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ABSTRACT 

Wespes tad ,  V . G .  and Sh imada ,  A . M . ,  1984 .  B i o l o g y  and manage- 
ment o f  t h e  P a c i f i c  cod  (Gadus macrocephaZus T i l e s i u s )  i n  
t h e  e a s t e r n  B e r i n g  S e a  and Gulf  o f  A l a s k a .  I n :  E. D a h l ,  D.S. 
D a n i e l s s e n ,  E .  Moksness and P. So lemda l  ( E d i t o r s ) ,  The Pro-  
p a g a t i o n  o f  cod Gadus morhua L. F lØdev igen  r a p p o r t s e r . ,  
1 ,  1984 :  819-845. 

P a c i f i c  cod  have  b e e n  e x p l o i t e d  i n  Alaska  f o r  o v e r  100  
y e a r s .  O r i g i n a l l y ,  t h e  f i s h e r y  was e x p l o i t e d  i n  c o a s t a l  w a t e r s  
b y  U.S. f i s h e r m e n .  T h i s  d o m e s t i c  f i s h e r y  d e c l i n e d  f o l l o w i n g  
World War I ,  c e a s i n g  by  t h e  e a r l y  1 9 5 0 ' s .  I n  t h e  mid -1950 ' s  
J a p a n e s e  and S o v i e t  d i s t a n t  w a t e r  f l e e t s  began o p e r a t i o n s  i n  
t h e  n o r t h e a s t e r n  P a c i f i c  Ocean.  P a c i f i c  cod  was p r i m a r i l y  an  
i n c i d e n t a l  s p e c i e s  i n  t h e  h a r v e s t s  o f  t h e s e  f l e e t s .  I n  r e c e n t  
y e a r s  a  U.S. cod f i s h e r y  h a s  r e d e v e l o p e d  and is r a p i d l y  
e x p a n d i n g  . 

C o i n c i d e n t a l  t o  t h e  renewed i n t e r e s t  i n  a  d i r e c t e d  U.S. cod  
f i s h e r y  h a s  b e e n  a  s t r o n g  i n c r e a s e  i n  P a c i f i c  cod  abundance .  
Most o f  t h e  i n c r e a s e  a p p e a r s  t o  h a v e  b e e n  d u e  t o  t h e  o c c u r r e n c e  
o f  an  e x c e p t i o n a l l y  s t r o n g  1977  y e a r - c l a s s .  S i n c e  cod  i s  
becoming a  ma jo r  commerc ia l  f i s h e r y  i n  t h e  n o r t h e a s t e r n  P a c i f i c  
Ocean i t  i s  i m p o r t a n t  t o  d e v e l o p  l o n g  term e s t i m a t e s  o f  y i e l d  
and accompanying management s t r a t e g i e s .  One s h o r t c o m i n g  o f  s u c h  
e f f o r t s  i s  t h e  s h o r t  t i m e  s e r i e s  o f  cod d a t a  i n  Alaskan  w a t e r s .  
Some c o n s e q u e n c e s  r e s u l t i n g  f rom above-ave rage  cod r e c r u i t m e n t  
i n  1977  and t h e  c u r r e n t  h i g h  abundance  l e v e l  a r e  examined .  



INTRODUCTION 

The P a c i t i c  cod (Gadus  rnacrocephaZus)  o c c u r s  t h r o u g h o u t  

t h e  N o r t h  P a c i f i c  Ocean.  I n  Nor th  Amer ica ,  cod  i n h a b i t  w a t e r s  

o f  t h e  c o n t i n e n t a l  s h e l f  and u p p e r  s l o p e  f rom C a l i f o r n i a  t o  S t .  

Lawrence I s l a n d  i n  t h e  B e r i n g  Sea  ( F i g .  1 ) .  Cod a l s o  a r e  found  

t h r o u g h o u t  t h e  A l e u t i a n  I s l a n d s  and a l o n g  t h e  As ian  c o a s t  f rom 

t h e  Gu l f  o f  Anaydr i n  t h e  B e r i n g  Sea  s o u t h  t o  t h e  Yel low S e a  

( B a k k a l a  e t  a l . ,  1 9 8 1 ) .  C a t c h  s t a t i s t i c s  i n d i c a t e  t h a t  cod a r e  

more a b u n d a n t  i n  N o r t h  America t h a n  i n  A s i a .  Abundance a p p e a r s  
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F i g .  1. G e n e r a l  d i s t r i b u t i o n  o f  P a c i f i c  cod i n  t h e  n o r t h  
P a c i f  i c  Ocean. 

g r e a t e s t  i n  t h e  B e r i n g  S e a  and d e c r e a s e s  t o  t h e  s o u t h  ( T a b l e  

1) .  Major  commerc ia l  c o n c e n t r a t i o n s  o f  cod i n  t h e  n o r t h e a s t e r n  

, P a c i f i c  Ocean a r e  shown i n  F i g .  2 .  The s o u t h e r n m o s t  concen-  

t r a t i o n  i s  found  o f f  t h e  n o r t h e r n  c o a s t  o f  Washington S t a t e  t o  

Vancouver  I s l a n d ,  B r i t i s h  Co lumbia ,  Canada.  A s e c o n d  a r e a  is  i n  

t h e  Queen  C h a r l o t t e  Sound-Hecate S t r a i t  a r e a  o f  Canada.  Cod 

abundance  is  low i n  t h e  e a s t e r n  and c e n t r a l  Gu l f  o f  A l a s k a  and 

commerc ia l  c o n c e n t r a t i o n s  o n l y  o c c u r  i n  t h e  w e s t e r n  Gu l f  

be tween  Kodiak I s l a n d  and Unimak I s l a n d .  I n  t h e  A l e u t i a n  

I s l a n d s ,  commerc ia l  c o n c e n t r a t i o n s  a r e  r e p o r t e d  t o  o c c u r  i n  t h e  
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Fig. 2. Location of major fishing grounds for Pacific cod in 
the northeastern Pacific Ocean. 



v i c i n i t y  of  t h e  I s l a n d s  o f  Four  Mountains  ( 1 7 0 ~ ~ )  and B u l d i r  

I s l a n d  ( 1 7 6 O ~ ) .  I n  t h e  B e r i n g  S e a , c o d  a r e  r e l a t i v e l y  a b u n d a n t  

a l o n g  t h e  o u t e r  c o n t i n e n t a l  s h e l f  f rom Unimak I s l a n d  t o  S t .  

Matthew I s l a n d .  

P a c i f i c  cod was t h e  f i r s t  d e m e r s a l  f i s h  u t i l i z e d  commerci- 

a l l y  i n  t h e  n o r t h e a s t e r n  P a c i f i c  Ocean. I n  1864 t h e  s c h o o n e r  

A l e r t ,  o u t  o f  San F r a n c i s c o ,  i n i t i a t e d  a  f i s h e r y  i n  t h e  B e r i n g  

Sea  (Cobb,  1 9 2 7 ) .  T h i s  f i s h e r y ,  which employed s a i l i n g  schoon-  

e r s  and one-man d o r i e s  a s  c a t c h e r  b o a t s  t h r o u g h o u t  i t s  h i s t o r y ,  

c o n t i n u e d  u n t i l  t h e  e a r l y  1 9 5 0 ' s .  S h o r t l y  a f t e r  t h e  d e m i s e  o f  

t h e  N o r t h  American f i s h e r y  t h e  d i s t a n t  w a t e r  t r a w l  f l e e t s  o f  

J a p a n  and t h e  U.S.S.R. began  f i s h i n g  t h e  N o r t h e a s t  P a c i f i c  i n  

1954 and 1 9 5 8 ,  r e s p e c t i v e l y .  T h e s e  f o r e i g n  f i s h e r i e s  concen-  

t r a t e d  on P a c i f i c  h e r r i n g  ( C l u p e a  h a r e n g u s  p a Z Z a s i ) ,  y e l l o w -  

f i n  s o l e  (Lzrnanda a s p e r a )  and w a l l e y e  p o l l o c k  ( T h e r a g r a  

chalcograrnrna) and o t h e r  s p e c i e s .  P a c i f i c  cod  was g e n e r a l l y  n o t  

a  t a r g e t  s p e c i e s  and was p r i m a r i l y  t a k e n  a s  b y - c a t c h .  C a t c h e s  

i n  t h e  B e r i n g  Sea  a v e r a g e d  a b o u t  50 t h o u s a n d  t o n n e s  and l e s s  

t h a n  10  t h o u s a n d  t o n n e s .  i n  t h e  Gu l f  of  A l a s k a  ( T a b l e  1 ) .  

