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ABSTRACT 

S e r e b r y a k o v ,  V.P. and  Aldonov V.K., 1984 .  Spawning g r o u n d s  o f  
t h e  Arcto-Norwegian cod  o u t s i d e  V e s t f j o r d e n .  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  ( ~ 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 l f ldev igen  r a p p o r t s e r . ,  
1 ,  1984 :  479-500. 

The spawning  a r e a  of  t h e  Arcto-Norwegian c o d  is v a s t ,  ex- 
t e n d i n g  f rom 6 2 O ~  t o  74O30'N i n  t h e  a r e a  i n v e s t i g a t e d .  

L o c a l i t i e s  c h a r a c t e r i z e d  b y  an  i n t e n s i v e  r a t e  o f  spawning  
a r e  i n  t h e  Norwegian Sea  o v e r  t h e  Langgrunnen,  Buagrunnen,  
H a l t e n ,  R f l s t  , V e s t e r z l e n ,  Andoy, Malangen and Fuglf ly  Banks ,  i n  
t h e  s h e l f  s l o p e  a r e a  and  i n  t h e  open s e a  o v e r  g r e a t  d e p t h s .  The 
p o s i t i o n  o f  spawning  g r o u n d s  and  t h e  i n t e n s i t y  o f  spawning  i n  
t h e  a r e a  v a r y  f rom y e a r  t o  y e a r .  

V a r i o u s  p o s i t i o n s  of  spawning  g r o u n d s  a r e  g r o u p e d  i n t o  t h r e e  
t y p e s :  Type 1 - t h e  main  spawning  g r o u n d s  a r e  o n l y  i n  t h e  a r e a s  
of  b a n k s  n e a r  t h e  s h o r e ;  Type 2  - spawning  g r o u n d s  a r e  b o t h  i n  
t h e  a r e a s  o f  b a n k s  and  i n  t h e  s h e l f  s l o p e  a r e a ;  Type 3  - 
spawning  g r o u n d s  a r e  o u t s i d e  t h e  ~ o r w e g i a n  Sea s h e l f  and o v e r  
t h e  Malangen Bank. 

The p o s i t i o n  o f  spawning  g r o u n d s  i n  t h e  s u r v e y  a r e a  o u t s i d e  
t h e  V e s t f j o r d e n  is n o t  an  i n d i c a t o r  o f  t h e  abundance  o f  y e a r  
c l a s s e s  of  t h e  Arcto-Norwegian c o d .  

l INTRODUCTION 

The f i s h e r y  f o r  spawning  cod  o f f  t h e  Norwegian c o a s t  and 

Kola  P e n i n s u l a  h a s  b e e n  i n  e x i s t e n c e  s i n c e  a n c i e n t  t i m e s .  The 

d i s t r i b u t i o n  o f  t h e  spawning  g r o u n d s  i n  t h e  a r e a  h a s  b e e n  d e s -  

c r i b e d  b y  many s c i e n t i s t s  engaged i n  t h e  s t u d y  o f  t h e  s p e c i e s  



( H j o r t ,  1 9 0 2 ;  Damas, 1 9 0 9 ;  S c h m i d t ,  1 9 0 9 ,  1 9 3 0 ;  T a n a s i i c h u k ,  

1932 ;  Sund ,  1 9 3 8 ;  Mar ty ,  1939 ;  Maslov,  1 9 4 4 ;  R a s s ,  1 9 3 4 ,  1 9 4 9 ,  

and o t h e r s ) .  Rass  made a  t h o r o u g h  i n v e s t i g a t i o n  o f  t h e  r e p r o -  

d u c t i o n  o f  cod  i n  t h e  B a r e n t s  S e a  where  spawning  g r o u n d s  were 

f o u n d  o f f  Murman i n  t h e  1 9 3 0 ' s  ( S u v o r o v ,  1 9 3 2 ;  E s i p o v ,  1 9 3 2 ;  

T a r a s o v ,  1 9 3 2 ) .  The spawning  g r o u n d s  i n  t h e  Norwegian Sea  i n  

t h e  V e s t f j o r d e n  a r e a  were  i n v e s t i g a t e d  t h o r o u g h l y  b y  Wiborg 

