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AnsTRACT. Three expcriments during a growing season ol 210 days
(April-October) in Al Hassa region of Saudi Arabia demonstrated that
Nile tilapia (Orcochromis niloticus L.) could be grown from an average
weight of 20 g to over 300 g in concrete tanks giving a production of about
20 kg/m* with a stocking density of 64 lish/m*. Drainage water was flowing
through the tanks at the ratc of 1 L/min/kg fish biomass, the tanks were
uniformly acrated and a commercial [ish feced with 34% dictary protein
was fed to the fish. To provide 20 g fingerlings for early stocking, the
fingerlings should bc produced in September - October and overwintcred
for carly stocking in April. The fingerlings produced and stocked in the
samc growing scason will not rcach a minimum marketable weight of 250
g.

The fingerlings (av. wt. 4 g) stocked at a density of 40/m* in triplicate
tanks attained an average weight of 544 g with a corresponding yicld of
21.7 kg/m* in 415 days. Avcrage food conversion ratio was 2.16. In
another experiment 64 fish/m™ with an average weight of 19 g were
stocked in duplicate tanks and reared for one full growing scason. An
average weight of 361 g and average yicld of 23.1 kg/m* were obtained.
The average food conversion ratio was 2. 14. In the third study the fish had
an average weight of 40 g and werce stocked at a density of 42.6/m” in
duplicate tanks. They attained an average weight of 323 g in 164 days
which gave an average yicld of 13.4 kg/m*. The food conversion ratio was
1.96.
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Tilapia culture is a very recent practice in Saudi Arabia. Since 1977 four species of
tilapia - Tilapia zilli, Oreochromis spilurus, O. niloticus and O. aureus have been
introduced. O. niloticus has become the most popular species for freshwater
culture. The culture of T. zilli, O. spilurus and O. aureus was also tried in seawater
cages near Jeddah (Osborne 1979). In view of the limited resources of freshwater
in Saudi Arabia possibilities of utilizing drainage water from Al Hassa oasis for
fish culture were investigated and O. niloticus and O. aureus were successfully
raised to marketable size (Siddiqui 1983, Siddiqui and Adam 1985, 1987, Siddiqui
and Howlader 1987). In these studies low density culture was practiced, but in
view of the availability of cheap energy, long growing season and good market
price for tilapia, it was realized that informaion for intensive culture of tilapia
should be developed.

In Saudi Arabia the optimum temperature for tilapia growth is available for
210 days (April - October). The preferred marketable size for tilapia is about 300
g. No information is available on management strategies for raising tilapia fish to a
marketable size in intensive tank culture. Therefore, the objectives of the present
study were to grow Nile tilapia, O. niloticus, at high densities to marketable
weight of about 300 g, giving an yield of 20 kg/m? in one growing season. Culture
strategies to be followed in regard to fingerling size and stocking density were
investigated in three experiments.

Materials and Methods

Drainage water

Al Hassa oasis has an elaborate drainage system running parallel to the
irrigation system. There are three main canals. Drainage canal 1 (D1), the source
of water for the present fish culture, is the main drainage canal and drains the
western side of the oasis. The water discharge in this canal ranges from 2 to 7
m?second, and the salinity of the water ranges from 3.2. to 4.8 ppt (Siddiqui 1983)
in different months of the year.

Experiment |

The fish were reared for 415 days, from July 11, 1985 to September 1, 1986 in
three tanks (8 X 5 X 1 m) with a water depth of 50 cm in each tank. 800 fingerlings
with an average weight of 4 £ 0.1 g were stocked in each tank. Water was pumped
directly from the drainage canal into each tank and a flow-through system was
established in each tank maintaining a flow rate of about 1 L/min/kg fish biomass,
except in winter months (November-March) when tank water was changed once in
the morning and once in the evening. From April to September 1986 the tanks
were continuously aerated.
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A commercial fish feed with 34% crude protein was fed to the fish at the rate
of 6% body weight daily, from July 11 to July 31, 1985, but as the fish grew in
weight the feeding rates were adjusted to 5% (August to October, 1985), 3%
(April 1 to June 9, 1986) and 2% from June 10 to September 1, 1986. The food was
offered in the morning and evening, initially seven days a week, from July 11 to
September 11, 1985, then six days a week afterwards. From April 1986 to August
1986 the fish were fed four times a day. The rate of feeding was adjusted every two
weeks based on average weight of 20 fish from each tank. In winter months
(November 1985 to March 1986) the rate of feeding depended upon water
temperature. When temperature was 15.9°C and below there was no feeding;
from 16.0 to 19.9°C, 1% of the body weight; 20.0 to 21.9°C, 1.5%; 22.0 to 25.9°C,
2%.

At the end of the experiment, 50 fish were randomly selected from each tank
and were individually measured, weighed and sexed. From this data average and
total weights of all fish, males and females in each tank were estimated.

