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Abstract

A 20 week field trial was conducted in a private fish farm
consisting of eight earthen ponds one feddan each (4200
m?), in order to investigate the effect of extruded and non-
extruded fish diet on the growth performance and total yield
of Nile tilapia (Oreochromis nifoticus) and grey mullet (Mugit
cephalus) fingerlings, reared in a polyculture system.
Duplicated four treatments were carried out and divided to 2
stocking density groups. The A 2x2 factorial design,
including tow stocking densities (10000 tilapia and 750
mullets or 15000 tilapia and 750 mullets per pond) and tow
feed types (extruded or nun extruded pellets) has been
adopted. Duplicate groups of Nile tilapia and mullets at
average initial weights of 23.5 g and 32.9 g, respectively,
were fed a 25% CP diet, in extruded or non-extruded form,
at a daily rate of 3% of the total fish biomass. Resuits
indicated that growth rates and feed utilization efficiency of
Nile tilapia and mullet increased significantly when they were
fed on extruded pellet compared with the fish fed on non
extruded pellets. The total fish production increased
significantly with increasing stocking density from 10000 to
15000 fish per feddan. The highest net returns were
obtained when the extruded pellet diet was used at a density
of 15000 Nile tilapia per feddan.

Key words: Nile tilapia, Oreochromis niloticus, grey
mullet, Mugil cephalus, stocking density, extruded pellets,
non-extruded pellets, polyculture system and earthen ponds.

INTRODUCTION

Fish feeding is one of the most important factors in commerciai fish farming
because feeding regime may have consequences on both growth efficiency and feed
wastage (Tsevis ef a/, 1992; Azzaydi et &/, 2000). During the last decade, there has
been a marked increase in the use of extruded diets for feeding fish. These diets
have superior water stability, better floating properties and a higher energy than
pelleted diets (Hilton et. &/, 1981; Johnsen and Wandsvik, 1991 and Ammar, 2008).
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The main effects on fish are: an increase in fish growth and an improvement in feed
conversion {Robert ef &/, 1993; Lanari et a/, 1995).

Hicking (1968); Moav, et a/ (1977), Balarin and Haller. (1979) showed that the
ponds have their maximum standing crop, when the fish makes use of all food
without any gain or less in weight and consequently, length and depth. In addition,
Van der Lingen (1959) proved that total vield per unit area is dependent upon
stocking mass per unit area. Abdel-Hakim et af, (1995) reported that growth
performance parameters of Nile tilapia cultured in earthen ponds decreased as the
stocking density increased from 3000 to 4500 or 6000 fish/feddan. Abdel-Hakim and
Ammar, (2005) reported that cultured mono-sex Nile tilapia fry at 16 thousand
fish/feddan (4200m?) gives the highest production. Also, Ammar et af, {2005)
showed that Nile tilapia stocking density rate of 3 fingerlings /m? (12000 fish/feddan)
and cultured for 140 days in monocculture revealed the best economic efficiency,
compared with other stocking densities

Tilapias and mullet response very good tc pond polyculture in earthen ponds,
Afifi et af, (1996), reported that both tilapia and muflet responded in their growth
performance when they stocked together in earthen pond fertilized with chicken
manure, super phosphate and urea with supplementary diet containing 13% crude
protein. Baradach et a/, (1973) and Afifi et a/, (1996), noted that total yield of
tilapia and carp increased by 13 to 35% when mullets were added. Similar results
were reported by Abdel-Hakim and Sadek (1986), Sadek and Hammad (1990), by
using polyculture systems of tilapia, mullet and carp. Also, Abdel-Hakim ef a7, (2001)
noted that the performance of tilapia, mullet and eel in a polyculture system in
earthen ponds has been improved compared with monoculture system of each
species.

Stocking density is a major factor affects fish growth under farmed conditions
{Jobling, 1995; Yi ef a/ 1996, Hengsawat ef a/; 1997 and Maragoudaki ef 3/, 1999).