( 1 9 4 8 ,  1 9 5 2 ,  1 9 5 4 ,  1 9 5 6 ,  1 9 5 7 )  w h i c h ,  a s  Marty and M a r t i n s e n  

( 1 9 6 9 )  p o i n t e d  o u t ,  had  b e e n  t h e  main spawning  g r o u n d s  o f  a r c -  

t i c  c o d  s i n c e  t h e  1 9 3 0 ' s .  Our knowledge o f  t h e  spawning  g r o u n d s  

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

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

t u t e  o f  Mar ine  F i s h e r i e s  and Oceanography (PINRO) ( B a r a n e n k o v a ,  

1 9 6 1 ;  Baranenkova and  K h o k h l i n a ,  1 9 5 9 ,  1 9 6 4 ;  Baranenkova e t  

a l . ,  1 9 7 2 ,  1 9 7 3 ,  1 9 7 6 ) .  They i n d i c a t e d  t h a t  c o d  spawn i n t e n -  

s i v e l y  n o r t h  a n d  n o r t h e a s t  o f  t h e  L o f o t e n  o u t s i d e  V e s t f j o r d e n .  

The spawning  i n t e n s i t y  i n  V e s t f j o r d e n  f l u c t u a t e d  w i d e l y  f rom 

y e a r  t o  y e a r  (Wiborg ,  1 9 5 2 ,  1 9 6 0 ,  1 9 7 8 )  which somet imes  seemed 

t o  b e  a s s o c i a t e d  w i t h  u p w e l l i n g  i n d u c e d  by  s o u t h w e s t e r l y  winds  

(Audunson e t  a l . ,  1 9 8 1 ,  E l l e r t s e n  e t .  a l .  1 9 8 1 ) .  I n  some y e a r s ,  

a s  Baranenkova and Khokh l ina  ( 1 9 6 4 )  n o t e d ,  t h e  i n c r e a s e  i n  t h e  

abundance  o f  e g g s  and  l a r v a e  of  c o d  o u t s i d e  V e s t f j o r d e n  c o r -  

r e s p o n d e d  t o  a  d e c r e a s e  i n  t h e  abundance  o f  e g g s  and l a r v a e  

i n s i d e  V e s t f j o r d e n .  M a t e r i a l  f rom t h e  s t a n d a r d  i c h t h y o p l a n k -  

t o n i c  s u r v e y s  o f  PINRO i n  t h e  e a s t  Norwegian Sea  and i n  t h e  

s o u t h - w e s t e r n  B a r e n t s  S e a  i n  1959-1980 a l l o w s  a  d e t a i l e d  ana-  

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

c h a r a c t e r i z e d  b y  an i n t e n s i v e  r a t e  of  spawning .  

MATERIALS A N D  METHODS 

The i c h t h y o p l a n k t o n i c  s u r v e y s  were  r e g u l a r l y  c o n d u c t e d  I n  

April-May f rom 1959 t o  1980 ( F i g .  1 ) .  A t  e a c h  o f  200 s t a t i o n s  a  

v e r t i c a l  h a u l  was made f rom t h e  bo t tom t o  0  m i f  i t  was l e s s  

t h a n  500 m d e p t h  o r  500-0 m, and h o r i z o n t a l  h a u l s  a t  d e p t h s  o f  

0 .25 and  50 m when t h e  v e s s e l  was u n d e r  way, moving w i t h  a  

s p e e d  o f  2 .5  k n o t s .  The f i s h i n g  g e a r  f o r  e g g s  was a  c o n l c a l  n e t  
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F l g .  1. I c h t h y o p l a n k t o n l c  s u r v e y s  I n  t h e  Norwegian and  
s o u t h - w e s t  B a r e n t s  S e a s  i n  1959-1980 .  D o t s  l n d l c a t e  s t a t l o n  



made o f  g a u z e ,  0 .505  m m  mesh,  w i t h  an  80 c m  mouth o p e n i n g .  I n  

a d d i t i o n ,  i n  1969-1976 a n o t h e r  s e r i e s  o f  i c h t h y o p l a n k t o n i c  

s u r v e y s  was made i n  t h e  Norwegian s h a l l o w s .  The s u r v e y s  s t a r t e d  

a l t e r n a t i v e l y  f rom t h e  Malangen Bank on A p r i l  20 o r  f rom t h e  

