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ABSTRACT

An experiment was carried out in order to determine the effect of stocking ratio (SR)
and dietary crude protein levels (P %) of striped mullet (Mugil cephalus) and Nile tilapia
(O.niloticus) on growth performance under the polyculture system in net enclosures. Mullet
(M): Tilapia (T) were stocked at three ratios (3:7, 5.5 and 7:3) at the same total stocking
density of 10 fishes per each of 18 (0.7 m®) net enclosure covered with nylon nets to avoid fish
jumping. Striped mullet and Nile tilapia fingerlings of initial body weight + SE 2.25 + 0.07g
and 6.5 £+ 0.06 g, respectively were stocked at the three ratios tested. The three polyculture
ratios and two protein levels (17% and 25% crude protein) were evaluated in 3 x 2 factoria
arrangement for their effect on growth performance and feed utilization of both species. Final
body weight (FBW) of striped mullet and Nile tilapia fingerlings increased significantly
(P<0.05) with increasing Nile tilapia ratio. Striped mullet fingerlings maintained at SR, and
SR3 exhibited significantly less FBW than those maintained at SR;. Averages of FBW were
found to be (7.33 + 1.00, 5.95 + 0.68 and 5.89 * 0.379) for SRy 5 ands, respectively. The best
FBW of Nile tilapiawas observed with the SR; followed by SR; and SR,. They were found to
be 13.40+ 0.04g, 11.90 + 0.24g and 11.55 + 0.05g, respectively. Striped mullet fingerlings
maintained at the diet containing 25% crude protein exhibited significantly (P<0.05) greater
FBW than those maintained at the diet containing 17% crude protein. The averages of FBW
were found to be 7.07+0.14g and 5.71+0.32g, respectively. Also, with respect to Nile tilapia,
FBW followed the same trend. It was greater with the diet containing 25% crude protein than
with the diet containing 17 % crude protein. The differences among FBW of tilapia were
insignificant (P>0.05). The FBW averages were found to be 12.42 + 0.53g and 12.20 + 0.58g
for protein levels 17 and 25%, respectively. Obviously, the best FCR value was observed when
fish maintained at 25% dietary crude protein diet. It was found to be 2.09 £ 0.05, but it was not
differed significantly from FCR of fish maintained at 17% dietary crude protein which was
2.30 +0.08. From these results it was recommended that the polyculture stocking ratio of 3
Mullet: 7 Tilapia was the best ratio for both striped mullet and Nile tilapia fingerlings under
the polyculture system and the best level of protein for striped mullet was 25%, while there
were no significant differences in FCR among Nile tilapia fingerlings maintained at 17% or
25% dietary crude protein.
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INTRODUCTION

Nile  tilapia  (Orcochromis
niloticus) could be reared in fresh and
brackish water. In recent years, it has
begun to describe tilapia as the future
“aquatic chicken” (Pillay, 1990). On the
other hand, striped mullet (Mugil cephalus)
also has been the species of choice in all
areas because of the fast growth rate and
the comparatively large size of the adults.
The monoculture method is the first
practice in fish culture. But, the Egyptian
fish farmers noticed early that under the
climatic conditions of Egypt, strong and
long lasting  sunshine intensive
fertilization and feeding, the ponds yield
large amounts of phytoplankton which is
not utilized by a single fish
species.Therefore, they preferred another
world wide known system of fish culture
which called the polyculture system. The
success of this system depends on the
choice of the right combination of fish
species (Cruz and Laudencia, 1980). In
such conditions, polyculture can even
show synergistic effects, when one species
improves the environmental conditionsand
food supply of the other. Then, the growth
rate of each species would be higher under
polyculture than in monoculture system
(Yashouv, 1969; Yashouv and Halevy,
1972 and Reich, 1975).

Several studies indicated that,
fish stocking density affects the amounts of

natural food available per fish, the level of
supplemental  feeding required (Tang,
1970; Moore, 1986; Hepher, 1988 and
Milstein, 1992), and thus, the intensity of
inter - and intra - gpecific food
competition. Fish cultured together should
be carefully analyzed in order to optimize
both fish performance (growth and yield)
and economic profitability of the combined
system. Few efforts demonstrated the
effect of stocking ratios in polyculture
system of fish species on fish performance
in small tanks (Papoutsoglou et al., 1992),
in cages (D’ Silva and Maugan, 1992) and
in earthen ponds at the same stocking
density (Karplus et al., 1996). Yashouv
(1972) came to the conclusion that the
presence of Mugil cephalus in a pond
decreases the yields of other fish. Thus,
fish polyculture ratio was arbitrarily fixed
on the basis of their feed and feeding
habits, intra and interspecific compatibility
and ecological fitness.

The economic success  of
controlled production of fish depends
mainly on the cost of feed and particularly
on protein, the most expensive component
in artificial diets. Therefore, it is necessary
to keep the proportion of protein down to
optimum levels for good growth and feed
conversion. Many studies have been
carried out to get suitable artificial dietsfor
fishes cultured in monoculture system
(Kesamura et al., 1982; El-Sayed and
Teshima, 1992; El-Dahhar, 1994; Kaushik
et al., 1995 and El-Dahhar et al., 1999 and
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2000). On the other hand only a few
studies on the formulation of suitable
artificial diets have been reported
(Yashouv and Ben-Shachar, 1967; Vallet
et al., 1970; Albertini - Berhaut and Vall€,
1971 and El-Dahhar et a., 1999). Most of
the availableinformation islimited to their
natural feeding habits (Albertini-Berhaut,
1974 and De Silva and Wijeyaratne, 1977).
However, the results from these studies are
not able to determine the optimal dietary
protein levels for the same fish species
under the polyculture systems.

This study was carried out to
determine the optimum stocking ratio (SR)
and dietary crude protein levels (P%) of
striped mullet (Mugil cephalus) and Nile
tilapia (O.niloticus) under the polyculture
system in net enclosures. Also the present
study aimed to evaluate the effect of
polyculture stocking ratios, dietary crude
protein levels on growth performance of
striped mullet and Nile tilapia fingerlings
reared in polyculture system.