I n  1 9 7 7 ,  t h e  U n i t e d  S t a t e s  i n s t i t u t e d  a  200-mile  F i s h e r i e s  

C o n s e r v a t i o n  Zone which encompassed t h e  p r o d u c t i v e  cod  g r o u n d s  

i n  t h e  e a s t e r n  B e r i n g  Sea  and Gulf  o f  A l a s k a .  S i n c e  t h a t  t i m e  

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

u n d e r  pe r rn i t .  C a t c h e s  have  i n c r e a s e d  i n  r e c e n t  y e a r s  p r i m a r i l y  

d u e  t o  t h e  deve lopmen t  o f  a  l o n g l i n e  f i s h e r y  by  J a p a n e s e  

v e s s e l s .  C o n c u r r e n t  w i t h  t h e  e s t a b l i s h m e n t  o f  t h e  U.S. 200-mi le  

zone  were  t h e  o c c u r r e n c e  o f  a  s t r o n g  y e a r - c l a s s  o f  cod i n  t h e  

B e r i n g  Sea  and Gul f  o f  A l a s k a  and i n c r e a s i n g  cod  p r i c e s  which 

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

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

f i s h e r m e n  were  s e e k i n g  o t h e r  r e s o u r c e s  t o  e x p l o i t .  T h e s e  e v e n t s  

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

t h e  U.S. f i s h i n g  i n d u s t r y .  

T h i s  renewed i n t e r e s t  o c c u r i n g  a t  t h e  same t i m e  a s  a n  ex-  

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

p rob lems  f o r  f i s h e r i e s  b i o l o g i s t s  and manager s .  The p o l i c y  of 

t h e  U.S. government  i s  t o  e n c o u r a g e  deve lopmen t  o f  U.S. 

f i s h e r i e s  a s  r a p i d l y  a s  p o s s i b l e .  However, a t  t h e  same t i m e  



TABLE 1 

Commercial catches (t) of Pacific cod by region of the North Pacific Ocean, 1968-1977 a 

Eastern Washington 
Rerinq Gulf of British to 

Year Korea Japan USSR Aleutians Sea Alaska Columbia California Total 

Annua1 
mean 1.690 
catch 

Percent 
of total 1.7 

a Source of data: Bakkala et al., 1981 m 
N 
W 



t h e r e  is c o n c e r n  t h a t  t o o  r a p i d  a  deve lopmen t  may l e a d  t o  o v e r -  

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

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

r e s o u r c e  abundance  s u c h  a s  t h e  B e r i n g  S e a  k i n g  c r a b  f i s h e r y .  

From a  b i o l o g i c a l  p o i n t  o f  v i e w ,  i t  is  d i f f i c u l t  t o  p r o v i d e  

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

d a t a  a r e  a v a i l a b l e  f o r  any  l e n g t h  o f  t i m e  and most  b i o l o g i c a l  

d a t a  a r e  r u d i m e n t a r y  a t  b e s t .  

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

A l a s k a  a r e  b e g i n n i n g  t o  b e  e x p l o i t e d .  I n d u s t r y  and management 

a r e  a s k i n g  f o r  s c i e n t i f i c  a d v i c e  on what l e v e l s  o f  e x p l o i t a t i o n  

t h e  cod r e s o u r c e  c a n  s u s t a i n  and what  i m p a c t s  on o t h e r  

r e s o u r c e s  a r e  b r o u g h t  a b o u t  by  i n t e n s i v e  deve lopmen t  o f  cod  

f i s h e r i e s .  T h i s  p a p e r  r e v i e w s  t h e  b i o l o g y  o f  P a c i f i c  cod  and 

t h e  abundance  o f  cod  i n  t h e  n o r t h e a s t e r n  P a c i f i c  Ocean.  We w i l l  

a l s o  p r e s e n t  i n f o r m a t i o n  on t h e  s t r o n g  1977  y e a r - c l a s s  and i t s  

i m p l i c a t i o n s  f o r  management o f  t h e  cod  and o t h e r  r e s o u r c e s .  

DISCUSSION 

P a c i f i c  cod l i f e  h i s t o r y  f e a t u r e s  

I n v e s t i g a t i o n s  i n t o  t h e  b i o l o g y  and l i f e  h i s t o r y  o f  P a c i f i c  

cod have  p roceeded  i n t e r m i t t e n t l y  f rom t h e  e a r l y  s t u d i e s  o f  

S o v i e t  r e s e a r c h e r s ,  most  n o t a b l y  t h o s e  o f  Moiseev i n  t h e  

1 9 5 0 ' s ;  f o l l o w e d  t h e r e a f t e r  by  a  Canad ian  r e v i e w  o f  P a c i f i c  cod  

e c o l o g y  i n  n o r t h w e s t  B r i t i s h  Columbia  w a t e r s  ( K e t c h e n ,  1 9 6 1 )  

and work on p h y s i c a l  d e t e r m i n a n t s  o f  egg  and l a r v a l  deve lopmen t  

( A l d e r d i c e  and F o r r e s t e r ,  1 9 7 1 ) .  S i n c e  1 9 7 3 ,  American s c i e n -  

t ists have  b e e n  p r i m a r i l y  c o n c e r n e d  w i t h  a s s e s s m e n t s  o f  popu la -  

t i o n  abundance  and  d i s t r i b u t i o n  o f f  A l a s k a .  Due t o  h i s t o r i c a l l y  

low l e v e l s  o f  P a c i f i c  cod abundance  p r i o r  t o  1977  and a s s o c i -  

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

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

some o f  t h e  h i g h - v a l u e  f i s h e r y  r e s o u r c e s  s u c h  a s  P a c i f i c  s a lmon  

( O n c o r h y n c h u s  s p p . )  and P a c i f i c  h a l i b u t  ( H i p p o g Z o s s u s  



stenolepis). Consequently, knowledge of such basic population 

characters for cod as reproduction, growth and mortality is 

less than complete. 

Spawning and associated bathymetric movements 

Pacific cod generally spawn from mid-winter to late spring 

with peak activity between January and March. Spawning time and 

depth distribution are characterized by seasonally determined 

vertical migration patterns first described for northwest 

Pacific cod by Moiseev (1953). Distinct patterns are evident in 

a north boreal region (50-65ON), in a transitional zone 

between 40-50°N, and in a south boreal region (35-40°N). 

This pattern is also evident in the northeast Pacific based on 

laboratory and commercial data (Forrester, 1977; Karp, 1982). 

For south boreal stocks, spawning migrations into coastal 

I bays (15-50 m depths) are observed during December through 

l February when the shallow bay environment cools from 12-13Oc 

I summer temperatures. Spawning begins when temperatures reach 

5-~OC. In March and April, post-spawning cod move to offshore 

feeding areas at depths greater than 100 m in which tempera- 

l tures range between 1-7O~, thus avoiding the summer heated 

I coastal waters. 
A reverse migration pattern is observed in north boreal 

populations during late-winter and early-spring where spawning 

cod are found at depths of 80-290 m and 0-3Oc. Here, movement 

is from shallow summer feeding areas on the inner continental 

shelf where summer temperatures range between 0.2-4 . ~ O C  to 

the outer continental shelf and siope as winter cooling of the 

shelf waters occur (Shimada et al., 1981). Post-spawning return 

movement is not stimulated until the inner shelf environment 

warms to 2-loOc. 

Within the transition zone (Sakhalin Island in Asia and 

British Columbia in North ~merica), variable timing and optimum 

temperature with depth is observed relative with movement to- 

wards either north or south latitudes. Comparing Asian vs North 

American waters, net movement within depth zones is largest in 

the western Pacific Ocean, 15-290 m vs 50-135 m (Ketchen, 1961) 





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

p e l a g i c  e g g s  and l a r v a e  a p p e a r  t o  b e  an  e x c e p t i o n  r a t h e r  t h a n  

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

a c c o u n t i n g  f o r  p e l a g i c  e g g s  i n  t h i s  r e g i o n  ( K e n d a l l ,  1 9 8 1 ) .  

