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ABSTRACT 
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Several polymorphic proteins have been used in studies of 
cod stock structure in northern Norway. Samples of Arctic 
cod spawning in Lofoten in the spring of 1981 were analysed 
for enzyme polymorphism by starch gel electrophoresis. The 
genotype distributions and allele frequencies estimated for 
spawning cod were consistent with corresponding results for 
eggs and yolksac larvae sampled in Lofoten and the Vesterdlen 
area in May. Investigations of postlarvae in July, however, 
revealed samples which differed significantly from the 
samples of Arctic cod analysed earlier the same year. Most 
surprisingly, a postlarval sample from Eidsfjord, close to 
the main hatching area of Arctic cod in Vesterdlen, differed 
in biological as well as genetic characters. Similar obser- 
vations were made in 1982, when postlarvae were found in high 
numbers in the Vesterdlen - Andfjord area. Samples of 
spawning cod were collected from several fjords in 1982. 
Especially, the sample drawn from Porsangerfjord differed 
from Arctic cod giving evidence for a genetically distinct 
stock of coastal cod in this area. This conclusion was also 
confirmed by analysis of postlarvae and juveniles found in 
the same area. Haemoglobin analysis in spring 1983 supported 
the existence of several genetically differentiated groups of 
coastal cod stocks in the area investigated. 



INTRODUCTION 

Cod is one of the most abundant fish species occurring in 

oceanic, coastal as well as fjord marine environments. Tradi- 

tionally, the most important fishery in northern Norway is 

based on cod resources. Catches of Arctic cod taken in the 

Lofoten area in the spawning season, account for the largest 

quantities. However, the amounts of coastal cod taken during 

a year also constitute a significant fraction of the total 

quantities of cod caught in the area. 

In addition to the main spawning area in Lofoten, several 

other spawning grounds for Arctic cod exist. With regards to 

the coastal cod, hundreds of local spawning grounds are 

known. Genetic studies of cod populations have revealed a 

complex stock structure in this area, and the relationship 

between coastal and Arctic cod is important for management 

reasons. Genetic differences between the two cod types have 

been indicated from analyses of blood proteins (Frydenberg et 

al., 1965; M@ller, 1968), as well as blood factors (MQller, 

1967, 1969). 

At present, new methods used in population genetic studies 

(Allendorf and Utter, 1979; Harris and Hopkinson, 1976) are 

available and have revealed a large amount of genetic varia- 

tion within and between species and populations. The results 

also show that most fish species are divided into several 

intraspecific units or stocks which should be managed as 

separate resource units (FAO, 1981). 

Due to the increased fishing pressure and the recruitment 

problems of cod, short term management of cod resources and 

preservation of genetic resources (Smith and Chesser, 1981; 

Frankel and Soul&, 1981) must be based on realistic stock 

models. As pointed out recently (Ihssen et al., 1981; FAO, 

1981) such models ought to be based on biological as well as 

genetic information about the fish species in queskion. The 

fundamental data for identification of local resources of 

coastal cod may be provided by genetic studies. 



MATERIALS AND METHODS 

The main sampling programme, which is summarized in Table 

1, has been carried out in cooperation with a number of re- 

search projects at the Institute of Marine Research. These 

include biological studies on eggs and yolksac larvae (P. 

Solemdal), abundance of postlarvae and geographical distri- 

bution (H. Bj0rke) and studies on coastal cod (A. Hylen, T. 

Jakobsen) in the northern part of Norway. 

TABLE 1 

Sampling programme and polymorphic loci investigated. The 
proteins analysed was PGM, PGI, LDH and haemoglobin. 

