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ABSTRACT 

Mork, J. Giske@degArd, R .  and Sundnes, G . ,  1984. The 
haemoglobin polymorphism i n  A t l a n t i c  cod (Gadus  
morhua L.) ;  genotypic d i f f e r e n c e s  i n  somatic growth 
and i n  maturing age i n  n a t u r a l  popula t ions .  In :  
E. Dahl, D.S. Danie lssen ,  E. Moksness and P .  Solemdal 
( E d i t o r s ) ,  The Propagation of  Cod Gadus morhua L. 
FlGdevigen r a p p o r t s e r . ,  1 ,  1984: 721-732. 

The two common a l l e l e s  a t  t h e  polymorphic haemoglobin 
locus  HbI (Sick ,  1961) i n  t h e  A t l a n t i c  cod (Gadus morhua 
L . )  code f o r  p r o t e i n s  whose f u n c t i o n a l  p r o p e r t i e s  a r e  
d i f f e r e n t i a l l y  inf luenced by environmental  tempera tures  
(Karpov and Novikov, 1980) .  I n  t h e  p re sen t  s tudy HbI 
genotypic mean l eng ths  i n  a t o t a l  of 275 immature spec i -  
mens (0.5 - 1.5 yea r  of age) from 8 samples t aken  i n  t h e  
Trondheimsfjord and Oslof jord  dur ing  1977-1981 were in-  
v e s t i g a t e d  by rank c o r r e l a t i o n  a n a l y s i s .  In  males t h e  
o v e r a l l  genotypic  mean l eng th  rank was Hb12-2 >Hb11-2 
>Hb11-1, while i n  females HbIl-2 >~b12-2 >ub11-1; bo th  
ranks  were h igh ly  s i g n i f i c a n t .  

The age a t  f i r s t  spawning (Am) was determined by o to -  
l i t h  reading  i n  a sample of  118 male cod caught du r ing  
spawning i n  t h e  Trondheimsfjord i n  1983. In  t h i s  sample 
t h e  i n d i v i d u a l  Am ranged from 4-7 years  wi th  a s i g n i f i -  
c a n t l y  lower mean f o r  t h e  Hb12-2 genotype. The Am of 
he terozygotes  was i n t e rmed ia t e  b u t  not  s i g n i f i c a n t l y  
lower t han  f o r  t h e  Hb11-1 genotype. Some popula t ion  
gene t i c  and aquacu l tu ra l  imp l i ca t ions  of t he se  r e s u l t s  
a r e  b r i e f l y  d i scus sed .  

*Contribution No. 221. B io log ica l  S t a t i o n ,  N-7001 Trond- 
he i m  Norway 



INTRODUCTION 

The haemoglobin locus  HbI of t h e  A t l a n t i c  cod i s  poly- 

morphic (Sick ,  1961) .  Two common a l l e l e s  a r e  widespread 

throughout t h e  range of t h e  s p e c i e s ,  a l though i n  propor- 

t i o n  which d i f f e r  cons iderably  between s tocks .  The Hb12 

a l l e l e  i s  most abundant i n  s tocks  i n h a b i t i n g  co ld  waters  

(West A t l a n t i c ,  Greenland, I ce l and ,  Barents  Sea and t h e  

i n n e r  B a l t i c ) .  The frequency of  t h i s  a l l e l e  i n c r e a s e s  

from south  t o  n o r t h  among cod on t h e  e a s t  c o a s t  of America, 

on t h e  c o a s t  of Norway and i n  t h e  B a l t i c  (Frydenberg e t  

a l . ,  1965; S ick ,  1965a; b ) .  Is has  been suggested t h a t  

t h e s e  c l i n e s  a r e  supported by n a t u r a l  s e l e c t i o n  (Kirpich- 

nikov,  1981).  A s e l e c t i o n  may a c t  through tempera ture  

regimes.  Karpov and Novikov (1980) presented  exper imenta l  

d a t a  on t h e  e f f e c t  of temperature on t h e  f u n c t i o n a l  pro- 

p e r t i e s  of e ry th rocy te s  from t h e  t h r e e  common cod haemo- 

g lob in  genotypes which f i t t e d  w e l l  t o  obse rva t ions  of 

t h e  r e l a t i v e  abundance of t h e  a l l e l e s  i n  n a t u r a l  popula- 

t i o n s .  A t  low tempera tures  t h e  H ~ I ~ - ~  molecule was by f a r  

t h e  most e f f i c i e n t  oxygen c a r r i e r ,  while t h e  ~ b 1 l - l  mole- 

c u l e  showed s i m i l a r  advantages a t  h igh  tempera tures  ( > 1 3 O ~ ) .  

