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SUMMARY

The present study was conducted to investigate the optimum managerient conditions required for
the culture of red tilapia reared in net-enclosures (hapas) fixed in 14 feddan (5.9 ha) marginal area at
Southwest Basin of Lake Mariui, Egypt. The resuits indicated. that :

The least cost of distary protein from soybean meal could be-used in replacement of the expensive
protein sources (fish or meat meal) for formulation of practical diets with no apparent loss in fish
growth and feed utilization parameters ; 2) the more frequent feeding with correspondingly smaller
amounts must therefore be given over other methods for red tilapia culture; 3) feed quantity and
feeding frequency are a strong determinant for fish growth and production, and 4) using demand feeder
gives the fish chance to obtain at all times the focd it requires, ensure the optimum management
conditions for red tilapia growth and production, After 10 weeks rearmg period, fish advanced fry
gained 10.53 -17.58 g . (fingerlings) and yielded about 1.67 - 3.29 kg/m’
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INTRODUCTION

Although there is considerable potential for fish culture in Egypt, the present contribution to
domestic fish production from this seetor is rather low, 16,7 %from the total Egyptian fish preduction
in 1997 (Magouz ,2000 ). With a view to increasing fish production through fish culture management,
more attention must be foeused on natural lakes using ils numerous margiral areas to find a new semi-
intensive or intensive pen culture method (pet-enclosures or hapas ) .Pen culture is playing an
increasingly important role in the world production of fish culture not only because of the market value
marine species but also the more ubiquitous tilapia (Essa ,1999) for the Egyptians,

Scientific investigations concerning the possibility of culturing natural water resources , lageons
and ldkes, were made by many workers {Essaand Salama 1989 ; Essa e al.,1989 ; Mckinley , 1994
and Loverich , 1996 ). This type of fish culture is practically well - developed in Chi'na The current
trend is to convert the shallower zenes of natural lakes into large pcn fish farms and ponds for more
intensive fish culture ( FAQ ,1983) .

Red tilapia, Creachromis sp., is tolerani of a wide range of environmen(al conditions (Dowidar
and Essa, 1988). Therefore, the present study aims to investigate the optimurm conditions for red tilapia
culture in net-enclosures fixed in marginal area 2t Lake Mariut , Alexandria , Egypt.

MATERIALS AND METHODS

The present study was carricd out for ten weeks in 14 feddan (5.9 ha) marginal area at Southwest
Basin of Lake Mariut, in the East of El-Mex Rcsearch Statlon ‘National Institute of Oceanography and
Fisheries, Alexandria.

Taiwan’s red tifapia, which was produced by interbreeding between Oreochromiis niloticus male
and mutant of Qreochromis mossambicus female (Liao and Chang, 1983) were introduced from Maruit
Fish Farming Projeot, Alexandria . 150 fish fingerlings per m® net -enclosure with 2 mean body weight
of 0.61- 0.64 g were stocked in net-enclosures, each 1000 liter, at different mmanagement conditions to
estimate the suitable.management conditions which produce the maximum performance in red tilapia
culture in net-enclosures. Net-enclosure consisted of wooden rods fences betwsen the poles Of which a
fine mesh nylon nets were arranged . [n order to prevent fish from escaping , the top of the net was 30
cm above the water level and small lead pleces were fixed on the lower parts of the nets, which were
buried in the bottom of the lake.

Four experiments were conductad seperately in order to mvestlgate the optimum management
conditions dietary protein source, feeding level, frequency of feeding and feeding method for intensive
red tilapia culture.
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The following experiments were conducted:
Experiment (1) : Optimum dictary protein source .
Four diets were formulate to contain the foflowing dietary protein sources:
Diet 1 : fish and soybean meals.
Diet 2 : fish meal.
Diet 3 : meat meal ;and
Diet 4 : soybean meal.
Fingerlings with a mean body weight of 0.61 —0.64 g were stocked in net enclosures with density
rate 150 fish / m®. Fish were fed on 5% of its live body weight / day from the corresponding diet and
adjusted accordingly at bi-weekly intervals.

