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Abstract

The e¡ects of open-water and caged ¢sh density on
growth, feed utilization, water quality and pro¢tabil-
ity were investigated to assess the feasibility of a
small-scale rotational system for production of Oreo-
chromis niloticus (L.) in fertilized ponds. Hand-sexed
male ¢ngerlings averaging 18.6 and 29.9 g were
stocked in open water and cages, respectively in four
treatments with open-pond:caged tilapia ratios of
300:0 (control), 150:150 (L), 300:150 (H1) and
300:300 (H2). The ponds in L and H1 contained one
cage, two cages in H2, and the control ponds had no
cages. Each cage contained 150 ¢sh, which were fed
daily at1.5% body weight for125 days. All ¢sh in the
open water except the control ¢sh were not fed.
Growth of open water tilapia was signi¢cantly
(Po0.05) higher in L than in control. Feed utilization,
dawn DO and economic returns were signi¢cantly
better (Po0.05) in caged than control ponds. Growth
of tilapia in L was signi¢cantly lower (Po0.05) in
cages than in open water. Fingerling production was
signi¢cantly lower (Po0.05) in L than in other treat-
ments. In conclusion, cage-cum-open-pond inte-
grated treatment (L) was optimal for O. niloticus
production in fertilized ponds. However, the system
could not rotate and needed further ¢ne-tuning to
rotate.

Keywords: Oreochromis niloticus, cage, fertilized
ponds, integration, density

Introduction

Nile tilapia (Oreochromis niloticus L.) production
occurs primarily in semi-intensive ponds where ferti-
lizers are used to increase ¢sh yields at low levels of
production (Green, Phelps & Alvarenga 1989; Knud-
Hansen, Mcnabb & Batterson1991). At higher levels,
more rigorous management practices are applied to
optimize production (Diana, Lin & Schneeberger
1991). One such management practice involves the
application of supplemental feeding (Hepher 1988;
Diana, Lin & Jaiyen 1994). However, supplemental
feeding not only increases the costs of production
but also degrades pond water quality (Boyd 1990).
Poor water quality, especially low dissolved oxygen
(DO), depresses ¢sh growth (Diana et al. 1991), while
chronic levels of unionized ammonia often lead to re-
duced ¢shgrowthand eventual ¢shmortalities (Boyd
1990; Hargreaves & Kucuk 2001).
A number of studies have focused on the evalua-

tion of various management strategies for reducing
feed and therefore input costs, and also to improve
pond water quality in semi-intensive production of
O. niloticus. Among these studies, Diana et al. (1994)
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demonstrated that ponds receiving a combination of
feed and fertilizer were more cost e¡ective in O. nilo-
ticus production than those receiving feed alone.
With such combination, ¢sh growth, e⁄ciency of
feed utilization and pond water quality were signi¢-
cantly improved compared with ¢sh in the fed-only
ponds (Diana et al. 1994). Diana et al. (1994) reported
that feeding rate could be reduced by 50% of satiation
level without deleterious e¡ects on tilapia growth.
They further reported that feed input could be
reduced by 42% without adverse e¡ects on ¢sh
growth. Another technique that was evaluated for
feed input reduction in tilapia production was based
on the concept of staged feeding (Diana, Lin & Yi
1996). Feeding was initiated at various tilapia sizes
and production was optimized when supplemental
feeding was initiated at sizes between 100 and150 g
(Diana et al.1996).
A more recent management strategy for optimiza-

