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Abstract

Six ponds (20X50m2) were stocked by 1000 of Nile tilapia fingerlings
for each pond. The six ponds were assigned into two groups, each group com-
posed of three ponds, the first pond was stocked with the first stocking rate
(SR1) of silver carp (100/pond), the second pond was stocked with the second
stocking rate (SR2) of silver carp (200/pond), and the third pond of each group
was stocked with the third stocking rate (SR3) of silver carp (300 fish/pond).
the three ponds of the first group had the first feeding treatment (fertilization
with 50 kg poultry litter every week for each pond) and the three ponds of the
second was exposed to the second feeding treatment (fish feed containing
30% crude protein). Results obtained can be summarized as follows:

- Means of body weights of Nile tilapia from the 4'" week of the experiment up
to the 14" week of the experiment, fed the supplementary feed (containing
30% crude protein) were significantly higher than those fed natural food en-
hanced by poultry litter as organic fertilization. Body weights of silver carp
showed the opposite trend.

- Body weight of Nile tilapia increased with increasing silver carp stocking rate.
Increasing silver carp stocking rate as followed by a decrease in body weight of
silver carp.

- using supplementary feed increased body length and body depth of Nile tilapia
more than the other feeding treatment. The opposite trend was obtained with
silver carp.

- Condition factors for Nile tilapia and silver carp were parallelled with previous
fish growth results. the effect of stocking rate on condition factor of Nile tilapia
and silver carp varied within the whole period of the experiment.

- the values of SGR of Nile tilapia from the first week up to 14" week of the ex-
periment and within biweekly intervals, showed that using supplementary feed
gave higher values than using poultry litter in most intervals. The opposite re-
sults was obtained with respect to silver carp.

- Increasing stocking rate increased SGR of Nile tilapia, while decreased SGR of
silver carp.

The SGR values for tilapia, due to the interaction between feeding treatment
and stocking rate, were recorded with fish during the first four weeks as the
rates ranged between 3.76 -4.57, while, in the other intervals, the rates had
ranged between 0.96 - 2.86. The best SGR values for silver carp were recorded
with fish during the first eight weeks (0.37 -1.83), while, in the following weeks,
the rates ranged between 0.38 -1.13.

- The total yield for Nile tilapia and silver carp at harvesting, after 14 weeks in-
creased with each increase in stocking rate.

In general the largest fish production (270 kg) for tilapia and silver carp
was recorded from the pond provided by the supplementary feed and of the
third stocking rate (SR3), and the lowest fish yield was (180 kg) obtained from
the pond fertilized with poultry litter of the first stocking rate (SR1).
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INTRODUCTION

Polyculture, between tilapia and other aquatic species, is an established option
when natural food from different pond niches are independently exploited by fish, when
there is a market for all species in culture and when their combination provides an eco-
nomic benefit which is high enough to cover extra labour expenses required to grade
and sort fish at sampling and harvesting.

The aim of this experiment was to test the optimal stocking rate of silver carp
which can be stocked with Nile tilapia under the polyculture system of aquaculture, us-
ing two types of feeding, natural food enhanced by organic fertilization (poultry litter)
and supplemenary feeds (artificial feed).

MATERIALS AND METHODS

The present experiment was conducted during the period from 15 May to 1 Sep-
tember 1995 (14 weeks) in six fresh water earthen ponds each of total area of 0.25
feddan at the Central Laboratory for Aquaculture Research at Abbassa village, Sharkia
Governorate, Egypt.

Fish used:

The fish used in this experiment included Nile tilapia (Oreochromis niloticus)
which is an efficient converter of phytoplankton, but can utilize a wide variety of foods.
Ponds were stocked also with silver carp (Hypophthalmichhthys molitrix) which feeds
primary on phytoplankton. Tilapia fingerlings were obtained from Abbassa hatchery, the
average body weight 164 g.

Experimental ponds and stocking rate

Six experimental earthen ponds (1000 m2, 20 X 50 m) and 130 cm depth sup-
plied with fresh water from Ismaellia canal were used in this investigation. The six
ponds were stocked by 1000 of Nile tilapia fingerlings for each pond. The six ponds
were assigned into two groups, each group composed of three ponds. The first group
was stocked with the first stocking rate (SR1) of silver carp (100 fish/pond), the sec-
ond pond was stocked with the second stocking rate (SR2) of silver carp (200 fish/
pond) and the third pond of each group was stocked with the third stocking rate (SR3)
of silver carp (300 fish/pond). The three ponds of the first treatment group had the
first feeding treatment (fertilization with poultry litter) and the three ponds of the sec-
ond treatment group received suppiementary feed as described in Table 1.
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Table 1. Stocking density of Nile tilapia and silver carp under the two feeding

treatments.
Treatment Stocking Pond Stocking density per pond Stocking density per feddan
Density No.