In polyculture system, Creochromis niloticus was stocked with Mugif cephalus
at stocking density of 8000 fish/fed, at different ratio (60:40, 70:30, 80:20 and
90:10). The best mixed species ratio was 70% of O. nioticus and 30% of M.
cephalus for highest pond production in polyculture system (Abdel-Gawad, 2003},
Also, Abdel-Gawad and Salama, (2007) cited that the stocking density at the rate of
1050 grey mullet Mugil cephalus fingerlings per feddan without any supplementary
food and cultured for 180 days in monoculture system, had the highest net return.

This study aims to investigate the effects of feed forms (extruded pellet and
non extruded pellet) and stocking density on growth performance, total yield and the
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economic returns of Nile tilapia and grey mullet reared in a polyculture system in

earthen ponds.

MATERIALS AND METHODS

This study was carried out for 20 weeks (12 June to 30 October 2006), at a
private fish farm located in Ibshway, Fayourn Governorate, Egypt.
Experimental ponds

A total of eight earthen ponds, each of one feddan total area, with a water
depth of one and half meter were used in this study. Four ponds were stocked with
Nile tilapia and mullet fingerling of an initial weight of 23.5 and 32.9 g, respectively,
at a stocking density of 10000 and 750 fingerling/feddan respectively, while the
other four ponds were stocked with Nile tilapia and mullet fingerlings of an initial
weight of 24.0 and 33.6g, respectively, at a stocking density of 15000 and 750
fingerling/feddan. Prior to the start, ponds were dried completely and exposed to
direct sun for 4 weeks for complete drying. The ponds were then filled with water
{drainage water) coming from the first El Wadi drainage canal. Ponds water was
changed to keep water quality suitable for fish growth.
Experimental fish

Mong-sex Nile tilapia was purchased from a privet tilapia hatchery. The tilapia
fingerlings used in the present study were over wintered at the experimental site.
The mullet fingerlings were purchased from a privet farm. At the start of the
experiment, fish weight (gram) and length (cm) were determined from 50 fish of
each pond. The weights and lengths of the fish were recorded in a sample of 50 fish
from each pond at 14-day intervals. At experimental termination the fish were
harvested by seining and total yield were recorded.
Fish feeding

The eight experimental ponds received two pellet forms (extruded and non-
extruded pellets). At each stocking density, duplicate groups of fish were fed either
the extruded or non-extruded 25% cp pellets (Table.1). The extruded and non-
extruded diets were purchased from commercial feed mill. The diets were fed to the
fish at a daily rate of 3% of the total pond biomass, divided into four feedings, 7
days a week, for 20 weeks.
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experimental diet.
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Table 1. Composition, approximate chemical analysis and gross energy of the

Ingredients Diet 25 %C.P
Rice bran 34
Yellow corn 26
Soybean meal (44% c.p.) 18
Fish meal 7
Meat meal 12
Molass 3
Total 100
Analyzed on dry matter basis
Moisture 7.02
Crude protein (C.P) 24.92
Ether extract {E.E) 8.54
Nitrogen free extract 37.48
Ash 16.21
Crude fibers 573
Gross energy K.cal/ kg* 3750

* GE= Gross energy based on 5.65 K. Cal/g for protein 9.45 K. calfg for Fat, 4.1 K. cal/g for
Carbohydrate.

Water quality

Water samples were taken monthly for determination of pH, dissolved
oxygen, salinity, hardness, .alkalinity, contents of nitrite, nitrate and ammonia.
Average water quality parameters are illustrated in table (2). Analytical methods
were done according to the American Public Health Association (APHA, 1992). The
pH values were determined by digital pH meter mode! 68 engineered systems and
Designs. The water temperature; seccki disk reading (transparency) and oxygen
saturation were measured daily at 8:00 a.m. by an oxygen meter, WPA 20
Scientific Instrument.

Table 2. Average of physical and chemical properties of pond water during
experimental period through intervals (2 weeks) {mean + SE)* from 20th
of April to 30th of October (2006).

