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Abstract 

Growth, survival, and feed conversion of the brown-spotted grouper Epinephelus 
coioides were determined in a series of four experiments dealing with different size 
ranges of fish, held at different stocking densities, in tanks and floating net cages. Early 
fingerlings (2-10 g size range) had higher specific growth rate (P<0.01) in cages, but their 
survival and feed conversion were not different (P>0.05) from those in tanks. Growth, 
survival, and feed conversion of advanced fingerlings (10-40 g) were not different (P>0.05) 

at stocking densities of 250, 500 and 1000 fish•m·3 in tanks. Yearlings (200-400 g) did not differ (P>0.05) in growth, survival, and feed conversion at different stocking densities (20, 

40, and 80 fish•m·3). However, these fish grew faster in cages (P<0.01), due to higher water temperature than in tanks, and their survival and feed conversion were not affected 
by the culture system. For the 400-800 g size range, stocking density (10, 20 and 40 

fish•m·3) and culture system had significant effects (P<0.01) on growth and feed conver­sion, where lower densities in cages gave the best results; and the responses to different 
densities were different in cages and tanks. 
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Some of the aspects that were examined by these studies included husbandry, 
breeding and larval rearing, nutrition, and diseases of cultured groupers. It is 
very likely that all species of groupers studied for various aspects under culture 
conditions in the tropical and semitropical regions belong to the same species. 

The main objective of the present study is to determine the husbandry and 
production parameters, including growth, survival, and feed conversion ratio of 
different size ranges of the grouper E. cowides, covering nursery and grow-out 
stages to market size of 800 g, in tanks and sea cages and at different stocking 
densities. This effort was undertaken to establish base-line production data for 
the purpose of determining the technical and economic feasibility of commercial 
mass production of this fish in Kuwait. 

Materials and Methods 

The fish in the following series of four experiments were obtained from 
natural spawning of grouper brood stock in 90 m3 concrete tanks at the Mari­
culture and Fisheries Department of the Kuwait Institute for Scientific Re­
search. The spawning season normally occurred from April to July of each 
year. Fertilized eggs were collected and hatched in small nets, then the larvae 
were reared in 4 m3 tanks on a diet of rotifers and Artemia nauplii as de­
scribed earlier by Hussain and Higuchi (1980), with few modifications. The 
seawater supplied to the tanks was obtained from wells sunk in the sandy 
beach and had constant temperature year-round ranging from 24-27 °C. Circu­
lar fiberglass tanks were used; all tanks were supplied with continuously flow­
ing seawater and aeration through diffusers or airlifts. Floating cages were sus­
pended on pontoons and the cage system was protected with floating breakwa­
ter. In all tank and cage experiments, each treatment was replicated three 
times. The average weight of the fish in each tank or cage was determined 
initially and at the end of each experiment. The fingerlings were all weaned 
earlier in the hatchery to accept dry pellets before being used in this study. 
The fish in all experiments were fed to satiation on a commercial formulated 
dry-pellet feed with 45% crude protein (Aqualim, France). The following equa­
tion was used to calculate the specific growth rate, SGR = 100 x (ln (final 
mean body weight) - ln (initial mean body weight)) + (number of days). The 
condition factor was calculated as body weight + (total length)3 xlOOO; this was 
determined by individually weighing and measuring 50 fish at the start of the 
experiment and from each tank or cage at its end. The data were analyzed 
with one-way and two-way (with replication) analysis of variance procedures 
using the statistical package Statistica on a PC. 

Experiment I: Nursing of early fingerlings in tanks and cages 

In this experiment, performance of early fingerlings (initially weighing 
about 2 g and ending with about 10 g) in terms of growth, survival, feed con­
version, and condition factor was determined in 1 m3 land-based tanks and 
floating sea cages at a stocking density of 1000 fish· m·3• The purpose is to
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mostly higher than in tanks due to higher temperature in cages through out 
the production season (April to November) in which these experiments were 
carried out, but survival rate was not significantly different between tanks 
and cages. Ellis et al. (1997) found that higher seawater temperature resulted 
in increased growth of juvenile Nassau grouper (E. striatus) due to significant 
increase in feed consumption. They also found that survival of 3.2 g finger­
lings reared for 63 days was high (96.4-100%) and was not significantly differ­
ent at the tested temperatures (22-31 °C). However, in Kuwait, ambient sea­
water temperature decreases to below 20 °C during winter (December to 
March), and may reach below 13 °C in some years, resulting in severe mortal­
ity of E. coioides fingerlings, especially in cages. Growth and survival during 
winter in tanks supplied with warm well water was found to be superior to 
that in cages (Thani A. Ahmad, unpublished data). Therefore, the advantages 
offered by cage culture during the growth season are not realized throughout 
the year, and winter mortality in cages remains a problem in need of further 
research. 

The stocking densities used in the nursing and early yearling's experi­
ments in this study did not have significant effects on growth or survival 
upto 400 g in body weight. However, higher stocking densities in the 400-800 
g size range resulted in significant reduction of growth in cages. In an earlier 
study, Abdullah et al. (1987) nursed fingerlings of E. tauvina (currently 
known as E. coioides) in raceways from 17.1 to 63.7 g in 53 days with no 
apparent differences in growth and survival at densities of 200 and 400 
fish· m·3; they concluded that maximum loading rate was not reached in their
experiment and higher densities should be tried. In the present study, we tried 
higher densities of upto 1000 fish· m·3, and achieved a final loading level of 
31.2 kg·m·3 without adversely affecting the growth or survival rates, thus 
indicating that even higher densities could be tried during the nursing stage. 
Abdullah et al. (1987) also compared production at densities of 5, 20 and 60 
fish· m·3 in which they grew fish in raceways from 150 to 770 g in 215 days.
Highest growth was achieved at 5 fish· m·3 in their experiment, and they rec­
ommended using a density of 60 fish• m·3 for commercial production because it 
resulted in the highest production level per m3

• In the present study, increas­
ing the density of 400-800 g yearlings from 10 to 40 fish· m·3; resulted in low­
ering the growth rate in cages from 6.07 to 4.93 g·f1 ·d·1, respectively. Chua
and Teng (1978) determined that a stocking density of 60 fish· m·3 was opti­
mal for commercial production of E. salmoides in floating net-cages in Malay­
sia because it combined the high growth and survival rates of the lower den­
sities (15 and 30 fish· m·3) with the high net-yield and production of the
higher densities of 90 and 120 fish• m·3• In a later publication, Chua and
Teng (1980) indicated that net production could be substantially increased by 
a combination of adding hiding space, high stocking densities, and enhance­
ment of feeds and feeding regimes. 

Survival rate in all the present experiments was high (73-100%) and was 
not affected by either stocking density or culture system. Other factors were 
also examined in the literature and were found not to affect grouper survival. 
In a weaning study, Chou et al. (1987) achieved 75-96% survival rate of E.
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