Fertilization SR 1 1 1000 tilapia + 100 silver carp 4000 tilapia + 400 silver carp
With Poultry SR2 2 1000 tilapia + 200 silver carp 4000 tilapia + 800 silver carp
Litter (T1) SR3 3 1000 tilapia + 300 silver carp 4000 tilapia + 1200 silver carp
Supplementary SR 1 4 1000 filapia + 100 silver carp 4000 tilapia + 400 silver carp
Feed (3% of) SR2 5 1000 tilapia + 200 silver carp 4000 tilapia + 800 silver carp

Body weight (T2) SR3 6 1000 tilapia + 300 silver carp 4000 tilapia + 1200 silver carp

The three ponds in the first treatment were fertilized with 50 kg poultry litter
every week for each pond throughout the experimental period to stimulate the natural
foods.

The fish in the three ponds of the second treatment were fed fish using feed
containing 30% crude protein. Feed was offered six days per week (except Friday) dur-
ing the experimental period. The feeding rate was 3% of the total fish mass presented
in each pond and the feed amount was adjusted biweekly for each pond separately ac-
cording to biomass. Chemical analysis of poultry litter and fish feed are presented in
Table 2.

Table 2. Chemical analysis of poultry litter and supplementary feed

item No. of Poultry litter Supplementary feed
samples Mean + SE Mean + SE

Moisture % 5 4.23+0.35 9.46+0.35
Crude protein % 5 10.50£0.26 29.77+0.26
Crude fat % 5 1.01+£0.08 2.60+0.08
Crude fiber % 5 30.02+0.34 4.40+0.98
Ash % 5 19.15+0.34 9.10+0.34

Fish samples and measurements

Random samples (50 fish from tilapia and 30 fish from silver carp from each
pond) were taken biweekly during the experimental period. During this experiment,
body measurements (body weight and (in g) body length and body depth (in cm.) were
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recorded 8 times at biweekly intervals throughout the whole experimental period. The
first one was recorded at the time of pond stocking with fish and the last one at har-
vesting.

Condition factor was determined by using the following formula:

K = [weight (g)/length (cm.)®] x 100

Specific growth rate (SGR) was calculated according to Jauncey and Rose (1982).

Harvesting

At the end of the experiment (1 September 1995) ponds were gradually drained
from the water and fish were harvested by seining and transferred to fiberglass tanks
and carried to processing center where they were washed, and the fish of the two spe-
cies (tilapia and silver carp) were sorted and collectively weighed.

Statistical analysis

The statistical analysis of data of the experiment was carried out by applying the
computer program, Harvey (1990) by adopting the following fixed model:
Yijk = M+Ti+Sj+(TS)ij+eijk
Where:
Yijk = observation of the ijkth fish
M = overall mean
Ti = fixed effect of the ith treatment
Sj = fixed effect of the jth stocking density within the ith treatment
(TS)ij = interaction between the effect of ith treatment and jth stocking density
eijk = a random error
Differences among means were tested for significance according to Duncan’s multiple
range test (1995).

RESULTS AND DISCUSSION
Body weight

Tables 3 and 4 show that means of body weights, at experimental start, of each
of Nile tilapia and silver carp fed supplementary feed were identical with ones fed the
natural food enhanced by organic fertilization (poultry litter). From the 4th week up to
14th week of the experiment, body weights of Nile tilapia fed the supplementary feed
were significantly (P<0.05) higher than the same species fed the natural food. Silver
carp due to the effect of feeding treatment, showed the opposite results. These re-
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sults may be attributed to the feeding habits of the two species. Tilapia fish is an effi-
cient converter of phytoplankion and can utilize a wide variety of food especially artifi-
cial feeds, whereas, silver carp feeds primary on phytoplankton (Bitterlich and Gnaiger,
1984). On the contrary, Reich (1975), reviewed that, in the polyculture system of
three species, common carp, silver carp and tilapia, with supplementary feed, the fertil-
ization increased the common carp yield by 35%, silver carp by 31% but had no effect
on yield of tilapia fish.

