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2. TERMS OF REFERENCE 

C.M. 1 9 8 4 / A s s e s s : 3  

A t  t h e  7 0 t h  S t a t u t o r y  M e e t i n g ,  t h e  C o u n c i l  d e c i d e d  
(C.Res.1982/2:5:14):  

" t h a t  t h e  A r c t i c  F i s h e r i e s  Working Group s h o u l d  mee t  
a t  ICES 

h e a d q u a r t e r s  from 21-28 S e p t e m b e r  t o :  
( i )  a s s e s s  c a t c h  o p t i o n s  f o r  1 9 8 4 ,  i n s i d e  s a f e  

b i o l o g i c a l  l i m i t s , f o r  cod and  haddock  i n  
S u b - a r e a s  I and  11, 

( i i )  a d v i s e  on t h e  d i s t r i b u t i o n  o f  cod i n  and a r o u n d  
t h e  " m e n t e l l a  box",  

( i i i )  r e v i e w  which  d a t a  a r e  a v a i l a b l e  i n  t h e  Working 
Group f i l e s  f o r  e v a l u a t i n g  d e n s i t y  d e p e n d e n c e  i n  
t h e  p a r a m e t e r s  o f  t h e  m o d e l s  u s e d  i n  f i s h  s t o c k  
a s s e s s m e n t s ,  

( i v )  s p e c i f y  d e f i c i e n c i e s  i n  d a t a  r e q u i r e d  f o r  t h e  
a s s e s s m e n t s " .  

2.1. T i m i n g  of t h e  m e e t i n g  

The o r i g i n a l  d a t e s  p r o p o s e d  f o r  t h e  m e e t i n g  were  changed  t o  
15-22 S e p t e m b e r  a t  t h e  r e q u e s t  o f  t h e  two main f i s h i n g  
n a t i o n s  i n  t h e  a r e a  on t h e  g r o u n d s  t h a t  a  symposium on 
Nor th-Eas t  A r c t i c  cod and  haddock  was s c h e d u l e d  by t h e  USSR 
t o  s t a r t  on t h e  26 S e p t e m b e r  i n  L e n i n g r a d .  F o r  t h a t  r e a s o n  
and p r o b a b l y  due  t o  some communica t ion  p r o b l e m s ,  s c i e n t i s t s  
f rom t h e  USSR c o u l d  n o t  p a r t i c i p a t e  i n  t h e  m e e t i n g  o f  t h e  
Working Group. Dr Eabayan f rom t h e  USSR, p r e s e n t  a t  ICES 
H e a d q u a r t e r s  i n  t h e  B l u e  W h i t i n g  A s s e s s m e n t  Group,  made 
a v a i l a b l e  t h e  d a t a  o f  t h e  USSR f i s h e r y  f o r  1982 and  f o r  t h e  
f i r s t  h a l f  o f  1983. T h e s e  d a t a  h a v e  been  i n c o r p o r a t e d  i n  t h e  
a s s e s s m e n t s .  

A r c t i c  WG R e p o r t  1983  



C.M. 1984/Assess:  3 

3. EFFORT I N  THE TRAWL F I S H E R I E S  

I n  r e c e n t  y e a r s  t h e  p r o p o r t i o n  o f  t h e  c a t c h e s  t aken  by 
t r a w l e r s  h a s  been d e c l i n i n g .  Ca tches  by t r a w l s  and o t h e r  
g e a r s  a r e  g iven  i n  Tab le  1. I n  p r e v i o u s  y e a r s  e s t i m a t e s  of  
t o t a l  t r a w l e r  e f f o r t  i n  Eng l i sh  t r a w l e r  u n i t s  have been 
c a l c u l a t e d .  With t h e  d e c l i n e  i n  t h e  amount of  f i s h i n g  by 
Eng l i sh  t r a w l e r s  t h e i r  c a t c h  pe r  u n i t  e f f o r t  d a t a  a r e  no 
l o n g e r  cons ide red  r e p r e s e n t a t i v e .  A t  i ts  1982 meet ing  an 
a l t e r n a t i v e  approach was developed by t h e  Working Group t o  
c a l c u l a t e  t o t a l  t r a w l  e f f o r t  i n  Norwegian f r e s h - f i s h - t r a w l e r  
u n i t s  and t h e  r e s u l t s  a r e  g iven  i n  Tab le  2. 

A r c t i c  WG Repor t  1983 
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4. NORTH-EAST ARCTIC COD 
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4.1. S t a t u s  o f  t h e  F i s h e r i e s  ( T a b l e s  3 t o  6 )  

The r e v i s e d  f i g u r e  f o r  cod l a n d i n g s  i n  1981 i s  399 037 
t o n n e s ,  which  i s  507 t o n n e s  more t h a n  t h e  f i g u r e  u s e d  i n  t h e  
p r e v i o s  Working Group R e p o r t  (ANON 1983a). T h i s  i s  99 037 
t o n n e s  i n  e x c e s s  o f  t h e  TAC o f  300 000 t o n n e s .  

P r o v i s i o n a l  f i g u r e s  f o r  1982 i n d i c a t e  a  d e c r e a s e  f rom t h e  
1981 l e v e l  by 34 168 t o n n e s  t o  364 869 t o n n e s ,  w h i c h  a r e  
c l o s e  t o  t h e  366 000 t o n n e s  a n t i c i p a t e d  by t h e  Working Group 
a t  i t s  1982 m e e t i n g  b u t  w e l l  i n  e x c e s s  o f  t h e  TAC o f  300 000 
t o n n e s .  C a t c h e s  i n  S u b - a r e a  I c o n t i n u e d  t o  d e c l i n e  and 
r e a c h e d  a  l e v e l  o f  97 012 t o n n e s .  The c a t c h e s  i n  D i v l s i o n  
I I a  d e c l i n e d  by 8 339 t o n n e s  a n d  i n c r e a s e d  i n  D i v i s i o n  I I b  
by 14 192 t o n n e s  f rom 1981 t o  1982. 

E x p e c t e d  t o t a l  l a n d i n g s  f o r  1983 w e r e  e s t i m a t e d  t o  b e  308 
000 t o n n e s  compared t o  a  TAC o f  300 000 t o n n e s .  F o r  
a s s e s s m e n t  p u r p o s e s  t h i s  c a t c h  was s p l i t  by r e g i o n s  and  by 
c o u n t r i e s  a n d  g e a r s  i n  o r d e r  t o  e s t a b l i s h  a p p r o p r i a t e  a g e  
c o m p o s i t i o n s .  

S i n c e  1974 a n  i n c r e a s i n g  p a r t  o f  t h e  t o t a l  c a t c h  h a s  been  
t a k e n  i n  D i v i s i o n  I I a ,  r e a c h i n g  a  l e v e l  o f  65% i n  1982 
compared t o  11% i n  1974. T h i s  i s  t h e  r e s u l t  o f  t h e  combined 
e f f e c t  o f  a  more wes tward  d i s t r i b u t i o n  o f  f i s h  s i n c e  1978 
due  t o  h y d r o g r a p h i c a l  c h a n g e s ,  p o o r  y e a r  c l a s s e s  among t h e  
younger  a g e  g r o u p s  and  a s  a  c o n s e q u e n c e  r e d u c e d  f i s h i n g  
e f f o r t  i n  Sub-area  I. 

C a t c h  a n d  e f f o r t  d a t a  f rom Norwegian t r a w l e r s  i n  1983 w e r e  
o n l y  a v a i l a b l e  f o r  t h e  f i r s t  f o u r  months  i n  1983. Based on 
t h e s e  d a t a ,  and c a t c h  and  e f f o r t  d a t a  on a  month ly  b a s i s  
f rom t h e  p e r i o d  1976 - 1982, c a t c h  p e r  u n i t  e f f o r t  f o r  t h e  
whole  y e a r  o f  1983 was e s t i m a t e d  u s i n g  a n  a n a l y s i s  o f  
v a r i a n c e  t e c h n i q u e  t h a t  c o r r e c t s  f o r  a r e a  and m o n t h l y  
e f f e c t s  on a v a i l a b i l i t y .  T h i s  s t a t i s t i c a l  a n a l y s i s  r e d u c e d  
t h e  "rawv c a t c h  p e r  u n i t  e f f o r t  v a l u e s  f o r  t h e  p e r i o d e  
J a n u a r y  - A p r i l  (1983) by a b o u t  20% b o t h  f o r  S u b - a r e a  I a n d  
D i v i s i o n  I I a  t o  t h e  p r o j e c t e d  o n e s  g i v e n  i n  T a b l e  5. 

C a t c h  p e r  u n i t  e f f o r t  f o r  t h e  t r a w l e r  f l e e t s  c o n t i n u e d  t o  
d e c l i n e  i n  t h e  p e r i o d  1980 - 1983 i n  S u b - a r e a  I . I n  D i v i s i o n  
I I a  t h e  p r e l i m i n a r y  f i g u r e  o f  c a t c h  p e r  u n i t  e f f o r t  i n d i c a t e  
an  i n c r e a s e  i n  a v a i l a b l i t y  f r o m  1982 t o  1983. I n  D i v i s i o n  
I I b  c a t c h  p e r  u n i t  e f f o r t  h a s  been  f l u c t u a t i n g  i n  t h e  p e r i o d  
1980 - 1982. However, t h e  r e c e n t  f i g u r e s  f o r  D i v i s i o n  I I b  
h a v e  been  c a l c u l a t e d  on  t h e  b a s i s  o f  l i m i t e d  d a t a  

F o r  l o n g - l i n e  and h a n d - l i n e  f i s h i n g  i n  D i v i s i o n  I I a ,  c a t c h  
p e r  u n i t  e f f o r t  more t h a n  d o u b l e d  i n  t h e  p e r i o d  1980 - 1982. 
However,  it d e c r e a s e d  by  a b o u t  50% f rom 1982 t o  1983. 

F o r  g i l l  n e t  c a t c h  p e r  u n i t  e f f o r t  f l u c t u a t e d  i n  t h e  same 
p e r i o d .  However, t h e  r e d u c e d  c a t c h  p e r  u n i t  e f f o r t  f rom 1981 
t o  1982 is  c o n s i d e r a b l e  compared w i t h  o t h e r  t y p e  of  g e a r s .  
T h i s  was m a i n l y  c a u s e d  by t h e  h i g h  r a t e  o f  m a t u r a t i o n  o f  t h e  
r e l a t i v e l y  s t r o n g  1975 and  1976 y e a r  c l a s s e s  i n  1982. The 
f i s h  were  t o o  s m a l l  t o  be c a u g h t  by g i l l  n e t s  w i t h  t h e  
normal  mesh s i z e ,  b u t  t h e y  w e r e  h i g h l y  v u l n e r a b l e  t o  t h e  
l o n g - l i n e  and  h a n d - l i n e  f i s h e r i e s .  T h e s e  y e a r  c l a s s e s  w e r e  

A r c t i c  WG R e p o r t  1983 



C.M. 1 9 8 4 / A s s e s s : 3  

i n  1983 r e a d i l y  a v a i l a b l e  t o  g i l l  n e t s  which  r e s u l t e d  i n  a n  
i n c r e a s e d  c a t c h  p e r  u n i t  e f f o r t  compared t o  1982. 

4.2. Age c o m p o s i t i o n s  

Age c o m p o s i t i o n s  f o r  1981 w e r e  r e v i s e d  and p r e l i m i n a r y  d a t a  
were  a v a i l a b l e  f o r  1982. I n  a d d i t i o n ,  e s t i m a t e d  a g e  
c o m p o s i t i o n s  f o r  t h e  e x p e c t e d  l a n d i n g s  i n  1983 w e r e  
p r e p a r e d .  

F o r  1981 a g e  c o m p o s i t i o n  d a t a  were  a v a i l a b l e  f o r  t h e  
F e d e r a l  R e p u b l i c  o f  Germany, Norway and  t h e  USSR. F o r  o t h e r  
c o u n t r i e s  i n  S u b - a r e a  I a n d  D i v i s i o n  I I a  a g e  c o m p o s i t i o n s  
were  b a s e d  on t h o s e  o f  Norwegian t r a w l e r s  f i s h i n g  o u t s i d e  
t h e  12 nm z o n e .  F o r  D i v i s i o n  I I b  a g e  c o m p o s i t i o n s  f o r  o t h e r  
c o u n t r i e s  were  d e r i v e d  by p r o - r a t i n g  t h e  USSR a g e  
c o m p o s i t i o n s .  

