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ABSTRACT: Genotypes at LDH-3 (lactate dehydrogenase) and PGI-1 (phosphoglucoisomerase) in 
263 0-group specimens of Atlantic cod (Gadus morhua) caught in Trondheimsfjorden, Norway, in 
fall 1983 showed significantly different survival rates during 72 days in captivity. The heterozygote 
was nominally superior at both loci, and there was a significant accumulation of double hetero- 
zygotes among the survivors. Apparently, LDH-3 and PGI-1 are not selectively neutral, and allele 
frequency differences at these two loci between groups of cod in nature should not be interpreted as 
markers of reproductive isolation. The results are related to current concepts of cod population 
structure. 

INTRODUCTION 

Since the me thod  of p ro te in  e lec t rophores i s  b e c a m e  a v a i l a b l e  there  has  b e e n  a 
number  of popu la t ion  gene t ic  s tudies  in At lant ic  cod (Gadus morhua] (e.g. F r y d e n b e r g  et 
al., 1965; Sick, 1965a, b; M~ller,  1968, 1969; Jamieson ,  1975; Cross & Payne,  1978). The  
fol lowing loci have  shown g e o g r a p h i c  var ia t ion  in a l l e l e  f requencies :  I-IbI (haemoglo-  
bin), Tf (serum transferrin),  Est (esterase),  LDH-3 ( lactate dehydrogenase ) ,  and  PGI-I 
(phosphoglucoisomerase) .  A cons ide rab ly  l a rge r  n u m b e r  of loci  were  e i the r  monomor-  
phic, or d i sp l ayed  h o m o g e n e o u s  a l le le  f requenc ies  in s a mp le s  from th roughout  the 
dis t r ibut ion range  of the  spec ies  (Mork et  al.; in prep.).  

The assumpt ion  of se lec t ive  neu t ra l i ty  at e l ec t rophore t i c  loci is a bas ic  r e q u i r e m e n t  
when  us ing a l l e l e  f requency  da ta  in the  de l i nea t i on  of gene t i c  popu l a t i on  structure.  The  
conclusions m a d e  in most early,  and  some recent ,  popu l a t i on  gene t i c  s tudies  on cod are  
necessar i ly ,  expl ic i te  or impl ic i te ,  b a s e d  on this a s sumpt ion  (e.g. MMler,  1969; Cross & 
Payne, 1978; Jers tad,  1984). 

However ,  there  is s t rong ev idence  that  cod h a e m o g l o b i n s  (HbI] are  af fec ted  by  
env i ronmenta l  se lec t ion  (Mork et  al., 1983, 1984a, b; Mork  & Sundnes ,  1984, 1985), and  a 
recent  s tudy sugges t s  that  the  same app l i e s  to cod se rum transferr ins  (Gauldie ,  1984). 
Esterases  are  r e g a r d e d  as notor ious ly  u n r e l i a b l e  p o p u l a t i o n  markers ;  most  cases  of 
monogenic  se lect ion in fishes concern  these  pro te ins  (Kirpichnikov,  1981; p. 219 ff.). 
J amieson  (1975) repor ted  se lec t ion  at cod LDH-3, and  Je r s t ad  et  al. (1981) l i s ted  
select ion among  poss ib le  causes  for thei r  cod PGI-1 observa t ions  in an e x p e r i m e n t  the 
des ign  of which,  however ,  d id  not  a l low conclus ions  on this mat ter .  
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In the hitherto most extensive study on the amount and distribution of genetic 
variation in cod, only two (LDH-3 and PGI-1) out of ten variable tissue enzyme loci 
d isplayed statistically significant heterogenei ty  of al lele  frequencies between samples 
from most of the current distribution range of the species (Mork et al.; in prep.). Hence 
the status of these two loci with respect to selection appears  to be an important key to the 
unders tanding of the genet ic  populat ion structure of cod. 

The present  report deals  with observations on an apparent  environmental selection 
at both these loci during an aquarium experiment  with 0-group Norwegian coastal cod 
in 1983. 

