l i k e  t o  compare t h i s  wi th  some 

o t h e r  s p e c i e s  and I would l i k e  t o  change i n t o  k ind  of a  d i f -  

f e r e n t  s c a l e .  

Even i f  t h e  a b s o l u t e  d i f f e r e n c e s  a r e  s m a l l ,  t h e r e  might be  

r e l a t i v e  d i f f e r e n c e s  t h a t  a r e  i m p o r t a n t .  I mean, maybe t h e y  

a r e  n o t  very d i f f e r e n t  on an e v o l u t i o n a r y  s c a l e .  However, t h e  

t o t a l  amount of  d i v e r s i t y  e x i s t i n g  i n  t h e  s p e c i e s ,  might t o  a  

l a r g e  e x t e n t  be  d i s t r i b u t e d  between p o p u l a t i o n s ,  and n o t  wi th-  

i n  p o p u l a t i o n s .  For i n s t a n c e  c a t t l e  o r  d i f f e r e n t  b r e e d s  of 

dogs a r e  r e a l l y  n o t  very e v o l u t i o n a r i l y  d i f f e r e n t ,  b u t  t h e y  

a r e  g e n e t i c a l l y  d i f f e r e n t  anyhow i n  a  way t h a t  can  b e  u t i l i z e d  

by man. There a r e  some s t a t i s t i c a l  ways t o  d e c i p h e r  t h e  t o t a l  

amount o f  g e n e t i c  v a r i a b i l i t y  between and w i t h i n  p o p u l a t i o n s .  

Let  u s  i g n o r e  t h e  s t a t i s t i c a l  p a r t  of it. The only. t h i n g  I 

want t o  s a y  i s  t h a t  we can look  a t  t h e  t o t a l  v a r i a t i o n  e x i s t -  

i n g  i n  t h e  s p e c i e s ,  and we s e p a r a t e  t h e  components, w i t h i n  

p o p u l a t i o n s  and between p o p u l a t i o n s .  J u s t  t o  g i v e  you some 

k ind  of a  s t a n d a r d ,  i f  we d o  t h i s  i n  humans we f i n d  approxi -  

mate ly  90 p e r c e n t  of  t h e  v a r i a t i o n  e x i s t i n g  w i t h i n  p o p u l a t i o n s  

w h i l e  t h e  remain ing  10 p e r c e n t  is between p o p u l a t i o n s ,  and 

p o p u l a t i o n  groups .  

To g i v e  some k ind  of  a  comparison,  I have i n c l u d e d  f o u r  

d i f f e r e n t  salmonid s p e c i e s ,  1 . e .  t h e  A t l a n t i c  salmon,  brown 

t r o u t ,  ra inbow t r o u t  and sockeye salmon. I want t o  compare 

t h a t  w i t h  two o c e a n i c  s p e c i e s ,  t h e  A t l a n t i c  cod and t h e  

A t l a n t i c  h e r r i n g .  Le t  u s  look  a t  t h e  r e l a t i v e  gene d i v e r s l t y  

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

A t l a n t i c  salmon 70,6 p e r c e n t  is found w i t h i n  p o p u l a t i o n s .  Tha t  

s h o u l d  b e  compared t o  t h e  90 p e r c e n t  found w i t h i n  p o p u l a t i o n s  

i n  man. I t  1s q u i t e  c l e a r  t h a t  most of  t h e  salmonid s p e c i e s ,  

e x c e p t  f o r  sockeye salmon,  show very  s t r o n g  amounts o f  sub-  

d i v i s i o n ,  t h a t  means a  s m a l l  f r a c t i o n  w i t h i n  p o p u l a t i o n s ,  and 

a  l a r g e  f r a c t i o n  between p o p u l a t i o n s .  That  1s of  c o u r s e ,  t h e  

b a s i s  f o r  o u r  concern  about  t h e  e f f e c t s  of  a q u a c u l t u r e  on t h e  

g e n e t i c  s t r u c t u r e  of n a t u r a l l y  reproduc ing  salmonid popula- 

t i o n s .  However, i n  t h e  A t l a n t i c  cod ,  t h e  s i t u a t i o n  is  q u i t e  

I d i f f e r e n t .  We have e s s e n t i a l l y  v e r y ,  very l i t t l e  d i v e r s i t y  



be tween  s t o c k s ,  and a l m o s t  a l l  t h e  v a r i a t i o n  i s  found  w i t h i n  

s t o c k s .  I n  summary, I t h i n k  t h i s  i n d i c a t e s  t h a t  t h e r e  a r e  n o  

i n d i c a t i o n s  o f  a  v e r y  complex p o p u l a t i o n  s t r u c t u r e ,  1 . e .  o f  a  

complex g e n e t i c  p o p u l a t i o n  s t r u c t u r e .  I t h i n k  t h a t  M r .  

J Ø r s t a d ' s  d a t a  f rom y e s t e r d a y  i n d i c a t e  t h a t  t h e r e  migh t  b e  a  

f ew e x c e p t i o n s  w i t h i n  one  o r  a  f ew p a r t i c u l a r  f i o r d s .  However,  

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

d i v e r s i t y  be tween  d i f f e r e n t  s t o c k s  o f  c o d .  I d o  n o t  t h i n k  t h a t  

r e l e a s i n g  l a r g e  numbers  o f  a r t i f i c i a l l y  p roduced  f i s h  w i l l  

have  any l a r g e  i m p a c t  on t h e  r e s o u r c e ,  and t h e  r e s o u r c e  I 

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

l a t i o n s .  

J u s t  a  few words  a b o u t  t h e  n e x t  q u e s t i o n .  What s h o u l d  t h e  

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

h a r v e s t ?  We d o  n o t  know, a c t u a l l y .  But  i t  is  c l e a r  t h a t  t h e  

l a r g e  m o r p h o l o g i c a l  d i v e r s i t y  o b s e r v e d  be tween  d i f f e r e n t  

s t o c k s  is  n o t  r e f l e c t e d  i n  e l e c t r o p h o r e t i c a l l y  d e t e c t a b l e  

g e n e t i c  d i f f e r e n c e s .  And i t  a p p e a r s  t h a t  most o f  t h e  s t o c k  

d i f f e r e n c e s  a r e  e n v i r o n m e n t a l l y  i n d u c e d .  M r .  M o r k ' s  d a t a  f rom 

y e s t e r d a y  a l s o  i n d i c a t e  t h a t  s e l e c t i v e  f a c t o r s  a r e  d i f f e r e n t  

a t  d i f f e r e n t  l o c a t i o n s .  The o n l y  c o n c l u s i o n  I c a n  draw from 

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

s h o u l d  b e  d e r i v e d  f rom t h e  g e o g r a p h i c  a r e a s  where  t h e  a r t i -  

f i c i a l l y  p roduced  f i s h  w i l l  b e  r e l e a s e d .  

So lemda l  

I have  b e e n  i n v o l v e d  i n  l a b o r a t o r y ,  e n c l o s u r e  and f i e l d  

i n v e s t i g a t i o n s  on cod e g g s  and l a r v a e  s i n c e  1968 t o  s t u d y  t h e  

main f a c t o r s  g o v e r n i n g  s u r v i v a l  and g r o w t h .  From t h i s  work I 

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

c l a s s  s t r e n g t h  have  a  m u l t l f a c t o r  background .  I n  t h i s  i n t r o -  

" d u c t i o n  I w i l l  s t r e s s  t h e  p r e s e n t  s t a t e  o f  " a r t i f i c i a l "  p roduc-  

t i o n  o f  cod f r y ,  which is  a  c r u c i a l  p o i n t  b o t h  f o r  cod f a r m i n g  

and r e s t o c k i n g .  A s  D r .  J o n e s  p o i n t e d  o u t  i t  i s  n e c e s s a r y  t o  

c a l c u l a t e  w i t h  some d e g r e e  o f  c e r t a i n t y  t h e  number of  f r y  t o  b e  

p r o d u c e d .  T h i s  c o n s i s t e n c y  i n  p r o d u c t i o n  i s  a  must b o t h  i n  

commerc ia l  f a r m i n g  and r e s t o c k i n g  p r o j e c t s .  