F o r  1982 a g e  c o m p o s i t i o n  d a t a  w e r e  a v a i l a b l e  f o r  t h e  
F e d e r a l  R e p u b l i c  o f  Germany, Norway, S p a i n  and  t h e  USSR. Age 
c o m p o s i t i o n s  f o r  o t h e r  c o u n t r i e s  w e r e  d e r i v e d  i n  S u b - a r e a  I 
f rom t h e  USSR a g e  c o m p o s i t i o n , i n  D i v i s i o n  I I a  f r o m  a g e  
c o m p o s i t i o n s  o f  Norwegian t r a w l e r s  f i s h i n g  o u t s i d e  t h e  12 nm 
zone .  F o r  D i v i s i o n  I I b  a g e  c o m p o s i t i o n s  f o r  Norway, S p a i n  
and USSR w e r e  summed and t h e n  r a i s e d  t o  t o t a l  l a n d i n g s  f o r  
a l l  c o u n t r i e s .  

F o r  1983 a g e  c o m p o s i t i o n s  f o r  t h e  e x p e c t e d  l a n d i n g s  f o r  
t h e  whole  y e a r  w e r e  b a s e d  on d a t a  a v a i l a b l e  f o r  t h e  f i r s t  
s i x  months.  F o r  S u b - a r e a  I d a t a  f o r  Norway and  USSR w e r e  
summed and  r a i s e d  t o  t h e  t o t a l  l a n d i n g s  f o r  a l l  c o u n t r i e s .  
F o r  D i v i s i o n  I I a  d a t a  were  a v a i l a b l e  f o r  t h e  F e d e r a l  
R e p u b l i c  o f  Germany, Norway a n d  t h e  USSR. Age c o m p o s i t i o n s  
f o r  o t h e r  c o u n t r i e s  were  b a s e d  on d a t a  f o r  Norwegian 
t r a w l e r s  f i s h i n g  o f f  t h e  n o r t h e r n  c o a s t  o f  Norway. F o r  
D i v i s i o n  I I b  d a t a  w e r e  a v a i l a b l e  o n l y  f o r  Norway, and  a g e  
c o m p o s i t i o n s  f o r  o t h e r  c o u n t r i e s  were  b a s e d  on t h o s e  o f  a  
Norwegian t r a w l e r  f i s h i n g  N W  o f  B e a r  I s l a n d .  

4.3. Age a t  m a t u r i t y  ( T a b l e s  7 and 8) 

I n  i t s  p r e v i o u s  a s s e s s m e n t s  t h e  Working Group h a s  t a k e n  t h e  
m a t u r e  p a r t  o f  t h e  s t o c k  t o  b e  a l l  f i s h  o f  a g e  e i g h t  and  
o l d e r .  The Group c o n s i d e r e d ,  h o w e v e r ,  t h a t  i t  would be more 
r e a l i s t i c  t o  u s e  a  m a t u r i t y  o g i v e  a s  recommended by ACFM. 

An a n a l y s i s  o f  t h e  p u b l i s h e d  m a t u r i t y  o g i v e s  i n d i c a t e d  
t h a t  d u r i n g  t h e  l a s t  40 y e a r s  ( f r o m  1942 t o  1981) t h e r e  h a s  
been a  s l i g h t  t r e n d  o f  d e c r e a s i n g  a g e  a t  f i r s t  m a t u r i t y .  
T h e r e f o r e ,  t h e  Working Group i n t r o d u c e d  i n  i t s  1982 
a s s e s s m e n t s  a series o f  o g i v e s  w h i c h  r e f l e c t e d  t h e  o b s e r v e d  
t r e n d  ( T a b l e  7 ) .  

F o r  t h e  p e r i o d  1980 t o  1982 t h e r e  was a  l a r g e  d i f f e r e n c e  
between t h e  d a t a  s u p p l i e d  by PONOMARENKO (1982) and by HYLEN 
and NAKKEN (1982) p r o b a b l y  b e c a u s e  t h e s e  were  d e r i v e d  by 
a p p l y i n g  d i f f e r e n t  methods .  

The m a t u r a t i o n  o g i v e  g i v e n  by PONOMARENKO is b a s e d  on 
t r a w l  s a m p l i n g  i n  S u b - a r e a s  I a n d  I1 i n  t h e  p e r i o d  November 
1980 t o  F e b r u a r y  1981 when t h e  f i s h  m i g r a t e  t o  w i n t e r i n g  a n d  
spawning  a r e a s .  The c a l c u l a t i o n s  o f  t h e  m a t u r i t y  o g i v e  a r e  
b a s e d  on summar ised  d a t a .  

HYLEN and  NAKKEN b a s e d  t h e i r  c a l c u l a t i o n s  o f  m a t u r a t i o n  
c u r v e s  on  t o t a l  s t o c k  e s t i m a t e s  o b t a i n e d  by a c o u s t i c  s u r v e y s  

A r c t i c  WG R e p o r t  1983 



6  C.M. 1 9 8 4 / A s s e s s : 3  

i n  January-March  i n  S u b - a r e a  I a n d  i n  D i v i s i o n  I I a  (DALEN e t  
a l .  1982 ,  GOD0 e t  a l .  1982)  and a  b o t t o m  t r a w l  s u r v e y  i n  
Sep tember -October  i n  D i v i s i o n  I I b  i n  t h e  p r e c e d i n g  y e a r  
(RANDA and  SMEDSTAD 1 9 8 2 ) .  C o r r e c t i o n s  f o r  f i s h i n g  be tween  
s u r v e y  t i m e  a n d  1  J a n u a r y  h a v e  been  made. 

T o t a l  spawning  s t o c k  b i o m a s s  was c a l c u l a t e d  f rom t h e  t o t a l  
s t o c k  i n  e a c h  s u r v e y  a r e a  by a p p l y i n g  t h e  r a t e  of m a t u r e  
f i s h  i n  e a c h  a g e  g r o u p  a s  o b t a i n e d  i n  t h e  b i o l o g i c a l  s a m p l e s  
f rom t h e  r e s p e c t i v e  a r e a s .  C o r r e c t i o n s  f o r  m a t u r e  f i s h  i n  
t h e  c o m m e r c i a l  c a t c h e s  w e r e  made by a p p l y i n g  t h e  p r o p o r t i o n  
o f  m a t u r e  f i s h  p e r  a g e  g r o u p  i n  s a m p l e s  o f  l a n d i n g s  f rom t h e  
r e s p e c t i v e  a r e a s .  

I n  a d d i t i o n ,  a  d i f f e r e n t  a n d  new a p p r o a c h  i n  e s t i m a t i n g  
t h e  m a t u r i t y  o g i v e  h a s  been  u n d e r t a k e n  by HYLEN a n d  R 0 R V I K  
( 1 9 8 3 )  u s i n g  a m o d i f i e d  mesh a s s e s s m e n t  model .  T h e i r  
r e s u l t i n g  o g i v e s  f o r  t h e  p e r i o d  1967 t o  1977 a r e  s i m i l a r  t o  
t h o s e  d e r i v e d  by o t h e r  m e t h o d s  f o r  t h e  same p e r i o d .  T h e s e  
r e s u l t s  a r e  p r e l i m i n a r y  a n d  f u r t h e r  s t u d i e s  a r e  n e e d e d  
b e f o r e  any  f i r m  c o n c l u s i o n s  c a n  b e  drawn.  However,  t h i s  
method may p r o v i d e  a n  a l t e r n a t i v e  and  c h e c k  on o t h e r  
methods .  

It i s  n o t  c l e a r  w h e t h e r  t h e  d i f f e r e n c e  i n  t h e  PONOMARENKO 
and HYLEN a n d  NAKKEN d a t a  s e t s  was d u e  t o  methodology  o r  t o  
a  r e a l  c h a n g e  i n  m a t u r i t y  i n  1982. T h e r e f o r e ,  i n  1982 t h e  
Working Group d e c i d e d  f o r  1982 t o  u s e  a n  a v e r a g e  o f  t h e  two 
s e t s  o f  d a t a ,  a n d  f o r  1981 a n d  f o r  t h e  p r e d i c t i o n  p e r i o d  t o  
u s e  a n  a v e r a g e  g i v i n g  d o u b l e  w e i g h t i n g  t o  t h e  PONOMARENKO 
d a t a .  A s  ALTERNATIVE 2  t h i s  a p p r o a c h  i n  c a l c u l a t i n g  t h e  
spawning  s t o c k  b iomass  was c o n t i n u e d ,  a l t h o u g h  t h e  Working 
Group was a w a r e  o f  t h e  s a m p l i n g  p r o b l e m s  i n v o l v e d  i n  
o b t a i n i n g  a c c u r a t e  m a t u r i t y  o g i v e s  o n l y  f r o m  t r a w l  c a t c h e s .  
These  p r o b l e m s  a r e  t o  a  c e r t a i n  e x t e n t  r e s o l v e d  by t h e  HYLEN 
and NAKKEN method.  T h e r e f o r e ,  t h e  Working Group d e c i d e d  a s  
ALTERNATIVE 1  t o  c a l c u l a t e  spawning  s t o c k  b i o m a s s  w i t h  t h e  
o g i v e s  g i v e n  by HYLEN a n d  NAKKEN u s i n g  t h e  1982 d a t a  f o r  t h e  
p e r i o d  1946 t o  1982 and  t h e  o g i v e  d e r i v e d  i n  1983 ( HYLEN 
and NAKKEN 1983 ,  DALEN e t  a l .  1983 ,  GOD0 e t  a l .  1 9 8 3 ) f o r  
t h a t  y e a r  and  i n  t h e  p r o j e t i o n s  ( T a b l e  8 ) .  

The Working Group recommended i n  i t s  1982 r e p o r t  t h a t  
a g e - a t - m a t u r i t y  d a t a  f o r  e a r l i e r  y e a r s  s h o u l d  be made 
a v a i l a b l e  f o r  e a c h  s i n g l e  y e a r  i n  o r d e r  t o  make a  more 
d e t a i l e d  a n a l y s i s  o f  t h e  m a t u r i t y  o g i v e s  i n  t h e  p a s t .  
However, no  d a t a  were a v a i l a b l e  a t  t h i s  m e e t i n g .  

The Working Group,  t h e r e f o r e ,  r e p e a t s  i t s  recommendat ion  
f rom l a s t  y e a r s  r e p o r t :  

It i s  recommended t h a t  a g e - a t - m a t u r i t y  d a t a  f o r  
t h e  e a r l i e r  y e a r s  s h o u l d  b e  made a v a i l a b l e  i n  
more d e t a i l ,  and  t h a t  a n y  w e i g h t - a t - a g e  d a t a  
f o r  p a s t  y e a r s  s h o u l d  be p r o v i d e d .  On t h e  b a s i s  
o f  t h e  d a t a  a v a i l a b l e  a t  t h e  1984 Working Group 
m e e t i n g  a  r e v i s i o n  o f  t h e  m a t u r i t y  o g i v e  
t o w a r d s  a  more d e t a i l e d  a n a l y s i s  w i l l  be 
u n d e r t a k e n .  

4.4. S u r v e y  d a t a  

A r c t i c  WG R e p o r t  1983 
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4.4.1. Bottom trawl s u r v e y s  (Tab le s  9 t o  11 and 27) 

Data were t aken  from r e p o r t s  o f  t h e  Norvegian g roundf i sh  
su rvey  i n  t h e  B a r e n t s  Sea  (DALEN e t .  a l .  1983) and i n  t h e  
Sva lba rd  a r e a  (RANDA and SMEDSTAD 1983) .  The a b s o l u t e  l e v e l  
of t h e  i n d i c e s  g iven  t h i s  y e a r  a r e  d i f f e r e n t  from t h e  ones 
g iven i n  l a s t  y e a r ' s  Working Group Repor t  due t o  a  d i f f e r e n t  
computing procedure  used t h i s  y e a r  a s  d e s c r i b e d  i n  t h e  
pape r s .  

The r e s u l t s  from t h e  Norwegian bottom t r a w l  s u r v e y s  i n  t h e  
Ba ren t s  Sea a r e  d i f f i c u l t  t o  i n t e r p r e t .  They do n o t  show t h e  
d e c l i n i n g  t r e n d  i n  t h e  s t o c k  from 1981 t o  1983 a s  shown by 
t h e  a c o u s t i c  su rveys  and by t h e  USSR bottom t r a w l  s u r v e y s  i n  
1979-1932 (ANON 1983a) ,  I t  i s  thought  t h a t  t h e  t o t a l  cod 
p o p u l a t i o n  i n  t h e  su rvey  a r e a  i s  n o t  p r o p e r l y  covered by t h e  
bottom t r a w l  because  t h e  s t o c k  components a v a i l a b l e  t o  t h a t  
gear  a t  su rvey  t ime  v a r y  from yea r  t o  yea r .  T h e r e f o r e ,  t h e  
r e s u l t s  from t h e  Norwegian bottom t r a w l  su rveys  a r e  
d i f f i c u l t  t o  u t i l i z e  f o r  a s se s smen t s  i n  i s o l a t i o n .  However, 
t h e  r e s u l t s  of t h e  bottom t r a w l  su rveys  a r e  an e s s e n t i a l  
component of  t h e  s t o c k  biomass e s t i m a t e s  i n  combinat ion  wi th  
t h e  a c o u s t i c  su rvey  r e s u l t s .  