Erythrocytes  from heterozygotes  (Hb~l- ' )  , which con ta in  

both molecules i n  equa l  p ropor t i ons ,  were i n t e rmed ia t e  i n  

performance a t  a l l  tempera tures .  Seemingly i n  accordance 

wi th  t h e s e  exper imenta l  d a t a ,  Mork e t  a 1  (1983) r epo r t ed  

a  c o r r e l a t i o n  between HbI genotype and s i z e  among immature 

cod from t h e  Trondheimsfjord. In  four  succeeding age 

groups (0.5 - 3.5  y e a r ,  pooled sexes )  t h e  rank of  mean 

l eng ths  was Hb12-2 >~b11-2 >~b11-1. 

Since t h e  egg number i n  cod females i s  a  l i n e a r  func- 

t i o n  of body weight (Daan, 1975) t h e s e  f i n d i n g  may po in t  

t o  an explanat ion  f o r  t h e  observed d i s t r i b u t i o n  of  HbI 

a l l e l e s  i n  t h e  va r ious  c l imate  r eg ions .  They a l s o  i nd i -  

c a t e  t h a t  t h e  development of a r e a - c h a r a c t e r i s t i c  HbI 

a l l e l e  f requencies  may be,  i n  evolu t ionary  te rms,  an 



extremely r ap id  process .  

l The ex i s t ence  of HbI genotypic s i z e  d i f f e r e n c e s  w i l l  be 

no to r ious  i n  c r e a t i n g  problems i n  o b t a i n i n g  unbiased samples 

f o r  s t u d i e s  o f ,  e . g . ,  popula t ion  HbI a l l e l e  f requencies  and 

genotypic growth r a t e s ,  because u sua l ly  t h e  sampling gear  

employed i s  s i z e - s e l e c t i v e .  P re fe rab ly  t h e r e f o r e ,  r epo r t ed  

f i e l d  obse rva t ions  on genotypic growth d i f f e r e n c e s  should 

be checked exper imenta l ly  t o  exclude such sampling e r r o r s  

(Mork e t  a l . ,  1983),  and a l s o  t o  s ee  i f  growth r a t e  d i f f e r -  

ences  a r e  manifested i n  c a p t i v e  cod and may t h u s  be u t i -  

l i z e d  i n  cod aquacu l tu re .  

Pending r e s u l t s  from such experiments,  which a r e  c u r r e n t -  

l y  i n  p rog res s ,  we p r e s e n t  he re  a d d i t i o n a l  popula t ion  d a t a  

which suppor t  e a r l i e r  obse rva t ions  and c l a r i f y  some a s p e c t s  

d i s cus sed  by Mork e t  a l .  (1983) f o r  t h e  apparent  s e l e c t i o n  

a t  HbI i n  A t l a n t i c  cod. These a spec t s  concern genotypic 

d i f f e r e n c e s  i n  growth and i n  age a t  f i r s t  spawning, both  

of  which a r e  important  f a c t o r s  which need t o  be c l a r i f i e d  

i n  r e l a t i o n  t o  popula t ion  g e n e t i c  ana lyses  a s  we l l  t o  t h e  

developing f i e l d  of cod aquacu l tu re .  

MATERIALS AND METHODS 

The procedures f o r  blood sampling and agar  g e l  e l e c t r o -  

pho res i s  of haemoglobins fol lowed Mork e t  a l .  (1983) and 

Sick (1965a),  r e s p e c t i v e l y .  Our g e n e t i c  nomenclature 

conform wi th  Sick (1  965a) . 