I n  Norway d e v e l o p m e n t s  o f  cod f r y  p r o d u c t i o n  a r e  c o n d u c t e d  



a l o n g  two l i n e s :  

1) I n t e n s i v e  r e a r i n g  of  l a r v a e  i n  p l a s t i c  b a g s ,  f e d  on con-  

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

2 )  E n c l o s u r e s ,  b a s e d  on n a t u r a l  p r o d u c t i o n  and some c o n t r o l  

o f  t h e  e n v i r o n m e n t .  

A c c o r d i n g  t o  t h e  n e e d  o f  t h e  commerc ia l  f a r m e r s  f o r  a  con- 

s i s t e n t ,  r e l i a b l e  number o f  £ r y  t o  b e  p r o d u c e d ,  I t h i n k  t h e  b a g  

method seems t h e  most p r o m i s i n g  b e c a u s e  o f  t h e  g r e a t e r  p o s s i -  

b i l i t i e s  f o r  e n v i r o n m e n t a l  c o n t r o l .  

S i n c e  t h i s  method h a s  b e e n  u n d e r  deve lopmen t  f o r  o n l y  a  few 

y e a r s ,  many t e c h n i c a l  p rob lems  s t i l l  have  t o  b e  s o l v e d .  

But  t h e  r e s u l t s  s o  f a r ,  g i v e n  by  M r .  B r a a t e n ,  c l e a r l y  show 

t h e  p o s s i b i l i t i e s  o f  t h i s  method.  

The e n c l o s u r e  method is  more s i m i l a r  t o  t h e  f i e l d  s i t u a t i o n ,  

t hough  some c o n t r o l  o f  p r e d a t i o n  e t c .  i s  u n d e r t a k e n .  A s  i n  t h e  

f i e l d  t h e  cod  l a r v a e  i n  t h e  e n c l o s u r e  w i l l  meet v a r y i n g  con- 

d i t i o n s  f rom y e a r  t o  y e a r ,  which l e a d s  t o  t h e  q u e s t i o n :  " w i l l  

t h e r e  b e  good o r  bad y e a r c l a s s e s  i n  t h e  e n c l o s u r e ? "  I f  t h e r e  

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

want  t o  p l a n  t h e  number o f  f r y  i n  advance .  I n  a d d i t i o n ,  u n p r e -  

d i c t a b l e  v a r i a t i o n s  i n  numbers o f  cod  f r y  f rom t h e  e n c l o s u r e s  

w i l l  b e  u n d e s i r a b l e  i n  t h e  r e s t o c k i n g  c o n t e x t ,  e s p e c i a l l y  i f  

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

T h i s  s i t u a t i o n  seems t o  b e  t h e  c a s e  t h i s  y e a r .  

The r e s u l t s  o f  t h e  e n c l o s u r e  e x p e r i m e n t s  s o  f a r  a r e  

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

e n c l o s u r e  is  r u n  e a c h  s e a s o n .  To g e t  r e l i a b l e  f i g u r e s  o f  t h e  

c o n s i s t e n c y  of  t h i s  p r o d u c t i o n  method and t h e  y e a r c l a s s  v a r i a -  

t i o n  w i l l  t h u s  t a k e  a  v e r y  l o n g  t i m e .  To r e d u c e  t i m e ,  and a l s o  

t o  g e t  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  rnechanisms r u l i n g  t h e  . 
number o f  cod f r y  i n  t h e  e n c l o s u r e ,  i t  would b e  b e t t e r  t o  r u n  a  

number o f  s m a l l e r  s y s t e m s  w i t h  d i f f e r e n t  t y p e s  o f  e n v i r o n m e n t a l  

m a n i p u l a t i o n ,  o r  a s  p a r a l l e l s .  S u i t a b l e  et l o s u r e s  a l r e a d y  

e x i s t  h e r e  i n  F lØdev igen .  

Fa rming  o f  cod  seems t o  me t o  b e  an  e a s y  t a s k  when t h e  p r o -  

b l ems  o f  f r y  p r o d u c t i o n  a r e  s o l v e d .  The s u c c e s s  is m o s t l y  a  

m a t t e r  o f  economy. E n c l o s u r e s ,  a r t i f i c i a l  and n a t u r a l  d i e t s ,  

m e d i c i n e s  e t c .  c a n  more o r  l e s s  b e  c o p i e d  f rom t h e  s a l m o n i d  



f a r m i n g .  I t  w i l l  b e  l i k e  r a i s i n g  p i g s !  

Coming t o  t h e  c r u c i a l  q u e s t i o n  o f  t h e  p o s s i b i l i t y  o f  r e -  

s t o c k i n g  l o c a l  c o a s t a l  cod  p o p u l a t i o n s ,  I would l i k e  t o  r e c a l l  

a  s t a t e m e n t  by  t h e  Norwegian f i s h e r y  s c i e n t i s t  J o h a n  H j o r t  f r o m  

h i s  book " F i s h i n g  e x p e r i m e n t s  i n  Norwegian f i o r d s "  f rom 1 8 9 9 ,  

p u t  f o r w a r d  d u r i n g  t h e  q u a r r e l  be tween  him and C a p t a i n  Dannevig  

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

s e a :  "At  t h e  moment t h i s  work s h o u l d  b e  r e g a r d e d  a s  a  s t u d y ,  

and n o t  a s  t h e  p r a c t i c a l  r e s u l t  o f  i t " .  Much c a n  b e  r e f e r r e d  

f rom t h e  d i a l o g u e  be tween  H j o r t  and  Dannevig  ( t h e  d e t a i l e d  

s t o r y  i s  found  e l s e w h e r e  i n  t h i s  vo lume) .  

Today t h e  s i t u a t i o n  is i n  many ways s i m i l a r  and t h e  c i t a t i o n  

i s  s t i l l  r e l e v a n t .  The r e l e a s e  o f  y o l k  s a c  l a r v a e  was c a r r i e d  

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

g a t e  t h e  e f f e c t s  o f  r e l e a s e  were  pe r fo rmed .  Now we h a v e  t h e  

p o s s i b i l i t y  t o  p e r f o r m  t h e  n e c e s s a r y  e x p e r i m e n t s  b e f o r e  a  

p r a c t i c e  i s  i n i t i a t e d .  T h e r e f o r e ,  i t  is t i m e  t o  s i t  down and 

p l a n  t h e  e x p e r i m e n t s  which w i l l  g i v e  t h e  answers  f o r  f u r t h e r  

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

t i m e s  : 
To sumrnarize my p o i n t s :  

1. The l a r g e - s c a l e  p r o d u c t i o n  o f  cod f r y  w i l l  b e  a  r e a l i t y  

w i t h i n  few y e a r s .  The v a r i a t i o n  i n  p r o d u c t i o n  ( " y e a r c l a s s  

s t r e n g t h " )  p r o b a b l y  w i l l  b e  l e s s  i n  b a g s  t h a n  i n  t h e  l e s s  con- 

t r o l l a b l e  e n c l o s u r e  method.  

2 .  The f a r m i n g  o f  cod  w i l l  b e  p o s s i b l e  when t h e  p rob lems  of 

f r y  p r o d u c t i o n  a r e  s o l v e d .  The f u t u r e  o f  cod f a r m i n g  w i l l  

e n t i r e l y  depend  on economic c r i t e r i a .  

3 .  The p r e s e n t  s t a t e  o f  cod  £ r y  p r o d u c t i o n  makes i t  p o s s i b l e  

t o  p e r f o r m  f i e l d  e x p e r i m e n t s  t o  o b t a i n  i n f o r m a t i o n  o f  t h e  

e f f e c t s  o f  r e l e a s i n g  f r y  i n t o  d i f f e r e n t  l o c a l  c o d ' p o p u l a t i o n s .  