tion of tilapia production, which is still under devel-
opment, is based on the concept of cage-pond
integration. Part of the ¢sh biomass is fed in cages,
while the other part is held in the open water
(McGinty 1991; Lin & Diana 1995). Fish in the open
water are not fed and derive their nutrition from the
cage wastes: either directlyas uneaten food or faeces,
or indirectly through the autotrophic and hetero-
trophic food chain (Yi, Lin & Diana1996). Larger size
tilapia in cages have been raised to 500 g within a
period of 90 days, which is relatively shorter than in
the conventional semi-intensive culture techniques
(Yi et al. 1996). Previous studies have focused on the
e¡ects of both caged and open-pond ¢sh density on
growth of tilapia.Yi et al. (1996) observed that cage-
cum-open pond integration improved growth of tila-
pia and pond water quality while Lin, Jaiyen and
Muthuwan (1989) reported that high open-pond ¢sh
density reduced the growth of caged tilapia but im-
proved the growth of open-pond tilapia. Yi et al.
(1996) also reported a decrease in growth perfor-
mance of both caged and openwater tilapia.
During the studies for optimization of the caged

and open-water ¢sh density (Lin et al. 1989; Yi et al.
1996), only caged ¢sh were fed while ¢sh in the open
water were not fed and ponds were not fertilized to
stimulate natural food items. Despite the fact that
feed and fertilizer combination has successfully been
applied to increase tilapia growth and improve pond
water quality in conventional culture ponds (Diana
et al. 1994), the management technique has not yet
been tested for pond^cage tilapia integration. This
is because it is feared that the extra nutrients from

fertilizer may cause accelerated eutrophication of
the pond water, and the recipient water bodies (Lin
et al. 1989). However, the technique may ¢nd useful
application in small-scale cage-cum-pond integrated
rotational systems, where draining of ponds between
tilapia harvests is not required. There is, therefore, a
need to gather data on the feed-fertilizer combination
in the optimization of caged and openwater ¢sh den-
sity of the rotational system. Also, data on economic
feasibility of cage^pond tilapia integration in the East
African region are scarce or lacking. The present
study was designed to address these gaps.
The objectives of the present study were to evalu-

ate open-water and caged ¢sh density on growth,
feed utilization, water quality and pro¢tability, and
to assess the feasibility of a small-scale rotational sys-
tem for production of O. niloticus in fertilized ponds.

Material and methods

The study was conducted at the Sagana Fish Farm
(0139 0S, 37112 0E and 1230m above mean sea level).
Sixteen 150m2 earthen ponds and 16 cages, each
with a volume of 2.8m3 and consisting of a wooden
frame (2 � 1.4 � 1m3) covered with 1.4cm wire
mesh, were used in the study. Hand-sexed male O.
niloticus ¢ngerlings averaging 29.9 and 18.6 g were
stocked in cages and in the open water respectively.
The ponds were randomly allocated to four treat-
ments with four replicates per treatment. One treat-
ment represented the normal Nile tilapia culture
practice at Sagana; 2 ¢shm�2 in fertilizer-fed ponds
and acted as a control.The three other treatments re-
presented cage/pond-integrated systems with either
low or high open water ¢sh density. In the low-
density treatment, the open water was stocked at
1 ¢shm�2, while at high-density ¢sh were stocked
at 2 ¢shm�2. All the integrated treatments had one
or two cages containing 150 ¢sh each. The low-den-
sity treatment (L) had one cage, while other two
treatments representing high ¢sh density, H1 and
H2, had one cage and two cages respectively. The ra-
tios of open water to caged tilapia in the treatments
were 300:0 (control), 150:150 (L), 300:150 (H1) and
300:300 (H2). Fish were fed a diet with the following
chemical composition (dry weight): 241g kg�1crude
protein (CP), 75 g kg�1 ether extract, 122 g kg�1

crude ¢bre, 483 g kg�1 nitrogen free extract and
76 g kg�1ash.The diet was formulated from three in-
gredients;12% fresh water shrimp meal (600 g kg�1