Year Month Stage of Protein loci 
development 

1981 March-April spawners 
(Lof oten) PGM LDH-3 PGI-l 

July 

1982 March-April 

May 

July 

July 

1983 March-April 

May 

egg/yolksac 
larvae 

postlarvae 

spawners 

egg/yolksac 
larvae 

juveniles 

postlarvae 

spawners 

juveniles 

PGM LDH-3 

PGM LDH-3 

PGM LDH-3 

PGM LDH-3 

PGM LDFI-3 

PGM LDH-3 

PGM LDH-3 

PGM LDH-3 

PGI-I 

PGI-1 

PGI-1 

PGI-1 HbI 

PGI-I Hbl 

May egg/yolksac 
larvae PGM LDH-3 PGI-1 

The spawning stock of Arctic cod was sampled on the 

spawning grounds in the Lofoten area (Fig.1) in March-April 

1981. The fish were caught by using purse seine and biolo- 

gical data (length, sex, age, otolith type etc.) on each fish 



e g i a n  
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Fig. 1. Sampling areas in 1981 of Arctic cod ( I//A March - 
April) and eggs/yolksac larvae ( : May). 

were recorded. This sample consisted of about 500 cod 

individuals and they were classified as Arctic cod according 

to otolith typing (Rollefsen, 1933). During the biological 

sampling a small piece of white muscle were cut from each cod 

specimen and frozen as soon as possible. The tissue samples 

were kept at low temperature until analysed in the labora- 

tory. 

As indicated in Fig. 1, the eggs and yolksac larvae from 

the Arctic cod spawning were distributed close to the Lofoten 

Islands. In addition, a substantial fraction of the larvae 

analysed were sampled in the Vesterdlfjord area. 
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2 .  sampling l o c a l i t i e s  of p o s t l a r v a e .  0: 1981, ( f o r  
1 s  s e e  Table 3 ) ,  0: 1982, ( f o r  d e t a i l s  s e e  Table 4 ) ,  
: main spawning a r e a  of  A r c t i c  c o d ) .  

The eggs and yolksac l a r v a e  were sampled by a Juday n e t ,  

and t h e  eggs were kept  a l i v e  i n  seawater  u n t i l  ha tching .  

Newly hatched yolksac  l a rvae  were sampled and analysed by 

e l e c t r o p h o r e s i s  according t o  J a r s t a d  e t  a l .  (1980).  

Co l l ec t ion  of pos t l a rvae  samples were c a r r i e d  o u t  i n  J u l y  

by us ing  p e l a g i c  t r awl .  Fig.  2 shows t h e  l o c a l i t i e s  on t h e  

c o a s t  and f j o r d s  where l a rvae  were found i n  r e l a t i v e l y  h igh  

numbers. Ind iv idua l  samples of whi te  muscle were f rozen  

u n t i l  analysed on t h e  r e sea rch  v e s s e l  o r  i n  t h e  l abo ra to ry .  

The p o s t l a r v a e  found i n  t h e  open sea  have no t  been inc luded 

i n  t h i s  paper.  
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Fig. 3. Sampling localities of coastal cod. 0: 1982, (for 
details see Table 5 ) ,  0: 1983, (for details see Table 6). 
( WA:  main spawning area of Arctic cod). 

The sampling localities of coastal cod are shown in 

Fig. 3. Samples of juvenile cod were caught by using shrimp 

trawl (July 1981, May 1982), and gill nets and Danish seine 

were used when sampling on the spawning grounds of coastal 

cod during the spawning season. 

In 1983 haemoglobin analyses were incorporated into the 

investigation programme. Blood samples were collected from 

individual fish at the spawning grounds, transported by air 

to Bergen and analysed in the laboratory by agar electropho- 

resis (Sick, 1961). 

All samples of white muscle were analysed for polymorphic 

enzymes by starch gel electrophoresis (Gordon, 1975) followed 

by selective staining of enzymes (Harris and Hopkinson, 

1976). The enzymes investigated (Table 1) were lactate 



dehydrogenase ( L D H ) ,  phosphoglucose isomerase (PGI) and 

phosphoglucomutase (PGM). 

Designation of enzyme loci and alleles followed the 

recommendations of Allendorf and Utter (1979), and the 

polymorphic systems present in natural populations of cod are 

described elsewhere (Cross and Payne, 1978; J@rstad et al. 

1980; Moth-Poulsen, 1982; Mork et al. 1982). In the haemo- 

globin analyses we used the nomenclature of Frydenberg et al. 