4 .  On t h e  b a s i s  o f  t h e  f i e l d  e x p e r i m e n t s  t h e  u s e f u l n e s s  o f  

r e s t o c k i n g  c a n  b e  e v a l u a t e d .  

B r a a t e n  

I want  t o  make some comments a b o u t  t h e  i n t e n s i v e  r e a r i n g  of 

c o d ,  b u t  f i r s t  some g e n e r a l  i n f o r m a t i o n .  

By J a n u a r y  1983 t h e  D i r e c t o r y  o f  F i s h e r i e s  had r e c e i v e d  1 1 5  



a p p l i c a t i o n s  f o r  cod fa rming  from 11 c o u n t i e s  i n  Norway. A 

Norwegian f i s h  fa rmer  i s  g i v e n  l i c e n c e  t o  b r e e d  sa lmonids  i n  a  

c e r t a i n  volume of w a t e r  r a n g i n g  from 3000 t o  8000 m 3 .  The 

a p p l i c a t i o n s  f o r  cod fa rming  r e p r e s e n t  a  t o t a l  volume of 1 . 3  x  
6  3  10 m , compared t o  2  x l o 6  m 3  f o r  t h e  e x i s t i n g  salmonid fa rms .  

20 000 t o n s  of cod could  b e  r a i s e d  e a s i l y  on such  a  volume. The 

p r o d u c t i o n  of  sa lmonids  was 1 5  000 t o n s  i n  1982. 

Some u n l i c e n s e d  cod fa rms  a r e  now i n  o p e r a t i o n  which b a s e  

t h e i r  p r o d u c t i o n  on r a i s i n g  n a t u r a l  s t o c k s  of s m a l l  cod caught  

i n  n e t s  and f i s h  t r a p s .  The p r o f e s s i o n a l  f i s h e r m e n ' s  o r g a n i z a -  

t i o n  is worr ied  about  t h e  i n c r e a s e d  c a t c h e s  of wi ld  cod f o r  

fa rming  purposes  and w i l l  p robably  t r y  t o  s t o p  them by law. 

For  comparison I want t o  mention t h a t  t h e  fa rming  of  Yellow- 

t a i l  SerioZa quinqueradiata i n  Japan  h a s  f o r  many y e a r s  been 

t o t a l l y  dependant  on c a t c h e s  of wi ld  f r y  s i n c e  t h e y  were unable  

t o  b r e e d  them i n  c a p t i v i t y .  For  many y e a r s  t h e  c o l l e c t i o n  of 

f r y  h a s  been c o n s i d e r e d  s a f e  a s  long  a s  t h e  c a t c h  is around 20 

m i l l i o n  f r y  p e r  y e a r .  

I n  o r d e r  t o  e s t a b l i s h  an economical  i n t e n s i v e  f i s h  farm on 

new s p e c i e s  l i k e  cod ,  some b a s i c  requ i rements  a r e  needed. 

1. Steady  s u p p l y  of f r y  o r  s m a l l  f i s h .  For  cod i t  c o u l d  b e  

e i t h e r  from wi ld  s o u r c e s  o r  from c u l t u r e  sys tems  l i k e  t h e  

e n c l o s e d  pond. 

2. E f f e c t i v e  t r e a t m e n t  a g a i n s t  d i s e a s e s ,  l i k e  v i b r i o s i s .  The 

same s t r a i n  of Vibrio angui22arium which h a s  been shown t o  

c a u s e  h i g h  m o r t a l i t y  i n  s a i t h e  i s  a l s o  a t t a c k i n g  cod. A v a c c i n e  

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

3. Regula r  s u p p l y  of cheap  raw m a t e r i a l s  f o r  f e e d i n g  cod.  

The d i e t  must f u l f i l  t h e  n e c e s s a r y  n u t r i t i o n a l  requ i rements  f o r  

cod.  Large amounts of f i s h  w a s t e  from p r o c e s s i n g  a r e  dumped 

e v e r y  y e a r  which c o u l d  b e  used i n  f e e d  p r o d u c t i o n  f o r  i n t e n s i v e  

f  arming.  

The t e c h n i q u e  f o r  r a i s i n g  cod is b a s i c a l l y  t h e  same a s  f o r  

s a l m o n i d s ,  when t h e  f i s h  h a s  reached  t h e  r e q u i r e d  s i z e  f o r  

r e a r i n g  i n  a  n e t  pen.  A major o b s t a c l e ,  t o  make t h e  cod a c c e p t  

a  d r y  p e l l e t e d  f e e d ,  seems t o  b e  s o l v e d .  Experiments  i n  May - 

J u n e  1983 a t  A u s t e v o l l  Marine Aquacul tu re  S t a t i o n  wi th  a  new 

d r y  p e l l e t  h a s  been very  s u c c e s s f u l  on cod f r y .  Growth of  t h e  



cod is very fast and cod of 400 g and 2000 g can be produced 

after 12 and 21 months respectively. High efficiency values 

were also found and it was possible experimentally to produce 1 

kg of cod on 2 kg capelin. For large scale operation a food 

factor between 3 and 4 can be expected. It is possible to avoid 

cannibalicm by grading and regular feeding of fry since it was 

not observed among larger cod in optimal feeding and rearlng 

conditions. The optimal temperature for raising cod seems to be 

near loOc but good growth has been observed at 6 - 7 O ~  in 

large fish. 

Maturation was near 100% for two year old cod. Harvesting 

should therefore be done before spawning because of a substan- 

tial weight loss after spawning. It takes almost half a year 

before a postspawner has regained its prespawning weight. 

It is still an open question if cod can be farmed on an 

economical basis in Norway. The production cost per kg salmon 

is estimated to 20-25 Nkr. Similar figures have not yet been 

estimated for cod, but rough estimates indicate 12-15 Nkr per 

kg. Cod larger than about 100 g seem not to feed more than one 

large meal every second day. Less work and high efficiency can 

explain the lower production cost in comparison to salmonids. 

The quality of eultured cod differs from the wild fish. The 

cultured fish should be sold fresh as quality criteria like 

taste, flavour and consistency will change rapidly when the 

fish is frozen and stored for substantial periods. A starvation 

period of several weeks is probably needed before cultivated 

cod can be compared to wild cod. 

Finally, a few words about the release of cod fry in nature. 

The cod has been chosen as a case study due to its importance 

in the fisheries. We believe that a similar technique can be 

used on other species if this is desired. The natural popu- 

lation of cod has been decreasing in the last years. If this 

situation continues, combined with overfishing and lack of 

political agreements to conserve the cod stock, a total extinc- 

tion of the cod stock could be a reality. Faced with such an 

eventuality, we would have methods to rebuild the stock again. 