Body weight of tilapia fish grown under the three sliver carp stocking rates at all
studied ages revealed that the significant differences, due to stocking rates, started
after the first month of raising, but these significant differences were observed after
two months for silver carp. As described in Tables 3 and 4, the body weight of Nile tila-
pia increased with increasing silver carp stocking rate. This result can be attributed to
the increasing of the amount of artificial feed which was available for tilapia fish more
than silver carp. This result might also be explained on the basis that stocking of Nile
tilapia was still below the normal carrying capacity of the pond for tilapia under the
condition of spplemental feeding. Also, there was another benefit from the stocking of
silver carp with tilapia fish. Reich (1975) showed that, only a small portion of the algae
were digested by silver carp and the undigested parts were excreted in the form of
small pellets which were available as food for the other species present, carp and tila-
pia. In this way, silver carp changes natural food, unavailable to other fish, to edible
parts. The present results are in agreement with those obtained by MccGinty (1985),
who used a constant stocking rate of Nile tilapia with increasing stocking rate of large-
mouth bass in polyculture system. Fish were fed 32% protein ration, under these ex-
perimental conditions he found that, average weight of largemouth bass declined as
their stocking density increased, but the average weight and total biomass of originally
stocked tilapia increased with increasing largemouth bass stocking density.

Table 4 shows that the increase in the stocking rate of silver carp had negative
effect on their average body weight. This result may be attributed to the competition
between tilapia and silver carp for the natural food available in the pond. Schroeder
(1983) found that 50-70% of the tilapia growth originated with a food chain based
photosynthetic natural food, even in the presence of a full ration of protein enriched
feed pellets. Snow (1983) stated that, even low stocking rate, density had noticeable
effect on the rate of growth. Hafez (1991), found that the increase in mullet stocking
rate was followed by a decrease in the body weight of tilapia and carp fish under the
polyculture system.
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Results presented in Tables 3 and 4 show that variations are significant
(P<0.05) due to the interaction between feeding treatment and stocking rate, which
indicated that these two factors act dependently on each other, and also, each of
them had its own significant effect. Schroeder (1979) in this study with polyculture of
common carp, silver carp and Tilapia aurea, found that fish yield was linearly positively
correlated to fish stocking density.

The interaction was more effective with respect to Nile tilapia as its significance
began from the 4!" week of the experiment and continued significantly up to the 140
week of the experiment, while, the interaction, with respect to silver carp was signifi-
cantly only in the 10'" week of the experiment.

The body weights of Nile tilapia decreased with increasing the stocking density
of silver carp in ponds fed the first feeding treatment and the opposite trend was ob-
tained in ponds fed supplementary feed. The body weights of silver carp, at the 10"
week of the experiment, decreased with increasing stocking rate of silver carp in both
ponds fed the two feeding treatments. The latter result is in agreement with the find-
ings of Yousif (1996) that the negative effect of higher densities on cultured fish spe-
cies were the reduction of growth rate and lowering of survival rate. Hogendoorn and
Koops (1983) showed that, in polyculture of Nile tilapia and African catfish, the bio-
mass increased with increasing stocking rate, but the individual weight was greatly re-
duced.

Body length and depth

Table 5 and 6 show that supplementary feeding increased body length of Nile ti-
lapia more than the poultry litter. The opposite trend was obtained with silver carp.
The significant increase began from the 4t week for tilapia and silver carp. Due to the
effect of the 34 stocking rate, the increase of body length of Nile tilapia was more pro-
nounced compared with the other two densities and the significance among means be-
gan early from the 2" week. With respect to silver carp, the increase was more due to
the effect of the 18! stocking rate and the significance began lately from the 8'h week
of the experiment. Therefore, means of body length of tilapia due to the interaction
between the second feeding treatment and the 3™ stocking rate were high compared
with other interactions. With respect to silver carp, means of length were high due to
the interaction between the first feeding treatment (natural food) and the first stock-
ing rate.