Table 1. Feed ingredients and chemical znalysis of the experimental diets containing different
dietary protein sources for red tilapia )

Content ) Diet No.
o 1 2 3 4
A) Feed Ingredients
. Fish meal ) 20 48 - -
Soybean meal ©30 - - 60
Meat meal b4 - 62 -
Brewers yeast 5 5 5 : 5
Maize 15 20 .11
Wheat bran 15 20 16 16
Sun flower/fish oil(1:1) 5 5 4 4
Vit. and minerals mix* .2 2 . z 2
B)Chemical Analysis(%) ) ]
Moisture ' 16.00 - 2150 18.40 19.60
Crude protein . 29.06 20.95 28.51 28.64
Crude fat i 13.89 .75 14.29 12.56
Ash 10.85 9.20 . 9.80 10.00
Total carbohydrate 30.20 27.60 - 29.00 L2920 .

*From Jauncy {1988 ).

Experiment (2) : Optimum feeding level ' ;

Three levels of feeding (5%, 7.5% and 10% of body weight /day) were tested with fish fed on diet 1
which containing 29% crude protein. Fingerlings were stocked at 150 fish / m? for 10 weeks rearing
period.

Experiment (3): Feeding frequency

Two and tiree feed frequencies were applied daily , 10 weeks through rearing period were tested at
fish fed on the control diet (diet 1) containing 29% crude protein and 5% feeding rate of its live body
weight/ day. Fingerlings were stocked , at a density of 150 fish / m?. '

Experiment (4): Feeding method )

Three feeding miethods ( clock operated automatic belt foeder,demand feeder and manual feeding )
were used to feed the fish stocked at a rate of 150 fish / m net-enclosure. Fish were fed on the control
diet (diet 1) which containing 29% crude protein for 10 weeks.

Fish samples
Random fish samples from each net-enclosure. were caught at the end of each experiment to
determine growth performance, survival rate and feed utilization, -

Water quality criteria :

waler temperature, salinity, pH, dissolved oxygen, and total alkalinity, were measured once a week
at 8.00 am in the net-enclusure area throughout the present study according to the American Public”
Health Association (1985) methods, A Beckman pH meter was used to determine the pH values. -

Temperature of surface water was recorded also in the shade regularly, Ammonia, nitrate, nitrite and
total phosphate’ were determined according to the methods described by Golterman et af, (1978).
Estimation of phytoplankton standing crop was carried out using sedimentation technique. One litre of
water samples was collected and concentrated to 100 cc . Sub-samples were counted using a research
wicroscope. Results were expressed as the number of units/ litre. Zeoplankton samples were collected
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by filtering 40 liters of the water inside net-enclusure through 55p plankton net # 25; then concentrated
samples were counted and the results were expressed as organisms / m?,

Chemical composition
Chemical analysis of the tested die(s were carried according to the methods of the AOAC(1990). The

average feed conversion for each fish was calculated as the ratio of the average amount of feed given
ffish to the average of weight gained /fish. Average weight gain, specific growth rate (SGR% / day},
survival rate and total yield (kg fish / m?) for each of the treatments were estimated. Feed cost / kg fresh
fissile were estimated according to th:s equation, Feed Cost/kg fresh fissile =FCR. x Cost/kg
diet.

Statistical analyms
Analysis of variance, P-test and Duncan’s multiple range test were employed in eV'liuatmg the
cxperlmental results according to Snedecor and Cochran (1974).

‘RESULTS AND DISCUSSION

Fish rearing in net-enclosures {hapas) is a relatively recent activity in Egypt. During the production
cycle several interacting factors have to be optimized to give maximum production efficiency such as:
water quality, supplemental feeding , feeding level, frequency and method of feedmg (Mckinley, 1994
and Tacon, 1997).

1- Water qna]lty criterias

Results in Table 2 show the values of waker quality criterias in the experimentat net—enclosure Water
temperature averaged 23.76+1.08C°, This value is beneftcial for fish survival and growth (Huet, 1972;
Dowidar and Essa, 1988). Water salinity was 5.2620.16 ppt. This level classifies such water as
brackish. Watanabe et af. (1991) showed that red tiigpia could survival well in a wide range of salinity,

Table 2. Average values of water quality criterias in the net-enclosures area at Southwest Basin

of Lake Maruit
Parameters Average
Water temperature °C 23.76 + 1.08
Salinity (g/1) . g 5.26+ 0.16
pH : 790 0.11
Dissolved oxygen (mg/1) -~ - C 540+ 0.14
Total alkalinity (mg /1) 186.67 + 28,10
Total phosphate (mg /1) 0.04 +.00.00
Na3 +No2 (mg/1) _ 0.06 *00.00
NH3I-N {(mg/I) ) 0.i2 +00.00
Biochemical oxygen demand{BODmg/1) } 4,70 + 0.67
Chemical oxygen demand (CODmg /1) . ) 506 + 0.86
Phytoplankton ( unit /1) ] 2,270,761
Zooplankton (individ. / m3) 93,244
Benthos (org. /m?) ) ) 6,650