MATERIALSAND METHODS

An experiment was carried out at
the fish farm of the Faculty of Agriculture,
(Saba - Basha), Alexandria University to
study the effect of dietary protein levels
and stocking ratios on growth and feed
utilization of striped mullet  (Mugil
cephalus) and Nile tilapia (Oreochromis
niloticus) in a polyculture system
performed in net enclosures. Eighteen net

enclosures each of 0.7 m® were placed in
an earthen pond of 0.75 feddan with an
average depth of 0.8 - 1 m. The pond was
filled by fresh water from the water supply
canal. Water was added only to make up
for losses due to evaporation and water
was filtered through a screen to prevent the
entrance of wild fish.The eighteen net
enclosures represented the three tested
stocking ratios and the two protein levels
each in triplicates.

Dietsformulation and preparation

Two experimental diets were used
in this experiment with two different
protein levels (17% and 25% crude
protein). The two diets were commercially
manufactured in Barsiq Factory Bohira
governorate, Egypt. The composition and
chemical analysis of the experimental diets
are presented in Table (1). Diets were
formulated from commercial ingredients of
fish meal, wheat flour, wheat bran, soy
bean meal, yelow corn, bone meda,
vitamins and minerals. Formulated dry
mixtures were passed through a sieve (0.6
mm diameter bole) before mixing into the
diets. Mixtures were homogenized in a
food grader mixer attachment Model
NFGA (Kitchen aid St. Gosph, MI 49085
USA). Boiling water was then blended into
the mixtures using the ratio of 50% for
pelleting. The diets were pelleted using
meat grinder machine with a 1.5 mm
diameter and then were dried carefully and
kept in plastic bags until they were used.
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Table (1): Composition (% dry diet) and
proximate analysis of the experimental diets

Diet No.

Ingredients : A B

Wheat bran 24.4 14.7
Yelow corn 29.3 29.3
Whest flour - -

Soy bean meal 29 9.8
Fish meal 25 8.7
Cotton sead meal 9.8 9.8
Wheat shorts 24.4 14.7
Meat meal 24 8.7
Molass 2.0 2.0
Bon meal 2.0 2.0
Vit & Min. Mix* 0.3 0.3
Total 100 100

Proximate analysis (% )

Moisture 9.22 10.23
Crude protein 17.23 24.89
Crude fat 15.64 17.53
Crude fiber 6.81 7.24
NFE 42.44 30.99
Ash 8.66 9.12
Calculated ME 245 245
K cal / 100g** 70.33 101.59
P/E ratio

*Vitamin and mineral mixture /kg Premix: Vitamin A,
4.8 million IU; D3, 0.8 million U ; E, 4g; K, 0.8 g;
riboflavin, 1.6 g; B6, 0.6 g; B12, 4 mg; pantothenic
acid, 4 g; nicotinic acid,8 g; folic acid, 04 g;
biotin, 20 mg; choline chloride, 200 g; Cu, 4g; |,
04g; Iron,12g; Mn, 22g; Zn, 22 g; Se, 04 g.

** Metabolizable energy k cal / 100 g diet (NRC,
1993).

Experimental design

Mullet  (M):  Tilapia (T)
fingerlings were stocked at three stocking
ratios (3:7,5: 5and 7 : 3) at the same
total stocking density of 10 fishes per each
of the 18 (0.7 m® net enclosure covered
with nylon nets to avoid fish jumping.

Striped mullet and Nile tilapia fingerlings
of initial body weight + SE 2.25 + 0.07g
and 6.5 £ 0.06g respectively were stocked
at the three stocking ratios mentioned
before. The three stocking ratios and two
protein levels (17% and 25% crude
protein) were evaluated in 3 x 2 factorial
arrangement for their effect on growth
performance and feed utilization of both
species. Diets were fed at a rate of 4% of
fish biomass. Fish were fed six days'week,
twice a day a 9:00 and 14:00h. The
experiment was lasted for seven weeks.

Growth performance

For determining fish weight, al fish of
the three replicates of each treatment were
recorded biweekly on the early morning
and kept in fiberglass containersfilled with
fresh water from the same pond to avoid
stress during recording fish weights. All
fish of the replicates were returned to their
net enclosures immediately after weighing.
At the end of the experiment, several
measurements, namely, mean fish weight,
body weight gain (Gain), specific growth
rate (SGR), percent weight gain (Gain %)
and feed conversion ratio (FCR) were
taken according to the following equations:
Gain = final body weight - initial body
weight
SGR = 100 (Ln final body weight - Ln
initial body weight) / time (days)

Gain % = 100 (weight gain / initial body
weight)
FCR = feed intake / weight gain
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Analytical methods
Meat and supplementary feed analysis

At the beginning of the experiment,
samples of fish from mullet and tilapia
were selected randomly and were frozen
for proximate analysis. At the end of the
experiment, al fish in each net enclosure
were taken and subjected to proximate
analysis. Chemica analysis of
homogenized fish and experimental diets
were carried out according to the methods
described by the Association of Officia
Analytical Chemists (AOAC, 1990). The
percent dry weight of the fish was
determined by Oven drying portions of the
fish at 70°C for 48-72h and passed through
a meat grinder into one composite
homogenate per net enclosure.

Crude protein was determined by
the macro-kjeldahl method. Lipids was
determined in a Soxhlett apparatus by
extracting with petroleum ether (60-80°C)
for 12h and ash of the diets by burning in a
muffle furance at 600°C for 2h.

Physical and chemical analysis of water

Three water samples were collected
from the source of water (supply channel)
and mixed together to be one sample and
analyzed before entrance to the ponds.
Quality of pond water was checked weekly
to determine its temperature, dissolved
oxygen, sdinity, pH, alkalinity, tota
hardness, total ammonia, nitrate, nitrite,
phosphate and secchi disk visibility.