HbI genotypic mean l eng th  ana lyses  

To avoid b i a s  due t o  e f f e c t s  from commercial f i s h e r i e s  

on t h e  Hbl genotypic  l eng th  d i s t r i b u t i o n  among cod i n  

t h e  sampled a r e a s  ( c£  Mork e t  a l . ,  1983) ,  only  0.5 - 1.5 

year  o l d  cod specimens were considered i n  t h e  mean l e n g t h  

ana lyses .  The ba tches  f o r  ana lyses  (grouped according  



t o  sex)  were compiled from e i g h t  samples taken a t  d i f f e -  

r e n t  t imes  and loca t ions  i n  Norwegian waters dur ing  

1977-1981 (Table 1  ) . 

TABLE 1 

Cod samples used f o r  HbI genotypic mean l eng th  analyses .  

The sampling l o c a t i o n s  Be i t s t ad f jo rd ,  Borgenfjord,  and 

Verrabotn a r e  s i t u a t e d  wi th in  t h e  Trondheimsfjord 

Batch Location Date Age Sex Gear 
(vea r )  

Bei ts tad-  Oct.-77 0.5 Males 
f j o r d  

Beitstad- Oct.-81 0.5 Males , 
f j o r d  

Beitstad- Oct.-81 0.5 Females f j o r d  

Borgen- Mar. -78 1  .0 Males 
f j o r d  

Borgen- Mar. -78 1  .0 Females 
f j o r d  

Bei ts tad-  Oct.-77 1 .5  Males 
f j o r d  

Borgen- 
f j o r d  

Oct.-78 1.5 Males 

Borgen- Oct. -78 1  .5 Females f j o r d  

Borgen- 
f j o r d  

Oct.-80 1.5 Males 2 7  

Borgen- Oct.-80 1.5 Females 19 
f j o r d  

Verra- Oct.-80 1.5 Males 
botn 

5  

Verra- Oct. -80 1  .5  Females botn 
7  

Oslo- 
f j o r d  

Dec.-81 1.5 Males 3 1 

Oslo- Dec.-81 1.5 Females 42  
f j o r d  

Beach 
s e i n e  

Shrimp 
t r a w l  

Beach 
s e i n e  

Shrimp 
t r a w l  

Trap 
n e t  



Only b a t c h e s  where a l l  t h e  t h r e e  common HbI genotypes  

were r e p r e s e n t e d  i n  a p a r t i c u l a r  a g e / s e x  groups were i n -  

c luded  i n  t h e  a n a l y s e s .  By t r e a t i n g  t h e  s e x e s  s e p a r a t e l y  

a l a r g e r  number o f  g roups  were a v a i l a b l e  f o r  t r e n d  ana- 

l y s e s ,  b i a s e s  due t o  s e x u a l  growth d i f f e r e n c e s  were 

avo ided ,  and p o t e n t i a l  s e x u a l  d i f f e r e n c e s  w i t h  r e s p e c t  

t o  genotyp ic  mean l e n g t h  rank  t r e n d s  cou ld  be d e t e c t e d .  

Age a t  m a t u r a t i o n  f o r  HbI genotypes  

The a g e  a t  f i r s t  spawning was r e c o r d e d  by o t o l i t h  

r e a d i n g s  ( R o l l e f s e n ,  1933) i n  a sample of 1 2 3  cod caught  

w i t h  shrimp t r a w l  d u r i n g  spawning i n  Verrabotn on Apr. 

2 3 ,  1981. T h i s  p a r t i c u l a r  sample c o n t a i n e d  a l m o s t  ex- 

c l u s i v e l y  ma$e cod;  a t o t a l  of  5 females  were exc luded  

from t h e  s t a t i s t i c a l  a n a l y s e s ,  l e a v i n g  118 male cod f o r  

s t u d y  . 