S i n c e  no s c i e n t i s t s  from t h e  USSR were p r e s e n t  a t  t h e  
meet ing ,  no in fo rma t ion  was a v a i l a b l e  from t h e  USSR bottom 
t r a w l  su rvey  i n  1983. 

4.4.2. Acous t i c  s u r v e y s  (Tab le  12 )  

R e s u l t s  from t h e  Norwegian a c o u s t i c  su rveys  i n  t h e  Ba ren t s  
Sea a r e  g iven  i n  DALEN e t .  a l .  (1983)  and f o r  t h e  Lofoten 
and More a r e a s  i n  GOD0 e t .  a l .  ( 1983) .  The Norwegian su rveys  
a r e  summarized i n  HYLEN and NAKKEN (1983)  t o  g i v e  a  t o t a l  
s t o c k  e s t i m a t e  of  cod i n  t h e  same way a s  d e s c r i b e d  i n  l a s t  
y e a r ' s  Working Group Repor t .  

4.4.3. Young f i s h  s u r v e y s  (Tab le s  13 and 26 )  

Data from t h e  I n t e r n a t i o n a l  0-group f i s h  su rvey  were taken 
from A N O N  (1983)  g i v i n g  an 0-group index f o r  cod and 
haddock. How t h i s  index i s  c a l c u l a t e d  i s  d e s c r i b e d  i n  RANDA 
(1983) .  No d a t a  were a v a i l a b l e  from t h e  USSR young f i s h  
su rvey .  

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

HYLEN and NAKKEN (1983)  g i v e  a  t o t a l  s t o c k  e s t i m a t e  o f  407 
m i l l i o n  f i s h  of which t h e  a c o u s t i c  su rveys  a c o u n t s  f o r  340 
m i l l i o n  o r  83.7%. The HYLEN and NAKKEN asses smen t  i s  
t h e r e f o r e  ve ry  dependent  on t h e  a c o u s t i c  su rveys  and t h e  
a c o u s t i c  method. 

It i s  g e n e r a l l y  accep ted  t h a t  t h e  a c o u s t i c  method t e n d s  t o  
unde res t ima te  t h e  abundance o f  f i s h  l o c a t e d  n e a r  t h e  bottom. 
This  i s  mos t ly  due t o  t h e  echosounder having a  deadzone of 
1-2 m o f f  t h e  bottom, depending on t h e  dep th  and bottom 
c o n f i g u r a t i o n s .  Th i s  sou rce  of  e r r o r  becomes i n c r e a s i n g l y  
impor t an t  as  t h e  s t o c k  s i z e  d e c r e a s e s .  

As i n  1982 t h e  Norwegian a c o u s t i c  su rveys  d i d  n o t  cover  
t h e  Helgeland a r e a  and t h e  s t o c k  i n  t h a t  a r e a  was e s t i m a t e d  

Arctic WG Repor t  1983 
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u n d e r  t h e  a s s u m p t i o n  t h a t  t h e  r a t i o  be tween  t h e  c a t c h  and  
t h e  s t o c k  was t h e  same a s  i n  t h e  M@re a r e a .  

The V e s t e r a a l e n  area i s  d i f f i c u l t  t o  s u r v e y  w i t h  t h e  
a c o u s t i c  method.  The e d g e  o f  t h e  c o n t i n e n t a l  s h e l f  where  t h e  
cod i s  m o s t l y  r e c o r d e d  i s  v e r y  s t e e p  and  f i s h  s t a y i n g  c l o s e  
t o  t h e  b o t t o m  a r e  t h e r e f o r e  d i f f i c u l t  t o  d e t e c t  w i t h  
a c o u s t i c  i n s t r u m e n t s .  

B i o l o g i c a l  s a m p l i n g  is  a l s o  d i f f i c u l t  i n  b o t h  t h e  
V e s t e r a a l e n  and  t h e  L o f o t e n  a r e a s  due  t o  t h e  b o t t o m  
c o n d i t i o n s  a n d  t h e  p r e s e n c e  o f  p a s s i v e  g e a r s  ( g i l l  n e t s ,  
l o n g - l i n e s  e t c . ) .  T h i s  l i m i t s  t h e  m a t e r i a l  a v a i l a b l e  f o r  
c o n s t r u c t i n g  b o t h  l e n g t h  d i s t r i b u t i o n s  a n d  a g e  l e n g t h  k e y s .  
However, t h e  s t o c k  e s t i m a t e s  i n  t h e  H e l g e l a n d  and  
V e s t e r a a l e n  a r e a s  make up o n l y  3% o f  t h e  t o t a l  a c o u s t i c  
e s t i m a t e  i n  HYLEN and  NAKKEN ( 1 9 8 3 ) ,  a n d  even  a  s e v e r e  e r r o r  
i n  t h e  s t o c k  e s t i m a t e  i n  t h e s e  a r e a s  would n o t  i n f l u e n c e  t h e  
t o t a l  e s t i m a t e  v e r y  much. 

The L o f o t e n  e s t i m a t e  o f  50 m i l l i o n  f i s h  was b a s e d  on 6  
d i f f e r e n t  s u r v e y s  u s i n g  3  d i f f e r e n t  v e s s e l s  which  a l l  g a v e  
s i m i l a r  r e s u l t s .  Due t o  t h e  l i m i t e d  b i o l o g i c a l  s a m p l i n g  i n  
t h i s  a r e a  by r e s e a r c h  v e s s e l s ,  l e n g t h  d i s t r i b u t i o n s  f rom 
p u r s e  s e i n e  c a t c h e s  f r o m  t h e  e a s t s i d e  o f  t h e  L o f o t e n  i s l a n d s  
were  a p p l i e d  t o g e t h e r  w i t h  a n  a g e - l e n g t h  key  f r o m  l o n g - l i n e  
f i s h i n g  o f  t h e  same a r e a .  T h i s  may p e r h a p s  h a v e  l e d  t o  an  
o v e r e s t i m a t e  o f  t h e  o l d e q  a g e  g r o u p s  b e c a u s e  t h e  f i s h  w e s t  
o f  t h e  i s l a n d s  a t  t h i s  t i m e  o f  t h e  y e a r  a r e  g e n e r a l l y  
s m a l l e r  t h a n  t h e  f i s h  i n  t h e  a r e a  where  t h e  s a m p l e s  h a v e  
been  t a k e n .  

The HYLEN a n d  NAKKEN ( 1 9 8 3 )  e s t i m a t e  o f  t h e  B a r e n t s  S e a  
component  i s  275 m i l l i o n  f i s h .  T h i s  e s t i m a t e  c o n s i s t s  o f  two 
p a r t s ,  f i r s t l y  210 m i l l i o n  f i s h  a c t u a l l y  r e c o r d e d  i n  t h e  
a c o u s t i c  s u r v e y  and  s e c o n d l y  a n  e s t i m a t e  o f  65 m i l l i o n  f i s h  
i n  t h e  d e a d z o n e  o f  t h e  e c h o s o u n d e r .  The d e t a i l s  o f  t h i s  
e s t i m a t e  a r e  d e s c r i b e d  i n  t h e  p a p e r .  Each y e a r  c l a s s  was 
t h e n  r a i s e d  i n  e q u a l  p r o p o r t i o n s  t o  g i v e  a  t o t a l  o f  275 
m i l l i o n .  

A s  s t a t e d  by HYLEN a n d  NAKKEN ( 1 9 8 3 )  t h e  65 m i l l i o n  i s  
p r o b a b l y  n o t  a  v e r y  p r e c i s e  e s t i m a t e .  It is a l s o  l i k e l y  t h a t  
b o t h  t h e  numbers a n d  t h e  a g e  d i s t r i b u t i o n  may v a r y  
g e o g r a p h i c a l l y  and  p e r h a p s  a l s o  be tween  y e a r s  I n  t h i s  
"deadzone  s t o c k w .  I t  i s ,  however ,  t h e  f i r s t  a t t e m p t  t o  
c o r r e c t  f o r  t h e  l i k e l y  u n d e r e s t i m a t i o n  i n  t h e  p r e v i o u s  
Norwegian a c o u s t i c  s u r v e y s .  

4.5. F i s h i n g  m o r t a l i t i e s  ( T a b l e s  14 t o  16 F i g u r e s  1 t o  7, 
and 9 )  

L a s t  y e a r  Norwegian s u r v e y  d a t a  (HYLEN and  NAKKEN, 1982)  
were  a v a i l a b l e  which  g a v e  an  i n d e p e n d e n t  e s t i m a t e  o f  s t o c k  
s i z e ,  and  t h e s e  d a t a  w e r e  o f  v a l u e  i n  p r o v i d i n g  a  means o f  
e s t i m a t i n g  F v a l u e s  f o r  t h e  most  r e c e n t  d a t a  y e a r .  However,  
t h e r e  w e r e  i n d i c a t i o n s  t h a t  b o t h  t h e  y o u n g e s t  a g e - g r o u p s  a n d  
t h e  y e a r  c l a s s  1975 w e r e  n o t  w e l l  e s t i m a t e d  by t h e  s u r v e y .  

A s e c o n d  and  i n t e n s i f i e d  Norwegian s u r v e y  was made i n  1983 
(HYLEN and  NAKKEN, 1983)  and  t h i s  p r o v i d e s  e s t i m a t e s  o f  
s t o c k  s i z e  f o r  e a c h  a g e  a t  1  J a n u a r y  1983  ( S e c t i o n  4 .4 ) .  

A p r e l i m i n a r y  VPA was made u s i n g  i n p u t  F v a l u e s  f o r  1983  
based  on t h e  1982 e x p l o i t a t i o n  p a t t e r n  u s e d  a t  l a s t  y e a r ' s  
Working Group s c a l e d  t o  F = 0 .4  t o  a r r i v e  a t  t h e  
e x p e c t e d  c a t c h  f o r  1983. ~ h e ( % ~ \ % h l a t e d  v a l u e s  o f  numbers i n  

A r c t i c  WG R e p o r t  1983 
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t h e  s t o c k  a t  each  a g e  i n  1982 and 2983 were t h e n  compared 
wi th  t h e  e s t i m a t e s  from Norwegian su rveys  and i n  g e n e r a l  t h e  
agreement was good. Some of  t h e  problems a s s o c i a t e d  w i t h  t h e  
1982 su rvey  had been r e s o l v e d  i n  1983 and t h e  Working Group 
had more con f idence  i n  t h e  s u r v e y  s t o c k  e s t i m a t e s  f o r  1983. 
A f u r t h e r  VPA was made u s i n g  i n p u t  F  v a l u e s  f o r  1983 
c a l i b r a t e d  by t h e  s u r v e y  e s t i m a t e s  o f  s t o c k  numbers f o r  t h a t  
year .  The r e s u l t s  f o r  1982 and 1983 were a s  fo l lows :  

......................................................... 
1962  I Y 85  

I-----------------------: ------------------------I 
: S t o c k  nunber I : Stnclc nu:nher ; 

: A g e  ( m i l l i o n s )  : F I ( m i l l i o n s )  I r; I 
:-----------_----; 
I s u . r v n y I  VPn I : Survey; V P A  I 

: ------ : - - - - - - - - ;-------;------I--------;--------;------; 
1 3 : a ?  : I O Y  : I :  29 : 3n ; .oz I 
; 4 I l n 5  ; 14L I . i t  : 8.1 I a n  ; - 0 6 :  

: 5 I I n 3  I Y Z  - 2 6  I Y Y  I Y Y  ; - 2 8 ;  
I 6 ; 95  : s3 : .Lo : > d  : 5 8  ; .>2 ; 
: 7 I 15L 1 1113 I > : 43  I 4 3  1 . I ?  : 
I K ; 2 3  : 2 5  ; . 4 0 :  > I ?  : 0  : . > > ;  
I 9 I 1 2  ; V 1 - 4 2  : 15  : 1 3  ; - 4 3  ; 
I I 0  : 6 5 . 2 d :  > i 5 ; .2> I 
I 11 ; 2 I Z . I d  I ......................................................... 