Jones  

I r e a l l y  c a n n o t  add much more t o  what I s a i d  t h i s  morn ing ,  

s o  1 ' 1 1  j u s t  r e c a p  a  l i t t l e .  We have  s e e n  t h a t  cod  c a n  b e  

r e a r e d  f rom e g g s  t o  f r y  i n  l a r g e  numbers  i n  a r t i f i c i a l  and 

n a t u r a l  s y s t e m s .  We h a v e  a l s o  s e e n  t h a t , c o d  c,an b e  grown from 

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

g rowth  r a t e s  and s t o c k i n g  d e n s l t i e s .  On a  t e c h n i c a l  l e v e l  

t h e n ,  i n t e n s i v e l y  c o n t r o l l e d  cod f a r m i n g  would a p p e a r  t o  b e  

p o s s i b l e .  However, p r e l i m i n a r y  a n a l y s i s  o f  t h e  economics  of 

i n t e n s i v e  f a r m i n g  b a s e d  on U , K .  c o s t s ,  i n d i c a t e s  t h a t  f a rmed  

cod  would need  t o  command a  marke t  p r i c e  o f  a t  l e a s t  24 

Norwegian k r o n e r  a  k i l o ,  compayed w i t h  t h e  c u r r e n t  r e t a i l  

p r i c e  o f  a b o u t  16 Norwegian k r o n e r  a  k i l o ,  and c l e a r l y  a t  t h i s  

s t a g e  i t  is  n o t  p r o f i t a b l e .  However,  one  c a n n o t  s e e  i n t o  t h e  

f u t u r e ,  and i f  n a t u r a l  s t o c k s  c o n t i n u e  t o  d e c l i n e ,  and demand 

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

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

B e f o r e  coming t o  t h i s  m e e t i n g  I t a l k e d  w i t h  some o f  t h e  

l a r g e r  r e t a i l e r s  o f  cod i n  t h e  U . K .  and t h e i r  f e e l i n g  was t h a t  

i t  would b e  v e r y  d i f f i c u l t  t o  s e e  a  s u s t q i n a b l e  premium f o r  

f a rmed  cod  o v e r  n a t u r a l l y  l a n d e d  p r o d u c t s  a t  t h i s  t i m e ,  and 

r e a l l y  wha t  we a r e  d e a l i n g , w i t h  i s  a  commodity,  where  t h e  

h o u s e w i f e  w i l l  buy t h e  c h e a p e s t  cod  a v a i l a b l e .  I t h i n k  h a v i n g  

s a i d  t h a t ,  i t  i s  p o s s i b l e  t h a t  were  c h e a p  s o u r c e s  o f  f e e d -  

s t u f f s  e x i s t ,  s u c h  a s  h e r e  i n  Norway, s m a l l  and p e r h a p s  more 

s i g n i f i c a n t  a c t i v i t i e s  c o u l d  f l o u r i s h .  Most of  t h e  t a l k  f rom 

t h e  p a n e l  s o  f a r  h a s  r e a l l y  b e e n  a b o u t  r e l e a s e  o f  f r y ,  and  I 

d o  hope  t h a t  someone,  a t  t h e  same t i m e  a s  l o o k i n g  a t  t h e  

economics  o f  s e a  r a n c h i n g ,  w i l l  t h i n k  a b o u t  compar ing  t h a s  

w i t h  t h e  economics  o f  i n t e n s i v e  f a r m i n g .  We h e a r d  t h i s  morn ing  

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

t o  t h e  n a t u r a l  f i s h e r y  o f  a b o u t  230 t o n s .  Now, one  m i l l i o n  £ r y  

i n t e n s i v e l y  f a rmed  c o u l d  g i v e  u s  1600 t o n s  , a b o u t  8 t i m e s  t h e  

q u a n t i t y .  I t h i n k  t h e  two a p p r o a c h e s  s h o u l d  b e  l o o k e d  a t  

t o g e t h e r  r a t h e r  t h a n  l o o k i n g  a t  s e a  r a n c h i n g  i n  a  s e p a r a t e  

way. C l e a r l y  t h e  o v e r r i d ~ n g  c o n s i d e r a t i o n  i s  what  happens  t o ,  

t h e  a r t i f i c i a l l y  r e a r e d  f r y  when t h e y  a r e  p u t  i n  t h e  s e a ,  and 

u n t i l  one  h a s  some i d e a  o f  t h e  n a t u r a l  m o r t a l i t y ,  i t  is  g o i n g  



to be very difficult to answer that question. 
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Gamble 

T h i s  r a i s e s  two q u e s t i o n s ,  f i r s t l y  on t h e  p o s s i b i l i t y  of  

r e a r i n g  cod t o  a  l -g roup  s i z e  and s e c o n d l y ,  is i t  f a i r  t o  

app ly  d a t a  o b t a i n e d  from t h e  open c o a s t l i n e  of Denmark t o  a  

f i o r d i c  system a s  i n  Norway? 

Braa then  

J u s t  a  b r i e f  comment on how t o  r a i s e  cod up t o  l -g roup  

s i z e .  For  example i n  t h e  pond system t h i s  y e a r  we r e q u i r e d  20 

t o n s  of d r y  p e l l e t  food t o  r e a r  them t o  1 5  cm. So i t  w i l l  b e  

q u i t e  a  l a r g e  c o s t  t o  r a i s e  them up t o  30 cm. 

U l l t a n g  

I t h i n k  M r .  Bagge r a i s e d  a  very  i m p o r t a n t  q u e s t i o n .  During 

t h i s  morning I p r e s e n t e d  some r e s u l t s  of  a  s i rnu la t ion  model 

were I assumed a  r a t h e r  h i g h  p r e d a t i o n  m o r t a l i t y  on t h e  0- 

group .  The r e s u l t s  of  t h e  c a l c u l a t i o n s  would have been com- 

p l e t e l y  d i f f e r e n t  i f  f o r  example a  l a r g e  p a r t  of t h e  m o r t a l i t y  

on O-group occured b e f o r e  t h a t  t i m e .  So i t  could  be  t h e  c a s e  

t h a t  t h e  g a i n s  would be  s i g n i f i c a n t l y  h i g h e r  i f  you j u s t  d e l a y  

t h e  r e l e a s e  by two o r  t h r e e  months more. 

F r i d g e i r s s o n ,  I c e l a n d  

While wish ing  t o  encourage t h e  work b e i n g  done on c u l t u r e  

and r e s t o c k i n g  of cod p o p u l a t i o n s  I would l i k e  t o  make a  

comment about  y e a r c l a s s e s  i n  l a r g e  s h e l f  s t o c k s  of cod .  D r .  

Ø i e s t a d  mentioned t h a t  t h e r e  h a s  n o t  been a  good y e a r c l a s s  i n  

t h e  B a r e n t s  Sea f o r  s i x  y e a r s .  The same s i t u a t i o n  e x i s t s  i n  

I c e l a n d i c  w a t e r s .  We have n o t  had a  r e a l l y  good y e a r c l a s s  f o r  

a t  l e a s t  seven  y e a r s  and even 1976 ,  which seemed t o  b e  q u i t e  a  

good y e a r c l a s s  a c c o r d i n g  t o  O-group, h a s  n o t  shown up i n  t h e  

f i s h e r i e s .  We should  be  concerned i f  we t h i n k  t h a t  t h e  brood 

s t o c k  is n o t  p roduc ing  a  good y e a r c l a s s  when c o n d i t i o n s  i n d i -  

c a t e  is should .  However, I t h i n k  we s h o u l d  be  very c a r e f u l  n o t  

t o  f o r c e  a good y e a r c l a s s  upon n a t u r e  when i t  is n o t  needed o r  

when t h e r e  is no envi ronmenta l  c a p a c i t y .  

With I c e l a n d i c  cod s t o c k s  we a r e  f a c i n g  a  s i t u a t i o n  where,  

on t o p  of o v e r f i s h i n g  and low r e q r u i t m e n t  f o r  s e v e r a l  y e a r s ,  



t h e  g rowth  r a t e  o f  cod h a s  f a l l e n  d r a s t i c a l l y  i n  t h e  l a s t  few 

y e a r s .  I h a v e  b e e n  w o n d e r i n g ,  i f  we had h a d ,  i n  t h e  l a s t  s e v e n  

y e a r s ,  a r e a l l y  enormous cod  s t o c k ,  what  e f f e c t  t h i s  would 

have  had on t h e  g rowth  r a t e  o f  t h e  s t o c k ?  Maybe i t  would h a v e  

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

Gamble 

T h a t  is a  good p o i n t .  S h o u l d  you r e a l l y  t r y  t o  f o r c e  a  good  

y e a r c l a s s  on a  y e a r  i n  wh ich  t h e r e  i s  p o s s i b l y  n o t  t h e  c a p a c i -  

t y  f o r  s u c h  a n  enhanced  y e a r c l a s s ?  