Thomson ( 1 9 6 3 )  summarized t h e  r e s u l t s  o f  s e v e r a l  a u t h o r s  and 

r e p o r t e d  t h e  mean d e n s i t y  o f  f e r t i l i z e d  e g g s  t o  b e  1 . 0 5 0 .  

D u r i n g  e a r l y  deve lopmen t  t h e s e  e g g s  a r e  s l i g h t l y  a d h e s i v e ,  

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

1 . 0  m m  ( W e s t e r n  C a n a d a ) ,  0 .8-1 .4  m m  ( N o r t h e r n  J a p a n )  and 1 .3 -  

1 . 6  m m  ( K o r e a )  (Yusa e t  a l . ,  1 9 7 7 ) .  

L a b o r a t o r y  work on t h e  e f f e c t s  o f  s a l i n i t y ,  t e m p e r a t u r e  and 

d i s s o l v e d  oxygen on t h e  e a r l y  deve lopmen t  o f  cod e g g s  i n d i c a t e  

t h a t  optimum c o n d i t i o n s  embrace  mean v a l u e s  o f  3 .  7g0c, 

s a l i n i t y  1 4 . 9 1  o / o o ,  and d i s s o l v e d  oxygen 8 .29  ppm. P a c i f i c  cod 

e g g s  a r e  e u r y h a l i n e ,  e u r y o x i c  and  s t e n o t h e r m a l ,  w i t h  t empera -  

t u r e s  be tween  3 - 5 O ~  d e t e r m i n i n g  i n c u b a t i o n  s u c c e s s  u n d e r  wide 

v a r i a t i o n  i n  t h e  f o r m e r  two p h y s i c a l  p a r a m e t e r s  ( A l d e r d i c e  and 

F o r r e s t e r ,  1 9 7 1 ) .  

I f  e x p e r i m e n t a l  e v i d e n c e  is  c o r r e c t  f o r  P a c i f i c  c o d ,  t h e n  

deve lopmen t  must n e c e s s a r i l y  p r o c e e d  a t  t h e  ocean  b o t t o m .  

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

a p p r o p r i a t e  w a t e r  d e n s i t y  c o n d i t i o n s  r e l a t i v e  t o  egg  s p e c i f i c  

g r a v i t y .  Spawning cod h a v e  b e e n  found  a l o n g  t h e  c o n t i n e n t a l  

s l o p e  i n  t h e  e a s t e r n  B e r i n g  Sea  where  d e p t h s  may e x c e e d  500 m, 

b u t  t h e r e  is  no d i r e c t  e v i d e n c e  f o r  l i n k i n g  egg  deve lopmen t  t o  

e i t h e r  t h e  ocean  f l o o r  o r  i n  t h e  w a t e r  column. I c h t h y o p l a n k t o n  

work i n  t h i s  r e g i o n  h a s  n o t  been  d e f i n i t i v e  f o r  P a c i f i c  c o d .  

Water  mass s t u d i e s  o f  K i h a r a  ( 1 9 8 2 )  and Schumacher and Reed 

( 1 9 8 3 )  i n d i c a t e  t h a t  warm, s a l i n e  o c e a n i c  A l e u t i a n  B a s i n  and 

A l a s k a  S t r eam E x t e n t i o n  w a t e r  i n t r u d e s  o v e r  t h e  o u t e r  c o n t i -  

n e n t a l  s l o p e  and s h e l f  marg in  y e a r - r o u n d .  P h y s i c a l  v a r i a b i l i t y  

w i t h i n  f a v o u r e d  w i n t e r  spawning  environment:;  i n  t h e  e a s t e r n  

B e r i n g  S e a  may have  s i g n i f i c a n t  i m p a c t s  er, c a r l y  l i f e  s t a g e  

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

e n s u r e s  min ima l  d r i f t  f rom o p t i m a l  c o n d i t i o n s  and m a i n t a i n s  t h e  

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

Egg deve lopmen t  f o r  P a c i f i c  cod i n  n o r t h w e s t  w a t e r s  r e q u i r e  

10-20 d a y s  a t  3 - 5 O ~ .  Newly h a t c h e d  p r o l a r v a e  a r e  3 .27-3.80 m m  



total body length. Ten days after hatching, yolk sac absorption 

occurs at about 4 mm in ~ O C  water. For south boreal stocks, 

early growth continues in protected coastal waters up to 90 mm. 

At 70-80 mm,.cod begin out-migration, first to deeper inshore 

waters then finally taking up a benthic existence further 

offshore. 

Larval collections off Kamchatka and Sakhalin Islands 

reported by Mukhacheva and.Zvyagina (1960) indicated that cod 

larvae were located in coastal waters at 25-150 m depths, with 

the majority found between 75 and 100 m. Otherwise, for north 

boreal stocks (particularly the Alaskan populations we are most 

concerned with) far less is known about the egg and larval 

period. Contributing factors for our continued ignorance may be 

linked to the demersal nature of Pacific cod eggs, and the 

inability to effectively sample and identify Pacific cod larvae 

in field surveys. Experience in Port Townsend Bay, Washington 

has shown that Pacific cod young (3.8-8.0 cm) can be captured 

by demersal sleds (G. Walters, NMFS-NWAFC, personal communi- 

cation, 1983). 

: Juvenile and adult distribution 

Pacific cod juveniles exhibit first schooling behaviour and 

take on an adult appearance at about 4.5 cm (Yusa et al., 

1977). In Alaska, Pacific cod are first recruited to research 

trawls beginning at 10-12 cm. In Bering Sea surveys, Juvenlle 

cod are encountered in coastal water surrounding St. Matthew 

and Nunivak Islands, along the northern shores of the Alaskan 

Peninsula, and south of the Alaskan mainland in northern 

Bristol Bay from July through October. Cobb (1927) found 5-13 

cm cod along the southern side of the Alaska Peninsula from May 

through October. As the cod age, there is a progressive off- 

shore movement, with 1-2 year old cod occupying the middle 

shelf and 3-4 year old cod the outer shelf. Cod older than four 

years are usually limited to the outer shelf and slope (150-500 

m) with only temperature-dependent minor incursions into the 

inner shelf environment. 



Age and growth 

Dete rmina t ion  o f  P a c i f i c  cod a g e  and growth r a t e s  h a s  always 

been  somewhat p r o b l e m a t i c ,  o f t e n  y i e l d i n g  d i f f e r e n t  e s t i m a t e s  

depending on t h e  age  s t r u c t u r e  examined. O t o l i t h s  and s c a l e s  

have been t h e  age  s t r u c t u r e s  most o f t e n  used by i n v e s t i g a t o r s ,  

b u t  t h e  r e s u l t s  have o f t e n  been u n r e a s o n a b l e  and n o t  e a s i l y  

v a l i d a t e d  by o t h e r  independent  means. The s u c c e s s  w i t h  which 

age  s t u d i e s  have used o t o l i t h s  and s c a l e s  h a s  a l s o  v a r i e d  

between r e g i o n s .  I t  was no ted  i n  an e a r l i e r  s t u d y  (Moiseev,  

1953) t h a t  w h i l e  age  samples from t h e  s o u t h e a s t e r n  B e r i n g  Sea 

appeared t o  p o s s e s s  p a t t e r n s  which a l lowed them t o  b e  aged from 

e i t h e r  s t r u c t u r e ,  A s i a t i c  cod r e q u i r e d  bo th  s t r u c t u r e s  because  

n e i t h e r  one a l o n e  was s a t i s f a c t o r y  f o r  a l l  s i z e s  of f i s h .  For  

Canadian s t o c k s ,  Ketchen (1961)  r e p o r t e d  t h a t  s c a l e s  and o t o -  

l i t h s  l a c k e d  any w e l l - d e f i n e d  p a t t e r n  of  annua1 checks  u s e f u l  

f o r  age work. Kennedy (1970)  d e s c r i b e d  a  method u s i n g  s c a l e s  of 

a d u l t  cod from Hecate  S t r a i t  which became t h e  s t a n d a r d  method 

a t  bo th  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  (Nanaimo, B r i t i s h  

Columbia) and t h e  Northwest and Alaska F i s h e r i e s  C e n t e r  

( S e a t t l e ,  Washington) d u r i n g  t h e  e a r l y  t o  mid-1970's.  I n  1978 ,  

problems a r o s e  when Kennedy's a n n u l i  c r i t e r i a  were a p p l i e d  t o  

j u v e n i l e  cod from a r e a s  o t h e r  t h a n  Hecate  S t r a i t  and f u r t h e r  

s c a l e  a n a l y s i s  based  on h i s  method was suspended pending new 

v a l i d a t i o n  s t u d i e s  ( C h i l t o n  and Beamish, 1 9 8 2 ) .  