(1965). 

In the statistical treatment a G-test described by Sokal 

and Rohlf (1969) was used. All tests are based on the actual 

number of genotypes in the samples, and the P values in the 

different tables give the probability of the sample collec- 

tion being drawn from a genetically homogenous population. 

In addition, tests of homogeneity were performed between the 

different samples within each sample collection. The limit 

of heterogeneity within a sample group and/or between two 

different samples is defined as P(0.05. 

RESULTS 

For simplicity, only the frequency of the most common 

allele for each enzyme loci (for example LDH-3(100/ ) are 

given in the tables together with the number of individuals 

analysed. No significant variation was observed for the PGM 

locus, and therefore data for this enzyme have been omitted 

in the tables. 

The results from the analyses of the reference sample of 

the Arctic cod stock are shown in Table 2. More than 90% of 

the spawners taken in Lofoten this year were Arctic cod and 

several year classes were present in the material. The 

sampling design permitted comparisons between biological and 

genetic data, and no significant differences were detected 

for any enzyme loci between the two sexes, different year 

classes or length groups. The distribution of genotypes for 

all loci were consistent with Hardy-Weinberq's expectations, 



tested as described by Christiansen et al. (1976). As expec- 

ted, the genetic data for the spawning fish in March-April 

corresponded very closely to the data obtained from analyses 

of eggs and yolksac larvae found in the same area in May. 

Further, no differences were detected between the two hat- 

ching areas (Lofoten, VesterZlfjord) indicating that all 

larvae belonged to the same gene pool. 

TABLE 2 

Allele frequencies ( q )  of the most common allele at the LDH-3 
and PGI-1 loci and number of specimens analysed (n) in 
samples of Arctic cod. The sampling areas are shown in 
Fig. 1. 

Stage of LDH-3(lOO) PGI-I(IO0) 
Month Area development q / n  q / n  

, March- 
April Lofoten spawners .60 / 497 .70 / 511 

May Lofoten egg/yolksac 
larvae .57 / 749 .68 / 635 

May VesterZl- egg/yolksac 
fjord larvae .58 / 407 .67 / 403 

Homogeneity tests based on genotype 

distributions: P = .77 P = .447 

The different localities where postlarvae were found on 

the coast and in the fjords in 1981 are indicated in Fig. 2. 

A dense concentration of larvae were found in the open sea N 

of Torsvag. These larvae are probably offspring of the 

Arctic cod and are therefore omitted in the figure. Table 3 

indicates that the samples of postlarvae constitute very 

heterogenous material. As shown, several samples have a 

relatively high value for CDH-3(100) , and the tests of 

homogeneity for the sample group give P(LDH-3) = 0 and P 

(PGI-1) = 0.019 respectively. A test of homogeneity (based 



on genotype distributions at the LDH-3 locus) between the 

reference sample of Arctic cod and the sample from Eidsfjord 

and the sample from Astafjord revealed significant differen- 

ces (P=0.001; P=0.029). These two samples also differed from 

the samples taken on the coast (Table 3, sample no. 6 and 7) 

1 which corresponded more closely to the Arctic cod sample 

(P=0.37; P=0.98). Significant differences in length distri- 

bution and mean length were also detected when comparing 

l these samples with postlarvae found in the open sea (Jcirstad, 

unpublished). Most interesting the sample from Eidsfjord 

consisted of small larvae with a mean length of 18.7 mm 

compared to 28.9 mm for larvae in the open sea. 

I TABLE 3 

l 
Allele frequencies (q) of the most common allele at the LDH-3 

l 
l 

and PGI-I loci and number of specimens analysed (n) in samples 
of postlarvae in July 1981. Spawners of Arctic cod in Lo- 
foten are used as a reference sample. The sam le numbers 
correspond to the locality numbers a - (5 in Pig. 2. 