MATERIALS AND METHODS 

263 0-group specimens of Atlantic cod (Gadus morhua] were caught with a beach 
seine on one location in the inner part of Trondheimsfjorden, Norway, on Oct. 12. 1983. 
The fish were transferred alive to a 3 m 3 running sea-water  (7 °C, 33.5 %0 S) aquarium at 
Trondhjem Biological Station. They were predetermined for growth studies, but unfortu- 
nately for that purpose they refused to accept dry fodder (salmon start fodder; various 
grain sizes). Thus despite continuous feeding efforts over several weeks the fish seemed 
to be starving. However, no mortality was observed in the first 35 days after transfer to 
the aquarium. Thereafter, dead specimens found on the aquarium floor were collected 
(usually every third day) and frozen batch-wise at -- 80 °C. On the 72nd day after transfer, 
10 batches (batch size 11-28 individuals) total l ing 177 dead  specimens had been 
collected. At this point it was dec ided  to terminate the feeding efforts, and the 86 
surviving individuals  were collected, killed, and frozen. 

While being inadequate  for growth studies, this material  was subsequently found to 
be suitable for studying the potential  effects of enzyme genotype on survival during 
starvation. Thus tissue extracts from all of the 263 specimens were subsequently 
subjected to isoelectric focusing in polyacrylamide gel (IFPAG) according to Mork & 
Haug (1983). The methods for specific detection of enzymes also followed Mork & Haug 
(1983) while, for ease of comparison with previous works in the field, we used the locus 
and allele designat ion of Mork et al. (1982), based on starch gel electrophoresis, for 
describing results. The correspondence of nomenclatures was obtained by analyzing 
starch gel genotyped specimens by IFPAG. 

Two enzyme loci, LDH-3 (Lactate dehydrogenase;  E.C. No. 1.1.1.27) and PGI-1 
(Phosphoglucoisomerase; E.C. No. 5.3.1.9), both previously described by Mork et al. 
(1982) for Norwegian coastal cod, were scored. For tabular  and computational  simplicity, 
only the three most common genotypes were included in the present analyses. Hence, 
the omission of 1 individual  with a rare LDH-3, and 13 with rare PGI-1 genotypes 
(3 different) will  result in different sample sizes for the two loci in the following. 

Accurate knowledge of milieu parameters  in the aquarium is restricted to tempera- 
ture and salinity records. Some factors, which in retrospect may seem to be of potential 
significance to the present observations, were observed but not formally recorded. For 
instance, since the cod refused to accept the fodder, there were problems created by 
bacterial  degradat ion of undigested fodder on the aquarium floor. H2S development was 
observed, indicating at least periodical ly anoxic conditions near  the bottom. In combina- 
tion with general  aquarium stress this could be a factor with a potential ly discriminating 
effect on LDH-3 genotypes. Another observation of potential  significance was that newly 
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dead spec imens  appea red  to have  extravasat ions  in the eye-  and brain region.  This effect 

was also observed  in apparent ly  very w e a k  individuals ,  s eeming ly  inc reas ing  in mag-  
ni tude prior to death. We do not know, however ,  if these  effects are symptoms of a 

part icular  dea th  cause. At least  initially, the aqua r ium was  re la t ive ly  crowded.  Such 

conditions may increase the gene ra l  stress leve l  and m a k e  the fish more vu lne rab le  to 
diseases. The size distr ibut ion was p resumably  too h o m o g e n e o u s  for cann iba l i sm to take 

place, but aggress ive  behav iour  was f requent ly  not iced and migh t  have  caused  some 

mortality. Finally, it may be men t ioned  that the t empera tu re  in the expe r imen t  aqua r ium 

was 5-6  °C lower than at the actual  sampl ing  habitat .  

RESULTS 

Both LDH-3 and PGI-1 geno type  had a s ignif icant  effect on survival  under  the 

present  exper imenta l  conditions.  At LDH-3 the  genotypic  composi t ion  was very different  
from the init ial  va lues  among  the survivors after about  two and a half  months  in the 

aquar ium (Table 1). At this point  in time, there  was a marked  excess  of LDH-3 hetero-  

Table 1. Gadus morhua. LDH-3 genotypic composition in dead individuals and survivors in 
aquarium experiment, together with result from a 2 x 3 contingency table test (G-statistic) for 
heterogeneity in composition in the two groups, Expected values under the null hypothesis of no 

difference are shown in parentheses 

Group LDH-3 (100/100) LDH-3 (100/7'0) LDH-3 (70/70) Total 

Deads 74 (65.8) 70 (82.0) 32 (28.2) 176 
Survivors 24 (32.2) 52 (40.0) 10 {13.8) 86 