Water pH value of net-enclosures area was laid in the alkaline side (7.9040.11). Hepher and
Pruginin (1988) reported that water pH from 6.5 to 9.0 is quite reasonable for fish farming, The quality
of water depends also on its content of dissolved oxygen. In the present study, dissolved oxygen was
nearly over 5.0 mg /I, Swingle (1969) considered that dissolved oxygen concentrations below 3.5 mg/
I were undesirable in tilapia fish culture.

The total alkalinity of the enclosures area averaged 186.67+28.10'mg /1. According to Maar ef al.
(1974), water with total alkalinity over 50 mg /| contain suitable quantity of carbon dioxide to permit
plankion production for fish culture.

The results of phyto-and zcopiankton producllorl in Table (2) indicate that the area are rich both in
density and number of species.

Concentrations of total phosphorus (PO,), NO;, NO,, and NH; in the experlmcmal area in general
. are moderate and indicate that, " there were no nutrient limitations in the enclosures area. Organic and
micro-pollutants measurements, biochemical oxygen demand (BOD). and chemical oxygen demand
(CODY} indicate that, the' BOD was found to be very low where the momentary rate of consumption of
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dissolved oxygen by the microscopic organisms in the water was low, On the other hand, COD, the
total amount of oxygen which is required to cempletely oxidize all of organic matter in water, was
higher than that of BOD (Table 2). This is due 1o the relatively high concentrations of erganic matter in
the net-enclosures area, In summary, the net-enclosures area is considered to . be the most suitable
environmcm for fish culture. . .

2- Dietary protein source (Exp. 1) :

Results in Table 3 show the performance of red tl!apla fed on different dietary protein sources. The
results indicated that, -diet (4} in which soybean is the major source of protein, give the best
improvement in weight gain (10.53 g ), survival percentage (100%) and total yield {1.67 kg fish / m?)
This finding s in agreement with the results obtained by Essa (1993) for Nile tilapia (Oreochrontis
niloticus), The differences in growth observed between the fish groups fed diet 2,3 and 4 were
significance. The different response observed could be due to the nitrogen free extract of soybean meal
contains about 10% sugars, mostly raffinose and stachyose, almost no starch and the rest is composed
of hemicellulose and lignin (Smith and Circle, 1978), in addition the soybean have 44% protein
(Hassanen,1997). Apparently the red tilapia is able to digest more from these compounds. Thereby, red
tilapia fingerlings possessed a good value of feed conversion ratio, whereas, the fish used 1,33 unit of
feed to produce one unit of gain in body. weight (Table 3 ). The positive effects of increased soybean
meat inclusion in the control diet (1) on fish growth and feed utilization resulted in a lower production
cost of fish fed diet {4), compared with those fed diet (2), in which fish meal is the major source of .
protein, and diet (3), in which meat meal is the major source of protein.

Table 3. Performance of red tilapia culture in net-enclosures and fed diets with different dietary
protein sources for 10 weeks |

Diet No. ‘ _ 1 2 . 3 4

Average initial wenght (g f ﬁsh) - ' 062 . 0.61 . 064 - . 0.64
Average final weight (g /f{ish) ) 10.86 9,46 9.40 11.17
Weight gain (g / fish )* i0.24e 8.85’ . 876" 10.53%
Specific growth rate ( % /day ) . - 405 3.92 3.84 : 408 .
Survival (%) ) } 100 96 94 100
Total yield ( kg fish/m?3}) _Le3 1.36 1.32 1.67
Feed conversion ratio (FCR.} i.19 - 1.52 1.95 ) 1.33
Cost/ Kg diet {LE )} 0.92 1.08 0.86 0.83
Feed cost / Kg fresh fissile** 1.09 1.64 1.37 1.10

*Means in the same raw having different superscript are s:gmﬁcantly different (P< 0.05).
**+Feed cost / kg fresh fissile= FCR X Cost/ kg diet.

