
FlØdevigen r a p p o r t s e r . ,  1, 1 9 8 4 .  ISSN 0333-2594 
The P r o p a g a t i o n  o f  Cod Gadus  morhua L .  

YEARCLASS STRENGTH OF NORTH-EAST ARCTIC COD AT THE O-GROUP 
STAGE 

A .  Hylen 

I n s t i t u t e  o f  Mar ine  R e s e a r c h ,  P.O. Box 1 8 7 0 ,  
N-5011 NORDNES Norway 

ABSTRACT 

H y l e n ,  A., 1984 .  Y e a r c l a s s  s t r e n g t h  of  N o r t h - E a s t  A r c t i c  cod 
a t  t h e  O-group s t a g e .  I n :  E. D a h l ,  D.S. D a n i e l s s e n ,  E. 
Moksness and P. So lemda l  ( E d i t o r s ) ,  The P r o p a g a t i o n  o f  Cod 
Gadus  morhua L .  F lØdev igen  r a p p o r t s e r . ,  l ,  1984 :  847-854. 

On t h e  b a s i s  o f  r e c e n t  d e v e l o p m e n t s  i n  a r t i f t c i a l  p ropaga -  
t i o n  o f  cod  f r y  i t  h a s  b e e n  s u g g e s t e d  t h a t  p r o p a g a t e d  c o d  f r y  
may b e  r e l e a s e d  i n  t h e  B a r e n t s  Sea  and t h e  S v a l b a r d  r e g i o n ,  t h e  
f e e d i n g  a r e a s  o f  N o r t h - E a s t  A r c t i c  c o d .  The aim would b e  t o  
improve  t h e  p e r i o d i c a l  b a d  s t a t e  o f  t h i s  s t o c k .  

The Nor th -Eas t  A r c t i c  c o d  is spawning  f rom F e b r u a r y  t o  
A p r i l ,  and t h e  f i r s t  abundance  i n d e x  o f  a new y e a r c l a s s  is  
a s s e s s e d  a t  an  a g e  o f  s i x  months  b y  midwa te r  t r a w l  s u r v e y .  
E s t i m a t e s  o f  y e a r c l a s s  abundance  (VPA) v a r y  be tween  1 1 5  and 
1818  m i l l i o n  f i s h  a t  a g e  3 ,  a  much s m a l l e r  r a n g e  t h a n  i n d i c a t e d  
b y  t h e  O-group s u r v e y  i n d e x e s  f o r  s i x  months o l d  c o d .  

I n  August /Septernber  t h e  O-group cod  a r e  d i s t r i b u t e d  i n  t h e  
B a r e n t s  S e a ,  a r o u n d  Bear  I s l a n d  and a l o n g  W e s t - S p i t s b e r g e n .  
S t r o n g  y e a r c l a s s e s  have  a  much w i d e r  d i s t r i b u t i o n  t h a n  p o o r  
o n e s .  I n f o r m a t i o n  f rom t h i s  s u r v e y  may b e  used  i n  p l a n n i n g  t h e  
r e l e a s e  o f  a r t i f i c i a l l y  p r o p a g a t e d  c o d  f r y ,  which c o u l d  t h e n  
t a k e  p l a c e  i n  Sep tember .  

Because  o f  l a c k  o f  r e l i a b l e  b a s i s  f o r  e s t i m a t i n g  t h e  n a t u r a l  
m o r t a l i t y  o f  cod; e s p e c i a l l y  on t h e  younger  a g e  g r o u p s ,  t h e  
number o f  cod  f r y  i n  Sep tember  c a n n o t  b e  p r e c i s e l y  e s t i m a t e d .  
However,  f o r  a  r e a s o n a b l e  r a n g e  o f  n a t u r a l  m o r t a l i t i e s ,  t h e  
number o f  £ r y  needed  t o  r a i s e  a  p o o r  y e a r c l a s s  t o  a  s t r o n g  o n e  
a t  t h e  O-group s t a g e  would b e  i n  t h e  o r d e r  o f  2600-5200 
m i l l i o n .  