G = 9.981, d.f. = 2, P = 0.007 

zygotes among the survivors (Table 1). At PGI-1 the test of he t e rogene i ty  in genotypic  

composit ion in dead  indiv iduals  and survivors did not indicate  changes  in the genotypic  
composit ion dur ing the expe r imen t  (Table 2), Sucl~ changes  were,  however ,  r evea l ed  by 

more deta i led  analyses  (below). 
Since the genotypic  composi t ion was known for each  of the 10 ba tches  of dead  

specimens,  we  were  able  to ca lcula te  the ave r age  survival  t ime (number  of clays from 
incubat ion to dea th  in the aquar ium) for each  geno type  at the two loci. In order  to ut i l ize  

information from the group of surv iv ing  specimens,  this group was  a s s igned  a va lue  of 75 

Table 2. Gadus morhua. PGI-I genotypic composition in dead individuals and survivors in 
aquarium experiment. Result of test for heterogeneity (cf. legend of Table 1) is shown 

Group PGI-I (100/100) PGI-1 (100/135) PGI-1 (135/135) Total 

Deads 78 (77.6) 74 (76,2) 16 (14.2) 168 
Survivors 37 (37.4) 39 (36.8) 5 (6.8) 81 

G = 0.976, d.f. = 2, P = 0.614 
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days. (The 75th day wou ld  have  b e e n  the next  sampl ing  day if the expe r imen t  had  been  

continued.)  The  results from these  calcula t ions  are  shown in Table  3. Prior to a 2-factor 

analysis  of va r i ance  of these  data, the  var iances  w e r e  tes ted for heteroscedast ic i ty  

(Bartletts B-test), and the dis t r ibut ion of ind iv idua l  measures  was tested for skewness.  
Ne i the r  effect was found significant,  but  it was found that square-root  t ransformation of 

Table 3. Gadus morhua. Mean survival time (~; in days) for genotypes at LDH-3 and PGI-1 in 
aquarium experiment. Number of specimens in groups (N], and standard deviations (SD] of mean 

values also shown 

Genotypes PGI-1 (100/100} PGI-1 (100/135} PGI-1 (135/135) 

N 42 48 6 
LDH-3 {100/100} x 51.4 58.3 46.3 

SD 15.5 14.7 14.6 

N 60 47 9 
LDH-3 (100/70} x 59.7 61.8 58.4 

SD 14.9 14.2 17.1 

N 12 18 6 
LDH-3 (70/70) x 60.3 56.7 45.3 

SD 15.5 13.5 6.2 

the raw data  m a d e  var iances  more homoscedast ic .  After this transformation,  Bartletts test 

showed  B --- 4.682, d.f. = 8, P = 0.791; the coeff icient  of skewness  was  --0.161, P > 0.20. 
Thus the data  s e e m e d  to mee t  the assumpt ions  for analysis  of variance,  and were  

processed  by the BMDP2V program for 2-factor analysis  of va r iance  (BMDP Statistical 
Software,  Inc.) wh ich  a l lows for u n e q u a l  sample  sizes. The  results  are shown in Table  4. 

Both LDH-3 and PGI-1 geno type  had  a s ignif icant  effect on m e a n  survival  time, but  there  

was  no de tec tab le  in teract ion effect. Among  genotypic  m e a n  values  wi thin  loci, the 
he te rozygote  was super ior  at both LDH-3 and PGI-1. The s ignif icance of the differences 

b e t w e e n  genotypic  means  were  tes ted by N e w m a n - K e u l s  test procedures.  At LDH-3 the  

test showed  the he te rozygote  to have  s ignif icant ly  (P < 0.05} h igher  m e a n  va lue  than the 

Table 4. Gadus morhua. Summary of 2-factor analysis of variance of mean survival time {days) of 
genotypes at LDH-3 and PGI-1 in aquarium experiment. The analysis was performed on square-root 

transformed values (cf. section "Results") 

Source of variation SS d.f. MS F-value 

A (LDH-3} 7.95183 2 3.97591 4.08 
B (PGI-I} 6.14202 2 3.07101 3.15 
A X B interaction 4.52740 4 1.13185 1.16 
Within 233.06188 239 .97515 

Total 251.68313 

Significance: A (LDH-3): P = 0.018, B (PGI-I}: P = 0.044, A x B: P = 0.329 
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(100/100) genotype,  but  not  than  the (70/70) geno type .  The  two la t ter  were  not  s ignif i -  
cantly different. At PGI-1 the  he t e rozygo te  had  s ign i f ican t ly  h ighe r  m e a n  than  the (135/ 
135) genotype  but  not  than  the  (100/100) geno type ,  wh i l e  the  d i f fe rence  b e t w e e n  the  two 
lat ter  was unsignif icant .  