RESULTS 

Hbl g e n o t y p i c  mean l e n g t h  a n a l y s e s  

The c a l c u l a t e d  mean l e n g t h s  f o r  HbI genotypes i n  

samples A-N a r e  shown i n  Table  2 .  
Within each  b a t c h  t h e  g e n o t y p i c  mean l e n g t h s  a r e  

based on d i f f e r e n t  number o f  specimens and a r e  t h u s  n o t  

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

parameters .  Before t h e  a p p l i c a t i o n  of  t r e n d  t e s t s ,  t h e  

mean l e n g t h s  were t h e r e f o r e  s t a n d a r d i z e d  a c c o r d i n g  t o  

Mork e t  a l .  (1 983) : 

where 

U .  = s t a n d a r d i z e d  mean l e n g t h  o f  specimens i n  t h e  i - t h  

genotype group 



TABLE 2 

Mean l e n g t h s  of  HbI genotypes  c a l c u l a t e d  f o r  immature 

cod grouped a c c o r d i n g  t o  a g e  and s e x  

Mean l e n g t h  of  genotypes  (cm) 
Batch 

n b F Z  H ~ I ' - '  H ~ I ' - '  

xi = c a l c u l a t e d  mean l e n g t h  o f  specimens i n  t h e  i - t h  

genotype qroup 

p = o v e r a l l  mean l e n g t h  (pooled  genotypes)  i n  t h e  b a t c h  

a .  = s t a n d a r d  d e v i a t i o n  o f  mean l e n g t h  i n  t h e  i - t h  geno- 

t y p e  group 
ni = number of  specimens i n  t h e  i - t h  genotype group  

When, a f t e r  p r o p e r  s t a n d a r d i z a t i o n ,  t h e  g e n o t y p i c  mean 

l e n g t h  i n  e a c h  sample (A-N)  were ranked 1-3 from h ~ g h e r  

t o  lower v a l u e s ,  t h e  ~b11-1 genotype were i n f e r i o r  i n  a l l  

samples e x c e p t  one (13  o u t  o f  1 4  p o s s i b l e ;  S ign  t e s t ;  

P = 0.0017) . Tlie i n t r i n s i c  rank  of  13b1~-~ and H L I I - ~  

seemed l e s s  c o n s i s t e n t  u n t i l  samples were grouped accord-  

i n g  t o  sex ;  t h e n  t h e r e  appeared  t o  be  a  c o n s i s t e n t  d i f f e r -  

ence  between s e x e s  w i t h  r e s p e c t  t o  g e n o t y p i c  s i z e  rank  

(Table  3) . 



TABLE 3 

Ranks of s t a n d a r d i z e d  HbI g e n o t y p i c  mean l e n g t h  i n  samples 
of  immature male and female cod (1-3 from h i g h e r  t o  lower 
v a l u e )  

Rank of  s t a n d a r d i z e d  mean l e n g t h  f o r  genotypes  
Ba tch  - 

H ~ I ~ - ~  H ~ I ' - '  H ~ I ' - '  

Males 

A 1  2  3  

B  1  2  3 

D 1  2  3 

F 1  2  3 

G 1  2 3 

I 1  3 2  

K 1 2  3  

M 2  1  3  

Females 

C 2  1  3  

E 2  1  3  

H 2  1 3  

J 2  1  3 

L 2  1  3  

N 2  1 3 

The s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  observed p a t t e r n s  

f o r  males  and females  i n  Table  3 may be t e s t e d  by K e n d a l l ' s  

T - t e s t s  f o r  rank  c o r r e l a t i o n  (Kenda l l ,  19621, assuming t h a t  

t h e  t e s t  s t a t i s t i c  S from t h e  t e s t  on e a c h  sample w i l l  b e  

normal ly  d i s t r i b u t e d  w i t h  e x p e c t e d  v a l u e  = 0 .  (The v a r i a n c e  

of  S  = [ 2 N ( N - 1 ) ( 2 ~ + 5 ] / 3 6 ,  where N=3, t h e  number of  genotype 

groups  i n  e a c h  t e s t ;  c f  Mork e t  a l ,  1983) .  From such  t e s t s  

it t u r n s  o u t  t h a t  i n  males  t h e  HbI genotyp ic  mean l e n g t h  

r a n k ;  ~b12-2 > H ~ I I - ~  >HbI1-I i s  h i g h l y  s i g n i f i c a n t  (pooled  

S f o r  8  t e s t s  = 20; S t u d e n t ' s  t = 3.69,  P = 0 .00024) ,  a s  



a l s o  i s  t h e  rank  i n  females ;  H ~ I I - ~  > H ~ I ~ - ~  >HbI1-I (pooled  

S from 6 t e s t s  = 18 ,  t = 3 .83 ,  P = 0.00013).  