Water temperature °C and dissolved
oxygen (DO) mg/L were measured before
sunrise using an Cole polmer oxygen meter
(Chicago Illinois 60648) at 2.5m from the
bank beside the drainage gate at depth of
25 cm Model 5946-55.

Chloridewas determined by titration
against standard 0.014N silver nitrate.
Beckman pH meter was used to determine
the pH values. All these methods were
conducted according to the American
Public Health Association (APHA, 1985).

Statigtical analysis
The analysis of variance and least
significant difference test were carried out
according to Snedecor and Cochran,
(1981).

RESULTS

Final body weight (FBW) of striped
mullet and Nile tilapia fingerlings as
affected by stocking ratios and dietary
crude protein levels are summarized in
Table (2). FBW of each species increased
significantly (P<0.05) with increasing Nile
tilapia ratio to mullet. Striped mullet
maintained a SR, and SR; exhibited
significantly less FBW than those
maintained at SR;. The best FBW of Nile
tilapia was observed at the SR, followed
by SR; and SR, Statistical anayss
indicated that FBW was in beneficia
response with dietary crude protein level
for each of striped mullet and Nile tilapia
fingerlings. Striped mullet fingerlings
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maintained at diet containing 25% crude
protein exhibited significantly (P<0.05)
greater FBW than those maintained at diet
containing 17% crude protein. Also, with
respect to Nile tilapia, FBW folloed the
same trend. It was greater insignificantly
(P>0.05) with the diet containing 25%
crude protein than with the diet containing
17 % crude protein.

The greater increase in striped
mullet FBW was obtained with fingerlings
maintained at 25 % dietary crude protein at
the SRy, followed by 25%, SR,; 25%, SR;
17 %, SRy; 17%, SR; and 17%, SR,. The
best FBW of Nile tilapia was observed
when fingerlings maintained at both 25 %
and 17% dietary crude protein at SRy,
followed by 25%, SR;; 17%, SRs; 25%,
SR, and 17 %, SR, (Table 2), respectively.
Weight gain (WG) and specific growth rate
(SGR) of striped mullet and Niletilapiaare
shown in Table (2). WG of striped mullet
increased with increasing tilapia in the
polyculture ratio. The greatest (but not
significant) WG of mullet was observed at
SR; followed by SR, and SR; respectively.
While with respect to Nile tilapia, analysis
of variance of the data showed that
differences within WG were significant
(P<0.05). The best WG was observed at
SRy, (6.80 + 0.11 g ) followed by SR; and
SR, (5.54 £ 0.11 g and 4.96 + 0.06 g ),
respectively .

The results concerning body
weight gain of striped mullet and Nile

tilapia as affected by dietary crude protein
levels followed the same trend observed
for final body weight. It isclear from Table
(2) that WG of mullet is greater with the
diet containing 25 % dietary crude protein
a SR; and SR, with ingignificant
differences (P>0.05) among them. They
were followed by WG of mullet
maintained at 25 %dietary crude protein at
SRs; 17 %, SRy; 17%, SR; and 17 %, SR,.
There were indignificant differences
(P>0.05) among 17% dietary crude protein,
SR;; 25 %, SR, and 25 %, SR; treatment
groups in WG of mullet. With respect to
Nile tilapia, the best WG were noticed
when the fingerlings maintained at 25 % or
17 % dietary crude protein both with the
first stocking ratio (SR;) followed by that
of Nile tilapia maintained at 25 %, SRs;
17%, SRs; 25%, SR, and 17%, SR,.
Average SGR of striped mullet and Nile
tilapia are summarized in Table (2). The
data indicated that SGR of each of striped
mullet and Nile tilapia increased gradually
with increasing tilapiain the stocking ratio.
Irrespective of protein levels, statistical
analysis did not reveal any significant
differences (P>0.05) in the SGR of mullet
dueto different stocking ratios. The results
presented in Table (2) show that the best
SGR of mullet was observed at the first
stocking ratio SR1 averaged (2.12 = 0.13)
followed by SR2 and SR3 with the
averages of 2.01 £ 0.14 and 1.87 +0.12,
respectively.
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Table (2): Mean + standard error (SE) of initial and final body weight (BW),weight gain and specific
growth rate (SGR) of striped mullet (M) and Nile tilapia fingerlings (T) as affected with dietary
crude protein levels( 17and 25 %) and stocking ratios (3:7, 5:5 and 7:3).

Stocking
Protein ratios Initial BW Final BW Gain SGR
levels (@) (9) (9 (%/d)
% (SR)
M:T
Striped mullet (Mugil cephalus)
17 3.7 2.33+0.19° 6.33+0.25 4.00 + 0.34% 1.93+0.19%
5.5 2.17+0.07% 5.27 +0.15° 310+ 0.15° 1.71+0.07°
7:3 2.28+0.00° 5.52 +0.10° 3.24+0.10° 1.70+0.03°
25 37 2.53+0.20°% 8.33+0.19° 5.80 + 0.04% 2.30+0.11%
55 1.99 + 0.01* 6.63 £ 0.18° 464+0.18° 2.31+0.60°
73 2.22+0.27% 6.57 +0.12° 428 +0.31% 2.04 £ 0.20®

Pooled means

17 2.26 +0.05° 5.71+0.32" 345+ 0.18" 1.78+0.07"
25 225+ 0.16° 7.07 £ 0.14° 4.91 +0.25° 2.22 +0.08°
37 2.43+0.10* 7.33+ 1.00* 4.90 + 0.43 212 +0.13"
55 2.43 +0.10° 5.95 + 0.68 3.87 % 0.36" 2.01+0.14*
73 2.25 +0.03" 5.89 +0.37Y 3.76 +0.27° 1.87 +0.12*

Niletilapia (O. niloticus)

17 37 6.66+0.17° 13.36 + 0.08° 6.69 + 0.13a 1.32 + 0.06°
5.5 6.56 + 0.09° 1150+ 0.17° 4.93 +0.09¢c 1.08 +0.01°
7:3 6.27 + 0.06° 11.75+0.13% 5.37 + 0.16bc 1.17 +0.03°
25 37 6.52 + 0.24% 13.43+0.07% 6.91+0.17a 1.39 + 0.06°
S5:5 6.62 £ 0.07% 11.60+0.17° 4.98+0.10c 1.08 + 0.01°
73 6.38+ 0.20% 12.22+0.15° 5.70+0.10b 1.20+0.02°