Tables 7 and 8 show that supplementary feeding increased body depth of Nile ti-
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lapia more than poultry litter. The opposite trend was obtained with silver carp. The
significant increase began from the 6!" week for tilapia and from the second week for
silver carp. Due to the effect of the 3" stocking rate, the increase of body depth of
Nile tilapia was more compared with the other results, and the significance among
means began from the 4" week for tilapia. Results revealed also that the increase in
body depth was more pronounced at the highest stocking densities of carp compared
with the lower densities where differences in this trait among the groups started to be
significant at the 6!" week after experimental start. Therefore, means of body length
and depth of tilapia due to the interaction between supplementary feeding and the 3"
stocking rate were high due compared with other interactions. In case of silver carp,
means of body length and depth were high due to the interaction between naturai
feeding and the first stocking rate. The present result with tilapia is not in accordance
with the findings of Abdel-Wares (1993) who respected that increasing of tilapia
stocking rate from 3000 to 6000 fish/feddan was followed by a decrease in body
weight, body length and body depth.

The above resuits are in accordance with results obtained in body weight and
specific growth rate of the two fish species used in the present study. Hafez (1991)
found a strong correlation between body weight and body length for tilapia, mullet and
carp fish.

Condition factor (K)

Condition factor of fish is essentially a measure of relative muscle to bone
growth and the differing growth responses of these tissues to diet treatment may be
reflected by changes in condition factor (Ostrowski and Garling, 1988). Condition fac-
tor was considered to be a sufficient measure of shape, although shape is usually not
considered as a character of interest to breeding program, since it has no obvious ec-
onomic value (Nilsson, 1992).

The estimated condition factor of Nile tilapia in the two feeding treatments (Ta-
ble 9) show that the most robust fish were in the second treatment (supplementary
feeds) at most periods studied of the experiment and condition factor paralleled with
previous fish growth results. The differences between the values of condition factor of
the feeding treatments, irrespective of stocking density, were s'i"gniﬁdant at all periods
except for the two periods at 6 and 10 weeks after the experimental start (Table 10).

For silver carp, Table 10 shows that the most robust fish were in the first treat-
ment (fertilization with poultry litter) and the significant differences between the val-
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ues of condition factor of the two feeding treatments were observed from 6 weeks of
the experiment. The high values of condition factor (K) for Nile tilapia fed the second
feeding treatment and the high values of (K) for silver carp fed the first feeding treat-
ment were attributed to the availability of supplementary feed for Nile tilapia in the
second feeding treatment and the natural food for silver carp in the first feeding treat-
ment, in adequate quantities . The increase in feeding rate resulted in higher condition
factor since the fish grow well when the supply of food was adequate. Similar results,
in which condition factors increased with the feeding rate have been reported by Chau
and Teng (1982). Dioundick and Stom (1990) demonstrated that, for O. mossambicus,
the values of condition factors decreased with increasing the -cellulose percent from 0
to 10% of the diet.

Results presented in Table 9, revealed that stocking density, regardless of feed-
ing treatment, has significant effects on condition factor during the whole experimental
period for Nile tilapia. The best K values were obtained during the first four weeks after
experimental start for the favour of the lowest stocking density, then, continued su-
periority, by the second stocking rate within the following 4 weeks. Within the rest
weeks, best values were given by the 3™ stocking rate.

The effect of stocking rate on condition factor of silver carp was different
throughout the whole periods of experiment. The large values were at most of weeks
due to the effect of the first stocking rate. The interaction between feed treatment
and stocking rate did not show clear tendency, however, its effect was significant
(P<0.05) in the last weeks of the experiment.

Specific growth rate (SGR)

Averages of SGR of Nile tilapia and silver carp as affected by feeding treatment,
stocking rate and the interaction between these two factors are presented in Tables
10 and 12, respectively. in general, the values of SGR of Nile tilapia due to the effect
of the two factors were obviously higher than the values of silver carp.

SGR of Nile tilapia from the initial week up to 14th week of the experiment and
within biweekly intervals, show that using supplementary feeding gave higher values
than using poultry litter in most intervals (Tables 11 and 12). Shiau and Huang (1989),
using hybrid tilapia, found that body weight gain was proportional to the protein con-
tent of the diet. They added that tilapia fish requires about 24% protein to produce
maximum growth when reared in seawater. With respect to SGR of silver carp using the
artificial feeding, it gave lower values than using poulitry litter. These results may be at-
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tributed to the availability of supplementary feeding for tilapia fish and the competition
with silver carp for natural food available in the ponds. The micro-herbivorous feeding
habits of tilapia allowed the fish to access the naturally occurring micro-flora and fauna
of the pond, which may have provided sufficient additional food for tilapia fish. The
more rapid growth of the pellet-fed fish also indicates that the pellets may be nutri-
tionally considered as complete food for tilapia fish.