Period
ITEMS 12/6/06 12/7/06 12/8/06 12/9/06 12/10/06
To 11/7/06 To_ 11/8/06 To 11/9/06 To 11/10/06 To 30/10/06
Temp. {C)® 25.5 + 0.4 29.0 + 04 30:1 £ 045 29,2 +0.5 27.4 +0.05
Secki _ Disk {cm) >17 +0.28 >19 +10.28 >15 +£0.3 19 + 0.4 20 042
pH values ( Unity 9.0 +0.1 9.0 * 0.1 9.0 + 0.11 9.0 + 015 9.0 *+ 0.16
D. Oxygen (ma/L) 7.4 £0.2 3.7 £02 3.3 £0.25 3.6 +0.24 5.0 _+0.27
salinity (g/L) 60 0.1 60 *0.1 70 0.1 70 *01 6.0 £0.11
Hardness (mg/L) 1200 48 1200 £+ 48 1200 + 42 1200 £ 60 1200 + 50
Alkalinity (ma/l) 260 * 35 260 +£35 240 25 260 +35 220 £+ 30
NQ;  (mg/L} 0.28 £ 0.03 0.28 £ 0.03 0.30 +0.05 0.26 +0.04 0.24 * 0.06
}__ NH,  (mg/L) 16 +0.04 1.4 +0.04 1.4 +0.04 1.2 £0.05 1.0 £0.03
0.79 £ 0.05 0.86 = 0.05 0.75 10.03 0.65 =+ 0.05 0.59 £ 0.06

NH;_ (ma/L)
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Growth performance
Condition factor (K) W/ L*X 100
Where: W= fish weight “"grams”, L = fish length “c¢cm”
Daily Weight Gain (DWG) was calculated as:
{W,-W1) / £, where W, is the interval time in days.
Feed Conversion Ratio (FCR) was caiculated by using the following equation:
FCR= dry feed ingested/ weight gain time of experiment (days).
Statistical analysis
The statistical analysis was performed using One-way Analysis Of Variance
(ANOVA), Duncan’s multiple Range Test (Duncan 1955) to determine differences
between treatments (stocking density and feed processing type as main effects), and
means at significance level of 0.05 Standard errors of treatment means were also
estimated. All statistics were carried out using Statistical Analysis Systems (SAS)
program (SAS, 2005).

RESULTS AND DISCUSSION

Water quality parameters

Physical and chemical water quality parameters are presented in table (2),
results reveled that all tested physical and chemical parameters were within the
permissible ievels required for tilapia growth. The lowest water temperature was
recorded in June (25.5 °C}) while the highest was in August (30.1 °C), Sicki disc
reading ranged between 15 ¢cm in August and 20 cm in October after the experiment
start that reflects the water very wealthy with nutrients required for plankton growth.
Water pH value was 9.0 during the experimental period. The dissolved oxygen
concentration ranged from 3.3 to 7.4 mg/L, which was sufficient for normal growth
and development of tilapia. On the other hand, water salinity ranged between & and
7 ppt. Water hardness (mg/L) was found to be 1200 mg/L. alkalinity (mg/L) had
ranged between 220 mg/L and 260 mg/L. Nitrite levels ranged between 0.24 to 0.30
mg/L and ammenia between 1.0 to 1.6mg/L, whiie nitrate concentration fluctuated
between 0.59 to 0.86 mg/L throughout the study period.
Growth performance
Body weight

As presented in table (3), at 10 thousands stocking density treatments (T1

and T2), resuits revealed that the average of body weight of tilapia at the intervals of
2; 4; 6; 8; 10 and 12 weeks after experimental start, had insignificant differences
(p<0.05) between the fed extruded and non-extruded diet groups. That is because;

it had been still enough natural food to compensate the essential nutrients for tilapia.
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However, at the intervals of 14 to 20 weeks, tilapia body weight tended to significant
increasing (p<0.05) for fed extruded diet group. The average of tilapia body weights
after 14 weeks of the experimental start were 1359.2 +7.63 and 137.0 £7.58 g.; for
fed extruded and non-extruded groups respectively, and after 20 weeks, they were
215.6 +£11.25 and 206.5 +£13.1g for extruded and non extruded diets respectively.
Variance analysis of results at those intervals indicated that fish of fed extruded diet
group had significantly (p<0.05) superior body weights compared of these fed non-
extruded diet.