R e c e n t l y ,  developments  a s s o c i a t e d  wi th  computer ized a n a l y s i s  

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

commercial f i s h e r i e s  h a s  o f f e r e d  a d d i t i o n a l  age i n f o r m a t i o n .  

Length f r e q u e n c i e s  a r e  t h e  most common d a t a  c o l l e c t e d  from 

commercial f i s h e r i e s ,  and o f t e n  r e p r e s e n t s  a  much l o n g e r  t ime- 

s e r i e s  t h a n  is a v a i l a b l e  from r e s e a r c h  s u r v e y s .  The Northwest  

and Alaska F i s h e r i e s  Cente r  h a s  a p p l i e d  a  programme a d a p t e d  

from MacDonald and P i t c h e r  (1979) t o  a s s i g n  age d e t e r m i n a t i o n s  

t o  P a c i f i c  cod s i z e  compos i t ion  d a t a .  T h i s  method s e p a r a t e s  

normal ly  d i s t r i b u t e d  components from a  d i s t r i b u t i o n  of i n t e r v a l  

measurements, by i t e r a t i v e l y  f i t t i n g  normal c u r v e s  t o  modes i n  

a  l e n g t h  f requency  t o  d e t e r m i n e  age groups (Wespestad e t  a l . ,  

1 9 8 2 ) .  



I n  t h e  e a s t e r n  B e r i n g  S e a ,  l a r g e  s p e c i m e n s  o f t e n  e x c e e d  1 m 

i n  t o t a l  body l e n g t h  ( S v e t o v i d o v ,  1 9 4 8 )  and  t o t a l  body w e i g h t  

h a s  b e e n  r e c o r d e d  u p  t o  1 2  k g .  P a c i f i c  c o d  a r e  s h o r t  l i v e d  a n d  

v e r y  f e w  o l d e r  t h a n  a g e  10  h a v e  b e e n  i d e n t i f i e d .  T a b l e  2  g i v e s  

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

N o r t h  P a c i f i c .  The  n o r t h - s o u t h  p a t t e r n  drawn f r o m  t h i s  d a t a  

summary,  i n d i c a t e s  t h a t  g r o w t h  r a t e  is  more r a p i d  a n d  n a t u r a l  

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

on  e i t h e r  s i d e  o f  t h e  P a c i f i c  Ocean.  E f f e c t s  o f  i n c r e a s e d  

e x p l o i t a t i o n  on  g r o w t h  r a t e s  h a v e  n o t  b e e n  i d e n t i f i e d .  

F o u c h e r  e t  a l .  ( 1 9 8 1 )  compared  g r o w t h  o f  P a c i f i c  c o d  i n  t h e  

e a s t e r n  B e r i n g  S e a ,  G u l f  o f  A l a s k a  and  B r i t i s h  Co lumbia  u s i n g  

s c a l e  r e a d i n g s  and  l e n g t h  f r e q u e n c y  me thods  ( F i g .  3 ) .  They  

r e p o r t e d  marked d i f f e r e n c e s  b e t w e e n  t h e  two  me thods  when 

TABLE 2  

Mean l e n g t h - b y - a g e  ( c m )  f o r  P a c i f i c  c o d  i n  t h e  N o r t h  P a c i f l c  
Ocean ( f r o m  d a t a  o f  S v e t o v i d o v ,  1 9 4 8 ;  M o i s e e v ,  1 9 5 3 ;  K e t c h e n ,  
1 9 6 1 ;  F o u c h e r  e t  a l . ,  1 9 8 1 ;  K a r p ,  1 9 8 2 ;  B a k k a l a  a n d  Low, 1 9 8 3 )  

l -- 

i Age 1 2 3 4 5 6 7 8 9 1 0 1 1  

Region 

l 
l 

E  Korea  23 .5  39.0 57 .5  69 .0  - - - - - - - 

J a p a n  S e a  1 6 . 8  21 .3  33 .9  4 0 . 9  5 1 . 5  6 0 . 8  6 8 . 7  75 .5  8 3 . 7  93 .6  9 9 . 5  

l Okho t sk  1 9 . 0  31 .8  37 .7  4 6 . 1  5 5 . 8  67 .0  75.2 83 .3  91 .8  94 .9  - 
S e a  

I E Kamcha- 1 8 . 1  30 .7  4 1 . 3  4 9 . 9  57 .3  63 .4  68 .4  73 .2  78.2 82 .6  87 .0  
i 
l 

t k a  

1 O l y u t o r -  - 29.6  35 .5  45 .7  54 .2  6 4 . 1  72 .4  75 .8  83.6 87 .0  91 .0  

i s k i 1  

l 
EBS 23 .9  34 .1  39 .9  48 .7  5 6 . 8  6 2 . 1  6 7 . 4  72.0 76.8 8 2 . 1  8 3 . 1  

A l e u t i a n  - 36.2 4 7 . 5  5 5 . 3  62 .4  6 9 . 3  73 .3  77.2 81 .9  87 .6  - 
I s l a n d s  

l 
I 

GOA 2 9 . 9  41 .5  50 .4  5 6 . 7  62 .7  68 .7  74 .1  78 .9  8 3 . 9  88 .3  9 3 . 7  

I B. C .  - 5 1  - 8  61 .4  68 .3  74 .7  79 .0  8 3 . 3  86 .5  90 .0  - - 

WA S t a t e  25 .0  4 2 . 1  5 4 . 5  6 3 . 4  69.9 - - - - - - 
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F i g .  3 .  Growth of  P a c i f i c  cod  i n  d i f f e r e n t  r e g i o n s  o f  t h e  n o r t h  
P a c i f i c  Ocean. 

a p p l i e d  i n d e p e n d e n t l y  t o  e a s t e r n  B e r i n g  Sea  and Gul f  o f  A l a s k a  

s a m p l e s .  Length  f r e q u e n c y  a n a l y s i s  g e n e r a l l y  e s t i m a t e d  a  

g r e a t e r  p r o p o r t i o n  o f  o l d e r  f i s h  and s l o w e r  g rowth  r a t e s ,  sug -  

g e s t l n g  l o w e r  annua1  m o r t a l i t y  and d e l a y e d  r e c r u i t m e n t .  T h i s  

method matched t h e  e a s t e r n  B e r i n g  S e a  cod w i t h  t h e  w e s t e r n  

B e r i n g  S e a  up  t o  a g e  s i x ,  a f t e r  which g rowth  a p p e a r s  t o  

a c c e l e r a t e  i n  t h e  n o r t h w e s t  P a c i f i c  ( K e t c h e n ,  1 9 6 1 ) .  S i m i l a r i -  

t i e s  were  a l s o  found  be tween  S e a  o f  Okhotsk  and E a s t  Korean cod 

and t h e  cod o f  H e c a t e  S t r a i t  and Washington S t a t e ,  a l t h o u g h  

v a l u e s  were  l i m i t e d  t o  t h e  f i r s t  f o u r  a g e  g r o u p s  ( T a b l e  2) 

( K e t c h e n ,  1961 ;  Karp ,  1 9 8 2 ) .  