The fact that  the  he te rozygo tes  a p p e a r e d  super io r  at  both  loci  (a l though no s ignif i -  
cant in teract ion effect in Tab le  4) ca l l ed  for a c loser  inspec t ion  of the  pe r fo rmance  of the  
double  heterozygotes .  The  accumula t i on  of LDH-3 a m o n g  the survivors  i n d i c a t e d  in 
Table 1 was conf i rmed by  tes t ing  (Kendal l ' s  test  of r ank  correlat ion)  the  inc rease  in the  
proport ion of LDH-3 he te rozygo tes  a m o n g  the survivors  af ter  e ach  s a m p l i n g  of d e a d  
specimens  (Kendal l ' s  S = 53, n =  11, P =  0.00004). With in  LDH-3 heterozygotes ,  the 
proport ion of the  PGI-1 he te rozygo tes  i nc r ea sed  s ign i f i can t ly  du r ing  the  e x p e r i m e n t  
(Kendal l ' s  S = 27, n = 11, P = 0.036). This inc rease  occur red  at  the  e x p e n s e  of the  PGI-1 
(100/100) homozygotes  wh ich  showed  a s ign i f ican t  t rend  of de c r e a s ing  propor t ion  
(Kendal l ' s  S = - 3 2 ,  n = 11, P = 0.013). The PGI-1 (135/135) propor t ion  (still wi th in  
LDH-3 heterozygotes)  showed  no s igni f icant  t r end  (Kenda l l ' s  S = 5, n = 11, P = 0.697). 

The gene t i c  compos i t ion  at LDH-3 and  PGI-1 was  in acco rdance  wi th  Hardy-  
W e i n b e r g  expec ta t ions  at the  t ime  of s a m p l i n g  of the  263 0 -group  cod spec imens .  The  
goodness  of fit s tat ist ics (all g e n o t y p e s  inc luded)  c o m p u t e d  for LDH-3 and  PGI-1 were  
G = 0.185, d.f. = 1, P = 0.667, and  G -- 0.605, d.f. = 1, P -- 0.437, respec t ive ly .  There  
was  no de t ec t ab l e  l i n k a g e  d i s equ i l i b r i um {Hill, 1974} at  the  loci u n d e r  s tudy  ( tested for 
the three  most common geno types  at each  locus); the  la rges t  G {d.f. = 1) in 6 compar i -  
sons was  3.757 in the  in i t ia l  group,  1.999 in the  group  of survivors.  

DISCUSSION 

The u n p l a n n e d  na tu re  of the  e x p e r i m e n t  w h i c h  p rov ided  the  p re sen t  observa t ions  
restricts conclusions  on the causa l  r e la t ionsh ips  b e h i n d  the geno typ i ca l  d i f ferences  in 
survival  rates. The  po ten t i a l  causes,  and  the i r  in teract ions ,  m a y  be  ve ry  complex .  
However ,  from previous  work  in this f ie ld {reviewed by  Kirpichnikov,  1981} it appea r s  
that  some factors a re  f requen t ly  obse rved  to act  as  d iscr iminators ,  e.g. t empera tu re ,  
t empera tu re -changes ,  wa te r  oxygena t ion ,  sal ini ty,  gene ra l  leve l  of activity,  and  var ious  
bac te r ia l  and  viral  d iseases .  Induced  stress, e.g. by  c rowding  and  s tarvat ion,  m a y  act  to 
reinforce the effects. None  of these  factors can be  e x c l u d e d  as po ten t i a l  causes  in the 
present  exper iment .  On the  o ther  h a n d  one  canno t  exc lude  the  poss ib i l i ty  that  the  
different ia l  survival  ra tes  were  caused  by  env i ronmen ta l  factors pr ior  to catch, e.g. the 
geno types  may  have  di f fered wi th  r e spec t  to the  size of the  e n e r g y  resources  they  
brought  wi th  them to the aquar ium.  