Sample LDH-3 (100) PGI-l(100) 

no. Locality q / n q / n  

1 Lofoten, control .60 / 497 .70 / 511 
2 Eidsf jord .69 / 138 .71/ 137 . 
3 Astaf jord .65 / 47 .70 / 56 
4 Ullsf jord .62 / 25 .72 / 25 
5 Malangen .73 / 21 .64 / 21 

6 Torsvig .56 / 89 .64 / 91 
l 

7 Breivikbotn .58 / 239 .70 / 239 

Homogeneity tests based on 

genotype distributions: P = O  

The analyses of postlarvae in 1982 (Fig. 2, Table 4) con- 



firmed the genetic heterogeneity (P=O) of samples collected 

earlier from the coast and the fjords. In this year, the 

heterogeneity was mainly due to the sample from Andfjord and 

Porsangerfjord which both have a high frequency of LDH-3llOOl. 

The values were 0.67 and 0.69 respectively. Especially, the 

sample from Andfjord differed (P=O) from the sample of 

eggs/yolksac larvae sampled in May of same year, which have 

been used in Table 4 as a reference sample. Comparison 

between the control sample and the postlarvae from Porsanger- 

fjord revealed a P value of 0.09 which is only close to 

significance. This is possibly due to the low number of 

individuals analysed in the postlarval sample. 

TABLE 4 

Allele frequencies (q) of the most common allele at the LDH-3  
locus and number of specimens analysed (n) in samples of 
postlarvae in July 1982. Sample no. 1 is a sample of eggs/ 
yolksac larvae taken in May of the same year. The other 
samples correspond to the locality numbers - in 
Fig. 2. 

Sample 

no. Locality 

l Lofoten-VesterAlfjord 

2 Hadself jord 

3 Gavelfjord 

4 Andf jord 

5 Arn0y 

6 Ref sbotn 

7 Porsangerf jord 

8 Laksef jord 

9 Ullsf jord 

Homogeneity test based on genotype distributions: P = 0 



Samples mainly consisting of coastal cod were collected in 

1982 (Fig. 3), and the results of the genetic analyses of 

LDH-3 locus are shown in Table 5. The samples taken in March 

are spawners, and they are therefore more informative with 

respect to stock structure interpretations compared with the 

juvenile cod samples in July. The two samples taken in 

Porsangerfjord have a relatively high frequency of L~8-3(100). 

When testing the samples of coastal cod together with the 

reference sample of Arctic cod used earlier, the probability 

of all samples belonging to the same population was as low as 

0.001. Homogeneity tests (based on genotype distributions) 

between the samples in Table 4 and the reference sample of 

Arctic cod show that both samples from Porsangerfjord were 

significantly different (sample no.3, P=0.001; sample no.9, 

P=0.005) from the Arctic cod sample. Thus, the genetic data 

clearly indicated a genetically distinct stock of coastal cod 

TABLE 5 

Allele frequencies (q) of the most common allele at the LDH-3 
locus and number of specimens analysed (n) in samples of 
coastal cod in 1982. The sample numbers correspond to the 
locality numbers @ - @ in Fig. 3. 

Sample Stage of LDH-3 ( 1  00) 

no. Month development Locality q / n  

1 March 

2 

3 I 

4 0,  

5 ,I 

6 July 

7 

8 I, 

9 ,I 

spawners 

juveniles 

4 ,  

Refsbotn 

Ref sbotn 

Porsangerf jord 

Laksef jord 

Balsf jord 

Vggsfjord 

Vesteralf jord 

Lyngenfjord 

Porsangerf jord 

Homogeneity test based on genotype distributions: P = 0.013 



TABLE 6 

Allele frequencies ( q )  of ~ b I ( l l  and number of specimens 
analysed (n) in samples of coastal cod in spring 1983. The 
sample numbers correspond to the locality numbers - 
in Fig. 3. 