For muilet at the same stocking density, the body weight, at 2 to 8 week
intervals after the experiment start, had no significant differences (p<0.05) between
fed extruded and non extruded diet groups, because the natural food satisfied the
nutritional requirements of fish. However, from 10 weeks intervai till termination of
the experiment (20 weeks after start), the fed extruded diet group showed
significantly (p<0.05) heavier body weights compared to the fed non-extruded diet
group. It can be explain that in case of fed extruded diet group, tilapia preferred
extruded food than natural food which was satisfied for mullet fish. The finaily body
weights of mullet were 228.9 8.6 and 149.0 +7.0g for extruded and non extruded
diets respectively.

At 15 thousands stocking density(T; and T,), the average body weight of
tilapia after 14 weeks of the experimental start till the final interval (20 weeks
interval), showed significant differences (p<0.05) between the extruded and non-
extruded groups. Finai body weight of tilapia reached 227.1 £11.00 and 201.2 +13.2
g for fed extruded and non-extruded diet groups respectively (table 3). Analysis of
variance for results at these intervals indicated that groups fed extruded diet had
significantly (p<0.05) superior body weights compared to those fed on the non-
extruded. The same trend can be noticed in mullet fish that had significantly
(p<0.05) superior body weights compared of these fed non-extruded diet.

For mullet at 15 thousand stocking density, analysis of variance of results at
the period of 10 to 20 weeks intervals indicated that groups fed extruded diet had
significantly (p<0.05) superior body weights compared to those fed on the non-
extruded. The finally body weights of tilapia reached 285.0 £12.00 and 162.0 +7.8g

far extruded and non extruded diets respectively.
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Table 3. Average of body weight (W in grams) of O. nifoticus and M. Cephalus during
experimental period (20 weeks) as effecting with extruded and non-
extruded fish food under tow different stocking densities.

TTEMS T T2 T T4
Stock: 10000 Stock: 10000 Stock: 15000 Stock: 15000
Feed: Extruded Feed: Non-extruded Feed: Extruded Feed: Non-extruded
Exp. Period
Intervals Weeks T M T M T M T M
12706106 5 B35 a | 329 a | 336 a | 336 a | 240 a | 336 a | B2 2| 320 a
Tnitial £1.14 £16 12 118 £1.2 15 1.1 +1.9
379 a | %59 a | 370 a | 404 a | 382 a | 479 a | 381 a | 46 a
26/06/06 2 £3.2 £3.3 £3.2 +2.8 3.4 +3.07 +3.19 +3,0
558 a 645 2 548 a 439 a 550 a 654 a 550 a 499 a
10/07/06 4 5.5 +4.2 5,16 +4.0 +5.15 4.1 +5.15 £4.0
0.2 a 827 a 7.3 a 61.0 a 703 a 827 a 700 a 6589 a
27/07/06 b £5.17 £4.9 15,20 +3.0 +5.2 +4.9 +5.13 £3.0
8.0 a | 927 a | 870 a | 73/ a | 870 a | 141 a | 80 a | 787 a
07/08/06 8 16,53 +6.7 £6.50 3.0 +7.50 6.4 £6.0 5.1
1020 a | 111.3a | 1016 a | 848 b | 10184 | 126! a | 019a | 917 ab
21/08/06 1o +6.93 +5.0 +6.84 5.0 £6.89 +4.6 +6.8 £16
1198 a | 12842 | 1198 a | 984 b | 1210 a | 153 a | 1198 a | 1054 ab
04/09/06 12 +7.98 6.4 18,0 5.9 18.19 4.6 +7.80 +5.8
1392 a | 1503 a | 1370 ab | 1083 b | 1923 a | 1857 & | 1351 b | 1153 ab
18/69/06 14 +7.63 +6.2 +7.58 +4.9 +7.7 3.3 17.4 £4.8
1600 a | 1774a | 1542 b | 1193 b | 16308 | 2193 a | 15326 | 1301 b
04/10/06 16 £8,15 7.9 £8.53 6.0 +8.4 +9.9 +8.01 +6.0
10105 " 1860 b | 2009 a | 1783 ¢ | 1323 b | 1936 a | 2507 a | 1777 ¢ | 19829 b
+11.2 +6.9 +11.31 £1323 | 1102 +11.2 £11.3 6.4
10706 ” 7156 b | 2280 a | 2065 ¢ | 1490 b | 227.1 a | 2850 a | 2012¢ | 1620 ©
£11.95 186 +13.10 +7.0 £11.0 $120 | #132 +7.8