Pooled means

17 6.50 + 0,129 12.20 + 0.58° 5.67 + 0.27g 1.19+0.04°
25 6.51 + 0.07° 12.42 + 0.54° 5.86 + 0.28g 1.23 +0.05°
37 6.59 + 0.07 13.40 £ 0.04* 6.80 + 0.11x 1.36 + 0.04°
5:5 6.59 + 0.03" 1155+ 0.05 4.96+ 0.06z 1.08 +0.00
73 6.33 + 0.06" 11.90 + 0.24Y 554+ 011y 1.19 + 0.02

Means in the same column with different superscript are significantly different (P<0.05)

On the other hand, there were SR; and SR, with the averages of 1.19 £
significant differences (P<0.05) between 0.02 and 1.08t 0.01, respectivey.
SGR of Nile tilapia fingerlings maintained Differences between SGR of tilapia
at different SRs. The best SGR was maintained at SR, and SR; were not

recorded at SR; (1.36 + 0.04) followed by significant (P>0.05).
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SGR of mullet maintained at the
diet containing 17 % crude protein ~ (1.78
+ 0.07) was less significantly (P<0.05) than
those maintained at the diet containing 25
% crude protein (2.22 + 0.08). With respect
to Nile tilapia, SGR was greater with the
diet containing 25% crude protein than
with the diet containing 17 % crude
protein. Statistical analysis show that there
were insignificant differences within SGR
of tilapia (P>0.05). They were found to be
1.23+ 0.05 and 1.19 + 0.04, respectively.

Interaction of SGR data between
protein levels and stocking ratios was
significant for both fish species striped
mullet and Niletilapia. The highest SGR of
striped mullet as demonstrated in Table (2)
was observed when its fingerlings were fed
at the diet containing 25 % crude protein at
the second polyculture ratio SR,, followed
by 25 %, SRy; 25 %, SR; and 17%, SRy,
respectively. There were insignificant
differences among these groups. And the
least SGR averaged 1.71 + 0.07 and 1.70 +
0.03 were recorded with 17 % dietary
crude protein at SR, and 17 % with SR,
respectively. The results show that SGR of
mullet given the diet containing 25% crude
protein at SR; was significantly similar to
that given the diet containing 17 % crude
protein at SR;, SR, and SR;. With respect
to Nile tilapia, the best SGR was observed
with diets containing 25 % and 17%
dietary crude protein both at SR; compared
to other tilapia treatment groups. There
was insignificant differences between these

two treatment groups, followed by 25 %,
SRs; 17 %, SRs; 25 %, SR, and 17 %, SRy,
respectively. The results presented in Table
(2) show that the difference between SGR
of tilapia was not significant when
fingerlings maintained at 17 % and 25 %
crude protein both at SR, and they were
found to be the less significant values than
those observed with the other treatment
groups.

Weight gain (percent of initial
weight) of striped mullet, Nile tilapia
fingerlings and the total biomass and its
dtatistical analysis are shown in Table (3).
Obvioudy, gain % of striped mullet
improved by increasing tilapia in the
stocking ratio. Statistical analysis did not
reveal any significant differences in the
gan % of sriped mullet when fish
maintained at SR;, SR, and SR;. With
respect to Niletilapia, the results presented
in Table (3) showed that gain % was
decreased significantly (P<0.05) with
increasing mullet in the stocking ratio from
SR; to SRy, followed by increasing at SRs.
The results showed that gain% of the total
biomass revealed that gain % followed the
same trend observed for gain % of striped
mullet.

Irrespective of stocking ratios, the
resultsin Table (3) indicate that gain % of
striped mullet developed significantly
(P<0.05) by increasing dietary crude
protein level from 17% to 25%. With
respect to Nile tilapia, fingerlings
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Table (3): Mean + standard error (SE) of weight gain (percent of initial weight.) of striped mullet (M)
and Nile tilapia fingerlings (T) as affected with dietary crude protein levels( 17and 25 %) at

three stocking ratios (3:7, 5:5 and 7:3).

Stocking Weight gain (% of initial wt.)
Protein Ratio Striped mullet Niletilapia Total biomass
Levels% (SR)
M:T
17 3:7 17556 + 25.37™ 102.16+5.71% 138.86 +12.79™
5:5 143.48 + 9.47° 75.12 + 0.55 109.30 + 4.96°
7:3 14211+ 4.33° 84.18 + 3.20° 113.15+ 0.57°
25 3:7 247.81 + 34.67% 108.51+6.25% 178.16 + 20.11%
5:5 232.83+9.73% 75.30 + 0.58° 154.07 + 5.17%
7:3 191.54 +28.88%* 87.49 + 1.60° 139.52 +14.61%
Pooled means
17 153.72 +9.62" 87.15 + 4.40° 120.44 + 6.10°
25 224.06 + 15.76° 90.43 + 5.20° 157.25 + 9,249
3:7 211.69 + 25.10 105.33+4.05* 158,51 + 13.81*
5:5 188.16 + 20.88" 75.21 + 0.42Y 131.69 + 10.51*
7:3 166.82 + 17.11¥ 85.83 + 1.76" 126.33 + 8.80%

Meansin the same column with the same superscript are not significantly different (P<0.05).

maintained at 25% dietary crude protein
had higher gain % than those maintained at
17% dietary crude protein, but the
differences among them were not
significant (P>0.05). The same trend was
observed with respect to the total biomass.