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

P a c i f i c  cod a r e  an  i m p o r t a n t  component o f  a  s t a b l e  r e c u r r e n t  



s h e l f  g roup  which r e p r e s e n t s  t h e  c o r e  members of t h e  e a s t e r n  

Ber ing  Sea summer b e n t h i c  community ( K i h a r a ,  1983;  Wal te rs  and 

McPhail,  1 9 8 2 ) .  T h i s  prominence i n  t h e  e a s t e r n  B e r i n g  Sea de- 

mersa1 community, t o g e t h e r  w i t h  i n c r e a s e d  p o p u l a t i o n  abundance 

s i n c e  1978 ,  s u g g e s t s  t h a t  P a c i f i c  cod have p o t e n t i a l  f o r  s i g -  

n i f i c a n t  impac ts  on c o - o c c u r r i n g  s p e c i e s .  Food h a b i t  s t u d i e s  

i n d i c a t e  t h a t  cod a r e  f e e d i n g  g e n e r a l i s t s  t h a t  c h a r a c t e r -  

i s t i c a l l y  f o c u s  on key prey  i t ems  d u r i n g  v a r i o u s  s t a g e s  of 

t h e i r  l i f e  h i s t o r y  ( M i t o ,  1974; Feder  e t  a l . ,  1 9 7 8 ) .  S e v e r a l  

i m p o r t a n t  energy  pathways f o r  P a c i f i c  cod which i n c l u d e  com- 

m e r c i a l l y  d e s i r a b l e  p o l l o c k ,  shr imp and c r a b  prey  a r e  g i v e n  i n  

F i g .  4. 

S t u d i e s  by J u n e  and Shimada ( i n  p r e p . )  have examined cod 

s tomachs c o l l e c t e d  d u r i n g  summer 1981  over  much o f  t h e  e a s t e r n  

Ber ing  Sea s h e l f  t o  a t t e m p t  t o  a s s e s s  q u a n t i t a t i v e l y  t h e  food 

r e q u i r e m e n t s  of  cod. An a d d i t i o n a l  o b j e c t i v e  was t o  c h a r a c t e r -  

i z e  t h e  impact  of cod p r e d a t i o n  w i t h i n  t h e  c o n t e x t  of  a  m u l t i -  

s p e c i e s  environment .  P r i o r  s t u d i e s  have n o t  examined cod f e e d -  

PACIFIC COD 
GADUSMACROCEWALUS 

SMALLBENTHtCINVERTEBRATES ANIMAL RWAINS OEPOSITEDOROANICS 
OETRl,US 
BACIERIA 
BENTHICOIATOMS 
MEIOFAUNA 

F i g .  4 .  A food web showing carbon f low t o  P a c i f i c  cod (Gadus 
maerocephaZus) i n  t h e  s o u t h e a s t e r n  Ber ing  Sea ( F e d e r  and 
J e w e t t ,  1 9 8 1 ) .  Bold l i n e s  i n d i c a t e  major food  s o u r c e s  based  on 
f requency  of  o c c u r r e n c e .  



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

p a r a m e t e r s ,  cod b i o l o g y  and p r e y  a v a i l a b i l i t y  d a t a  f rom t h e  

s a m p l e  si tes.  The m a j o r  p r e y  g r o u p s  i d e n t i f i e d  a r e  p r e s e n t e d  i n  

T a b l e  3 .  

P r e l i m i n a r y  r e s u l t s  o b t a i n e d  f rom a  s a m p l e  o f  1 , 7 6 4  P a c i f i c  

TABLE 3  

I n d e x  o f  r e l a t i v e  i m p o r t a n c e  f o r  s e l e c t e d  m a j o r  p r e y  c a t e -  
g o r i e s  o f  P a c i f i c  Cod i n  t h e  e a s t e r n  B e r i n g  S e a ,  May-August 
1 9 8 1  ( J u n e  and Shimada,  u n p u b l . )  

%Fr e g  
Orde r  Occur 

P o l y c h a e t a  20.068 
Gas t r o p o d a  5 .952 
B i v a l v i a  5 .385 
Oc t oped a  6 .519 
Mysidacea  20.011 
Amphi&oda 31.916 
E u p h a u s i a c e a  20.125 
P leocyemata  39.512 

( c a r i d e a )  
Anomura 1 6  . l 5 6  
B r a c h y u r a  16 .213  

( o x y r h y n c h a )  
E c h i u r a  8 .107 
O s t e i c h t h y s  29.705 

( t e l e o s t )  
G a d o i d e i  1 6  . l 0 0  
Z o a r c o i d e i  7.540 
P l e u r o n e c t i -  3.968 
f o r m e s  

%Prey  %Prey 
Count  Weight ( g  

%Index  o f  R e l a t i v e  
I m p o r t  a n c e  

1) T o t a l  Stomachs  1764 
2 )  T o t a l  P rey  Count 37626 
3 )  T o t a l  P r e y  Weight 103 ,209 .726  g  
4 )  T o t a l  I R I  3 , 5 7 9  -277  

Index-of-Relative-Importance i s  c a l c u l a t e d  a s  I R I  = 
( N  + V )  x  FO where  N i s  t h e  n u m e r i c a l  p e r c e n t a g e  a  f o o d  t y p e  
c o n t r i b u t e s  t o  t h e  t o t a l  d i e t ,  V i s  i t s  v o l u m e t r i c  p e r c e n t a g e ,  
a n d  FO is i ts  p e r c e n t  f r e q u e n c y  o f  o c c u r r e n c e  ( i . e .  t h a t  p r o -  
p o r t i o n  o f  s t o m a c h s  c o n t a i n i n g  t h e  f o o d  i t e m )  ( P i n k a s  e t  a l . ,  
1 9 7 1 ) .  % volume was r e p l a c e d  by  % wet  w e i g h t  i n  t h e  s t u d y  o f  
J u n e  and Shimada 



cod  s t o m a c h s  summarized a c r o s s  a l l  s i z e  g r o u p s ,  s u r v e y  t i m e s  

and g e o g r a p h i c  l o c a t i o n s  conform t o  r e s u l t s  r e p o r t e d  f rom o t h e r  

a r e a s  o f  t h e  N o r t h  P a c i f i c  ( J e w e t t ,  1978 ;  H u n t e r ,  1 9 7 9 ) .  F u l l y  

95.7% o f  a l l  f o o d  i t e m s  c a n  b e  c l a s s i f i e d  a s  e i t h e r  c r u s t a c e a  

( 6 2 . 5 % )  o r  t e l e o s t  f i s h  ( 3 3 . 2 % ) .  The r e m a i n d e r  a r e  d i s t r i b u t e d  

among a n n e l i d  and  e c h i u r o i d  worms, c e p h a l o p h o d s ,  g a s t r o p o d  and 

b i v a l v e  m o l l u s c s .  F i s h  a c c o u n t e d  f o r  t h e  b u l k  o f  p r e y  w e i g h t  

consumed ( 6 8 % ) ;  w h e r e a s  i n v e r t e b r a t e  w e i g h t s  were  s u b s t a n t i a l l y  

l e s s  b u t  on a  p e r c e n t  f r e q u e n c y  b a s i s  were  e n c o u n t e r e d  most 

o f t e n  ( 8 9 % ) .  I n  p a r t i c u l a r ,  t h e  g a d i d s  ( p o l l o c k  and c o d )  were  a  

p r o m i n e n t  component by  w e i g h t  ( 4 3 . 5 % ) .  Z o a r c i d s  ( e e l p o u t s )  and 

P l e u r o n e c t i d a e  ( f l a t f  i c h )  were  ' t h e  n e x t  l a r g e s t  c o n t r i b u t o r s  t o  

t h e  f i s h  f r a c t i o n  i n  r o u g h l y  e q u a l  p r o p o r t i o n s .  Of i n v e r t e -  

b r a t e s ,  o c t o p u s  and s q u i d  r e p r e s e n t  6 .9%; s e c o n d  o n l y  t o  

e u p h a u s i d s ,  s h r i m p  and c r a b  which were  found  t o  b e  s i g n i f i c a n t  

i n  b o t h  w e i g h t  ( 2 2 . 6 % )  and f r e q u e n c y  o f  o c c u r r e n c e  ( 7 8 % ) .  

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

s e l e c t i o n  a p p e a r s  t o  v a r y  b a s e d  on abundance ,  r e l a t i v e  s i z e  

be tween  p r e d a t o r  and p r e y ,  and a v a i l a b i l i t y  d e t e r m i n e d  by  

g e o g r a p h i c  p r o x i m i t y  and t e m p o r a 1  o v e r l a p .  D i e t  s h i f t s  w i t h  

i n c r e a s i n g  cod s i z e  a r e  g i v e n  i n  F i g .  5 .  I t  is  e v i d e n t  t h a t  

Unidentified fish 

. . . . . . . . . . - Tanner crab 

Length (mm) 

F i g .  5 .  Consumption o f  ma jo r  f o o d  i t e m s  b y  d i f f e r i n g  s i z e  
g r o u p s  o f  P a c i f i c  cod  i n  t h e  e a s t e r n  B e r i n g  S e a .  



s h r i m p  consumpt ion  is g r e a t e s t  f o r  a g e s  two and t h r e e ,  and t h a t  

by  age  f o u r  (<50  cm) t h e  p r i n c i p a l  f o o d  i t e m s  become p o l l o c k  

and c r a b .  