Although fish meal is-highly palatable for farmed fish and an excelient source of high quality protein
and has an essential amine acid profile which approximates almest exactly to the requirements of
farmed fish, the results in the present study showed 2 retrogressive effect of fish meal in diet 2 in
comparison with soybean meal in diet 4, which may be attributed to bad manufacture of the focal
(Egyptian) fish meal and the worth storing conditions, which not cnly prevent the beneficial effect, but
also may be harmful for the fish.

[n another hand, meat meal is usually limited by specific nutriticnal imbalances such as ash /mineral
imbalances. Therefor the dietary- utilization of most vertebrale by-product meals requires careful
formulation {c obtain the desired overall nutrient profile within the finished aquafeed (Tacon 1993),
Omar (1986) said that meal meal is frequently used as an animat protein seuree in compound fish feed
manufacture, although its feed value is generally considered inferior to that of fish meal. Studies of
Viola ef al.(1988) with hybrid tilapia {Qreochromis nifoticus x Q. anrens) and Webster er al. (1992)
with channel catfish (fcralurus punctatus) which have shown that cost-effective practical agualeeds can
be produced without the use of fish meal with no resulting or apparent loss in fish growth, This will be
partjcularly true for extensive and semi-intensive pond farming systems where (ish, and in particular
those filter-feeding fish species which feed low in the aquatic food chain(such as the Chinese carps.and
Tilapia spp.),can obtain a larpe- part of their dietary nutrient needs from the consumption of naturally
available food organisms.

3- Feeding level ( Exp. 2} C
This experiment was carried owt:to obsefve the effcct of daily rationing levels on the growth
" performance, survival, feed conversion ratio and production cost of red tilapia fingerlings. The results
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demonstrated the dependence of growth on the amount of feed given daily,'whéreas higher feeding
intensity resulted in correspondingly greater weight gain, (Table 4). Evidently not all the feed offeted
‘was consumed, causing. deterio-ration of water quality, Therefore, the 10% of live weight daily ration
gave a statistically confirmed poorer ratio of feed conversion in red tilapia (2.84:1) than a 5% and 7.5%
rations. Table (4) indicate that the amounts of feed dispensed were too large and more costly. This
finding is in agreement with the. resulis obtained by Meske (1985} for carp, Cyprinus carpio. The
author noticed that the higher feeding intensity only achieved modest siiécess in growth rate, but their
feed conversion efficiency deteriorated from 2,16 to 2.41. Similar trends were also observed in grey
mullet Nour et «l(1993) and Nile tilapia, O. niloficus. El-Ebiary (1994).El-Dahhar (1993) in
Orecchromis niloticus 1ty (0.66g) fed at varying feeding regimes (3-15% of BW) found that ,
increasing feeding rate increased weight gain. The highest overall growth rate was obtained with fry
feed at 12% of BW daily. On the other hand at higher feeding rates the values of PPV%,PER and
ER% declined. Also Zonneveld and Fodholi (1991} found that feed wtilization of red tilapia decreased
when the amount of feed increased. The above results are in agreement of my present study, No
mortalities were observed in the three groups which recived 5%, 7.5% and 10% feeding rate.

Table 4. Performance of red ftilapia culturp in net-enclosures and fed a controt diet at different
daily feeding levels for 10 weeks-

Daily rationing levels . 5% 7.5 % 10 %
Average initial weight (g/fishy - - <062 0.64 .63
Average final weight (g/fish) = | . 10.86 12.22. . 16.30
Weight gain (g/ fish )*- . 10.24° 11.38" 15.67% "
Specific growth rate ( % / day ) ) 4,09 4.21 4.65
Survival (%) 100 100 100
Total yield ( Kg fish/ m?) : © 163 1.83 - 2.44
Feed conversion ratio (FCR) : 1.19 220 2.84
Cost / Kgz diet (LE ) 092 0,92 0.92°
Feed cost/ Kg fresh fissile 1.09 2.02 2.61

* Means having the different superscript letters are significantly different. (P <0, 05)

4- Feeding frequency (Exp. 3).