CP, 60 g kg�1 ether extract, 70 g kg�1 crude ¢bre,
40 g kg�1 nitrogen free extract and 231g kg�1 ash),
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24% cottonseed meal (350 g kg�1CP,67 g kg�1ether
extract, 71g kg�1 crude ¢bre, 420 g kg�1 nitrogen
free extract and 58 g kg�1ash) and 64% wheat bran
(140 g kg�1 CP, 65 g kg�1 ether extract, 160 g kg�1

crude ¢bre, 395 g kg�1 nitrogen free extract and
40 g kg�1 ash). Feed was o¡ered to caged ¢sh only at
1.5% body weight, except for the control, where ¢sh
were fed directly in the open ponds. Floating rings of
30 cm diameter, whichwere made of polyvinyl chlor-
ide tubing (15mm diameter), were placed inside the
cages to prevent spillage of feed out of the cages. Also,
¢ne-meshed nylon traps were ¢tted in the cages
50 cm directly below the £oating rings to prevent
feed from sinking out of the cages. The study took
125 days. Limestone (CaCO3) was applied at
2500 kgha�1 to all the experimental ponds once at
the beginning of the experiment.The ponds were fer-
tilized at 20 kg ha�1week�1 N and 8 kg Pha�1

week�1using DAPand urea.
Samples for monitoring ¢sh growth and making

feeding adjustments were taken bi-weekly. Dip and
seine nets were used to sample ¢sh in the cages and
open ponds respectively. Daily feed ration was calcu-
lated and adjusted after each sampling. On termina-
tion of the experiment, mean ¢sh weights were
computed for cage, open pond and for both cage/
open-pond combined. Extrapolated net ¢sh yields
(NFY) were computed for combined pond and cage
¢sh biomass at the end of the culture period.
Samples for pond water quality were taken bi-

weekly. Integratedwater samples were collected from
06:00 to 07:00 hours in the morning using a1.12m-
long column sampler developed by Boyd and Tucker
(1992). The samples were ¢ltered throughWhatman
glass ¢lter paper GF/F and analysed for total alkali-

nity, total hardness, inorganic nutrients (nitrite-
nitrogen, total ammonia-nitrogen (TAN)), soluble
reactive phosphorus and total phosphorus and chlor-
ophyll a. Total ammonia-nitrogen diurnal samples
were taken at a 2-hourly interval.Water quality ana-
lyses were done according to procedures adopted
from the American Public Health Association stan-
dard methods (APHA 1995) and also as modi¢ed by
Boyd and Tucker (1992). Temperature and DO were
measured with aYSI model 58 oxygen meter (Yellow
Springs Instruments,Yellow Springs, OH, USA). Com-
plete and partial enterprise budgets were used to
evaluate the economic performance of the treat-
ments. Diurnal sampling for monitoring TAN was
done once at a 6 h interval.
Datawere analysed by single classi¢cation analysis

of variance (ANOVA), using the methods described by
Sokal andRohlf (1981).When signi¢cancewas demon-
strated, Duncan’s multiple range test (Duncan 1955)
was used to identify which means were di¡erent from
each other. Signi¢cance was declared at P � 0.05.

Results

Data on growth performance of O. niloticus and ¢n-
gerling production are presented in Table 1. Growth
rate for the openwater ¢sh and the combined growth
rate for cage and open-pond ¢sh were signi¢cantly
higher (Po0.05) in L than the other treatments. The
growth rate of the caged ¢sh was not signi¢cantly
(P40.05) di¡erent from that of the control treatment.
The individual mean harvest weight followed a simi-
lar trend to that of growth rates. At the same stocking
rate (i.e. control and L), NFYwere signi¢cantlyhigher
(Po0.05) in the integrated treatments than the con-

Table 1 Data for ponds and cages on ¢sh performance and ¢ngerling production under di¡erent treatments (mean � SE)

Parameter

Treatments

Control L1 H1 H2

Pond mean weight (g) 65.3 � 2.3a 91.7 � 2.3b 57.0 � 2.3a 58.6 � 2.3a

Cage mean weight (g) 65.3 � 2.00a� 67.8 � 2.00 a 71.5 � 2.12a 72.1 � 1.51a

Combined mean weight (g) 65.3 � 1.08a� 76.9 � 1.08b 64.1 � 1.08a 67.2 � 1.08a

Pond daily growth rate (g day� 1) 0.34 � 0.018a 0.60 � 0.018b 0.32 � 0.018a 0.33 � 0.018a