S v i n 0  a r e a  on A p r i l  2-5. The methods  of  t h e  s u r v e y s  h a v e  b e e n  

d e s c r i b e d  i n  d e t a i l  ( B a r a n e n k o v a ,  1 9 6 1 ;  Baranenkova and  

K h o k h l i n a ,  1 9 5 9 ;  S e l i v e r s t o v  1 9 7 2 ) .  

I n  o r d e r  t o  c o m p i l e  egg  d i s t r i b u t i o n  d e n s i t y  maps,  a  s p e c i a l  

programme was worked o u t  f o r  a  compute r  e q u i p p e d  w i t h  a  g r a p h -  

p l o t t e r .  The maps o f  t h e  d i s t r i b u t i o n  d e n s i t y  o f  e g g s  a r e  p r o -  

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

67ON) a s  t h e  s a m p l i n g  method i n  t h e  s o u t h e r n  p a r t  ( s o u t h  o f  

67ON) was a  l i t t l e  d i f f e r e n t  and d i d  n o t  s u i t  t h e  compute r  

programme. D a t a  o b t a i n e d  d u r i n g  v e r t i c a l  h a u l s  were  compared 

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

d i s t r i b u t i o n  d e n s i t y  maps o f  e g g s  a t  s t a g e  I o f  deve lopmen t  

( a c c o r d i n g  t o  t h e  s c a l e  s u g g e s t e d  b y  Rass  i n  1 9 4 6 ) .  W h i l e  

compar ing  t h e  maps, i t  was f o u n d  t h a t  p a t c h e s  o f  h i g h e s t  egg  

d e n s k t i e s  were  s i t u a t e d  i n  t h e  same a r e a s  on  b o t h  t y p e s  o f  

maps,  whereas  p a t c h e s  o f  l o w e s t  d e n s i t i e s  were  much more w i d e l y  

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

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

h o r i z o n t a l  h a u l s  were  u s e d  f o r  f i n d i h g  spawning  a r e a s .  and  t h e  

d a t a  f rom v e r t i c a l  h a u l s  were  u s e d  f o r  t h e  a s s e s s m e n t  o f  t h e  

t o t a l  number o f  e g g s  i n  t h e  a r e a  s u r v e y e d  ( t h i s  m a t e r i a l  i s  n o t  

a v a i l a b l e  i n  t h e  p a p e r ) .  

S t a g e  I o f  deve lopmen t  ( f r o m  f e r t i l i z a t i o n  t o  embryon ic  

s h i e l d  f o r m a t i o n ,  l a s t s  n o t  more t h a n  5  d a y s  a t  t h e  t e m p e r a t u r e  

o f  5 - 6 O ~  c h a r a c t e r i s t i c  o f  t h e  u p p e r  l a y e r  i n  t h e  spawning  

s e a s o n  o f  c o d  and  i n  t h e  p e r i o d  o f  e g g  d r i f t  (Mukhin a n d  

D v i n i n a ,  1 9 8 3 ) .  T h e r e f o r e ,  t h e  maximum e r r o r  i n  a s c e r t a i n i n g  

t h e  t i m e  of  spawning  d o e s  n o t  seem t o  e x c e e d  5  d a y s ,  a n d  t h e  

maximum e r r o r  i n  f i n d i n g  t h e  spawning  a r e a  may n o t  b e  more t h a n  

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

i n v e s t i g a t e d  ( A l e k s e e v  and I s t o s h i n ,  1 9 5 6 ;  Audunson e t  a l . ,  

1 9 8 1 ) .  