A r t i f i c i a l  p r o p a g a t i o n  o f  c o d  f r y  would have  t o  s t a r t  i n  
March, b u t  i t  rnay b e  s t o p p e d  l a t e r  i n  y e a r s  w i t h  h i g h  n a t u r a l  
p r o d u c t i o n  o f  f r y  i n  o r d e r  t o  r e d u c e  t h e  e f f e c t s  of  d e n s i t y  
d e p e n d e n t  g r o w t h .  

A r t i f i c i a l l y  p r o p a g a t e d  £ r y  s h o u l d  have  t o  b e  r e l e a s e d  i n  
t h e  most s u i t a b l e  a r e a s .  O b s e r v a t i o n s  on h y d r o g r a p h i c a l  and 



f o o d  c o n d i t i o n s  a r e  t h e r e f o r e  needed  f o r  t h e  most s u i t a b l e  
t i m e .  I n  o r d e r  t o  a v o i d  a  h i g n  d e g r e e  of  c a n n i b a l i s m ,  t h e  d i s -  
t r i b u t i o n  o f  l - 3 - g r o u p  cod  would a l s o  have  t o  b e  t a k e n  i n t o  
a c c o u n t  . 

A programme f o r  a r t i f i c i a l  p r o p a g a t i o n  o f  N o r t h - E a s t  A r c t i c  
cod  f r y  would b e  j u s t i f i a b l e  i n  y e a r s  o r  p e r i o d s  w i t h  low 
p o t e n t i a l  y e a r c l a s s  s t r e n g t h .  However, o u r  s t a t e  o f  knowledge 
a b o u t  t h e  many f a c t o r s  i n v o l v e d  d o e s  n o t  a t  p r e s e n t  j u s t i f y  
s u c h  an  e x t e n s i v e  programme. 

INTRODUCTION 

P r o p a g a t i o n  o f  c o d  l a r v a e  s t a r t e d  i n  1 8 8 5  a t  t h e  F lØdev igen  

B i o l o g i c a l  S t a t i o n  i n  o r d e r  t o  i n c r e a s e  t h e  y e a r c l a s s  s t r e n g t h  

o f  l o c a l  c o d  s t o c k s  a l o n g  t h e  s o u t h  c o a s t  o f  Norway ( D a n n e v i g ,  

1 9 8 2 ) .  The c o d  l a r v a e  were  r e l e a s e d  when p a r t  o f  t h e  y o l k  s a c  

s t i l l  was i n t a c t .  D a t a  f rom t h e s e  e x p e r i m e n t s  were  a n a l y s e d  b y  

T v e i t e  ( 1 9 7 1 ) .  He c o n c l u d e d :  " A s  a  v a r i a t i o n  i n  y e a r c l a s s  

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

c a n t l y  s e p a r a t e d  f rom o t h e r  n a t u r a l  s o u r c e s " .  E x p e r i m e n t a l  p r o -  

p a g a t i o n  o f  c o d  was resumed i n  t h e  s e v e n t i e s  b y  Ø i e s t a d  and 

Kvense th  ( 1 9 8 1 )  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 .  They s u c -  

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

I t  h a s  b e e n  s u g g e s t e d  t h a t  p r o p a g a t e d  cod  f r y  migh t  b e  r e -  

l e a s e d  i n  t h e  B a r e n t s  Sea  and t h e  S v a l b a r d  r e g i o n ,  t h e  f e e d i n g  

a r e a s  o f  Nor th -Eas t  A r c t i c  c o d .  The aim would b e  t o  i n c r e a s e  

t h e  r e c r u i t m e n t  t o  t h e  Nor th -Eas t  A r c t i c  cod  s t o c k  i n  p e r i o d s  

when t h e  n a t u r a l l y  p roduced  y e a r c l a s s e s  would b e  p o o r .  