Interaction of gain % data
between the two factors P% and SR was
significant for both fish species and their
total biomass. Obvioudly, the best gain %
values of striped mullet were observed
when fingerlings maintained at 25%
dietary crude protein at any stocking ratio
(SRy, SRy or SR;) without any significant

differences between them (Table 3). The
least gain % values of striped mullet were
obtained when fingerlings maintained at
17% dietary crude protein at any stocking
ratio (SRy, SR, or SR3). They were less
significantly (P < 0.05) than that of mullet
maintained at 25% protein with the three
stocking ratios

With respect to Nile tilapia, the
best gain % values were observed when
fingerlings maintained at 25% or 17%
dietary crude protein at SR;. These values
were higher significantly (p<0.05) than
those found at 17%, SRy; 17%, SRs; 25%,
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SR2 and 25%, SR;. Analysis of variance of
the data showed that differences within
gain % of Niletilapia were not significant
(P>0.05) within the treatments of 17%,
SRy; 17%, SRs; 25%, SR2 and 25%, SRas.
The same trend was observed with respect
to the total biomass. The best gain % was
recorded with 25%, SR; followed by gain
% of fish maintained at 25%, SRy; 25%,
SRs; 17%, SRy; 17%, SR; and 17%, SRy,
respectively.

Feed and nutrient utilization

Feed consumption (FC) and feed
conversion ratio (FCR) for Niletilapia and
mullet as affected by dietary protein level
and stocking ratio are shown in Table (4).
Feed consumption increased significantly
(P<0.05) with increasing tilapia in the
stocking ratio. The highest FC was
recorded when fish maintained at the first
stocking ratio (SR;) (137.75 = 0.41Q),
followed by (104.5 £ 2.07g and 92.91 +
0.57g) at SR, and SRs, respectively. The
FC of fingerlings maintained at 25%
dietary crude protein diet was significantly
(P<0.05) higher than of those obtained the
17% dietary crude protein diet (114.33 £
7.03g and 109.11 + 6.51g), respectively
irrespective of stocking ratio. The FC of
fish maintained at 25% dietary crude
protein at SR; was highly significantly than
that recorded wth the other treatment
groups (P<0.05). It was followed by FC of
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fish maintained at 17%, SR;; 25%, SRy;
17%, SRy; 25%, SR; and 17%, SRs.

Regardless of protein level fed,
FCR improved dightly in fingerlings of
both tested species when maintained at
SR3 compared to other stocking ratios
tested (Table 4). However, datigtical
analysis did not reveal any significant
differences (P>0.05) in FCR of among the
tested stocking ratios. Obvioudy, the best
FCR value was observed when fish
maintained at 25% dietary crude protein
(2.09 = 0.05). It was not differ significantly
from FCR of fish maintained at 17%
dietary crude protein (2.30 +0.08)
regardiess of stocking ratio. The higher
FCR values were obtained when
fingerlings maintained at diet containing
17% crude protein with SR; or SR, without
significant differences (P>0.05). There
were no significant differences among the
other treatment groupsin FCR.

Average water quality records
during the experimenta period were found
to be within the normal limits for both
species (Temp., 24.2+1.8 °C; DO, 7.2+0.61
ppm; pH, 85+0.1; Total Alkalinity,
283+4.5 ppm; NH,", 0.8+0.0 ppm; No,
0.41 £0.0 pm; Nosg, 0.23 £0.0 ppm and
Orthophosphate, 1.42+0.03mg/ L).



PROTEIN AND STOCKING RATIOS FOR MULLET AND NILETILAPIA

Table (4) : Mean + standard error (SE) of total weight gain, offered feed and feed conversion ratio
(FCR) of striped mullet (M) and Nile tilapiafingerlings (T) per net enclosure as affected with
dietary crude protein levels (17and 25 %) at three stocking ratios (3:7, 5:5 and 7:3).

Protein Stocking Total weight gain Offered feed
Levels% ratio gt SE gt SE FCR
(SR)
M:T
17 3:7 58.85+ 1.67% 134.58 + 1.98° 2.29 + 0.09%
5:5 4017 + 1.17¢ 100.28 + 0.94¢ 2.50 + 0.05%
7:3 4278 + 4.01% 92.46 + 0.96° 2.16+0.21°
25 3:7 65.76 + 1.28% 140.92 + 1.21° 2.14+0.06"
5:5 50.78 + 3.44™ 108.72 + 1.67° 2.14+0.11°
7:3 47.05 + 1.97 93.36 +0.70° 1.98 +0.08°
Pooled means
17 47.27 +3.20° 109.11 + 6.51" 2.30+0.08°
25 5453 + 3.10° 114.33 + 7.03¢ 2.09 + 0.05°
3:7 62.31+ 1.81 137.75 + 0.41% 2.21 +0.06*
5:5 4548 + 2.88* 104.5 + 2.07" 2.30 + 0.09*
7:3 44,91+ 2.2 92,91+ 0.57% 2.07 +0.11¥

Means in the same column with different superscript are significantly different (P<0.05).

DISCUSSION

The results of the present study
revealed that, with increasing the stocking
rate of mullet in the stocking ratio, final
body weight and weight gain of both
striped mullet and Nile tilapia fingerlings
decreased (Table 2). The decrease in body
weight gain may be due to the interspecific
competition between mullet and tilapia for
food. Moreover, theincreasein mullet ratio
affects its growth due to the intraspecific
competition between mullet fingerlings.

These results are in agreement with those
reported by Yashouv (1972). He came to
the conclusion that the presence of Mugil
cephalus in a pond decreases the yields of
other fish.

The best mixture for high
production in the present study was 70%
tilapia and 30% mullet. These results were
in agreement with those reported by
Tichert - Coddington (1996) for Clossona
macropomum and Oreochromis niloticus.
He found that, total production increased
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curvilinearly, and feed conversion ratios
decreased curvilinearly as the rate of
stocked tilapia increased. He found also
that the best species mixture for high
production, was 75% tilapia and 25%
tambagui. The same trend was found in the
study reported by Papoutsoglou et al.,
(1992). In this study, two polyculture
groups (60% carp (C) - 40% tilapia (T) and
60% tilapia - 40% carp) were reared using
a closed circulated system. The aim of the
experiment was to investigate the
interactions between the species and their
influence on fish growth characteristics,
under polyculture conditions. The highest
final yield (132.5 kg/m®) was found with
the group of (60% T - 40% C) compared to
the group of (60% C - 40% T), which
attained afinal yield 126.1 kg/m®.