Increasing of stocking rate by silver carp was followed by increasing the amount
of supplementary feeding which was more suitable for Nile tilapia in the presence of
natural food. Therefore, with increasing stocking rate, SGR of Nile tilapia increased,
while, SGR of silver carp decreased. These results are in agreement, partially, with
those obtained by Abdel-Wares (1993).

Specific growth rate of tilapia and silver carp, in polyculture system, during the
experimental intervals decreased due to the interaction between first treatment (poul-
try litter) and increasing stocking rates, while due to the interaction between second
feeding treatment and increasing stocking rate, SGR of Nile tilapia increased and SGR of
silver carp decreased. The best SGR values for tilapia, due to the interaction, were re-
corded with fish during the first four weeks as the rates ranged between 3.76 - 4.57,
while, in the rest weeks, the rates ranged between 0.96 - 2.86. the best SGR values
for silver carp, due to the interaction, were recorded with fish during the first eight
weeks as the rates ranged between 0.37 -1.83, while, in the rest weeks, the rates
ranged between 0.38 - 1.13.

Total yield

Averages of total yield at the end of the experimental were presented in Table
13. Tilapia gained the highest yield (462 kg) when fed the supplementary feed com-
pared with 324 kg gained by the same fish raised in the first feeding treatment (poul-
try litter).

Averages of the total yield for Nile tilapia fed the first feeding treatment, calcu-
lated as percentage of the largest yield (T2) were Igund to be 70.13%. The opposite
results were obtained with silver carp, as the first treatment gained (291 kg) com-
pared with 206 kg (70.80%) for the second treatment. These results may be attribut-
ed to the feeding habits of the two species as described previously. The total fish pro-
duction (tilapia fish + silver carp) for the first feeding treatment (organic fertilization)
was 92.1% of the total fish production for second feeding treatment (supplementary
feeds), and this differences may be due to the high production from tilapia which grew
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better in the second treatment. These are in partial in agreement with those obtained
by Collis and Smitherman (1978). They found that, hybrid tilapia when fed on manure,
grew 62% compared to hybrids fed on a high protein diet. Barash and Schroeder
(1984) found that the substitution of 46% of the pellets by fermented cow manure
did not reduce the total fish yield, but the complete substitution of the pellets by fer-
mented cow manure caused a 47% decrease in the total yield.

The results presented in Table 13 indicated that, the total yield for Nile tilapia
and silver carp at harvesting as affected by stocking rate regardless of feeding treat-
ment (at the 141" week of the experiment), increased with each increase in stocking

rate.

The interaction between type of feeding and stocking rate was found to be sig-
nificant. This may indicate that for tilapia fish under the manuring system, the total
yield of tilapia decreased with each increase in the stocking rate of silver carp. These
findings may be due to the fact that under this manuring system and interspecies com-
petition on natural food occurred and this is reflected negatively on total yield of tila-
pia. This phenomena disappeared in the second treatment receiving artificial complete
diet where tilapia yield increased with each increase in stocking rate of silver carp.Thus,
the competition on food was reduced and more natural food was available for silver
carp. On the other hand results revealed that average body weight of silver carp de-
creased with increasing stocking rate, however, the total yield increased because of
the fact that the number of culture carp was higher at higher densities.

Regarding the total fish yield from all experimental ponds, the pond of the sec-
ond feeding treatment (artificial feed) and the third stocking rate produced the highest
yield of tilapia fish (180 kg), while, the pond of the first feeding treatment and the
third stocking rate produced the smallest yield (96 kg). For silver carp the largest yield
was obtained from the pond received the first feeding treatment and the third stocking
rate (132 kg) but the smallest yield was recorded from the pond received the artificial
feed and the first stocking rate (47 kg). In general, the total fish production (Nile tila-
pia + silver carp) was recorded from the pond of the second feeding treatment and the
third stocking rate (270 kg). The lowest production was obtained from the pond ferti-
lized with poultry litter and had the first stocking rate (180 kg). These results show
that, using poultry litter as an organic fertilizer produced lower total yield for tilapia
than using the supplementary feed, but where manure is available at a nominal cost i
is preferable to use it as the net returns would be profitable compared with artificial
feed alone. On the other hand, silver carp had the largest yields under the organic fer-
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tilization with poultry litter compared with the supplementary feed. The choice of the
optimal stocking rate from the two species and feeding type depends economically on
the costs of feeding and the price of the two fish species.
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