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Biotic and abiotic factors that interact to influence feeding behaviorand feed intake in farmed fish



Natural food and its estimationThe relationship between the density and the individual growth rate is not linear but a curved regression. Since yield per unit area is a product of the average individual growth rate and the number of fish per unit area (density), the effect of density on yield is also not a simple one. As long as the rate of increase in fish density is higher than the rate of decrease in individual growth rate, yield increases. When the decrease in growth rate exceeds the increase in fish density, yield decreases.The optimum density is therefore that in which the fish utilize the natural food to give the highest possible yield per unit area. The determination of the optimum fish density in these cases requires a better knowledge of the amounts of available natural food in the pond, on the one hand, and the relationships between 1-the amount of food, 



Yield/area = Fish growth rate X No. fish/area (Density)increase in fish density is higher than the rate of decrease in individual growth rate, yield increases.the decrease in growth rate exceeds the increase in fish density, yield decreases.1- Yield/area = Fish growth rate < No. fish/area (Density)1- Yield/area = Fish growth rate >No. fish/area (Density)
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The amount of natural food available to fish in ponds (or anyother water body) can be estimated in three ways: (a) estimating the natural food stock in the pond; (b) estimating the amount of food consumed by the fish; and (c) estimating the food intake indirectly through a bioenergetic balance analysis, taking into account fish weight, fish growth rate and energy expenditure for maintenance.The first method seems to be the most direct one. However, difficulties involved become immediately apparent. The first question to resolve is:what is the natural food of a particular fish species?All organisms, plants and animals, in the pond (or any other biotope) form the 'biocenose' of the pond and can serve as food for various fishes. These organisms interact with each other, mainly through predator-prey relationships, but also through others, such as competition for food, space, etc. These relationships have been described in many papers in various ways such as 'food chains', trophic levels creating a 'food pyramid' (in which the biomass of the lower trophic levels, especially primary producers, is much larger than that of the upper trophic levels, the consumers), as having intricate interrelationships of a 'food web', or otherwise.





The biomass of each of the groups mentioned above can be determined and the 'biocenose profile' of the particular aquatic biotope thus obtained. However, from the nutritional point of view of the fish it is the production rate of these groups which counts, rather than the biomass at any given moment. When the production rates of each group of the biocenose is determined, the 'biocenose production profile' can be obtained. This is a long and tedious work and only very few studies gave the full biocenose profile, let alone biocenose production profile.The most noticeable differences are between the larvalstage, fry, and larger fish. Most fish feed in their young (late larval and fry stages) on zooplankton, even when the larger fish becomes herbivorous.Grass carp (Ctenopharyngodon idella), for instance, change from almost exclusively carnivorous to herbivorous feeding at a length of 25-30 mm. The same size was also found to mark the change in diet in gilthead bream, Sparus aurata, sea bass, Dicentrarchus labrax and the mullets Liza ramada, L. aurata and L. saliens. Also the diet of Indian carp (Labeo rohita) changesfrom zooplankton in the fry stage to phytoplankton in the adult stage. At a later stage, however, the trophic basis becomes more defined.



Food fish growth and fish yieldrelationshipsYield per unit area is a product of the individual growth rate and the number of fish per unit area (density). Since the individual growth rate is physiologically limited, the only way to increase yield per unit area is through increasing the density. As long as the amount of natural food exceeds requirements for maintenance and maximum growth, an increase in fish density (and thus also in standing crop) should not affect the individual growth rate of the fish. However, with the increase in standing crop the food requirement of the population also increases, until at a certain density/ standing crop food resources will be overloaded and will not suffice for both maintenance and growth. 



Since maintenance is vital, less food will be diverted for growth, and individual growth rate will decrease. Hepher (1978) defined this standing crop as 'critical standing crop' (CSC). When standing crop reaches a level at which natural food is sufficient only for maintenance and no food is left for growth, growth ceases entirely. This is the 'carrying capacity' of the pond for the particular species. The rate of decrease in individual growth rate as the standing crop increases over the CSC is at first smaller than the increase in fish density. Food fish growth and fish yieldrelationships



Yield therefore continues to increase, although not in proportion to the increase in density. At a certain standing crop, food demand for maintenance becomes so high that the decrease in individual fish growth rate becomes faster than the increase in density, and yield falls to reach zero at carrying capacity. If at standing crops above CSC the fish are fed supplementary feed of adequate nutritional quality, maximum growth rate will be maintained up to a point where some limiting factor in the feed will inhibit growth. Yield per unit area will thus continue to increase linearly with increasing density until the new CSC is reached. The larger the individual weight of the stocked fish, the higher the absolute food requirement for maintenance and growth. Food fish growth and fish yieldrelationships
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Therefore, while the instantaneous growth rate of large fish below the CSC is higher than that of small fish, a given amount of food will suffice for a smaller number of fish and with increasing body weight CSC and carrying capacity will be reached at lower densities. The relationships between CSC, carrying capacity and body weight are, however, quite obscure. One may expect that since the relative requirement of food for maintenance and growth decreases with increasing body weight, the available food will be sufficient for a larger standing crop (kg/ha) of large fish than of small fish. Food fish growth and fish yieldrelationships



However, farmers' experience does not support this. It has been noticed in practical fish farming that growth of fish ceases at a carrying capacity characteristic to the pond and method of its management irrespective of the average weight of the fish. Thus, for instance, if the carrying capacity of a pond is 150 kg/ha, at a density of 1500/ha fish will cease growing when they reach an average weight of 100 g, but 15 000 fish/ha will cease growing when they reach 10 g. In many cases it has even been observed that the smaller fish reach a higher carrying capacity than do large fish. This discrepancy may perhaps be explained by the higher efficiency of grazing and predation as the density increases . Using the above example, 15 000 fish each of 10 g have a greater capacity to graze or seek and catch prey than 1500 fish/ha of 100 g. Food fish growth and fish yieldrelationships



From the above discussion it is clear thatthe main factor determining the CSC and the carrying capacity is the productivity of the pond, the treatment it gets (fertilization and manuring) and supplementary feeding. It should be noted that supplementary feeding has no effect below the CSC since fish receive all their nutritional needs from the natural food. The amount of food to be supplemented above the CSC depends on the available natural food on the one hand and the  standing crop of fish on the other. The higher the standing crop, the less natural food can satisfy the fish nutritional requirement, and more supplementary food is needed to bridge the gap. It is obvious that for calculating the amount of supplementary feed required one must first estimate the amount of available natural food.Food fish growth and fish yieldrelationships







Food fish growth and fish yieldrelationships
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Heterotrophic nanoflagellates Pelagic food web into eight trophic



Food web for studied system. Arrows point from the prey to the predator DOM: Dissolved Organic Matter



The major factors influencing flesh composition of farmed fish. The factors that play a role in determining the composition and ‘quality’ of the fish that reach the market are :1- Intrinsic (relating to the fish themselves) .2- Extrinsic factors (relating to feeds and feeding and the culture environment)