Even i f  a l l  t e c h n i c a l  p rob lems  i n  mass p r o p a g a t i o n  and 

t r a n s p o r t a t i o n  o f  cod  f r y  a r e  s o l v e d ,  t h e r e  a r e  s t i l l  p rob lems  

which have  t o  b e  e v a l u a t e d :  how t o  d e c i d e  when t h e  f r y  s h o u l d  

b e  r e l e a s e d  and how many cod  f r y  s h o u l d  b e  r e l e a s e d  e a c h  y e a r  

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

Cod b i o l o g y  

Nor th -Eas t  A r c t i c  cod  a r e  spawning  d u r i n g  F e b r u a r y - A p r i l  

a l o n g  t h e  Norwegian c o a s t  f rom 61°N t o  7 0 ° 3 0 ' ~ ,  w i t h  t h e  

main spawning  a r e a  i n  V e s t f j o r d e n .  Eggs and l a r v a e  f o l l o w  t h e  

c u r r e n t  n o r t h w a r a ,  and cod  f r y  a t  a  l e n g t h  of  25-114 m m  a r e  

o b s e r v e d  i n  Augus t /Sep tember  i n  t h e  B a r e n t s  S e a ,  a r o u n d  Bear  



I s l a n d  a n d  a l o n g  W e s c - S p i t s b e r g e n  (Anon . ,  1 9 8 1 ) .  S t r o n g  y e a r -  

c l a s s e s  a r e  d i s t r i b u t e d  o v e r  a  much w i d e r  a r e a  ( F i g .  1) t h a n  

p o o r  y e a r c l a s s e s  ( F i g .  2 ) .  Y e a r s  w i t h  low t e m p e r a t u r e s  i n  t h e  

B a r e n t s  S e a  are c h a r a c t e r i z e d  b y  a  more  w e s t e r n  d i s t r i b u t i o n  o f  

t h e  O-qroup c o d  t h a n  warmer y e a r s .  I n  q e n e r a l ,  mos t  o f  t h e  

O-group c o d  is o b s e r v e d  i n  w a t e r  m a s s e s  w i t h  t e m p e r a t u r e s  o f  

3 - 6 O ~ ,  m o s t l y  b e t w e e n  d e p t h s  o f  25  t o  50  m .  

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

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

a g e  o f  s i x  months  ( R a n d a ,  1 9 8 4 ) .  Such d a t a  a r e  a v a i l a b l e  f o r  

t h e  p e r 1 0 6  1565-1982 ,  a n d  t h e  a b u n d a n c e  i n d i c e s  v a r y  b e t w e e n  

< 0 .01  a n d  2 . 8 7  ( T a b l e  1) .  However, some l e a r n i n g  e f f e c t  may 

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

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

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

(VPA) a t  t h e  b e g i n n i n g  o f  t h e i r  f o u r t h  y e a r  o f  l i f e ,  v a r i e s  

P-GROUP CO0 
a PELAGIC TRAWI 
o BOTTOM TRAWL 

F i g .  1. D i s t r i b u t i o n  o f  O-group c o d  i n  Augus t /Sep tember  1970  
Double  s h a d e d :  d e n s e  c o n c e n t r a t i o n s .  Anon.,  1 9 7 2 .  



i. 10. i"""""""""""""""""" , 10' 15' '?' , , , '7 , , , , ' y ,  . , 
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F i g .  2 .  D i s t r i b u t i o n  o f  O-group cod  i n  Augus t /Sep tember  1980 .  
Anon.,  1 9 8 3 a .  

be tween  1 1 5  and 1818  m i l l i o n  ( T a b l e  1 ) .  The b a s i s  f o r  t h e s e  

a s s e s s m e n t s  is  t h e  t o t a l  number o f  f i s h  l a n d e d  b y  a g e  a n d  b y  

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

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

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

O b s e r v a t i o n s  f rom t h e  O-group s u r v e y  which t a k e  p l a c e  i n  t h e  

l a s t  p a r i  o f  August and t h e  f i r s t  d a y s  o f  S e p t e m b e r ,  would b e  

of  g r e a t  h e l p  i n  p l a n n i n g  t h e  r e l e a s e  o f  cod  f r y .  T h i s  would 

j u s t i f y  t h e  u s e  o f  Sep tember  a s  a  p o t e n t i a l  p e r i o d  t o  r e l e a s e  

t h e  £ r y .  I n f o r m a t i o n  a b o u t  t h e  abundance  o f  n a t u r a l l y  p r o d u c e d  

y e a r c l a s s e s  a t  t h i s  t i m e  i n  t h e  spawning  y e a r  would t h e r e f o r e  

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

p r o p a g a t i o n  of  c o d  f r y .  I ' hese  numbers c a n  b e  a s s e s s e d  b y  back-  

c a l c u l a t i o n  f rom numbers  o f  t h r e e  y e a r  o l d  cod  ( T a b l e  1 ) .  