I n  g e n e r a l  t h e r e  is good agreement between t h e  
back -ca l cu l a t ed  VPA-stock numbers f o r  1982 and t h e  1982 
su rvey  e s t i m a t e s .  There is,  however, a  b i g  d i f f e r e n c e  
between t h e  e s t i m a t e s  f o r  t h e  7-year o l d s  (1975 y e a r  c l a s s )  
but  i t  i s  though t  t h a t  f o r  t h i s  y e a r  c l a s s  t h e r e  may have  
been a  c e r t a i n  amount of  doub le  coun t ing  i n  t h e  s u r v e y  
r e s u l t i n g  i n  an o v e r e s t i m a t e .  The d i f f e r e n c e s  i n  t h e  
e s t i m a t e s  f o r  a g e  groups  3  and 4  a r e  l i k e l y  t o  be due t o  
poor sampl ing of  t h e  younges t  age  groups  by t h e  1982 su rvey .  

E f f o r t  d a t a  from Norwegian t r a w l e r s  i n  Sub-area I and 
D i v i s i o n  I I a  were used t o  check t h e  1983 F-values  g iven  i n  
t h e  t e x t  t a b l e  above a g a i n s t  t h e  p a r t i t i o n e d  F-values  
gene ra t ed  by t h e  same f l e e t  i n  t h e  same a rea .  

For age  group 5 t h e  e s t i m a t e d  f i s h i n g  m o r t a l i t y  was c l o s e  
t o  t h e  l i n e  which was drawn t o  t h e  mean of  t h e  1972-79 d a t a  
p o i n t s  and t h e  o r i g i n  f o r  both  Sub-area I and D i v i s i o n  I I a  
( F i g u r e s  2  and 4 ) .  

For age  groups  6 and 7  t h e  1983 e s t i m a t e s  from su rvey  
r e s u l t s  a r e  c o n s i s t e n t l y  w e l l  above t h e  r e s p e c t i v e  l i n e s  and 
o u t s i d e  t h e  s c a t t e r  of  d a t a  p o i n t s  on t h e  graphs .  It was 
t h e r e f o r e  dec ided  t o  r educe  t h e  F-values  on t h e s e  age  groups  
about  h a l f  way towards  t h e  l i n e  t h e r e b y  g i v i n g  t h e  two 
s o u r c e s  o f  i n f o r m a t i o n  equa l  weight  ( F i g u r e s  3  and 5 f o r  age  
group 6 and F i g u r e  6 f o r  age  group 7 ) .  

The c a l c u l a t e d  F-values  from t h e  su rveys  f o r  t h e  o l d e r  
( l o + )  age  groups  a r e  u n u s u a l l y  low and o f  t h e  same o r d e r  a s  
t h e  f i s h i n g  m o r t a l i t y  g e n e r a t e d  (mainly  i n  D i v i s i o n  I I a )  by 
g e a r s  o t h e r  t han  t r a w l s  a l o n e  ( F i g u r e  1 ) .  I n  view o f  t h e  
l i k e l y  o v e r e s t i m a t e  of  o l d e r  f i s h  i n  t h e  s u r v e y s  ( s e e  
S e c t i o n  4.4) f i s h i n g  m o r t a l i t i e s  on age  groups  10 and o l d e r  
were r a i s e d  t o  t h e  l e v e l  which was e s t i m a t e d  from t h e  s u r v e y  
f o r  t h e  9  y e a r  o l d  f i s h ,  i . e .  0.43. T h i s  ad jus tmen t  h a s  o n l y  
marginal  e f f e c t s  on t h e  a s se s smen t  s i n c e  t h e s e  a g e  groups  
make up l e s s  t h a n  2% of  t h e  c a t c h  i n  numbers. 
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F-values  f o r  1983 determined a s  d e s c r i b e d  above have been 
used t o  i n i t i a t e  t h e  VPA. Matu r i t y  o g i v e s  d e r i v e d  a s  
d e s c r i b e d  i n  S e c t i o n  4.3 have  been used i n  t h e  spawning 
s t o c k  biomass c a l c u l a t i o n s  (two a l t e r n a t i v e s ) ,  but  no 
sum-of-products (SOP) c o r r e c t i o n s  have been a p p l i e d .  Inpu t  
d a t a  and c a l c u l a t e d  f i s h i n g  m o r t a l i t i e s ,  s t o c k  numbers and 
s t o c k  biomass a r e  g iven  i n  Tab le s  14-16. The h i s t o r i c  t r e n d s  
i n  c a t c h ,  f i s h i n g  m o r t a l i t y ,  r e c r u i t m e n t ,  t o t a l  r e c r u i t e d  
biomass and spawning s t o c k  biomass a r e  i l l u s t r a t e d  i n  F i g u r e  
9,  A-D. 

4.6. P r o j e c t i o n  o f  Catch  and S t o c k  S i z e  (Tab le  17, F i g u r e  
10) 

The pa rame te r s  used f o r  c a l c u l a t i n g  c a t c h e s  i n  1984 and 
s t o c k  s i z e s  i n  1985 a r e  g iven  i n  Tab le  17. According t o  t h e  
sum-of- p r o d u c t s  check which r e s u l t e d  i n  a  d e v i a t i o n  of  o n l y  
68, no r e v i s i o n  of  t h e  weight  a t  age  d a t a  was r e q u i r e d  f o r  
1983 and t h e  p r o j e c t i o n .  

The e x p l o i t a t i o n  p a t t e r n  from t h e  1983 a s se s smen t  h a s  been 
a d j u s t e d  t o  account  f o r  t h e  f a c t  t h a t  f i s h i n g  i s  expected  t o  
c o n c e n t r a t e  on t h e  mature  component of  t h e  s t o c k .  Th i s  was 
done by s h i f t i n g  t h e  maxima upwards by one y e a r  from age  
groups 7  and 8  t o  age  groups  8  and 9. 

In  t h e  1982 a s se s smen t  t h e  s i z e  of  t h e  1980 and 1981 y e a r  
c l a s s e s  a t  age  3  h a s  been e s t i m a t e d  on t h e  b a s i s  of  t h e  USSR 
youngf ish  su rvey .  Both t h e s e  i n d i c e s  a r e  v e r y  low (Tab le  
131, a l t h o u g h  n o t  p r e c i s e  t h e y  i n d i c a t e  t h a t  t h e s e  y e a r  
c l a s s e s  a r e  ve ry  poor.  On t h i s  b a s i s  t h e y  were assumed t o  be 
100 m i l l i o n ,  t h e  c o n s e r v a t i v e  l e v e l  f o r  poor y e a r  c l a s s e s  
used by t h e  Working Group i n  p rev ious  a s se s smen t s .  I n  t h e  
p r e s e n t  a s se s smen t  t h e  Working Group used t h e  e s t i m a t e  from 
t h e  a c o u s t i c  su rveys  of  abou t  30 m i l l i o n  f o r  t h e  1980 y e a r  
c l a s s  (Tab le  12 ) .  S i n c e  a l l  a v a i l a b l e  i n f o r m a t i o n  (0-group 
su rvey ,  a c o u s t i c  s u r v e y ,  USSR young f i s h  s u r v e y )  i n d i c a t e  
t h a t  t h e  1980 and 1981 y e a r  c l a s s e s  a r e  of  about  t h e  same 
s t r e n g t h ,  t h e  1981 y e a r  c l a s s  was s e t  a t  t h e  same 1 e v e l . I t  
is  n o t  expec ted  t h a t  a  p o s s i b l e  unde res t ima te  of t h e i r  
s t r e n g t h  would s e r i o u s l y  a f f e c t  t h e  r e s u l t s  of  t h e  
p r o j e c t i o n ,  s i n c e  t h e  r e l a t i v e  f i s h i n g  m o r t a l i t y  on t h e  
r e s p e c t i v e  age  groups  i s  ve ry  low. 

The e s t i m a t e  of  t h e  s t r e n g t h  of  t h e  1982 y e a r  c l a s s  of  400 
m i l l i o n  cod a t  age  3 ,  which a r e  expected  t o  r e c r u i t  t o  t h e  
f i s h e r y  i n  1985, was d e r i v e d  from t h e  I n t e r n a t i o n a l  0-group 
f i s h  su rvey  (Tab le  13, F i g u r e  8 ) .  Obse rva t ions  r e p o r t e d  from 
t h e  1982 USSR egg- and l a r v a l  su rvey  (ANON 1983a) a s  w e l l  a s  
i n d i c a t i o n s  of Improved env i ronmen ta l  c o n d i t i o n s  con f i rm  
t h a t  t h e  1982 y e a r  c l a s s  might be s t r o n g e r  t han  t h e  
p reced ing  ones.  The i n c r e a s e  i n  spawning s t o c k  biomass i n  
1982 due t o  t h e  c o n t r i b u t i o n  o f  t h e  1975 y e a r  c l a s s  might 
a l s o  have c o n t r i b u t e d  t o  t h e  p roduc t ion  of  a  good y e a r  c l a s s  
i n  1982. 

For t h e  1983 y e a r  c l a s s  t h e  i ndex  from t h e  0-group s u r v e y  
is  abou t  3  t imes  h i g h e r  t han  t h a t  f o r  t h e  1982 y e a r  c l a s s .  
From F i g u r e  8  i t s  s i z e  i s  e s t i m a t e d  t o  be about  900 m i l l i o n  
3  y e a r s  o l d  cod. The e s t i m a t e  o f  t h i s  y e a r  c l a s s  does  n o t  
a f f e c t  t h e  p r o j e c t i o n  f o r  1984 and o n l y  m a r g i n a l l y  t h e  
medium-term p r o j e c t i o n  of  t h e  spawning s t o c k  biomass f o r  
1987 and 1988. 

The Working Group i s  concerned about  t h e  s u r v i v a l  of  young 
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cod from t h e  0-group s t a g e  t o  t h e i r  r e c r u i t m e n t  t o  t h e  
f i s h e r y  due t o  by-catches  o f  young cod i n  t h e  growing sh r imp  
f i s h e r y .  

The r e s u l t s  o f  t h e  p r o j e c t i o n s  a r e  g iven  i n  F i g u r e  10. I n  
t h e  t e x t  t a b l e s  below, management o p t i o n s  f o r  1984 r e l a t e d  
t o  t h e  r e f e r e n c e  p o i n t s  on t h e  y i e l d  p e r  r e c r u i t  cu rve  
( F i g u r e  10)  and t o  c e r t a i n  l e v e l s  of c a t c h  i n  1984 a r e  
g iven.  

4.6.1. Management Op t ions  

Note: I n  t h e  columns "Spawning s t o c k  b iomassn,  two f i g u r e s  
a r e  g iven.  The upper one r e f e r s  t o  ALTERNATIVE 1 , t h e  lower  
one t o  ALTERNATIVE Z.(Sect ion  4.3) 

S [ , ~ C ~ P S :  P'ORI'H E A S T  AHClIC C O D  ~ r e a :  I C E S  S U B - A H E A S  I A N D  11 

.............................................................................. 
'I 9  83  ;Earlage : 'I 9x4 'I985 : 

;--------I---_-------------- I---------------------------;-------------; 
: S t o c k  :Sl;avrri-I - : Catcl l  I n p t i o r l : s t o c k  :Spawn-;  - ;Ca tc r i  : S t o c k  I spawn-: 
o m  I : F : ( 3 + )  o r  b i o  I : F : ( 3 + )  i i n  1 
: ( 3 + )  : s t o c k  : ( > - l f l ) l  :'lYX4 ; ( J + )  : s t o c k  ; ( 5 - 1 0 ) ;  ; ( S + )  ~ S ~ O C K  ; 

:t , ion. : : ~ i o m .  : : o i n n .  : 
+ 8 :--------_-----_-------------------------------------------------------------; 

I ~ 6 3  : 5 5 3  ; 4 3 :  ; F ; 703  : 4611 : - 1 5  : 94  ; I  nnn : b57 : 
: 3 l q  i I (\:I : ; 50,' : ; 3 7 8  i 

: ------ ; - - - - - - " -_--- - ;___--- '  , - - - - - - a  

: F  t : . 2 7  : I 5 1  9 2 ' 7 1 4 9 4  
: I I I ~ X  ; : 2 3 0  : 
I ------ ; 
: F 
: 19x4 : 

: T A C  
I I Y d L  : 
: =Son ; 
; ------ : 
: T H C  i 

I I 1Y64 I 
: =200  ; 

# I ------ ; 
: T A C  : 

.............................................................................. 
Weiytl ts  i n  t l ~ o u s a n u  r o n n p s  
* expec ted  c a t c h  e s t i m a t e d  by t h e  working g r o u p  

A r c t i c  WG Repor t  1983 





C.M. 1 9 8 4 / A s s e s s :  3 

v e r y  low 1980 l e v e l .  T h i s  i n c r e a s e  i s  l e v e l l i n g  o f f  i n  1983 
a n d  1984. 