In this  connection, the
achievement of the well known advantages
of polyculture fish rearing, in the case of
an intensive production system, is mainly
based on fish ethology, food habits and the
percentage combination of  species
(Papoutsoglou et al., 1992).

Hafez (1991) found that, body
weight and body length of tilapia fish
under the polyculture system (with mullet
and carp) varied with mullet stocking rate
and the differences in body weight and
length due to mullet stocking rate were
significant ( P< 0.01) in most growth
stages studied. The same findings were
also observed when dealing with ether
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mullet or carp fish.

The results of the present study
show that the biomass increased for both
species Nile tilapia and striped mullet at
increasing stocking density of their own
species, but the individual weight was
greatly reduced with increasing mullet in
the stocking ratio.

These results are in agreement
with those reported by Hogendoorm and
Koops, (1983) in the poluycultre of
Oreochromis niloticus and Clarias lazera.
Furthermore, Cohen and Ra anan (1983)
showed that, both the total prawn yields
and average weights were independent of
tilapia stocking rate under the polyculture
production system of tilapia hybrids and
fresh water prawn Machrobrachium
rosenbergii.

The results of the present study
indicated that tilapiawas highly responsive
to changes in stocking ratios than mullet.
However, differential sensitivity of mullet
and tilapia to changes of their own
stocking density cannot be deduced from
this study because these two species were
tested under different densities. Previous
studies have shown that even at the low
stocking rate, density had a noticeable
effect on the rate of growth and the
increase in mullet stocking rate was
followed by decrease in the body weight of
tilapia under the polyculture fish
production system (Snow, 1983 and Hafez,
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1991).

Growth is a complex phenomenon,
but can be viewed most smply as an
increase in body cell mass which in
animals relates to devel opment of skeleton,
such as fish, is accompanied by an increase
in axial length. It isnow well established in
vertebrates, including fish, that growth is
regulated by hormones which act together
with genetic and nutritional factors that
influence growth (Power, 1990).

Averages of SGR of driped
mullet and Nile tilapia fingerlings as
affected by stocking ratios are presented in
Table (2). The data indicate that SGR of
each of striped mullet and Nile tilapia
increased gradually with increasing tilapia
stocking rate with a reduction in mullet
stocking rate. The best SGR of both mullet
and tilapia was observed with the first
polyculture ratio mixture (3M : 7 T). It is
clear that increasing stocking rate of Nile
tilapiawith decreasing striped mullet at the
same time increased BW gain and hence,
the amount of supplementary feeding
increased which was more suitable for Nile
tilapia due to the decrease in the
interspecific competition for food between
Nile tilapia and striped mullet fingerlings.
Moreover, Nile tilapia excreted partly
digested food which fdl to the bottom and
served as food for benthic organisms - the
main food item of driped mullet
fingerlings. This synergistic effect was

explained by Yashouv (1971) as a mutual
effect on food resources. He showed that
silver carp excreted partly digested algae as
pellets which fell to the bottom and served
as food for benthic organisms, the main
food item of common carp. On the other
hand, common carp stirred the bottom,
bringing up organic matter which served as
food for silver carp.

Rouse and Kahn, (1998) eval uated
the effect of tilapia on growth and survival
of red claw crayfish in red claw-tilapia
polyculture. They observed a reduced red
claw performance when cultured with
tilapia. Similar results were reported when
red claw was cultured with tilapia (Karplus
et al., 1995). The authors explained that
red claws are generally considered non-
aggressive, especially when compared with
other clawed crustaceans. His lack of
aggressiveness is suggested as a cause for
decreased growth in polyculture with

tilapia

The results of the present study
indicated that weight gain (% of the initial
weight) of striped mullet, Nile tilapia and
the total biomass improved by increasing
tilapia to mulet ratio (Table 3). Although,
dtatigtical analysis of the data showed that
differences in gain % due to the studied
effects of striped mullet fingerlings and the
total biomass were not significant (P>0.05)
when fish maintained at any stocking ratio,
the polyculture group of 70% tilapia - 30%
mullet till the best species mixture for

13



EL-DAHHAR, ET AL.

high gain percent, and also for high
production as presented in Table (4). The
higher total weight gain in this polyculture
group reflects less inter-and intra-specific
competition for food and high utilization
efficiency of the supplemental diets.
Previous studies have shown that fish
stocking density affects the amounts of
natural food available per fish and the level
of supplemental feeding required (Moore,
1986and Hepher, 1988). The stocking ratio
of fish species was arbitrarily fixed on the
basis of their feed and feeding habits. In
essence, polyculture is an attempt to get
maximum utilization of pond waters by
stocking  fish  with  complementary
characteristics (Lakshmanan et al., 1971).

In the present study, Table 4
showed that feed conversion ratio (FCR)
decreased insignificantly (P>0.05) with
increasing mullet in the stocking ratio. The
noticed insignificant improvement in FCR
values with polyculture - group (7 M : 3
T) is attributed to lower food consumption
due to the lower growth more than better
food utilization. Consequently, it could be
said that when mullet : tilapia polyculture
ratio increased, the inter-specific
competition for food between both species
increased, followed by decrease in the
body weight of both (Snow, 1983 and
Hafez 1991). Similar results were obtained
by Lovshin (1980) and Teichert -
Coddington,  (1996). The authors
demonstrated that feeding efficiency of a
tampagui  culture was  increased
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tremendously by co-stroking tilapia hybrid,
and FCR was more better with the mixture
of 75% tilapia and 25% tambaqui than with
25% tilapia and 75% tambagui. It was
found to be 1.13 and 1.30 respectively.

REFERENCES

Albertini - Berhaut, J., 1974. Biologie
des stages juvéniles de Téléostéens
Mugilidae Mugil auratus Risso 1810,
Mugil Capito. Cuvier 1829 et Mugil
Saliens Risso 1810. I1. Modifications
du regime aimentaire en relation
avec lataille. Aquaculture, 4: 13 -27.