I d e n t i f i c a t i o n  o f  c o d  e g g s  of  s t a g e  I from haddock e g g s  of 

t h e  same s t a g e  is a l w a y s  a  c o n f u s i n g  m a t t e r ,  w h i l e  e g g s  o f  b o t h  



s p e c i e s  a r e  e a s i l y  i d e n t i f i a b l e  a t  s t a g e  11. T h e r e f o r e  t h e  

number of  cod  e g g s  a t  s t a g e  I was d e f i n e d  by  t h e  p e r c e n t a g e  
\ 

r a t i o  of  c o d  e g g s  t o  haddock e g g s  a t  s t a g e  I1 i n  e a c h  s a m p l e .  

D a t a  on t h e  abundance  o f  t h r e e - y e a r - o l d  cod  p r e s e n t e d  i n  t h e  

R e p o r t  o f  t h e  Arctic F i s h e r i e s  Working Group (Anon . .  1 9 8 3 )  have  

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

t h e  n u m e r i c a l  s t r e n g t h  o f  3 -yea r -o lds  is o v e r  1 0 0 0 . 1 0 ~  t h e  

y e a r c l a s s  is b e l i e v e d  t o  b e  a b u n d a n t ,  when it is l e s s  t h a n  

5 0 0 . 1 0 ~  it i s  o f  low abundance .  I n t e r m e d i a t e  v a l u e s  c h a r a c -  

t e r i z e  a n  a v e r a g e  y e a r c l a s s .  

1 

1 
l 

RESULTS 

Cod e g g s  a t  s t a g e  I w e r e  f o u n d  practically o v e r  t h e  who le  

a r e a  s u r v e y e d .  They o c c u r r e d  I n  t h e  s o u t h  i n  t h e  S v l n 0  a r e a ,  I n  

t h e  n o r t h  o f f  Bear  I s l a n d  u p  t o  7 4 ' 3 0 ' ~  and  I n  t h e  e a s t  w e r e  

e n c o u n t e r e d  a t  t h e  t r a n s e c t  o v e r  t h e  Kola  meridian. The d l s t r l -  

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

d e n s l t l e s  ( o v e r  1000  e g g s  p e r  horizontal h a u l  n e a r  t h e  s u r f a c e )  

were  o b s e r v e d  I n  1 9 5 9 ,  1 9 6 3 ,  1 9 6 5 ,  1 9 6 9 ,  1 9 7 0 ,  1974  and 1 9 7 5 .  

The l a r g e s t  a r e a  w l t h  t h e  maxlrnum d e n s l t y  o f  e q g s  was o b s e r v e d  

i n  1970 and t h e  s m a l l e s t  a r e a  I n  1974 .  The f o r m e r  was on t h e  

V e s t e r a l e n  Bank, and  t h e  l a t t e r  I n  t h e  Kopytov a r e a .  

I n  1960 ,  1 9 6 1 ,  1 9 6 2 ,  1 9 6 8 ,  1 9 7 2 ,  1 9 7 6 .  1978  and 1980 d e n s l t y  

d l d  n o t  e x c e e d  1000  e g g s  p e r  h a u l  I n  any  a r e a s ,  b u t  t h e  l a r g e s t  

a r e a s  w i t h  a  l o w e r  d e n s l t y  (300-1000 e g g s )  d i s t r l b u t l o n  w e r e  

f o u n d  In t h e  V e s t e r d l e n  and  And0y Banks a r e a s  I n  1 9 6 1 .  

Each y e a r  e g g s  a t  s t a g e  I were  d l s t r l b u t e d  o v e r  t h e  Buagrun- 

n e n ,  Langgrunnen ,  H a l t e n  Banks ,  t h e  e a s t  p a r t  o f  t h e  R 0 s t  Bank, 

V e s t e r a l e n ,  AndGy, Malangen Banks ,  t h e  wes t  p a r t  o f  t h e  F u g l 0 y  

Bank and t h e  s o u t h w e s t e r n  p a r t  o f  t h e  Kopytov a r e a  ( F l g .  2 - 2 0 ) .  