The results showed that, the higher feeding frequency (three times daily) was beneficial to growih
rate, sutvival, yield, feed conversion ratio and fish preduction cost than two times daily (Table 5). These
results agree with Hepher (1988) who reported that, multiple feeding results in a more efficient
utilization of the feed than a single feeding. El-Ebiary and. Zaki (1997) found that, increasing the
frequency of feeding from two to four fitmes daily generally improved the growth performance and feed
utilization of common carp. Also, Essa (2000) obtained the same results in tilapia hybrid {O. niloticus
X 0. aureus) reared in cages, Keno and Nose (1971) showed that feeding frequency is apparently
related to other parameters such as stomach, size, since species with smaller stomachs require more
frequent feeding for maximum growth, Omar (1984) she found that increasing feeding frequency from
4 1o 6 times daily sigaificantly increased body weight and improved feed utilization of commeon carp
reared in intensive culture. Kayano et al (1993) reported the young fish fed several times a day could
effectively assimilate dietary protein and phosphelipids in the muscle, In previcus studies, it was found
that, between {wo and four satiated feeding daily were the optimum frequencies for fish (Holm ez al.,
1990). Beveridge {1996) recorded that tilapia can not consume their daily requirement of feed for-
maximum growth in a single meal of short duration. Fish less than 25 grams should be fed at least three
times daily. ]

5- Feeding method { Exp. 4).

The present experiment was conducted to see whether red tilapia could be fed exclusively overtong
periods on the automatic or demand feeders as well as manual feeding .the result in Table 6 indicated
that, the best performance came from fish fed on the demand feeders system. This may be because the
demand feeder onty refeases feed when the bait in actually pulled, Also, 3 demand feeder gives the fish
a chance to obtain at all times the food it requires. Statistical analysis of variance indicated that,
differences due to the feeding methods are significant in body weight gain (Table 6). The lowest values
of growth and survival percentage are obtained by fish fed manually (0. 53% /day and 58%)
respectively. While the corresponding, result for. fish fed by demand feeder system are (0.96% /day and
70%) respectively. The differences in feed conversion ratig between the feeding method resulted ina
higher feed cost per K fresh fissile for fish fed manually than those fed by automatic or demand feeder
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syslems (Table 6). McGinty and Rakocy (1989) reportted tliat demand feeders can be used to eliminate
the work (feed weighing, fish sampling, calculations) and uncertainty of feeding themselves, he
recorded also that, with high quality feeds, good growing conditions and effective feeding practices,
feed conversion ratios as low as 1.3 have been obtained, - :

Table 5. Performance of red tilapia culture in net-enclosures and fed at different feeding
frequencies for 10 weeks e
Feeding frequency Two tintes daily Three times daily

. Average initial weight (g/fish) 0.62 0.64
Average finai weight ( g / fish ) _ 10.86 14,12
Weight gain (g / fish )* . 10.24 % 13.48*
‘Specific growth rate ( % / day ) 4,09 . - 444
Survival (%) 100.00 - ) 100.00
“Total yield ( Kg fish/ m?) . 1.63 ' 2.12
Feed conversion ratio (FCR) 1.19 : - 1.15
Cost/ Kg diet (LE ) : 0.92 . 0.92
Feed cost / Kg fresh fissile : 1.09 1.06

*Means having the different superscript letters are significantly different (P<0.05) .-

Table 6, Performance of red tilapia culture in net-enclosures and fed by different feeding
i methods for 10 weeks ‘ o

Feeding methods ) : Automatic Demand Feeder Manual Feeding
Feeder

Average initial weight (g/fish) 39,65 40.81 39.22

Average final weight ( g/ fish ) 74.95 7991 . 56.80 )

Weight gain (g / fish }* : 35.30° 39.00° : 17.58°

Specific growth rate { % / day ) 091 ) 0.96 0.53

Survival (%) 68.00 70.00 58.00

Total yield { Kg fish /m?) : 5.10 o 5.59 3,29

Feed conversion ratio (FCR) ‘ 115 112 1.26

Cost/ Kg diet (LE ) 0.92 . 0.92 0.92

Feed cost/ Kg fresh fissile 1.06 1,03 1.16

*Means having the different superscript letters are significantly different (P<0.05).

Summing up the results of present study, it could be concluded the following :- :
"l. the least cost of dietary protein from soybean meal could be used in replacement of the expensive
protein sources (fish or meat meal) for formulations of practical diets for red tilapia culture ;
2. in practice,attention must be paid to the relationship between the amount of pellets fed daily, the
walter flow rate and the oxygen content of the water ; )
3. the more frequent feeding with correspondingly smaller amounts must therefore be given preference
. over other inethods for red tilapia culture in net-enclosures , :
4. feed quantity and feeding frequency are a strong determinant for fish growth and production.
5. using demand fecder with 10% Ffeeding rale for red tilapia lingerlings at three time frequently / day
ensure the optimum management conditions for growth rate and feed utilization. -
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