Albertini - Berhaut, J. and Vallet, F.,
1971. Utilization a limentaire de
I"urée chez les Muges. Tethys, 3 (3) :
677-680.

American Public Health Association
(APHA), 1985. Standard method for
the examination of water and waste
water, 16 ™ Edition American Public
Health Association,  Washington,
D.C., 1268pp.

Association  of Official  Analytical
Chemists (AOAC), 1990. Official
Methods of Analysis. Association of
Official Analytica Chemists.
Washington, D.C.

Cohen, D. and Ra’anan, Z., 1983. The
production of the fresh water prawn
(Macrobrachium  rosenbergii) in
Israel. 111, Density effect of al-male



PROTEIN AND STOCKING RATIOS FOR MULLET AND NILETILAPIA

tilapia hybrides on prawns yied
characters in polyculture.
Aquaculture, 35:57-71.

Cruz, E.M. and Laudencia, I.L., 1980.
Polyculture of milk fish (Chanos
chanos Forskal), al- male Nile
tilapia (Tilapia nilotica) and
Snakehead (Ophicephalus striatus) in
fresh water ponds with supplemental
feeding. Aquaculture, 20: 231-237.

De Silva, S.S. and Wijeyaratne, M.J.S,,
1977. Studies on the biology of
young grey mullet, M. cephalus L. II.
Food and feeding. Aquaculture, 12:
157-167.

D’Silva, A.M. and Maughan O.f., 1992,
Polyculture of channel catifsh and
bluetilapiain cages. The Progressive
Fish Culturist, 54: 108-111.

El-Dahhar, A.A., 1994. Protein
requirements of fry and fingerlings of
Nile tilapia (Oreochromis niloticus)
fed at varying protein level in Egypt.
J. Agric. Sci. MansouraUniv., 19 (1):
117-128.

El-Dahhar, A.A.; Zaki, Viola H. and
Fayed, W.M.A., 1999. Effect of
different dietary protein level on
growth, body composition and
resistance to Aeromonas Hydrophila
in Niletilapia (Orechromisniloticus).
Egyptian J. of Aquatic Biology and
Fishries, 3 (3) : 93-115.

El-Dahhar, A.A.; Zeweil, H. and El-
Tawil ,N., 2000. Effect of protein
and energy levels in commercia
diets on growth performance of
juvenile Nile Tilapia ( Oreochromis
niloticus). Egyptian J. of Aquatic
Biology and Fishries, 4, (2): 267-
285.

El-Sayed, A.M. and Teshima, S., 1992.
Protein and energy requirements of
Nile tilapia (Oreochromis niloticus)
fry. Aquaculture, 103:55-63.

Hafez, A.F., 1991. Studies on some
productive traits in fish. Ph.D.,
Thesis, Faculty of Agriculture at
Maoshtohor,  Zagazig  University
(Banha branch), Egypt.

Hepher, B. 1988. Nutrition of Pond
Fishes. Cambridge University Press.
Cambridge, UK.

Hogendoon, H. and Koops, W.J., 1983.
Growth and production of the
African catfish, Clarias lazera (C. &
V.). |. Effects of stocking density,
pond size and mixed culture with
tilapia (Sarotherodon niloticus L.)
under extensive field conditions.
Aquaculture, 34: 253-263.

Karplus, I., Barki, A., Cohen, D. and
Hulata, G., 1995. Culture of the
Augtralian red-claw crayfish (Cherax
guadricarinatus) in Israd. .
Polyculture with fish in earthen

15



EL-DAHHAR, ET AL.

ponds. Bamidgeh, 47:6-16.

Karplus, Milstein, A.; Cohen, S. and
Harpaz, S., 1996. The effect of
stocking different ratios of common
carp, Cyprinus Carpio L., and tilapias
in polyculture ponds on production
charachterestics and profitiability.
Aquaculture Research, 27 : 447 -
453.

Kaushik, S.J.; Doudet, T., Medale, F.;
Aquirre, P.and Blanc, D., 1995.
Protein and energy needs for
maintenance and growth of Nile
tilapia (Oreochromis niloticus).
Journal Applied Ichthyology, 11:
290-296.

Kesamura, K., Okumara, N., Takeda,
H. and Kuroki, A., 1982. Studies on
the nutrition of Tilapia nilotica, 1l1.
Protein reguirement of fingerlings
Tilapia nilotica. Bull. Fac. Agric.
Miyazak Univ., Japan, 29:285-291.

Lakshmanan, M.A.V.; Sukumaran,
K.K.; Murty, D.S.; Chakraborty,
D.P. and Philiopose, M.T. 1971,
Preliminary observationson intensive
fish farming in fresh-water ponds by
the composite culture of Indian and
exotic species. J. Inland. Fisheries.
Soc. India, 3: 1.

Lovshin, L.L., 1980). Progress report on
fisheries development in Northeast
Brazil. Internationa Center for

16

Aquaculture, Agricultura
Experiment Station, Auburn
University, AL, 15pp.

Milstein A., 1992. Ecological aspects of
fish  gpecies  interactions in
polyculture ponds. Hydrobiologia,
231: 177-186.

Moore, L. N., 1986. Input of organic
materials into Aquaculture systems:
emphasis on feeding semi-intensive
systems. Aquaculture Engineering, 5:
123-133.

National Research council (NRC),
1993. Nutrition Requirements of
Warm Water Fishes and Shellfishes
(Revised eddition). National
Academy Press Washington, DC, 102

pp.

Papoutsoglou, S.E.; Petropoutos G. and
Barbieri R., (1992). Polyculture
rearing of Cyprinus carpio (L.) and
Oreochromis aureus (St.) using a
closed circulated system.
Aquaculture, 103: 311-320.

Pillay, T.V.R., 1990. Aquaculture
Prenciples and Practices. Fishing
News Books. 360 pp.