I t  h a s  t o  b e  n o t e d  t h a t  t h e  1975 y e a r  c l a s s  i s  f o l l o w e d  by 
a se r i e s  o f  6  p o o r  y e a r  classes.  A s  a c o n s e q u e n c e  t h e  l e v e l  
o f  s p a w n i n g  s t o c k  b i o m a s s  e s t i m a t e d  f o r  1984 c a n  o n l y  b e  
m a i n t a i n e d  i f  t h e  l e v e l  o f  e x p l o i t a t i o n  d o e s  n o t  e x c e e d  
F(max) .  T h i s  s t r a t e g y  is a s s o c i a t e d  w i t h  c a t c h e s  i n  t h e  
o r d e r  o f  150 000 t o n n e s .  I f  management a i m s  a t  i n c r e a s i n g  
t h e  l e v e l  o f  spawning  s t o c k  b iomass  d u r i n g  t h e  1984-87 
p e r i o d ,  t h e n  f i s h i n g  a t  F  i s  r e q u i r e d  which  would r e s u l t  
i n  c a t c h  l e v e l s  a r o u n d  100~'0100 t o n n e s .  

Management s t r a t e g i e s  b a s e d  on s t a b l e  c a t c h  l e v e l s  a b o v e  
200 000 t o n n e s  i n  t h e  p e r i o d  1984-87 a r e  a l l  a s s o c i a t e d  v i t h  
l e v e l s  o f  f i s h i n g  m o r t a l i t y  i n  e x c e s s  

Of  F ~ m a x ~  and  i n c r e a s i n g  w i t h  t i m e .  Spawning s t o c k  b i o m a s s  i s  e s  m a  e d  t o  
d e c l i n e  r a p i d l y  u n d e r  t h i s  t y p e  o f  management i f  t h e  s t a b l e  
TAC i s  h i g h e r  t h a n  200 000 t o n n e s .  

No s u b s t a n t i a l  i n c r e a s e  i n  spawning  s t o c k  b i o m a s s  c a n  b e  
e x p e c t e d  b e f o r e  1988 when t h e  y e a r  c l a s s e s  1982 a n d  1983 ,  
which  a r e  e x p e c t e d  t o  b e  s t r o n g ,  s t a r t  t o  e n t e r  t h e  
s p a w n i n g  s t o c k .  

4.8. S t o c k  a n d  R e c r u i t m e n t  R e l a t i o n s h i p  ( T a b l e  18 ,  F i g u r e s  
11 - 13) 

U n t i l  t h e  1981 m e e t i n g  t h e  Working Group had  u s e d  a  
" k n i f e - e d g e "  t y p e  o f  m a t u r i t y  p a t t e r n  f o r  t h e  c a l c u l a t i o n  o f  
spawning  s t o c k  b iomass .  T h i s  assumed f i s h  o f  a g e  7 and  
younger  t o  b e  immature  and  f i s h  o f  a g e  8  and o l d e r  t o  b e  
m a t u r e .  I n  o r d e r  t o  i m p r o v e  t h e  e s t i m a t e s  o f  spawning  s t o c k  
b i o m a s s ,  a  s e r i e s  o f  m a t u r i t y  o g i v e s  were  u s e d  a t  t h e  1982 
m e e t i n g  (ANON 1 9 8 2 ) .  A s  e x p l a i n e d  i n  S e c t i o n  4.3 o f  t h e  
p r e s e n t  r e p o r t ,  e s t i m a t e s  o f  spawning  s t o c k  b iomass  f o r  t h e  
p e r i o d  1946 t o  1977 h a v e  been  c a l c u l a t e d  on t h e  b a s i s  o f  
more r e c e n t  d a t a  d e r i v e d  f rom Norwegian s a m p l e s  a t  spawning  
t i m e  i n  t h e  spawning  a r e a  a d j u s t e d  f o r  t h e  t o t a l  s t o c k .  T h i s  
a p p r o a c h  g i v e s  more w e i g h t  t o  a d e q u a t e  s a m p l i n g  b u t  h a s  t o  
i g n o r e  p o s s i b l e  t r e n d s  i n  t i m e  a t  p r e s e n t .  

I n  a d d i t i o n  a n  e x a m i n a t i o n  o f  t h e  sum-of -produc ts  (SOP) 
c h e c k  showed l a r g e  d i s c r e p a n c i e s  f o r  t h e  e a r l i e r  y e a r s  o f  
t h e  h i s t o r i c  s e r i e s .  A s i n g l e  s e t  o f  w e i g h t - a t - a g e  d a t a  h a s  
been u s e d  f o r  t h e  whole  p e r i o d  1946-1982. I t  was c o n s i d e r e d  
l i k e l y  t h a t  t h e  main s o u r c e  o f  t h e  SOP e r r o r  was d u e  t o  
c h a n g e s  i n  t h e  w e i g h t  a t  a g e  i n  t h e  s t o c k .  C o n s e q u e n t l y  t h e  
computed spawning  s t o c k  b i o m a s s  ( T a b l e  1 8 )  w e r e  c o r r e c t e d  
f o r  t h e  SOP d i s c r e p a n c i e s .  The combined e f f e c t s  o f  t h e  
c h a n g e s  i n  t h e  m a t u r i t y - a t - a g e  d a t a  a n d  t h e  SOP c o r r e c t i o n s  
o f  w e i g h t - a t - a g e  d a t a  c a n  b e  s e e n  i n  F i g u r e  11 w h e r e  t h e  
d i f f e r e n t  e s t i m a t e s  o f  spawning  s t o c k  b iomass  c a n  b e  
compared.  

The c o r r e c t e d  spawning  s t o c k  b i o m a s s  d a t a  h a v e  been  u s e d  
t o g e t h e r  w i t h  t h e  c u r r e n t  e s t i m a t e s  o f  t h e  numbers o f  
r e c r u i t s  a t  3 y e a r s  o l d  t o  c a l c u l a t e  a  new s t o c k / r e c r u i t m e n t  
r e l a t i o n s h i p  ( T a b l e  1 8  and  F i g u r e  12) .  The l i n e  on t h e  g r a p h  
was f i t t e d  by t h e  method o f  RICKER (1975) .  

A s  w i t h  p r e v i o u s  s t o c k / r e c r u i t m e n t  p l o t s  f o r  t h e  
N o r t h - e a s t  A r c t i c  c o d ,  t h e  r e v i s e d  d a t a  show a  c o n s i d e r a b l e  
s c a t t e r  o f  p o i n t s  a b o u t  t h e  f i t t e d  l i n e .  The c u r v e  i n d i c a t e s  
t h a t  maximum r e c r u i t m e n t  s h o u l d  b e  p r o d u c e d  f rom a s p a w n i n g  
s t o c k  b iomass  o f  a b o u t  2  m i l l i o n  t o n n e s  (ALTERNATIVE 1 )  a s  
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compared t o  600 000 tonnes  (ALTERNATIVE 2 )  e s t i m a t e d  from 
t h e  1982 a s se s smen t  ( F i g u r e  13) .  Th i s  l a r g e  d i f f e r e n c e  
i l l u s t r a t e s  t h e  d i f f i c u l t i e s  t o  a c c u r a t e l y  e s t i m a t e  t h e  
optimum l e v e l  of spawning biomass a t  which t h e  p r o b a b i l i t y  
of r e c r u i t m e n t  f a i l u r e  i s  minimized. However, i t  shou ld  be 
noted t h a t  t h e  maximum l e v e l  of  spawning s t o c k  biomass on 
both  t h e s e  s t o c k / r e c r u i t m e n t  c u r v e s  was o n l y  reached d u r i n g  
t h e  immediate post-war y e a r s  a f t e r  a  pe r iod  when t h e  s t o c k  
had been v i r t u a l l y  un f i shed  f o r  s e v e r a l  yea r s .  

In  view of  t h e  c o n f l i c t i n g  r e s u l t s  of  t h e  
s t o c k / r e c r u i t m e n t  a n a l y s i s  i t  is d i f f i c u l t  t o  draw f i r m  
c o n c l u s i o n s  from t h e s e  a s se s smen t s  a t  p r e s e n t  u n t i l  a  more 
r e f i n e d  e v a l u a t i o n  of  t h e  h i s t o r i c  d a t a  s e r i e s  can be 
under taken ( S e c t i o n  4.3). 

A r c t i c  WG Repor t  1983 



C.M. 1.984/Assess:  3 

5. NORTH-EAST ARCTIC HADDOCK 

5.1. S t a t u s  o f  t h e  F i s h e r i e s  ( T a b l e s  19  t o  21 ) 

F i n a l  f i g u r e s  f o r  t h e  c a t c h  of  haddock  o f  77 153 t o n n e s  i n  
1981 d i f f e r  o n l y  s l i g h t l y  f rom t h e  f i g u r e  g i v e n  i n  t h e  
p r e v i o u s  Working Group r e p o r t  (ANON 1 9 8 3 a ) .  The p r e l i m i n a r y  
f i g u r e  f o r  1982 of 47 252 t o n n e s  shows a  c o n s i d e r a b l e  
d e c r e a s e  f r o m  1981 o f  a b o u t  30 000 t o n n e s  (39  8 ) .  

I n  t h e  p r e v i o u s  Working Group r e p o r t  t o t a l  l a n d i n g s  o f  
haddock  f o r  1982 w e r e  e s t i m a t e d  a s  49 000 t o n n e s ,  t h i s  i s  
o n l y  a b o u t  1  750 t o n n e s  a b o v e  t h e  r e p o r t e d  f i g u r e  o f  47 252 
f o r  t h a t  y e a r .  F o r  t h e  f i r s t  t i m e  i n  t h e  p e r i o d  f o r  which  
d a t a  were  a v a i l a b l e ,  w h i c h  was i n  1981 ,  t h e  c a t c h  o f  haddock  
was h i g h e r  i n  D i v i s i o n  I I a  t h a n  i S u b - a r e a  I. A s  e x p e c t e d  
t h e  same s i t u a t i o n  o c c u r r e d  i n  1982 when t h e  c a t c h  i n  
D i v i s i o n  I I a  e x c e e d e d  t h a t  i n  S u b - a r e a  I by a b o u t  38 $. T h i s  
might  b e  d u e  t o  t h e  more w e s t e r l y  d i s t r i b u t i o n  o f  t h e  f i s h  
a s  w e l l  as t o  t h e  f a c t  t h a t  a  g r e a t  p r o p o r t i o n  o f  t h e  
haddock  s t o c k  c o n s i s t s  o f  spawning  f i s h  which  a r e  e x p l o i t e d  
m a i n l y  i n  D i v i s i o n  I I a .  E x p e c t e d  t o t a l  c a t c h  o f  haddock  i n  
1983 i s  e s t i m a t e d  a t  27 000 t o n n e s ,  and  f o r  t h e  r e a s o n s  
g i v e n  a b o v e  t h e  c a t c h  i n  D i v i s i o n  IIa is a g a i n  e x p e c t e d  t o  
be h i g h e r  t h a n  i n  S u b - a r e a  I. The p r o j e c t e d  c a t c h  p e r  u n i t  
e f f o r t  d a t a  f o r  Norwegian t r a w l e r s  i n  1983 ( T a b l e  2 1 )  w e r e  
e s t i m a t e d  by a n a l y s i s  o f  v a r i a n c e  a s  d e s c r i b e d  f o r  cod  i n  
S e c t i o n  4.1. 

An upward t r e n d  i n  c a t c h  p e r  u n i t  e f f o r t  o f  Norwegian 
t r a w l e r s  i n  S u b - a r e a  I was  o b s e r v e d  f rom 1977 t o  1981 
.However, c a t c h  p e r  u n i t  e f f o r t  d e c l i n e d  by a b o u t  208  f rom 
1981 t o  1982 ,  f o l l o w e d  by a  r e d u c t i o n  f r o m  1982 t o  1983  by 
a b o u t  50%.  The r e a s o n  is t h a t  a  g r e a t  p r o p o r t i o n  o f  t h e  
s t o c k  h a s  r e a c h e d  t h e  a g e  of  m a t u r i t y  i n  1981-1982,  
p a r t i c u l a r l y  t h e  good y e a r  c l a s s e s  1975 and  1976. T h e s e  f i s h  
m i g r a t e  t o  t h e  spawning  a r e a s  i n  D i v i s i o n  I I a  a n d  t h e  
i n c r e a s e  i n  c a t c h  p e r  u n i t  e f f o r t  up t o  1982 i n  t h a t  a r e a  
might  b e  e x p l a i n e d  by t h i s  m i g r a t i o n .  However, i n  1983 c a t c h  
p e r  u n i t  e f f o r t  i n  D i v i s i o n  I I a  d e c l i n e d  c o n s i d e r a b l y .  
Al though  t h e  1983 f i g u r e  i s  p r e l i m i n a r y ,  t h i s  i n d i c a t e s  t h a t  
t h e  y e a r  c l a s s e s  now r e c r u i t i n g  t o  t h e  spawning  s t o c k  a r e  
poor .  