Age a t  f i r s t  spawning f o r  HbI genotypes 

A s  r e v e a l e d  by o t o l i t h  r e a d i n g s  t h e  age  a t  f i r s t  spaw- 

n i n g  (h) i n  t h e  sample o f  118 male spawning cod v a r i e d  

between 4 and 7 y e a r s .  The a c t u a l  d i s t r i b u t i o n s  o f  P, 
w i t h i n  genotypes a r e  shown i n  Table  4 .  

TABLE 4 

Number of  specimens matur ing  a t  v a r i o u s  age  w i t h i n  cod 
haemoglobin genotypes  (cumula t ive  p e r c e n t a g e s  i n  paren-  
t h e s i s ) .  Data o b t a i n e d  by o t o l i t h  r e a d i n g s  i n  188 male 
spawners  

Number o f  r e c r u i t  sDawners 
Geno- and cumula t ive  % a t  age  ( y e a r s )  T o t a l  

t y p e  4 5 6 7  number 

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

t h e  g e n o t y p i c  d i s t r i b u t i o n  o f  Am i Table  4 a s  r e v e a l e d  by 

a  4x3 X 2  con t ingency  t a b l e  (expec ted  v a l u e s  under  t h e  

n u l l  h y p o t h e s i s  o f  no h e t e r o g e n e i t y  d e r i v e d  from column 
2 t o t a l s )  : X = 18.297, P = 0.0055. The mean r e c r u i t i n g  

age f o r  genotypes  were: H ~ I ~ - ~  : 4.80k0.71 , Hbll-' : 

5.44k0.83,  HbI1-I: 5.56k0.91 . By s i n g l e  f a c t o r  a n a l y s e s  

of  v a r i a n c e  and subsequent  Newman-Keul t e s t  it was shown 

t h a t  t h e  mean Am f o r  H ~ I ~ - ~  was s i g n i f i c a n t l y  lower t h a n  

f o r  t h e  two o t h e r  genotypes (Table  5 )  . 



TABLE 5 

Analyses of va r i ance  of mean age a t  f i r s t  spawning f o r  t h e  
t h r e e  common cod HbI genotypes.  Data from 218 male spawners 

Source of v a r i a t i o n  Sum of squares  D F  Mean square  

Between genotypes 10.884 2 5.442 

Within genotypes 78.516 115 0.683 

To ta l  89.400 117 

F = 7.91, P = 0.00057 

Newman-Keul test ( s i g n i f i c a n c e  niveau = 0.001):  

nb12-2 9 H~II-2  = H ~ I I - 1  

DISCUSSION 

The e x i s t e n c e  of HbI genotypic  d i f f e r e n c e s  w i th  r e s p e c t  

t o  growth and age a t  matura t ion ,  which were i n d i c a t e d  by 

d a t a  from Norwegian c o a s t a l  cod r epo r t ed  by Mork e t  a l .  

(1983) ,  a r e  s t r o n g l y  suppor ted  i n  t h i s  s tudy.  The p r e s e n t  

ana lyses  of extended m a t e r i a l s  has a l s o  uncovered a pre-  

v ious ly  undetected sexua l  d i f f e r e n c e  i n  t h e  e f f e c t  of HbI 

genotype on growth (Table 3 ) .  P o t e n t i a l l y ,  a supe r io r  

growth of H ~ I I - ~  females w i l l  t end  t o  s t a b i l i z e  t h e  gene 

f r equenc ie s  (balanced polymorphism) whi le  a s u p e r i o r  growth 

of H ~ I ~ - ~  males w i l l  t end  t o  break down t h e  equi l ibr ium.  

