











































































































DISCUSSION

The present study revealed that larval growth rates were high
over a wide range of temperature (26-32°C) and that survival
remained high at temperatures over the entire experimental
temperature range (22-33°C). These results complement previous
observations (Greenwood 1955, Donnelly 1973, Van der Waal 1972,
1978, Babiker 1984) demonstrating C. gariepinus to be an

extremely eurythermal species. The eurythermality of the larvae
may be interpreted as an adaptation facilitating the reproduction
of this fish, which spawns under unstable environmental
conditions which accompany rain and flood (Greenwood 1957, Holl
1968, Bowmaker 1973). During this period temperatures may
fluctuate widely, however the temperature tolerance of the larvae
enables them to efficiently exploit the newly inundated
floodplain environment, in which competition and predation are

low and food resources probably abundant.

With regard to (Clarias culture, the high growth rates and
condition factor of the larvae recorded between 26 and 33°C
indicate that this temperature range is optimal for larval
rearing. The growth rates obtained in this study correspond
well with the observations by Hogendoorn et al. (1983) who found

that juvenile (0.5g) Clarias lazera (recently synonymised with

Clarias gariepinus (Teugels 1986)) grew best between 27.5 and
32.5°C with satisfactory growth at 25°C. Although larvae were not
grown at temperatures above 33°C in the present study, Hogendoorn

et al. 1983 showed that growth rates decrease sharply above this
level and that at 35°C some fish displayed scoliosis. (This
deformity, which is commonly associated with heat stress, was
probably caused by a lack of vitamin C).

The present results show that the size variation of larval C.

gariepinus is affected by temperature. This has implications with

regard to cannibalism, which is promoted by increasing size

variation (Hecht and Appelbaum 1987b). Size variation was shown
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facilitates extremely high stocking densities and yields perx
~hectare. For example, in Thailand (Clarias batrachus stocking
densities of 100 000 - 500 000 and yields of 100 tons per hectare

are reported for static pond culture (Panayotou et al. 1972,

Sidthimunka 1972, Areerat 1987). The water quality parameter
limiting intensive catfish production is, therefore, likely to be

the level of ammonia in the water.

High levels of ammonia, sometimes encountered in aquacultural
production, may cause suppressed growth (Brockway 1950, Kawamoto
1961, Burrows 1964, Larmoyeaux and Piper 1973, Holt and Arnold
1983, Colt and Tchobanoglous 1976, Alderson 1979, Sadler 1981),
sub-lethal histopathological changes (Burrows 1964, Flis 1968a&b,
Smart 1976, Thurston, Russo, Leudtke, Smith, Maine, Chakoumakos,
Wang and Brown 1984) and even death. These effects usually occur
under conditions of high stocking density and intensive feeding.
For effective water quality management in intensive fish culture
systems, it 1is therefore necessary that the 1levels of ammonia
toxic to the cultured species be known. The levels of ammonia
tolerated by catfish, although reputedly high, had not previously

been quantified.

The toxicity of ammonia to fish is well documented (see review of
Alabaster and Lloyd 1980). Aqueous ammonia exists in a dynamic,
primarily pH dependent, equilibrium between the ionised (NH4+),
and unionised form (NH3) (Emerson, Russo, Lund and Thurston 1975,
Alabaster and Lloyd 1980). The toxicity of ammonia depends
principally on the NH; fraction, and NH4+ is considered
relatively harmless (Wuhrman and Woker 1948, Downing and Merkens
1955, Lloyd 1961). The differential toxicity of the two forms of
ammonia is ascribed to the ability of the uncharged, 1lipid
soluble NH; molecules, to readily diffuse across the gill cell
membranes, whereas the charged NH4+ molecules, which are hydrated
and larger, do not readily pass through the charge 1lined
micropores of the gill membrane (Fromm and Gillette 1968, Hampson
1976). High internal concentrations of NH3 affect intracellular

and blood pH, adversely affecting the oxygen binding capacity of
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