5.2. Vi r tua l  P o p u l a t i o n  A n a l y s i s  (VPA) 

5.2.1. Age c o m p o s i t i o n s  ( T a b l e  22  ) 

C a t c h e s  i n  numbers p e r  age-group  w e r e  r e v i s e d  f o r  1981 
a c c o r d i n g  t o  t h e  t o t a l  r e p o r t e d  c a t c h  by F r a n c e  o f  414 
t o n n e s .  

The d a t a  f o r  1982 g i v e n  i n  t h e  p r e v i o u s  r e p o r t ,  w h i c h  w e r e  
based  o n l y  o n  s a m p l e s  t a k e n  d u r i n g  t h e  f i r s t  6 months ,  h a v e  
been u p d a t e d  a c c o r d i n g  t o  t h e  s a m p l e s  t a k e n  d u r i n g  t h e  whole  
y e a r  by Norway. 
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For 1983 t h e  p r o j e c t i o n s  of  t h e  t o t a l  annua l  c a t c h  i n  
numbers by age  were made based on d a t a  a v a i l a b l e  f o r  t h e  
f i r s t  h a l f  of  t h e  y e a r  from t h e  F e d e r a l  Republ ic  of Germany, 
Norway and t h e  USSR. 

5.2.2. Age a t  m a t u r i t y  (Tab le  25) 

I n  t h e  e a r l i e r  a s se s smen t s  t h e  Working Group h a s  t aken  t h e  
mature  p a r t  of  t h e  s t o c k  t o  be a l l  f i s h  o f  a g e  6  and o l d e r .  
I n  o r d e r  t o  o b t a i n  a  more r e a l i s t i c  e s t i m a t e  of  t h e  mature  
p a r t  o f  t h e  s t o c k  i t  was dec ided  a t  t h e  1982 meet ing  of  t h e  
Working Group t o  app ly  a  m a t u r i t y  o g i v e  f o r  t h e  e s t i m a t e  o f  
t h e  spawning s t o c k  biomass.  

Only two s e r i e s  of  d a t a  (SONINA 1981 and SAETERSDAL 1954) 
were a v a i l a b l e  f o r  haddock bu t  s i n c e  t h e s e  a r e  s i m i l a r  t h e  
d a t a  pub l i shed  by S a e t e r s d a l  a r e  used (Tab le  25 ) .  The 
Working Group noted  t h a t  such a  l i m i t e d  m a t e r i a l  is  n o t  
s u f f i c i e n t ,  p a r t i c u l a r l y  i n  wiev of  p o s s i b l e  t r e n d s  i n  t ime ,  
but  even t h e  a p p l i c a t i o n  o f  a  s t a n d a r d  m a t u r i t y  o g i v e  i s  
cons ide red  an improvement compared t o  t h e  p r e v i o u s  approach.  
It i s  recommended t h a t  e x i s t i n g  m a t e r i a l  shou ld  be made 
a v a i l a b l e  i n  more d e t a i l  and f u r t h e r  sampl ing be under taken.  

5.2.3. F i s h i n g  m o r t a l i t y  i n  1983 

The e x p l o i t a t i o n  p a t t e r n  f o r  1983 was t aken  t o  be c l o s e  t o  
t h e  one s e l e c t e d  f o r  1982 i n  l a s t  y e a r ' s  a s se s smen t  (ANON 
1983a) ,  which was based on t h e  ave rage  e x p l o i t a t i o n  p a t t e r n  
f o r  t h e  y e a r s  1978-1981. 

The major p a r t  o f  t h e  haddock c a t c h  is t aken  as by-catch 
i n  t h e  f i s h e r y  f o r  cod ,  and t h e  haddock s t o c k  i s  exposed 
v i r t u a l l y  t o  t h e  same e f f o r t  a s  cod. T h e r e f o r e ,  comparison 
between f i s h i n g  m o r t a l i t y ,  c a t c h  pe r  u n i t  e f f o r t  and biomass 
of  t h e s e  two s p e c i e s  i s  though t  t o  a l l o w  c o n c l u s i o n s  t o  be 
drawn f o r  haddock based on t h e  cod assessment .  

Having t h e  VPA on cod f i n a l i z e d  (Tab le s  15 and 161, an  
ave rage  F  of  0.24 on t h e  4-7 y e a r ' s  o l d s  was dec ided  on. 
T h i s  l e v e l  of  e x p l o i t a t i o n  i n  1983 gave a  r e a s o n a b l e  v a l u e  
of  t h e  ave rage  f i s h i n g  m o r t a l i t y  on t h e  5-7 y e a r s  o l d  
haddock i n  1983 v e r s u s  t h e  ave rage  f i s h i n g  m o r t a l i t y  on t h e  
6-7 y e a r s  o l d  cod, both  a v e r a g e s  r e f e r i n g  t o  t h e  Norwegian 
t r a w l e r s  i n  D i v i s i o n  I I a  ( F i g u r e  1 4 ) .  

The r e s u l t i n g  biomass of  haddock compared a l s o  r e a s o n a b l y  
w e l l  w i t h  t h e  t o t a l  biomass on cod when r e l a t e d  t o  t h e  r a t i o  
of  t h e s e  two s p e c i e s  i n  t h e  1983 t r a w l  c a t c h e  ( F i g u r e  15) .  

Th i s  l e v e l  of  e x p l o i t a t i o n  i n  1983 r e s u l t s  i n  a  d e c r e a s e  
i n  t o t a l  s t o c k  biomass d u r i n g  1982 a s  a l s o  r e f l e c t e d  i n  t h e  
l a s t  y e a r ' s  c a t c h  pe r  u n i t  e f f o r t  d a t a  from t h e  Norwegian 
trawlers (Table  21).  

The r e s u l t s  of  t h e  VPA on haddock a r e  g iven  i n  Tab le s  23 
and 24. H i s t o r i c  t r e n d s  i n  t h e  t o t a l  s t o c k  and c a t c h e s ,  
f i s h i n g  m o r t a l i t y ,  r e c r u i t m e n t  and spawning s t o c k  biomass 
a r e  shown i n  F i g u r e s  16A-D. 

5.3. Catch  P r o j e c t i o n  

For  t h e  1980 y e a r  c l a s s  t h e  VPA e s t i m a t e  of  14 m i l l i o n  3 
y e a r  o l d s  was used a s  i n p u t  r e c r u i t m e n t  f o r  t h e  p r o j e c t i o n s .  
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From t h e  0-group su rvey  index  (Tab le  25)  t h e  1981 y e a r  
c l a s s  seems t o  be even less  abundant .  However, jugded from 
t h e  Norwegian bottom trawl s u r v e y  i n  1983 (Tab le  26)  t h e  
1981 y e a r  c l a s s  a s  2  y e a r  o l d s  i s  of  s i m i l a r  abundance as 
t h e  1979 y e a r  c l a s s  a s  2  y e a r s  o l d .  The Norwegian bottom 
trawl survey g i v e s  a  r a t i o  between t h e  1981 and 1979 y e a r  
c l a s s e s  bo th  a s  2  y e a r s  o l d  of  1.19. Ra i s ing  t h e  VPA 
e s t i m a t e  o f  t h e  1979 y e a r  c l a s s  a s  3 y e a r s  o l d  ( 1 8  m i l l i o n )  
by t h i s  f a c t o r  g i v e s  21 m i l l i o n ,  w h i l e  a  rounded f i g u r e  of  
20 m i l l i o n  was a c t u a l l y  used f o r  t h e  1981 y e a r  c l a s s .  

The 0-group su rvey  index f o r  t h e  1982 y e a r  c l a s s  i s  
s i m i l a r  t o  t h e  index f o r  t h e  1976 y e a r  c l a s s  (Tab le  2 5 ) ,  and 
t h e  Norwegian bottom t r a w l  su rvey  (Tab le  26 )  i n d i c a t e s  t h a t  
t h e  1982 y e a r  c l a s s  is much more numerous a s  1  y e a r  o l d  t han  
t h e  1980 and 1961 y e a r  c l a s s e s .  The re fo re  t h e  VPA e s t i m a t e  
f o r  t h e  1976 y e a r  c l a s s  of 165 m i l l i o n  was accep ted  a s  an  
e s t i m a t e  f o r  t h e  1982 y e a r  c l a s s .  I n  Tab le  27 t h e  pa rame te r s  
used f o r  t h e  p r o j e c t i o n s  a r e  g iven.  

5.3.1, Management Op t ions  

Wniqhts i n  thousarid.: of  tn;irles 
+ expected  c a t c h  

5.4. E f f e c t s  o f  t h e  1984 TACs on Spawning S tock  Biomass 

From t h e  ve ry  low 1979-1980 l e v e l ,  t h e  spawning s t o c k  i n  
1982 h a s  s l i g h t l y  i n c r e a s e d  t o  a  l e v e l  of abou t  117 000 
tonnes  due t o  t h e  c o n t r i b u t i o n  by t h e  good 1975 and 1976 
yea r  c l a s s e s  i n  1982 ( F i g u r e  16 ) .  However, t h i s  developement 
d i s c o n t i n u e d  i n  1983 and no f u r t h e r  i n c r e a s e  i n  spawning 
s t o c k  biomass can be expec ted  up t o  about  1987, s i n c e  a l l  
t h e  y e a r  c l a s s e s  r e c r u i t i n g  t o  t h e  spawning s t o c k  d u r i n g  
t h i s  pe r iod  a r e  poor.  I f  management a ims a t  m a i n t a i n i n g  a 
r easonab le  spawning s t o c k  s i z e  over  a  l onge r  p e r i o d ,  a  
c a u t i o u s  approach i n  t h e  long-term p o l i c y  i s  a d v i s a b l e .  
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5.5. By-catch of Haddock i n  t h e  Cod F i s h e r y  

In  s e t t i n g  t h e  TAC f o r  haddock i t  has  t o  be remembered t h a t  
a c o n s i d e r a b l e  p a r t  o f  t h e  haddock c a t c h  i s  t aken  a s  a 
by-catch i n  t h e  f i s h e r i e s  f o r  o t h e r  s p e c i e s  (mos t ly  cod )  i n  
Sub-areas I and 11. 

The r a t i o  of  cod and haddock i n  t h e  t r a w l  c a t c h e s  ( F i g u r e  
15) i n d i c a t e s  t h a t ,  a t  p r e s e n t  biomass l e v e l s ,  t h e  amount o f  
haddock t aken  a s  by-catch  i n  t h e  t r a w l  f i s h e r y  f o r  cod i n  
1984 i s  expected  t o  be about  1 /7  of  t h e  cod c a t c h e s .  

6. DISTRIBUTION OF COD I N  AND AROUND THE "MENTELLA BOXn 

M a t e r i a l  a v a i l a b l e  t o  t h e  group were d i s t r i b u t i o n  maps o f  
cod g r e a t e r  t han  41 cm and l e s s  t h a n  42 cm from t h e  
Norwegian bottom t r a w l  su rveys  (DALEN e t .  a l . ,  1983) i n  t h e  
Ba ren t s  Sea  i n  t h e  months J anua ry  t o  March 1981 - 1983 
( F i g u r e s  18 t o  23)  and t h e  USSR paper  by SHESTOVA and 
LUKMANOV (1983) .  

On t h e  b a s i s  o f  t h i s  l i m i t e d  m a t e r i a l  t h e  group f e e l s  t h a t  
no f i r m  a d v i c e  on t h e  d i s t r i b u t i o n  of  cod i n  and around t h e  
"men te l l a  boxn can be g iven a t  t h e  p r e s e n t  meet ing .  

