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ABSTRACT: Sexual maturation status was recorded on 
fish from 91 families of one year-class of farmed Atlantic 
cod. At 1 year of age 96 % of the fish were immature (all 
the females, 92 % of the males) and at 2 year of age 94 % 
of the fish were mature. Heritability estimates from a 
linear model, where degree of sexual maturation was 
defined in four categories, was 0.28 for 1 year olds and 
0.14 for 2 year olds. Estimates from a threshold model 
with maturation as a binary trait (mature/immature) was 
0.46 and 0.03 for 1 and 2 year olds, respectively. Herita-
bility of gonadosomatic index for 2 year olds was 0.20. 
Sexual maturation in cod is a challenging trait to work 
with in selective breeding and more work is needed in 
order to get more precise estimates.  
Keywords: Aquaculture; Atlantic cod; Sexual maturation; 
Genetic parameters 

 
 

Introduction 
 

Since the early 1990s there has been a large and 
increasing interest for farming of Atlantic cod in Norway 
and in several other countries mainly because of declining 
wild catches. There has on the other hand been a decline 
in cod farming in Norway from around 2008 and the pro-
duction today is around 1500 metric tons. Despite this, 
cod farming is still believed to become a viable industry. 
However, early sexual maturation is one of the largest 
problems in cod farming because most fish mature before 
reaching harvest size (Karlsen et al. 1995). The develop-
ment of gonad and subsequent spawning is associated 
with a great reduction in feed intake (Fordham and Trip-
pel 1999), which may result in a reduction in body weight 
by more than 30 % during spawning (Karlsen et al. 1995). 
After spawning the fish use about six months to compen-
sate the lost growth. Moreover, increased mortality partic-
ularly among females is also observed (Kristoffersen et al. 
(2006)). These conditions affect the welfare of the fish 
and also increase the production cost considerably in 
commercial cod farming. The use of environmental fac-
tors, such as feeding and light regimes, does not seem to 
be sufficient to solve the problem of early sexual maturity 
in cod. Thus establishing the basis for using selective 
breeding to reduce/delay the early maturation could be a 
viable solution. 

 
There are indications that age at sexual matura-

tion in Atlantic cod is heritable (Kolstad et al. 2006) and 
thus that age at maturity can be changed by selective 
breeding. However, at present there are no accurate meth-
ods to record sexual maturation on live cod and a selec-
tion based sibling test is therefore the most probable op-
tion. Thus in order to selectively breed cod for late matu-

ration, there is a need for development of efficient meth-
ods to measure sexual maturity and to estimate genetic 
parameters. 

 
This paper explores sexual maturation in 1 and 2 

year old pedigreed farmed cod, and provides frequencies 
of maturation status recorded by dissection of fish for 
both ages. Preliminary estimates of heritabilities for sexu-
al maturation and gonadosomatic index (GSI) are also 
presented.  

 
Material and methods 

 
Experimental design. The fish used in this study 

were from year class 2011 from the Norwegian cod breed-
ing program in Tromsø, Norway (69.6828° N, 18.9428° 
E). More information about the population structure and 
the breeding program can be found in Bangera et al. 
(2011). The families were produced from March to April 
2011, and were kept in separate tanks until tagging in 
October 2011. Average body weight at tagging was 22 g 
(SD=8.09). Average age at tagging was 202 days (min=	  
199 max=206). A portion of the fish from each family 
was sampled at an age of 1 year, while another portion 
was sampled at an age of 2 years. Fish sampled as 1 year 
olds were kept in tanks on land, and fish sampled as 2 
year olds were transferred to sea cages on 14 February 
2012. Recordings of 1 year old fish were done on 15 May 
2012 and of 2 years on 15-18 April 2013, which coincide 
with the natural spawning season for cod. At both sam-
plings body weight, sex and maturation status (the latter 
by visual scoring of fish gonads) was recorded. Sexual 
maturation of the 1 year old fish was classified in four 
categories: 0=immature, sex barely visible, 1=immature, 
sex clearly visible, 2=maturing, 3=fully mature (running). 
For 2 year old fish the categories were: 0=immature, sex 
not visible, 1=immature, 2=maturing, 3= fully mature 
(running) and 4 =mature, spent (modified from Vitale et 
al. (2006)).  For 2 year olds gonad weight was also rec-
orded and allowed for calculation of gonadosomaatic 
index (GSI = gonad weight (g) / Body weight (g) *100).  
The GSI can be used a predictor of degree of sexual ma-
turity of cod as the gonads becomes heavier when the fish 
mature (Vitale et al. (2006)). 