The maxlmum h a u l s  o f  e g g s  a t  s t a g e  I o c c u r r e d  n o t  o n l y  o v e r  
l b a n k s  and l n  c o a s t a l  w a t e r s ,  1.e. i n  relatively s h a l l o w  w a t e r s ,  
l 

b u t  a l s o  f a r  f rom t h e  b a n k s  and c o a s t s  i n  w a t e r  o f  500 o r  e v e n  

1000  m d e p t h  n e a r  and I n  t h e  Kopytov a r e a .  I n  1 9 7 5 ,  s u c h  c a s e s  

were  r e g i s t e r e d  o v e r  o c e a n l c  d e p t h s  ( o v e r  1000 m )  n e a r l y  80 



miles north of the Lofotens. Besides, eggs at stage I occurred 

annually in depths exceeding 400 m (Fig. 15). 

The total area where eggs at stage I were distributed varied 

from year to year. The widest distribution patterns were obser- 

ved in 1962, 1972, 1973, 1974 and 1975 (Fig. 2, 12, 14 and 15) 

and the narrowest patterns were registered in 1963 and 1965 

(Fig. 6 and 7). No eggs at stage I occurred at northern sta- 

tions of the surveys in 1959, 1963 and 1969 (Fig. 2, 6 and 9 ) .  

In 1972 and 1974, many more eggs were found in the northeastern 

part of the area investigated than was usual (Fig. 12 and 14). 

Fig. 2. Distribution of cod eggs at staqe 1 in 1959. Legend: 
1-7 density distribution'of eggs per 15 min horizontal haul: 
1 = less than 3 eggs, 2 = 4 - 10 eggs, 3 = 11 - 30 egqs, 4 = 

31 - 80 eggs, 5 = 81 - 300 egqs, 6 = 300 - 1000 eggs, 7 = 
more than 1.000 eggs. 



Fig. 3. Distribution of cod eggs at stage 1 in 1960. Legend as 
in Fig. 2. 

Fig. 4. Distribution of cod eggs at stage 1 in 1961. Legend as 
in Fig. 2. 



F i g .  5. D i s t r i b u t i o n  o f  c o d  e g g s  a t  s t a g e  1 i n  1 9 6 2 .  L e g e n d  a s  
i n  F i g .  2 .  

F i g .  6 .  D i s t r i b u t i o n  o f  c o d  e g g s  a t  s t a g e  1 i n  1 9 6 3 .  L e g e n d  a s  
i n  F i g .  2 .  



Fig. 7. Distribution of cod eggs at stage 1 in 1965. Legend as 
in Fig. 2. 

Fig. 8. Distribution of cod eggs at stage 1 in 1968. Legend as 
in Fig. 2. 



Fig. 9. Distribution of cod eggs at stage 1 in 1969. Legend as 
in Fig. 2. 

Fig. 10. Distribution of cod eggs at stage 1 in 1970. Legend as 
in Fig. 2. 



F i g .  11. D i s t r i b u t i o n  o f  c o d  eggs a t  s t a g e  1 i n  1 9 7 1 .  L e g e n d  a s  
I n  F i g .  2 .  

F i g .  1 2 .  D i s t r i b u t i o n  o f  c o d  e g g s  a t  s t a g e  1 i n  1 9 7 2 .  L e g e n d  a s  
i n  F i g .  2 .  



Fig. 1 3 .  Distribution of cod eggs at stage 1 in 1973. Legend as 
in Fig. 2. 

Fig. 14. Distribution of cod eggs at stage 1 in 1974. Legend as 
in Fig. 2. 



F i g .  15 .  D i s t r i b u t i o n  o f  c o d  e g g s  a t  s t a g e  1 i n  1 9 7 5 .  L e g e n d  a s  
i n  F i g .  2 .  

F i g .  1 6 .  D i s t r i b u t i o n  o f  c o d  e g g s  a t  s t a g e  1 i n  1 9 7 6 .  L e g e n d  a s  
i n  F i g .  2 .  



Fig. 17. Distribution of cod eggs at stage 1 in 1977. Legend as 
in Fig. 2. 

Fig. 18. Distribution of cod eggs at stage 1 in 1978. Legend as 
in Fig. 2. 



Fig. 19. Distribution of cod eggs at stage 1 in 1979. Legend as 
in Fig. 2. 

Fig. 20. Distribution of cod eggs at stage 1 in 1980. Legend as 
in Fig. 2 .  