Cage daily fish growth rate (g day�1) 0.34 � 0.015a� 0.31 � 0.015a 0.34 � 0.015a 0. 33 � 0.015a

Combined daily growth rate (g day� 1) 0.33 � 0.01a� 0.43 � 0.01b 0.34 � 0.01a 0.34 � 0.01a

Survival (%) 70.2 � 2.37a 71.6 � 9.29a 59.3 � 10.72b 69.8 � 8.13a

Recruitment as % of control 100 � 5.35a 40.1 � 2.10b 106.2 � 13.72a 102.8 � 6.44a

Net field yield (kg ha� 1 year)� 1 8,856 � 622a 13,283 � 622c 11,360 � 622b 18,795 � 622d

Food conversion ratio (cage only) 2.9 � 0.12b� 2.8 � 0.12b 2.3 � 0.12a 2.3 � 0.12a

Food conversion ratio (pond and cage) 2.9 � 0.10c� 1.0 � 0.10a 1.1 � 0.10a 1.5 � 0.10b

�No cages included for comparison, values within a row with the same letter are not signi¢cantly di¡erent.
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trol. H1 had signi¢cantly (Po0.05) the lowest NFY
among the integrated treatments. Survival was
signi¢cantly lower (Po0.05) in H1 than the rest of
the treatments. All other treatments had similar
(P40.05) survival. Although ¢sh were hand-sexed
before stocking, there was substantial reproduction
in ponds. Treatment L had signi¢cantly lower
(Po0.05) ¢ngerling production than all the other
treatments, all of which had similar values (P40.05).
Feed conversion ratio (FCR) for caged ¢sh (Table 1)

was similar (P40.05) in L and control but signi¢-
cantly higher (Po0.05) than in H1and H2; however,
the latter pair had similar (P40.05) values. The over-
all FCR for pond and cage ¢shwas signi¢cantly high-
er (Po0.05) in H2 than L and H1, but similar
(P40.05) in L and H1. Fish in the control treatment
had signi¢cantly higher (Po0.05) FCR than the over-
all FCR for the integrated treatments. Fingerling pro-
ductionwas signi¢cantly lower (Po0.05) in L than in
the other treatments, and constituted 40% of the to-
tal number produced in the control treatment. The
rest of the treatments, which contained 300 ¢sh in
the open pond, had level of ¢ngerling production a
similar (P40.05) to the control.
Water quality data are presented in Table 2.With

the exception of the dawn DO, other measured water
quality parameters were not signi¢cantly di¡erent
(P40.05) among treatments. Dawn DO was signi¢-
cantly higher (Po0.05) in L and H1 than in the con-
trol andH2.The control andH2 had similar (P40.05)
DO levels. Although there were no signi¢cant di¡er-
ences in mean TAN among treatments, there was a
wide variation among and within experimental

ponds. TAN values ranged from 0 to 2.18mg L�1

from the beginning to the end of the experiment re-
spectively. Diurnal trends for TAN in cages and open
ponds under di¡erent treatments are presented in
Fig.1. Higher (Po0.05) concentrations were recorded
in the cages than in the open ponds. In all the treat-
ments, levels of TANwere highest in themorning, but
progressively declined to values below 0.08mg L�1

between14:00 and18:00 hours. The trends for chlor-
ophyll a depicted in Fig. 2 demonstrated a steady but
gradual increase during the culture period.
Economic data on di¡erent treatments are depicted

inTable 3. Net revenues over variable costs were low-
er in the control than in the integrated treatments.
However, among the integrated treatments, H1
posted negative net returns over the variable costs.
Treatments L1 and H2 generated positive return

Table 2 Data onwater quality quality variables and nutrients in ponds and cages for di¡erent treatments (mean � SE)

