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Absttract .  

There is evidence of sexual differences in maturation of Northeast Arctic cod and indications of high mortality among the 
mature males. Both factors affect the composition of the spawning stock by sex and age. The higher mortality in males could be 
caused by spawning and this is investigated by adding spawning mortality in calculations of the life history of a year class to see 
if the results fit observed sex ratios in commercial landings from the Lofoten spawning fishery. The results indicate a higher 
mortality rate in mature males than in mature females. This may be caused by an additional spawning mortality, but could also 
be caused by the fishery and the results are not conclusive. Increasing the fishing mortality rates has largest impact on the female 
spawning stock and will generate a surplus of male spawners. The results have implications for estimation of biological reference 
points and the way spawning stock biomass is used in management considerations. Estimation of the female SSB is necessary if 
maternal effects shall be taken into account. 

Introducction 

The stock assessment for Northeast Arctic cod (a.k.a. Arcto-Norwegian cod) is not split by sex. However, Ajiad et al. 
(1998) show that there has been a clear and consistent sexual difference in maturation in Northeast Arctic cod in recent years. On 
average males reach maturity approximately one year earlier than the females. This will influence the sex composition in the 
spawning stock and the SSB (spawning stock biomass) will be a biased measure of both female and male spawning potential. 
The SSB is important in management advice because it is used in estimation of biological reference points for both biomass and 
fishing mortality. There is increasing evidence that maternal effects are important (Kjesbu et al., 1991, Marshall et al., 1998). 
Failing to take the female spawning stock into account might therefore have implications for fishery management. 

The research has been concentrated on the female spawners, while the the male spawners have attracted less interest. The 
results of Trippel and Neilsen (1992) and Trippel and Morgan (1994a, b) indicate that paternal effects play a modest role in the 
spawning process. However, the earlier maturation in males has a large_ effect on the sex ratio in the spawning stock and this 
might be of significance to the recruitment. 

Samples from commercial landings on the spawning grounds show that the ratio male/female spawners changes with age. 
Males dominate the youngest age groups, whereas females dominate the oldest. This might be explained by differences in fishing 
mortality between immature and mature fish, but there could also be an effect from sexual difference in spawning mortality. 

In the stock assessment a natural mortality rate of 0.2 is assumed for the older age groups. It is difficult to distinguish 
spawning mortality from other natural mortality, but spawning mortality could be the most important factor among mature fish. 
Beverton et al. (1994) examined individual maturation cohorts of Northeast Arctic cod and their results indicate that spawning 
mortality might be higher in fish maturing at age 6 or 7 than in fish maturing later. Their estimate of natural mortality rate for 
these three groups were 0.27, 0.17 and 0.15, respectively. 

The aim of this study is to see if there is any evidence of difference in spawning mortality between males and females. The 
results are then used together with the results of Ajiad et al. (I 998) to identify possible implications for fishery management. 

Material and Methods 

Most of the data are taken from Ajiad et al. (1998) and are from research surveys in the period 1989-1997. The rest of the 
data are from commercial landings in the Lofoten region, the main spawning grounds for Northeast Arctic cod. These landings 
are from gill net, long line, hand line and Danish seine (trawling is prohibited in the area). Both the survey data and the 
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commercial fishery data comprise age, length and maturity stage (for more details, see Ajiad et al., 1998). Data from the most 
recent assessment of Northeast Arctic cod (ICES, 1999) arc also used. 

The study of spawning mortality was made by simulating the progress of a year class in the stock by applying the average 
natural and fishing mortality rates for 1989-1997 (ICES, 1999), including estimates of the fishing mortality rates for immature 
and mature fish, respectively. The simulation was done separately for females and males, using the maturity ogives (means for 
1989-1997) in Ajiad et al. (1998). The mean ratio 1989-1997 of male/female spawners at each age was then compared to those 
observed in the commercial landings from the same period. 

The mean selection pattern for Northeast Arctic cod in 1989-1997 increases up to age 8 and appears to be fairly constant for 
older ages. The lower exploitation of the younger fish is caused mainly by gear selectivity and minimum landing size regulations 
which allow temporary closures of areas with much undersized fish. As the fish mature they will be caught also in the spawning 
fishery in coastal areas and mature fish will therefore be subject to a heavier fishing pressure than immature fish of the same age 
and size. However, to calculate separate selection patterns for immature and mature fish, respectively, requires that all catches 
are split into mature and immature fish and these data are not readily available. The selection patterns used in this study are 
therefore based on a subjective evaluation of the available information, taking into account i.a. the proportion of the catch taken 
in coastal fisheries. 

The results were used to estimate yield, SSB and numbers of spawners per recruit (at age 3) for the sexes separately. The 
• implications for fishery management advice are discussed. 

Results 

In spite of the difference in maturation, there is little difference in growth between the sexes. In immature fish the females 
tend to be slightly longer (approximately 0.5 em) than the males in the same age group. In mature fish the difference tends to 
increase with age (Ajiad et al., 1998), but is still small. In this study growth, or more precisely weight at age, is assumed to be 
the same for both sexes. 

In the simulations it is assumed that males and females are equally represented in the stock before maturation. The survey 
data were examined to check this assumption and no significant deviation from a fifty-fifty distribution was found. 

In the present study, the time period was too short to take maturation cohorts into consideration. Instead, the following 
scenarios for spawning mortality were tested: 

1. It is constant with age and the same for both sexes. 
2. It is constant with age, but different for the sexes. 
3. It increases with age in the same way for both sexes. 
4. It increases with age, but in a different way for the sexes. 