-3, b, ¢ within each row show the same superscripts that do not differ significantly (pc0.05).
Growth parameters

Growth parameters of tilapia and mullet cultured in earthen ponds as affected
with diet type are presented in table (4). The averages of initial biomass of (tilapia
and mullet) were (23.5, 32.9 q) for T1; (23.5, 33.6 g) for T2; (24.0, 33.6 g) for T3
and (23.2; 33.6 qg) for T4, At harvesting total pond productions were 2327.7;
2176.75; 3620.25 and 3139.5 kg for T1, T2, T3 and T4 respectively. These results
are in accordance with the findings of Abdel-Hakim and Ammar (2005), who reported
that the highest total production was obtained by the stocking density at the rate of
14 thousand tilapia fingerlings /feddan due to the high contribution of super size and
grade 1 fish in the harvest, compared to other densities. .

On the other hand, the average final body weights of mullet were 228.9,
149.0, 285.0 and 162.0 g., for T1, T2, T3 and T4 respectively. From the result, can
be concluded that the mullet which was fed with extruded diet had the higher
average body weight than the mullet fed with non-extruded diet.

Results in table (4) showed that the total gain per pond was 2068; 1916.5;
3235 and 2766.8 kg for T1; T2; T3 and T4 respectively. These results indicated that
the stocking density rate of 15 thousands tilapia fingerlings / feddan was best than
the stocking density rate of 10 thousand tilapia fingerlings / feddan, when extruded
diet was fed. So, the total weight gain per pond was 2068; 1916.5; 3235 and 2766.8
kg respectively.

Concerning feed consumption (FC) and feed conversion ratio (FCR) as affected
with diet type was illustrated in table (4). Results revealed that the total amounts of
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feed consumption during the whole experimental period were 3887.3; 4011; 4959.7
and 4741 kg for T1; T2; T3 and T4respectively.

The corresponding FCR values of the extruded and non-extruded diets were
1.88; 2.1; 1.5 and 1.7 kg feed for each kg gain in weight for T1; T2; T3 and T4
respectively. These results indicated that the best feed conversion ratio was obtained
by extruded diet and 15 thousand stocking density. They agree with the findings of
Venou et a/. (2003), who reported that extrusion improved significantly all apparent
digestibility coefficients (ADC), also, Andrew et a/ (2004) who reported that softer
pellets increased consumption and reduced waste from handling.

Concerning total fish production per feddan the average weights of tilapia and
mullet at 10 thousand stocking density which fed extruded and non-extruded diet
were 2327.7 and 2176.75 kg/feddan for T1 and T2 respectively, while for treatments
at 15 thousand stocking density fed extruded and non-extruded diet, The total fish
production was 3620.25 and 3139.5 kg/feddan for T3and T4 respectively.

Table 4. Final body weight, final weight gain, consumed extruded and non-extruded
fish diet, and total production per pond and per feddan of extruded and non-

extruded fish foed under tow different stocking densities.

Para: ~ter T1i T2 3 T4
Average area of | ad 4200 4200 4200 4200
Initial stocking/pond
Tilapia 10000 10000 15000 15000
Mullet 750 750 750 750
Average initial body weight (q),
Tilapia 23.5 23.5 24.0 23.2
Muliet 329 33.6 336 329
Initiai biomass (kg/pend)
Tilapia 235 235 360 348
Mullet 24.67 25.2 25.2 24.7
Average final body weight (g/fish)
Tilapia 215.6 206.5 227.1 201.2
Mullet 228.9 149.0 285.0 162.0
Total production/pond
Tilapia 2156 2065 3406.5 3018
Mullet 171.7 111.75 213.75 1215
Weight gain {g/fish}
Tilapia 192.1 183.0 203.1 178.0
Mullet 196.0 115.4 251.4 129.1
Total weight gain (kg)
Tilapia 1921 1830 3046.5 2670
mullet 147 86.5 188.5 S6.8
Total weight gain {kg) /pond 2068 1916.5 3235 2766.8
Total production (kg)/pond 2327.7 2176.75 3620.25 3139.5
Total feed costumed (kg)/pond 3887.3 4011.0 4959.7 4741.0
Feed conversion ratio (FCR) 1.88 2.1 1.5 1.7
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Economically efficiency