Variable

Treatments

Control L1 H1 H2

Total hardness (mg L�1) 54.9 � 2.62a 47.2 � 2.17a 47.3 � 2.94a 54.3 � 2.27a

Total alkalinity (mg L� 1) 70.8 � 3.7a 70.0 � 4.6a 65.9 � 4.1a 64.6 � 4.2a

pH 8.6 � 0.10a 8.5 � 0.10a 8.4 � 0.08a 8.3 � 0.06a

Orthophosphate-P (mg L� 1) 0.09 � 0.015a 0.18 � 0.03a 0.27 � 0.04a 0.16 � 0.03a

Mean pond TAN (mg L� 1)� 1.46 � 0.25a 1.16 � 0.12a 1.75 � 0.25a 1.06 � 0.25a

Mean cage TAN (mg L� 1)� 1.37 � 0.24a 1.37 � 0.24a 1.42 � 0.24a 1.71 � 0.24a

TAN (mg L�1) 0.7 � 0.10a 0.6 � 0.12a 0.5 � 0.12a 0.4 � 0.12a

NO2-N (mg L� 1) 0.06 � 0.04a 0.04 � 0.004a 0.04 � 0.006a 0.03 � 0.004a

Total phosphorus (mg L�1) 0.99 � 0.21a 0.81 � 0.89a 1.2 � 0.24a 1.0 � 0.18a

Chlorophyll a (mg L� 1) 193 � 25a 141 � 25a 169 � 25a 181 � 25a

Temperature ( 1C) 24.0 � 2.81a 23.5 � 2.5a 23.4 � 2.45a 23.6 � 2.40a

Dawn DO (mg L� 1) 1.9 � 0.31a 2.6 � 0.31ab 3.2 � 0.31b 1.6 � 0.31a

Secchi depth (cm) 16.4 � 6.19a 18.1 � 7.58a 16.8 � 6.79a 15.6 � 5.43a

�Maximum values,TAN, total ammonia nitrogen; DO, dissolved oxygen; SE, standard error of mean.
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Figure 1 Diurnal variation of total ammonia-nitrogen
under di¡erent treatments.
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above variable costs with L1 recording the highest
returns.

Discussion

At the same stocking rate, harvest meanweight, daily
weight gain and net yields for the combined cage and
open-water ¢sh were signi¢cantly better in the treat-
ment L than those in control.The better performance
of tilapia in treatment Lwas probably because of uti-
lization of uneaten residues of feed and faeces from
the cage waste by ¢sh in the open water and also be-
cause of higher levels of DO, which were observed in
that treatment.This observationagrees with the ¢nd-
ings of Yi and Lin (2001), who reported better growth
of O. niloticus in integrated than in non-integrated
systems.

Among the integrated treatments, the harvest
meanweight and daily weight gain of the open-pond
¢shwere reducedwhen the stocking density of ¢sh in
the open water was increased from 1 (treatment L)
to 2 ¢shm�2 (treatment H1). Similar reductions in
growth performance measures also occurred for
combined cage and open water ¢sh. Feed input was
similar in the two treatments, as each had one cage
with 150 ¢sh, but the amount of cage waste per ¢sh
in the open water in L was more than that in H1, be-
cause the former had fewer ¢sh in the open water
than the latter. The growth of open water tilapia in a
pond^cage integrated system has been shown to be
positively correlated to the amount of feed waste gen-
erated from the cages (Yi & Lin 2001); thus, it is possi-
ble that the reduced cage waste loading per
individual ¢sh in H1 was the cause of the poor ¢sh
performance. Similar results were reported byYi and
Lin (1996), where a decline in growth occurred when
the open-pond density of tilapia was increased from
1.4 to 2 ¢shm�2. This observation supports reports
from previous studies that high densities in open
water reduce the performance of open-pond ¢sh in
integrated systems (McGinty1991;Yi et al.1996).
Further increase in the number of caged ¢sh from

150 (one cage) to 300 ¢sh (two cages) within the
high-density treatments (H1 and H2) did not signi¢-
cantly in£uence the growth of O. niloticus in the open
ponds. This lack of response occurred despite the fact
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Figure 2 Trends in chlorophyll a (mg L� l) during the
culture period.