Daan ( 1 9 7 3 )  h a s  s u g g e s t e d  c a n n i b a l i s m  a s  o n e  mechanism 

g o v e r n i n g  N o r t h  S e a  cod  p o p u l a t i o n s ,  a l t h o u g h  i n  l a t e r  s t u d i e s  

t h i s  r e l a t i o n s h i p  becomes l e s s  c l e a r .  F o r  e a s t e r n  B e r i n g  S e a  

P a c i f i c  cod  p o p u l a t i o n s ,  we' b e l i e v e  i n t e r s p e c i f i c  l i n k a g e s  a r e  

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

a p p e a r s  t o  b e  p a r t i c u l a r l y  s i g n i f i c a n t  f o r  p o l l o c k  ( M i t o ,  

1 9 7 4 ) .  Sh r imp  a r e  p r e y e d  upon by s p e c i f i c  s i z e / a g e  c l a s s e s  o f  

c o d .  King ( P a r a Z i t h o d e s  c a m t s c h a t i c a )  and t a n n e r  c r a b s  

( C h i o n o e c e t e s  o p i 2 i o  and  C. b a i r d i )  a r e  a l s o  s u s c e p t i b l e  t o  

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

s h e l l  s t a t e  j u s t  a f t e r  m o u l t i n g ,  o r  a t  c ' e r t a i n  body s i z e s .  The 

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

b e l i e v e d  by f i s h e r m e n  t o  have  b e e n  d i r e c t l y  a t t r i b u t a b l e  t o  t h e  

r a p i d  i n c r e a s e  i n  P a c i f i c  cod  abundance .  J u n e  and Shimada ( i n  

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

e v i d e n c e  examined s o  f a r  i n d i c a t e s  t h a t  s u c h  p r e d a t i o n  i s  

s t r i c t l y  d e t e r m i n e d  t h r o u g h  a  n a r r o w  t i m e - s p a c e  window. Tanner  

c r a b s ,  a n o t h e r  commerc ia l  s p e c i e s ,  a p p e a r  t o  p l a y  a  g r e a t e r  

r o l e  i n  cod  d i e t  o v e r a l l ,  b o t h  i n  t e r m s  o f  consumpt ion  t h r o u g h -  

o u t  t h e  e a s t e r n  B e r i n g  s h e l f  and t h r o u g h  t i m e .  C. o p i Z i o ,  i n  

p a r t i c u l a r ,  a r e  found  i n  s tomach  c o n t e n t s .  An a p p a r e n t  s e x  

s e l e c t i o n  b y  c o d  is e v i d e n t  when r a t i o s  o f  male  and f e m a l e  

t a n n e r  c r a b  consumed were  examined ( 0 . 2 8  f o r  C. o p i Z i o  and 

.O04 f o r  C. b a i r d i ) .  No th ing  i n  t h e  l i f e  h i s t o r y  o r  d i s t r i -  

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

a r e a .  I t  was t h e r e f o r e  assumed t h a t  ma les  and f e m a l e s  were  

e q u a l l y  a v a i l a b l e  t o  c o d ,  b u t  t h a t  p e r h a p s  t h e  s m a l l e r  c a r a p a c e  

w i d t h  o f  ma tu re  f e m a l e  t a n n e r  c r a b s  a l l o w  them t o  b e  more 

r e a d i l y  t a k e n  b y  c o d .  

R e g i o n a l  abundance i n  t h e  n o r t h e a s t e r n  P a c i f i c  Ocean 

The s t o c k  s t r u c t u r e  o f  P a c i f i c  cod is p o o r l y  u n d e r s t o o d  

( B a k k a l a  e t  a l . ,  1 9 8 1 ) .  Moiseev ( 1 9 6 0 )  r e p o r t e d  n o t  l e s s  t h a n  

t e n  i n d i v i d u a l  s t o c k s  i n  A s i a t i c  w a t e r s .  Westrheim ( 1 9 8 2 ) ,  sum- 



m a r i z i n g  t a g g i n g  r e s u l t s  from B r i t i s h  Columbia and Washington 

S t a t e ,  a l s o  r e p o r t s  a  h igh  d e g r e e  o f  s t o c k  l o c a l i z a t i o n  and 

l i t t l e  i n t e r m i x i n g .  Due t o  t h e  l i m i t e d  i n f o r m a t i o n  on s t o c k  

s t r u c t u r e  cod p o p u l a t i o n s  o f f  North America a r e  managed p r i -  

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

a r e  Washing ton-Cal i fo rn ia ,  B r i t i s h  Columbia, Gulf of Alaska ,  

A l e u t i a n  I s l a n d s  and e a s t e r n  Ber ing  Sea.  

P a c i f i c  cod abundance is low i n  t h e  Washing ton-Cal i fo rn ia  

r e g i o n  which i s  a l s o  t h e  extreme s o u t h e r n  end of  t h e  r a n g e .  

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

of  3-4.000 t o n n e s  a r e  b e l i e v e d  t o  be  s u s t a i n a b l e  ( P a c i f i c  

F i s h e r i e s  Management C o u n c i l ,  1 9 8 1 ) .  I n  B r i t i s h  Columbia abun- 

dance  a p p e a r s  somewhat h i g h e r  based on average  y i e l d  ( T a b l e  1) .  

I n  t h e  e a s t e r n  Gulf of  Alaska ,  cod abundance is ex t remely  

low. Resource s u r v e y s  conducted by t h e  Northwest and Alaska 

F i s h e r i e s  C e n t e r  i n  1981 e s t i m a t e d  t h e  a v a i l a b l e  cod biomass i n  

t h e  e a s t e r n  Gulf of  Alaska t o  be  >8.000 tonnes  o r  about  2% o f  

t h e  t o t a l  Gulf of  Alaska e s t i m a t e s  of  396,245 t o n n e s .  The 

e s t i m a t e d  p o t e n t i a l  y i e l d  f o r  Gulf of  Alaska s t o c k s  i s  e s t i -  

mated t o  b e  about  133 thousand tonnes  w i t h  59% a v a i l a b l e  i n  t h e  

wes te rn  Gulf ( w e s t  of  Kodiak I s l a n d ) ,  39% i n  t h e  C e n t r a l  Gulf 

(Kodiak I s l a n d  20 P r i n c e  William Sound) and t h e  remain ing  2% t o  

t h e  e a s t  of  P r i n c e  Wil l iam Sound (Zenger  and Cummings, 1 9 8 2 ) .  

P a c i f i c  cod i n  t h e  North P a c i f i c  Ocean r e a c h e s  i ts  h i g h e s t  

abundance i n  t h e  e a s t e r n  B e r i n g  Sea .  The 1983 r e s o u r c e  e s t i m a t e  

f o r  cod i n  t h e  e a s t e r n  Ber ing  Sea i s  i n  e x c e s s  of  one m i l l i o n  

tonnes  of which 232,500 t o n n e s  is a v a i l a b l e  f o r  h a r v e s t  i n  1984 

(Bakka la  and Low, 1 9 8 3 ) .  S c i e n t i f i c  i n v e s t i g a t i o n s  i n t o  t h e  

p o t e n t i a l  y i e l d  of cod i n  t h i s  r e g i o n  have o n l y  been conducted 

s i n c e  t h e  l a t e  1 9 7 0 ' s  and t h e  a v a i l a b l e  d a t a  s e r i e s  a r e  inade-  

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

t h e s e  f i s h .  The a v e r a g e  c a t c h  s i n c e  t h e  1 9 5 0 ' s  p r o v i d e s  a  f i r s t  

approximat ion  of a  l o n g  term y i e l d  of  58,000 t o n n e s .  However, 

t h i s  is  h i g h l y  c o n s e r v a t i v e  s i n c e  cod was a  t a r g e t  s p e c i e s  o n l y  

r a r e l y .  Low (1983)  used  a  m u l t i s p e c i e s  ecosystem model t o  e s t i -  

mate t h e  l o n g  term e q u i l i b r i u m  y i e l d  of  cod and o t h e r  s p e c i e s  

i n  t h e  e a s t e r n  Ber ing  Sea.  The r e s u l t s  of  t h e s e  a n a l y s e s  i n d i -  

c a t e  t h a t  s u s t a i n a b l e  y e l d s  of 100,000 tonnes  a r e  p o s s i b l e .  