N a t u r a l  m o r t a l i t y  r a t e s  which a r e  needed f o r  t h e s e . c a l c u l a t i o n s  



h a v e  t o  b e  assumed.  A n a t u r a l  m o r t a l l t y  M = 0 .20  h a s  b e e n  u s e d  

f o r  a g e  g r o u p  t h r e e  and o l d e r .  T h i s  f i g u r e  is  n o t  b a s e d  on any  

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

g r o u p s  is  even  more u n c e r t a i n .  

Back c a l c u l a t i o n  of a  p o o r ,  an  a v e r a g e  and a  s t r o n g  y e a r -  

c l a s s  h a s  b e e n  made f o r  f i v e  a r r a y s  of  n a t u r a l  m o r t a i i t y ,  

a s suming  f i s h i n g  m o r t a l i t y  ( F )  on  0 , l  and  2 y e a r  o l d  c o d  t o  b e  

z e r o  ( T a b l e  2 ) .  A t  an  a g e  o f  s i x  months  t h e  abundance  o f  a  poor  

y e a r c l a s s  would b e  be tween  r o u g h l y  300 and  600 m i l l i o n  f r y ,  

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

TABLE 2 

B a c k - c a l c u l a t i o n  of y e a r c l a s s  s i z e  f rom a g e  t h r e e  t o  s i x  months 
(1 S e p t e m b e r )  f o r  f i v e  a r r a y s  (A-E) o£ n a t u r a l  m o r t a l i t y .  Num- 
b e r s  i n  m i l l i o n .  

Poor  Average  S t r o n g  
Age g r o u p  M Y e a r c l a s s  Y e a r c l a s s  Y e a r c l a s s  

1) Based on VPA-data i n  T a b l e  1. 



for an average and a strong yearclass would be 1100 to 2200 

million and 2900 to 5800 million fry. Raising a poor yearclass 

to an average would therefore require a propagation of 800-1600 

million six months old fry. If a poor yearclass is to be raised 

to a strong one, a production of 2600-5200 million fry would be 

needed. 

TABLE 1 

North-East Arctic cod. Yearciass strength. 

Indices 

V P A ~ )  
Yearclasc ~-,~rou~l) Number. 10-6 

1957 791 
8 919 
9 730 

1960 4 73 
1 340 
2' 779 
3 1582 
4 1294 

1965 <O. O1 177 
6 0,03 115 
5 0,09 197 
8 0,03 405 
9 0,27 1016 

1970 2,87 1818 
1 1,OO 524 
2 0, 83 620 
3 2,49 616 
4 0,51 372 

1975 1,50 794 
6 0,25 241 
5 O, 63 (175) 
8 0,19 (257) 
9 0,32 190) 

1980 0,lO 
1 0,11 
2 O, 66 

1) Randa, 1984 
2) Anon., 1983b 



DISCUSSION 

A t  t h i s  s t a g e  of  knowledge, no f o r e c a s t  of y e a r c l a s s  

s t r e n g t h  can  b e  a s s e s s e d  i n  t h e  b e g i n n i n g  of t h e  spawning 

s e a s o n .  T h e r e f o r e ,  i n  o r d e r  t o  b e  s a f e ,  p r o d u c t i o n  of  cod f r y  

would have t o  b e  s t a r t e d  i n  March. I n  y e a r s  w i t h  high n a t u r a l  

p r o d u c t i o n  of cod f r y  t h e  a r t i f i c i a l  p r o p a g a t i o n  programme c a n  

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

September.  