DISCUSSION 

J u d g i n g  f rom t h e  d i s t r i b u t i o n  p a t t e r n  o f  e g g s  a t  s t a g e  I ,  i t  

is  e v i d e n t  t h a t  i n  a l l  t h e  y e a r s  when t h e  s u r v e y s  were  made t h e  

spawning  a r e a  o f  t h e  Arcto-Norwegian cod was e x t e n s i v e ,  f rom 

74O30'N o f f  Bea r  I s l a n d  t o  6 2 O ~  o f f  t h e  Norwegian c o a s t .  

Eve ry  y e a r  cod  spawn i n t e n s i v e l y  o v e r  Buagrunnen ,  Langgrunnen ,  

V e s t e r i l e n ,  And0y and Malangen Banks .  I n  some y e a r s  i n t e n s i v e  

spawning  was o b s e r v e d  o v e r  S v i n o y ,  FrGya,  H a l t e n ,  S k l i n n a ,  R 0 s t  

and Fug l0y  Banks ,  a s  w e l l  a s  i n  t h e  open B a r e n t s  Sea  o v e r  

d e p t h s  of  300-500 m and i n  t h e  open Norwegian S e a  o v e r  d e p t h s  

o f  o v e r  1000 m ( F i g .  2 1 ) .  

The a s s u m p t i o n  t h a t  c o d  spawn o v e r  g r e a t  d e p t h  was p r e s e n t e d  

e a r l i e r  ( R a s s ,  1 9 4 9 ;  Baranenkova  e t  a l . ,  1 9 7 2 ,  1 9 7 3 ,  1 9 7 6 ;  

S e r e b r y a k o v ,  1 9 6 5 ,  1 9 6 7 ) ,  b u t  t h e  i n t e n s i t y  o f  spawning  was n o t  

d i s c u s s e d .  I n  v iew o f  t h e  f a c t  t h a t  2  o f  t h e  1 2  a r e a s  c h a r a c -  

t e r i z e d  by  i n t e n s e  spawning  were  s i t u a t e d  o v e r  g r e a t  d e p t h s ,  i t  

may b e  c o n c l u d e d  t h a t  t h e  spawning  o f  cod  o v e r  g r e a t  d e p t h s  is 

v e r y  i m p o r t a n t  f o r  t h e  r e p r o d u c t i o n  o f  t h e  Arcto-Norwegian 

p o p u l a t i o n  i n  c e r t a i n  y e a r s .  P a r t i c u l a r l y  s o ,  s i n c e  t h e  i n t e n -  

s i t y  o f  spawning  on o t h e r  spawning  g r o u n d s  o v e r  t h e  b a n k s  and 

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

I n  t h e  n o r t h  p a r t  o f  t h e  a r e a  i n v e s t i g a t e d  ( n o r t h  o f  6 7 O ~ )  

i n  1959-1980,  a l l  t h e  v a r i e t y  o f  t h e  p o s i t i o n s  o f  spawning  

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

Type 1: Cod spawn i n t e n s i v e l y  o n l y  o v e r  b a n k s  c l o s e  t o  t h e  

s h o r e  ( F i g .  2 2 ) .  T h i s  s i t u a t i o n  i s  t y p i c a l  f o r  1959-1963,  1 9 6 5 ,  

1 9 6 8 ,  1 9 6 9 ,  1 9 7 2 ,  1979 and 1980 when spawning  o c c u r r e d  o v e r  t h e  

R @ s t ,  V e s t e r i l e n  and Malangen Banks .  

Type 2: Spawning g r o u n d s  a r e  s i t u a t e d  n o t  o n l y  i n  t h e  bank  

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

t o  t h e  Kopytov a r e a .  T h i s  s i t u a t i o n  was o b s e r v e d  i n  1 9 7 0 ,  1 9 7 3 ,  

1977  and 1978 ( F i g .  2 3 ) .  

Type 3 :  Cod spawn m a i n l y  i n  t h e  c o a s t a l  z o n e ,  p r i m a r i l y  on 

t h e  Malangen Bank and i n  t h e  open s e a  o v e r  g r e a t  d e p t h s .  T h i s  

t y p e  was o b s e r v e d  i n  1 9 7 1  and  1975 ( F i g .  2 4 ) .  