Experiment 2

This study was conducted in two tanks, each measuring 2.5 X 1.5 X 1.2 m and
holding 3.75 m?. A continuous flow rate of about 1 L/min/kg fish biomass was
maintained. In each tank 240 fingerlings with an average weight of 19 = 0.5 g were
stocked on March 31, 1986 and harvested on October 29, 1986 (210 days).
Continuous aeration was provided in each tank.

The commercial fish feed offered was the same as that fed in Exp. 1. The fish
were fed at the rate of 5% (April 1 to May 5, 1986), 3% (May 13 to October 1,
1986) and 2% (October 2 to October 29, 1986) of body weight daily. The food was
offered in equal amounts four times a day and six days a week. The feeding rate
was adjusted every two weeks as in Exp. 1. At the end of the experiment
individual weight and sex of fish from each tank were determined.

Experiment 3

For this study two tanks (3. 75 m®) were stocked with fingerlings of O.
niloticus averaging 40 + 0.94 g at a density of 160/ tank (42.6/ m *) on March 31,
1985 and reared for 164 days. Water flow and aeration were similar to Exp. 1 and
2. The fish were fed the same commercial fish feed as used in previous experiments
at the rate of 3% of body weight daily. The ration size was adjusted every two
weeks as in Exp. 1 and 2. The fish were fed daily except on sampling days,
morning and evening for initial four weeks, then four times a day and six days a
week. After 164 days all fish were harvested, counted and weighed.
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Water analysis

Maximum-minimum water temperatures, dissolved oxygen (DO), pH and
ammonia levels were measured daily, and biochemical oxygen demand (BOD),
total alkalinity (as CaCO3) and salinity were determined weekly in one tank in
each experiment. All measurements except ammonia were made according to the
American Public Health Association Standard Methods for Water Analysis (1975)
usign a HACH water analysis kit. Ammonia was determined according to the
method of Boyd (1979) and salinity by a salinometer.

Results

Experiment 1

Data on stocking rate, survival rate, initial and final mean weights, average
daily gain (g/fish/day) and food conversion ratio are given in Table 1. Growth
curves are shown in Fig. 1. Survival rates were 99.7%, 100% and 99.5% in three
tanks. The mean final weights per fish in three replicate tanks were 537 g, 562 g
and 533 g with average daily gain of 1.28 g, 1.35 g and 1.27 g respectively. The
food conversion ratios were 2.14, 2.15 and 2.14 and the yields were 21.4 kg/m°,
22.5 kg/m’ and 21.2 kg/m>.

Experiment 2

A summary of data is given in Table 1, and the growth curves are shown in
Fig. 2. No mortality was recorded. The mean fish weights in 210 days were 372 g
and 349 g. Average daily weight gains were 1.68 g and 1.58 g. The food conversion
ratios were 2.11 and 2.16. The total yields were 22.8 kg/m® and 22.3 kg/m>.

Experiment 3

The results are given in Table 1 and growth curves are shown in Fig. 3. In 164
days the average final weights in duplicate tanks were 322 g and 325 g with average
daily gains of 1.71 g and 1.72 g and total yields of 13.2 kg/m® and 13.3 kg/m®. The
food conversion ratios were 1.93 and 1.99.

Discussion

In Al Hassa region of Saudi Arabia a survey was conducted to find the
preferable market size for cultured tilapia (Siddiqui 1983). It was found that
people of diferent ethnic origin preferred fishes of different sizes, but the most
popular size was 300 g and above.
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The growing season for tilapia in Al Hassa region is 7 months, from April to
October. The present study showed that tilapia fingerlings with initial weight of 19
g (Exp. 2) and 40 g (Exp. 3) reached marketable weight of about 300 in 210 days
and 164 days respectively. The experiment with small fishes (Exp. 1) started late
(July, 1985) and therefore these fishes were reared for 111 days only in 1985
growing season. The average initial weight was 4 g and final weight after 111 days
was 73 g. The large fishes (Exp. 3) were cultured for 164 days and at the end of the
experiment the average weight was 323 g. The medium size fishes were grown for
210 days and their mean weight was 361 g (Table 1). If it was assumed that the
growth for the small fish beyond 111 days proceeded in a generally linear fashion,
as that of medium size fish, for 210 days then the small fishes would have attained
an average weight of 250 g (Fig. 4). Thus, it becomes apparent that to reach a
marketable size (about 300 g) in one growing season (210 days), the initial stocking
average weight of Nile tilapia should be about 20 g. To achieve this objective the
fingerlings produced in September and October should be overwinterd and
stocked in growing tanks in the last week of March when the water temperature
rises above 20°C. Fingerlings produced in the same growing season can not reach
the marginal marketable weight of 250 g in the remaining days of the season in
high density culture.