The r e l a t i o n s h i p  be tween  A l e u t i a n  I s l a n d  and e a s t e r n  B e r i n g  

S e a  cod  p o p u l a t i o n s  is u n c l e a r .  P r e l i m i n a r y  r e s u l t s  f rom 

t a g g i n g  s t u d i e s  i n d i c a t e  a t  l e a s t  a  m o d e r a t e  amount o f  movement 

be tween  t h e  two  a r e a s .  Very l i t t l e  i s  known a b o u t  t h e  r e s o u r c e  

i n  t h i s  a r e a  a s  t h e  f i r s t  a s s e s s r n e n t s  o f  cod  i n  t h e  A l e u t i a n  

I s l a n d s  were  c o n d u c t e d  i n  1980  and a g a i n  i n  1 9 8 2 .  Biomass  

e s t i m a t e s  f r o m  t h e s e  s u r v e y s  i n d i c a t e  t h e  p r e s e n c e  o f  231 ,000-  

282 ,000  t o n n e s  i n  t h e  A l e u t i a n  I s l a n d  r e g i o n .  I t  i s  d i f f i c u l t  

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

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

o f  a t  l e a s t  6 0 , 0 0 0  t o n n e s  s h o u l d  b e  s u s t a i n a b l e  ( B a k k a l a  and 

Low, 1 9 8 3 ) .  

O c c u r r e n c e  o f  1 9 7 7  y e a r - c l a s s  

I n  1978  r e s o u r c e  s u r v e y s  i n  t h e  Gulf  o f  A l a s k a  and t h e  

e a s t e r n  B e r i n g  S e a  f o u n d  l a r g e  numbers o f  a g e  1 c o d .  T h i s  was 

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

t h e  p o p u l a t i o n .  S t r o n g  y e a r - c l a s s e s  may h a v e  o c c u r r e d  i n  t h e  

p a s t  b u t  t h e y  a r e  n o t  e v i d e n t  i n  c a t c h  d a t a .  C a t c h  d a t a  may n o t  

b e  r e f l e c t i v e  o f  c o d  abundance  a s  c a t c h e s  have  g e n e r a l l y  b e e n  

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

r e g a r d e d  a s  u n r e l i a b l e  ( W e s p e s t a d  e t  a l . ,  1 9 8 2 ) .  The o c c u r r e n c e  

o f  t h e  s t r o n g  1 9 7 7  y e a r - c l a s s  p r o v i d e d  an  o p p o r t u n i t y  t o  s t u d y  

t h e  dynamics  o f  a  s i n g l e  c o d  y e a r - c l a s s .  P r e v i o u s  t o  t h e  

a p p e a r a n c e  o f  t h e  1 9 7 7  y e a r - c l a s s  i t  was d i f f i c u l t  t o  s t u d y  a g e  

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

t i o n s  ( s e e  a g e  and g rowth  s e c t i o n ) .  The 1977  y e a r - c l a s s  was 

e v i d e n t  a s  a  s t r o n g  mode i n  l e n g t h  f r e q u e n c i e s  f o r  s e v e r a l  

y e a r s  ( F i g .  6 ) .  F o l l o w i n g  t h e  mode o f  t h e  1977 y e a r - c l a s s  

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

a n a l y s i s  o f  t h e  p o p u l a t i o n .  Comparison o f  age  s t r u c t u r e d  ana -  

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

m o r t a l i t y  i s  h i g h  p r i o r  t o  s e x u a l  m a t u r i t y  w i t h  an  a p p r o x i m a t e  

i n s t a n t a n e o u s  r a t e  o f  0 . 7  (Wespes tad  e t  a l . ,  1 9 8 2 ) .  F o l l o w i n g  

s e x u a l  m a t u r i t y  t h e  r a t e  o f  n a t u r a l  m o r t a l i t y  a p p e a r s  t o  de -  

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

mass e s t i m a t e s  would o n l y  a g r e e  when an  i n s t a n t a n e o u s  n a t u r a l  
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m o r t a l i t y  r a t e  of  0 . 5  was u t i l i z e d .  The a g e  s t r u c t u r e  and modal 

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

i s  a b o u t  12-15 y e a r s  w i t h  v e r y  f ew s u r v i v i n g  beyond a g e  e i g h t .  

The expanded  u t i l i z a t i o n  o f  t h e  c o d  r e s o u r c e  by t h e  U.S. 

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

i n g l y  i n t e r e s t e d  i n  t h e  s h o r t  and l o n g  t e r m  y i e l d  p o t e n t i a l  o f  

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

ward and r a t h e r  s i m p l e  t o  f o r e c a s t  a s  most o f  t h e  e x p l o i t a b l e  

biornass i s  cornpr ised o f  t h e  1 9 7 7  y e a r - c l a s s  wh ich  w i l l  c e a s e  

b e i n g  a  s i g n i f i c a n t  p a r t  o f  t h e  c a t c h  a f t e r  1984 .  Long t e r m  

y i e l d ,  on  t h e  o t h e r  h a n d ,  is more complex and d i f f i c u l t  t o  

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

l a r g e l y  b a s e d  on Graham-Schef fe r  g e n e r a l  p r o d u c t i o n  t y p e  rnodels 

which assume a  c o n s t a n t  l e v e l  o f  r e c r u i t m e n t .  A v a i l a b l e  e v i -  

d e n c e  i n  t h e  n o r t h e a s t e r n  P a c i f i c  and o t h e r  a r e a s  show t h a t  cod  

r e c r u i t m e n t  is  f a r  f rom c o n s t a n t  ( C u s h i n g ,  1 9 8 1 ) .  Cod r e c r u i t -  

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

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

' s i z e .  U n t i l  a  b e t t e r  u n d e r s t a n d i n g  is g a i n e d  o f  t h e  c o n t r o l l i n g  

e n v i r o n m e n t a l  v a r i a b l e s  i t  a p p e a r s  t h a t  i t  may b e  f u t i l e  t o  t r y  

t o  d e t e r m i n e  l o n g  t e r m  abundance  t r e n d s  f o r  P a c i f i c  c o d .  

P o s s i b l e  c o n s e q u e n c e s  o f  1977  y e a r - c l a s s  r e c r u i t m e n t  

The r a p i d  i n c r e a s e  i n  P a c i f i c  cod abundance  may h a v e  had a  

ma jo r  i m p a c t  on o t h e r  c o m m e r c i a l l y  e x p l o i t e d  s p e c i e s .  I n  t h e  

c e n t r a l  and w e s t e r n  Gu l f  o f  A l a s k a  p i n k  shr i rnp (PandaZus  

b o r e a Z i s )  c o n t r i b u t e d  a  ma jo r  p o r t i o n  o f  t h e  t o t a l  commerc ia l  

t h r o u g h  t h e  1 9 6 0 ' s  and 1 9 7 0 ' s  ( F i g .  7 ) .  I n  1978  t h e  s h r i m p  

c a t c h  began  a  d e c l i n e  which c o n t i n u e s  t o  d a t e .  S e v e r a l  f a c t o r s  

c o u l d  b e  i n v o l v e d  i n  t h e  d e c l i n e  o f  s h r i m p  i n  t h e  G u l f  o f  

A l a s k a ,  b u t  t h e  c l o s e  a s s o c i a t i o n  be tween  s h r i m p  d e c l i n e  and 

t h e  r i s e  o f  t h e  1977  y e a r - c l a s s  i s  n o t e w o r t h y .  U n f o r t u n a t e l y ,  

cod d a t a  a v a i l a b l e  f o r  t h e  Gu l f  o f  A laska  a r e  r a t h e r  l i m i t e d ,  

b u t  i f  e s t i m a t e s  o f  cod  consumpt ion  o b t a i n e d  by  J u n e  and 

Shimada ( i n  p r e p . )  i n  t h e  B e r i n g  Sea  a r e  a p p l i e d  t o  t h e  1979 