Ø i e s t a d  

T h a t  is o n e  o f  t h e  a s p e c t s  we wish  t o  s t u d y  where  r e p e a t e d  

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

e f f e c t s  e v a l u a t e d .  H o p e f u l l y  we migh t  l e a r n  what  t h e  c o d  w i l l  

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

f rom t h e  r e g i o n  t o  occupy o t h e r  p l a c e s .  A s  y e t  we d o  n o t  know. 

D a n i e l s s e n ,  Norway 

It seems t o  me f rom t h e  r e l e a s e  o f  cod i n  F lØdev igen  by  Dr .  

Ø i e s t a d  and M r .  Moksness t h a t  a l l  o f  t h e  r e c a p t u r e s  came f rom 

a n g l e r s ,  1 . e .  s p o r t s m e n .  T h i s  s u g g e s t s  t h a t  i f  cod  a r e  t o  b e  

r e l e a s e d  a t  O-group s i z e ,  most o f  t h e  r e c a p t u r e s  w i l l  a l s o  b e  

t h r o u g h  a n g l i n g .  T h i s  r a i s e s  t h e  q u e s t i o n  o f  w h e t h e r  we a r e  

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

f u r t h e r  e x p e r i m e n t s  w i t h  o l d e r  cod  (30 -40  cm) a t  F lØdev lgen  

g a v e  v e r y  h i g h  r e c a p t u r e  v a l u e s  o f  60%.  Only h a l f  were  f rom 

a n g l e r s ,  t h e  r e m a i n d e r  were  c a u g h t  c o m m e r c l a l l y .  T h i s  con-  

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

programme. 

Gamble 

I am s t i l l  u n c e r t a i n  w h e t h e r  o r  n o t  w e  h a v e  e s t a b l i s h e d  

t h a t  r e a r e d  cod  a r e  a s  s u i t e d  t o  n a t u r a l  e n v i r o n m e n t  a s  a r e  

w i l d  i n d i v l d u a l s .  T h a t  same d o u b t  a r i s e s  when s u c h  a h i g h  

p r o p o r t i o n  were  c a u g h t  by a n g l e r s .  Were t h e s e  f i s h  r e l a t i v e l y  

n a i v e ?  ~ h e y  were  u s e d  t o  b e i n g  £ e d ,  i n  c o n s e q u e n c e  t h e y  c o u l d  

h a v e  been  somewhat more s u s c e p t i b l e  t o  t h i s  t y p e  of  p r e d a t l o n .  



Ø i e s t a d  

The cod were  n o t  f e d  a t  a l l ,  t h e y  had t o  f i n d  t h e i r  own 

f o o d  i n  t h e  b a s i n .  C o n c e r n i n g  t h e  q u e s t i o n  o f  n a i v e  c o d ,  M r .  

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

b l e  method. I s u p p o s e  you know t h e  f a t e  o f  p l a i c e  p roduced  i n  

a  l a b o r a t o r y  and r e l e a s e d  i n  B r i t i s h  w a t e r s .  They were  r a p i d l y  

e a t e n  by  p r e d a t o r s .  Hence I t h i n k  f o r  c o a s t a l  r a n c h i n g  pur -  

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

They seem t o  b e  b e s t  a d a p t e d  t o  e x i s t i n g  i n  t h e  w i l d .  

Moksness ,  Norway 

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

M r .  U l l t a n g  men t ioned  t h e  work d o n e  by Daan. I have  b e e n  

r e a r i n g  cod  d u r i n g  t h e  l a s t  f i v e  y e a r s .  I c a n n o t  remember t h e  

e x a c t  p r o p o r t i o n  o f  cod  i n  t h e s e  e x p e r i m e n t s  which were  e a t e n  

by o t h e r  cod i n  t h e  same t a n k ,  b u t  a t  l e a s t  i t  was a s  h i g h  a s  

20-30%. C a n n l b a l i s m  h a s  b e e n  d i r e c t l y  o b s e r v e d  i n  t h e  cod  

t a n k s  and I t h i n k  we s h o u l d  n o t  i g n o r e  s u c h  an  i m p o r t a n t  

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

r e l e a s e d  i n  t h e  s e a .  We know v e r y  l i t t l e  a b o u t  i t .  

Gamble 

I n i t i a l l y  I s u g g e s t e d  we assume t h a t  we were  s u c c e s s f u l  i n  

r e a r i n g  c o d .  Nobody, t o  t h e  p r e s e n t ,  h a s  s a i d  a n y t h i n g  a b o u t  

how t o  c h o o s e  a  s i t e  f o r  r e l e a s e  and r e s t o c k i n g .  

O l s e n ,  Norway 

Some y e a r s  a g o ,  when we were  d i s c u s s i n g  t h e  p r o g r e s s  and 

s t r a t e g y  f o r  cod r e a r i n g ,  t h e  D i r e c t o r  a t  t h e  I n s t i t u t e  o f  

Mar ine  R e s e a r c h  i n  Bergen  s t a t e d  t h a t  we must f i r s t  s o l v e  t h e  

p rob lem o f  r e a r i n g  cod  and p r o d u c i n g  f r y  i n  l a r g e  numbers 

b e f o r e  c o n s i d e r i n g  o t h e r  q u e s t i o n s .  The t i m e  w i l l  t h e n  come 

when i t  w i l l  b e  a p p r o p r i a t e  t o  t h i n k  of  c a r r y i n g  c a p a c i t y  and 

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

p a r t i c u l a r  l o c a l  e c o s y s t e m s .  

I n  my o p i n i o n  we h a v e  now r e a c h e d  t h a t  t i m e  and I t h l n k  

t h a t  t h i s  m e e t i n g  p e r h a p s  s h o u l d  c o n c l u d e  w i t h  a recommenda- 

t i o n  t h a t  t h e s e  e c o l o g i c a l  s t u d i e s  b e  s t a r t e d  r a t h e r  s o o n .  If 



we start at a moderate scale, such as within a Norwegian 

fiord, then the chances are reasonable of achieving some sort 

of result in an acceptable time. For instance, regarding 

carrying capacity or potential growth, mention was made 

yesterday that cod in fiords were generally smaller than those 

outside. Maybe, despite the present low fiordic cod popula- 

tions, the potential is not as much as we would hope for. In 

Northern Norway, the quantity and quality of food appear to be 

sufficient, yet growth of cod is small. There are many pro- 

blems yet to be understood which require answers and which we 

must start investigating. I ask this meeting to endorse this 

recommendation that such studies be started. 

Gamble 

I do not know whether it is in the remit of this particular 

symposium to make specific recommendations, but I hope that 

those people who submit research proposals in this field and 

those who review such proposals will consider the points made 

at this meeting. I hope that this embodies a recommendation. 

You have also raised a very good point. A colleague of mine 

in Aberdeen, Dr. A.D. Hawkins, has worked extensively on the 

behaviour and ecology of juvenile cod (O-, 1- and 2-group) in 

a sea loch (a fiord) on the west coast of Scotland. His 

results, which are to be published soon, are most relevant to 

some questions being asked at this symposium. He is, however, 

a bit sceptical about the proposal to ranch cod in such a 

locality. He has found, for instance, that the cod in the loch 

(L. Torridon), although having av high potential growth rate 

when measured in the laboratory, grew at a much slower rate in 

one loch. Furthermore the rate was particularly low during 

winter. He believes that food limitation is a main cause of 

this; particularly benthic food on which these immature cod 

feed. 