Table 1. Data on stocking rate, growth and yield on Nile tilapia under differentt culture treatments

Number and weight of fish

Duration Average
of At start At end daily
Experiment gain FCR Yield
No. of Mean No. of Mean
fish weight fish weight
(days) ® ® g/t/day (kg/m®)

Experiment I

415 800 (40/m*) 4 798 537 1.285 2.14 21.4
415 800 4 800 562 1.346 2.15 22.5
415 800 4 796 533 1.247 2.18 21.2

Experiment 2
210 240 (64/m*) 19 240 372 1.681 2.11 23.8
210 240 19 240 349 1.579 2.16 22.3
Experiment 3

164 160 (42.6/m*) 40 154 322 1.708 1.93 13.2
164 160 40 153 325 1.725 1.99 13.3




154 A. Q. Siddiqui et al.

The sex ratio of the fish in three experiments was 1 : 0.46 (' : Q). At the end
of Exp. 1 the average weight of males was 635 = 120 g and females 344 *+ 67 g.
Similarly in Exp. 2 the males average weight was 399 + 42 g and the females
average weight was 248 * 23 g. Better average weight and yield were possible if
males were more in the population. From these experiments it also became
evident that to obtain an yield of about 20 kg/m?® in flow-through tanks in one
growing season of 210 days a stocking rate of 60 fish/m>® with an average initial
weight of about 20 g is required. In case the initial weight of fingerlings is about 40
g, the same yield could be obtained by stocking 50 fish/m?.

The survival rates ranging from 95.6 to 100% were exceptionally high
indicating that optimum environmental conditions were available to the fish. The
growth rates recorded during the present study appear to be comparable to those
reported for tilapias (Balarin and Haller 1982). A good growth performance
appears to be because of the availability of optimum temperature of 26 to 31°C
during the growing period (April - October).

Lauenstein (1978) and Balarin and Haller (1982) reported production of
tilapia of 120 kg/m” in tank culture. However, at these densities growth inhibition
was often noted. In such practices a large quantity of water is required, and in view
of scarecity of water in Saudi Arabia such production levels are not possible.

The food conversion ratio ranged between 1.93 and 2.18 in different tanks
and appears to be comparble to values reported for tilapias in other studies
(Balarin and Haller 1982). Generally the smaller fishes were more efficient in feed
utilization than larger ones.

The monthly average maximum water temperature ranged from 18.1 in
January to 31.3°C in July (Figs. 5 and 6). During the growing period (April -
October) the maximum water temperature ranged from 26.9 to 31.3°C. The
temperature remained suitable for tilapia survival and growth and did not drop to
lethal limits in winter. The monthly average maximum temperature remains above
18°C and feeding and growth have been reported at 16°C and above, though at
reduced levels. Other environmental parameters like pH, total alkalinity and
dissolved oxygen levels were within optimum limits of tilapia survival and growth
(Figs. 5 and 6). Nile tilapia is euryhaline (Wohlfarth and Hulata 1983) and its
culture in salinities of 8-10 ppt gives better growth than in freshwater because at
this salinity no energy is spent for osmoregulation. The salinity of drainage water is
about 4 ppt and this might have effected better growth than in freshwater. The
ammonia levels never build up to critical levels. The exact lethal level of unionized
ammonia for tilapia is not known, but it is generally believed that tilapia and
channel catfish have relatively higher tolerance for ammonia. 24 h lethal limit for
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channel catfish is 2.766 mg/L of unionized ammonia (Robinetter 1976), and its
growth is affected at a level of 0.12 mg/L. Such ammonia concentrations were not
built up in these experiments indicating that culture condition appears to be
satisfactory.
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Fig. 1. Growth of O. niloticus in three replicate tanks at a stocking rate of 40/m> with initial average
weight of 4 g.
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Fig. 2. Growth of O. niloticus in two replicate tanks at a stocking rate of 64/m> with an initial average
weight of 19 g.
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Fig. 3. Growth of O. niloticus in two replicate tanks at a stocking rate of 42.6/m* with an average
weight of 40 g.
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Fig. 4. Growth curves of O. niloticus reared in tanks with different starting sizes. The broken lines
represent extrapolation of growth for 210 days.




Management Strategics for Intensive Culture... 159

E 3.9 L_+/+\ _+\/ /+\+\+\+/+
b B / L1
o 07 | +\ 0105,
g — / \ + /+_+—_+ 0.08 ;
g 0.5 _l / \4 / 0.06 zm
| | | |

é 280 |- + +\
g 200 \ +\+/ +
g | [T T T N N B L1
E 70 L
T L i e o e B e S
< I R R L1 |
. 25 | +\+ . +_+/+-—‘+*+
E’ 15 —4\+/ = +——-+——-—+~}/
8 ] | | l—lF\l l | | | ] ] ] ]
] 55 |- /1' +"’?\+\+
3 by
£ a5 |- +\+/§\§__,
8 | | I | | I | | | 1 I.

30 |4 \+ P L

— *’ o

5 k. N +/*j;, 4=t
é 20 | N ﬁ\min +\+/+ //%
g M v
: “omom
. °r [ R t L

J A S O N D J F M A M J J A
1985 Months

Fig. 5. Water quality paramcters in a rearing tank with 40 fish/m® (mean * SD).
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