Table 3 Data on economic analysis for di¡erent treatments

Item Unit

Treatment

Control L1 H1 H2

Gross receipts

Total revenue US$ 17.65 21.27 21.53 33.61

Variable costs US$

Tilapia fingerling costs US$ 3.85 3.85 5.77 7.69

Sagana pelleted feed US$ 3.58 1.89 1.80 5.80

Urea US$ 1.99 1.99 1.99 1.99

DAP US$ 2.63 2.63 2.63 2.63

Agricultural lime US$ 2.24 2.24 2.24 2.24

Field labour (feeding, etc.) US$ 2.00 2.00 2.00 2.00

Field labour (stocking, harvest, repair) US$ 1.38 1.38 1.38 1.38

Sub-total variable costs US$ 17.67 15.98 17.82 23.74

Interest operating costs US$ 4.24 3.84 4.28 5.70

Total variable cost (TVC) US$ 21.92 19.82 22.10 29.44

Fixed costs

Amortization US$ 19.23 19.23 19.23 19.23

Interest on fixed costs US$ 4.62 4.62 4.62 4.62

Total fixed costs (TC) (years) US$ 23.85 23.85 23.85 23.85

Net returns above TVC US$ � 4.26 1.45 � 0.56 4.17

Breakeven price at TVC US$ 1.52 1.32 1.38 1.28
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that the open water ¢sh in H2 received double the
amount of cage waste received by the openwater ¢sh
in H1. The lack of improvement in ¢sh growth was
probably because the carrying capacity of the ponds
for that management practice might have been ex-
ceeded in H2. The signi¢cant decline in some water
quality parameters like dawn DO in H2 might have
also have caused the lack of growth response as the
number of cages was increased from one to two. The
results of the present studyare di¡erent from those of
Yi and Lin (2001), who observed better growth of
open water tilapia in a cage^pond-integrated system
when the number of cages was increased from one to
two. The di¡erences between the results of the two
studies might be explained by the di¡erences in the
feeding rate. The feeding rate in the present study
was restricted to 1.5% of the body weight while a
range of 2^3% was applied in the previous study (Yi
& Lin 2001). Thus, at higher feeding rates, more cage
waste was available to promote higher ¢sh growth.
Survival was signi¢cantly lowest in the high-density
treatment, H1. This result agrees with that of Yi and
Lin (2001), who observed lower survival in treatment
with one cage. The reason for this lower survival is
not clear.
In the present study, growth performance mea-

sures (individual meanweight and daily weight gain)
of the caged tilapiawas similar or signi¢cantly lower
than those for ¢sh raised in the openwater and in the
control ponds.The experimental ponds in the present
study were heavily fertilized with urea, while those
in similar previous studies were not fertilized (Yi
et al.1996). Reports in the literature indicate that urea
and the associated ammonia depress ¢sh growth at
chronic levels above 0.08mg L�1 unionized ammo-
nia (Meade 1969; Daud, Hasbollah & Law 1988; Ab-
dalla, Mcnabb & Batterson 1996; Hargreaves &
Kucuk 2001). In the openwater, there are microzones
of safe water quality, whichare lacking in cages; thus,
the growth of caged ¢sh is likely to be limited by un-
favourable conditions within the cages.The ¢nding of
the present study di¡ers somewhat from that of Yi
et al. (1996), who reported better growth of caged tila-
pia in integrated treatments than in the open water.
The di¡erences in the results of the two studies may
be attributed to di¡erences in the experimental con-
ditions and the nutritional quality of the diets. In the
previous study, the ponds were not fertilized with
urea and a nutritionally superior diet with 30% CP
was used, while in the present study, urea and a diet
with lower nutrition,25% CPandwithout vitamin or
mineral premixes was used.