 
Data. Data on 1 year old fish consisted of 1467 

fish originating from 83 families (64 sires and 83 dams, 
18 paternal half-sib groups). Data on 2 year olds consisted 
of 1319 fish which originated from 91 families (69 sires 
and 91 dams, 19 paternal half-sib groups).  

 
Statistical analysis. Least square means for body 

weight and GSI were calculated in SAS software (2008) 



and differences between groups (sex and maturation 
score) were tested by applying a general linear model with 
Tukey adjustments.  

 
Heritability estimates for maturation status in 1 

year olds and 2 year olds defined in four-five categories 
was estimated using a linear sire-dam model, with fixed 
effect of sex and age. This model was also used for the 
GSI. A sire-dam threshold model (probit) with fixed ef-
fects of age and sex (only for 2 year olds) was used for 
maturation status defined as a binary trait. For 1 year olds 
“immature” was defined as score 0 and 1, and “mature” as 
score 2 and 3. For 2 year olds “immature” was defined as 
score 0 and 1, “mature” as score 2, 3 and 4. A random 
effect of common environment was tested but was either 
not significant (linear models) or not estimable (threshold 
models). 

 
Results and Discussion 

 
1 year olds. In the 1 year old fish 96% of the fish 

were immature (score 0 and 1) (Table 1). Thus all females 
and 92 % of the males did not mature at 1 year of age. For 
2% of the fish sex could not be determined. These fish 
were also immature (score 0).  

 
Table 1. Distribution of sexual maturation status for 1 
year old fish 

Matura-
tion score All Males Females 

0 40 % 68 % 9 % 
1 56 % 24 % 91 % 
2 3 % 6 % 0 % 
3 1 % 2 % 0 % 

 
 
The average body weight of 1 year olds at time 

of sampling was 219 g (SD=75 g). Overall there was no 
difference in body weight of males and females, but fish 
with unknown sex had the lowest body weight (Table 2). 
It is generally more difficult to detect sex in smaller fish 
than in larger fish and this can in part explain why fish 
with unknown sex had the lowest body weight. The males 
were heavier than the females within maturation score 1. 
In accordance with expectations, maturing males (scores 2 
and 3) were heavier than immature males (scores 0 and 1).  

 
Table 2. Least square means for body weight for each 
sex and maturation status for 1 year old fish 
Maturation 

score 
Body weight, g 

Males Females Unknown 

0 202Aa 191Aa 121B 

1 265Ab 223Bb - 

2 273b - - 

3 239ab - - 

All 222A 220A 121B 
Within a row, means without a common uppercase superscript differ (P 
<0.05). 
Within a column, means without a common lowercase superscript differ 
(P <0.05). 

2 year olds. Only four fish (0.3 %) got matura-
tion score 0 (immature, sex not detectable) and were not 
included in further analysis. Six percent of the fish were 
classified as immature (score 1, sex detectable), and this 
proportion was equal for males and females (Table 3).  

 
Table 3. Distribution of sexual maturation status for 2 
year old fish 

Matura-
tion score All Males Females 

1 6 % 6 % 6 % 
2 14 % 16 % 13 % 
3 17 % 21 % 13 % 
4 62 % 57 % 69 % 

 
 
The average body weight at the time of sampling 

was 970 g (SD=338 g). Overall, females were significant-
ly heavier than males for all mature stages (score 2, 3, 4), 
but there was no difference in body weight for immature 
fish (score 1) (Table 4). 

 
Table 4. Least  square means of body weight and go-
nadosomatic index (GSI) for each sex and maturation 
status of 2 year olds fish. 