The other highly relevant piece of work done by Hawkins and 

his group concerns the dispersion of the cod population. Using 

sonic tags within the fish and hydrophone arrays on the loch 

bed they were able to show that the cod in L. Torridon occu- 

pied specific home ranges of rather limited extent. This 



f i n d i n g  i m p l i e s  t h a t  o n l y  a  l i m i t e d  number o f  cod c a n  occupy 

t h e  s p a c e  w i t h i n  t h e  l o c h .  I f  f u r t h e r  cod were  added t h e r e  

would n o t  b e  any  s p a c e  f o r  them. T h e r e  may a l s o  b e  more cod i n  

t h e  background  r e a d y  t o  occupy  p r ime  n i c h e s  w i t h i n  t h e  l o c h ,  

s h o u l d  a n y  become a v a i l a b l e .  

Thus  t h e r e  may b e  a  d e f i n e d  s t o c k i n g  l e v e 1  which a  l o c h ,  o r  

f i o r d ,  c a n  s u s t a i n .  I am wonder ing  w h e t h e r  i n  Norway you h a v e  

any  s p e c i f i c  f i o r d i c  s y s t e m  i n  mind f o r  t h e  r e l e a s e  e x p e r i -  

men t s .  I f  you d o  what i n f o r m a t i o n  d o  you h a v e  a b o u t  i t  and 

what  i n f o r m a t i o n  n e e d s  t o  b e  a c q u i r e d  b e f o r e  t h e  cod  £ r y  a r e  

r e l e a s e d ?  

Ø s t v e d t  , Norway 

I t h i n k  t h a t  what  i s  now needed  is  c l o s e  c o - o p e r a t i o n  

be tween  p e o p l e  work ing  d i r e c t l y  on c u l t u r e  and r a n c h j n g  and 

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

is r e q u i r e d  on n a t u r a l  p o p u l a t i o n s  i n  v a r i o u s  Norwegian f i o r d s  

a s  w e l l  a s  i n  o t h e r  p l a c e s  b e f o r e  w e  c a n  recommend r e l e a s e  of 

f r y  a s  a commerc ia l  o p e r a t i o n .  

Dragesund ,  Norway 

Al though  t h e r e  a r e  many t h i n g s  which c a n  b e  d i s c u s s e d  h e r e  

I a g r e e  w i t h  t h e  c h a i r m a n  t h a t  we s h o u l d  c o n c e n t r a t e  on 

s p e c i f i c  r e s e a r c h  s t r a t e g i e s .  I a l s o  a g r e e  w i t h  D r .  J o n e s  when 

h e  s u g g e s t e d  t h a t  we s h o u l d  compare  t h e  two a p p r o a c h e s ;  i n t e n -  

s i v e  f i s h  f a r m i n g  and e n h a n c e m e n t / s e a  r a n c h i n g  programmes. I t  

would seem t h a t  t h e  commerc ia l  f i s h  f a r m e r s  who a r e  i n t e r e s t e d  

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

a p p r o a c h  is  v i a b l e .  S i n c e  we a p p e a r  t o  have  s o l v e d  t h e  i n i t i a l  

r e a r i n g  problem t h e  t r i c k i e s t  q u e s t i o n s  r e m a i n i n g  a r e  con-  

c e r n e d  w i t h  s e a  r a n c h i n g .  

W e  h a v e  l e a r n e d  much f rom o u r  c o a s t a l  cod programmes,  i n -  

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

t h a t  t h e i r  p o t e n t i a l  is n o t  l a r g e .  I t h i n k ,  however ,  t h a t  we 

a r e  now a t  a  s t a g e  where  we s h o u l d  r e l e a s e  some O-group f r y  t o  

l o o k  a t  e f f e c t s  on l o c a l  cod  p o p u l a t i o n s  and t o  g e t  an  i d e a  of 

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

what  w i t h  D r .  Bagge s i n c e  we h a v e  r e s u l t s  showing  a  v e r y  c l e a r  



c o r r e l a t i o n  be tween  t h e  s t r e n g t h s  o f  O-groups and s u b s e q u e n t  

y e a r c l a s s e s  b u t  t h i s  c a n ,  o f  c o u r s e ,  v a r y  f rom p l a c e  t o  p l a c e .  

However, I d o  f i n d  M r .  F r i d g e i r s s o n ' s  o b s e r v a t i o n s  on t h e  

r e d u c i n g  g r o w t h  r a t e  o f  cod  i n  a  d e c l i n i n g  s t o c k  t o  b e  q u i t e  

u n u s u a l ;  n o r m a l l y  we f i n d  b e t t e r  g rowth  r a t e s  i n  s m a l l e r  s t o c k  

s i z e s .  

S m i t h ,  U . S .  

A s  an  a l t e r n a t i v e  t o  j u s t  c h o o s i n g  a  p a r t i c u l a r  s i t e  f o r  

s t o c k i n g ,  a  b e t t e r  e x p e r i m e n t a l  s t r a t e g y  rnight b e  t o  s e l e c t  

two p o p u l a t i o n s .  P r i o r i t i e s  on q u e s t i o n s  a b o u t  t h e  e f f e c t s  o f  

s t o c k  enhancemen t  migh t  b e  d e c i d e d  by  m a n i p u l a t i n g  o n e  o f  

t h e s e  two p o p u l a t l o n s  f o r  2-3 y e a r s  l e a v i n g  t h e  o t h e r  a s  an  

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

r e v e r s e d .  T h i s  c o u l d  b e  a  u s e f u l  s t r a t e g y  which would h e l p  t o  

answer  c e r t a i n  t e s t a b l e  h y p o t h e s e s  and s a v e  h a v i n g  t o  i n t e r -  

p r e t  o b s c u r e  r e s u l t s  f rom a  s t r a i g h t  s t o c k i n g  e x p e r i m e n t .  I t  

s h o u l d  p r e c e d e  a n y  ma jo r  s t o c k i n g  programme. 

D a n i e l s s e n  

I n  s u p p o r t  o f  P r o f e s s o r  D r a g e s u n d ' s  o b s e r v a t i o n s  I would 

l i k e  t o  s a y  t h a t ,  a l o n g  t h e  c o a s t  h e r e  ( F l Ø d e v i g e n )  t h e r e  i s  a  

c l o s e  r e l a t i o n s h i p  be tween  0- and l - g r o u p  s t a g e s  o f  c o d .  T h i s  

i s  a  f i n d i n g  f rom a  f i e l d  e x p e r i m e n t  d e s c r i b e d  y e s t e r d a y  by 

M r .  T v e i t e .  

Gamble 

One p o s s i b l e  d a n g e r  o f  embark ing  on a  d e t a i l e d  e x a m i n a t i o n  

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

t o  t h e  amount o f  i n f o r m a t i o n  which w i l l  b e  p r o d u c e d .  The 

o b j e c t i v e  which s h o u l d  a lways  b e  aimed f o r  i s  t h e  cod r a n c h i n g  

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

I t h i n k  a n o t h e r  a s p e c t  which a r i s e s  c o n c e r n i n g  t h e  r a n c h i n g  

programme i s  t h e  economic c o n s i d e r a t i o n  o f  who p a y s  f o r  i t .  

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

e a s i l y  d e f i n e d ,  t h o s e  f o r  r a n c h i n g  a r e  much more v a g u e .  Who 

p a y s  f o r  t h e  f r y  and how i s  o w n e r s h i p  d e t e r m i n e d ?  



Ø i e s t a d  

A s  l o n g  a s  we a r e  a t  t h e  e x p e r i m e n t a l  s t a g e  t h e n  t h e  

f u n d i n g  w i l l  o b v i o u s l y  have  t o  come ma in ly  f rom t h e  Govern- 

ment .  I s e e  no problem p a y i n g  f o r  p r o d u c t i o n  l e v e l s  u p  t o  

100.000 f r y  p e r  y e a r  i n  t h i s  manner .  

Gamble 

Yes ,  b u t  I was t h i n k i n g  when t h i n g s  were  b e i n g  s t e p p e d  u p  

t o  a  q u a s i - o p e r a t i o n a l  s t a n d p o i n t  when we would b e  t a l k i n g  

a b o u t  t e n  m i l l i o n  f r y .  T h i s  is  a  r e a l l y  l a r g e  commitment i n  

terms o f  p e r s o n e l  and e q u i p m e n t .  P resumab ly  you would t h e n  

need  commerc ia l  b a c k i n g .  