Fishing mortality for immature and mature fish, respectively, was assumed to be the same for both sexes. The sum of least 
squares was used as indicator of the best fit between the obtained ratios of male/female spawners and the values observed in the 
commercial fishery data for the age groups 5-13 (data on older fish were too noisy). Within realistic ranges of total mortality 
rates the results were fairly consistent, showing a difference in spawning mortality in the range 0.01-0.10, mostly close to 0.05, 
with males always having the higher value. Changing assumptions about other natural mortality or the exploitation of the 
immature fish made little difference. However, the fit tended to be poorest for the oldest and the youngest fish and no reasonable 
trend in assumed spawning mortality with age could change that. Considering only the oldest age groups (1 0-1 3) indicated a 
larger difference in spawning mortality, approximately 0.15. The table below shows the ratios male/female spawners observed in 
the commercial data and the corresponding results of a simulation with no female spawning mortality and male spawning 
mortality assumed to be constant with age. 

Age Observed 
male/female ratios 

Simulated 
male/female ratios 

5 3.82 3.52 
6 1.98 2.15 
7 1.28 1.39 
8 1.09 0.95 
9 0.91 0.86 
10 0.90 0.78 
11 0.72 0.73 
12 0.66 0.68 
13 0.54 0.64 
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The simulations indicate that there might be a higher spawning mortality for males than for females, but they give no 
indication of how large part of the natural mortality rate can be ascribed to spawning mortality. In the calculation of yield, SSB 
and numbers of spawners per recruit, the natural mortality for females is assumed to be 0.2 and for males it is assumed to be 

0.25, i.e. a difference of 0.05. Table I shows the part of worksheets used in the calculations and also demonstrates most of the 
set-up for the worksheet used to estimate spawning mortality. 

Figure I shows the results of the yield per recruit calculations. F rnw, for females is at 0.25, for males at 0.34 and for both 

sexes combined at 0.29. The yield per recruit is higher for females than for males and the difference decreases as the fishing 
mortality rate increases. At recent levels of fishing mortality (0.4-0.8) the difference will be 4-9%. 

Because of the assumed spawning mortality in males, there will be approximately 10% more females than males in a 

pristine stock and the biomass of females will be 30% higher. However, these differences are quickly reduced with increasing 
fishing mortality rate and at recent levels they are 1-2% and 4-7% in number and biomass, respectively. 

Figure 2 shows SSB per recruit for each sex and Figure 3 shows the ratio male/female SSB. In a pristine stock the female 

SSB will be 30% larger than the male SSB, but there is a substantial effect of the fishing mortality and the SSB levels will be 
equal already at F=0.2. At recent levels of fishing mortality the male SSB is 15-40% larger than the female SSB. This also means 
that the female SSB is more rapidly reduced from the pristine stock level as fishing mortality increases (Figure 4). 

The difference is more pronounced in the number of spawners (Figures 5 and 6). In a pristine stock the numbers of male 

and female spawners will be approximately the same, but at an F of 0.45 there will be 50% more males than females in the 
spawning stock and nearly twice as many if F exceeds 1.0. 

Discussion 

The data indicate that the natural mortality is higher in mature males than in mature females in the Northeast Arctic cod 
stock and the difference might be due to spawning mortality. Although the difference appears to be relatively small it has an 
effect on the estimation of F,  and if the spawning mortality is removed from the calculations, the combined F ma  will be 
reduced from 0.29 to 0.25. It could also have some effect on the calculation of other reference points and should therefore not be. 
ignored as a potential source of bias. 

The evidence of a spawning mortality is not conclusive. The calculations are based on average values, but in the period 
studied there were large variations in fishing mortality rate, recruitment and, to a lesser degree, maturation which might affect the 
results. However, the observed male/female ratios are fairly consistent over the period. 

Another possible explanation for the change in male/female ratio with age is that mature males are targeted more in the 
fishery than mature females. To clarify this a comprehensive study of the catch at age data is needed and it could in practice 
prove difficult to distinguish between additional fishing mortality and additional natural mortality. 

Whatever the cause of the additional mortality on mature males, this together with the sex difference in maturation has a 
large impact on the male/female ratio in the spawning stock. If the female SSB is considered a better measure of recruitment 
potential than the combined stock, assuming that the latter is proportional to the female SSB will give biased results. 

Furthermore, if maternal effects shall be taken fully into account, spawning classes, size composition, condition etc. need to be 
considered. A measure of the female SSB and detailed data on its composition will then be required. 

The calculations show that in a pristine stock the numbers of male and female spawners are approximately equal. This 
indicates that a surplus of males is not needed to ensure that enough eggs are fertilized to give satisfactory recruitment. However, 

the pristine stock is far outside the range covered by the data and depensatory mechanisms could easily result in another 
male/female ratio. 

The results show that increasing the fishing mortality creates a surplus of males in the spawning stock. This means that 
there will be a large number of males which apparently are not needed to ensure fertilization of the eggs. These males will 
compete with the other mature fish for food which could have a negative effect on egg production and.quality. 

It is quite possible that taking sexual differences in maturation into account and using the female spawning stock as basis 
could have important consequences for management advice. Unfortunately, the historical SSB estimates for Northeast Arctic cod 

are not easily split by sex and a considerable effort is needed to establish a reliable time series of female SSB. It would also be 
interesting to see if other cod stocks show the same properties and to make further studies on the consequences of changing to 
the female spawning stock as basis for management advice. 
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Figure 3. Ratio male/female SSB 
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Figure 1. Yield per recruit 

Figure 2. Spawning stock biomass per recruit 
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Figure 6. Ratio male/female spawners 
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Figure 4. SSB relative to virgin SSB 
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Figure 5. Spawners per recruit 
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