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6.
Results:
a) 
Co‑ordination and Participation in the ICES Year of the Stomach Programme

Stomach contents of commercially important predatory fish in the North Sea, including the pelagic 0‑group gadoids, were collected and analysed and the results were incorporated into databases. The findings provide the fullest picture yet of the feeding biology of North Sea fish. The data have been analysed to estimate the mortality rates inflicted by fish species on each other. This information has been used by the ICES Multispecies Working Group to provide multispecies assessment of North Sea fish stocks and to test critical assumptions of multispecies methodology.

The stomach content data for the pelagic 0‑group gadoids revealed high levels of interspecific predation, particularly by cod and whiting and to a lesser extent by haddock and saithe. Whiting also exhibited high levels of cannibalism. Predation rates are probably of a sufficient magnitude to have a substantial influence on survival and recruitment in gadoids. The findings indicate a major change in the feeding pattern of pelagic 0‑groups from the time of the gadoid outburst in the mid‑seventies, when the 0‑groups fed almost exclusively on planktonic invertebrates.

b) 
Ecological investigations of feeding in fish and the factors which affect the quality of stomach sampling surveys.

Most ICES fish and stomach sampling surveys in the North Sea are restricted to relatively smooth grounds where the chance of trawl damage is reduced. Since prey type varies with sea bed type this could lead to biased estimates of feeding. Charter and research vessel cruises to compare the feeding of fish on rough and smooth grounds in the North Sea were undertaken to investigate possible biases. With the aid of rockhopper gear and expert local knowledge, it was found that cod off the northeast coast were several‑fold more abundant on rough than on smooth grounds and prey type also varied considerably.

Bias due to feeding in the trawl was investigated using a method based on the relative proportions of fresh and partially digested prey in the stomach. The problem was most severe in pelagic trawls towed at slow speed, but some feeding did occur in the standard trawl used on ICES surveys. The use of a fine mesh cover rather than a liner offered a means of separating the large and small fish and reduced the chances of the larger fish feeding during trawling.

c) 
Gastric evacuation experiments

The amount of food eaten by fish and its rate of elimination from fish stomachs are essential parameters required for multispecies assessment models. Experiments were undertaken to investigate the effects of a range of variables, including temperature, prey type and mixtures of different prey, on gastric evacuation and prey selection in fish. There were considerable differences in the evacuation of different prey types and there is a need to employ correction factors when computing feeding rates in order to allow for the rates at which different prey pass through the stomach. Ideally there should be a separate correction factor for each genera but this would be impractical. In general, correction factors for the main categories of prey, such as fish, soft bodied organisms like annelid worms and organisms with a hard exoskeleton such as Nephrops should be sufficient.

Results also indicate that when there are combinations of different prey present in the stomach, this can influence the relative digestion rates of the various prey types, but only to a small extent.

A problem implicit in the design of most gastric evacuation experiments is the censoring of the results which can lead to the impression that gastric evacuation slows down with time during the course of digestion of a meal. A model was developed which enabled the degree of censoring to be estimated.

The implications of the gastric evacuation experiments and the ecological feeding studies were incorporated into a wide ranging review paper on the role of gastric evacuation experiments for estimating the feeding rates of fish.

7.  
Overall conclusions

Overall the project has generated substantial insights into the feeding ecology of marine fish and has highlighted areas where the methodology of stomach sampling surveys could be improved. The work has enhanced the analytical techniques and methods employed to analyse, interpret and implement the results of gastric evacuation studies in order to estimate the feeding rates of North Sea fish populations. It has provided essential components for collaborative international research on multispecies assessments conducted by ICES.

8.
Targets and outputs

9.
Uptake and implementation:

MAFF's contribution to the ICES stomach sampling programme, along with contributions from other EU participants, has significantly enhanced the multispecies approach to fish stock management by allowing assumptions of the assessment techniques to be validated and by improving the precision with which predation can be measured. In particular, the key assumption of the multispecies model that 'suitability is constant' has been shown to be reliable, enabling multispecies assessments to be implemented without the need for collecting stomach content data every year. The research findings have expanded our scientific understanding of feeding interactions in fish and the knowledge, ideas and concepts generated during the life of the STA will be used within ICES for the provision of multispecies fisheries management throughout the nineties.

10.
Further work:

The need to improve the design of stomach sampling surveys to enhance the quality of the feeding data used in MSVPA is an area of work that will undoubtedly gain in prominence. There is scope for expanding research on the effect of substratum on feeding, and quantifying other factors, such as feeding in the trawl and regurgitation. Statistical analysis of appropriate sampling intensity and the effects of area also needs to be carried out. Such work will be fruitful from the standpoint of improving the quality and reliability of multispecies models.

Theoretical aspects which need improvement include the establishment of the principles governing the ecology of feeding interactions. The concept of suitability and switching between prey depending on abundance are two important aspects needing further attention, as are the mechanisms that limit feeding competition and the extent of cannibalism. The current emphasis on the use of disagregated data in fisheries modelling will increase the need for information on the effects of area on feeding. The influence of climatic change is also likely to be of concern since not only are the distribution patterns of the predators likely to be affected directly, but also indirectly through variation in the distribution and abundance of their prey species.

Expansion of the 0‑group studies will be profitable since this is a stage when mortality levels are high and feeding interactions could have considerable bearing on recruitment. The identification of settlement areas where gadoids descend to the bottom during the change from a pelagic to a demersal habit is a priority. Such areas might contribute the bulk of the fish which recruit into the commercial fisheries. If so, environmental policies will need to be developed for the protection of such areas. Policies curtailing beam trawling and industrial fishing on the nursery areas could be critical for the preservation of North Sea gadoids‑ particularly cod.

Although a source of considerable mortality, it has not yet proved possible to incorporate pelagic 0‑group data directly into multispecies models. This is an area requiring further investigation since it might be possible to use data on 0‑group abundance and feeding interactions to provide an early estimate of recruitment. Investigation into the reasons for the differences in feeding of the pelagic 0‑groups between the seventies and the nineties might provide insight into productivity changes in the North Sea, which could influence the ability of stocks to recuperate from over‑fishing.

There are a number of aspects of the gastric experimental work that need further attention. The shape of the gastric evacuation curve is still controversial. The effects of mixed meals and multiple meals and the

establishment of correction factors to allow for differences in the evacuation rates of different prey needs implementation.
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