J o n e s  

One o f  t h e  t h i n g s  which i n t e r e s t s  me i s  j u s t  what  s i z e  t h e  

f i s h  w i l l  b e  r e l e a s e d  a t .  P e o p l e  have  t a l k e d  a b o u t  20-30 cm 

i n d i v i d u a l s  which weigh a b o u t  70 g .  I f  we r e l e a s e  one  m i l l i o n  

cod a t  70 g  t h a t  i s  70 t o n s  o f  f i s h ,  which w i l l  r e q u i r e  some- 

t h i n g  l i k e  200 t o n s  o f  c a p e l i n  t o  r e a r  t o  t h a t  s i z e .  O b v i o u s l y  

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

cod . 

O l s e n  

To r e t u r n  t o  c h o i c e  o f  s i t e ;  i n  TromsØ we f e e l  t h a t  i f  a  b i g  

p r o j e c t  i s  t o  b e  i n i t i a t e d  t h e n  i t  is v e r y  i m p o r t a n t  t o  g a i n  

t h e  g o o d w i l l  and c o o p e r a t i o n  o f  t h e  l o c a l  f i s h i n g  community.  

W e  a l s o  t h i n k  t h a t  one  o f  t h e  main p rob lems  w i l l  b e  t o  c o n t r o l  

t h e  numbers o f  p r e d a t o r s  w i t h i n  t h e  chosen  a r e a .  These  c o u l d  

b e ,  f o r  i n s t a n c e ,  l a r g e  cod  s o  i t  migh t  b e  n e c e s s a r y  t o  c l o s e  

o f f  t h e  a r e a  o r  o t h e r w i s e  l i m i t  t h e  numbers o f  l a r g e  f i s h .  

O b v i o u s l y  t h i s  w i l l  need  t h e  h e l p  and u n d e r s t a n d i n g  o f  t h e  

l o c a l  f i s h e r m e n .  

Gamble 

C o o p e r a t i o n  i s  t h e  key word h e r e .  I t  c a n  t a k e  t h e  fo rm o f  

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

someone is g o i n g  t o  h a v e  t o  pay f o r  t h e  70 t o n s  o r  s o  o f  f r y .  

I f  t h e  o b j e c t i v e  is t o  e n h a n c e  t h e  l o c a l  cod  p o p u l a t i o n  and 



h e n c e  i n c r e a s e  t h e  s i z e  o f  t h e  f i s h e r y  t h e n  some fo rm o f  l e v y  

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

a n o t h e r  form o f  c o o p e r a t i o n .  

B l a x t e r ,  S c o t l a n d  

Could  I r e t u r n  t o  t h e  p o i n t  t h a t  t h e  c h a i r m a n  made a b o u t  

t h e  t e r r i t o r i a l i t y  o f  c o d ,  i n  o t h e r  words  t h e  problem o f  t h e  

c a r r y i n g  c a p a c i t y  o f  t h e  e n v i r o n m e n t .  A s  f a r  a s  I c a n  make o u t  

t h e  o n l y  e x p e r i m e n t  t h a t  migh t  b e  r e l e v a n t  t o  t h i s  i s  t h e  

r e l e a s e  e x p e r i m e n t  d o n e  a t  F lØdev igen  i n  1 9 7 7 .  Do t h e  FlØde- 

v i g e n  s c i e n t i s t s  now h a v e  any  a p p r o x i m a t e  i d e a  o f  t h e i r  i n p u t  

i n t o  t h e  f i o r d ,  d i d  t h e y  i n c r e a s e  t h e  p o p u l a t i o n  t h e r e  b y  1% 

o r  by l o % ?  T h i s  migh t  g i v e  u s  some i d e a  o f  w h e t h e r  t h e  

e n v i r o n m e n t  c a n  c a r r y  t h o s e  e x t r a  f i s h .  

D a n l e l s s e n  

We have  n o  i n f o r m a t i o n  on t h i s  and s o  h a v e  n o  i d e a  by  what  

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

T v e i t e ,  Norway 

D u r i n g  t h e  autumn a f t e r  t h e  r e l e a s e  o f  t h e  cod  we d i d  n o t  

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

a b o u t  o n e  hundred  c o d .  

Dragesund 

A b r i e f  comment on t h e  c a r r y i n g  c a p a c i t y  o f  d i f f e r e n t  

f i o r d s .  I am q u i t e  s u r e  t h a t  most l o c a l  f i s h  s t o c k s  a r e  o v e r -  

f i s h e d  and s o  t h e  number o f  f i s h  must have  b e e n  much h i g h e r  i n  

e a r l i e r  y e a r s .  However,  t h e  c o d  p r e y  o r g a n i s m s  a r e  a l s o  o v e r -  

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

c a p a c i t y .  P r e y  s p e c i e s  s u c h  a s  s p r a t  and h e r r i n g  a r e  r a t h e r  

s c a r c e  now i n  t h e  f i o r d s .  N e v e r t h e l e s s ,  t h e  p o t e n t i a l  c a r r y i n g  

c a p a c i t y  is h i g h e r  t h a n  t h e  s t o c k  s i z e  of  t h e  p r e s e n t  l o c a l  

s t o c k s .  

Ø i e s  t ad 

With r e g a r d  t o  M r .  T v e i t e ' s  comment we f i s h e d  f o r  l - g r o u p  

cod w i t h  a  beach  s e i n e  i n  A p r i l  1977 .  We r e c a p t u r e d  two t a g g e d  



cod i n  a  t o t a l  c a t c h  o f  200. The t a g g e d  f i s h  were  f rom a  b a t c h  

o f  700 r e l e a s e d  i n  Sep tember  1976 .  I t  is  d i f f i c u l t  t o  

c a l c u l a t e  t h e  whole  p o p u l a t i o n  f rom t h i s  1% r e t u r n ,  b u t  a t  

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

m i n g l i n g .  

U l l t a n g  

To r e t u r n  t o  t h e  q u e s t i o n  o f  c h o o s i n g  an  e x p e r i m e n t a l  a r e a  

f o r  r e l e a s e ,  I t h i n k  i t  most i m p o r t a n t  t h a t  an  a r e a  i s  s e l c t e d  

where  t h e r e  i s  d a t a  a l r e a d y  a v a i l a b l e  on i m p o r t a n t  b i o l o g i c a l  

p a r a m e t e r s  s u c h  a s  s p e c i e s  c o m p o s i t i o n ,  s i z e  o f  s t o c k s  and 

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

f o r  s e v e r a l  y e a r s  b e f o r e  t h e  r e c r u i t s  a r e  r e l e a s e d .  

Moksness 

Cou ld  t h e  t o t a l  b i o m a s s  o f  f i s h  i n  f i o r d s  and i n s h o r e  

c o a s t a l  a r e a s  have  r e m a i n e d  much t h e  same i n  t h a t  commerc ia l  

f i s h  s p e c i e s  were  r e p l a c e d  by  o t h e r  s p e c i e s  which were  n o t  

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

So lemda l  

I would l i k e  t o  p u t  a  q u e s t i o n  c o n c e r n i n g  f r y  p r o d u c t i o n ,  

namely:  w i l l  t h e r e  b e  l a r g e  and s m a l l  y e a r c l a s s e s  o f  pond c o d ?  

I b e l i e v e  t h a t  a s  y e t  we c a n n o t  g u a r a n t e e  numbers o f  cod  f r y  

b u t  p re sumab ly  we w i l l  h a v e  t o  d e v e l o p  c o n t r o l  methods .  I a l s 0  

f e e l  t h a t  dependence  on  a  s i n g l e  p r o d u c t i o n  s y s t e m  is v e r y  

h a z a r d o u s  s i n c e  many t h i n g s  c o u l d  happen which c a n n o t  b e  

f o r e s e e n .  