The reason f o r  t h i s  s exua l  d i f f e r e n c e s  is  a t  p r e s e n t  no t  

known. Presumably, behavioura l  d i f f e r e n c e s  ( l e v e l  of  

a c t i v i t y ,  h a b i t a t  p r e fe rence )  a r e  involved,  s i n c e  tempera- 

t u r e - r e l a t e d  O2 demands a t  p r e s e n t  seem t o  be t h e  most 

probable exp lana t ion  f o r  t h e  apparent  d i f f e r e n c e s  f o r  cod 

HbI genotypes. 

For t h i s  reason it is  d i f f i c u l t  t o  p r e d i c t  t h e  r e s u l t s  

from HbI genotypic  growth experiments i n  t h e  l abo ra to ry ,  



have t o  hunt  t h e  prey.  I t  i s ,  n e v e r t h e l e s s ,  impor tant  

t o  c l a r i f y  i f  any genotypic growth d i f f e r e n c e s  a r e  mani- 

f e s t e d  when t h e  genotypes a r e  kept  a t  c o n t r o l l e d ,  equa l  

cond i t i ons .  Such cond i t i ons  can only  be achieved i n  t h e  

l abo ra to ry ,  and t h e  r e l e v a n t  experiments a r e  i n  p rog res s .  

A s  d i s cus sed  by Mork e t  a l .  (1983) ,  c u r r e n t  cod HbI 

a l l e l e  f r equenc ie s ,  which seem t o  be i n  a  s t a t e  of equi -  

l i b r ium i n  t h e  i n v e s t i g a t e d  a r e a s ,  a r e ,  p o t e n t i a l l y ,  

no t  balanced by n a t u r a l  s e l e c t i o n  a l o n e ,  bu t  a r e  a l s o  

s i g n i f i c a n t l y  inf luenced by human impact i n  t h e  form of 

s i z e - s e l e c t i v e  f i s h i n g  gea r .  Such gear  w i l l  predictably 

prevent  f a s t  growing specimens from producing p r o p o r t i o n a l  

amounts of o f f s p r i n g .  Thus, observed a l l e l e  f r equenc ie s  

may r e p r e s e n t  a  kind of pseudo-equil ibrium inf luenced by 

genotypic s i z e  (egg number), genotypic age a t  ma tu ra t ion ,  

and i n t e n s i t y  of commercial e x p l o i t a t i o n  wi th  s i z e - s e l e c t i n g  

gea r .  A temporal  and s p a t i a l  v a r i a t i o n  i n  t h e s e  f a c t o r s  

and t h e i r  r e l a t i v e  i n f luence  on a l l e l e  f r equenc ie s  must be 

expected ,  bu t  t hey  may even tua l ly  r each  a  s t a t e  of  e q u i l i -  

brium where t h e  va r ious  f o r c e s  cance l  each  o t h e r  o u t .  A l -  

though a r t i f i c i a l  s e l e c t i o n  by f i s h i n g  gear  may r e t a r d  t h e  

q ~ b ~ l l o w e r i n g  e f f e c t  of b e t t e r  growth of H b ~ ~ - ~ o s s e s s i n ~ ,  

it seems t h a t  t h e  H b ~ ~ - ~ o s s e s s i n ~  genotypes n e v e r t h e l e s s  

must have some advantages under n a t u r a l  cond i t i ons  i n  

o rde r  t o  exp la in  t h e  p e r s i s t a n c e  of t h i s  a l l e l e  i n  evolu- 

t i o n a r y  frames. Af t e r  a l l ,  human e x p l o i t a t i o n  wi th  s e l e c -  

t i v e  gear  i s  of r e c e n t  o r i g i n .  Such reasoning  r a i s e s  t h e  

ques t ion  a s  t o  whether cod ind iv idua l s  can  a c t i v e l y  choose 

h a b i t a t s  s u i t a b l e  f o r  t h e i r  haemoglobin genotype. Karpov 

and Novikov (1980) r epo r t ed  such behaviour of cod haemoglo- 

b i n  genotypes i n  r e l a t i o n  t o  environmental  t empera tu re s ,  

bu t  t h i s  has  no t  been confirmed exper imenta l ly .  