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

t h e  abundance  o f  y e a r c l a s s e s ,  Wiborg ( 1 9 5 7 )  s t r e s s e d  t h e  p o s i -  



F i g .  21 .  Spawning g r o u n d s  o f  c o d  o u t s i d e  t h e  V e s t f j o r d e n .  
Legend:  1 - n o t  i n t e n s i v e  s p a w n i n g ,  2  - i n t e n s i v e  s p a w n i n g ,  
o c c u r r e d  e v e r y  y e a r ,  3 - i n t e n s i v e  s p a w n i n g  o c c u r r e d  i n  some 
y e a r s .  1000 m i s o b a t h  is shown. 

F i g .  22 .  Type 1 of s p a w n i n g  g r o u n d  l o c a t i o n s .  D o t t e d  a r e a s  
i n d i c a t e  spawning  g r o u n d s .  



Fig. 23. Type 2 of spawning ground locations. 

Fig. 24. Type 3 of spawning ground locations. 



t i o n  o f  spawning  g r o u n d s .  The s i g n i f i c a n c e  o f  c h o o s i n g  a  f o r t u -  

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

t h e  l o n g  r u n ,  t h e i r  s u r v i v a l  is q u i t e  e v i d e n t  and a r o u s e s  n o  

d o u b t s .  S o ,  l e t  u s  c o n s i d e r  how t h e  t y p e s  o f  d i s t r i b u t i o n  o f  

spawning  g r o u n d s  a r e  a s s o c i a t e d  w i t h  t h e  abundance  o f  y e a r -  

c l a s s e s  o f  t h e  Arcto-Norwegian c o d .  Abundant y e a r c l a s s e s  emer- 

ged  i n  1 9 6 3 ,  1969 and 1970 .  The 1963  and 1969 y e a r c l a s s e s  were  

t y p i c a l  o f  t y p e  1 ,  i . e . s p a w n i n g  o v e r  t h e  b a n k s  ( F i g .  2 2 ) .  The 

a b u n d a n t  1970 y e a r c l a s s  emerged when p r i n c i p a l  spawning  g r o u n d s  

were  s i t u a t e d  i n  t h e  bank a r e a s  and on t h e  s h e l f  s l o p e  up  t o  

t h e  Kopytov a r e a ,  i . e .  t y p e  2 .  T h u s ,  abundan t  y e a r c l a s s e s  may 

a r i s e  f rom spawning  d i s t r i b u t i o n s  o f  t y p e s  1 and 2 .  Poor  

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

1 9 6 0 ,  1 9 6 1 ,  1 9 6 5 ,  1 9 6 8 ,  1979 and 1980  y e a r c l a s s e s  o c c u r r e d  when 

spawning  d i s t r i b u t i o n s  were  o f  t y p e  1 and t h e  p o o r  1977  and 

1978  y e a r c l a s s e s  when t h e y  were  o f  t y p e  2 .  I n  o t h e r  w o r d s ,  b o t h  

a b u n d a n t  and p o o r  y e a r c l a s s e s  emerged when spawning  d i s t r i b u -  

t i o n s  were  o f  t y p e s  1 and 2 .  A l though  t y p e  3  was o n l y  o b s e r v e d  

f o r  t h e  a v e r a g e  1 9 7 1  and 1975  y e a r c l a s s e s ,  a v e r a g e  y e a r c l a s s e s  

a p p e a r e d  a l s o  f o r  t y p e  1 ( t h e  1 9 5 9 ,  1962 and 1972 y e a r c l a s s e s )  

and t y p e  2 ( t h e  1973  y e a r c l a s s ) .  It is c o n c l u d e d  t h a t ,  a s  a  

r e s u l t  o f  a  s i m p l e  compar i son  o f  t h e  abundance  o f  y e a r c l a s s e s  

w i t h  t h e  d i s t r i b u t i o n  o f  spawning  g r o u n d s  where  cod spawned 

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

e g g s  a t  s t a g e  1 ,  n o  c a u s a l  r e l a t i o n s h i p  be tween  t h e  two pheno- 

mena c a n  b e  e s t a b l i s h e d .  
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