7. DENSITY DEPENDENCE 

DATA AVAILABLE I N  WORKING GROUP FILES FOR EVALUATING DENSITY 
DEPENDENCE I N  THE PARAMETERS OF THE MODELS USED I N  FISH 
STOCK ASSESSMENT North-East  A r c t i c  cod and haddock s t o c k  
d e n s i t y  i n  te rms of  numbers o r  biomass a s  w e l l  a s  
r e c r u i t m e n t  can be determined from d a t a  h e l d  i n  Working 
Group computer f i l e s  by VPA. Weight a t  age  d a t a  c u r r e n t l y  on 
f i l e  a r e  c o n s t a n t  f o r  each y e a r .  Annual m a t u r i t y  o g i v e s  a r e  
not  e s t a b l i s h e d  wi th  s u f f i c i e n t  accu racy  t o  a l l o w  a n a l y s i s  
of  d e n s i t y  dependent  phenomena. 
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8. DEFICIENCIES I N  THE DATA BASE 

The t e x t  t a b l e  below g i v e s  t h e  pe rcen tage  of t h e  c a t c h  i n  
Sub-area I and D i v i s i o n s  I I a  and I I b  and of t h e  t o t a l  c a t c h  
r e p o r t e d  wi thou t  accompanying age  composi t ions .  T h i s  f a c e s  
t h e  Working Group w i t h  t h e  problem of s p l i t t i n g  t h e s e  
c a t c h e s  u s ing  age compos i t i ons  from o t h e r  f l e e t s  and a r e a s .  

c o r j  k ~ f l ~ i 0 ~ 1 :  
-;lll!nr,?e D i v i s i o n  o i v i ! ; i o i ~  T o t a l  sllhar'ea D i v i s i o ~ ,  u i v i s i o r i  Tots1 

I 1 1 - 1  I l i ;  I I Ii: I I i )  ...................................................................... 
I Y L . ~  / . >  0. I 5 6.2 2 . 7  / . 4  - L . 5  
1 ' l G l  6 . ; l  4 .  / 3 . '  9 . q  'I .? ) - I  ?!)I 3.6  
l . , rZ  I q.> 6 - 5  i . 7  5.7 1 5 . 9  > . Y  - 9.9 

From t h i s  t a b l e  i t  i s  seen  t h a t  t h i s  was a  c o n s i d e r a b l e  
problem f o r  cod i n  1980 and 1981 p a r t i c u l a r l y  i n  D i v i s i o n  
I I b ,  mainly  caused by Spain .  However, Spain  has  made g r e a t  
e f f o r t  t o  overcome t h i s  problem and monthly a g e  compos i t i ons  
were submi t t ed  f o r  t h e  1982 ca t ches .  Even wi th  t h i s  
improvement t h e r e  a r e  s t i l l  20 801 tonnes  of  cod c a t c h e s  f o r  
1982 wi thou t  age  compos i t i ons  r e p o r t e d .  For t h e  f i r s t  h a l f  
of 1983, no age  compos i t i ons  were submi t t ed  by c o u n t r i e s  
( F a r o e s ,  F rance ,  Spain  and United Kingdom) wi th  an expec ted  
c a t c h  f o r  t h i s  y e a r  of  abou t  36 000 tonnes .  

With t h e  e x c e p t i o n  of  Spa in  t h e s e  c o u n t r i e s  d i d  n o t  r e p o r t  
age  compos i t i ons  f o r  t h e i r  1982 c a t c h e s  e i t h e r .  A t t e n t i o n  i s  
drawn t o  t h e  f a c t ,  t h a t  t h e  meet ing  of t h e  Working Group was 
scheduled  t o  be he ld  i n  autumn i n  o r d e r  t o  be a b l e  t o  u se  
d a t a  from t h e  f i s h e r y  of  t h e  f i r s t  h a l f  of  t h e  c u r r e n t  y e a r .  
It is recommended t h a t  c o u n t r i e s  having s u b s t a n t i a l  c a t c h e s  
i n  t h e  a r e a  i n  t h e  f i r s t  h a l f  of  t h e  yea r  r e p o r t  t h o s e  t o  
t h e  ICES S e c r e t a r i a t  i n  t ime  f o r  t h e  meeting of  t h e  Working 
Group t o g e t h e r  w i t h  t h e  co r r e spond ing  b i o l o g i c a l  d a t a .  

The Working Group s t i l l  f e e l s  t h a t  t h e  b i o l o g i c a l  d a t a ,  
such as t h e  m a t u r a t i o n  o g i v e  and weight  a t  a g e  d a t a ,  shou ld  
be updated  each yea r  f o r  both  cod and haddock and r e q u e s t s  
d a t a  on t h e s e  s u b j e c t s  t o  be p r e s e n t e d  annua l ly .  

The Working Group expres sed  l a s t  y e a r  t h e  need t o  r e v i s e  
t h e  mean weight  a t  age  f o r  both  cod and haddock. Th i s  y e a r  
an e x t e n s i v e  s t u d y  of  d a t a  from Eng l i sh  l a n d i n g s  of cod i n  
t h e  pe r iod  1957 - 1979 was submi t t ed  a s  a  working document. 
Based on t h e s e  d a t a  a l o n e  i t  was n o t  p o s s i b l e  t o  r e v i s e  t h e  
weight a t  a g e  d a t a  used i n  t h i s  y e a r ' s  a s se s smen t .  Th i s  
s u b j e c t  needs  t o  be f u r t h e r  s t u d i e d  and e x i s t i n g  d a t a  f o r  
both  cod and haddock shou ld  t h e r e f o r e  be made a v a i l a b l e  f o r  
t h e  p r e s e n t  s i t u a t i o n  and f o r  t h e  h i s t o r i c a l  r eco rd .  
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Table  1 T o t a l  nominal ca t ches  (thousand tonnes)  by t r awl  and o t h e r  gea r  f o r  each a r e a  

ICES a r e a s  

Year 

1967 

1968 

1969 

'970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983"  

Sub-Area 

Cod 

Trawl 

238.0 

588.1 

633.5 

524.5 

253.1 

158.1 

459.0 

677.0 

526.3 

466.5 

471.5 

360.4 

161.5 

133.3 

91.5 

45.1 

44.4 

I 

Others  

84.8  

54.4 

45.9 

79.4 

59.4 

38.9 

33.7 

46.5 

35.4 

60.2 

66.7 

57.9 

33.7 

35.4 
45.1 

51.8 

40.1  

Haddock 

Trawl 

73.8 

98.1 

41.3 

36.7 

27.3 

193.4 

241.2 

133.1 

103.5 

77.7 

57.6 

53.9 

47.8 

30.5 

19.0 

8 .9  

5 .8  

Divis ion I I b  Div i s ion  

Cod 

Others  

34.3  

42.9 

47.7 

22.8 

29.0 

27.8 

42.5 

25.9 

18.2  

16.4 

14.6 

10 .1  

16.0  

23.7 

17.9 

8 .9  

7.2 

I I a  

Cod 

Trawl 

121.1 

269.2 

262.3 

85.6 

56.9 

33.0 

88.2 

254.7 

147.4 

103.5 

110.0 

17.3 

8 . 1  

12.5  

17 .2  

31.0 

20.8 

Trawl 

38.7 

44.2 

119.7 

90.5 

74.5 

49.9 

39.4 

41.0 

33.7 

112.3 

100.9 

117.0 

114.9 

83.7 

77.2 

65.9 

60.8 

Trawl 

20.5 

31.4 

33.1  

20 ,2  

15.0 

34.4 

13.9 

39.9 

34.6 

2 8 1  

19.9 

15.7 

20.3 

14.8 

21.8 

18.8  

7 .1  

Haddock 

Trawl 

0 .4  

0.7 

1 . 3  

0 .5  

0.4 

2 . 2  

13.0 

1 5 . 1  

9.7 

5.6 

9.5 

1 .0  

0 .6  

0 . 1  

0.5 
- 
- 

Others  

90.0 

118.3 

135.9 

153.3 

245.1 

285.4 

172.4 

83.2  

86.6 

124.9 

156.2 

146.2 

120.5 

115.6 

167.9 

171.0 

142.3 

Haddock 

Others  

7 .5  

8.6 

7 . 1  

6.4 

6.6 

7 .6  

9.4 

7 . 1  

9.7 

9 .5  

8 .6  

14.8 

18.9  

18.9 

18.7  

10 .5  

6.8 



Table 2.  North-East A r c t i c  COD and HADDOCK c a t c h e s  (1000 tonnes )  and t o t a l  t r a w l  e f f o r t  i n  Norwegian 
Norwegian u n i t s .  

"projected f igures  

Total  
Trawl 
e f f o r t  
x 10-3 

473.59 

622.78 

584.48 

404.57 

406.24 

489.64 

394.28 

289.13 

158.69 

134.97 

110.86 

98.26 

DMSIOFJ I I b  

C t  
lo-5 

35.2 

101.2 

269.8 

130.8 

109. 1 

119.5 

18.3 

8.7 

12.6 

17.7 

31.0 

20.8 

AREAS 

Year 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983" 

DIVISION I I a  

CPUE_ 
10 3 

1.17 

1 -09  

1.70 

1.80 

1.93 

1.30 

1.26 

1.24 

1.49 

1-39 

1.39 

1.35 

SUB-- I 

- 3  

0.96 

1.40 

2.02 

2.08 

1.96 

1 -65  

1.50 

1.21 

1.92 

2.06 

2 

1.51 

C t  
, l o -3  

84.3 

53.3 

80.9 

68.3 

140.4 

120.8 

132.7 

135.2 

98.5 

98.4 

84.7 

67.9 

Trawl e f o r t  3 , l o -  

72.05 

48.90 

47.59 

37.94 

72.75 

92-92 

105.32 

109.03 

66.11 

70.79 

60.94 

50.30 

Ct 
10-3 

351.5 

700.2 

810.1 

629.8 

544.2 

529.1 

414.3 

209.3 

163.8 

110.5 

54.0 

50.2 

Trawl e f o r t  
10-3 

366.15 

500.14 

401.04 

302.79 

277.65 

320.67 

276.20 

172.98 

85.31 

53.64 

29.67 

33.25 



Table 3 COD. Total nominal catch ( tonnes)  by f i sh ing  areas 23 
(landings of Norwegian coas ta l  COD not  included).  

*)provisional  f igures  

Expected Catches 

D i v i s i o n  IIa 

155 116 

153 019 
139 '348 
117 loo 
104 698 
100 011 

134 805 
128 747 
162 472 

255 599 

D i v i s i o n  IIb 

91 599 
220 508 

220 797 
111 768 
126 114 

103 430 
56 653 
121 060 
269 160 
262 254 

Year 

1960 
1961 
1962 

1963 
1964 
1965 
1966 

1967 
1968 

1969 

Total 
catch 

622 042 
783 221 
909 266 

776 337 
417 695 
444 930 
483 711 
572 605 

1 074 084 
1 197 226 

Sub-area I 

375 327 
409 694 
548 621 

547 469 
206 883 

241 489 
292 253 
322 798 
642 452 
679 373 





Table 5. North-East Arc t ic  COD. 
Catch per u n i t  e f f o r t  
( tonnes,  round f r e sh ) .  

*) Projected figures f o r  January-March. 

1) Norwegian data - tonnes per 1 000 tonne-hours f ishing 

2) United Kingdom data - tonnes per 100 tonne-hours f ishing 

3 )  USSR data - tonnes per hour f i sh ing  

4) Norwegian data - tonnes per g i l l -ne t  boat week in  Lofoten 

5 )  Data from redfish fishery in Division I Ib ,  cod is by-catch 

Year 

1960 

1961 

1962 

1963 

196L 

1965 

1966 

1967 

1966 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 1 1.24' 1 - 

Sub-area 

horwayl) 

0.90 

1.05 

1.75 

1.82 

1.69 

1.54 

1.37 

0.85 

1.47 

1.42 

1.30 
- 

I 

u.K.') 