Results of table (5) showed that total variable costs for T1; T2; T3 and T4
were 11520; 11697.8; 14792.5 and 14342.75 LE, respectively. The differences in
variable costs had due to differences in fry prices and feed costs. Total fixed costs
were almost the same for all treatments; however total operating costs (variable +
fixed) had differences among treatments due to the differences in variabie costs. As
illustrated in table (5) net returns recorded by T1; T2; T3 and T4 were 6860.1;
5574.95; 14538.25 and 10779.55 LE. However, net returns as percent of the lowest
one (T2- 100} were 123; 260.7 and 193.3 for T1; T3 and T4 respectively.

Table 5. Effect of dietary treatments stocking density on economical efficiency of
extruded and non-extruded fish food under tow different stocking densities.

Item T1 | T2 T3 T4
1- Variable costs LE per pond
a- fingerlings/feddan

Tilapia 2000 . 2000 3000 3000

Mullet 1125 1125 1125 1125
b- Artificial food 6997.1 7219.8 8927.5 8533.8
¢-Labor 700 700 700 700
d-Harvest 698.3 653 1086.0 1046.5
Total variable costs, LE 11520.4 11697.8 14752.5 14342.75
2-Fixed costs, LE

a-Depreciation  (materials and 600 600 600 600
others)

b- Taxes 100 100 100 100
Total fixed costs, LE 700 700 700 700
Total operating costs {variable + 12220 12357.8 15492.5 1504275
fixed)
3-Return:

Tilapia 17248 16520 27252 24144

Mullet 2232.1 1452.75 2778.75 1678.3
b-Total return/feddan, LE 19080.1 17972.75 30030.75 25822.3
Net Returns (fotal returns - costs) 6860.1 5574.95 14538.25 10779.55
% of fowest return value 123 100 260.7 193.3

These results are in agreement with those reported by Bakeer (2006) who
cited that in muliet monoculture system with supplemental feeding, the highest
profitability was recorded for the lowest stocking density which had the rate of 1
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fish/m’. Also, Abdel-Gawad and Salama, (2007) reported that the highest result was
received at stocking density of 1050 fish/fingerling/feddan without supplemental
feed. From the economical point of view, it is recommended culture tilapia and

muilet at 15 thousand stocking density and fed extruded diet.
CONCLUSION

In conclusion, the present study revealed that the performance and production
of Nile tilapia and mullet reared in a polyculture system in earthen ponds increased
significantly when they were fed on extruded pellets, compared to non extruded
pellets. The total fish production increcsed significantly with increasing stocking
density from 10000 to 15000 fish per feddan. The highest net returns were obtained
when the extruded pellets were used at a density of 15000 Nile tilapia per feddan.

REFERENCES

1. Abdel-Gawad, A. S. and A. A, Salama, 2007. Effect of stocking densities of grey
mullet | -zif cephalus) reared on natural food in monocuiture earthen ponds on
growth pe ‘ormance and total production with economical evaluation. Egypt
Aquat. Bicl. & Fish., V. 11, 3:41 56 (2—-7).

2. Abdel-Hakim, N. F,, F. A. El-Nemaki, A. A. El-Gamal and A. A. Abdel-Warith.
1995, Effect of different stocking rates on growth performance. Egypt. J. Agric.
Res., 73 (3), 873-887.

3, Abdel-Hakim, N. ¥, I. A. Hilali, M. H. Khalil and A, A. Al-Azab, 2001, Effect of
stocking density and feeding rate on performance of Nile tilapia (Oreocchromis
niloticus) reared in Tanks. Egyptian J. Nutrition and Feeds. (Special Issue): 705-
717,

4. Abdel-Hakim, N. F. and A. A. Ammar. 2005. Effect of stocking density on growth
performance and pond productivity of Nile tilapia (Oreochromis niloticus)
cultured in earthen ponds. Egypt. J. Aquat. Biol. & Fish. Vol.9, No.4:127-144,

5. American Public Health Association, APHA.1985. Standard methods for the
examination of water and waste, 12 éddition, jnc, New York.pp.769.