The two enzymes  he re  s tud i ed  have  dif ferent  types  of funct ions in the  metabo l i sm;  
LDH cata lyses  the  l a c t a t e < - - - > p y r u v a t e  react ion,  and  geno typ ic  d i f fe rences  at this  
locus may  be par t i cu la r ly  manifes t  in the  phys i ca l  pe r fo rmance  u n d e r  s t ressed  or anoxic  
condit ions.  PGI is a g lycoly t ic  enzyme  invo lved  in G - 6 - P < - - - > F - 6 - P  conversion.  For 
both these  enzymes ,  m i l i e u - d e p e n d e n t  d i f ferences  in the  funct ional  p roper t i e s  of var ious  
geno types  in fish spec ies  have  b e e n  r epor t ed  p rev ious ly  (e.g. by  C h a m p i o n  & Whitt ,  
1976; Place & Powers,  1979}. Also, there  are  a n u m b e r  of reports  on a p p a r e n t  se lec t ion  in 
natural  hab i ta t s  for both  these  loci in var ious  fish {e.g. Johnson,  1971; Koehn  & Wil l iams,  
1978; Mit ton & Koehn, 1975; Powers  & Place,  1978; Smi th  & Francis ,  1984). In fact, such 
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observa t ions  were  also r epor t ed  for LDH-3 in  cod from North  At lan t ic  waters  (Jamieson, 
1975). The  p resen t  obse rva t ion  of he t e rozygo te  super ior i ty  is not unique;  mono- and  
o l i gogen ic  he teros is  have  been  o b s e r v e d  in seve ra l  s tudies  on fish; char  LDH(Wright & 
Ather ton,  1970}; Lepomis sp. PGI(Whit t  et al., 1976}. Thus it appea r s  that  env i ronmenta l  
se lec t ion  favour ing  cer ta in  geno types  at cer ta in  loci is not an uncommon p h e n o m e n o n  in 
fishes. It may  seem surpr i s ing  that  the  effect of only  two out of all  the loci in the genome  
can be  t r aced  in survival  rates;  it is noted,  however ,  that  these  two loci are  among  those 
which  from prev ious  s tud ies  seem to be  pa r t i cu la r ly  suscep t ib l e  for select ion,  and  that,  
af ter  all ,  thei r  effect d id  not  exp l a in  more  than  abou t  7 % of the  total  var ia t ion  in survival  
ra tes  (Table  4). 

The  p resen t  s a m p l e  was  d rawn  from a fai r ly  l a rge  and  p r e s u m a b l y  wel l  e s t ab l i shed  
stock of cod with no d rama t i c  size f luctuat ions.  Cod  genera t ions  ove r l ap  extensively,  and  
popu la t i on  bo t t l enecks  are  p r o b a b l y  ra re ly  encoun te red  except  in the  fr inges of the 
spec ies  range.  Aga ins t  this b a c k g r o u n d  it seems  unneces sa ry  to m a k e  the reservat ions  
that  c losely  l i nked  loci, i n s t ead  of LDH-3 and  PGI-1, were  r e spons ib le  for the presen t  
observat ions .  Further ,  eggs  and  l a rvae  from the annua l  s p a w n i n g  u n d e r g o  ex tens ive  
mix ing  in the  wa te r  masses  du r ing  a p e l a g i c  pe r iod  of severa l  months  before  set t l ing.  
Therefore  it is u n l i k e l y  that  the  he re  obse rved  geno typ ic  d i f ferences  reflect,  for example ,  
fami ly  effects. Final ly ,  immig ra t i on  into the  cod s tock in Trondhe imsf jo rden  a ppe a r s  
n e g l i g i b l e  (Mork & Sundnes ,  1985), and  popu la t ion  mixture  can thus p robab ly  safely be  
e x c l u d e d  as a po ten t i a l  cause  for the p resen t  observat ions .  In conclusion,  there  appears  
to be  l i t t le  reason  to doubt  that  the  geno typ ic  d i f ferences  obse rved  were  de facto effects 
of d i f ferences  in the  funct ional  p roper t i e s  of the var ious  act ive pro te ins  coded  at LDH-3 

and  PGI-1. 
Results  from a q u a r i u m  e x p e r i m e n t s  a re  not  au toma t i ca l ly  va l id  for fish in thei r  