0.075 

0.079 

0.092 

0.085 

C.05E 

0.066 

0.074 

0.081 

0.110 

0.113 

0.100 

0.056 

0.047 

0.057 

0.079 

'0.077 

0.060 

0.052 

0.062 

0.046 

- 
- 
- 

~orway') 

0.59 

0.43 

1.94 

1.67 

1.20 

0.91 

0.56 

0.62 

0.41 

(0.96) 
- 

U S S R ~ )  

0.42 

0.38 

0.59 

0.60 

0.37 

0.39 

0.42 

0.53 

1.09 

1.00 

0.80 

0.43 

0.34 

0.56 

0.90 

0.85 

0.66 

0.50 

0.37 

0.36 

0.36 

0.41 

0.35 

Dlvlsion 

~ o r w a ~ l )  

1.08 

0.71 

1.19 

1.36 

1.69 

1.16 

1.12 

1.06 

1.27 

1.02 

1.01 

Dlvlsion I l k  

u . K . ~ )  

0.105 

0.129 

0.133 

0.098 

0.092 

0.109 

0.078 

0.106 

0.173 

0.135 

0.100 

0.071 

0.051 

0.054 

0.106 

0.100 

0.081 

0.056 

0.044 

- 
- 
- 
- 

1.20' 

L 'SSE~) 

0.31 

0.44 

0.74 

0.55 

0.39 

0.49 

0.19 

0.87 

1.21 

1.17 

0.80 

0.16 

0.18 

0.57 

0.77 

0.43 

0.30 

0.25 

0.08 

0.06 

0 . 1 6 ~ )  

0 .07 

0.26 

7.6 

I I a  

u . K . ~ )  

0.067 

0.058 

0.066 

0.066 

0.070 

0.066 

0.067 

0.052 

0.056 

0.094 

0.066 

0.062 

0.055 

0.043 

0.028 

0.033 

0.035 

0.044 

0.037 

0.042 

0.35 
0.34 

Nor;:; 4 

3.0 

3.7 

4.0 

3.1 

4.8 

2.Y 

4.0 

3.5 

5.1 

5.9 

6.4 

10.6 

11.5 

6.8 

3.4 

3.4 

3.8 

5.0 

7.1 

6.4 

5.0 

6.2 

6.4 



r 7 . -  . ,. - t :. North-East Arctic COD. 
Catch per unit e f for t .  Data from the Lofoten fishery 
are given in gutted weight with head off .  

ye,, 

l 5& 
196: 
1962 

1963 
1964 
1965 
1966 

1967 
1968 

1969 
1970 
1971 
1972 

1973 
1974 
1975 
1976 

1977 
1978 

1979 
1980 
1981 

1982 
1983 I 

Norwegian  vessel^ 

Catch (k per man per day worked lr, the  
Lofoten 

Gill-net 

77.8 
101.5 

94.9 
80.8 

104.5 
81.8 

121.8 

107.9 
158.0 
170.6 
180.3 

334.3 
318.7 

189.7 
96.3 

122.0 

131.4 
173.2 
237.6 
201.3 

169.9 
217.0 

199.1 
308.0 - 

f i shery  ( ~ i v i s l o n  

Long-line 

148.3 
141.1 

134.4 
116.3 

62.1 

78.3 

131.9 
245.4 
184.6 
200.4 

304.3 
510.7 
400.1 

366.5 
146.4 
188. 3 

258.4 
279.6 
381 7 
306.0 
207.8 

327.9 

753.4 
348.8 

I I a ) )  

Hand-line 

56.7 
75.5 
57.8 
56.2 

51.5 
68.4 
72.6 

120.7 
61.5 

142.8 

127.6 

192.7 
110.2 
112.1 

63.9 
96.1 

134.8 

143.5 
134.6 
125.1 

100.9 
109.6 

252.0 
134.0 
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Table 8. North-East Arctic COD. 
Maturity ogives used i n  t h e  
assessment, a l t e r n a t i v e  1, 
fo r  t h e  estimate of t h e  
spawning stock biomass 

'Hylen a n d  Nakken, 1982. 

'Hylen a n d  Nakken, 1983. 

PERIOD 

Age 

3 

4 

5 

6 

7 

8 

9 

10 

11  

100 

100 

15+ 100 100 

7946-1982' 1983 

P e r c e n t a g e  mature 

1 

5 1 8  

10 ! 10 

34 30 

6 5 j 7 3  

8 2 8 8  

9 2 9 7  

100 ! 100 

100 i 100 i 





Table 13.  North-East Arct ic  COD. 
Year c l a s s  s t rength.  Number per hour t rawling f o r  
USSR Young Fish Surveys i s  f o r  3 year  o ld  f i s h  

( ) = estimated 

* I  USSR Murman cod included fo r  1974-1978 

Year 
Class  

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1902 
1983 

USSR Survey No. per  hour 
t rawling 

Sub-area I 

12 
16 
18 

9 
2 
7 

21 
49 
< 1 

2 
1 
7 

11 
74 
37 
53 
74 
6 

93 
4 
2 
1 

<1 
(<I) 
(< 1) 

Vi r tua l  Population No. of 
3 year  olds  x 10-6 * )  

M = 0.2 

791 
919 
731 
474 
339 
778 

1 584 
1 293 

170 
112 
197 
405 

1 016 
1 821 

525 
623 
622 
377 
692 
241 
180 

(180) 
(107) 
( 30) 

USSR 

assessment 

- Average 
+ Average 
+ Average 
Poor 
Poor 
Poor 
Rich 
Rich 
Very poor 
Very Poor 
Very Poor 
Poor 
Poor 
Sich 
Average 
Average 
Rich 
Poor 
Rich 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 

'--Qoup sU1?ey index 

(Logarithmic ) 

A l l  a reas  

+ 
0.02 
0.04 
0.02 
0.25 
2.51 
0.77 
0.52 
1.48 
0.29 
0.90 
0.13 
0.49 
0.22 
0.40 
0.13 
0.10 
0.59 
1.69 

Divis ion I I b  

16 
24 
14 
19 
2 
4 

120 
45 
C 1 
< 1 
< 1 
1 
6 

86 
24 
17 

5 
1 
4 

<1 
1 
3 
8 

( < I )  

Mean 

13 
19 
16 
13 
2 
6 

76 
46 
< 1 
1 
1 
5 
9 

76 
32 
40 
4 6 

4 
62 

3 
1 
2 
3 

(4) 
(<I) 
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Table 17. ! , ' - r C h -  East Arctic COD. 
?-!511t (13 'u- T n r  t:ir, c : ? i c : ~  projections. 

+ !, 1 7 .  .,I!, v q : [ , i n [  .:q P Y  ,::;,: : ; ! , '~(:y:  

lY 84 
Stock Size 
( ,000) ------------- 
<,?\>?iI .nil 

,'& ,; :,,' - 7 ' )  
~,.?.,:5~i. l lf:  

h l : o : , . ? : :  
.<2L / 4 . ' ! n  
7:hn3.7:1 
?.,,:,., -,. '!I1 

(1 .; ',: > . '1 , I 
l , , / < > . b > l ?  

' ,V4.'"1 
.I I,? . ' l o  
,,:I', - I?!) 

5 5 . ' l l l  

. + A  I I I I I I T Y  
:)GIVE 
A L T .  'I .................... 

Recruitment (age 3 )  1985 400 million 
1986 900 million 





Table 19. North-East Arctic HADDOCK. Total nominal catch ( tomes)  
by f ishing areas. ( ~ a t a  provided by Working Group 
members.) 

Division IIb 

1 854 
2 427 
1 727 

939 
1 log 

939 
1 614 

440 
725 

1 341 

4 97 
435 

2 155 
12 989 
1 5  068 

9 726 

5 649 
9 547 

979 
615 

68 
455 

2 i 

Division IIa 

27 925 
25 642 
25 189 
21 031 

18 735 
18 640 

34 892 
27 980 
40 031 
40 208 
26 611 

21 567 
43 979 
23 348 
47 033 
44 330 
37 566 
28 452 
30 478 
39 167 
33 616 
39 864 
29 381 

Total I 

1 
H Provisional figures.  

Year 

1960 
1961 
1962 

1963 
1964 
1965 
1966 

1967 
1968 

1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

1979 
1980 
1981 
1982* 

Sub-area I 

125 675 
165 165 
160 972 

124 774 
79 056 
98 505 

124 115 
108 066 

140 970 
88 960 

59 493 
56 300 

221 183 
283 728 

159 037 
121  686 

94 064 
72 159 
63 965 
63 841 
54 205 
36 834 
17 869 

EXPECTED CATCHES 

1983 13 000 14 000 27 000 I - I 





Table 21 North-Eas t Arc t l c  HADDOCK. 

Catch per un i t  e f f o r t  

''Iiorwegian da ta  - tonnes per 1 000 tonne-hours f i sh ing  

"united Kingdom data - tonnes per 100 tonne-hours f i sh ing  

Year 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1976 

1979 

1980 

1981 

1982 

19 8 9  

"Projected 

Sub-area 

Norway1) 

0.06 

0.35 

0.27 

0.26 

0.27 

0.11 

0.13 

0.36 

0.45 

0.64 

0.51 
0.27 

f igures  

Division 

Norway 

0.02 

0.18 

0.09 

0.06 

+ 
+ 
+ 

0.07 

+ 
- 
- 

I 

U .L. 

33 

29 

23 

13 

18 

18  

17 

18 

19 

13 

7 

8 

14 

22 

20 

15 

10 

4 

5 
- 
- 
- 
- 

IIb 

u . K . ~ )  

2.8 

3.3 

2.5 

0.9 

1.6 

2.0 

2.8 

2.4 

1.0 

2.0 

1.0 

3.0 

23.0 

20.0 

15.0 

4.0 

3.0 

0.2 

4 .O 

- 
- 
- 
- 

Division 

Norway1) 

0.09 

0.39 

0.51 

0.44 

0.24 

0.14 

0.14 

0.18 

0.22 

0.37 

0.38 
0.15 

I I a  

U . K . 2 )  

34 

36 

4 2 

33 

18  

18 

34 

25 

50 

42 

31 

25 

18 

20 

74 

60 

38 

16 

15 
- 
- 
- 
- 

J 
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n. YY" 
0 .936  
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fl.657 
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0 .210  
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P.6nn 
0.6flfl 
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0.fl3.I 
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n. 355 
fl. 442 
0 .536  
fl.4119 
V.3L5 
n.4 75 
n. 4  7  3 
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Table 25. North-East Arctic H1DDOCK. 

Year c l a s s  s t rength.  The number per  hour t rawling f o r  
USSR Young Fish Surveys i s  f o r  2 year o l d  f i s h .  



-- 
' -- Table 26. N o r t h - ~ a s t  Arc t i c  HADDOCK. 

Results from the  Norwegian bottom trawl  survey i n  the Barents Sea. 
Index o f  number o f  f i s h  i n  each year  c lass.  

- - - - - - - 0 - - -__ -__ -_ - - - - - - " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Y E A R  C L A S S  
Year 1 1 9 8 1  1960 1 1 Y i a  1 ~ 7 /  ' 1976  1 ~ 7 5  l Y / L  1 Y / 3  l U l A L  ................................................................................. 
1941  0.5 4 .6  2.5 v . s  2 .  c . 1  O.> 0.2 L > . ?  
I ~ X L  0.5  0.9 I .  2 . 1  2.2 5 . 5  2 . 7  0.2 I > . Y  
1Yd5 5 1 4 . >  5 .  4 .1  5 . 0  1.9 2.5 5 . 9  1 . 0  h t . 6  
-----------"-^---"--------------------------------------------------------------- 



Table 27. North-East Arctic BADDOCK. 
Input! data for catch projections. 

L I S I  OF I N P U T  V A K I A R L E S  HY A C E  GHOUP: 

1984 i 
Stock Size B ' ~ A T U K I T Y  W E I b H T  I N  U E I G H T  I N  

A G E  ( 1 000) , F - P A r T I i K I I  II U c i I V E  T H E  C w t C H  T h E  S T O C K  ........................................................................ 

I 
Recruitment (age 3) 1985 165 mjllion 

I?. 0000 
1.03no 
1 . /vr1n 
L.:nnll 
2.sonfi 
3.550n 
3 .  toan 
4.41Qfl 
>.4nno 
6. 7llflfl 
1.4Vnll 
n.klnflll 
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Fl-e 12. 1POR9$-IV&T 2BCTX COD. Spawning atock versus recruitment at - 

, 8ge !J1 y-kx clapas 1946-'77 (SSB from Worwegiaa city w i n  
conjecteQ Pf?l?,SBP .aisc~opmcies). 

Number af recxuits - - . I 

3) (millions) - .. . ' 

R = 0.958 P * nrP(-0.00@471 I?) 
_ .70 E .. 0.36 













Fiqurn 1.. Distribution o f  cod less than 62 cn from 
the Norrngien bottom trnwl survey 1941. 
(Numbers Dar hour o f  trawlln?) 



F i q u r ~  2 1 .  ~ i ~ t r i b l l t ~ n n  of cod greater  t~tiln 41 cm from 
the h'orw-nian hottom trawl survey 1967.  
(Numbers POT nour nt t m w l l n q >  



Flgure 22. Distribirtlon of cod less than 42 cm from 
the Nor!.-qlan hottom trawl survey 1983. 
(Numbers per hour nf t m u l l n g )  

1 r  1- rim 2 s  2- rr re. 31m 33. 35. 
75m 75m 