6. Ammar A. A., A. S. Abd-Elgawad and A. S. ‘Abdel Rahman .2005. The effect of
different stocking density on growth performance and total yield of Nile tilapia
{ Oreocchromis niloticus) fingertings.Proc.2™ Intr.
Conf.Vet.Res.Div.,NRC,Cairo,Egypt, pp.235-248.

7. Ammar. A. A. 2008. Effect of extruded and trash fish diets on growth

performance and pond productivity of sea bream (Sparus aurata), the sea bass



10.

11,

12,

13.

14,
15,

16.

17.

18,

AYMAN A, AMMAR &f 2/, 833

(Dicentrarchys /abrax) and the flat head grey mullet (Mugi/ cephalus) reared in
polyculture system in earthen ponds. Egypt. }. Aquat. Biol. & Fish. Vol.12, No.1:
43-58.

Andew, 1. E., M. 1. Begout Anras, J. Holm, S. Kadri and F. A. Huntingford. 2003,
Feeding responses of hatchery-reared gilthead sea bream (Sparus auratal.) to a
commercial diet and natural prey items. Mar. Freshwat. Behav. Physiol. 36, 77-
86.

Azzaydi, M., F. ]. Martines, S. Zamora, F. J. Sanchez-Vazquez and J. A. Madrid.
2000. The influence of nocturnal vs. diurnat feeding condition under winter
condition on growth and feed conversion of European sea bass (Dicentrarchis
fabrax, L.). Aquacult. 182, 329-338.

Bakeer, M. N. 2006. Performance of grey mullet (Mugi! cephalus L.} reared in
monoculture in the new desert areas. Journal of Arabian Aquaculture Society,
December, 1 (2): 44-56.

Balarin, J. D. and R. D. Haller. 1979. Africa tilapia farm shows profit potential.
Fish farming. International. 6(2):16-18.

Duncan, D. B. 1955, Multiple ranges and multiple F-Test Biomet. 11: 1.
Hengsawat, K., F. J Ward and P. Jaruratjamom. 1997. The effect of stocking
density on yield, growth and mortality of African catfish (Jlarias garfepinus
Burchell, 1822) cultured in cages. Aguaculture 152, 67 — 76.

Hickling, C. F. 1968. The farming of fish. Pergarnon press London: 88P.

Hilton, J. W., S. ). Cho and C. Y. Slinger.1981. Effect of extrusion processing and
stream pelleting diets on peliet durability peliet water absorption and
physiological response of rainbow trout, (Sakmio gairdneri R.). Aquacult. 25, 185-
194.

Jobling, M. 1995. Feeding of charr in relation to aguaculture Nordic. Journal of
Fresh water Research 71, 102- 112.

Johnsen, F. A, and A. Wandsvik. 1991. The impact of high energy diets on
poliution control in the farming industry. In: Cowey, C. B., Cho, C. Y. (Eds.),
Proceedings of the First International Symposium on Nutrition Strategies in
Management of Aquaculture Waste. Guelph, Ontario, 5-8 June 1993. Univ. of
Gueiph. Ontario. Canada, pp. 51-63.

Lanari, D. D., E. Agaro and R. Ballestrazzi. 1995. Dietary N and P levels, effiuent
water characteristics and performance in rainbow trout. Water Sci. Technol. 31
(10), 157-165.



834 EFFECT OF EXTRUDED AND NON-EXTRUDED FISH PELLET ON GROWTH PERFORMANCE AND TOTAL

19,

20.

21,

22.

23.

24.

25,

26.

PRODUCTION OF NILE TILAPIA AND GREY MULLET FINGERLINGS REARED IN A POLYCULTURE
SYSTEM IN EARTHEN PONDS

Maragoudaki, D., M. Paspatis and M. Kentouri. 1999. Influence of stocking
density on growth of juvenile red pory Pagrus pagrus L. under different feeding
conditions. Aquaculture Research, 30, 501 - 508,

Moav. R,, G. W. Wohifarth, G, L. Schroeder, G. Hulata and H. Barash. 1977.
Intensive polyculture of fish in fresh water ponds. I. substitution of expensive
foods by liquid cow manure. Aquaculture, 10 (1); 25-43.