~ S s u m i n g  a l l  t e c h n i c a l  d i f f i c u l t i e s  involved  i n  t h e  produc- 

t i o n  and t r a n s p o r t a t i o n  of s e v e r a l  m i l l i o n s  cod f r y  a r e  s o l v e d  

( T a b l e  2 ) ,  t h e  most s u i t a b l e  f e e d i n g  a r e a s  have t o  b e  chosen .  

I t  would t h e r e f o r e  b e  n e c e s s a r y  t o  t a k e  h y d r o g r a p h i c a l  and food  

c o n d i t i o n s  a s  w e l l  a s  t h e  d i s t r i b u t i o n  of 1-111 group  cod w i t h -  

i n  t h e  p o t e n t i a l  a r e a  i n t o  c o n s i d e r a t i o n .  T h i s  would s e c u r e  t h e  

b e s t  n a t u r a l  l i v i n g  c o n d i t i o n s  f o r  t h e  O-group cod and a  low 

l e v e l  of canniba l i sm by t h e  1-111 g r o u p  cod (Ponomarenko, 1965)  

Re levant  o b s e r v a t i o n s  f o r  e v a l u a t i o n  of  t h e s e  f a c t o r s  would b e  

c o l l e c t e d  d u r i n g  t h e  O-group s u r v e y  i n  August/September. 

D e n s i t y  dependent  growth has  been  observed  i n  s e v e r a l  f i s h  

s t o c k s ,  North-East A r c t i c  cod i n c l u d e d  ( S æ t e r s d a l  and Cadima, 

1 9 6 0 ) .  T h i s  is  e v a l u a t e d  t o  b e  t h e  consequence of  l i m i t a t i o n  o f  

food .  An a r t i f i c i a l  i n c r e a s e  i n  y e a r c l a s s  s t r e n g t h  would t h e r e -  

f o r e  under  s p e c i a l  c i r c u m s t a n c e s  c a u s e  reduced growth ,  and t h e  

n e t  e f f e c t  of t h e  p r o p a g a t i o n  would b e  less t h a n  expec ted .  

Cod is f e e d i n g  on c a p e l i n  and p a n d a l i d  shr imps  (Ponomarenko 

and Yarag ina ,  1978;  Smedstad, I n s t i t u t e  of Marine Research ,  

p e r s o n a l  communication, 1 9 8 3 ) .  A g e n e r a l  i n c r e a s e  i n  y e a r c l a s s  

s t r e n g t h  would t h e r e f o r e  r e d u c e  t h e  p r e s e n t  h i g h  s t o c k  l e v e l  of  

c a p e l i n  and shr imp.  However, t h i s  s u b j e c t  needs f u r t h e r  s t u d i e s  

b e f o r e  any c o n c l u s i o n s  can b e  drawn. 

The North-East  A r c t i c  cod i s  a t  p r e s e n t  i n  a  bad s t a t e  

(Anon.,  1 9 8 3 b ) .  S e v e r a l  poor  y e a r c l a s s e s  a r e  r e c r u i t i n g  t h e  

e x p l o i t e d  s t o c k  and t h e  spawning s t o c k  may i n  t h e  n e x t  few 

coming y e a r s  b e  a t  such  a  low l e v e l  t h a t  t h e  p r o b a b i l i t y  of  

p roduc ing  good y e a r c l a s s e s  would b e  h i g h l y  reduced .  P r o p a g a t i o n  

of cod f r y  would i n  such  p e r i o d s  b e  b e n e f i c i a l ,  b u t  even s u c h  

c i r c u m s t a n c e s  r e q u i r e  a  p r o p e r  management of t h e  s t o c k s ,  which 



i n v o l v e  p rob iems  t h e  a d m i n i s t r a t o r s  have  b e e n  f a c e d  w i t h  d u r i n g  

t h e  l a s t  30 y e a r s .  However,  w i t h  t h e  p r e s e n t  s t a t e  o f  knowledge 

on t h e  s u r v i v a l  o f  O-group cod and  t h e  p o s s i b l e  e f f e c t  o f  

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

l a t i o n s  an  e x t e n s i v e  programme f o r  a r t i f i c i a l  p r o p a g a t i o n  o f  

Nor th -Eas t  A r c t i c  cod  f r y  is  n o t  j u s t i f i e d .  
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