Obviously, t h e r e  a r e  ques t ions  which remain t o  be ans-  

wered i n  connect ion  wi th  t h e  haemoglobin polymorphism of 

cod. The p r e s e n t  m a t e r i a l s  gave no informat ion  on t h e  age 



a t  f i r s t  spawning f o r  female HbI genotypes,  and i n  males 

t h e  s u p e r i o r  growth of  he terozygotes  compared t o  t h e  Hbll-l 

genotypes was no t  r e f l e c t e d  i n  a  s i g n i f i c a n t l y  lower age 

a t  matura t ion ,  a l though a  connect ion  between f a s t  growth 

and low ma tu r i t y  age was i n d i c a t e d  by t h e  H ~ I ~ - ~  homozy- 

go te s .  Such i n c o n s i s t e n c i e s  might p o i n t  t o  t h e  ex i s t ence  

of sampling a r t i f a c t s :  t h e  very  ex i s t ence  of  genotypic 

s e l e c t i o n  by f i s h i n g  gea r  w i l l  t end  t o  l e v e l  o u t  p o t e n t i a l  

d i f f e r e n c e s  and may c r e a t e  unpred ic t ab l e  sample a r t i f a c t s .  

I t  was noted t h a t  our  sample of 118  male spawning cod was 

probably a  growth-selected p a r t  of  t h e  popula t ion;  they  

were among t h e  su rv ivo r s  a f t e r  s e v e r a l  yea r s  of  commercial 

e x p l o i t a t i o n .  Also it might be ques t ioned how r e a l i s t i c  

samples c o l l e c t e d  wi th  t h e  p re sen t  gea r  p i c t u r e  t h e  r e a l  

connection between growth r a t e s  and age a t  f i r s t  spawning. 

It might be t h a t  t h e  slower growing genotype i n  f a c t  matures 

a t  t h e  same age a s  t h e  fas tgrowing i n d i v i d u a l s ,  only  t h a t  

they  were not  caught by t h e  p r e s e n t  gear  due t o ,  e .g . ,  

gear-induced s i z e - s e l e c t i o n  o r  behavioura l  d i f f e r e n c e s  l i k e  

size-dependent shoal ing .  On t h e  o t h e r  hand, i n c o n s i s t e n t  

r e s u l t s  a r e  no t  n e c e s s a r i l y  sampling a r t i f a c t s ;  age a t  

matura t ion  i s ,  i n  any c a s e ,  n o t  determined by growth r a t e s  

a lone ,  and our  r e s u l t s  a r e  probably inf luenced by a  number 

of  c u r r e n t l y  u n i d e n t i f i e d  f a c t o r s ,  phys io log ica l ,  and per- 

haps a l s o  behavioural .  

A low age a t  matura t ion  would. perhaps not  be a  d e s i r a b l e  

t r a i t  i n  cod aquacul ture  s i n c e  it i s  sometimes connected 

wi th  a  pronounced growth r e t a r d a t i o n .  I f  HbI genotypic 

growth d i f f e r e n c e s  a r e  manifes ted  i n  cod aquacul ture  a s  i n  

t h e  p r e s e n t  m a t e r i a l  from n a t u r a l  popula t ions ,  t h i s  pro- 

blem may a r i s e  but  can be d e a l t  w i th  by an adequate s e l ec -  

t i o n  programme. 

The p re sen t  m a t e r i a l s  a r e  t o o  sca rce  and,  f o r  reasons  

d i scus sed  above, no t  adequate f o r  r e l i a b l e  e s t ima t ion  of  

genotypic  d i f f e r e n c e s  i n  product ion  (growth) i n  n a t u r e ,  

and d e f i n i t e l y  not  i n  c a p t i v i t y .  However, t h e  cons i s t ency  



of t h e  t r e n d s  observed  (Table  3 )  i n d i c a t e s  t h a t  t h e  d i f f e r -  

ences  may be  c o n s i d e r a b l e  i n  n a t u r a l  p o p u l a t i o n s .  
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