 Body weight, g GSI 
Maturation 

score Males Females Males Females 

1 731Aa 797Aa 0.33Aa 0.78Ba 
2 994Ab 1279Bb 7.01Ab 17.50Bb 
3 969Abc 1153Bb 2.71Ac 10.36Bc 
4 904Ac 972Bc 1.19Aa 2.97Bd 

All 922A 1024B - - 
Within a row, means without a common uppercase superscript differ (P 
<0.05). 
Within a column, means without a common lowercase superscript differ 
(P <0.05). 

 
 
Further, females had higher GSI than males. In 

general the GSI for both sexes followed the maturation 
scores; GSI was smallest for immature fish (score 1) and 
largest for mature fish (score 2). Average GSI for matura-
tion score 3 (fully mature (running)) was smaller than for 
score 2, but it was still larger than for immature fish or 
spent fish (score 1 and 4) (Table 4). As the gonads mature 
they increase in size and become heavier and the GSI 
increases. When the fish spawns, the GSIs decrease. The 
GSIs recorded in this study is thus as expected. 

 
Heritabilities. The low frequency of mature 1 

year old cod made estimation of heritabilities challenging 
and to make matters worse there were no mature females 
(score 2 and 3). A linear model including data in the four 
categories were therefore tested, which gave a heritability 
of 0.28 (SE=0.12). However, with the extreme frequen-
cies a linear model does probably not give reliable results. 
Therefore, a threshold model with immature fish defined 
as score 0 and 1 and mature fish as score 2 and 3 was also 



run. The heritability for sexual maturation defined as a 
binary trait was 0.46 (SE=0.12) for the 1 year olds. This 
heritability basically reflects on sexual maturation of 
males as no mature females were present in this material, 
and running the model only with data on males gave a 
heritability of 0.60 (SE=0.14). Effect of common envi-
ronment was non-estimable in the current data, and if such 
an effect is present this can have caused an over-
estimation of the heritability. 

 
   In contrast to the 1 year old fish, most of the 2 
year old fish were mature. Again the extreme category 
makes heritability estimation challenging, but at least both 
sexes were present in all categories with similar frequen-
cies. The heritability estimates was 0.14 (SE=0.04) from 
the linear model using the four categories and 0.03 
(SE=0.07) on the underlying scale from the threshold 
model with maturation defined as a binary trait. Contrary 
to the 1 year old this heritability reflects on sexual matura-
tion of both sexes, but was very low especially for the 
threshold model.  
 

The heritability for GSI was 0.20 (SE=0.05). It 
should be noted that immature fish and spent fish have a 
similar GSIs. This makes the GSIs difficult to use as a 
selection criteria for decreased proportion of early sexual-
ly mature fish as there would be little distinction between 
immature and spent fish and we risk to select fish that 
mature early in the spawning season (before sampling). 

 
Selection for decreased early sexual maturation 

in cod is challenging. First of all it is very difficult to 
measure the degree of sexual maturation during the 
spawning season on 1 or 2 years live fish. Both at 1 and 2 
years of age the proportion of mature fish is either very 
low or very high and there is thus limited phenotypic 
variation. The inability to measure the trait on live fish 
makes sibling test the most probable option. However, the 
estimates presented in this paper are still too imprecise to 
use in selective breeding. There might also be better sta-
tistical approaches to this issue that could be explored 
(Ordinal threshold model, mixture models etc.).  Another 
approach could be to design challenge tests for sexual 
maturation where environmental factors like artificial 
light, temperature or a different geographical location is 
used to increase the variation (e.g. increase number of 
immature fish as 2 year olds). Also, a combination of 
maturation score and GSI could be considered. The corre-
lation between early sexual maturation and growth does 
also need to be estimated. Previous estimates of this corre-
lation in Atlantic cod have been low but imprecise 
(Kolstad et al. (2006)).  

 
 
 
 
 
 
 
 
 
 
 

Conclusion 
  

The study shows that early sexual maturation is a 
problem in farmed cod. Only few fish matured at 1 year of 
age and the majority of the fish matured at 2 years of age. 
There is however evidence that this trait is heritable, but 
more work is needed in order to get more precise esti-
mates.  
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