From the present work, a signi¢cant improvement
in the overall pond FCR in the integrated ponds over
the non-caged ponds was observed. This result sug-
gested that a signi¢cant portion of the feed in the
control was lost into the sediments. The cage waste
consists of solid (uneaten feed, faeces) and dissolved
nutrients. Thus, in the integrated system, the
open water tilapia were able to consume a large part
of the solid matter with increased e⁄ciency in
feed utilization, while in the non-caged ponds, the
whole solid matter of the cage waste was lost
into the sediments. Fish could only recover the sedi-
mented solid feed waste after mineralization and
recycling through the autotrophic and heterotrophic
pathways. Trophic transformations are usually
accompanied by energy losses, whichmight be recov-
ered through cage-open-pond integration. Although
the open water tilapia in H1 received lower
cagewaste loading than those in the other integrated
treatments, FCR was similar to the value recorded
in the L treatment. This observation suggested
that a signi¢cant contribution to the ¢sh growth ori-
ginated from the natural food. The FCR values
observed in the present study (1.0^1.5) are compar-
able with the range (1.22^1.70) obtained by Yi and
Lin (2001), and con¢rmed the reports that feed utili-
zation is more e⁄cient in caged than in non-caged
ponds.
Most of the water quality variables were not signif-

icantly di¡erent among treatments with the excep-
tion of the dawn DO that was lower in control and
H2 than in the other treatments. The integrated
treatments in the present study received feed based
on the biomass of the caged ¢sh. In both control and
H2, a higher biomass (300) of ¢shwere fed compared
with 150 tilapia in L and H1 treatments. Thus, the
lower dawn DO levels in treatments with 300 fed ¢sh
were because of higher organic matter loading from
the feed. Unionized ammonia £uctuated widely (0^
0.9mg L�1) during the course of the study.The range
observed in the present studywasmore than10 times
(0^0.05mg L�1) that observed in a previous study by
Yi et al. (1996). The higher levels of unionized ammo-
nia observed in the present studymight have resulted
from urea, which decomposes in water to form am-
monia (Boyd1990). The diurnal TAN trends depicted
in Fig.1demonstrated higher levels in the cages than
in the open ponds. Also in the early morning, TAN
levels were as high as 1.75mg L�1, but declined to
levels below 0.1mgL�1 in the early afternoon.
The higher concentration of TAN in the cages was
probably because of ammonia secretion by ¢sh. Fish
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excrete nitrogenous products mainly in the form
of ammonia, and because of the concentration
of ¢sh in cages, the level of ammoniawould be higher
in cages than in the ponds. Moreover, feeding was
concentrated in the cages adding to the concentra-
tion of ammonia through decomposition of protein.
The decline in TAN as the day progressed was
probably because of assimilation of the nutrient
by algae as photosynthesis increased with light in-
tensity.
The diurnal £uctuations of TAN observed in

the present study might have positive implications
for tilapia culture in urea-fertilized ponds. The
percentage of unionized ammonia, the toxic compo-
nent is largely depended on pH, and increases with
increase in pH (Tomasso, Goudie, Simco & Davis
1980; Erickson 1985). High pH values are prevalent
in heavily fertilized ponds as a result of intense
photosynthesis in the early afternoon. Therefore, the
coincidence of low concentrations of total ammonia
with high afternoon pH levels may be bene¢cial to
¢sh health.
Hand sexing is one of the common methods for