Ø i e s t a d  

We h a v e  c a r r i e d  o u t  e x p e r i m e n t s  i n  t h e  F lØdev igen  b a s i n  f o r  

s i x  y e a r s  and we h a v e  a l w a y s  been  s u r p r i s e d  a t  t h e  s i m i l a r i t y  

be tween  t h e  numbers p r o d u c e d  y e a r l y .  I n  t h e  pond s y s t e m  a t  

A u s t e v o l l ,  which i s  d i f f e r e n t  f rom t h e  b a s i n  a t  F l Ø d e v i g e n ,  we 

h a v e  had  more v a r i a b l e  r e s u l t s .  T h i s  y e a r  when we r e l e a s e d  cod  

p o p u l a t i o n s  a t  t e n  d a y  i n t e r v a l s  we o b t a i n e d  50-70%. 30% and 

f i n a l l y  10% s u r v i v a l  i n  e a c h  o f  t h r e e  s u c c e s s i v e  c o h o r t s .  

S i n c e  we e x p e c t e d  10% t o  b e  f a i r l y  good s u r v i v a l  we f e e l  we 



o b t a i n e d  t h r e e  s t r o n g  y e a r c l a s s e s .  However,  i n  t h e  t h r e e  p r e -  

c e d i n g  y e a r s  we had f a i r l y  bad  r e s u l t s .  Of c o u r s e  i t  t a k e s  

t i m e  t o  l e a r n  t o  m o n i t o r  and manage s u c h  a  s y s t e m  b u t  we now 

t h i n k  w e  know how t o  s t o c k  cod  l a r v a e .  T h i s  knowledge w i l l  b e  

t e s t e d  n e x t  y e a r  u s i n g  a  new pond.  

We a l s o  a r e  c o n s i d e r i n g  u s i n g  cod  which m a t u r e  l a t e r  t h a n  

c o a s t a l  cod s u c h  a s  t h o s e  bank cod  which e n t e r  t h e  MØre c o a s t  

and which f i r s t  spawn a t  f i v e  y e a r s  o l d .  T h i s  t y p e  o f  cod  

c o u l d  b e  t h e  c o r r e c t  o n e  t o  u s e  i n  i n t e n s i v e  c u l t u r e .  

On t h e  p o i n t  r a i s e d  b y  M r .  U l l t a n g  a b o u t  t h e  need  t o  have  

s e v e r a l  y e a r s  o f  d a t a  b e f o r e  embark ing  on a  s t o c k i n g  p ro -  

gramme; I am a f r a i d  t h a t  t h e  I n s t i t u t e  o f  Marine  R e s e a r c h  h a s  

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

migh t  t h e r e f o r e  b e  d i f f i c u l t  t o  f i n d  a  l o c a t i o n  which h a s  b e e n  

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

Trondheim and maybe some o f  t h e  f i o r d s  c l o s e  t o  F lØdev igen .  

Gamble 

You r a i s e  a  p o i n t  wh ich  D r .  Ryman m e n t i o n e d ;  t h a t  o f  

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

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

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

l o c a l i t y  t o  t h e i r  no rma l  o n e ?  Dr .  Ryman recommended t h a t  t h e  

o p t i m a l  c h o i c e  o f  s i t e  would b e  one  where  t h e  p a r e n t a l  cod 

were  c a u g h t  and where  t h e  c u l t u r e  and r e l e a s e  o f  f r y  t o o k  

p l a c e  . 

Ryman 

Yes ,  I t h i n k  t h a t  you s h o u l d  s t i c k  t o  l o c a l  p o p u l a t i o n s  

s i n c e  a  problem is  t h a t  we d o  n o t  r e a l l y  know t h e  v a l u e  o f  

c h a r a c t e r s  s u c h  a s  a g e  and m a t u r i t y ;  t h e y  have  y e t  t o  b e  

s t u d i e d .  

I h a v e  two comments t o  t h i s  d i s c u s s i o n .  F i r s t l y ,  M r .  

J Ø r s t a d ' s  d a t a  q u i t e  c l e a r l y  showed t h a t  some f i o r d i c  cod  

p o p u l a t i o n s  d i f f e r  g e n e t i c a l l y  f rom t h e  r e s t .  I t  is  v e r y  l m -  

p o r t a n t  t o  i d e n t i f y  t h e s e  and t h i s  s h o u l d  b e  done  b e f o r e  t h e  

f i n a l  c h o i c e  o f  e x p e r i m e n t a l  a r e a  i s  made. S e c o n d l y ,  i f  you 

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



done  is t o  p i c k  them o u t .  We d o  n o t  know w h e t h e r  t i m e  t o  

m a t u r i t y  is g e n e t i c a l l y  d e t e r m i n e d  o r  n o t ;  t h e  o n l y  i n f o r -  

ma t ion  we h a v e  is  t h a t  t h e  amount o f  m o r p h o l o g i c a l  and be-  

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

e l e c t r o p h o r e t i c  d a t a .  Hence t h e  b e s t  o p t i o n  i s  t o  s e l e c t  a  

f i s h  a s  s i m i l a r  a s  p o s s i b l e  t o  t h e  one you wish  t o  p r o d u c e .  I 

t h i n k  t h a t  you s h o u l d  b e  a s  l o c a l  a s  p o s s i b l e  d e r i v i n g  f rom 

t h e  a r e a  where  t h e  r e l e a s e s  w i l l  b e  made. I n  my o p i n i o n  t h e r e  

a r e  q u i t e  a  f ew d i f f e r e n t  s e l e c t i v e  f o r c e s  o p e r a t i n g  which 

v a r y  be tween  lo ca li tie,^. 

Ø i e s t a d  

W e  c a n ,  o f  c o u r s e ,  o b t a i n  b r o o d  s t o c k  f rom t h e  a r e a  where  

we i n t e n d  t o  r e l e a s e  t h e  f r y .  

GodØ, Norway 

I h a v e  b e e n  s t u d y i n g  t h e  c a t c h  s t a t i s t i c s  i n  t h e  c o a s t a l  

a r e a  and found  t h a t  t h e r e  was a  d r o p  i n  t h e  c a t c h e s  d u r i n g  t h e  

l a s t  p a r t  o f  t h e  1 9 6 0 ' s  wh ich  c a n  b e  l i n k e d  t o  t h e  d e c l i n e  o f  

t h e  h e r r i n g  f i s h e r i e s  and h e r r i n g  s t o c k s  i n  t h e  a r e a .  I f  w e  

c a n  now o b s e r v e  t h a t  cod c a t c h e s  a r e  i n c r e a s e d  a s  we s e e  t h e  

i n c r e a s e  of  t h e  h e r r i n g  s t o c k s ,  i t  may i n d i c a t e  t h a t  t h e  

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

a c c e p t  a  b u i l d  u p  o f  cod  f r y  i n  t h e  a r e a .  

Gamble 

I t h i n k  t h a t  is an  o p t i m i s t i c  p o i n t  t o  c l o s e  on .  F o r  my 

p a r t  I f e e l  t h a t  we a r e  h e a l t h i l y  s c e p t i c a l  a b o u t  t h e  whole  

cod c u l t u r e  programme b u t  t h e  p e o p l e  a t  F lØdev igen  and 

A u s t e v o l l  must c o n t i n u e  w i t h  t h i s  work. I wou ld ,  however ,  

recommend f rom my v i e w p o i n t  and f r o m ,  I h o p e ,  many o t h e r s ' ,  

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

a b o u t  t h e  a r e a  i n  which t h e  r e l e a s e s  a r e  t o  b e  made b e f o r e  any  

r e l e a s e s  t a k e  p l a c e .  





SECTION VI11 

Summing u p  