Gulf  o f   lakka cod p o p u l a t i o n  e s t i m a t e  of  368 ,000-736 ,000  

t o n n e s  (Low e t  a l . ,  1 9 7 9 )  w i t h  50% o f  t h e  b i o m a s s  l e s s  t h a n  50  
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F i g .  7 .  Annua1 c a t c h  o f  p i n k  s h r i m p  ( P .  borealis) i n  t h e  Gulf  
of A l a s k a ,  1960-1983.  

cm, t h e n  s h r i m p  consumpt ion  i n  1979 c o u l d  have  b e e n  be tween  

13-199 ,000 .  The r o l e  o f  cod  i n  i n f l u e n c i n g  s h r i m p  abundance  is 

b a s e d  o n  s c a n t  d a t a  and  somewhat s p e c u l a t i v e ,  b u t  i f  it is t h e  

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

t i v e  c a p a c i t y  o f  t h e  s h r i m p  s t o c k s  is i m p a i r e d ,  t h e y  s h o u l d  

i n c r e a s e  a g a i n  a s  p r e d a t i o n  is r e d u c e d  t h r o u g h  p r e d a t o r  g rowth  

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

I n  t h e  B e r i n g  S e a  and Gul f  o f  A l a s k a ,  w a l l e y e  p o l l o c k  i s  t h e  

dominan t  commerc ia l  s p e c i e s  w i t h  h a r v e s t  I n  1982 o f  a p p r o x i -  

m a t e l y  1 . 2  and 0 .166  m i l l i o n  t o n n e s  r e s p e c t i v e l y .  P o l l o c k  con-  

s t i t u t e s  a p p r o x i m a t e l y  50% o f  t h e  d i e t  o f  cod  l a r g e r  t h a n  50 cm 

( T a b l e  4 ) .  I n  1 9 8 2 ,  f i s h  o f  t h e  1 9 7 7  y e a r - c l a s s  began  t o  e x c e e d  

50 cm and  consumpt ion  o f  p o l l o c k  i n c r e a s e d .  I n  1982  t h e  cod  

p o p u l a t i o n  i n  t h e  e a s t e r n  B e r i n g  S e a  was a b o u t  1 m i l l i o n  t o n n e s  

( B a k k a l a  and Low, 1 9 8 3 ) .  A t  t h i s  l e v e l  o f  abundance  a p p l y i n g  

t h e  low e s t i m a t e  o f  d a i l y  consumpt ion  ( . 2 2 % )  i t  i s  e s t i m a t e d  

t h a t  c o d  consumed 396 ,000  t o n n e s  o f  p o l l o c k ,  o r  an  amount 

e q u i v a l e n t  t o  33% o f  t h e  commerc ia l  h a r v e s t .  The l o n g  term con-  

s e q u e n c e s  o f  t h e  s t r o n g  1 9 7 7  y e a r - c l a s s  on p o l l o c k  is unknown. 

F u r t h e r  o b s e r v a t i o n s  a r e  needed  t o  q u a n t i f y  t h e  r e l a t i o n s h i p  



TABLE 4  

T o t a l  d a i l y  p r e y  consumpt ion  r a t e  f o r  P a c i f i c  c o d  i n  t h e  
B e r i n g  S e a  and  e s t i m a t e d  d a i l y  and  a n n u a 1  consumpt ion  o f  
p o l l o c k  a n d  s h r i m p  

Consumption r a t e  Annua1 consumpt ion  o f  p r e y  
S i z e  Group p e r c e n t  body w e i g h t / d a y  1000 t / 1 0 0 0  t o n n e s  cod  

t o t a l  p o l l o c k  s h r i m p  t o t a l  p o l l o c k  s h r i m p  

LO-50 cm .22-2.2 .07-.72 . 0 2 - . l 5  .396 -126 .O36 
51+ cm .41-4.2 .22-2 - 2  .00- .O4 .738 .396 . O  

1) Assumes f e e d i n g  a t  low r a t e s  f o r  180  d a y s  and no f e e d i n g  
d u r i n g  r e m a i n d e r  o f  y e a r .  

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

ment o f  t h e  commerc ia l  p r o d u c t i o n  b y  cod o f f  A l a s k a .  

The i m p o r t a n t  p o i n t  o f  t h e  i m p a c t  o f  t h e  1977 y e a r - c l a s s  on 

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

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

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

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

Gulf  o f  A l a s k a  s h r i m p  f i s h e r y ,  v e s s e l s  and g e a r  a r e  h i g h l y  

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

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

d e c l i n e .  P o l l o c k ,  p r e s e n t l y  e x p l o i t e d  a l m o s t  e x c l u s i v e l y  ex-  

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

most i m p o r t a n t  t o  t h e  l o n g  t e r m  v i a b i l i t y  o f  d o m e s t i c  g round-  

f i s h  f i s h e r i e s .  The  c u r r e n t  h i g h  l e v e l  o f  cod and t h e i r  

a s s o c i a t e d  h i g h e r  l e v e 1  o f  p o l l o c k  p r e d a t i o n  c o u l d  d e p r e s s  

p o l l o c k  p o p u l a t i o n s  t o  t h e  p o i n t  t h a t  t h e  volume of  f i s h  needed  

t o  e s t a b l i s h  an  e c o n o m i c a l  U.S. f i s h e r y  may n o t  b e  a v a i l a b l e  i n  

t h e  n e a r  f u t u r e .  

The e x p l o i t a t i o n  o f  P a c i f i c  cod o f f  A l a s k a ,  i n c r e a s i n g  i n  

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

t h e  h i g h  y i e l d  c u r r e n t l y  a v a i l a b l e .  I n d u s t r y  a n a l y s t s  e s t i m a t e  

t h a t  U.S. cod  h a r v e s t i n g  c a p a c i t y  w i l l  grow t o  a b o u t  8 0 , 0 0 0 -  



9 0 , 0 0 0  t o n n e s  by  1985 .  T h i s  amount i s  f a r  s h o r t  o f  t h e  e s t i -  

mated y i e l d  a v a i l a b l e  f rom Alaskan  w a t e r s .  A t  p r e s e n t  i t  is  

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

w i l l  p l a y  a  m a j o r  r o l e  e s p e c i a l l y  i n  d e v e l o p m e n t  o f  m a r k e t s .  

Ano the r  f a c t o r  which may i n h i b i t  l a r g e  s c a l e  deve lopmen t  is t h e  

d i s p e r s a l  o f  commerc ia l  c o n c e n t r a t i o n s  f o l l o w i n g  t h e  spawning  

s e a s o n .  A l s o  u n r e s o l v e d  a t  t h i s  t i m e  i s  t h e  problem o f  h i g h  

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

l i s h e d  f i s h e r i e s  e x i s t .  I f  methods  c a n n o t  b e  f o u n d  t o  min imize  

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

o f  t h e  f i s h e r i e s  o f f  A l a s k a  w i l l  a l l o w  t h e  cod  f i s h e r y  t o  i n -  

c r e a s e  much beyond c u r r e n t  l e v e l s .  However,  i f  t h e  f i s h e r y  

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

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

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

f  o r e g o n e .  

The t a s k ,  f a c i n g  f i s h e r y  r e s e a r c h e r s  and managers  i n  t h e  

n o r t h e a s t e r n  P a c i f i c  Ocean i s  i n  d e t e r m i n i n g  t h e  l e v e l  o f  cod  

e x p l o i t a t i o n  t h a t  maximizes  t h e  h a r v e s t  o f  cod  and min imizes  

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

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

economics ,  f i s h i n g  t e c h n o l o g y  and community e c o l o g y .  P r e s e n t l y ,  

o u r  knowledge i s  r u d i m e n t a r y  and r e c e n t  e v e n t s  h a v e  shown t h a t  

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

P a c i f i c  cod is d e v e l o p e d ,  t h e  p o t e n t i a l  e x i s t s  f o r  f u t u r e  

l o s s e s  of  h a r v e s t  and u n f o r e s e e n  i m p a c t s  on o t h e r  s p e c i e s .  

H o p e f u l l y  ways c a n  b e  d e v e l o p e d  t o  u t i l i z e  t h e  p o t e n t i a l  y i e l d  

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

i n  a  way t h a t  a m e l i o r a t e s  t h e  i m p a c t  o f  cod  p r e d a t i o n  w i t h i n  

t h e  f i s h  community.  
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