Power, D.M., 1990. The physiology of
growth. Trout news, 10:20-23.

Reich K., (1975). Multispecies fish
culture (polyculture) in Israd.



PROTEIN AND STOCKING RATIOS FOR MULLET AND NILETILAPIA

Bamidgeh, 27: 85-99.

Rouse, D.B. and Kahn, B., M. 1998.
Production of Australian red claw

Cherax guadricarinatus in
polyculture with  Nile tilapia,
Oreochromis niloticus.

World Aquaculture Society, 29(3):
341-344.

Snedecor, G. W. and Cochran, W. G,,
1981. Statistical methods — lowa
State University, Ames, J.O., USA.
341pp.

Snow, J.R., 1983. Size control of catfish
fingerlings by varying the stocking
density. International  Programs.
Auburn, Alabama.

Tang, Y.A., 1970.Evaluation of balance
between fishes and available fish
foods in multispecies fish culture
ponds in Taiwan. Transactions of the
American Fisheries Society, 99:708-
18.

Teichert-Coddington, D.R., 1996. Effect
of stocking ratio on semi-intensive
polyculture of (Colossoma
macropomum) and (Oreochromis
niloticus) in Honduras, Central
America. Aquaculture, 143: 291-302.

Vallet, F., Berhaut, J., Leray, C.,
Bonnet, B. and Pic, P., 1970.

Preliminary experiments on the
artificial  feeding of Mugilidae.
Helgol. Wiss. Meeresunters.,, 20:
610-619.

Yashouv, A. 1969. The fish pond as an
experirmental model for study of
interactions within and among fish
populations. Verhandlugen
internationale  Vereiningung  fir
Theoretische und  Angewandte
Limnologie, 17: 582-93.

Yashouv, A., 1971. Interactions between
common carp (Cyprinus carpio) and
the silver carp (Hypophthal michthys
moltirix) in fish ponds. Bamidgeh,
23: 85-92.

Yashouv, A., 1972. Efficiency of mullet
growth in fishponds. Bamidgeh, 24
(1):12-25.

Yashouv, A. and Ben-Shachar, A.,
1967. Breeding and growth of
Mugilidae. Il. Feeding experiments
under laboratory conditions with
Mugil cephalus L. and Mugil Capito
Cuvier. Bamidgeh, 19: 50-66.

Yashov, A. And Halevy, A., 1972
Experimental studies of polyculture
in 1971. Bamidgeh, 24:31-39.

o AS e Ay 5 8L pal) Al el g o) gl lland (pSad e ama g £ )81 (g (o gl A
400380 Beli<) g gall) p1d) o A4Sl day glas

17



EL-DAHHAR, ET AL.

\JAAiC}uLAJAM‘Y)ﬂLC&@UML“éJ;J%LQ%)‘»‘)IAJDH)S”J..IC-;»LC—
T uSY) daals — (LEL L) el Al — Sandly il gual) LY ad )
Gel )30 5505 — ALl g 1) 5y Cusad (g 3Sall Jaadl) Y

sl Al JiaY (45l (5 snna 5 208al) 1) 5 o J5Y) (5 sianall a4 jad
Loy glas 8 aaeiall ¢ 5iY) ekl & Oreochromis niloticus Ll kbl s Mugil cephalus
sl Gudi A (Y IV 0oV T ) A A bl dland 1 gl AL o 3a0 a3 a5 A0S
Al oy slall s o e Tar Y ama <3 A8 Aday 53 VA e IS B (Ml 5 p3e)  Jlaay)
FY.Y0 oA paall Ay 8 dleul) o sl e sie S Lgie llanl) 28 il o sl (g 4S5
&1 i s AN A 2 i By Ll Jlalll e a0 0T 210 56l Al an v WY
L 558 pad (Y T V) lebadl oyl aladiady (4555 50 06 YO ¢ VY el33dl (05 0 (e Gffiansd ae 2220
s lmvaal e JSI el (sl L cpe il e JST o) 2Rl e BalEuY) UK @llan) gai e
05N S sl lmna Aailly | Al b ellond A 5ol 3o &y inae 80l edal JLall el
Algdl) () 55Y) Cildans sia S (V2 Y A ae Al ()5l (e Gsina JBT Y1V 001 0 A e gl
Ll sl e (aa YV £ 0 A TAE 090 0 ) e £ VYY) sl dlle Y Al
37V A e lgle Jgeanll 5 G GV Al VY A g el (s el S Bl e
V0NN 00 X E Y A T E) L LS Al ) 55V e i S 5 00 0
et 05 el ala (s 20 %Y 0 (e yinidile o bl (55l Clmaal sl e (o
Al Gl ) clans sie Gl g ala 55 11 00V Y (e ssiniddle o slazall el e G ginae el
Y el Gl e Ll L 53l e (o FY £ 0V ¢V E Y LY) Al
%Yo o s siatddile aladiuly () )Y S (5 ) sl Al ae TSl sl (uds Cundl dilgal)
GSIs ala i 1 00V Y (e s sinti dle aladiuly Lele Juaniall o) §5¥) Al e e ala (a5
VYV e e 0¥ £ 1Y EY) LS il &y gima e il Ll b)) 56l il s (g ALY
e 31l dleul) aa Claa F (FCR) - (A8 do gaill Jalaal aad Jual )5l e (an +,0A &
Al pa G gine alids I FCR Al o2 (<15 (100 £ V.0 9) ol (055 2 Y0 o (s i ddle
238 G (AR YY) A 85 1 00 Y o ssiaidile e slaa) dlend) e lgde Juanidll
e JSI (G 585 s Jumil (o calS (L Il V2 (55 ) llansd) (53 s o i (S il
6 s Jual (5 480 Ty bt 8 daaall ) Y1 allad aladialy Lol (Ll (5 ) sl Cilamraa)
Bl lnsia) G 4 gina (3558 LDl ol Lain 94V 0 (LS (5 5all lansd dunailly e)3ll & (5l
A G 0 0070 5l 96V e (ssiad 30le e sl Ll

18