Robert, N., R. Le Gouvello, J. C. Mauviot, F. Arroyoc, P. Aguirre and S. J.
Kaushik.1993. Use of extruded diets in intensive trout qulture: effects of protein
to energy on growth, nutrient utilization and on flesh and water quality. In
Kaushik, S. J., Lague, P. {Eds.). Fish Nutrition in Practice. Les Collogues No. 61.
INRA edn. Versailles Codex. France. Pp. 497-500.

Statistical Analyses Systems (SAS) .2005. SAS Program ver. 9.1, SAS institute
incorporation, Cary, NC 27513 USA.

Tsevis, N., S. Klaoudatos and A. Conides .1992. Food conversion budget in sea
bass Dicentrarchus labrax, fingerlings under two different feeding frequency
patterns. Aguacult. 101, 293-304.

Van Der Lingen, M. I. 1959 h. Some preliminary remarks on stocking rate and
production of tilapia species at the fisheries research center. Proc. 1%, Fish Day in
S. Rhodesia, Aug. 1957, Govn. Printer Saltsburg, 54-62.

Venou, B., M. N. Alexis, E. Fountoulaki, I. Nengas, M. Apostolopoulou and I.
Castritsi-Cathariou. 2003. Effect of extrusion of wheat and corn on gilthead sea
bream (Sparus aurata) growth, nutrient utilization efficiency, rates of gastric
evacuation and digestive enzyme activities. Aquacult. 225, 207-223.

Yi, Y., CK. Lin and 1. S. Diana.1996. Infiuence of Nile tilapia (0. nioticus)
stocking density in cages on their growth and vield in cages and in ponds
containing the cages. Aquaculture, 146, 205 - 215.



AYMAN A, AMMAR ef &/ 835

el S ZUNY s sall o Al gdaa il g A5 pabaall Slacdll Lidke] Sl
Aalide Ay i B Bl el (o sl dllad g Ll al dllaud
Al A () el B

Tadh G s eal ae 5 T ue cpal pha dad e s G

L)l Zpadll S e Al 55 i Gpad s S el awall sp ) ) ji¥! adii i =
Ll o 4 sean

Ligaddl S e el 5o i Lipadd s Sl Jeead oAl Ay Laglen aed Y
el _eas L ggen sdpe ] )

Aol gl Grpadl S se cAaSewl 55 4 Gipnd 5 S el exdll ¢ Han¥l dlaid]  ad —1

gl s L ares

idadlag gl oy Adhie dald Ao e 8 Lesed Yoosad Adiadl Ay el ods ol jal o

43 gdae el g A gudaall Aanll DN LAl Al 3 e i dAy el jeme By ggen on sl
JaaW) sl el Ll el ollend Sleea BN dala¥ly el allhe Ll
e £ 0] ol aaly Lghe JS Aaliee dh) p ol el Al 3 Jalide i Leghu 5 o5 Al
MUK Zus e e sema ) e o) S A S0l e g ) Slld g (a e
e IsY Ae sanall (sosd e Apsal Voo e ose RN e Asaal Veeos) R jasl
(sl e dpmsal Yoo e sdle Jalll e Geeal Y00 0) i€ A0 de gend) U
o giay uilSh g gl bl Wl Gla YY0 555 dangie il Jald Slasal cals
g Aagdae Gl S8 8 dlelt el e e g daai Sy e TYLE

WA Sy e B Y cag Jamer 2l iy L AA s 2 % Y o 5 gial da plas

e sl dadil &l As gdael) CeY Glwss Sl L3S sie (p<0.05) U sine
AN 5ol (p<0.05) 5 sime JSE5 S 2UY1 0 5 a5 LAd gdae el CDe ) Slpa
(paS TY 4 Y0) F saladdl Calall aladiind e o JSHASaw Yo Y e e Ay A0
o Aaleall obeail dile ol AS g (a8 TITE,0) £ pladl e Cilal) Qasiul A5 s
(Lwae Lein 14538.25) gfaill haby Vou s WS ae 34 phaall eV alaii L o
10779.5) Ay 3l ALY bl pe 38 pahae il CMe Y Aladid Lo 20 LAl Allaally 4 e





