Summary and Conclusions

The MACOM project had the following four objectives: 

1. To compare the viability of the offspring of recruit (first-time) female spawners with that of the offspring of repeat (elder) female spawners of Atlantic cod.

2. To examine variations in the viability (survival, growth, condition) of the offspring of individual pairs of cod.

3. To analyse the demographic structure (age, sex and maturity structure) of selected European cod stocks by means of historical data sets.

4. Based on the results of objectives 1, 2 and 3, to evaluate the possible effects on cod recruitment and implications for fishery management.

The first two points were examined by means of rearing experiments in 2000 and 2001 in large marine enclosures (mesocosms: 2500 and 4400m3), and comparing measures of viability between individual offspring originating from first-time and second-time spawning females and between the offspring of parents within each group. After termination of the mesocosm experiments, growth was followed until maturation, when fecundity (egg production) was measured and compared.   

Data on size, weight, RNA/DNA ratio, survival and microsatellite markers were analysed for differences in growth and condition between years, mesocosms and spawning background. Plankton concentrations in the mesocosms were measured by standardised sampling procedures. Plankton concentrations and species composition varied during the rearing periods and between the mesocosms. Clear relationships between plankton concentration and the growth and nutritional status of larvae/juveniles were observed.

The viability of offspring from recruit versus repeat female spawners in the mesocosms

Small but significant differences in viability measures were found between the offspring of recruit and repeat female spawners in the mesocosms. In contrast to what we expected, the offspring of recruit female spawners were largest. However, this and the other relevant experimental results should be regarded in the light of the specific broodstock characteristics (length and condition) of the groups, which are outlined below.   

In the full-sibling 2000 experiment, the offspring of the recruit spawners were generally significantly larger and heavier than the offspring of repeat spawners. In most cases, the RNA/DNA values did not show any significant differences between the offspring of recruit and repeat spawners, which means that their nutritional condition at the time of sampling should not be considered to have been affected by being an offspring of a recruit or a repeat spawner.
On most of the sampling dates in the half-sibling 2001 experiment, the offspring of the recruit spawners were larger, heavier and in a better nutritional condition, but it should be remembered that the number of repeat spawners introduced to the mesocosms was nearly 20 times less than recruit spawners.

The results indicated that there was little difference in mortality in the mesocosms between the offspring of recruit and repeat spawners in 2000 and 2001.
It is noteworthy that in these experiments the spawners used were of similar sizes, and the results cannot therefore be directly compared with a natural situation. In natural populations repeat spawners are usually larger and produce larger eggs than recruit spawners. 

Our results indicate that spawning experience is not per se a main parameter for determination of survival and growth of the offspring, given that the size and condition of the broodstock are similar. However, our results suggested that egg size might positively influence survival rates, which gives some backup to the “bigger is better theory” (note that several previous studies show that larger fish typically produce larger eggs). It should also be mentioned that repeat spawners in the field normally produce more eggs per gram body weight, which means that they will be more successful even if egg and larval survival are similar between the two categories of females.

Differences in viability between families in the mesocosms

The differing temperatures and food densities encountered in the two mesocosms strongly influenced mean family size, weight and nutritional condition (RNA/mg muscle tissue, RNA/DNA ratio and pyruvate kinase activity) as determined in the larval and juvenile Atlantic cod.  The amount of lactate dehydrogenase activity measured did not show any significant differences between the mesocosms, although there were significant differences between families within mesocosms.  This suggests that the observed variability in growth and condition of cod larvae reared in mesocosms may be more highly influenced by environmental conditions than by genetic or maternal effects.
Differences in egg size and egg energy content were reflected in differences in growth during the mesocosm period. After termination of the mesocosm period and transfer to indoor tank rearing, differences in egg size and egg energy content were gradually masked by differences in the growth potential of different families. As a result, the position of the different families in a size rank hierarchy might gradually change. Some families could hatch as the smallest larvae and grow to become the largest juveniles, or vice versa. There was thus no relationship between size at hatching and length after two years. However, it should be noted that a size differential mortality in nature would probably offer an advantage to large larvae. Survival was generally determined as early as at the week 1 sampling, with parallel mortality in both mesocosms for some of the families. This indicates large differences in larval survival ability between families. The differences in survival at week 1 may have been due to genetically determined differences in survival ability but they could also be caused by differences in egg quality or transport stress.

Maternal, environmental and non-additive genetic effects 

Some conclusions about maternal effects can be drawn, although our breeding design does not allow the separation of maternal from environmental and non-additive effects. The difference between the variance explained by dams and sires is an indication of whether dominance and/or maternal or common environmental effects make a significant contribution to the overall phenotypic variance. This difference between sire and dam variances decreased from about 16% in week 1 to 9.6% in week 8, probably as a result of the increasing influence of environmental factors in the mesocosm on the expression of length and weight in the course of development. This trend might also reflect in part the decreasing effects of maternal features, although the common environment of different families during egg incubation and hatching in the hatchery may have increased this estimate in week 1. This decrease is less pronounced than either the dam effect or the sire effect on its own, potentially suggesting that maternal (and/or non-additive) effects may be more persistent in their influence on the phenotype than additive genetic effects. 

Growth and fecundity in the tank experiment

At the termination of the year 2000 tank experiment the offspring of repeat mothers had, on average, higher weight, length, condition factor, and fecundity than those of recruit mothers. However, detailed analysis of the data revealed that these differences were results of family differences rather than differences between repeat and recruit mother offspring. In the 2001 experiment the number of repeat mother offspring was too few to make any reliable repeat-recruit comparisons. However, the experiment showed family level differences of a similar kind as observed in the 2000 experiment. The experiments also showed that whether a fish matured at an age of two or remained immature could be related to family group.

Analysis of field data and management implications 

Historical time series of spawning stock size and composition by sex for Northeast Arctic and Eastern Baltic cod were compiled, and the consequences for management strategies were discussed.
Although the outcome of the project was not quite as expected, the work carried out by Macom has had a considerable influence on Norwegian-Russian joint efforts to establish a more reliable historical time series for the Northeast Arctic cod stock. Both maturity ogives and mean weights at age were fixed values in the data base until the early 1980s, and the revision of these parameters has led to considerable revisions in the historical time series of spawning stock biomass, e.g. the spawning stock in 1946 is now thought to have been only about half as much as was previously assumed. This will obviously have implications for the revision of the biological reference points that are used as a basis for management advice.

The results of the analysis performed on Eastern Baltic cod, showed that: i) biomass is not a reliable estimator of observed egg production and recruitment ii) FSSB (Female Spawning Stock Biomass) and PEP (Potential Egg Production) are significantly related to egg production in the field, with the PEP explaining ~13% more of the variance iii) accounting for the proportions of recruit- and repeat spawners does not significantly improve the explanatory power of FSSB and PEP, and iv) the combination of environmental variables and advanced measures of reproductive potential proved to be the most reliable predictors of recruitment success.