Sample Stage of HbI (1  l  

no. Month development Locality q n 

1 March spawners Porsangerfjord .29 / 93 
2 March spawners Altaf jord .25 / 90 
3 March spawners Lyngenfjord .28 / 29 
4 May mature Bygdenf jord .25 / 85 
5 May juveniles VBgsf jord .26 / 57 
6 May juveniles Andf jord .28 / 81 
7 May mature Hadselfjord .20 / 81 
8 May juveniles Eidsf jord .27 / 24 

Homogeneity test based on genotype distributions: P = .58 

in the Porsangerfjord with Olderfjord as a local spawning 

ground (Jakobsen, Institute of Marine Research, Bergen, 

personal communication 1982). 

Table 6 shows the results from the haemoglobin analyses 

which were incorporated in the study in 1983. The sample 

from Porsangerfjord showed the highest frequency (0.29) of 

H b l l l l ,  and the sample from Hadselfjord the lowest one 

(0.20). A test of homogeneity indicated no significant 

variation in the sample collection (P=0.58). 

DISCUSSION 

The LDH-3 locus seemed to be the most informative of the 

different enzyme loci analysed. The significant variations 

observed at this locus between Arctic cod and samples of 

coastal cod, as well as within samples of coastal cod, offer 



valuable information on cod stock structure in this area. 

These results contrast with earlier studies (Jamieson, 1975; 

Mork et al. 1980) which concluded that the allele frequencies 

at the LDH-Slocus seemed to be almost uniform throughout the 

species' range. Recently, several other studies (Moth- 

Poulsen, 1982; J0rstad et al. 1981) have supported evidence 

for significant variation at this locus. 

As expected, we observed close agreement between the data 

obtained from the spawning stock of Arctic cod and that of 

the eggs/yolksac larvae found in the same area. These data 

point to the possibility of analysis of eggs/yolksac larvae 

on the spawning ground to identify genetically different 

spawning groups. The actual allele frequencies for the 

different loci analysed both in the spawning cod samples and 

the samples of eggs/yolksac larvae correspond to similar data 

on Arctic cod samples from the Barents Sea and the Spitsber- 

gen area (Jqjrstad, unpublished). The data on yolksac larvae 

drawn from the Vesterilen area are also in accordance with 

the present knowledge of egg and larval drift from the main 

spawning grounds of Arctic cod (Ellertsen et al. 1981). 

The haemoglobin data obtained from samples of coastal cod 

in 1983 agree very closely with earlier studies (Meller, 

1968, 1969). Moller estimated the frequency of HbI(1)  of 

coastal and Arctic cod in Lofoten to be 0.25 and 0.12, 

respectively. By including his data on coastal cod with the 

presented data (Table 6) a heterogeneity test revealed no 

significant variation (P=0.67). In contrast, performing a 

similar test with his data on Arctic cod, the difference was 

significant (P=O) . 
The most divergent population of coastal cod detected in 

this study was the stock occurring in Porsangerfjord. Biolo- 

gical studies on this cod stock have shown limited migration 

within the area, and unique growth characteristics and age 

composition compared to other coastal cod stocks (T. Jakobsen, 

Institute of Marine Research, Bergen, personal communications 

1982). When including haemoglobin data on Arctic cod as 

described above, significant differences was observed for 



two loci (LDH-3, HbI). Thus, we consider this cod to be a 

genetically distinct stock unit compared to the Arctic cod. 

The data also indicate several stock units of coastal cod 

in the Vagsfjord - Andfjord - Eidsfjord area, but insuffi- 
cient data from spawning samples in these areas prevents 

confirmation. The existence of a local stock in the inner 

part of Eidsfjord has been supported by egg surveys in May 

during recent years, showing high abundance of eggs and 

yolksac larvae in the bottom of the fjord. 

As discussed by Allendorf and Phelps (1981), the choice of 

sampling strategy depends on what kind of information is 

required. In this work, however, the importance of an 

extensive sampling programme is clearly documented by the 

data obtained from the postlarvae surveys. Without a great 

number of sampling stations in the different fjords, valuable 

information on coastal cod stocks might not be available. As 

shown here, the strategy involving adequate sampling of early 

developmental stages of fishes lifecycle seems to be very 

useful, and supports the experiences from genetic studies on 

other fish species (J0rstad and Navdal, 1981). 
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