na tu ra l  env i ronment .  In the  p resen t  case,  however ,  it  s eems  that  the  po ten t i a l  aquar ium 
effect wou ld  ma in ly  be  to acce l e r a t e  se lec t ion  processes  which  ac tua l ly  wi l l  occur  under  
cer ta in  env i ronmen ta l  c i rcumstances .  The aqua r ium condi t ions  were  not qua l i t a t ive ly  
different  from those encoun te r ed  by  cod spec imens  in thei r  na tura l  habi ta ts .  The 
m a g n i t u d e  of the gene t i c  changes  dur ing  the aqua r ium e xpe r ime n t  sugges t s  that  a l le le  
f r equency  changes  at both  LDH-3 and  PGI-1 can b e  very  r ap id  (in evolu t ionary  terms} in 
a f luc tua t ing  na tu ra l  env i ronment .  Thus, ne i the r  LDH-3 nor PGI-1 a l le le  f requency  
d i f fe rences  b e t w e e n  cod groups  can  any  longe r  be  r e g a r d e d  as r e l i ab l e  s igns  of 
r ep roduc t ive  isolat ion.  This  fact cha l l enges  the  conclus ions  of gene t i c  i so la t ion  r e a c he d  
in p rev ious  s tudies  u t i l i z ing  these  loci, e.g. for cod stocks off eas t e rn  Nor th  Amer ica  
(Cross & Payne,  1978} and  in nor thern  N o r w e g i a n  waters  (Jorstad, 1984}. 

Based  on ana lyses  of a la rge  n u m b e r  of t issue enzyme  loci, Mork  et al. (in prep.) 
repor t  gene t i c  d i s tances  b e t w e e n  current  stocks of At lant ic  cod to be  far be low usual  
popu la t i on  level .  As m e n t i o n e d  in the  introduct ion,  only  LDH-3 and  PGI-1 showed 
r eg iona l  va r ia t ion  in a l l e l e  f requencies .  The  p resen t  resul ts  a re  s ign i f ican t  aga ins t  this 
background~ they  p rov ide  a p l aus ib l e  cause  for the  m a i n t e n a n c e  of such reg iona l  a l le le  
f r equency  d i f ferences  even  in the  p re sence  of a g e n e  f low b e t w e e n  stocks. 

Thus,  out of the  five p ro te in  loci ( l is ted in ' In t roduct ion ' )  wh ich  cur ren t ly  are  known  
to d i sp l ay  g e o g r a p h i c a l  var ia t ion  in a l l e l e  f requenc ies  in cod, only  es terases  are  now 
wi thout  r epor t ed  observa t ions  on se lec t ion  effects. From s tudies  in o ther  fish species,  
however ,  es te rases  are  a m o n g  those  pro te ins  for which  se lec t ion  most f requent ly  has 
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been observed (cf. r ev i ew  by Kirpichnikov,  1981). This fact ser iously affects their  

reliabil i ty as markers  of reproduct ive  isolat ion in cod as wel l  as in other  species.  
Jamieson  & Turner  (1978, p. 724) s tated "It is possible  that  those po lymorphic  loci, 

which show the greatest  reg ional  var ia t ion  in a l le le  f requencies ,  code those proteins  that 

are most buffeted by evolu t ionary  forces present ly  mou ld ing  the gene t i c  composi t ion  of 
races within species" .  Recent  s tudies on the meri ts  of haemog lob ins  (Mork et al., 1983, 

1984a, b; Mork & Sundnes,  1984, 1985), se rum transferrins (Gauldie,  1984), and the 

present  study on LDH-3 and PGI-I, seem to l end  support  to this view. However ,  with 
reference to the genera l ly  very low amount  of gene t ic  dif ferent ia t ion throughout  the 

species range  reported by Mork et al. (in prep.), there  is hardly  any gene t i c  e v i d e n c e  for 
the exis tence of " races"  of cod in the North Atlantic.  The  accumula ted  informat ion on 

select ion effects at those loci showing  reg iona l  var iabi l i ty  in a l le le  f requenc ies  makes  it 
even  more difficult to a rgue  in favour of models  pos tu la t ing  reproduc t ive  isolat ion 

be tween  cod stocks or stock subunits .  Current  k n o w l e d g e  al lows an a l te rna t ive  mode l  to 

be suggested.  This mode l  would  sugges t  that there  is gene t ic  communica t ion  b e t w e e n  
all inves t iga ted  cod stocks in the North Atlantic.  The  g e n e  flow has b e e n  la rge  e n o u g h  to 

prevent  a genera l  gene t ic  differentiat ion,  For some loci, local se lect ion forces are strong 

enough  to inhibit ,  or e v e n  overr ide,  the l eve l l i ng  effect of the g e n e  flow. It appears  that 

this model  deserves  considerat ion in l ight  of ava i l ab le  informat ion from t agg ing  surveys, 

mat ing exper iments ,  gene t ic  studies, as wel l  as s tudies on the transport  of pe l ag i c  eggs  
and larvae by ocean currents, 
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