producing male tilapia ¢ngerlings to stock produc-
tion ponds. However, the method is not 100% e⁄-
cient, and the presence of a few females may lead
to substantial ¢ngerling production. Thus, despite
stocking hand-sexed males in the present study, sub-
stantial ¢ngerling production occurred in the ponds
by the conclusionof the experiment.Treatments con-
taining 300 ¢sh in the openwater had a similar level
of ¢ngerling production to the control. However,
when the number of ¢sh in the open ponds was re-
duced to150 ¢sh, as was the case in treatment L, ¢n-
gerling production dropped by more than 50%. An
increase in the number of caged ¢sh from150 (H1) to
300 (H2) did not signi¢cantly in£uence ¢ngerling
production. These observations suggested that the
open-pond ¢sh mainly produced ¢ngerlings in the
experimental ponds and that ¢sh in cages did not
contribute signi¢cantly to the ¢ngerling production.
The lowor lack of reproductionwithin the cages may
be attributed to reduced spawning because of a
lack of a suitable substrate for nest building, and also
because of overcrowding in the cages. One of the ma-
jor problems in semi-intensive production of O. niloti-
cus is the proli¢c reproduction in culture ponds.
Overpopulation of ¢shponds often leads to a general
decline in ¢sh growth as a result of sti¡ food competi-
tion and other density-growth-related factors. The
application of the present result is fairly obvious; ca-
ging might serve as a complimentary means of redu-

cing the reproduction of the females of O. niloticus
that might have been confused for males during
hand sexing.
Economic analysis indicated that production

of O. niloticuswas more pro¢table in integrated treat-
ments than in the control. Also, comparison between
control and treatment L indicated that the latter was
more pro¢table than the former despite having the
same initial biomass of stocked tilapia. The better
economic performance in treatment L might be at-
tributed to the 47% reduction in feed input and im-
provement in feed utilization in the treatment. Feed
is a major cost item in ¢sh production and its reduc-
tioncan signi¢cantly improve pro¢tability.Treatment
H1posted negative returns among the integrated sys-
tems, possibly because of the low survival and low
¢sh yields. These present results demonstrated that
caging is an e¡ective means of maximizing pro¢ts in
the production of O. niloticus in fertilized ponds.
Among the issues of concern by farmers is the
question of the minimum size of a ¢shpond, which
is just pro¢table in semi-intensive production
of O. niloticus. Although the present study was
not designed to answer this question, it can be stated
that semi-intensive culture of O. niloticus in a150m2

pond at a stocking density of 2 ¢shm�2 under
the present dietary regiment is not pro¢table.
However, caging half of the ¢sh biomass made
the enterprise pro¢table. The integration system
has also an added advantage of providing a constant
supply of ¢sh to the market with continuous genera-
tion of revenue.
The cage-cum-open-pond integrated system has

been developed as a rotational system to produce
large tilapia in cages and grow smaller tilapia in the
open ponds to restock the cages (Diana et al. 1994;Yi
et al.1996). However, in the present study, the system
could not rotate because the growth of caged tilapia
was similar to or lower than that in the open ponds.
One strategy to increase the growth of caged tilapia
and make the system rotate is to improve the nutri-
tion of the feed used in the present study. This diet
was developed for production of O. niloticus in semi-
intensive ponds. Although the diet performed better
in ponds, and did not require any vitamin or mineral
supplementation (Liti, Cherop, Munguti & Chhorn
2005), it may not be nutritionally adequate for ¢sh in
cages where they are con¢ned and cannot e¡ectively
scavenge for di¡erent available natural food organ-
isms in the ponds. Also, the system could rotate if
the feeding rate is increased from1.5 to higher levels
than in the present study.
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In conclusion, the results of the present study de-
monstrated that O. niloticus growth, e⁄ciency of feed
utilization, pond water quality and pro¢tability were
signi¢cantly improved by integration of cages into
fertilized ¢shponds. Production was optimized at an
open-pond density of 1 ¢shm�2 and open-pond to
cage ratio of 1:1 tilapia in which feed input was re-
duced by 47% of the control. Cage integration did
not signi¢cantly improve tilapia growth when the
open^pond tilapia density was raised to 2 ¢shm�2.
The present results also indicated that cagepond inte-
gration could control the proli¢c reproduction of tila-
pia in semi-intensive culture ponds. The growth of
the caged ¢sh was not signi¢cantly faster than that
of the control or the open water ¢sh, thus restricting
the rotation of the present integrated system. The in-
tegrated system may rotate in fertilized ponds, if the
nutrition of the diet and the feeding rate of the caged
¢sh are improved.
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